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PREFACE.

I\ this work I have made the attempt to place before student and 
physician in an orderly and reasoned manner the principles of Path
ology, the science, as distinct from the practice of medicine; the science 
upon which that practice is, or should he, based. Preeminently it is 
the duty of the pathologist as teacher to train the student in the habits 
of medical thought, to afford those data which bear upon disease in 
general, to show how > are to be weighed, and what deductions
may logically be drawn therefrom, so that later the student investigating 
a particular case may do so armed with a sound knowledge of general 
principles; that he may recognize individual > < not as isolated
facts, but as indications of definite orders lance affecting one or
other organ, and, knowing what in general induces those disturbances, 
may form a judgment regarding the causation and meaning of the sum 
total of symptoms in a ease. As Bacon laid down, “Vere scire est per 
causas scire”—To know truly is to know through causes—and he is the 
scientific physician or surgeon who seeks and determines causes; for 
only when the cause is deduced can treatment be rational.

I hold, therefore, that, whatever may be the ease with other subjects, 
what is needed in a text-book of Pathology is not the mere record and 
descri of phenomena, but the to analyze those phenomena
in an orderly manner. That text-book should be a training in medical 
thought. It was, however, one thing to hold these views, another thing 
to write a treatise embodying them. I will not state how many times 
most of the chapters of this work have been written and rewritten; 
nor how often the arrangement has been changed before the work has 
assumed its present shape in two volumes, this, the first of two, dealing 
with what is usually termed (ieneral Pathology; the second dealing 
with Systemic (including Special) Pathology. 1 will only say that 
constantly, in working over each section, I was forced, with Virchow, 
to recognize the cell and the changes undergone by it as the basis of 
all pathological study, and thus, eventually, to guard against constant 
reversion to elementary luit basal and all-important matters, was com-
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pel led to write an introductory section upon the cell and its properties, 
more particularly in relationship to morhid changes.

The work has thus far assumed a novel, hut what I am convinced is a 
logical, form. It begins not with a study of the Mood ami of circulatory 
disturbances, as has been usual with most works on General Pathology, 
but with a lie properties of living matter. The study of circu
latory disturbances is not, indeed, a part of General Pathology, and, 
accordingly, it is treated as the introduction to Systemic Pathology, 
that is, to the study of the diseases affecting individual systems and the 
effects of those diseased states upon the organism as a whole. As such 
it is treated in the second volume. It would be as appropriate, if not 
more so, to begin the study of General Pathology with the discussion of 
nervous disturbances and their effects upon the body at large.

There are different orders of minds, and no work can appeal to all. 
For myself, in beginning my studies, I found that I could easily remember 
the matter of such works as the larger Lvell's Principles of Geology, 
Foster's Physiology, and Fagge’s Medicine, to cite examples in which 
there was a reasoned treatment of the subject, whereas, to attempt to com
mit to memory “cram books" laden with facts and names was mental 
agony. I saved time and gained knowledge by reading my subject at 
large. It is to those possessing a like order of mind that this work is 
addressed.

It would be false modesty on my part were I to pass by in silence the 
welcome with which ic first edition of this work has been greeted. To 
put forth two ver\ .rge volumes, in which the subject of Pathology was 
treated along un customed lines, was a bold venture, and when, in 
addition, I ha hesitated to express individual views often at variance 
with time-lu < d teachings, and knew only too well that he who at
tempts to cover the whole subject could not treat each department with 
the sureness of the Specialist in that department, I had expected very 
considerable criticism. Thus, I am deeply sensible of the warm words 
of commendation which have come from my colleagues and reviewers. 
In this edition I have endeavored to the best of my ability to remedy 
some at least of the defects of that first edition. More particularly in 
Section I the pages upon nuclear and nucleolar function have been largely 
rewritten; the lipoids, their relationships and chemistry, have been given 
fuller notice; the more recent views regarding the reduction process in 
the germ cells have been included, together with Godlewski’s important 
observations upon the influence of the cytoplasm upon the developing 
individual, together with some of the more important recent studies 
upon hybridism and Mendelism. In Section 11 attention may be called
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to the fuller treatment of physical agencies—light, heat, cold, and elec
tricity— and of nutritional disturbances as causes of disease, in Section 
III material additions have been made to the discussion of the febrile 
state; fuller attention is directed to the subject of non-specific immunity; 
while the diversion of complement and Wassermann’s reaction, and the 
newer work upon the relationship of lipoid substances to the immune 
bodies are taken into consideration. The chapters upon Grafting and 
Metaplasia have been rearranged and, it is hoped, rendered clearer. In 
the chapters upon Neoplasia, what is perhaps the most material change 
is in connection with the tumors derived from neuroblastic elements, 
and more especially the establishment of the class of neurinomas to include 
the multiple cutaneous fibromas or neurofibromas, while Mallory's valu
able studies upon intercellular fibrillation as an aid to diagnosis ace given 
increased prominence. Among the regressive tissue changes, the most 
extensive alteration made is in the analysis of the Hyaline degenerations 
and the establishment of Elastoid degeneration as a distinct class. The 
pages upon Cholelithiasis have been largely rewritten and have under
gone material alteration. The subject matter of the previous appen
dixes has been incorporated in the text, while the newer work upon the 
ultra microscopic causes of disease which has appeared while this volume 
has been passing through the press has necessitated a brief appendix.

If in writing the original work the hopelessness of the attempt to master 
the subject in all its aspects impressed the writer, still more has his 
inability to keep abreast of the advances in all branches of medicine and 
cognate sciences during the last two years weighed upon him in revising 
this edition.

It is impossible for any individual to keep abreast of the manifold de
velopments of all the sciences ancillary to medicine, physics and physical 
chemistry, biochemistry, biology and embryology, parasitology, histol
ogy, and physiology, and at the same time to master the literature of 
Pathology proper. In bacteriology alone and its one branch, the study of 
immunity, there is enough material being brought forth month by month 
to keep the reader fully engaged. Much that is of first-class importance 
is passed by in silence in these pages. At most, the writer has made the 
attempt to call attention to the intimate bearing of these other sciences 
upon medicine, and, in addition, to the important work now being ac
complished by English-speaking workers. This last not through Chau
vinism, or as a protest against the neglect that this work has too often 
received at the hands of Continental writers, but primarily to encourage 
the student in the habit of consulting authorities at first hand, of reading 
original articles and m " his own deductions independently of the24
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opinion expressed by the writer of the text-hook. There is no difficulty in 
obtaining the leading American and Ei medical journals, and when 
once the student appreciates the added interest and strength that come 
from first-hand reading, lie will not he content until he masters the other 
languages of science—German, French, and Italian also. And, what is 
of like importance, it is sought to impress upon the student the oppor
tunities that are before him in our university laboratories and well- 
equipped hospitals to undertake equally valuable investigations. If 
others—it may be of the same school, or known to him—have accom
plished work of high order, why should not he also undertake research 
and seek to add to the sum of medical knowledge V

I cannot conclude without expressing my most hearty appreciation of 
the cordial cooperation I have received from my publishers iu preparing 
this edition. For such new illustrations as are not my own I would espe
cially thank Professor Reichert, of Phila* ; Professors Mallory and
.1. II. Wright, of Boston ; Dr. Fordyee, of New York, and Dr. Bashford, 
of London.

The heaviest debt of all I owe to my old teachers. I’nder the guidance 
of one near to me, the late Professor D. .1, Leech, of Manchester, it was 
my good fortune and my privilege as a student to come under the influ
ence, and that intimately, of not a few men who have been masters of 
their particular subjects, who, diverse it may be, Jn their gifts, have each 
possessed that intangible something that we recognize as greatness; men 
who have inevitably moulded my thoughts Millies Marshall and Francis 
Maitland Balfour, Michael Foster and Rudolf Heidenhain, Julius 
Dreschfeld and Charles Smart Roy, Emile Roux and filie Metchnikoff. 
To them and to their teaching and inspiration is due whatever of virtue 
these pages may possess.

The cordial reception which this work has received leads me to ask 
the authors of researches on general pathological subjects to be kind 
enough to send me reprints, in order that it may be kept up to date.

J. G. A.
331 I’kki. Strkrt, Monthbal.
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THE PRINCIPLES OF PATHOLOGY.

SECTION I. 

PROLEGOMENA.

CHAPTER I.

INTHODUt TORY.

Definition. Just us physiology is the study of the functions of the 
body in health, so is pathology the study of the same functions in disease. 
To this extent we can accurately define the scope of our subject, but a 
moment's thought reveals that the definition is only superficially precise; 
further thought shows that, strive as we may, we cannot approach nearer 
to perfect definition. For everything depends upon what we understand 
by the terms “health” and “disease," and we are forced straightway to 
recognize that there is no boundary line—no definition—between the 
two—they merge insensibly the one into the other.

We all, it is true, have a general understanding of what health is, 
but when we come to attempt to express our understanding in words we 
find that, like “life" itself, it eludes definition. Why this is we may 
here briefly indicate.

It depends primarily upon the basal fact of variability. No two 
living beings, although belonging to the :;ume species, and the same 
family, are structurally identical, nor even born identical, and if this be 
true of structure, it is true also of the outcome of structure—namely, 
function. There is thus no absolute standard of either structure or 
function in any one species. Every individual of the human or other 
species varies in every particular from every other individual ; the dimen
sions of the different component parts, the proportional relationship 
between the parts, the action of the parts, present more or less evident 
divergence in any two individuals studied. At most, by the statistical 
method we can in some cases arrive at an approximate or theoretical 
standard. To give an example: There is no absolute standard of 
height for human beings ; the average height varies in the different 
branches of our race, and differences, sometimes pronounced, occur
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among the members of one and (lie same family. Hut if, as Quetelet1 
first noted, we take one thousand, or preferably ten thousand, full- 
grown males the larger the number the better— belonging to the same 
branch of the human race, and measure accurately their height, and plot 
out the results obtained, we find that the majority conform to, and are 
included in, a relatively short range. We can speak of that particular 
height to which the greatest number of individuals conform as the 
standard, or mode—/. e., the fashionable height; or again, taking the 
sum of the heights and dividing by the total number measured, we can 
obtain the type or arithmetical mean. (“Mode” and “mean,” it may 
be added, do not necessarily correspond.) It will be found that the 
majority of individuals come within a relatively small range on either 
side of this mode, ami we can on either side of the mean (or of the mode) 
determine the median or probable deviation (.1 A, and 11 11, in our first

.1 . X i:

Normal curve of frequency. Thin in a flowing 
curve nymmetrical uliout the ineun (which corre
sponds wifh the mode) nnd without limit at 
either end. X X. ordinate of mean or type 
(and of mode); A A,H U, ordinates of lower 
and upper median deviation.

X

<• curve of frequency it
the ordinate of mei type, does not corre
spond to M M, the ordinate of the mode.
The continuous line here represents the es
timated (theoretical) curve of frequency, the 
interrupted line joins the iiuiuImts of the 
classes or grades fourni in a particular case.

curve) above and below which fall fit) per cent, of the measurements. 
We can go farther and assume that the At) per cent, within these limits 
constitute the normal class, those outside the abnormal. We, in short, 
obtain a curve which, in an uncomplicated case, corresponds curiously 
with that of the law of chance (Fig. 1). To illustrate; 'Faking the case 
of twelve dice, throwing an infinite number of times and counting the 
sum of the numbers turned uppermost (from 12 all “ones” up to 
72—all “sixes”), it can by this “law of chance” be determined mathe
matically what is the probable frequency of a given number—say 25— 
being exposed. Plotting out these probabilities, they are found to 
form an exact curve. This has been tested by Weldon, who selected 
a somewhat simpler case. Taking twelve dice, he threw them several

lAtUhmi>oniétrie ou Mesure îles différentes Facultés de l’Homme, Hruswls, 1871.
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thousand times, and tabulated the number of dice at each throw which 
presented more than three points on their uppermost surface. Plotting 
out the number of dice—1, 2, 3 to 12—which fulfilled the conditions, 
he found that the curve giving the successive numbers followed with 
remarkable closeness the mathematical curve of chance.1

In plotting out the measurements from a series of men or of other 
species, we obtain a like curve presenting a regular diminution at either 
side " ", the least frequent classes being those situated farther

Fio. 3

Curve of variation in the hem! breadth in millimeter» of 3000 criminals. Irregular continuous 
line polygon of observed frequency; darker continuous line normal curve of frequency ns 
estimated by law of chance; dotted line estimated skew curve of frequency of type / V ( Pearson's 
table). (After Mncllonncll.)

and farther away. While the majority of individuals approximate to the 
inode, few will exactly conform either to it or to the type (Figs. 2 and 3).

Hut in all such tabulations it has to be realized that tin results obtained 
are not absolute; measurements of another thousand or ten thousand 
individuals might, nay, would surely, to some extent, move the mode or

1 A concise and excellent account of the mathematics of variation is given by 
H. P. Bigelow, art. Variation, Buck’s Ref. Handbook, second edition, 1904. h-ec 
also Klderton, W. l\, Frequency Curves and Variation, London, 1907; Davenport, 
('. B., Statistical Methods with Special Reference to Biological Variation, second 
edition, New York, 1904; and for yet fuller details, the various papers by Karl 
Pearson, Phil. Trans. Royal Koc. Loud., 1895 to 1905. The journal Bionietrika has 
been established to deal with studies of this order.

^100



20 INTRODUCTORY

mean in one or other direction ; we only obtain an approximate standard. 
We need not here discuss skewness, or want of correspondence be
tween mode and type (mean), or again, multimodal curves, in which two 
or more classes or modes are discovered grouped around certain dimen
sions and separated by intermediate classes containing fewer individuals. 
What we wish to emphasize at the present moment is that the normal 
gives place imperceptibly to the abnormal, every gradation being found 
between cases which approximate to the mode, and so may he regarded 
as normal, and those which show extreme departure from the same.

What is true of bodily dimensions and structure must inevitably be 
true also regarding function. From this it follows that, if health be 
regarded as the indication of perfect functional activity, and disease of 
imperfect function, the two merge imperceptibly the one into the other. 
For this must he accepted from the beginning, that conditions of disease 
are conditions of disturbed or imperfect function; they connote either 
the exaggeration or the diminution of processes which are of normal 
occurrence.1

Local Disease, its Relationship to General Health. If the difficulty 
in drawing a sharp line of distinction between the normal and the 
abnormal obtains in connection with inherent bodily states, it obtains 
also in connection with those that are acquired during the course of the 
individual existence. Considering man in the first place but the same 
is true of all multicellular organisms it is seen that, while tin* organism 
is in one sense a complete unit, in another sense it is a compound, formed 
of a great number of different structures, each made up of individual 
cells and the products of their activity. These structures and the cells 
composing them are at the same time to an extent varying in the various 
organs interdependent and independent. So far as they are inter
dependent, disturbance or disease of a given organ is liable to affect the 
other organs, and the body as a whole, causing constitutional disturbance; 
so far as they are independent, local disturbance may remain wholly 
local, or, in other words, the organism as a whole may be healthy while 
a part is diseased. For example: injury, disease, or loss of one tooth 
is liable to throw more work on the other teeth, and, rendering masti
cation not so perfect, may throw more work on the stomach; while 
again, through the disturbed innervation of the part there may be 
profound nervous irritation, sleeplessness, lack of rest, and in this and 
other ways marked constitutional disturbance may be set up. One 
knows full well, however, that any single tooth may be the seat of pro
gressive caries or may be entirely lost, and no such train of constitutional 
disturbances be set up; there may be local disturbance and excellent 
general well-being. Thus our conception of what is health and what 
disease must be dependent upon whether we take into consideration the 
organism as a whole or the condition of the various constituent parts. 
To this paradoxical interdependence and independence of the cells we 
shall return.

1 Ah was first laid down by Michael Servetus. See Osier, Michael Sired us, 
Baltimore, 1909:13.



DISEASES AND AFFECTIONS 21

In the forthcoming chapters we shall have to consider the more 
important features hearing upon the production of the conditions of 
disease, and the reaction of the organism to the same whereby a con
dition of health or relative health is brought about. In the meantime 
it will be well to afford a working definition. Bearing in mind that these 
terms are, and can only be, relative, it is well to consider health as a 
condition of metabolic equilibrium- a condition in which the organism 
or the part, is attuned, or in complete adaptation to its surroundings; 
disease as a condition in which equilibrium and adequate adaptation 
are wanting. In other words, to employ a metaphor encountered by 
chance in the works of a seventeenth century Italian theologian, “health 
is harmony, disease discord,” a statement which can be applied to either 
general or local bodily condition, and which, to continue the metaphor, 
acknowledges or embraces the fact that the harmony may be in a minor 
key. That individual is regarded as enjoying good health, and in fact 
actually does enjoy good health, who nevertheless may for years have 
had extensive local disease of the heart valves, which in its turn has 
caused hypertrophy of the heart muscles in response to the increased 
work thrown on the organ. It is true that in such a one any sudden 
excitement or demand for increased work, which would have no dele
terious effect upon the normal organs, suffices to bring on indications of 
heart failure. But within certain limits, employing ordinary caution, 
a subject of valvular disease of the heart may for long years enjoy life 
and carry out well all the ordinary duties without obvious bodily dis
turbance.

Diseases and Affections. From the time of onward there has
been discussion and confusion regarding the relationship between local 
and general disturbances, so that as an aid to exact thinking and clear 
conception an increasing number of French and ( lerman writers empha
size the distinction between “ " lie” and “affection,” “ Krankheit ”
and “Leiden.”1 Disease is the process leading to affection of one or 
other organ. Pneumonia, as Roger aptly illustrates, is at the same time 
an infectious disease and an affection of the lungs. It is urged that to 
speak of “heart disease” or “kidney disease” leads to an incorrect 
mental imagery, to wrong ideas as to the nature of the malady, and very 
possibly to wrong treatment. In a case of thickening and contraction 
of the mitral valve in a young adult the morbid process that has led to 
the stenosis of the valve is acute rheumatism, and that is the disease 
which has resulted in the affection known as stenosis. And it is recom
mended that to indicate that the various resultant states in the different 
organs are not primary diseases but resi ' states, we should designate 
these as “pathies”—cardiopathies, nephropathies, neuropathies, etc.

With these recommendations we are wholly in accord, provided that 
it be kept ever in mind that a cardiopathy, for example, may in itself

1 For a rtsumi* of French opinions upon this subject see Hogvr, in Bouchard's 
Path» ( icncrale, 1 : l,S9f>: IK; and for the latest Herman pronouncement, Aschoff, 
U clnr dm KrtmÂ'hritxhryrijr utid vmraiutte Begrifie, I lent. mod. Woch., 190t>: ,‘M.
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be the causative agent of further morbid processes. Heart disease, that 
is, does exist. Rheumatism does not in itself induce congestion of the 
lungs, liver, and viscera in general, with <edema and ascites such as we 
see in mitral stenosis. Those are due directly to the cardiopathy, to 
the narrowed condition of the mitral valve and the consequent obstruc
tion to the onward flow of blood. Acute rheumatism is here the remote *
cause, the mitral stenosis the direct. The above syndrome of vascular 
disturbances constitutes a definite morbid process, obstructive heart 
disease. Or, to sum up:

1. Disease is at process or succession of disturbances induced by any 
agent which disturbs the normal activities of the organism as at whole, 
or of its constituent parts.

2. Such disease may have purely a local seat, modifying the function 
and activities of am individual organ or portion of an organ, or may 
coincidcntly affect several organs.

3. In the hitter case it frequently happens (liait the brunt of the dis
turbance falls upon one organ or tissue, so that we are apt, mistakenly, to 
regard the affection of that organ as the primary disease.

4. The affection of am organ or part may be of such a degree as not 
seriously to disturb the working of other parts of the organism; or, on 
the other hand, may be the direct cause of affections of other parts, and
so is apt to be mistaken for the primary cause of disease, where, as a *
matter of fact, it is the secondary.

The recognition of these distinctions in practical medicine is of the 
highest importance, lie who, for example, treats a case of obstructive 
heart disease as a primary condition and directs his efforts purely toward 
overcoming the disturbances due to cardiac inadequacy, may, it is true, 
bring about temporary alleviation of the condition, but only temporary.
The primary cause may still be effective, be it the virus of acute rheu
matism or factors inducing raised blood pressure. That is the rational 
medicine which seeks and discovers the primary disturbing agent, and, 
counteracting this, gives the fullest opportunity for the measures directed 
against the secondary effects to be permanently serviceable. It may 
not always be possible to determine the nature of the primary cause.
Again, the local affection may have led to irreparable tissue changes; so 
also serious lesions inducing characteristic trains of symptoms may 
show themselves as remote effects long years after the acute incidence 
of the primary disease (c. #/., the nervous lesions causing locomotor *
ataxia may only develop twenty years after the primary syphilitic infec
tion, and when the causative agents are no longer present in the system).
All this has to be admitted, but does not in any sense contradict the 
general principle. On the contrary, it expands it. indicating that it is 
the duty of the physician to determine more surely the primary causes 
of disease, to recognize at the earliest stage the effects of the same, and 
to institute treatment before those effects have proceeded to the stage of 
setting np irreparable in jury.

Cellular Physiology and Cellular Pathology. If, then, we take the posi
tion that for every structure and every function of the body, and for the
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body as a whole, there is a certain mode within the confessedly vague 
limits of which conditions are to he regarded as normal, it follows that 
anything outside the limits on either side is abnormal, and it is these 
conditions of excess or defect that for ns must constitute disease; it is 
these we have to study. It follows also that constantly in our study 
of pathology we must base ourselves upon physiology and, so far as it 
throws light upon functions and functional disturbances, upon anatomy; 
for, obviously, pathological conditions are but extreme examples of 
physiological. Nay, more, it is useless to begin the study of our subject 
unprovided with a sound knowledge of physiology. Throughout this 
work, therefore, we would take for granted a knowledge of the main 
facts of physiology. I'nfortunately, however, this is not always possible. 
More correctly, we should say that a knowledge of the physiology 
generally taught is taken for granted; certain branches of the subject 
must be considered with a fulness which is regrettable so far as, having 
regard to limitations in tin* size of our work, we thereby become com
pelled to condense our presentation of other matter, hut is necessary, 
and in fact advantageous, so far as it tends to give the reader a more 
thorough comprehension of the meaning of morbid processes, and by 
laying down clearly the data upon which certain conclusions are based 
is indeed economical of space, since once laid down fully the briefest 
reference to general principles will suffice in later sections.

Why we have to dilate upon certain matters physiological becomes 
evident when we call to mind that physiology and pathology have for 
the last seventy-five years, at least, been divorced to this extent, that they 
have undergone development under separate influences. Under the 
influence more particularly of Ludwig and his pupils, physiological 
research has been directed to the study of organs and tissues. The 
organ as a whole has been taken into account. Results have been 
obtained by exact measurements mechanical, electrical, or chemical— 
of the work performed by one or other organ under varying conditions, 
with the result that nowadays we possess a rich store of data hearing 
upon what may be termed maaa efforta. Nor can it be denied that these 
methods have very materially advanced our knowledge of function and 
of the bodily processes.

But the oncometer, the pendulum myograph, the recording cylinder, 
and Kjeldnld’s apparatus cannot be applied to the study of the indi
vidual cell units of which the tissue is composed. It is under the influence 
of another great master (Virchow) that modern pathology has been 
developed. 11 is teaching was based upon exact study of diseased organs 
and the correlation between gross and microscopic appearances. It was 
largely histological, and, as a result, mass effects were followed back 
to the disturbances in the individual cells composing the tissue. In 
place of an organ, or tissue pathology, there was developed a “cellular 
pathology.”

Thus, we owe it to Virchow that for now more than half a century 
pathology has held steadily before it the view that eventually the ceil 
and the modifications undergone by it must be studied if we are to
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understand aright the disturbances affecting the tissues and the organism 
as a whole. The cell, and not the tissue, is our unit.

We admit freely that for a long period after the publication of \ ir- 
cliow's great work comparatively little advance was made in our com
prehension of cellular pathology. It is in science as in gold-mining 
a new “find” is announced, and workers from other fields forsake them 
and join in the rush. These other workers in pathology have, it is true, 
in the course of years contributed an enormous mass of facts, but the 
facts in the main have confirmed rather than advanced Virchow’s 
observations. Virchow, indeed, employed his great influence in dis
couraging pathological speculation. He recognized that mon* facts 
must be accumulated befon* sure advance could Ik* made. These facts 
preparatory to advance were in the meantime being accumulated, not 
by the pathologists, nor, again, by the physiologists, but by the zoologists, 
the botanists, and the embryologists facts, namely, bearing upon the 
finer structure and the functions of the normal cell. It was left to a 
zoologist (Metehnikoff) to realize the bearing of these facts upon the cell 
in disease, and, by his studies upon the leukocytes, to emphasize the 
importance of the study and to develop new methods.

So strong was the influence of Virchow that through the last half of the 
nineteenth century pathology, as usually taught, consisted of little 
beyond the facts of gross and minute morbid anatomy. The text-books 
on our subject were devoted to the data of disease to descriptions of the 
appearances (more particularly under the microscope) of the tissues and 
their component cells under various conditions of disease, and the abun
dant nomenclature in connection with the same. Attempts to explain 
and to generalize were winced to a minimum.

It has taken many years Metehnikoff's studies upon the leukocyte 
began in the early eighties for a general realization of the bearing 
of these researches of Metehnikoff upon pathology and pathological 
research, and then only through the demonstration of their profound 
effect upon the related studies of the bacteriologist on infection and 
immunity. Now more than ever is pathology becoming truly cellular, 
even if, coincidently, it is widening itself in the opposite direction, ami 
more particularly along chemit al lines ami through the study of disturbed 
metabolism is concerning itself with mass effects.

We admit freely also that the physiologists are, from other considera
tions, being simultaneously led back from tissue to cellular physiology. 
It is the natural course of events that, having established their science 
upon the reaction of organs and tissues as a whole, they should proceed 
to study the reaction of the component cells. As a matter of fact, we 
already possess at least one important work upon cell physiology, that, 
namely, of Verworn. But, excellent as it is, and suggestive, this is not 
yet generally read by the ordinary student; add to which, approaching 
the subject independently and from a different standpoint, we find our
selves not wholly in accord with Verworn over more than one matter of 
importance. Hence, since cell physiology is not given a proper place 
in the routine teaching of the student, and as this must be the basis of a
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cellular pathology, it is essential that we bring together and discuss in 
some little detail those facts bearing upon the life of the healthy cell, a 
knowledge of which, in our opinion, is necessary for an adequate com
prehension of the changes which take place in the cell in disease. Asso
ciated with a study of the life of the cell we shall have to discuss certain 
phenomena growth, adaptation, reserve force, heredity—which have 
an intimate hearing upon certain pathological processes, which again 
receive hut the most summary treatment in the ordinary text-hook of 
physiology.

Scope and Order of the Work. These more physiological subjects 
we shall endeavor to deal with in an introductory section of the work. 
They will form the basis upon which we propose to develop our treatment 
of pathology proper.

As to this treatment: If, in its widest significance, pathology is the 
study of the functions of the body in disease (and conversely, we should 
add, of noxæ, or serious alterations in environment, as they hear upon 
the bodily functions), then clearly our subject embraces the whole field 
of scientific medicine, save and except prognosis and treatment. In 
other words, it has to deal with :

1. The causes of disease.
2. The course of disease (including the reactive processes on the part 

of the organism, whereby that course is guided.)
3. The results of disease.
Each of these main divisions can be approached and treated in at least 

two ways. Thus, on the one hand, forming or attempting to form a 
classification of diseases, we can discuss the etiology, or cause of each in 
turn; similarly we can describe the course of each separate disease, 
giving the symptomatology; and thirdly, we can note the results of each 
separate disease. On die other hand, studying all the conditions which 
cause disease, we can endeavor to classify the etiological factors, grouping 
together those influences which, acting on the organism, are seen to 
produce allied morbid conditions; ly, from a knowledge of the
course of various diseases, we can attempt to distinguish ami describe 
certain morbid processes, one or more of which we recognize as underlying, 
and as common to, the course of individual forms of disease; and, 
coming to the results of the disease, instead of dealing with individual 
cases, we can discuss and classify the results of disturbed function upon 
individual organs and tissues, and attempt to gain a broad idea of how 
these local disturbances in one organ or tissue affect other organs and 
the organism in general.

The first of these methods is that of special patlioloyy, so-called; it 
is the method employed in text-books of medicine and surgery; indeed, 
on the European continent, what we would term general works upon 
medicine and surgery are entitled text-books of internal and external 
pathology. Dealing, as is our purpose, with the broad principles of 
pathology, the second is the only passible procedure. We shall endeavor 
to arrange our matter in the order given—namely, to discuss first the 
causes, next the course (the morbid and reactive processes), and thirdly,

9
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the results of disease. As will readily he understood, it is not always 
easy, nor indeed desirable, to discuss the causes of disease without at the 
same time indicating the processes which they originate; again, it is not 
possible to describe the morbid processes without indicating to some 
extent the results of the same. Nevertheless, this is, I feel assured, tin* 
only satisfactory and logical method of covering the vast territory before 
us. It is the means whereby tin* surest grasp is obtained of the principles 
underlying ami governing those disturbances of vital activity which we 
recognize as disease.

This, we acknowledge, is not the course usually pursued in works upon 
general pathology, and to this extent is disadvantageous. By tradition 
starting with the morbid processes, inflammation and disturbances of the 
vascular system are first discussed. By our arrangement, inflammation 
is first considered in our third section, vascular disturbances not until 
the fourth. That more usual arrangement, we take it, is one of conve
nience coupled with prescription. When pathology is taught jtari pansu 
with medicine and surgery it is undoubtedly convenient that the student 
obtain a knowledge of such predominant processes as inflammation ami 
infection as early as possible in the course, and when inflammation was 
regarded as essentially a vascular disturbance, it was natural that other 
vascular disturbances should be taken in dose association. The result 
has been that the ordinary student has obtained an exaggerated idea of 
the ini|Hirtance of vascular disturbances, whereas what is of e<|iial value 
for a general understanding of disease namely, the pathology of the 
nervous system has lieen relegated to the very end of the course, if, 
indeed, it has come in for treatment at all. The system has been im
perfect. As regards convenience, we would point out that, conformably 
with our firm belief that the student should have a sound basis of physi
ology before entering upon the study of pathology, it is well that the 
matter contained in our first section should form a course in the “second 
year" whether given by pathologist or physiologist is a matter of 
indifference and at the end of the second year a course on causation 
or etiology may well be introduced also. By this means the teaching 
upon the morbid processes comes to be given at the right moment 
namely, when the student possesses his knowledge of physiology and is 
obtaining the first introduction to actual cases of disease in the hospital, 
and his first lectures u|hui “Internal and Fxternal Pathology.”

We recognize, however, that the teaching and the periods of teaching 
of our subject vary greatly, and do not believe that the student should 
be a man of one l>ook, mastering that book from alpha to omega. Hence 
we have arranged our material, so far as possible, in such a way that, 
while it forms a more or less progressive system, any one section or 
important subject becomes, by cross-references, etc., complete in 
itself.

We should add that, in order to afford illustrations of the different 
processes and their results, there are given, in the second volume of this 
work, that upon what may In* termed systemic pathology, chapters 
dealing with the main outlines of special pathological histology. For
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these chapters, upon the special pathology of the different organs, the 
reader is indebted to our colleague, Professor A. (i. Nicholls.

The Principles of Pathology. One more word before embarking 
upon our course. What we have already said will have indicated that we 
have no narrow conception of the scope of our subject. The time has 
passed when morbid anatomy and morbid histology could be regarded as 
the sum and substance of pathological teaching, and when "to name 
his tools” was what was, in the main, demanded of the student. In the 
evolution of every science there are three stages to be recognized : The 
first, that of its dawn, when, from the observations of a few facts, the 
wide possibilities of the science impress themselves upon the worker and 
stimulate the imagination, so that forthwith he proceeds to indulge in 
wide hypotheses. These, in their turn, form the basis of further obser
vations in order that they be tested, with the result that time and again 
they are found either erroneous or inadequate. With this, a second 
(reactive) stage becomes manifest, in it is appreciated that before
any sound generalizations or laws can be established the facts and data 
of the science must be carefully accumulated and marshalled. It is 
when this has been accomplished that the science can enter upon its 
third (complete) stage, in which an * knowledge of the factors
involved permits the establishment of general laws. Needless to say 
these three stages are apt to overlap. At an early period sufficient facts 
may be at hand, or some clear-sighted observer may arise, to lay down 
with precision one or more secure generalizations, and so certain broad 
principles may be developed perfect at the very beginning, " * ,
like Venus out of the sea foam. And, on the other hand, when, after 
much study and accumulation of facts, some other principle or law 
becomes established, its very c> leads us to further possibili
ties, to the ' and recording of yet other phenomena. For knowledge 
is progressive, and, while one department of science may have reached its 
third stage, other departments may scarcely have entered upon the first.

A study of the history of medical science—of pathology amply bears 
out this statement. Galen, indeed, may be taken as the archetype of 
those who, conscientiously systematizing the known facts of a subject, 
proceed to develop a system which is unavoidably false, because the 
facts on which it is based are too few. He is at the same time a striking 
illustration of the value of even such necessarily imperfect work as he 
accomplished—for it cannot be denied that his efforts created a medical 
science, and that for a period of fifteen hundred years he and his system 
dominated the medical world. With the medical renaissance in the 
sixteenth century the gaining of new facts from experimental observa
tion led to the downfall of the Galenistic philosophy—it was tested and 
found wanting—and led forthwith to a succession of In " ses, as one 
series of observations followed another. The new development of 
mechanics and physics led to Borelli’s investigations upon animal 
movements and the appearance of the iatromcchanical school, which 
explained animal activities on a purely mechanical or physical basis. 
The remarkable experimental ability and genius of van Helmont led to
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the recognition of ferments; his no less remarkable imagination led to 
extraordinary speculations, some wholly wild, others so prescient as only 
nowadays to he found to approximate to the truth. The more imme
diate outcome was the development of the iatrochemical school under 
Sylvius, in which, more particularly iu connection with digestion and 
respiration, chemical processes were seen to he at the basis of animal 
activities. And so, to the middle of the, nineteenth century, school 
succeeded school—mechanicodvnamical, Brunonian, vitalistic, Cullen's 
system, and so on; the last of influence, more particularly in (iermany, 
being that of ( )ken. System after system was overthrown as successive 
observations demonstrated their inadequacy. Virchow represented the 
revolt against all such. I lis teaching was that hitherto theories had been 
founded on insufficient data; the time had come to gather facts anil 
cease theorizing; and so potent was his influence that we have had the 
remarkable spectacle of the workers in pathology among that most 
philosophical of peoples, the (ierinans, restraining themselves for fifty 
years from philosophizing, and sedulously bending themselves to accu
mulate facts and record details. And the same strong influence has told 
upon the pathologists of all countries.

During these fifty years the amount of material collected has been 
extraordinarily great in fact, overwhelming so much that no one indi
vidual can pretend to master it. Never has there lieen such a |>eriod; 
much more has been garnered than in all the preceding ages together. 
If in 1S58* the data were inadequate, ten lay we experience the contrary 
danger of being overcome and blinded by excess of detail. The time 
has surely arrived to attempt to systematize our knowledge and so 
to order it that each new fact acquired is seen to have its place and to 
exemplify some general principle. Pathology, we hold, is now rijn* to 
enter, and has entered, upon its third stage of development. It is with 
this opinion in mind that we have written the pages that follow.

1 The year of pulilicutioii of Virchow's Cellular Pallmhujir, ami of Hurwiii's Origin



CHAPTER II.
THE HISTOLOGY OF THE CELL.

As alrvtuly stated in our introductory chapter, we owe it to Virchow 
that, for more than half a century, pathology has held steadily before it 
the view that eventually the cell and the modifications undergone by it 
must be studied if we are to understand aright the disturbances affecting 
the tissues and the organism as a whole. The cell, and not the tissue, 
is our unit. Modern pathology, however, demands a much fuller study 
of the cell and its activities than is usually afforded in the physiological 
course. From this it follows that if we are to grasp the more recent 
advances in the study of disease and of the reactions to the same, some 
little space and time must be afforded to a consideration of the cell and 
its properties. Such facts as are matters of common knowledge may be 
passed over rapidly; others must be dwelt upon.

THE CONSTITUENTS OF THE CELL.

The animal cell, we recognize, consists of two main parts, the cell body 
and the nucleus; and this differentiation is clearly of great antiquity, 
for only the very simplest forms of life, whether animal or vegetable, do 
not show it. Even in these very simplest forms, if a sharply defined 
nucleus be not present, we have evidence that nuclear material exists. It 
used to be taught that the lowest “animal" forms—Haeckel's order of 
Mourra and the lowest plant forms—the Schizomj/cefcd, or bacteria 
are non-nueleated; but with the elaboration of more perfect staining 
methods, either a definite nucleus has been determined in those of the 
inonera so far examined for this purpose; or again, in some, as shown by 
timber, granules of nuclear material are to be seen scattered through the 
cell body (Fig. 4). As regards the bacteria, there are “ " observa
tions, observations which at first sight appear contradictory. Thus, 
Bütsehli, from his observations, regards all the stailiable substance of the 
bacterial body as equivalent to the nucleus, and studying some of the 
larger forms dt existence of a fine surrounding substance,
apt to be gathered at the poles, which he holds to represent the cell body 
or cytoplasm. This view is confirmed by other workers. Several more 
recent observers, dealing with the smaller forms, figure minute granules 
of stai liable material diffused through the bacterial body. These they 
regard as nuclear material, and call attention to a characteristic re
arrangement of these granules prior to fusion, which suggests strongly 
the “quadrille" of the nuclear chromatin preceding cell division in the 
cells of higher forms of life.
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A full study of the divergent observations upon this subject up to the 
year ItHH) is given by Professor A. H. Maeallum.1 Maealhun denies 
that these lowest forms have a nucleus—that is, a sharply defined and 
well-differentiated organ presenting characteristic changes in cell division. 
Herein we cannot but agree with him. lie admits, however, the existence 
of substances allied to the nucleus and to chromatin, substances contain
ing phosphorus and “masked” iron, whether present in a “central body,” 
as in the Cifftnophyceœ,or as scattered granules. There is nuclear material, 
but no proper nucleus. Other more recent studies favor this view.

Both series of observations would thus seem to be correct ; in these 
lowliest forms there is no nucleus proper, although nuclear material 

exists. We may thus lay down that in all 
forms of life, animal and vegetable, from the 
lowest to the highest, nuclear and cytoplasmic 
matter co-exist in the cell. To the signifi
cance of their coexistence we shall revert 
later.

In the cells of man and of all save the 
lowest forms of life it can be seen that neither 
the nucleus nor the cell body is homogeneous. 
We are still very far from having resolved 
the minute anatomy of either. That anat
omy, indeed, is beyond the power of the 
microscope to determine.

This much may here be laid down, that 
the nucleus is a well-defined body, most often 
approximating in shape to the spherical or 
oval; at times greatly elongated (as in plain, 
noil-striated muscle tissue); at times irreg

ular and lobate (as in the polymorphonuclear leukocyte); at times monili- 
form or beaded, as in Stentor: or, rarely, extensively branched, as in 
certain gland cells of insects, or possessing pseudopodia-like processes, as 
in the egg rays of the water scorpion.2 3 In the higher animals, a more or 
less distinct nuclear membrane is to be made out, within which the sul>- 
stance exhibits an alveolar or netted arrangement. Of this nuclear 
matter, at least three constant constituents are to be distinguished: (1) 
The Until or achromatic (non-staining) network in which is deposited 
(2) the chromatin, or material which is rendered noticeable bv nuclear 
dyes. In the spaces of the network is (3) the nuclear fluid or sap. 
Inconstant features art* (a) the nuclenlus, a minute accumulation of 
chromatin-like substance, varying in amount, which nevertheless takes 
on certain differential stains, and hence would seem to have a somewhat 
different composition; {h) vacuoles—these are very rare; they are to be 
seen in the nuclei of fat cells ; (r) definite crystals; these have been recog-

Abeence of nucleus proper, with 
diffusion of scattered granules of 
nuclear material through body of 
a moneru. (After (irul>er.)

1 On the ('i/tologa of Non-nurleated Organ inn*, t"nixentity of Toronto Studies;
Physiological Series, No. 1900.

3 Vide Korschvlt, Naturwissensch. Rundschau, IS: lSN7:409.
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nized by Marchand, Podwyssozki, and others. These last two constituents 
indicate that the nucleus is not inert that active metabolic processes 
occur within it.

Of these constituents, the nucleolus has of late received increased 
attention. Nucleoli are spherical bodies, apparently fluid or colloidal, 
exhibiting no structure. They vary greatly in size; in some orders of 
cells they are single, in others multiple. They may be relatively very 
large; thus, in the oocyte of A tiled on bifida (a crinoid “starfish”) this 
single nucleolus may be half the diameter of the nucleus (Chubb). Or, 
on the other hand, there may be multiple minute nucleoli situated at points 
of intersection of the chromatin network. Of these, there may be as 
many as 300 (Montgomery; unicellular glands of the leech, (Piscicola). 
All observers agree that they are intimately related to the chromatin. 
Thus, as M. Ileidenhain points out, they are absent from the feebly 
staining nucleus of the young cell immediately after cell division, but 
grow pari passu with the development of the nucleus and appearance of 
increased chromatin. In general they take on a differential staining 
with nuclear (chromatin) dyes, and so are not chromatin proper; at 
times, however, they take on the same stain. The main opposing views: 
(I) That they are waste products of chromatin activity (Hacker); (2) that 
they supply nutriment to the chromatin ( Flemming, Hambeke, Korschelt, 
Lubosch); (3) that they are the means through which the unorganized 
chromatin assimilated from the cytoplasm is converted into the organized 
chromatin of the nucleus (It. llertwig); and (4) that they represent the 
dissociation product, rich in albumin but devoid of phosphorus, of the 
nucleo-albumins taken up from the cytoplasm to provide the nueleo- 
proteinsof the chromatin ( M. Ileidenhain1)—all these may be harmonized 
by regarding the nucleolus as store or reserve material from which, on the 
one hand, assimilated material is withdrawn to provide (by dissociation) 
the chromatin constituents needed by the growing or regenerating 
nuclear network, and to which, on the other hand, are passed the products 
of chromatin disintegration. We must, that is, accept for the nucleus 
as for the cytoplasm the general principle, to which attention must be 
frequently drawn in these pages, that protcid matter tends to present tike 
intermediate produets in the opposed conditions of integration and disin
tegration. We shall have occasion shortly to discuss further nucleolar 
function (p. 47).

The type cell has but a single nucleus; this is the general rule, but it 
is not uncommon in active glandular tissues to find cells with two, and 
other instances occur in which cells are multinuclcate. Two processes 
are possible: either with growth the nucleus may divide without sub
sequent division of the cell substance, or what had been separate uni
nucleate cells may fuse, forming a plasmodium.2 We have evidence that

* For bibliography, we Chubb, Phil. 'Frans. Itoyal Soc. Mini., 98: 1906:447, and 
M. Ileidenhain, Plasma und Zrlle, Fischer, ,Ienaf 1:1007:212.

2 Some writers draw a distinction between the si/nn/lium, caused by the fusion of 
cells, and the plasmodium, caused by nuclear multiplication without cell division; 
others include both forms as plasmodia.
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both processes take place, and shall have to refer to these matters more 
fully in discussing giant cells.

As already indicated, in some of the simpler forms of life nuclear 
material is scattered through the cell substance. In higher forms, this 
nuclear material, as a rule, is strictly confined within the nucleus. But 
it has to be laid down that this is far from being absolutely constant. In 
certain cells and under certain conditions minute masses of chromatin 
are to be detected lying in the cell body away from the nucleus. These 
and other not so definitely chromidial substances have been shown by

Fin. 5

Nuclear membrane,

■Fibrillar substance
Inter fibrillar substance■

Diagram of component parla of a cell illustrating tin* variotw theories of the structure of the 
cytoplasm. The lower segment represents the fibrillar or ijtontir theory; the upper, the granular 
theory; the left, the foam theory. At the right the protoplasmic threads tarehoplnam) radiate 
from the centrosome. (Ssymonowics.)

numerous observers to be derived and discharged from the nucleus. 
Of late years there has been an active study of these nuclear products, 
which appear to play an important part in cell activities and to their 
relationship to nucleolar matter. We shall refer to them in fuller detail 
later.

The cell substance also exhibits indications of structure. Without 
there being in the animal cell the distinct membrane or wall so conspic
uous in many vegetable cells, there is, nevertheless, often to be 
recognized a condensation of the cytoplasm or cell substance at the 
periphery, f suis, and constituting the ectoplasm, which passes
almost imperceptibly into the main mass of cell substance, or endoplasm. 
This endoplasm is seen by careful study to possess, like the nucleus, an

^^0B
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alveolated arrangement, regarding (lie exact nature of which eytologists 
are still at variance, it being most difficult, in the first place, to translate 
optical appearances under high magnification; in the second place, to 
assure ourselves that what is seen represents the natural conditions of 
the living substance, and is not a secondary effect brought about either 
bv the i" " of the cell or bv the action of reagents (Fig. 5); thirdly, 
save for deposits within it, the cell substance is obviously fluid; we have 
to differentiate between portions that are freely fluid and those which, 
if of greater density and more viscid, are still of fluid nature. We shall 
not here enter into the controversy which has raged, and continues to 
rage, regarding this matter, but lay down the general con
clusions reached, which arc that the cell substance consists of (1) a 
coarse or finer reticulum, whic h may be termed the ri/toplasm proper;
(2) the cell sap or fluid lying within the meshes of the reticulum; and
(3) paraplasmic substances. Under the term paraplasm we include (a) 
granules of solid matter taken up by the cell by phagocytic action and 
not yet dissolved or discharged; (b) granules of solid or > 
matter, crystalline or amorphous, " are the products of cell metabo
lism; (c) the fluid contents of secretory vacuoles; and ((I) inactive sub
stances laid down as a framework within the cell. Passing beyond 
purely histological appearances, we may say that the cytoplasm is the 
active cell substance (termed by some the bioplasm), though it must be 
kept in mind that this term also includes, if, indeed, it should not be 
confined to, the active substance of the nucleus; the paraplasm, all 
material, whether in a dissolved or prêt" * ?d form, which is within 
the cell, and represents matter resulting from the cell activity, whether 
products of disintegration of the cell substance or the unassimilated 
portions of absorbed material.

Regarding the granules constantly present within the cell substance, 
it deserves mention that some have given them a much more prominent 
position than is here ascribed to them. By special methods of staining, 
a fine granulation of the cell substance can be clearly demonstrated, 
and Altmann1 has regarded these as the “elementary organisms, or 
bioblasts,” as the units or * " elements in cell activities. Apart
from the indications being, as we shall endeavor to show, that the pri
mary cell activities are inherent in the nucleus, further study shows that 
Altmann's5 methods bring out granules of more than one order, and that 
there is no apparent relationship between the ier of these granules 
(which varies greatly) and the active nature of the cell. All that Altmann 
has accomplished has been to call attention to the existence of these 
granules; he has not brought forward a single valid argument in favor 
of their possessing the attributes with which he endows them. While 
his facts are accepted, his interpretation of the same is now generally 
discredited.

There is another important structure in the cell substance, important 
in that it is seen to be actively engaged in the process of cell multipli-

1 Die Element»roryanismen utul Hire Reziiliunyrn zu (len Zellen, Leipzig, 1890, 
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cation. This is the centrosome, a minute dot or area of condensation 
surrounded by a fine areola, generally situated toward the centre of the 
cell in the neighborhood of the nucleus; in some rare cases it has been 
described as actually within the nucleus. It forms a centre from which, 
prior to cell division, the cytoplasmic substance becomes arranged in 
fine rays, and, even before the nucleus, it undergoes division. In the 
resting stage of the cell it is not constantly recognizable, and in some it 
has not yet been made out. Regarding its nature and relationship there 
has been keen debate- whether it be an ’ * lendcnt constituent, carried 
over by division from cell to cell, just as are the nucleus and the cyto
plasm, or derived from the nucleus or from the cytoplasm. Martin 
Ilcidenhain,1 2 for example, in a singularly full study, has suggested that 
it is the homologue of the micronuclcus of the infusorian cell. (The 
infusoria have two nuclei, of which the larger, the macrouuclem, is most in

Section of normal tubule of kidney, stained to show the 
regular arrangement of Altmann's granules in the cells. 
( After Utmann )

Leukocytes from larva of sala
mander. showing centrosome with 
surrounding cytoplasmic radiation. 
(Hemming.)

evidence in the functioning organism, but disintegrates and disappears 
during the process of conjugation and fertilization, the micronuclcus 
then becoming active.) More recently, Yat.su,‘ confirming K. R. Wilson, 
has shown that if the eggs of Ccrrlmitulwt be cut up, and fragments, 
devoid of nuclei and centrosomes, be placed in sterilized calcium chloride 
solution and then in sea water, a centrosome with surrounding aster 
develops in them identical with those of whole eggs subjected to the same 
treatment. From which it is evident that the centriole or centrosome 
can be formed dc novo from the cytoplasm that it is of cytoplasmic

1 Arch. f. mikr. Anat., 43:1894:423; nee also Arch. f. Entwiekolungsmochanik,
1:1805:473.

2 l’roc. Sue. Exptl. Biol, and Mod., 2:1905, L:si, and Amor. Mod., 1905:493.
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CELL CONNECTIONS.

These art1 2 the main histological details regarding the constitution of 
the animal cell. But if our ' is to he cellular, more is needed. 
The organism being multicellular, hut derived from a single cell, it is 
necessary to have a definite conception regarding the histological rela
tionship between the individual component cell units, and this because 
of the light this must throw upon the dependence of the cells one upon 
the other in disease as well as in health.

The usual conception of the organism, we take it, is that it is an accu
mulation of cells which are distinct separate entities, acting the one on 
the other, either by their products, or by physical influences, through 
conduction. The general idea is that the multicellular organism has 
developed primarily from the unicellular as an aggregation of separate 
unicellular units which have remained associated for mutual protection 
and benefit, the separate units undergoing differentiation as a result of 
relative position, and so of environment. Such a conception has induced 
a false view as regards what constitutes the individual, and to some extent 
as regards the relationship of the tissues one to the other.

We owe to the botanists, first among whom must be mentioned Walter 
Gardiner, the demonstration that in the multicellular plant the indi
vidual cells are not isolated and wholly detached, but are united 
other by fine bridges. It has been proved by them that by the inter
mediation of these bridges stimuli are directly conveyed from cell to cell. 
Now, in the animal body, it is becoming proved for most tissues that the 
cells are similarly connected. The cogwheel-like appearance of the cells 
of the epidermis was for long suspected, and has now been proved, to 
be the of a system of filaments passing from one cell to its
neighbors, and Kolossow1 has shown, and MacC’allum, of Baltimore, 
has confirmed, that similar bridges pass between apposed cells of the 
endothélia. Ciliated and columnar epithelial cells are likewise joined 
together ( Burfurtlr) and similar direct connection has been described 
between the cells of both plain and striated muscle ( Kultsehitzki3). 
Kven the neurons, which have been regarded so generally as independent 
cells, have now, by Apathy and others, been shown to communicate by 
extremely fine filaments. The difficulty in accepting Apathy's results 
has been due as much to the want of recognition of this general principle 
of cell connection as to the prevalent theories of nervous action.

These filamentous cell connections are evidently present from the 
very earliest period of existence. Mrs. Andrews,4 studying

1 Arch. f. inikr. A nut., 42; 1893; 318, and Ztschr. f. win. Mikr., 9, Heft 1 unri 3; 
■ee also W. It. MacCallum, Johns Hopkins Bull., 14:1903; 105, and Muscatcllo, 
Virch. Arch., 142: 1S95:327.

2 Anatomie, 1897:79. 3 Quoted by Waldoycr, Arch. f. mikr. Anat., 57; 1901:2.
4 Mrs. I'. Andrews, Jour, of Morphol., 12:1897, and E. A. Andrews, ZoOl.

Bull., 2; 1898: 1; confirmed by ('. Shearer, l’roc. Hoy. Hoc., It., 77:1906 : 498, who 
gives recent literature. The fullest study of this subject is by Schüberg, Zeitschr. f. 
wiss. Zool., 74:1903:155.
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the recently laid eggs of echinus and the starfish, and employing very 
high powers, noted that in the process of cleavage, while momentarily 
the hlastomeres become separate, there follows an active discharge of 
fine threads across the intervening space, resulting in the union of the 

cells l>v protoplasmic processes. These 
8 could well be seen in the «X- and Hi-cell

stages,and, with their formation granules 
could be seen streaming from the one cell 
to the other.

In short, it may be laid down that the 
absolutely detached cell is the exception 
and not the rule. The leukocytes the 
wandering cells of the organism are 
wholly independent; but this, judging 
from MaeBrideV observations, is an 
acquired and not a primary characteris
tic. In the larval echinoderm (starfishes 
and the like), whose wandering meso

dermal cells are the earliest homologues of the leukocyte, these cells 
floating in the body cavity are found to be connected bv a network of 
singularly fine processes.

Oil bridges of “prickle cells’’ of 
epidermis. ( From u photograph by 
Hvhridde.)

( VII bridges of vascular endothelium. (Kolossow.)

The organism or individual, there
fore, is not to be regarded as essen
tially a conjugation or colony of 
detached units, but rather as a con
nected whole, in which, for reasons 
to be immediately discussed, there 
has been partial and incomplete di
vision of tlie living matter; the cells 
in general are not detached, only semi
detached.

The Significance of the Cell. This 
conception leads up to a comprehen

sion of the nature and significance of the cell. Studying this, whether 
among the unicellular individuals or in its many modifications among

1 I‘roc. Cumb. Phil. Sue., 0:180(1:153.

wmiw
Cell bridge.-» lie!ween curtilage cells.



THE SIGNIFICANCE OF THE CELL 37

the multicellular organisms, one is struck by the fact that it in general 
is of minute size. The exceptions the cases in which single cells are 
large enough to be visible to the naked eye—arc of three orders:

1. Where the cells contain a large amount of stored-up food material. 
This is notably the case with the ova of very many species. Here, on 
fuller study, it is found that the cytoplasm forms a delicate membrane, 
spreading over and limiting the yolk, in this superficial layer lies the 
nucleus, which thus, with the cytoplasm, is close to the exterior.

2. In certain of the infusoria the increase in size of the cell, until it 
becomes visible to the naked eye, is brought about by the development 
of the cell substance into a series of delicate radiating processes. By this 
means neither the nucleus nor any part of the cell is at a distance from 
the surrounding medium.

3. As in dromia and sundry other protozoa, the enlargement of the 
cell may be associated with the presence of multiple nuclei.1

In all these cases we appear to have a mechanism whereby no portion 
of the cytoplasm is remote either from the external medium on the one 
hand or the nucleus on the other. There is clearly a relationship as 
regards size between the nucleus, the cytoplasm, and the surrounding 
medium, and this is determined primarily by the size of the nucleus. As 
we shall point out, the evidence is conclusive that the nucleus is the 
dominant controlling element in the cell; it governs the cell body and 
cytoplasm; tin- larger it becomes the greater the disproportion between 
its surface area and its mass, and, as interaction between it and the cyto
plasm must in the main take place at the surface, the greater its size the 
less its relative efficiency. If the nucleus exceed a certain size, the more 
centrally situated nuclear material must be largely inactive, and so use
less. Thus, it has come to pass that that living nuclear material has been 
most favorably circumstanced, or, in other words, best fitted to survive, 
which has undergone division and so increased its surface area at the 
same time as it has augmented its substance and mass. Thereby the 
maximum activity of the nuclear material has been insured. Hence 
the dcveloj ment in the first place of the multinucleated cell.

But if this be true of the interaction between nucleus and cytoplasm, 
it obtains also between the cytoplasm and the external medium. Here, 
again, we have to deal with surface action. It is obvious that, as in the 
radiolaria, the cell surface can be enormously increased by production 
into a large number of fine processes, but if, as already indicated, the 
cell activities are determined by the nucleus, by the reaction between 
nucleus and cytoplasm, such extension of the cytoplasm to a distance 
from the nucleus has its disadvantages. The most economical system 
is the spherical; and possibly as the result in the main of surface tension

bv the same law as that causing the globular form of' the rain drop 
or detached small mass of mercury, it is noticeable that free cells in 
general approximate in shape to the sphere. Here, again, we have the

1 A stage leading up to this is seen in Stentor and other ciliated protozoa, in which 
the relatively large nucleus is moniliform, I leaded, and elongate.
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same considerations of economy of action. Materials are absorbed and 
built into the cell substance from the external medium, and as the 
process of absorption and formation of new cytoplasm proceeds, the 
mass of the cell increases in a greater ratio than does the surface, until 
the point is reached at which the accumulation of inactive cytoplasm 
is subversive to proper action. The same processes that induced nuclear 
division have brought about cell division.

We thus recognize the following successive stages :
1. The cell or mass of living matter in which the nuclear matter is 

scattered through the cytoplasm.
2. The unicellular organism having the nuclear matter aggregated 

into a central mass, the nucleus.
3. The multinucleate unicellular organism.
4. The multicellular organism.
It follows, thus, that the multicellular organism is not to be regarded 

as the outcome of the fusion of a number of separate individuals for 
mutual advantage. Such fusion, it is true, does occur in nature; wit
ness the myxomycètes. It is, however, the exception, and is not found 
along what we regard as the direct line of vertebrate ancestry. This 
communal, or, as the (Jermans term it, “ Baustein” theory, must be 
replaced by one more directly in harmony with the facts of individual 
devi ‘ and our knowledge of evolution by what we may term
the theory of decentralization, which regards the individual as the sum 
total of protoplasmic matter capable of existing as an entitg under par
ticular conditions of environment, flic multicellular individual aeguiring 
its greater size and narre complete activities hg means of nuclear division 
followed hg cell division.

As regards the nuclei, this division is complete, and as the nucleus is 
we hold, the primary and controlling structure in the cell, to this extent 
each cell is an independent entity; as regards the cytoplasm, as stated 
(p. 35), the separation is incomplete, and to this extent the individual 
is a single connected whole. But, while making this statement, it must 
be borne in mind that the nucleus cannot persist without the cytoplasm; 
that there evidently is an intimate relationship between the two such that 
the nucleus is acted upon not directly by the external medium, but 
through the intermediation of the cytoplasm. From this it follows that 
cytoplasmic alterations, if conveyed from cell to cell, arc capable of influ
encing the nuclei; these latter may control the individual cells, but are 
at the same time capable of being influenced by the cytoplasm. This 
conception of the relationship of the cells and tissues in the multicellular 
organism is fitted, we think, to throw light upon the otherwise some
what paradoxical coincident independence and interdependence of the 
cells, to which we have already referred in discussing what is disease 
(p. 20), which must thus be regarded as a primal or necessary outcome 
of cell relationship.

Intercellular Substances : Are They Living Matter? It has to be
confessed that of late years the cell theory has from different quarters 
encountered searching criticism. To some of this, as, for example, to the
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non-existence of a discrete nucleus in the very lowest forms of life, we have 
already incidentally referred. The Raustein theory above mentioned 
has introduced other difficulties: What is the need, and what the evolu
tionary process by which individual cells have become joined to form 
distinct organs when there exist sundry higher unicellular organisms 
among the ciliatc infusoria which, possessing a single or two nuclei, 
possess also distinct organs, such as contractile internal fibrils (muscle), 
a peristome of cilia directing food to a distinct mouth region, excretory 
organs (contractile vacuoles), organs of defence (trichocysts) ? The 
answer to this question is difficult in terms of the communal, simple in 
terms of the decentralization hypothesis. Hut there are those whose 
opposition is directed against the very being of the cell theory. If it 
can be demonstrated that there is living matter in the multicellular 
organism which is external to cell boundaries, then this cell theory, if not 
wholly upset, demands very material modification.

What is the nature of the intercellular substances, of which there 
are several in the tissues of the higher animals—the fibrils of white 
connective tissue, the fibres and sheets of yellow elastic tissue, the matrix 
of cartilage, the lamellre of bone? Are these alive, or are they to be 
regarded as dead matter? Recently a leading German histologist, 
Professor Martin Ileidenhain,1 has claimed that they must be regarded 
as living matter—as extracellular living matter.

According to him, these exhibit metabolism, growth, formative energy, 
and perhaps, also, a definite grade of functional activity. The 
fibrils of connective tissue and the coarser deposits of elastin in yellow 
elastic tissue begin in general within the cell. This we freely admit. 
Later they come to be extracellular and freed from the cell body proper; 
they increase in length and also in bulk. A similar origin is upheld for 
the cartilaginous matrix; that, according to Schaffer, begins as a modi
fication of the ectoplasm of the cartilage cells, and as the cells shrink 
and this modified ectoplasm, derived from one cell, fuses with that 
of neighboring cells, so does the matrix become a homogeneous mass, 
in which are embedded what are now sharply defined cells. Nay, in 
this matrix is also living matter of another order, since study shows 
running through it fine fibrils of connective-tissue type. The living 
matter of the bony matrix, he admits, has not been the subject of 
adequate study, but that it exists he has no doubt.

To this it may be replied with, 1 think, considerable force:
1. That, from a chemical and physical point of view, the albuminoids, 

or scleroproteins, which form the characteristic constituents of matricial 
matter—collagen, elastin, and chondrin—are of all the proteins of the 
body the most inert; in characters they are most nearly allied to the 
coagulated proteins, which are obviously “dead;” that, knowing their 
insolubility in various reagents, and the difficulty with which they are 
dissociated, it requires a severe stretch of the imagination to conceive 
these bodies as possessed of the power of recurrent satisfaction and 
dissatisfaction, which we regard as the prime attribute of living matter.

1 Plasma uiul Zelle, Fischer, Jena, 1:1907.
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2. That, physiologically, interstitial matter is strikingly inert, exhibit
ing nothing that we can regard as a direct reaction to irritation ; what 
reaction is shown—dissolution, etc.—is obviously determined by the 
enclosed cells, i. e., it is in the immediate neighborhood of cells exhibit
ing obvious reaction that changes are first to be noted in the matrix as 
the result of irritation.

3. That because the fibrils, the cartilaginous matrix, etc., show their 
earliest signs of development within the cell body, that does not, ipso 
facto, make them living matter, any more than intracellular fat globules 
are to be regarded as living matter.

4. That, as regards actual growth of the connective and yellow elastic
fibrils upon which Heidenhain lays so much emphasis, we obtain, as 
Professor I>eo Loeb has shown “growth” of a curiously similar type 
outside the body in lymph or blood cted to strain. When a drop 
of uncoagulated lymph is placed between two glass slides, the mere act 
of pulling the one slide over the other leads to the appearance of fibrils, 
which grow in length and bulk; which, like those of connective tissue, 
are not only intracellular, but actually traverse cell bodies situated in 
their path; which show themselves first in immediate connection with 
these cells, the cells, as we now hold, liberating an enzyme that deter
mines the modification of the more soluble protein into a precipitated or 
coagulated modification. Ihit the lines of this precipitation are evidently t
along the lines of strain. And so identically do we observe that the 
direction of the individual connective-tissue fibrils in a tendon, a fascia,
etc., bears a direct relationship to the strain to which the tissue is habitu
ally exposed.

5. That if cartilaginous matrix is to be regarded as living, then, also, 
the hyaline and amyloid deposits in pathological conditions are to be 
regarded as living. Hut among these we have every transition to con
ditions of deposit in successive layers, to conditions clearly of precipi
tation, and not of growth by intercalation or progressive building up of 
new molecules in immediate association with the old; the process is of 
a passive, not an active, type; nay, more, as Ophüls has shown, it may 
take on the type of deposit of successive layers of needle-like crystals of 
hyaline matter.

In his Cellular Patholoyij (1858, p. 23), Virchow laid it down that the 
intercellular substances had not life of their own, “but borrowed or 
obtained vital properties at second-hand from the (asso<‘ cells.” •
Heidenhain, with justice, points out that here is a basal mistake. The 
concept of life is that it is something inherent, something automatic.
There is no such thing as one individual instilling or breathing life into 
inanimate matter outside itself. Yet, Virchow, despite his illogicality, was, 
it seems to me, nearer the truth than is Professor Martin Heidenhain.
What is to be our primary postulate regarding the essential distinguishing 
property of living matter? If we lay down that it is growth—is the 
inherent power of assimilating other molecules, of so arranging them as 
to build up like proteidogenous molecules, possessing, therefore, like 
properties -then it must be held that intracellular substances have not
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this rty, and are not living. If, on the other hand, we declare that 
growth is not essential, and recognize three orders or grades of living 
matter, then, with Virchow, we can well admit that the cells discharge 
living molecules of the order of enzymes which act upon and modify the 
surrounding matrix. But in this case it is not the matrix itself that is 
living, as claimed by Ileidenhain, hut the discharged cell molecules, 
which act upon substances present in the surrounding lymph. And it 
has to he admitted that molecules of the same order acting within the cell 
can similarly act upon assimilated substances of the same order, and 
lead there to the production of the like precipitum. We fail to see, 
therefore, any necessity to alter our views regarding the intimate and 
essential relationship between the aggregation of matter into the form 
of cells and vital activities. The “cell theory" is still to l>e accepted as a 
foundation stone of our conceptions of living matter, even if we replace 
the older Baustein theory by one that regards the individual as the 
main unit, and the cells of which that individual is composed as means 
of bringing the living matter of that individual into an economical 
relationship with its environment.

1



1
CHAPTER III.

TIIK l’ilYSlOIXXlV OF THE CELL.

We have stated that we regard the nucleus as the controlling con
stituent of the cell. Here it will be well to indicate the grounds upon 
which this view is based, more particularly because this view is not 
universally accepted, but is apt to be propounded with some hesitation 
in works upon physiology, and because a correct appreciation of the 
influence of the nucleus is, as we shall repeatedly have to indicate, of 
primary importance in the study of morbid processes. It is only of 
late years that the attention of pathologists has been attracted to nuclear 
changes ; only, in fact, after the cytologists had estai) ished a basis of 
knowledge regarding the normal nucleus did it become possible to study 
departures from the normal.1

It has, in the first place, been fully established that without a nucleus, 
growth and reproduction of the cell cannot occur. The cell, deprived 
of its nucleus, can exist for a time, can be the seat of certain metabolic 
activities, but its substance is progressively used up, and, judging from 
its complete incapacity to reproduce itself, it cannot form new living 
material, either cytoplasmic or nuclear. The red corpuscle, for example, 
the type of noil-nucleated cell in the normal vertebrate organism, can 
act as a carrier of oxygen, but cannot perpetuate itself. The individual 
erythrocyte, once it is liberated into the blood stream, has but a limited 
period of life. Hunter estimates that the red corpuscles of the rabbit 
live, at most, three or four weeks. Quincke3 and Worm Müller4 give a 
life of about fourteen days to the ml corpuscles of the dog. Throughout 
life there is a constant development of new erythrocytes to take the place 
of those undergoing disorganization.

What is true with regard to the red corpuscles has been experimentally 
proved with regard to unicellular organisms. Brandt,6 in 1877, showed 
that pieces of Actinouphœrium Kichiwrnii containing a nucleus assume a 
characteristic form typical of the whole organism ; those without a 
nucleus fail to do so. With Siphonocladus (another simple ellular 
form), Schmidt,u many years ago, showed that when broken up the proto
plasm formed into spherical masses; those not having a nucleus failed

1 For a fuller statement of these views regarding the dominance of the nucleus I 
would refer to my address at tin* meeting of the British Medical Association at 
Toronto, in 1900. Brit. Med. Jour., 2:1900.

2 Brit. Med. Jour., 1SN7 : ii : 192.
3 Dcut. Arch. f. klin. Med., 25:1880:507, and 27:1880; 193.
4 Trnnxf union and Plcl/wra, Christiania, 1875; sec also von Ott, Virch. Arch., 

93:18X3:125.
* Ueher Actinosithariinn Kichiwrnii, Dissert., Ilalle, 1877.
• Festschr. d. naturforseh. (iesellsch., Ilalle, 1879:3.
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to produce a .surrounding membrane, and soon disintegrated, while 
those containing one or more nuclei developed into the typical organisms. 
Fuller confirmatory results were gained by Nussbaum1 * with Oxytriehu, 
and by Gruber with Stentor. Klebs3 noted that enucleated cells of 
aigu-, like spirogyra, might live six weeks, and during that time might 
produce new starch granules might, that is, synthesize starch from the 
carbon, oxygen, and water absorbed. This starch was formed in the 
sunlight and used up in the dark. Notwithstanding, unlike nucleated 
portions of such cells, these enucleated portions produced no cellulose 
wall, and disorganization and death were inevitable.

In studying the degenerations and necroses affecting the tissues we 
shall see that so long as the nucleus is intact, however grave may be tin- 
disturbances in the cell body, the indications are that cell regeneration is 
still possible; nuclear disintegration is the most obvious sign of cell death.

Enough has been said to indicate that the nucleus is essential for the 
continued growth of the cell. There is not, to our knowledge, a single 
observation to the contrary. It is, however, worthy of note that, as 
Boveri4 * * and Lillie1 have pointed out, there is a minimal limit to the 
size of the separate (nucleated) cell portions capable of undergoing 
further " The nucleus, with the surrounding cytoplasm,
is capable of regeneration and growth, provides! that the amount of 
cytoplasm exceeds a certain minimal volume relative to the normal cell. 
For, as Yerworn7 was the first to emphasize, the nucleus without the 
surrounding cytoplasm is as incapable of regenerating the cell as is the 
cytoplasm without nucleus. Nevertheless, Yerworn takes a position 
which is untenable. He admits freely that cell growth and reproduc
tion are not possible in the absence of the nucleus, and that the nucleus 
plays an essential part in such conditions as the formation of cellulose 
by the plant cell, the formation of chitin in the insect cell, sundry 
secreting processes in gland cells of higher animals, and that the remark
able change in the size of the nucleus during cell life can be brought 
about only by the nucleus receiving substances from the protoplasm and 
giving off others to it. lie, however, denies wholly that the nucleus is 
the dominating portion of the cell, pointing out that, although the sper
matozoon, in fertilization, introduces a minimal amount of cell substance 
into the ovum, and is composed, as regards its functional head, almost 
wholly of nuclear matter, nevertheless that minimal amount is introduced 
and cannot be neglected;8 that if the cell without nucleus cannot exist 
neither can the nucleus without cell substance, and demonstrates abso-

1 Arch. f. mikr. Anat., 26:1886:485.
* Biol, Centralbl., 4:1885: 717; 5:1885:253; and 6:1886:1.
1 Ibid., 7:1887 : No. 6. und Unters. n. d. botanisch. Inst., Tubingen, 1887.
4 Arch. f. Knt wiekelungsmech.. 2:1895:394. 1 Jour, of Morphol., 12: 1896:241.
• In the cases studied, about one-twenty-seventh of the whole mass.
1 General PhyeioUtgy, translated by F. S. Lee, Macmillan, 1899, 504 et se<|.
1 But, ns Strasburger points out, in the flowering plants the male sexual cells lose

their cell-body when passing down the pollen tube and the nucleus only reaches the 
egg. (Darwin anil Modern Science.) Cambridge, 1909:104.

0159^0



44 THE PHYSIOLOGY OF TI1E CELL

Intel y from his studies upon the ciliated infusorian Larry maria olor 
that the nucleus does not control the motor apparatus of the cell -that 
lion-nucleated sections of the organism move as actively as do nucleated 
sections, and this for a day, sometimes for several days. What hr 
proves is nut that the nucleus is not the dominating portion of the cell 
complex, only that the association of nucleus and cytoplasm is essential 
for full cell activity. I le thus fails to grasp the significance of the nucleus, 
and his whole treatment of cell processes, if not vitiated, is, at least, 
greatly weakened.

All that Verworn’s facts prove is that nucleus and cytoplasm are 
equally essential for the full function of the cell, not that they are of 
equal value. We might as well argue that in the community of bees 
the or worker is of importance equal to the queen bee,
on the ground that, separate the queen bee from the rest of the com
munity, and, being incapable of obtaining food for herself, she starves to 
death. Under no condition, that is, can the developed worker continue 
the race; this all-important function belongs to the queen bee, and to 
her alone. This simile, it is true, must not be pushed too far; advanced 
thus far, it will, however, illustrate our contention. The necessary 
association between nucleoplasm and cytoplasm does not contradict 
the evidence we possess that in the nucleus reside the controlling activities 
of the cell. Taking that evidence into account, it proves that the nucleus 
cannot directly art upon the surroundiny medium, and that so the function 
of the cytoplasm is to act as ail intermediary between the nucleus and the 
en viraniny substances.

The prominent part played by the nucleus in simple cell division; 
the series of processes insuring that each daughter cell obtains an 
ei amount of nuclear material ; the remarkable part it plays in
fertilization and the reproduction of the new individual these matters 
need here but be referred to. They indicate, with a force that cannot 
be gainsaid, the controlling part played by the nucleus in the processes 
of cell and individual reproduction. The evidence that the nucleus is 
active in matters of cell metabolism is not so familiarly known, and 
deserves mention in a little more detail.

THE NUCLEUS AND METABOLISM

Respiration, motility, the formation of contractile vacuoles, the 
seizing and destruction of minute living organisms, have all been seen 
to take place in cells deprived of their nucleus ; even so elaborate a 
process as the formation of starch in the vegetable cell can occur under 
the same conditions. As already noted, enucleated cells having these 
properties cannot grow, but eventually become exhausted and disin
tegrate. The nucleus is necessary for the continued anabolism and 
katabolism of cytoplasmic matter, and it may be suggested that these 
higher activities manifested by enucleated cytoplasm are dependent upon 
the presence within it of matter previously elaborated by this nucleus 
from the cytoplasm and subsequently discharged.

#
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METAltOUSM AS!) SEMI PERM EMUE MEM PHASES 45

On the ground that in the course of his long and exact studies upon 
the cell he has never determined the passage of nucleolar or of nuclear 
matter out into the cytoplasm, Martin Ileidenhain strenuously denies 
that the nucleus plays any part in the secretory activities of the cell. 
He considers the nucleus as the conservative agent in the cell, uncon
cerned with specific cell activities, hut carrying on in the specific cell 
properties from one generation to another. This, 1 imagine, is the 
current conception, but it cannot he accepted. That it is the conser
vative agent I wholly agree; the part played by it in cell division (p. 115) 
and in fertilization (p. 144) would seem amply to support this view ; 
and, as Professor A. B. Macallum1 has suggestively brought forward, the 
chemistry of the nucleus and its structure indicate that the nuclear 
membrane is a mechanism whereby certain bodies only are permitted 
to pass into the nucleus, whereas others are prevented from entering, 
thereby acting as a mechanism to prevent gross change. Thus, although 
abundant chlorides and phosphates and potassium, sodium, and calcium 
salts may be present in the cytoplasm, his extensive studies show that 
the nucleus, whether vegetable or animal, is absolutely free from phos
phates and chlorides; nor has he been able to detect either potassium 
or calcium. So also, as in the liver cell of pernicious anemia, the cyto
plasm may be charged with inorganic iron, but the nucleus contains 
not a trace. ( )n the other hand, both Browiez2 and Sutherland Simpson 
and Herring3 have demonstrated the passage of hemoglobin (containing 
organic iron) into the nuclei of hepatic cells and the presence of the same 
there in a crystalline form. These are very significant facts, and can 
only mean that the envelope of the nucleus is what is known as a “ semi- 
permeable membrane,” its structure being such that mechanically it 
permits the passage through it of certain bodies, whereas it is impervious 
to others. There is evidence that the surface layer of the cytoplasm 
constitutes similarly " er semipermeable membrane having different 
properties. For this has been abundantly demonstrated from the long 
and complicated series of data which have accumulated bearing upon 
the subject of osmosis, namely, that the properties of these membranes 
vary greatly. It is not a matter of size of molecules that determines 
passage or arrest, nor the crystalloid or colloid nature of the > ’ s
in solution on one or other side, nor, again, their nature as electrolytes 
or non-electrolytes. A caoutchouc membrane, for example, will keep 
back the simple and highly soluble sodium chloride, and if ether be 
dissolved in methyl alcohol will permit the passage of the former but 
not of the latter; similarly, if the more colloidal copper oleate and the 
crystalloid cane sugar be dissolved in pyridine, the former will pass 
through such a rubber membrane; the latter will not. A pig's bladder 
membrane will permit the passage of a water-ether solution, but not of 
benzene equally dissolved in the mixture (Nernst); while Barlow4 has

1 Prop, imil Trims. Hoy. Sop. Cun., .Til nor. 2: 190S: sec. 4:145.
1 Bull. Internat, de l’Acail. des Seiences de Cracovie, July, 1899.
3 Proc. Hoy. Soc., B., 78:190» : 455.
4 Philosoph. Mag., 6: series 8:1904:1.
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shown that a cupric ferrocyanide mcmhranc is more readily permeable 
under pressure to the larger molecules of alcohol than it is to the smaller 
molecules of water. This is not the place to discuss the various theories 
of osmosis; suffice it say that it is not the sieve-like nature of a membrane 
and the size of the pores, nor, again, the surface tension of a solution 
(although this is a partial factor), that is the determining agent in 
osmosis, hut, as Kahlenherg1 * has shown, the membrane permits the 
passage of those I unties for whieh it is a solvent, for which, therefore, it 
has an affinity of a particular order. The indications arc that the outer 
layer of the cytoplasm certainly in red corpuscles, and probably to a 
large extent in cells proper is of a lipoid nature, " d of or containing 
bodies such as “lecithin,” cholesterin, etc.; whereas the nuclear mem
brane (as shown by its staining properties) is of nucleoproteid nature. 
We are ready to admit with Macalhmr that to the extent that this does 
not admit the passage of inorganic salts, and it may well be various 
other bodies, like glycogen, to that extent it exerts a conservative action; 
but the evidence, so far as it goes, suggests that proteids are somewhat 
widely solvents for other proteins; thus the passage of mole
cules through the nuclear membrane may be extensive, and as a conse
quence there may be a wide range of variation in the eventual constitution 
of the nuclear material. While resembling each other in the main, 
distinct chemical differences have been determined between the nuclear 
constituents of the different tissues of the animal between those isolated 
from hepatic, pancreatic, and renal nuclei; from cells, that is, having 
a common origin in the fertilized ovum. This in itself shows that 
nuclear matter is modified by its environment. As suggested on p. .‘11, 
it may well be that matter thus taken up but not yet differentiated or 
structurally worked up into the nuclear chromatin is to be recognized 
in the form of nucleoli.

If there arc these indications that bodies of certain orders penetrate 
the nuclear membrane, and are built into the nuclear matter, we have, 
on the other hand, a steadily increasing amount of evidence that matter 
passes out through the same into the cytoplasm, and, indeed, that this 
matter is of singularly high importance in connection with the specific 
activities of various orders of cells.

There is, in the first place, what may be termed indirect evidence of 
such passage. Yerworn noted that lion-nucleated pieces of foraminifera 
did not show the slightest capacity to secrete the calcareous salts which 
form so characteristic a framework in these unicellular organisms. In 
another lowly form, Thalassicola pelngieu (and the same is true in the 
amoeba), while non-nueleated fragments can seize and kill living 
organisms, they cannot completely digest them, from which it would 
appear that the elaboration of the digestive fluids, the existence of 
which in unicellular forms has been demonstrated by Miss ( îreemvood,3

1 Jour. Phys. C'hem., 10:1908:41.
3 Mavailum is wrong in staling that fat is not fourni in normal nuclei.
* Jour, of Physiol., 7:1880:254; 8:1887:203; 11:1800:576.
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TilH NUCLEUS AND METABOLISM 47

Le Dantec,1 2 and others, is determined by the nucleus. Ilofer3 has 
shown that the excretion of slime by the amoeba does not occur when the 
nucleus is absent ; Korsehelt,3 that the formation of chitin by insects is 
associated with change in the characters of the nucleus; Ilaherlandt4 * 
has demonstrated that in the formation of the cell membrane in plants 
the nucleus becomes eccentric, passing to the immediate neighborhood 
of the site of deposit of the cellulose; a similar localization is seen in 
cells developing root hairs; Sellniewind-I'llies6 has called attention to 
the shrinkage and loss of staining power of the nucleus of nectar cells 
in flowers in the course of secretion; Lily Iluie," to the marked changes 
that occur in the nuclei of the secretory cells of the leaves of the well- 
known insectivorous plant, the Drosera, when fed with egg albumin.

These, it will he seen, are observations of many years’ standing, 
which could he abundantly extended from more recent botanical and 
zoological literature. Coining nearer home, there are parallel observa
tions by physiologists and histologists. Thus, I would recall R. Ileiden- 
hain’s7 observations, made long years ago, upon the differences in the 
appearances of the nuclei of salivary gland cells at rest and after stimu
lation, confirmed by G reenough8 * in his observations upon the cells of 
the submaxillary gland, and to the interesting observations of Hodge8 
(confirmed by Gustav Mann,10 Lugaro,11 and others) upon the nuclear 
alterations in the motor ganglion cells of bees, birds, cats, and other 
vertebrates, brought about by naturally and experimentally produced 
fatigue.

But now, in addition to these, are observations upon the
direct passage of material from the nucleus into the cytoplasm, and that 
in very immediate and significant relationship to the development of 
what we now recognize as the specific cytoplasmic constituents of par
ticular orders of cells. All the observations have this in common, that 
they record the appearance of minute globules within the nucleus which, 
like the nucleoli, take on a differential stain with nuclear dyes, and 
these tend to accumulate immediately beneath the nuclear membrane.
Following upon this, either (1) these become smaller and........... in
number, while coincidently the perinuclear cytoplasm takes on a diffuse 
stain of the same character, or (2) the actual passage of these globules out

1 Ann. de l’lnst. Pasteur, 4:1890:1*7:5. and 5: ISOl : 103.
2 Jenaiseh. Zcitschr. f. WissciiRch., N. I’., 17:1800:105.
3 Zool. Jalirhuch, Abth. f. Anat., 4:1899:1, and Naturwiss. Rundschau, 1887: 

400.
* Die Beziehungen zwisehen Fvnklion u. Luge des Zell kernes bei den Pflnnzen, 

Jena, 1887: also Sitzungsher. <1. Kaisvrl. Akad. d. Wins., Vienna, Math. Natur- 
wisàcnchs. Kl., 18:1880: Abth. 1:190.

4 Beitr. z. Kentniss der Seplalneetarien, Jena, 1807.
•Quart. Jour. Micr. Sci., X. 8., ::u: 1897 : 387.

. 7 Hermann’s llandb. der Physiol., 5:1883.
3 Jour, of Med. Research, 7:1002: 300.

10 Jour, of Anat., and Physiol. 20: 1804: KM).
11 Lo Spcrimcntale, 44:1895: Soc. Biol., 2.

8 Jour, of Morphul., 7: 1802:05.
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of the nucleus into the cytoplasm is described. With improved Iceli- 
nitpie observations upon this second order of events an* becoming more 
and more common, and we have different orders of workers giving to 
these nucleolar derivatives various names plasmosomrs, chromidia, 
mitochondria, etc.1 Organised chromatin an .inch in not discharged, from 
the nucleus, nor is it to lie found free in the < , save in the rare
eases of aberrant mitosis, as in cancer cells, when sundry chromosomes 
may fail to be gathered into the daughter nuclei. II7m/ is dis

charged in nucleolar matter, and this 
either by a process of diffusion or 
as discrete globules or granules. 
Once free in the cytoplasm, it is 
acted and interacts with the 
cytoplasm and its contents, and, 
according to the nature of the cell 
and of ils cytoplasm, so does it take 
an active part in the formation of 
one or other specific cell substance. 
Modification and disappearance or 
conversion of the plasmosomes is 
seen to take place /tori passu with 
the ac< ition within the cell 
of these specific substances.

The process, in the first place, has 
been made out in the vegetable cell. 
Here may be recalled Torrev's2 ob
servations upon the secretion of 
diastase in maize seeds, etc. At 
the beginning of germination of the 

seeds the nuclei of the diastase-producing cells contain dark-
staining granules, with but a few in the < Small breaks are
to be made out in the membrane of the heavily loaded nucleus, and 
through them the granules exude in small streams. These, at first 
spread through the cell. Iiecome later collected at the end next to the 
endosperm. Here they become dissolved. It is following
upon their dissolution that the first action of a ferment upon the cell 
wall and matrix of the cndos|icrm is observable.

It is described also throughout the animal kingdom from the protozoa 
upward. K. Ilertwig* and his pupils afford numerous instances of the 
development of such chromidia in the protozoa, in the form either of 
fine granules or of fine s or filamentous network. He has
described their conversion into and relationship to the devt " of

1 Ah |M*r example Arrhopltixtic limps, a nlro/ilmnin'ii, vrijiiHlopIninnl
1 Memoirs of the Torrt-y Hot an. (’lut», New York, 211: UK 12: 421.
1 Arch. f. ProtiKtenkiniile, 2: HHti; Sitzungalier. <1. (lenellncli. f. Morpliol. u. 

Physiol., IS: 1902: 77; l-cstschr. f. Krnst llaerkel, 11NI4: HOI. S*e also (lerassimow, 
Heiliefte z. Hot an. CentralM., IS: 1004: and Goldschmidt, Hiol. Ccntralhl., 24: 
1904; Arch. f. 1‘rutistcnkundv, 5:1904; and Zuol. Jahrb., A nut. Abt., 21 ; UMlfi.

A. It.
A, resting nerve veil with huge rounded 

iiuvIpus, showing chromai in network, the 
Nissl Ixslivs in the cytoplasm (derived from 
the nuclear material) also large and prominent; 
B. exhausted nerve cell of same order, with 
shrunken irregular nucleus, chromatin network 
indistinct, Nissl bodies diminished in sine and 
poorly staining. (After Gustav Mann.)
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XVCLmU IS b METAHOLISM 40

pigment granules of melanin-like nature in the cytoplasm in certain 
abnormal states of the individual Acfinoxphcriitm. A. B. Maeallum,1 * * 4 
in 1SOO, studying the nuclei of developing ova in the ovaries of the 
lake lizard ( Xeeturus) and of the frog, gave a very clear deseri ' of 
the formation and discharge of those nucleoli and their conversion 
into the volk granules. Montgomery,- in Piscicola (a leech parasitic

Developing eggs of .1 nltilon bifiila, allowing extrusion ol nuclear matter. Young oocyte, the 
nuclear chromatin in the form of scattered branching threads. The deeply stained nucleolus is 
seen in the act of extruding spherules into the cytoplasm, X 2000.

v* -V"

> a -it a >■ .i.x -> /•
■Vr, -1 Si..'' •>• -

Nucleolus from an adult egg. showing discharge of 
nucleolar spherules from the unstained area of the nu
cleolus into the nuclear substance. X 1000.

A relatively young oocyte, show
ing discharge of spherules from the 
unstained area, with accumulation 
of spherules previously discharged to 
form first stage of the "yolk nucleus" 

un; other spherules scattered 
through ili.‘ cytoplasm. • 1000 
(Chubb.)

ii|x>n fresh water fish) found tht* discharge most active and abundant. 
We append certain figures from a very full study by Chuhli’of the 
ovarian ova of .In/nfoH.aerinoid starfish, or, more aeeurntely, brittle fish.

1 Croc- Can. Iuntil.. Tomato, 1:1X0(1:11, anil Trolls. Can. Instil Toronto 1
1X91:247.

1 Jour, of Morphol., 15:1898.
4

a 1‘hil. Trans. Hoy. Soc. Biol., 98:1906: 447.
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50 THE PHYSIOLOGY OF THE CELL

Fig. 14 shows, in addition, how the plasmosomes may heroine swollen, 
fused, and modified into such intracytoplasinic accumulations as the 
“yolk nucleus” of the ovum, the “archoplasm” of spermatm-ytes, and 
other cells.

It is in gland cells, with their characteristic granules, that the stages 
of the process have been rt observed. In mucous goblet cells,
F. Hermann has noted that during active secretion minute globules 
taking the same stain as nucleoli appear immediately around the 
nucleus, these being absent in the resting stage.1 Maximow gives a 
fuller account of like apjH'aranees in the serous salivary gland cells of 
the dog. 'Vlie youngest, smallest, and most deeply staining granules 
are situated in the immediate neighborhood of the nucleus, and are 
indistinguishable from the intranuclear plasmosomes (nucleoli). As 
these pass to a further distance from it their staining power diminishes

and they ap|>ear to give place to 
Fta. 15 definite secretory granules. Stein-

liaus and Macallum give a very 
similar description of the mode of 
production of the granules in the 
pancreatic cell. Hensley,3 Curlier/ 
Mathews, all record the prezymo- 
yrnit, or granules becoming con
verted into the zjfwoynin of the 
secreting cell, as of nuclear origin.

Mathews,4 of Chicago, studying 
the development of the well-known 
secretory (zymogen) granules of 
the pancreatic cell, noted first the 
appearance of a “Nehenkern” (or 
paranuclear body, similar to the 

yolk nucleus figured in Fig. 14), within and in direct association with 
which were to lie noted spiral twists or coils, which eventually became 
distributed through the cytoplasm. These coils proceed to decompose 
and a stage intervenes between their disap|>eamnee and the appearance 
of the zymogen granules in the cell. It is interesting to note that C. K. 
Walker," has described an almost identical mode of development of the 
granules in the leukocytes of the bone marrow of the rat and guinea-pig. 
The threads, it will be seen ( Fig. 1(4), are characteristically beaded, and 
the I leads become the eventual granules.

So, also, Macallum has shown that the hemoglobin of the rtsl cor
puscles of amphibia is derived from the nucleus, the hemoglobin, or its 
antecedent, diffusing through the nuclear membrane and lieeoming

1 See also Iteichenmv. Arch. f. Mikr. Anal., 72: 1908: 071.
* I’roc. Can. Instil., Toronto, 1: 1890: 1, ami tjuart. Jour. Micros. Sci., X. S., 41 : 

1898:301.
1 Bril. Med. Jour., 1900; ii: 740, and La Cellule, 10:405.
4 Jour, of Morpliol.. 15:1899, Supplement.
11‘roc. Boy. Soc., B., 79:1900:491.

Itelat ionship of nuelenr plasmoHomes to *y- 
inogvn granules ami wcrelory aiilwtnnccs of 
seereting cell: <i, intranuclear plnsmusomeH; b, 
granule (extrnnuclenr plasnnmonte) in eyto- 
lilitsm. near nucleus Inn ing same staining re- 
nction, and evidently discharged from the 
nueleu»; r, conversion of same into more 
feelily staining seen-tory (presymogen) gran
ules; </. further stage; syinogen granules aliout 
to lie diseharged. (After Maximow. )
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THE NUCLEUS AND METABOLISM 51

fixed in the cytoplasm. Arrigoni,1 l>y a process of intravital staining of 
the nucleated red corpuscles seen in the blood of a case of pernicious 
anemia, has observed the presence of buds upon the nuclear membrane 
similar to those figured by Schmaus and Albrecht in karyolysis (see 
Fig. IS), the development of metaehromatic granules in the cytoplasm, 
and their solution in the cell substance as hemoglobin. The nucleus, 
in short, is not, as used to be thought, cast out of the erythrocytes, but, 
as Pappenheim and others have taught, undergoes solution in the cell 
(intracellular karyolysis), giving rise to the hemoglobin

Cell* (leukocyte*) from Ixme marrow of guinea-pig Hliowing: (a) development of thread in the 
archopluHin or chromidial ma** in the eytoplnem apposed to the nucleus; (6) extension of thread 
through the cytoplasm, and commencing segmentation into cytoplasmic granules; (r) granules 
scattered through cell substance, their chain-like arrangement still nuticeahle. (After Walker.)

Allied possibly to these last instances is the evidence that the nucleus 
of fat cells plays a part in the accumulation of fat. Study a section 
made from any collection of fat cells, and it is seen that the nuclei of those 
cells are characterized by the possession of isolated, sharply cut vacuoles. 
Shat lock2 has demonstrated that these take on the specific stain with 
Sudan III; in other words, that they contain fat. To our knowledge, 
these are the only nuclei in the body that are consistently vacuolated. 
The relationship is at least suggestive.

Lastly, Scott® and others have clearly proved that the characteristic 
Nissl bodies so abundant in the body of the neurons or ganglion cells 
are nuclear products.

I give this evidence in such circumstantial detail because, in the first 
place, it is of the highest importance as throwing light upon the nature 
of specific cell activities and the part played by the nucleus in the same; 
in the second place, because I have not found it collected together in any 
work of reference known to me, certainly in no text-book available to 
the ordinary student. Data so abundant and harmonious, recorded 
bv so large a number of independent observers in so many branches of 
biological science, can only point to the working of a law of wide appli
cation. Instead of the nucleus being an inert conservative body, it 
is seen to be the source of the specific activities of the cell, or, perhaps 
more correctly, of the substances which are necessary for the performance 
of those specific activities.

1 Folia hiematol., 0: 1908: 444. 1 Trans. Path. Soc. London, 54: 1903: 216.
3 I rans. (’an. Instit., Toronto, 6: 1899: 405. Sec also Hat ai, Jour. Comp. Neurol. 
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It is deserving of note that both these processes, of what we may term 
rhronwtolysis, or diffusion outward and disappearance of the modified 
chromatins from the nucleus, and of ehromidiation, or discharge of

nucleolar globules from the cell, 
occur as, or as the result of, patho
logical < " ions. The disappear
ance of the nucleus is a sign of 
the gravest lesions in the cell. It 
would seem that we must recog
nize three modes : (1) Karyolysis 
of the Jirsl order, in which the nu
cleus swells up, becomes vesicular 
or (edematous, and takes on the 
nuclear stains more and more 
feebly until eventually it becames 
invisible, indistinguishable from the 
surrounding cytoplasm. This is not 
infrequently encountered in areas 
of inflammation and in the condi
tion of acute cloudy swelling (see 
Section III, Chapter XXV). It has 
still to be determined whether in all 
cases the modified chromatin has 
diffused out of the nucleus or 
whether (as would seem to be the 
of chromatin in certain stages of

i from (lie liver of a child that «lied 
from acute sepsis. to show various stages of 
karyolysis of the first order: I, I'naffeeted 
nucleus; 2 ami 3. paler staining nuclei, with 
some swelling and diminution of «diminution;
4, nuclei still more swollen, the membrane «inly 
ami an occasional nucleolar mass taking on the 
stain; A, nuclei present as little more than 
unstrained vesiides.

case in the temporary invisibility 
cell division) the reaction and constitution of the chromatin still 
present has become altered, so that it no longer has an affinity for 
the basic nuclear dyes. (2) Karyolysis of the second order, or patho-.

• e*j

lly|M‘ichromalosis of nuclear wall ; nucleus 
vesicular, with disappearance of chromatin 
network and accumulation of chromatin 
masses upon the nuclear membrane. (Schmaus 
and Albrecht.)

logical ehromidiation. In the liver cells in phosphorus poisoning 
Stolnikow has described the extensive passage out of minute s 
from the nucleus into the cell body, tit first taking the nuclear stain, then 
later losing the power of staining, so that the cell body becomes filled 
with shell-like, scarce staining globules and smaller particles, while the

Karyolysis: extreme* reduction or solution of 
nuclear chromatin, from a renal infarct, In b 
the nucleus is wholly disclosed save for some 
line chromatin granules. ( Lubarsch. )

7
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nucleus becomes faded and scarce visible. Lukjanow, (îaleotti, and 
Vigier have confirmed in connection with other tissues. It is common 
in many acute conditions to find a disappearance or great diminution of 
the nuclear network with coincident accumulation of nodules of modified 
chromatin immediately within the nuclear membrane, the condition of 
hyperrhromatosis. This is apparently a preliminary stage. (3) There 
is, thirdly, an acute process of karyorrhexis, which is of a different order, 
the nuclear membrane breaking down and the nucleus disintegrating 
with discharge of masses of chromatin into the cell substance. Certain 
authorities make a distinction between this condition and pyknosis, in 
which the nucleus comes to be represented by shrunken but deeply 
staining irregular masses of chromatin collected together in the centre of 
the cell. We regard cells showing these conditions as dead.

Discharge of chroma!in granule- i pla-mo-urnc-) Leukocytes with disintegrating masses 
from the nuclear wall into the cytoplasm, of nuclear material scattered through the 
(Schmaus and Alhrecht.) cytoplasm (karyorrhexis).

Conclusions. If, then, on the one hand, we regard the nucleus as the 
dominating portion of the cell, and, on the other, admit that this cannot 
act save in association with the cytoplasm, what most he our conception 
of the relationship of these two eoin|Hinents of the cell and of the nature 
in general of cell activities? This iptcstion can, we think, lies! lie 
answered after discussing the general principles of the chemistry of the 
cell. In the meantime the conclusion to lie reached is that in the cell 
we have indications of the existence of living matter of two orders. 
There is in the nucleus matter which initiates growth, reproduction, 
and what we must regard as the very highest vital activities; matter 
which, moreover, ran only react upon the cytoplasm, taking up sub
stances from, and yielding other substances to this, and cannot react 
upon the external medium; in the cytoplasm, on the other hand, there is 
matter capable of taking up and acting upon other matter from without, 
from the external medium, but this is of a secondary order. It can manifest 
what may be termed the lower vital activities absorption, respiration, 
mobility, and contractility, anil these independently of nuclear control ; 
it cannot initiate the higher activities of growth and' reproduction.

Lastly, we may mention here, but will not discuss, a third order of 
matter that plays a most important part in cell activities; we refer to 
the organic ferments, substances produced by cell metabolism, capable 
of discharge from the cell and acting as a second group of intermediate 
bodies, this time lietween the external medium anil the cytoplasm.



CHAPTER IV.

THE CHEMISTRY OF THE CELL.

THE PROTEINS.

If we make a broad survey of all forms of life, animal ami vegetable, 
we lind that there is one order of substances common to and to be 
extracted from all (dead) cells, however simple or however highly differ
entiated, namely, proteids, or, as it is becoming now the custom to 
designate the wider group of related substances, proteins. Apart from 
these, with the exception of water and the phosphorus and iron which 
appear to Ik* intimately associated with the proteins, we can recall no 
other constituent common to all cells. A very great variety of other 
components can be isolated from cell substance salts of one or other 
order, fats, alcohols (ethylalcohol,1 cholesterin),and lipoids (the lecithins, 
s i-eulled, eerehrin, etc.), carbohydrates (starch, glycogen, etc.), chloro
phyll, and other complex bodies which we regard either as the results 
of disintegration of proteid matter or as stages leading up to the formation 
of the same. And some of these in certain cells may lie accumulated in 
such abundance as to lie the main constituents. Hut each of them may 
be wanting in one or other form of cell. The proteins alone^ and 
water— are common to all cells.

It is true that the very analysis of living matter, whereby we isolate 
these proteins, renders that matter dead; that when isolated these pro
teins are inert substances, manifesting few of the phenomena which we 
recognize as projier to living matter. We must, nevertheless, conclude 
that "life” is liound up with the presence of proteins, even if at the same 
time we are compelled to admit that the chemical or physical consti
tution of living matter is something different from that of the inert 
substances we gam in the lalniratorv. To lie more exact, life is IhiuikI 
up with the presence of proiriHoyrnoua matter, and if later, in order to 
prevent any jxissible confusion between the living substance and the 
dead proteins, we speak of biophnrir molecules,2 it must const ntly 
lie kept in mind that we regard these as formed, in the main, if not 
essentially, of matter which by rearrangement or by satisfaction of its 
affinities, becomes converted into compound proteins.

1 This has Itoen distilled from normal hruin ami other tissues in recognizable 
amounts.

* Vide foot-note, p. 75.
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THE CONSTITUTION OF PROTEINS

THE CONSTITUTION OP PROTEINS.

What, then, are these proteins ?
They are singularly complex compounds of nitrogen, carbon, oxygen, 

hydrogen, and sulphur; the highest forms contain also iron and phos
phorus.1 Their molecules are of such size and complexity that in 
general they are incapable of undergoing crystallization, so that they 
remain in a colloid state. This colloidal c haracter renders it impossible 
for us to he sure that we are dealing with pure substances, and so makes 
analysis in most cases at the best approximate. But some of the simpler 
proteids are erystallizable; these can be obtained pure, and can be 
analyzed. ( )f such, the most familiar is hemoglobin, or, more accurately, 
are the hemoglobins, for the analysis of hemoglobin from different 
species of animals demonstrates that the composition is not identical; 
indeed, the fact that the crystals of this substance from different ani
mals have widely different shapes is sufficient to indicate variation in 
composition. This difference is well shown in Plate I, which we owe to 
Professor Reicherb. Modern analyses vary between C^H^N^O^,, 
FeS, and C7I3Hna0Nai4OM6FeS3. Whatever formula we take, we clearly 
have to deal with a molecule of enormous size, and this, to repeat, although 
we are dealing with one of the less complex proteins. It is, indeed, esti
mated that the average molecular weight of a protein is in the neigh
borhood of 15,(XX); there can be little wonder that the large proteid 
molecules are unable to make their way through the fine pores of an 
animal or vegetable membrane—that they do not diffuse. Even the 
simpler proteins, like egg albumin,2 * have a molecular weight in the 
neighborhood of 5(XX).

Classification. These proteins are of various orders. Material aid 
in their classification has been afforded recently by the labors of two 
committees of physiological chemists, the one appointed by the Physio
logical Society of Great Britain,8 the other appointed a little later by the 
American Society of Biological Chemists and American Physiological 
Society.4 * * Here the final report of the latter will in the main be followed 
as being somewhat the more precise, although the conclusions of the two 
are singularly harmonious. We shall have so frequently to refer to the 
different orders and classes of proteins that it will make for clearness if we 
give the classification in some detail.

We can divide them into two main groups—the simple and the 
combined or conjugated—(in a sense, as we shall show, all proteins are 
combined, wherefore conjugated, as the more uncommon, is the better 
word). A third group is to be found comprising the products of hydro-

1 For a full and clear presentation o/ the chemistry of the proteins, see Gustav
Mann, Chemistry of the Proteids, London and New York, 1900, or the Practical
Physiological Chemistry of Hawk, 2d edition, Philadelphia, 19(H).

1 The formula of egg albumin is regarded as approximately ('w.iHa.#N'w.G7HS2.
* See Jour, of Physiol., 34:1907:17.
* See Proc. Amer. Soc. Biol. Chemists, 1 : 1908 : 142.



56 THE CHEMISTRY OF THE CELE

lytic dissociation of the protein molecules still affording proteid reactions, 
and, conversely, the products of synthetic building up of amino-acids 
into bodies of proteid affinities.

I. The Simple Proteins. Among these are included those which yield 
only «-amino-acids or their derivatives on hydrolytic cleavage. Many of 
these arc met with apparently in a free state in the fluids and cells 
of the body and are what we regard as type proteins—albumins, 
globulins, and the like. Although no means arc available whereby the 
chemical individuality of any protein can be established, those isolated 
from animal and vegetable tissues are so well characterized by constancy 
of ultimate composition that, until we possess further knowledge, they 
may be treated as chemical individuals. These are-

1. Albumins.—Simple proteins soluble in pure water and coagulable 
by heat (serum albumin, egg albumin, lactalbumin, etc.).

2. Globulins.—Insoluble in pure water, but soluble in neutral solutions 
of strong bases with strong acids (serum globulin, edcstin, myosin of 
muscle, oeoglobuHus, fibrinogen, etc.).

3. Glutelins. Insoluble in all neutral solvents, but readily soluble in 
very dilute acids and alkalies (simple proteins of this order— glutelin, etc. 
—occur in abundance in the seeds of cereals).

4. Gliadins (Hr.), Prolamins (Osborne), or Alcohol-soluble Proteins 
(Ain.).—Soluble in relatively strong alcohol (70 to NO per cent.), but 
insoluble in water, absolute alcohol, and other neutral solvents (glitulin 
of wheat, zein of maize, hordein from barley, etc.).

5. Albuminoids (Am.) or Scleroproteins (Hr.). Simple proteins having 
essentially the same chemical structure as the preceding, but insoluble 
in all neutral solvents. Such compose the main organic constituents of 
the external coats of animals and of the skeletal structures and connective 
tissues (collagen, keratin, elaslin, fibroin. Gelatin is not here included, 
being a derived protein, from collagen).1

6. Histones. Soluble in water and insoluble in very dilute ammonia, 
insoluble also in the excess of ammonia if ammonium salts be absent; 
are basic proteins which yield precipitates with solutions of other pro
teins, and a coagulum on heating which is easily soluble in very dilute 
acid. ( >n hydrolysis they yield a large number of amino-acids, the basic 
predominating (globin, seombrone, etc.).

7. Protamins. The simplest proteins hitherto found in nature, 
approximating in simplicity of constitution to the synthetically derived 
poiypcptids. Soluble in water, uncoagulable by heat, precipitate 
aqueous solutions of other proteins: possess strong basic properties, 
form stable salts with strong mineral acids. They yield compara
tively few amino-acids, among which the basic amino-acids greatly 
predominate (sturine, elupeine, salmine, etc., from fish sperm).

II. The Conjugated Proteins. In these the protein moiety is united 
to some molecule or molecules of another order otherwise than as a salt.

1 Although Kmmett and (lies claim that gelatin is not a product of hydrolysis, 
hut the outcome of intramolecular arrangement.
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1. Nucleoproteins. Compounds of one or more protein molecules with 
nucleic acid (see p. 03).

2. Glycoproteins. Compounds of the protein molecule or molecules 
with u substance or substances containing a carbohydrate group other 
than nucleic acid (mucin* and mneoids, ehondromneoid, amyloid, chon- 
dr o-alb uminoid, etc. ).

3. Phosphoproteins (Xneleo-alhnmins). Compounds of the protein 
molecule or molecules with an as vet undefined phosphorus-containing 
substance other than nucleic acid or lecithin (casein, vitellin, etc.). 
The British Committee include these among the simple proteins on the 
ground that the cleavage products still contain phosphorus.

4. Chromoproteins (Hr.), or Hemoglobins (Am.).- Compounds of the 
protein molecule with hematin or some similar iron-containing substance, 
or, in certain classes of invertebrates, with a substance containing copper, 
manganese, or zinc* (hemoylol)in, hemocyanin).

.r>. Lecithoproteins. — Compounds of the protein molecule with “ lecithins” 
(phosphatide*, lecit linns). The British Committee objects that the 
existence of these as true compounds has not yet been determined, and 
it should be added that the existence of lecithins as actual chemical 
individuals is still a matter of controversy (see p. %).

(i. Lipoproteins. The existence of compounds of the protein molecule 
with fatty acids is indicated by the synthetic formation of compounds 
between the amino-acids and the fatty acids.1 On pathological grounds 
the existence of these compounds must be postulated, although as yet 
they have not been isolated.

III. Derived Proteins. These are divided into two classes accord
ing to the extent of alteration of the protein molecule.

Primary Protein Derivatives. Bodies exhibiting only slight alteration 
of the protein molecule—proteans, metaproteins (including “acid” and 
"alkali proteins,” acid albumin, etc.), ei my id a fed proteins.

Secondary Protein Derivatives. Products of further hydrolysis, and, 
conversely, of the building up of amino-acids into molecules of protein 
type (proteoses, peptones, pohjpcptids).

PEPTONES, AMINO-ACIDS, AND POLYPEPTIDS.

To the o|M*ning years of this century belongs the solution of the prob
lem as to the nature of the proteins. Valuable preparatory work had 
been accomplished in the preceding thirty years. Sclutnl (1871), 
Curtins (from 1881 onward), (iriineaux ( 1882), Sellut/.cuberger, of 
Paris (1888-91), and l.ilienfeld ( 1894) had each prepared synthetically 
bodies giving proteid reactions, and in IN92 Ilofmcister had postulated, 
as we now know correctly, the mode of linkage of amino-acids in the

1 Thus Bondi has combined glyeocoll and alanin with both lauric and palmitic 
acids, Binchcm. Zeitschr., 17 : 1IMKI : A43 and Mil. These lipoproteins are not 
included in either the American or British classifications
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protein molecule. It is the later brilliant researches of the great Berlin 
chemist, Emil Fischer, his isolation and preparation of a long series 
of amino-acids in addition to. those already known, and his establishment 
of the general principles by which these may be linked together in series, 
that have at last placed upon a sure basis not merely the synthesis of 
bodies of proteid nature, but what is of equal importance, the constitution 
of the same. We can but indicate broadly the direction taken by these 
researches and their singular significance.

It is to be noted, in the first place, that if individual proteins be 
analyzed, whether these be only ol * in the colloid state or be, 
like hemoglobin, crystallizable, successive analyses, while approximating, 
do not give identical proportions of C.H.N. and (). In other words, 
while these clearly represent distinct compounds having well-defined 
properties, the constitution of each of them is not absolutely fixed. An 
interesting and profoundly suggestive feature in all of these forms is that 
they may be broken down with relative ease into simpler bodies which 
still possess proteid characteristics. This we have already indicated 
in our description of the combined proteins. It is equally true in regard 
to the so-called free proteins. We need but recall the fact that proteo
lytic enzymes break down albumin, globulin, myosin, etc., into peptones 
and all unnoses, in other words, hydrolysis, whether produced by the 
action of these enzymes or by boiling with dilute acids, or by the action 
of alkalies, splits up more elaborate proteins in the first place into bodies 
which are still proteins and give the characteristic reactions of the 
same, e. g., the biuret reaction, but which are evidently in the form of 
smaller molecules. That this is so is indicated by the fact that they 
diffuse through membranes. In this process of hydrolysis the proteins 
take up into their molecule one or more molecules of water, and the 
resulting peptones may be spoken of as degradation products. Thus 
the ordinary protein molecule is evidently a compound of like molecules, 
and is an example of polymerization, or the formation of a molecule of 
large size by the junction of a series of smaller similar molecules.

But now, by a continuation of this process, the peptones and albu- 
moses afford still simpler degradation products, foremost among which 
are to be found members of the large group of amino-acids. About 
three-quarters of the albumin molecule is composed of such amino- 
acids. Thus, to give an example, the simplest bodies of proteid 
character thus far discovered in nature are the protamines (.sturin, 
clupein, salmin, scombrin, etc.) obtained from the sperm of the sturgeon, 
herring, salmon, and mackerel. Compared with hemoglobin, the 
formulas of this class are relatively very simple, that of salmin, according 
to Kossel, being C.J Ir7X|7( )„. They all give the biuret test, and by 
hydrolysis give first bodies of the nature of peptones (protones), and 
by further action break up into still simpler nitrogenous bodies. Thus, 
by hydrolysis, sturin, (’„!I89N|B()7 -f 511,0, affords:

CgH.NjO, + 3C,II|«N4Ot + 2(’iIIMNi01
lÜNtiilin Arginin l.ysin

5696
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Kassel, indeed, has determined that all proteids yield these nitrogen- 

containing amino-bodies: histidin, arginin, and lysin, called by him the 
hexone bases, since all contain six carbon atoms.1

The Amino-acids. These amino-acids are intimately related to the 
fatty acid series; they are, indeed, fatty acids animated fatty acids, 
%. r., fatty acids given partial basic properties by the addition of NH, 
molecules. Thus, glycocoll is amino-acetic acid, acetic acid being C2I1S()2, 
and glvcocoll having the formula ('2H5N()2. Similarly, alanin is amino- 
propionic acid, C3II7N( )2, tyrimn is p.-oxyphenyl-a-amino-propionic 
acid, ('eHtlN()3, tryptophane is indol-amino-propionic acid, ('uHl2N202. 
By processes of hydration they are converted into the hydroxyl acids of 
that series. It is these amino-acids to which the chemists have espe
cially directed their attention Curtins, in the first place, and of late, 
more particularly, Kmil Fischer and his pupils. Their constant presence 
as degradation products of proteins and their relative great abundance 
indicated not only that they are to be regarded as primary nuclei of the 
protein molecule, and that the proteid molecule is essentially built up 
by a linking together of amino-acid molecules, but also that, experi
mentally, by bringing about such a linkage, it might be possible to build 
up—synthesize—more complex molecules of the proteid type ; or, in 
other words, to accomplish that most ambitious object of the chemist, 
the experimental production of proteins.

The Polypeptids. As already noted, the first steps have been 
achieved toward this end.

Fischer and his pupils have devoted many years to an active study of 
the amino-acids. Some eight of these had already been produced synthe
tically (glyeocoll, alanin, amidovalerianie acid, leucin, asparagin (amino- 
succinic acid), aspartic acid (amiuo-succinamidc), phenylalanin, glutamic 
acid). Others of the long series they themselves synthesized, so 
that now some thirty members of the group an* known. Fischer 
devised a method of gaining the mono-ami no-acids in a pure state 
by converting them into their esters, in which form they are volatile 
and can be distilled fractionally in vacuo. From these pure esters he 
gained the pure amino-acids and studied their compounds. The di
amino acids (ornithin, lysin, etc.) he similarly purified (by the phospho- 
molvlxlic acid method). From Biot ( 1815) and Pasteur (1860) onward 
the optical activity of compounds which are products of vital activity 
had been taken as one of the particular manifestations of vital activity, 
as an evidence that what Moore would now term “biotic energy,” or 
vitalism, is distinct from ordinary chemical processes, the corresponding 
products when gained by the chemist being optically inactive. Now, 
Fischer shows that he can gain both i inactive and optically
active forms of these amino-acids that chemical methods outside the 
body can reproduce the products formed within, and that one of the last 
physical distinctions, if not the last, Iwtwcen “vital" and "laboratory” 
products has been swept away.2

1 Deutsch Mml. Woch. 21: 1898: 881.
* It deserves note tlmt prior to Fischer, Alex. Mackenzie, of London, hail achieved 

the production of optically active asymmetric carbon compounds (not, however, 
amino-acids) by direct synthesis.
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A characteristic feature of these amino-acids is that they are ampho

teric; they possess hath arid and basic properties, being acid to a greater 
or less degree through the contained COOH group or groups, slightly 
basic through the Nil, group or groups. It is this property that permits 
linkage. Thus, to take one of the simplest of the mono-amino acids 
glyeocoll (XHg.('I !,.(’( )()11), or as, for convenience, we may write it, 
reversing the order of the Nil, component, 11NII.('!!,.(’()()II by 
dehydration two molecules may become linked as follows:

OH | II
HXII.CH,.(x7—NII.(’H,.(XX)H;

CJlycyl (ilycin

and in this way glycyl-glyein1 be produced. If this be acted upon again 
bv a halogen-containing acid chloride, and the halogen-salt be treated 
with ammonia, the di-glycyl-glycin can be obtained :

OH | II

HtN.CHt.(X> — HN.rilt.(X) — 1IN.('II,(X toll ;
(ilyvyl Ulycyl Glyrin

and this synthesis and process of polymerization can be continued until 
first the pentapeptid was obtained, with five nuclei linked in series; more 
recently the linkage of eighteen nuclei in series has been announced.

This linkage, it may be added, has been obtained not merely between 
identical nuclei, but between nuclei of different amino-acids. Thus, 
for example, Fischer has combined leucin and glyeocoll into lei icy I- 
tetraglyevl-glyein and leucvl-pentaglycyl-glycin. Lcuchs and Suzuki 
have formed glyeyl-phenylalanin and leticyl-phenylalanin; Fischer and 
Konigs, glycyl-asparagin, and, among the di-amino acids, Fischer and 
Suzuki have formed lysyl-lysiu and histidyl-histidin (dipeptids), etc.

These polymeric amino-acid compounds thus gained have been termed 
by Fischer /xdypcptids. They are bodies which, in appearance, certain 
color reactions (such as the biuret test), behavior toward alkalies and 
acids, and toward enzymes, so closely resemble the true peptones find, to 
< | note Fischer, they must be reyarded as their nearest relut ires. What is 
more, bodies of this order have been recovered from organic substances. 
I*. A. Levenc has discovered glycylproline anhydride among the products 
of the digestion of gelatin. Fischer and Aherhnlden have isolated a 
h irapeptid from silk fibroin, etc.; and, lastly, Fischer notes that Z-leucyl- 
triglyevl-/-tyrosin, prepared artificially, has all the properties of the 
allumioses.

Conclusion. Let it In1 clearly understood that these polypeptids are 
not as yet demonstrated to bt‘ identical with any known peptone, and 
that the peptones themselves are degradation products of the higher 
proteins. Nevertheless, these observations go very far toward con
firming us in a conception of these peptones and the higher proteins as

1 It will he observed that yhicwnll, yli/eyl, and yhjrin differ aeeording to the 
preaenee or absence of II and t >11 rniiiponcnb’.

• Faraday |.ertun\ UMI7. .lour, t’liem. Sue., 91: 1907: 1719



PKPTOXKS, AVISO ACIDS. ASD DO DP DPT IDS 01

composed of polymerized molecules us giant molecules, formed in the 
main of amino-acid molecules linked together l>v their otherwise un
satisfied Nil and CO affinities. Thus, to modify Hofnieister's illus
tration,1 we may represent a portion, at least, of the protein molecule, 
as follows ( Fig. 22):

r O'
TV
/ /

(C"A

c>h

Icn.
I

C,II,011 

tvhosin.

\
c\i> ' Ov'

CO 0*

AsrnA.=T|C-
AC'»

So as not to confuse the student, we have in our diagram indicated the 
nuclei as leucin, tyrosin, lysin, etc.; it will lie seen on study that the 
leuein is minus an II on the one hand and an Oil on the other; thus, 
to employ Fischer’s terminology, it is a leucyl. The same is true of 
the other bodies. It will lie seen that we represent the protein mole
cule as composed of a main chain in serial repetition with a number of 
side-chains of varying constitution. Further study will show that in 
the chain as here indicated each separate link in its simplest form may 
be regarded as:

(//) — Nll.vil.m — (OH)

that is, as a glycoeoll molecule, which the Nil affinity on the one side 
and the CO affinity on the other have been satisfied by linkage with a 
like molecule, while one II of the OH, is substituted by butane, methyl- 
pa raoxv benzene, acetic acid, and butylamin. In other words, we have 
a main glycoeoll chain with a series of free swinging chains capable of 
being replaced or modified bv processes of oxidation or by the action 
of bacteria and enzymes.

This is, perhaps, the simplest case that we can conceive: the constant 
presence of lysin and histidin as degradation products in the analysis 
of proteins suggests that the links of the main chains may not lie so 
simple as here indicated, and the preponderance of uucleoproteids in 
the cell nucleus points to the conditions there as being of a more com
plex nature. But the studies of many different schools converge toward 
this conception of the structure of the protein molecule as a linking in 
series or repeated series of amino-acid nuclei.

1 Vide H. II. Buxton, American Medicine, (i: 11)03:581. A clear and concise 
presentation of the data supporting this conception of the nature of the proteid 
molecule.
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It may Ik* added that I have represented these links as portions of a 
circle in order to indicate that the complete molecule is of the nature of a 
ring.1 This idea, nevertheless 1 hold, best fits in with what we know 
regarding the ' <, namely, with their fixity to this extent; that we 
encounter in nature proteins of characteristic types rties, bodies
which cannot be conceived as capable of progressive linkage with an 
unending series of nuclei. The linkage in ring form best expresses the 
conception of completion and individualization of the compound mole
cules.

Km. 23

Diagram of suggested main rin/ç of a orotein molecule, without attached side-chains.

It deserves note also that there are indications that even in the simplest 
albumins yet other connections exist within the molecule. For instance, 
in the tryptic digestion of while certain amino-acids are
split off with relative ease, a certain proportion of the proteins are 
found most resistant, constituting the so-called 1’i/riiw, or, according to 
Fischer and Abderhalden, bodies of polvpeptoid nature, yielding, on treat
ment with arid, certain amino-acids not present in the products of the 
tryptic digestion, along with otlie s that an*. Indeed, the existence of 
intermediate bodies like the peptones and albinnoses, between the com
plete protein molecules and the amino-acids, suggests strongly that 
the amino-acids an* built up into groups, ,,f which the constituents have 
secondary, and therefore stronger, union.

THE CHEMISTRY OF THE NUCLEUS.

The dominant position which we have already indicated as taken 
by the nucleus in the cell economy renders it important to determine 
whether there are differences in the chemical composition of the nucleus

1 Against this view may Ik* advanced tin- ric character of proteins which
would seem to suggest a free ainidogon radical balanced by a free carboxyl group.
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as compared with the evil substance in general. As a matter of fac t, 
there are pronounced differences.

In the first place, we find certain substances stored up in the nuclei 
which arc present to but a slight extent, if, indeed, at times they are at 
all recognizable, in the cell IhmIv. Of these, as shown by Lilicnfcld 
and Monti1 and by Macallum,2 * phosphorus is most noticeable; another 
constant in nuclei, not so constant in the cell In sly, is “masked iron,” 
i. r., iron so united that in ionization no free Fe ions are dissociated, 
the Fe being present as a constituent of what is probably a very complex 
ion1 which has to undergo further dissociation before free Fe ions are 
liberated. On the other hand, as already noted (p. 45), certain sub
stances commonly present in the cell body are characteristically absent 
from the nuclei.

When, now, we come to study more closely the pmteid contents of 
the nuclei, these an* found to exhibit certain pronounced features.
( )rdinary proteins, it is needless te» say, are completely digested and 
dissolved by the gastric juice; but if a richly cellular tissue, or if free 
cells, such as are present in pus, lie subjected to gastric digestion, as 
shown by Miescher,4 the nuclei are found largely unaffected; they 
show little decrease in volume, and on further study, as shown by 
Malfatti,5 * the t which are thus unaffected are the chromatin of
the nuclear network, and the nucleoli. The linin or non-staining basis 
of the nuclear network is also undigested. We owe, especially to 
Kassel’s" investigations, the explanation of these peculiar features of 
nuclear material. Briefly, the nuclei are very largely constituted of a 
special group of proteins, the nuclconrotcnui, which split up into a simple 
protein, usually a liiston, and nuclein, and it is the nucleins which are 
unacted upon by gastric juice, and, further, are characterized by a high 

mis content, the amount of phosphorus varying in the different 
forms between 2 and ft per cent. They are insoluble in water, dilute 
mineral acids, ether, and alcohol, but are soluble in alkalies. Like the 
nueleopmteins, they are of a proteid nature, ~ another example 
of this combination of protein with protein to form complex mole
cules. On further decomposition they yield a protein and a nucleinic 
(or nucleic) acid. We say a nucleinic acid, for the different figures 
afforded by observers analyzing nuclear material from different sources 
would indicate that there are several of these acids. That obtained 
by Mathews7 from herring sperm gave the formula (’40HS4NMC)rP4.

1 Zeitsrhr. f. Physiol. Cliemie, 17 : I MM: 410.
* Pn»c. ltoy. Sue., 50; 1891 : '277; tjuart. Jour. Micr. Sri., N. S., .'18:1805:175.
1 A relatively simple example to the (Miint is that KJ-'e (<'X)e dissociâtes into 

potassium ami ferroeyanie (l‘*e(('N)s) ions.
4 V’erhandl. <1. Naturforseh. (iesellsrh., Hasle, 1874.
1 Her. <1. Natur. med. Vendu z. Innsbruck, 20: 1801 -92.
• Zeitsrhr. f. Physiol.('hem., 22:1890: 172,188 ; 20: 1800: 588; also Deutseh. med. 

Woeh., 24: 1808: 1581.
’Zeitschr. f. Physiol, ('hemic, 23:1897:399. Other observers (Schniicdel>erg, 

Hcrlaut, Hang, etc.) give figures fairly consonant as n-gunls the phosphorus and 
nitnigen contents, not so consonant as n-ganls the hydrogen and oxygen.
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Mieschcr1 found that 1H> per vent, of the proteins of the heads of fish 
spermatozoa consist of micleopmtein—these heads, in fact, are formed 
of nuclear material and little else; according to Lilienfeld,1 77 per cent, 
of the dried substance of the leukocytes from a richly cellular organ 
(the thymus) consists of nucleoproteins. We give these figures in order 
to impress upon the reader the wealth of nueleoproteins in the organism.

The more generally accepted formula for the ordinary nucleic acid 
of higher animals is <\3II67N|6I>4Oao. And this nucleic acid can Ik* 
dissociated into the purin bases mini in (<’r,Hr,X5),3 tjuanin ((*5ll6N50) 
.ninthin (('6II4.X4( )2), hyfmxanthin ((’6H4N4( )), and uric acid (<’6II4N4( )„). 
Of these, the first two ' seem to lie the primary Itodies, the others 
living derivatives by the removal of an NIL, group and oxidation. Along 
with these, other nitmgeiious bodies (pyri midin rather than the allies! 
purin bases), are capable of being split off, nainelv, cyUndn, uracil, and 
tliymin, together with a hexose sugar,4 and phosphoric acid in notable 
amounts, namely, about twelve times as much as is obtainable from the 
phosphoproteins of the c> (casein, etc.). So that Steudcl has
suggested the following

+ 811,0 +(),-
Nucleir will

r,H».N*0 + <\11,N, + C,H.N,0, + (\HeN,l> + 4('„Hl,o, + 4111*0,
tiuanin Ailenin Tliymin ('ylosin Sugar Metaphiwplmrir ai'iil

And the following provisional formula:
Oil — I* — Sugar — Adenin.

I
Oil I* - Sugar - (luaiiin.

I HI — V — Sugar — Tliymin.

OH — 1* — Sugar — ('ytosin.1

1 Miesclier am I SehmicUelierg, Xrcli. f. Kxp. Path. u. I'harm., 37 :1890: 1.
1 Arch. f. A nut. u. Physiol., Al»t., 1892: 128.
1 The important <1 lev these bodies in the animal economy recalls Pflugcr's

classical article u|mhi the nut un- of living matter ami the suggestion that it is 
from the " half living molecule,M cyanic acid, with its remarkable power of poly
merization into the polyeynnic aeiils HU('„N„( that living mutter originated. Arch, 
f. d. (iesammt. Physiol., 10:1875:251.

* The previous teaching that nucleic acid afforded a pentose was due, according to 
Halliburton, to its frequent admixture with the allied guanylie acid (of Hang), 
relatively abundant in pancreatic nuclei, which is dissociated into guanin, phosphoric 
acid, and a pentose. (Science Progress, No. 14, October, 1909: 197).

1 While the edition has been passing through the press there has appeared an 
important study by Levene and Jacobs (summarized by Levé ne in the Jour. 
Amcr. ('him. Sac., 32: 1910: 231), establishing yet more definitely the components 
of the nueleoproteins and the constitution of the nucleic acids. They found 
(with Steudcl and others) that the acids and bases are present in equivalent pro
portions, the number of molecules of acid, carbohydrate, and bases being equiva
lent, and they give the following classification of the nucleic acids: (I) Contain
ing one purin base, no pyrimidin, phosphoric acid, and a pentose (guanylie 
and inotinic acid*).

2
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Thus, to epitomize, the mieleopmlvin.s, as regarnis their protein moiety, 
give origin to the mono-iimino and di-amino-aeids, and as reganIs their 
nucleic acid moiety, to certain imporlamt purin hases, pyrimitlin hases, 
a earlsihydnite, and phosphoric acid.

Thus, so far as we can at present see, it is the existence of phosphorus 
and of these purin-hase groups, or of compounds yielding these groups, 
that differentiate the nucleus from the cell laxly. How the iron is com
bined, which is also a feature of nuclear composition, is as yet unde
termined. We would emphasize the coincident presence in the 
nucleus, as distinguished from the cell laalv, of iron and phosphorus. 
To ipiote llerter:1 “This nmskisl iron, as it is sometimes culled, is 
doubtless of the utmost ini|airtunce in bringing alamt the oxidative 
processes in the laxly, and any considerable diminution of the organic 
iron of the cell is probably attended by a diminution in the intensity of 
these processes. As regards the phosphorus, this also ap|a*ars to la* 
closely asswiated with oxidative changes.”

It is, indeed, these oxidative piwers of the nuclear matter that are, 
perhaps, its most striking features. Spitzer* has poiutml out that (host' 
cells which are characterized by most active metalxilism—the cells, 
for ‘ , of the liver, kidney, and thymus, with bliaal cor
puscles exhibit the greatest oxidative powers, and, what is more, that 
the nuclcoprotcids derived from these cells exhibit these properties to 
a marked degree, even when isolated. Ity appropriate staining methods 
Lillie has demonstrated that in the living cell oxidation proceeds in 
immediate association with the nucleus. It may thus well be that, as 
suggested by ixx'b, the explanation of the difference lietween the nucle
ated and the noil-nucleated cell is, that in the absence of the nucleus 
and its nucleoproteids, those oxidative changes that are at the basis of 
growth and regeneration cannot proceed.

(2) Containing two purin haws (guanin amt ailvnin), two pyrimidiii haws (cyto- 
*iii and uracil), and phosphoric acid (/»/»;//rmurhir arid*). (it) Containing two purin 
bases (guanin and admin), two pyrimidiii liases (thy min and cvtosin), one licxose, 
and phosphoric acid (nucleic acids of animal tisanes, Ih union arlrir arid.*

liv a moat ingenious aeries of analyses I .eve lie and Jacobs showed the order of 
combination of the com|Minenta of the simple nucleic acids (those of the first 
group). They found, as Steudel had surmised, that the |**ntose in these acids 
connects the phosphoric acid on the one side with the purin base on the other. 
Contrary to all previous osliervations, they discovered the phosphoric acid to be 
orthophosphoric, and that the pentose isd rihoseand not xylose, as usually taught. 
Thus, Levene determines the following formula for guanylic acid :

N C — X
Il II

OH l II I
Z II II II II I II

o I’ <> (Il V C ( ( S < ( Ml.
\ | Oil OH I | I

OH I o oc NH
Ortliopliosplmriv nciil IVnliw Purin lsi*e

(«/ Kilsise) ((iuiuiiii)

1 Chrmind /’«//(«/»»(/</. Ix;a Bros. A- Co., p. 75.
1 Arch. f. d. gesammt. Physiol., 117: IK97 : <115.

5

15 8



THE CHEMISTRY OF TIIE CELLGO

Attention has already been drawn to the histological evidence of the 
i between unclear matter and the cell enzymes (p. 47); it
will not, therefore, be surprising to find that, from a chemical 
point, intimate relationships have been detected lietween the two. As 
pointed out by (iustav Mann, the nuclcoproteins and many enzymes 
have like solubilities, and as a consequence are brought down together 
in the attempt to analyze the tissues and body fluids. Thus, llam- 
marsten obtained micleoprotvin along with trypsin from the pancreas, 
IVkelharing and many other workers have noted the association of pepsin 
and nuclcoproteins in analyses of the gastric mucous membrane and 
gastric juice, and of nucleoprotein and fibrin ferment in analyses of the 
blood and of the thymus. It is difficult not to see some association 
between the active oxidative processes on the part of living nuclear 
matter and the enzyme action developed or derived from the same.

Conclusions. I x-t us now sum up the conclusions that may be 
reasonably deduced from the above data. They are:

1. The one group of substances common to all dead cell material is 
the group of proteins, with which water holding certain simple salts in 
solution is constantly associated, apparently as a medium.

2. One particular group of " i, the nuclcoproteins, forms the 
main mass of the cell nuclei.

1$. The presence of iron and phosphorus in these nuclcoproteins 
differentiates them from the proteins of the cell body as a general group. 
While some of the cell body proteins ' iron (e. </., hemoglobin) and 
other phosphorus (r. y., casein and the nueleo-nibumins), none con
tains both combined.

4. The oxidative properties of the cell are associated in a striking 
manner with the nueleoproteins. Their particular constituents suggest 
that the nuclear proteins are characterized by an "energy" superior to 
that of the cell body proteins.

•r>. Moth histological and chemical considerations indicate an intimate 
relationship between the nueleoproteins and the cell enzymes.

These conclusions, it will be seen, support and strengthen the con
clusions previously reached from histological and physiological consid
erations that the nucleus is the dominant portion of the cell economy.

METABOLISM IN RELATIONSHIP TO THE CHEMICAL COMPO
SITION OF THE PROTEIN MOLECULE

Thus far we have dealt with dead cell substance. We can by chemical 
and physical means break down these proteins; we cannot obtain 
substances which, when isolated, exhibit the properties of living matter. 
This, at least, is the usual statement. We shall point out that this 
statement does not express the whole truth; or, rather, that its truth 
depends u|>on what we regard as life. I low are we to correlate our 
chemical with our physiological findings?

It is obvious, in the first place, that life and vital phenomena in 
general arc directly connected with the presence of radicals peculiar to 
the proteins. We cannot escape this conclusion. The great variety

6
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PHOT El OOGENOUS MOLECULES AND LIFE 07

of these substances, the enormous complexity of their molecules, the 
fact that scarce two analyses of any protein of what we may term mod
erate complexity afford identical results, all indicate that these contain 
very labile groups, that in the body they undergo constant change. We 
an* forced to conclude, that is, that in the living organism they do not 
exhibit a fixed composition, but that there is a continual taking up 
and giving off of atoms and radicals; that in the living organism the 
bodies which we isolate as proteins exist in a condition of “ moving 
e- rium," what may be termed their average composition over a 
long period of time remaining constant, their composition at any two 
particular moments exhibiting variation. We can best picture such 
labile molecules as formed of a ring of nuclei after the tyja* of the benzole 
ring, or, more accurately, of a ring of rings, each component primary 
ring being a primary protein of the first order ( Fig. 23).

Each such ring, it will Ik* seen, has some of its affinities satisfied by 
the adhesion of the components of the ring one to another, but others 
are unsatisfied, and in such a compound ring as that here suggested, 
remembering that we are dealing with carbon containing nuclei, and 
that the carlwm atom is tetravalent, the number of satisfiublc affinities 
will be very great.1 Accepting, also, what we know is the condition 
under which the protein molecules exist in the living state, these rings 
must l>e conceived as present in a fluid medium containing free atoms, 
molecules and ions of electrolytes; and we must regard the difference 
between living protein matter and “dead” protein as this, that the 
“living” active protein molecule is so placed that, owing to the attrac
tion and chemical activities of the surrounding atoms and molecules, 
the side-chains of the protein rings are in a state of continual 
change, an unsatisfied affinity now becoming satisfied by the adhesion 
of certain of these surrounding atoms or radicals; and, again, other side- 
chains of the protein ring becoming detached owing to the more powerful 
action exerted upon them by the surrounding molecules; so that once 
again certain affinities of the protein molecule are unsatisfied; whereas 
in the “dead” protein molecule in the very process of preparation the 
side-chains have all lieeome satisfied, and, living satisfied, the molecule is 
inert that is, unable to form other combinations.

Following this conception, life is to be regardesl as a state of persistent 
and incomplete recurrent satisfaction and dissatisfaction of certain protein, 
or, as we have expressed it earlier, protcidoijcnous molecules,2 and metabo-

1 Hi*rv, in relationship to tin* prominent purt played by carl ion atoms in proteid 
and protcidogcnous material, and to the constitution of the same, it is deserving 
of note that the carbon atom is not merely tel ravalent, but, as shown by the organic 
chemists, these carbon atoms have a pronounced tendency to become linked to one 
another to form chains, and, thirdly, these chains tend to group themselves into ring 
formations.

* lierliert Spencer's celebrated definition of "life,” given in his Fir»! Principle», is 
vitiated by his neglect to recognize this necessary association of the phenomenon 
with pmtvidogcnnus matter. It is, in short, not a definition, liecause, wanting this 
limitation, it includes a series of manifestations which are not generally accepted 
a« manifestations of the state of " life,”

3
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limn flu* constant reaction and interaction between these molecules 
and the medium in which they exist—must la* regarded as the primary 
and basal characteristic of living matter, whereby, on the one hand, 
certain of the constituents of the surrounding medium are acted upon 
by the pmteidogenous molecule, are either attracted in toto, or some 
of their dissociated component ions become attracted, with the result 
that the molecule becomes enlarged; and, on the other hand, owing to 
the attraction of the surrounding molecules, certain of the side-chains 
of the molecule thus elaborated become split off and form new combi
nations with those other molecules.

Ifiiignnn uf iiii.iiilioficil |>mteiilogeiioiin ring, furniril of nuclei .1 to h. with hiile-rlmin (//) nml 
iinsatiifivil affinilivn (.(/).

The above definition < that life be regarded as a kinetic
state of matter of a certain order. Certain recent observations by A. 
Macfadyen' and Dewar open up serious doubts as to whether this is 
necessarily the case as to whether we are not forced to recognize what 
we may term potential life. Macfadyen found that many pathogenic 
bacteria c an be immersed in liipiid air for as long as six months with no 
impairment of vitality. The temperature to which these organisms have 
thus been exposed is one eepud to about 1 iH)° ('. On removal, the 
organisms were found still to retain unimpaired their ‘ genic and 
agglutinative properties; the pyococcus aureus still gave rise to active 
hemolysis. Dewar has obtained like results employing boiling li<|uid 
hydrogen, thereby subjecting the bacteria to a temperature which was 
surely within 20° ('. of absolute zero ( 27d° At these profound
temperatures not merely is there a very g eat absence of heat, but also of 
what we have ?" to be of the prime importance to living matter, 
namely, moisture; and we would imagine that intracellular metabolism 
must practically cease. A consideration further of the condition of

1 Proc. Hoy. Sue., < >etol>er 31, 1002. Some eighteen years earlier Pictet and 
Young had published similar observations, the temperature they gained
was not so low ( -70° to —130° ('.). Compt. rend. Acad. <1. Sciences, 98; 1M4: 747.
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living matter in the spores of many bacteria seems to point in the same 
direction, /. e., that for life to continue it is not necessary that there lie 
constant interaction with the surrounding medium. Such spores have 
been kept dry for twenty years and more, and when brought into favor
able conditions have actively proliferated. Nevertheless, Macfadyen's 
remarkable observations suggest that (at 100° C.) there may still be 
some molecular change in his frozen organisms. He found, for example, 
that photogenic bacteria still gave luminosity at these low temperatures, 
whereas if, while freezing, he triturated the bacteria, the luminosity was 
abolished; he thus determined that the luminosity was a function of the 
living cells. The matter must thus be regarded as still niiI> judice, 
though the presumption is in favor of the existence of absolutely latent 
life. So far as we can see at the present time, the distinction between 
living and non-living matter is this: that certain complex proteidogenotis 
compounds form systems in which this recurrent satisfaction and dis
satisfaction of the constituent molecules proceed, in favorable circum
stances, with an activity and rapidity unknown in connection with any 
other chemical compounds or systems of the same known to us.



CHAPTER V.
THE CHEMISTRY OF THE CELL— (Continued).

ENZYME ACTION.

It will he noted that in the above suggested definition of life we state 
“certain protein or pmteidogenous molecules.” Why, it may he asked, 
distinguish thus between proteid bodies? All are built up along the 
same lines, and all, we presume, in the living organism have affinities 
to be satisfied and side-chains which may lie broken off. We introduce 
this word “certain” because it is still undetermined what is and what 
is not to be included in our cone» of life. Let us for the moment 
leave it out and attempt to classify the proteins and potential proteins 
in the living organism according to the extent of their activities.

The Organic Ferments.-Attempting this, we discover that in the 
class of free organic ferments we encounter our simplest cases. We 
use the term “simple” relatively, for it may well be that the constitution 
of bodies exhibiting ferment, or enzyme action is very far from simple; 
we employ it because by it we would indicate ' " examples of
tins class exhibit a single metabolic activity, acting specifically upon one 
single order of Ink lies in the medium that surrounds them. Of these 
free organic ferments here referred to numerous examples immediately 
present themselves: the "a of the saliva, pepsin, rennin, trypsin, 
and the extensive series of other ferments of the pancreatic juice and of 
other digestive sec retins. It is all important to obtain a proper grasp 
of the nature of these bodies, or, as will be made evident, of ferment 
action rather than of ferments—for the more we investigate, the more 
it is brought home to us that metabolic activities are of the nature of 
ferment actions, or otherwise, that, if not all, at least the majority of 
the manifestations of change in the pmteidogenous molecule are to be 
included under this term. < ’(instantly in studying cell functions, whether 
normal or perverted, we find ourselves brought to recognize that at base 
we are dealing with ferment action. It is, therefore, all important to 
gain, if possible, a right conception of what we mean when we employ 
the term. The above-mentioned group of free organic ferments present 
certain features in common :

1. Elaborated in certain cells they are discharged and act outside these 
cells.

2. Each acts upon a particular substance or series of substances in 
the external medium ptyalin upon the starches, converting them into 
soluble sugar, but not iijion proteins; pepsin upon proteins in an acid 
medium, converting them to peptones, out not acting upon starches;
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rvnnin upon casein, and upon casein only; trypsin upon proteins in an 
alkaline medium; steapsin upon fats, and so on.

3. It has, so far, been found impossible to obtain the ferments in what 
can be regarded as a pure state; they are constantly found “associated 
with ” bodies giving proteid reactions.' More particularly are they 
brought down along with bodies of the nature of globulins and of nueleo- 
protcins.

4. Even though these rent combinations of ferment and protein 
are present in extraordinarily minute <|iiantities, given sufficient time 
they are capable of converting a maximum amount of the fermentescible 
substance, provided their action be not arrested by the accumulation of 
the products of fermentation. And in the action they are not themselves 
destn wed.

5. The attc to obtain the ferment pure and isolated from the 
accompanying protein resemble those of the old woman who attempted 
to reduce daily the fodder of her horse. Just as the horse diet! when she 
succeed et 1 in reducing that fodder to a wisp or two of hay daily, so with 
the leduction of material giving proteid reaction in the ferment solution 
to a minimum, and by repeated separations, it is found that the ferment 
is destroyed, or, more accurately, that the ferment action disappears.

What does this indicate? It may be asked, in the first place, do 
ferments as such really exist; is there a particular class of chemical 
compounds having this particular property of acting upon other matter 
and breaking it up, without themselves being altered; or, on the other 
hand, are ferments as a class non-existent; is ferment action simply 
the expression or outcome of tin* molecular arrangement of the com- 
p "i exhibiting this property; may there be several different classes 
of substances possessing ferment action? When we find that pure 
metals, like platinum, gold, iridium, and silver or, again, 
oxides— can exhibit properties identical in their nature with those 
possessed by the highly elaborate cell substance, and that the more we 
study chemical activity the greater the number of reactions we find 
which appear identical with this organic ferment action, the first of these 
alternatives cannot be wholly correct ; at most we can lay down that there 
exist various inorganic bodies capable of manifesting ferment action, and 
with these a group of organic compounds manifesting like properties.

The Enzymes. We may, that is, proem! to deal with the latter 
as a single class and give them a common name, that of enzymes. Even 
when we do this we recognize that under this term we include two orders,

*' That certain observers have recorded the existence of active enzyme-containing 
fluids which have given no biuret test or other proteid reaction is not in itself proof 
positive that enzymes are not of proteid nature. We know, in the first place, that 
enzymes are effective when present in such extraordinarily small amounts that the 
ordinary chemical tests may well bo too gross to demonstrate their presence, and, in 
the second plan*, may presume that, like the amino-acids, their coin|>osition may be 
so simple as not to afford the tests. At the same time we frankly admit
that the evidence that all enzymes an- of this protein or amino-acid type is 
presumptive, and has still to In? proved.
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the extracellular and the intracellular enzymes, of which the former act 
when completely freed from the cell I sidy, the latter only when in con
nection with the cell substance, mid then in such intimate connection 
that we can only conclude that the enzyme action is part and parcel of 
the manifestation of the living (protein) molecule. To quote a familiar 
example, the yeast cell, growing actively, secretes and discharges some
thing—in vert in which, when the yeast cells are wholly removed by 
filtration, is still capable of acting upon the malt sugar present in the 
solution, inverting it, that is to say, changing it into glucose, but this 
cannot proceed farther and break np the sugar into alcohol and carbonic 
acid. That process necessitates the presence of the living yeast cell, or, 
as Buchner demonstrated, the expressed living substance. Buchner 
found that if a mass of yeast cells be subjected to hydraulic pressure so 
great that the cell membranes were ruptured, the thick, glairy fluid so 
obtained was capable of effecting the conversion of the sugar into alcohol, 
but this only when the experiment was conducted with great care, the 
results obtained being far from constant. When, by any means, the 
yeast cells have been previously killed, the reaction does not occur. 
The only conclusion to be reached is that here the enzyme, or ferment 
action is a function of the living and active cell substance; that in the 
experiment, while the yeast cells are ruptured, tin- cell substance is not 
actually destroyed, but still is able to manifest certain rties. The 
further conclusion is that some so-called intracellular enzymes do not 
exist as free bodies; were this so, we could extract from the yeast cell 
or from this emulsion the sjieeifie alcohol-producing ferment, and that 
we cannot do. We are forced, then, to the conclusion that in this case 
enzyme action is a function of the unaltered cell substance.

Having determined that this is the only adequate explanation in the 
one case, it may well Ik* asked whether this is not the e> ' m of the 
activity of the other enzymes (/. r., free organic ferments). These, as 
we have pointed out, are, with rare and possibly doubtful exceptions, 
found constantly associated with, or , the reaction of proteins.
May not enzyme action Ik- a function of active protein molecules, each 
particular enzyme action I icing due to the specific structure of a particular 
variety of these molecules? In other words, if we admit, as we have to 
admit, that metabolism throughout is determined primarily by enzyme 
action, and that metabolism is the property of living as distinguished 
from dead nitrogenous matter, may we not regard the free enzymes— 
ptynlin. pepsin, and so on as free living protein molecules, divorced 
from cellular relationship, but continuing to manifest the one important 
function characteristic of living, as distinct from dead, protein, that, 
namely, of acting upon other molecules in their neighborhood, and 
bringing about a rearrangement of the atoms without at the same time 
being disintegrated? May we not, that is, regard the free enzymes as 
the simplest manifestation of life?

9
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THE MODE OF ACTION OF ENZYMES 73

THE MODE OF ACTION OF ENZYMES

This may, to most of our readers, he a novel, and, indeed, a revolu
tionary conception. Before attempting to answer it, we must endeavor 
to gain a more intimate knowledge of the nature of enzyme action and 
what this demands.

There are two possible modes by which ferment action in general and 
enzyme action in particular may be brought about. We can, on the 
one hand, imagine that the ferment has no chemical action, /. r., that 
it does not even temporarily enter into combination with the ferment
escible substance; that its influence is purely physical. This view 
necessitates that we regard the ferment as a body possessing very active 
molecular vibration, such that, in apposition to molecules of the ferment
escible substance, it communicates its vibrations to these, so bringing 
about a rearrangement of the constituent atoms whereby the ferment
escible is converted into the fermented substance. This “contact action ” 
is held to be a not infrequent reaction in “inorganic” chemistry; it is by 
this means that the action of finely divided platinum, gold, or iridium, 
in converting Imlrogen peroxide into water and oxygen, is held to be 
best explained. This we may speak of as catalyst* pro|>er.

The second mode may also be ext ""ed from inorganic chemistry 
by the manufacture of concentrated sulphuric acid from sulphurous 
anhydride by the agency of nitric acid. In this process the nitric acid 
is held to act as intermediary; a reaction occurs between it and the 
sulphurous anhydride, with the result that it gives up an atom of oxygen 
to the latter - sulphuric acid being formed and tin* nitric being converted 
into nitrous acid. This first stage affords the formula :

H,SO, + UNO, - H,so, + IINO,.

In the second stage the nitrous acid so formed, exposed to the air, com
bines with oxygen and so is reconverted into nitric acid, which now can 
act upon another portion of the sulphurous anhydride:

UNO, + O - UNO,.

Theoretically, therefore, a single molecule of nitric acid can in infinite 
time convert an infinite numlier of molecules of sulphurous anhydride 
into sulphuric acid, and at the completion of the reaction will still exist 
as a molecule of nitric acid.

In such a process, it will be seen, three memliers or factors enter: the 
sulphurous anhydride may Im* termed the fermentescible substance, the 
oxygen the fermentator or complement, and nitrous (not nitric) acid 
the intermediary or the ferment. It is the nitrous and not the nitric acid 
that is present throughout the series of alternate reactions. We can 
visualize the process as follows:

9
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Fig. 25

A'., the ensyme molecule or ferment; A" .S’., tin* fermeiiteMcilile unbalance; A". It., the fenuentator
or l»ody which, with the moiety ilelncheil from the ferme» Uwihle Mil .stance forms the resultant 
compound.

And we can along these lines represent the particular reaction here 
described as:

Many considerations lead to the conclusion that it is reactions of this 
order, and not simple catalysis, that take place in the living organism 
and in connection with the free enzymes, hut more particularly the 
positive evidence that the enzymes become temporarily attached to the 
fermentescible substance. Thus, if fibrin Im* placed in an acidified 
solution of pepsin at 0° <’. (at which temperature the pepsin is inactive), 
left there for a little time, and then be given successive v " in 
ice-cold water to remove all adherent pepsin solution, u|hui bring12
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brought to body temperature it undergoes solution without further 
addition of pepsin. The pepsin, that is, formed a preliminary union 
with the fibrin. The protein molecule, as we have pointed out, must be 
regarded as possessing unsatisfied affinities, satisfied by the junction of 
side-chains. Our conception of the whole process of metabolism, as 
already noted (p. 07), is along the lines here indicated. The whole proteid 
molecule may broadly be conceived as acting after the manner of 
the molecule of nitrous acid in the above reaction; constantly, that is, it 
attaches to itself atoms and radicals from the surrounding medium, 
either free in that medium or by its greater energy broken off from other 
molecules, and constantly it liberates these that they may enter into 
other combinations. So that, as already stated, the average compo
sition of the molecule remains the same over long periods. Broadly 
stated, the condition of “moving equilibrium” is precisely that of the 
molecule of nitrous acid in the foregoing reaction. I t may he serviceable 
to express this diagrammatically (Fig. 24).

The extracellular enzyme may 1m* regarded as one of the side-chain 
molecules (//), or even as only one of the components of the same (:V), 
still retaining on its part certain particular affinities only, to which it 
can attach itself and combine with specific substances, the act of com
bination causing a dissociation of those substances. The exact nature 
of such dissociations will be discussed later. In other words, we regard 
these free molecules as the ferments of common parlance, or more accu
rately, regard such free primary proteidogenous molecules as possessed 
each of specific enzyme action.

Enzyme Action and Metabolism in Relationship to Growth.
This generalization, broad as it is, does not include every property of 
the active protein molecule, or, as we may term it, for convenience in 
subsequent description, the biophorc, using that term to indicate the ulti
mate molecule possessed of wlmt we regard as the properties essential 
to life.1 In its fully developed form that molecule, as stated (p. 07), is 
obviously polymeric, composed of a chain or ring of primary molecules, 
each of which has proteid properties. That very constitution renders 
it at the same time intermediary body and fermentescible substance. 
For another basal property of living matter, the result of metabolism 
has to be taken into account. While its average composition in the 
state of moving equilibrium remains the same, the number of molecules 
increases. In other words, there is growth, and growth demands that

1 This term was originally introduced by Weismann to indicate the ultimate 
collection of molecules of living matter endowed with specific pro|)crticH. He had 
not apparently regarded the molecule as polymeric, and so demanded an accumu
lation of several molecules to carry out the requirements of his theory. The term 
is, however, so adapted to convey our present meaning that we employ it, believing 
that essentially we indicate the same conception as did lie, and that the word has 
priority over Verworn's biogen, which has the same significance, but what we regard 
as a faulty resit meaning /. r., we postulate that these molecules do not produce 
life, but inherently bear the vital properties. ltulmer, whose recent Kraft und Stoffe 
im Hiiuahulte der Natur (Leipzig, HHHI) well deserves |k*rusal, terms them “ bionts."
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not all the atoms taken up in the form of side-chains heroine release»! 
to form metabolites; some at least must undergo rearrangement and 
heroine huilt up into new hiopliorie molecules (Fig. 27).

We shall have more to say regarding the intimate nature of growth. 
What we would here emphasize is that all matter endowed with properties 
which we term vital does not coincidentIv possess this properly of growth.

2

Duigriim uf gmwtli, i « . turmiilluii of new liio|thoric inoleciilee A aiile-elinin of the main (ilnrk 
shaihili ring him limit ii|ion it a like nerie# of i light shtuleilI nuclei.

We have already Imnight forwanl the most pronounced confirmation
of this statement, although its hearing may not have hern i m media tel v 
realized; we have shown that the non-nueleated cell may eontinue
“alive” for days, and, it may he, weeks can perform several activities 
which we regard as characteristically manifestations of vitality and 
vet it cannot grow; it lieeomes more or less rapidly used up in the
performance of function. Translating this into the terms of protcid 
activities, it is obvious that the ordinary proteins of the cytoplasm, 
while capable of sundry enzyme actions of respiration, for instance 
(which now we recognize more and more clearly is associated with the 
presence of oxydases), of converting starch into sugar, and so on 
cannot grow, cannot build up new molecules uf matter like unto them
selves.

The niicleoproteids alone (in forms, at least, possessing nucleated 
< ells) are associated with this capacity for growth, and, when present, 
they are associated not merely with ’ at ion of the number of
molecules uf nuchsipmtcid, hut also with the increase in the amount 
and number of molecules uf the cytoplasm, and, lastly, judging from 
the observations of tin1 histologists, they are directly concerned in the 
growth, if we may venture so to term it, of the enzymes, or otherwise 
discharge of nuclear matter precedes the evidence of active en/viue 
action in the cell (p. IS).
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THE ORDERS OF LIVING MATTER.

What, thru, tn conic at last to our |M>int, an1 we to regain I as life? If 
we say that our conception must inclmlc the capacity for intictientleiit 
growth, it follows that we must regarni the eytoplaism as not living 
as tleaul. If, on the contrary, we deny that gmwtli is am essential part 
of our concept, then, coiupairiug the free enzymes ami their pmperties 
with the cytoplasm ami its properties, we must recognize three orders 
or grades of living mutter:

1. The nuclear matter, capable of ImiiIi metalHilism ami gmwtli in a 
metlium of cell proteins.

2. The cytoplasmic matter, capable of imle|iemlent metalHilism of 
several onlers, but incapable of gmwtli, save in relationship with the 
nuclear matter.

.1, The free organic enzymes capable of causing “metabolism” of one 
or other on 1er, but incapable of gmwtli.

We confess that it is dillicult to lay down jHisitively which of these 
two views should be accepted as correct. I pon first consideration, we 
should Ik* inclined to lay down that the pmpertv of growth is inherent 
in our conception of life, and therefore of living matter; but, on the 
other hand, it is scarcely possible to regard the lion-nucleated cell 
the ml eorpusele, for example with its active jMiwers of metabolism, 
as non-living. For our pur|Mises it is perhaps fortunate that we an* not 
compelled to arrive at a |msitive conclusion. We have in general to 
deal with the cell, which, as a whole, manifests growth. We do not, 
however, think that the matter brought forward in the preceding para
graphs has merely an academic value; we shall, that i<, have so fre
quently to deal with enzymes and ferment actions that at the outset it is 
ini|Hirtant to |Hissess an appreciation of the same and their relationship 
to the proteins and cell activities.

These considerations, it will In* seen, taken alone, would lead its to 
regard these free molecules possessing enzyme action as the most 
elementary forms of life. Some would urge that, since this iihmIc of 
action is common to these organic molecules and to other substances, 
therefore inorganic matter undergoing chemical change is also endowed 
with vitality; that logically, therefore, all matter, as urged by Haeckel, 
and yet earlier by the elder I .ankester, is endowed with life. A little 
thought will show that we do not advance thus far. We do but lay 
down that enzyme action is a property of unsatisfied protcid or 
proteidogenous matter, and doing this wv limit our eiuiee/thon of life 
to nroleiiioyenoun mutter, e.rhihiliuif u imrlieulur oriler of ehmuje*.

Objections to the Above Hypothesis. We have here, perhaps, 
overlnildly laid down one view regarding enzyme action. We have 
done this after not a little consideration, believing that for didactic 
pur|Mises this is the better course. The matter, however, is very 
far from lieing settled, and it is but due to our readers to point out 
that at the present time many leading physicists and physical chemists
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incline to the catalytic view of enzyme action, the view, namely, that 
enzymes act not by making temporary chemical combinations, but 
physically, and bv propinquity, without combination. It has, indeed, 
been doubted whether the type example here afforded of what may be 
termed inorganic ferment action the action, namely, of nitrous acid upon 
sulphurous anhydride (p. 78) truly represents what happens, the sug
gestion being that here again what really occurs is a true catalysis.1 Vet 
it has to lie admitted that the objections brought forward an* of a com
parative nature and theoretical; no positive proof is adduced that the 
reactions indicated do not occur, ami the actual detection of the inter
mediate bodies, even if only in relatively small amounts, definitely 
favors the occurrence of the stages we have indicated. The main 
objection to the chemical nature of enzyme action is, as Oswald has 
pointed out, that such theory of intermediate action fails entirely to 
account for the action of najatirc calalffsh, in which, if there lie a direct 
chemical action, it must proceed more slowly than the direct action 
which takes place in the absence of the (negative) catalyst. These 
negative catalysts are bodies which, instead of accelerating, delay reac
tions; 0.0000014 gram per c.e. of mannite, for example, reduces by one- 
half the velocity of oxidation of N00 times its amount of sodium sulphite 
in solution. Mere, however, we are once mon* confusing catalysts and 
enzymes. We an* prepaml to admit that catalysis does occur among 
inorganic substances; the enzymes we place in a different category. 
Now, as a matter of fact, no negative enzymes are known,2 no proteid 
or “pmleidogenoiis" Inn lies having such properties. The objection, 
therefore, does not hold. So far as we can see, the intermediation 
theory is adequate for all enzymes proper.

There is yet a third theory, that of surface action, first propounded by 
Faraday to explain the catalytic action of spongy platinum, powdered 
charcoal, etc. In the union of hydrogen and oxygen on the surface of 
spongy platinum, Faraday supposed a condensation of the gases on the 
surface of the metal, through which condensation there proceeds a more 
rapid action between the two gases. Applied to enzymes, this supposes 
an attraction of the fermentescible substances and what we may term 
the fermentator, and condensation of the same on the surface of the 
enzyme, so that under the altered conditions the two can act directly 
and more actively the one on the other. This conception of surface 
action would strut to promise most valuable results in explaining many 
vital phenomena. The conception, it will be seen, is for practical pur
poses not very far remote from that of the liaise chemical union on the 
one side and on the other demanded by the intermediation thmry. It 
does not, however, lit in so well with the facts of growth and increase 
in substance brought about by the intracellular enzymes, for growth 
demands actual chemical union. Further, if. as we shall point out

1 Vide Moore, lov. «'it., p. 121).
1 These negative catalysts are not to Is* cmifase«l with tmtienzymrn, hodies pro- 

duei'il Iiy the organisai after injection of foreign enzymes which neutralize them.
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later, the amboceptors (in hemolysis, etc.) are best regarded as enzymes, 
then with them we obtain evidence of chemical union with the ferment
escible substances (or, as German writers term it, the substrate), and 
that in the absence of the fermentator (complement). While, again, the 
fact that enzymes when in the presence of proteins or other body upon 
which they exert specific action are able to withstand a higher tempera
ture without loss of pro]>erties than they can in the absence of these 
bodies, is also in favor of the view that they enter into combination with 
the same.

We speak here, however, with some diffidence. The increased study 
of the phenomena of surface action and of the allied minor pi inn during 
the last few years, of phenomena, that is, which are intermediate 
between chemical and physical activities, makes it possible that such 
adsorption is at the basis of enzyme action. Thus, Bayliss1 points out 
that were this purely chemical in nature then concentration of an 
enzyme to twice its value should double the reaction velocity; but this 
is not the case, the increase, as in adsorption phenomena, is something 
less than this. The fact also that they are of colloidal nature, and as 
such are heterogeneous systems (Brvdig), favors the view that they form 
adsorption compounds.2 We must, however, confess to some sympathy 
with the views expressed by Brailsford Robertson.*3 4 “ It certainly appears 
premature at the threshold of our physicochemical knowledge of proteins 
to declare a group of their con or reactions to be ‘adsorption
compounds' or ‘adsoiption reactions,' and to thereby . . . group 
them with phenomena which are not improbably essentially different in 
character and in mechanism, and to import into a field already suffi
ciently obscure a conception so inistv as that of ‘mechanical affinity.' ” 
That adsorption very pr< occurs in the cell in connection with 
its lifHiid constituents we are very ready to accept, but are far from 
assured that enzyme action comes into the same category.

The Reversibility of Enzyme Action. In this connection, as throw
ing a peculiarly strong light upon the nature of metabolism, attention 
must be called to a remarkable projierty of the enzymes first demon
strated within the last few years by Croft Hill/ of Cambridge. The 
sugar, maltose (CnIIK< >,,), is split up by the enzyme maltose into two 
molecules of glucose (CnlluOfl), but iu the flask or test-tube the reaction

1 Science Progress, HMHi; see also his article "Adsorption Phenomena,”
Biochemical Jour., I: ItMMi: 175.

5 For fuller studies upon ferments and enzyme action, consult Heynolds Green, 
The Soluble Ernmnln: Fermentation, Cambridge, 1st HI; Duclaux, Truité dr Mirro- 
bitdoyir, I ; IstHI: 1 ; and A. K. Taylor, Frrmrnlation, t'niv. of California Publications, 
Pathology, No. S, 1907. Other itn|Nirlant studies are O'Sullivan and Tompson, 
Jour, of the Clicm. Soe., 57: IstHI: sat; Croft Hill,ibid , 72$ : 1S9S: 034; and Jacobson, 
Ztsvhr. f. Physiol. Vhcin., Hi: IstHI: 340. See also the very full article by B. Moore, 
already cited.

* Jour, of Biol. Client., 4:1008:35.
4 Trans. Chem. Soe., 73: ISOS: 034; also Pmc. Chem. Sue., IS: 1901:184, and 

Trans. Chem. Soe., S3:1003: 578.
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is nvvvr complete; tlierv rvumins ii mixturv of maltose and glucose. Mill 
fourni that if the enzyme maltase lie added to a solution of glucose, he 
obtained a similar reaction some molecules of glucose became dehy
drated and combined to form maltose, and the solutions came to contain a 
mixture of the two sugars. Maltase, therefore, can, according to circum
stances, cither disintegrate maltose into glucose or accomplish the reverse 
process of synthesizing glucose into maltose, and having these proj>crties, 
it is inevitable that, so long as the products of either the disintegration 
or the synthesis arc not removed from solution, neither the glucose nor 
the maltose can be entirely used up in the reaction; there must result 
a stage of c<|tiilihrium at which the enzyme lieeomes inactive, the 
tendency to disintegrate the one substance balancing the tendency to 
synthesize the other.

This reversible reaction we may express as follows:

(,,.ll„()ii + 11,0 + MaltasC' C4H|,(>» + ('«Mi.O, f MuIIhhv.
Mallow I Urn "«v + (llurora

Mere the resultant molecules, being of the same structure, it might 
seem at first sight that the enzyme splits the maltose into eipial halves, 
A little consideration shows that this cannot be. From its constitution 
the simplest dissociation of maltose is into one molmile (( 'ellM( >s), 
reipiiring for its completion an hydroxyl ion, and into another (C6IIM( >„), 
that is completed by a hydrogen ion. We might represent the action of 
the enzyme as I icing primarily upon the molecule of water, the resultant 
< ) and < >11 ions combining with the maltose and leading to rei a- 
tioti; or, on the other hand, regard the primary action of the enzyme as 
being upon the maltose The latter clearly is the reaction that occurs, 
and this Itecause the enzymes as a body acts by hydrolysis, and thus, 
were the splitting up a molecule of water into fret* ions of II and <)l! 
their primary action, then a multiplicity of specific enzymes such as we 
find in nature would be unnecessary. The maltase must act upon the 
maltose primarily. The steps in the process must, therefore, be ( I ) 
attraction between enzyme molecule and either the C*,11 <>6 moiety of 
the maltose, or the ( (-) this becomes detached from its fellow
and joined to the enzyme; (.'{) a vet greater attraction between the moiety 
thus detached and joined on to the enzyme and an hydroxyl or hydrogen 
ion, respectively, free in the medium with (4) combination with the same 
and simultaneous detachment of the enzyme ion which now lieeomes 
free to repeal the process with another molecule of maltose. Where the 
reverse action occurs, then* the surrounding conditions must be such 
that the enzyme ion is so placed as to exercise a greater attraction u|mhi 
the glucose molecule, combining with it and leading to the simultaneous 
liberation of either an hydioxyl or a hydrogen ion.

Kvcii in eases in which, through enzyme action, the fermentescible 
molecule is Nplii up into still more dissimilar molecules, the same 
reversible action is found to occur. Wells' gives a good illustration of this

1 .lour, \liter. Meil. \iwor , .littimtry 2*>, lUUJ, givvs un excellent rfauiiii of the work 
iimim|)linhe«| in thin direction.

0
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in ii miction noted by Selmiiedeberg in 1881, although its sign i tien nee 
was not comprehended by him. It is a well-known fact that lienzoic 
acid and glycoeoll introduced into the eirenlation are synthesized in 
the kidney into hippurie acid, and Sehmiedeberg found that, similarly, 
hippurie acid can in this organ Ik* split up into lienzoic acid and glycoeoll. 
What is more, he succeeded in extracting from renal tissue an enzyme 
hixtozyme which brought about the splitting-up process. He did not 
advance so far as to establish the fact that the histozyme accomplished 
the reverse reaction, though with our present knowledge this is seen to 
be evident; it may lie expressed thus:

(;its.m.xil.<’Hlmon f + NHl.cH,.mon + (/•:>.
Ilippurii- arid 4- wnU-r 4- ensyine e llriimir acid 4- glycoeoll 4- ensyme

Here we deal with the same type of reaction as in the former case. 
An hydroxyl (OH) ion and a hydrogen ion, respectively, combine with 
separate moieties of the hippurie acid so as to form benzoic in’ " 
glycoeoll. We may express this graphically as follows (Fig. 28):

The evidence now accumulated indicates that all enzyme action is, 
at least |x>tentially, reversible. Kastle and Loevenhart1 have shown 
that this is the case with lifta.w or xlrapxin, the fat-splitting ferment of

1 Amer. (’hem. Jour., 24: 1900: 491 ; tun I ( 'hemicul News, 83:1901.
(I
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the* pancreatic juice, ami Ilanriot1 * lias confirmed. Wroblewski3 lias 
studied the reversible action of invcrta.se. E. Fischer and K. F. Arm
strong3 have note<l the like action of képhir lactase. Acree and I linkiiis1 * 
have found that the hydrolysis of triacetyl glucose Jiy pancreatin is 
reversible, while Kmmcrling1 has shown that yeast extract will syn
thesize glucose and mundelonitrile glueoside into amygdalin. Quite 
recently and independently, A. K. lay lor1 has descrilied the synthesis of 
a protein (pmtamin) through the action of a trypsin obtained from the 
liver of a soft-shelled ('alifornian clam, and Brailsford Robertson7 has 
synthesized one of the first products of the |>cptic digestion of casein, 
gaining the substance or substances to which the name “ parauuclein” 
has been applied. The latter subjected an alkaline suspension of casein 
to peptic digestion for several days, heated to 100° (’., to destroy the 
ferment ; filtered, gaining thus a solution free from either casein or 
paranuclein; treating this with a pepsin solution, lie gained in two 
hours a thick white precipitate giving the reaction of paranuelein.

'File observations of Hast le and Isievenhart are of peculiar interest 
for our present purpose. Lipase acts on all the fats projier, and the 
results obtained apply to all the fats of the food; they employed ethyl 
butyrate for greater ease in analysis, and found that the lipase not only 
split up this into alcohol and butyric acid, but could unite these two 
latter to form the fat; ami they employed this second reaction to detect 
the existence of the enzyme in different tissues. By this means they 
discovered that the liver is peculiarly rich in lipase; that this exists also 
in fair amount in the mucosa of the «.mall intestines and in the kidneys, 
and to some extent in nearly all tissues. W shall have occasion to 
revert to these matters when dealing with the cell fats. .

It is, however, significant that several observers have called attention 
to the fact that the reversed action of the enzyme is of a different order 
from the direct. Brailsford Robert son" has pointed out that with 
pepsin it proceeds actively at a temperature from 10° to |."i° <’. uImivc 
that at which the ordinary direct action on proteins (casein) is wholly 
arrested. Vl this higher temperature the soluble peptones are recon
verted by the pepsin into a precipitated protein. It is difficult to reach 
any other conclusion than that this difference connotes some change in 
chemical composition, and Robertson suggests that the diiwt action 
is induced by the hydrated form of the enzyme (/•’.( )II), which, giving 
up its hydroxyl ion, brings about hydrolysis and peptonization of the 
proteins, and that heating brings about dehydration of the enzyme, 
thereby favoring a withdrawal of hydroxyl ions from the peptones and 
conversion into insoluble proteins. This suggestion, it will be seen, is 
wholly in line with the conception of enzyme action laid down by us.

1 Conipt. rend, de l’Arad. do Sri., Id-*: 11*01 Jig
* Bull. A cud. Sri., Cracow, 11X11 US.
1 Iter. d. ('linn, (lewll., 35:1902:314(1. « Had.. 34: 1901: 3810.
‘ Amor. ('linn, .lour., 28: 1902: :I70.
• Jour. Itiol. ('hern.. 3:11X17:87. . 1 Had . 3:1907:95.
1 Fniv. of Calif Publication*, physiol., 3: 11X19: No. 16: 188,
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Thanks lu these studies, we have gained a much clearer conception 
of the course of enzyme action in the organism, and can understand why 
now it proceeds actively, now is arrested. Kquilihrium and arrest 
of enzyme action, we see, occurs when the products of that action 
accumulate up to a certain point, while, on the other hand, if those 
products he removed as they are formed, the action may proceed until 
all the fermentescible substance is taken up. In the alimentary canal, 
for example, the products of the action of the various extracellular 
enzymes, being soluble, are absorbed, diffusing into the mucous mem
brane and thence passing into the blood and lymph; there is thus in 
health complete disiutegiation of the proteins, starches, fats, and other 
foodstuffs. Within the organism in the cells, and in connection with 
the intracellular enzymes, it is again a matter of diffusion. Take, for 
example, the glycogenic activity of the liver cell. If the cell, in its 
metalwdic activities, has used or burnt up the sugar, glucose, brought 
to it by the blood, and so becomes deficient in carbohydrates, more sugar 
will diffuse into it from the blood, and, acting on this sugar, the enzyme 
will synthesize it into glycogen, and will continue to do this until there is 
a local ei Hum between the sugar and the glycogen in the cell, 
(ilveogen, being insoluble, remains within the cell becomes stored up. 
And there it must remain until one of two things happens; until either, 
owing to stimulation, the cell being called into activity dissociates the 
contained sugar uses it up at a greater rate than other sugar can diffuse 
into the cell from the surrounding medium. So soon as this hap|>ens, 
the glycogen-sugar equilibrium is destroyed, and now the reverse enzyme 
action comes into effect and the glycogen is dissociated, until, through 
this formation of sugar, the equilibrium is restored, when the dissocia
tion comes to a stop. Or. the amount of sugar in the circulating
blood and f Iavoines lowered in consequence of dissociation and
consumption by the tissues occurring at a greater rate than the absorp
tion from the digestive tract. When this happens, so soon as the 
percentage of sugar in the surrounding lymph Iavoines lower than that 
in the cell, the cell sugar, being soluble, will tend to diffuse out into the 
I. . Here, also, the glycogen-sugar equilibrium within the cell 
will be destroyed, and the enzyme will become active until it may be, if 
tin* sugar contents of the blood remains lowered for any considerable 
period (as it happens in prolonged starvation), with the steady passage out 
of the sugars as they are formed, all the glycogen of the cell is eventually 
used up.

These considerations open up a new vista regarding disturbances of 
metabolism. These an* seen to be dependent primarily upon the 
enzyme activities of the cell; the cell equilibrium, in fact, depends upon 
the amount of enzymes of different orders present within and pmdueed 
by it, and this to a greater extent than it does upon the material absorbed 
by the organism and acted upon by these enzymes. My which we mean 
that the cell and the organism by their constitution possess, within certain 
rather wide limits, a power of regulating the absorption of matter from 
" enzyme j lion be interfered with, then the regulating
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|K>wer is largely destroyed. If our <'oiiveption he correct, that the 
enzymes are proteins, or, more exactly, that enzyme action is a property 
of the constitution of the protein molecule, we find ourselves brought 
hack to the fundamental conception that the due and orderly carrying 
out of the cell activities is a function of the composition of the proteid- 
ogenous constituents of the cells. When, further, we recognize that the 
development of the free enzymes in the cell is associated with active 
discharge from the nuclei, we gain additional support for our view that 
the nueleoproteids are, or are immediately connected with the hiophores, 
the primary molecules of living matter.



I

CHAPTER VI.
THK ( HKMISTRY OF THK CKI.I. (Cuntim mi).

NON-PROTEID CONSTITUENTS OF THE CELL.

Wk have discussed in some detail the proteid groundwork of the cell, 
and must refer to the non-proteid constituents, if only to afford a due 
appreciation of the cell complex. As in our treatment of the proteins, 
so here our object is not to afford an elementary treatise upon physio
logical chemistry, Imt to bring together those facts which have a direct 
hearing upon cell function, and more especially upon |>erverted function, 
or disease.

Water. First and foremost, it is well to take into consideration 
the water eoutaiiasl in the cell. 'Finit water is an essential constituent. 
It may he reduced to a minimum, as in the seeds of many plants and 
the spores of bacteria, hut when this is the ea.se we find that the living 
substance passes into a state of latenejf, or inaction. Cell activiti/ in 
a nm win ted with the presence of water, or otherwise water in (lie medium 
in whieli oceur the chemical pnwennen count it at in <j metaholinm. So 
important a constituent is it that close upon tit) per cent, of the human 
body, as a whole, consists of water, and of certain organs, like the 

y, water forms rather more than SO per cent. Leaving out of 
account mutrieiul, extracellular, matter, such as hone substance, it is 
safe to state that the ordinary active cell of the human tissues contains 
not less than about 70 per cent. 11,0; i. c., seven-tenths are water, 
three-tenths proteins and other constituents; so large a proportion that 
it is still with some a matter of debate whether we should regard living 
matter as e>" and acting in a state of solution or as solid undissolved 
molecules suspended in a fluid medium.

The discussion is of something mon» than academic importance, 
especially in the light of the more recent studies of the cliemicophvsicists 
upon the nature of solution and the molecular changes which take 
place in dissolved substances. These studies, in short, suggest that an 
intimate knowledge of the physics of solutions must he of the very 
highest importance for a correct understanding of " processes.
At the same time it must be admitted that we an» only at the threshold. 
We know front these studies that when a simple salt like sodium chloride 
is suspended in water and "rv other media, a certain number of its 
molecules become dissociated into their constituents, and these free 
constituents (Na and < I, for example), charged some with negative, 
others with positive, electricity, we term ions eathionn and anionn, 
respectively; that, if the dilution be sufficient, all the molecules undergo
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this ionization; that these fret1 ions thus charged conduct themselves 
like independent inoleenles and are in a state in xvliieli they may readily 
he attracted by other ions having an opposite charge, and thus simply, 
Imt indirectly, pronounced chemical reactions may lie brought about. 
It is, indeed, these dissociated molecules that are active in chemical 
processes.

Stable chemical compounds, according to modern views, are formed 
by the coming together of ions electrolytes having contrasted elec
trical charges, and the very act of combination neutralizes or liberates 
the energy represented by these charges. These combinations in the 
ease of solid substances may be broken apart in two ways, either by 
heat or electricity (by means, that is. of imparting, if we may so express 
it, such violent action to the molecules that the constituent ions 
are dissociated), or by solution. The act of solution, provided the 
amount of water be adequate, will similarly bring about the dissociation 
of all the molecules of a salt ; or, more correctly, at a given temperature 
each molecule requires a certain fixed amount of water to effect its 
dissolution. Wc say “at a given temperature," for here, also, in 
solution heat favors dissociation. It is when molecules are thus disso
ciate! I that fresh chemical combinations can occur. It is the liberated 
ions and not the compounds as such that react one with the other; 
considerations which indicate the importance of water to the cell. In 
its absence, metabolic processes could only take place at high tempera
tures. The fact that matter is assimilated by the cell in a state of 
solution permits the extensive disintegration, rearrangement, and com
bination of ions which arc essential to metabolism and growth, and this 
trillion! the rrll nr the eeonomi/ brim/ nillifl iifton to afford abundant 
eneryy in the farm of heal, e/e., to briny about the dimtnvintion.

The presence of so large a proportion of water in the cell cannot but 
indicate that metabolic processes are brought about essentially by ioni
zation, resulting from solution and not primarily from the dissociative 
effects of heat, although the bodily warmth promotes the process. 
What is more, judging from what has been gleaned concerning hydro
lytic action and saponification, it would seem that the dissociated 
hydrogen (acid) and hydroxyl ions (alkaline) play dominant parts in 
metabolic processes in general. Knzyine action would seem to resolve 
itself largely into processes of hydrolysis and dehydrolvsis either the 
breaking down of a molecule into two through the combination with 
an hydroxyl or a hydrogen ion, or the reverse process of the withdrawal 
of hydroxyl ions. Hut so far anything like adequate studies upon 
ionization in connection with the protein molecules are very largely 
wanting, ‘although a distinct advance has been made by llrailsford 
Kobertson in his studies upon “ion-proteids."1 We have to keep in 
mind the point upon which we have already laid stress, namely, that the 
chemical composition of the demi protein molecule is not identical with 
that of the living a point demonstrated by the fact that, while living

1 Jour, nf |Miys ('hem.. 10- ItMNi:.V.M, and II : 1907’4:17, He.
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cell substance is alkaline or neutral, with death it takes on an acid 
reaction; from which it follows that observations upon albumins, etc., 
outside the body do not by any means fully inform us as to the processes 
taking place within the cell.

Turning now to the question whether the cell is to lie regarded as 
liquid or solid, it must, in the first place, be noted that a characteristic 
of liquids is that in them the constituent molecules can vary their 
position freely in relationship one to the other, whereas in solids the 
relationship of the molecules one to the other is fixed. The distinction, 
it is true, is only relative, and in the cell we encounter conditions which 
are, to say the least, ambiguous; on the one hand, by careful study of 
certain cases the white corpuscle, for instance we can observe a 
streaming motion of the cell substance, /. c., a free change in the rela
tionship of the constituent molecules. ( >n the other hand, the nuclear 
material is, to a large extent, fixed both in relationship to the cytoplasm 
and in the relationship of its individual parts one to the other. The 
idea of structure, it may be laid down, involves relative solidity. The 
e> r difficulty de|>eiids largely upon the colloid constitution
of living matter. The cell in general and proteids in particular are 
colloidal, t. e.t are composed of molecules, or molecular aggregates, so 
large that they cannot enter into perfect solution.

On Solution : Crystalloids and Colloids. < >bser\utions upon the nature 
and physical properties of colloid bodies have of late years been abun
dant and important, until now it may be said that at last we are beginning 
to realize their significance and to have an insight into the physics of 
the cell, coitijiosed as it is largely of colloid matter. They differ from 
crystalloids in not crystallizing readily, in diffusing very slowly through 
water, in not passing through animal membranes, although, paradoxic
ally, they themselves constitute these membranes and give them their 
peculiar attributes.

( indium, who first investigated the class of bodies, held that crystal
loids and colloids are like different worlds of matter. We now recognize 
that the two terms are only relative, that there exists a series of bodies 
exhibiting the above properties which, nevertheless, like certain lipoids 
i soaps and the simpler albumins and hemoglobin), an* definitely crystal- 
lixnble, as also that a colloid may enter into true solution, comporting 
itself thus like a crystalloid, the tendency is for them not to
enter into true solution.

( >ur conception of a true solution is that of a mixture of the “solute” 
in the “solvent " of such a nature that the molecules of the former are 
freely separated by the molecules of the latter, intermingled so homo
geneously that the mixture is " inactive, obeying the same laws 
as govern the mixture of gases. The colloid mixture is of a different tv|ie; 
characteristically the molecules tend to form looser or firmer aggregates, 
fl< in the solvent aggregates so large as to interfere with the
passage of light through the mixture, which thus Iavoines optically 
active so large also that the aggregates are capable of detection by 
the ultramicroscope. In such a mixture, as demonstrated by Hardy,

1

9700082^

37

55



88 THE CHEMISTRY OF THE CELL

there exist two phases: one termed l>y him “water-solid,” that of 
true solution of the molecules of the colloid in the water, the other, 
“solid-water," in which the molecules of the water are taken up between 
the aggregated molecules of the colloid. Popularly speaking, in the 
first ease, the water is the solvent ; in the second, is the solute; and 
these two states art* largely interchangeable according to the relative 
proportion of the two substances.

What for our purposes is of interest is that by physical means 
by alteration of temperature, mechanical agitation, etc.—the smaller 
colloidal aggregates are apt to “conglutinate,” or join together into 
flocculi, threads, etc. This property would seem to have some bearing 
upon the formation of fibrils in the cells and in intercellular matter. 
More particularly on surfaces where colloidal “solutions” come into 
contact with air, gas, fluid of another order, or even with colloidal solu
tions of different nature, there is a marked tendency for the molecules 
of the colloid to collect and spread out into a surface membrane of 
greater or less resisting power. The cell membrane interposed between 
the nucleoproteins of the nucleus and the cytoplasm may be instanced 
as concentration films of this order.1 To the physical proj>erties of such 
membranes and their great importance in the establishment and main
tenance of the cell as an independent aggregate we have already referred 
(p. 45). The nature of these membranes determines very largely the 
constitution of the cell.

Simple Salts. -Certain salts, without being built up into the protein 
molecules, art* obviously essential to the cell; the protein molecules, 
that is, do not manifest their activity in a pure watery medium, but in a 
dilute saline solution. More particularly we encounter chlorine salts, 
alkaline carbonates, phosphates and sulphates, and salts of the alkaline 
earths, notably those of sodium, potassium, ammonium, calcium, and 
magnesium. From the more recent studies upon electrolytic dissocia
tion we have learned to l>e cautious in laying down how these are com
bined; many, indeed, are under ordinary conditions present in such 
minute quantities that they must exist largely dissociated into their 
constituent ions, and so must actively promote metabolism. That 
their presence is essential for cell activity was shown many years ago 
by Ringer. More recently, Jacques Ix>eb and Moore have called atten
tion to their importance and to the profound effects upon cell activity 
of comparatively slight variations in their relative amounts.

Certain salts, on the other hand, even when present in extraordinarily 
small amounts, are most deleterious to different forms of life. Thus, 
years ago, ltaulin2 showed that while a minimal trace of zinc (0.07 gram 
to 15(H) c.c. of the medium) favored markedly the growth of aspergillus 
niger, silver in amounts too small to be detected (the mere keeping the

1 This, perhaps, is not an exact statement ; the membranes in question are coarser 
than any simple concentration film; it has, however, been observed that there is a 
pronounced liability for molecules of various orders to become deposited upon such 
films; thus, the eelosarc of the cell and the nuclear membrane may 1m- regarded as 
primarily built up on a concentration film.

* Ann. des Sci. naturelles, Botanique, 1870.
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water to l>e used for growth in a silver jug for a short time) absolutely 
arrested the growth of the same. A similar deleterious effect has been 
noted in connection with forms much higher in the chain of living forms : 
a strip of copper placed in a vessel containing tadpole; leads to arrest 
of activities in two or three hours; while, again, it is a matter of familiar 
knowledge that hydrocyanic acid can arrest enzyme ion, and arrest 
cell and individual life when present in quantities whc!iy dispropor
tionate to its effects as a mere acid. The observations of Rankin, 
carried out in our laboratory at the Royal Victoria Hospital,1 upon the 
influence of metals upon bacterial growth and destruction, lead to the 
conclusion that the liberation of ions of oxygen (“nascent oxygen”) 
through the interaction of the water and the metal in presence of oxygen 
is the effective agent in these deleterious processes. We do but mention 
these to indicate the subtlety of cell activities.

Turning to the more ordinary salts, their existence within the cell, 
or, perhaps more exactly, their dissociation and the building up of 
certain of their ions into the biophores, and the combinations under
gone in the cell sap, are accompanied by important phenomena of 
endosmosis and exosmosis, i. e., alterations in the amounts of fluid of the 
cell brought about by diffusion. Salts of higher concentration within 
the cell tend to pass into the medium of lower concentration without the 
cell, and vice vcrxa, and this process is accompanied by a reverse passage 
of w’ater into and out of the cell, the colloidal cell substance, and more 
particularly the more condensed ectosarc, acting as a semipermeable 
membrane, permitting this interchange of water and soluble salts, while 
at the same time preventing the escape of larger (colloidal) molecules.2 
Nay, more, it is found that in regard to simple salts there is with 
different colloids a marked difference in the rate of escape.

This matter of osmotic change is one of no little significance; it helps 
us to understand why it is that the biophores and the more complex 
protein molecules remain in the cell, and why, on the other hand, smaller 
and partly dissociated proteid molecules for such, as already indicated, 
we must consider them to be—namely, the peptones, pass out or again 
are absorbed with relative ease. The same considerations apply to the 
discharge of the free organic ferments, or enzymes, if our contention be 
correct that these, also, are simple non-polymerized protein molecules. 
There are yet other proteins which apparently are on the borderline. 
Their retention within the cell body is largely dependent upon the state 
of the cell relationship to the external medium. The red corpuscle 
retains its hemoglobin only in fluids having more than a certain osmotic 
pressure. From the red corpuscles of man the hemoglobin is extruded 
at a concentration of or corresponding to that of 0.47 per cent. NaCI;

1 Proc. Roy. Hoc., B., 82:1910:78.
1 Ramsden has shown that solid or highly viscous films are rapidly formed at the 

surface of protein solutions, and probably, as Brailsford Rolicrtson points out, it is 
such a concentration film, rather than the coarser ectosarc, that is the agent mainly 
involved. Ztschr. f. pliys. ('hem., 47:1904:336; B. Robertson, Jour, of Biol. 
Chetn., 4:190.8; 1 ; Hardy, Jour, of Physiol., 24:1899: lf>8.
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of the chicken, of 0.44 per cent.; of the frog, of 0.21 per cent. If the 
osmotic pressure of the medium he less than these amounts, the 
diffusion of salts out of the corpuscle is associated with so extensive a 
passage ’award of water that the eetosarc is ruptured, and now the 
hemoglobin which is one of the simple, crystallizahle proteins under
goes solution in the surrounding fluid, and colors it.

This limit of tonicity at w ' ’ s lose their hemoglobin is,
we may point out, very different from the n .rmal “tone" of the blood 
serum. According to Hamburger’s observations, the serum of man 
and many animals is isotonic with a 0.9 per cent, sodium chloride solu
tion. We employ the term hyperixntonic for solutions having an osmotic 
pressure higher than this; those the osmotic pressure of which is lower, 
as hypisotonic. The blood serum must, therefore, be markedly hypi • 
sotonic to bring about a condition of hcinoylobiiwmia, or passage of 
the hemoglobin out of the corpuscles, purely through reduction of the 
saline constituents of the serum.

We shall have to discuss later how far variations in the saline contents 
of the cell and difference between the percentage of these and the per
centage of saline contents of the surrounding medium determine the 
watery contents of the cell, and are the basis of <edema of the cell, and 
how far, again, considerations of isotonicity helps in explaining general 
<edema. As a general rule, it would seem evident, from what we have 
said, that the greater the passage out of water from the cell and the less 
the amount of contained water, the less must be the amount of ioniza
tion occurring within that cell, the less its metabolic activity, and this 
as a matter of experience we find to be the case; while, on the contrary, 
extreme absorption or osmosis of water must favor dissociation and 
disintegration.

Carbohydrates. Ki " t*e carbohydrates are never found
in association with the nucleus, notwithstanding the existence of a earlio- 
hydratc radical in the nueleoproteins, we may perhaps infer that such 
radical enters the nucleus not as a free carbohydrate but already com
bined, as a glycoprotein. When present in the cell body, they represent 
either material absorbed from the external medium (or lymph) and not yet 
dissociated, or material so absorbed and partly dissociated, or, lastly, mate
rial built up within the cell as the result of cytoplasmic activity; i. e., 
through the cell energy other substances have been dissociated, certain of 
their ions have become seized bv the cytoplasm, while those not so seized 
have interacted between themselves to form carbohydrate molecules. 
This last process occurs notably in the vegetable cell, in the building up 
of the starch granules in the chlorophyll grains. There the chlorophyll, 
under the influence of ? , breaks up carbonic acid, and the carbon
so dissociated enters into combination with oxygen and hydrogen. The 
starch so formed undergoes ultimate cleavage through enzyme action— 
and by hydration is converted into soluble sugars, which, in their turn, 
are dissociated, and the carbon containing molecules, in the nucleated 
cell, are utilized for growth. The botanists have demonstrated clearly 
that these starches can give origin to fats.

69678529
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In the animal cell the direct synthesis of carbohydrates from carbonic 

acid and water, if it occurs at all, " • an unusual event, but, a priori, 
there would seem to be nothing opposed to the view that in the disso
ciation of the protein molecule carbohydrates may be evolved, and, as a 
matter of fact, the continued excretion of sugar by the urine in advanced 
eases of diabetes in which carbohydrate food has been wholly cut off 
can have no other explanation than this, while Lusk’s observations on 
phloridzin dialietes. in which he found a definite relationship between 
the amounts of nitrogen and sugar in the urine, indicate that certain 
protein molecules under certain conditions become split up into a 
nitrogenous and a carbohydrate moiety. It seems, however, equally 
clear that the carbohydrates found in the cell are, in the main, 
from the food assimilated ; and, further, that they are rapidly “burned” 
or dissociated to provide energy, unless they are by them converted into 
storage compounds within the cell, into the more insoluble glycogen, 
into a form, that is, allied to the starches. This storage occurs partir i- 
larly in certain cells, notably in the liver and the muscle and (in patho
logical states) the leukocytes. We see, in short, that the carbohydrates 
of the food undergo a remarkable series of alternate conversions into 
soluble and insoluble forms. In order to be absorbed they must be in 
a soluble state, and so we find that the starches are acted upon by extra
cellular enzymes—by the pfyolin, which converts them into the sugar 
(maltose), and by the amylopsin of the pancreatic juice, which is even 
more active, although, as Ilerter points out, it is doubtful whether by 
either process there is complete conversion into dextrose or glucose, 
the form in which the sugar is eventually utilized within the organism. 
This conversion is held to take place in the cells of the intestine, and 
from these the glucose is passed into the portal blood. From this it is 
taken up, particularly by the liver cells, in which, if not broken up and 
utilized in metabolism, with the coincident production of heat, it is 
stored up, becoming for this purpose acted upon by an intracellular 
ferment and converted into the more insoluble glycogen. Here, it 
would seem, it remains until the amount of glucose in the blood <•• di
lating through the liver falls below a certain percentage; when this 
happens the altered relationship between cell ami surrounding medium 
favors a reversal of the enzyme action, and now the glycogen is recon
verted into glucose and diffuses out. The loss of glucose from the 
systemic blood is evidently, in the main, due to absorption by the muscle 
cells.

F. S. lice' has proved clearly that these utilize „ s in
their activity, that deprived of carbohydrates by phloridzin poisoning 
they pass into a state of fatigue, from which they recover rapidly when 
carbohydrates are given in the food. In the resting muscle, as in the 
liver, the soluble carbohydrates are converted into, and stored up as 
glycogen. With activity, this glycogen is broken down and disappears, 
an important cleavage product being lactic acid.

Aiiut. Jour. Physiol., 1: 1900:9,
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It is clear from the above that in the animal cell the carbohydrates 
are characteristically metabolites in the broadest sense; they are taken 
up, dissociated into simple compounds, combined .nto more compli
cated bodies under the influence of the cell substance. Where energy 
is needed it is obtained from their dissociation ; where there is excess 
energy it is stored up within the cell in the form of the built-up, more 
insoluble glycogen molecules.

Fatty Compounds ( Lipoids ) and Alcohols.1 These form another 
important group of metaIndites—of substances appearing in the cell 
and utilized by it. We are at the present time uncertain how to desig
nate them. Neither from a gross physical nor from a histologieai- 
microchemical point of view is it possible to give a clear classification. 
Under the term “lipoid” it has of late years become the custom to 
include those bodies which resemble each other in being dissolved (like 
ordinary fats) in ether, alcohol, benzene, chloroform, and carbon bisul
phide ( Hang2), although Overton, who introduced the term, employed 
it conversely to designate those bodies which dissolve narcotics. He 
based the theory of narcosis on the absorption and solution of narcotic 
substances by the intracellular fatty substances. Hither definition 
includes substances like eholesterin, which, although constantly fourni 
in association with fatty compounds, do not themselves possess a fatty 
moiety. The study of these bodies has been carried forward with great 
activity during the last few years; rapidly they have assumed a high 
importance in the consideration of cellular biology, in metabolism, as 
also in connection with immunity, so that some workers in their enthu
siasm assign to them a place in the cell economy almost if not quite 
equal to that of the proteins. The following classification is modified 
from that given by Bang:

I. Substances Containing Neither Phosphorus Nor Nitrogen.
1. Fatty Acids, Neutral Fats (glycerin-fatty acid esters), and

Soaps (simple salts of fatty acids).
2. Cholesterines and Phytosterines present, either free or as

esters of the fatty acids.
II. Nitrogen and Phosphorus-containing Lipoids Phosphatides.

1. Mono-amido-phosphatide or Lecithin (a glycerin phosphoric
acid ester of two fatty acids plus choVn; one of the 
fatty acids is saturated, the other not). Associated with 
this are possibly to be included a compound of lecithin with 
carbohydrate (jerorin t from autolyzed organs), and with 
protein (lecithalbumin ?)

2. Mono-amido-diphosphatide, r. </., kephalin, from the brain
substance, having two fatty acids, one unsaturated ( kepi in lie 
acid), and two bases, one being cholin. Other lecithin-like 
bodies having an acid reaction are here included.

1 For our treatment of this section we are largely indebted to Professor Aschoff’s 
full and suggestive paper, Ziegler's Beitr. /,. path. Anat., 47: 1909: 1.

* Biochemie tier ZeUlt/unde, Krgebnisse <|. Physiol., 0: 1907, and «X: 1009; ul«> 
F.rgeb. d. inner Med. u. Kinderheilk, 3: 1909:417.



3. Diamido-monophosphatide, c. g., sphingomyelin, the most
important constituent of the so-called protagon of brain 
substance.

4. Triamidophosphatide, found by Fraenkel in the kidney.
III. Nitrogen-containing, Phosphorus-free Bodies.

1. Here are included the cerebrosides, resembling glucosides in
composition, and all containing galactose. Among these 
are phrenosin and kerasin, both constituents of brain “pro
tagon,” and

2. The mono-amino fatty acids, or lipoproteins, recently synthe
sized by Bondi.

IV. Bodies of Fatty Nature Not as Yet Analyzed, r. </.:
Lipochromes and certain Antigens.

Fats, Fatty Acids, and Soaps. Just as the carbohydrates are stored 
in the cell, as starch or glycogen, so we find certain cells containing 
stores of fatty substances in the form of insoluble neutral fats, and we 
recognize a curiously parallel series of processes in connection with the 
metamorphoses that these undergo. We recognize, that is, that their 
presence is governed by the action of intracellular enzymes—lipases. 
These neutral fats are triglycerides of the fatty acids— combinations of 
a triatomie alcohol (an alcohol containing three hydroxyl groups <'3II5 
(OH),, with one of the fatty acids, the fatty acid replacing the hydroxyl 
groups. The three most important of these are stearin (tristearin), 
'W’.JtîAX I'iih'i'tin, C3IIS(C,„H,and olein, C,H,(C„H110,)r 
Other fats occur in the economy, but more rarely. Thus, in milk, 
butyric and caproic acids and their glycerides are to be differentiated, 
and in the liver loathes has demonstrated the existence of glycerides 
of higher unsaturated fatty acids of the linoleic acid series. It will be 
seen from their formula* that these neutral fats contain “a ha’p’orth” 
of oxygen to an “intolerable quantity” of carbon; in other words, that 
their dissociation and combination with absorbed oxygen is capable of 
setting free a relatively enormous amount of energy. Hence their value 
to the cell. How, it must l>e asked, are they acquired?

While we must admit that the glycerin moiety may la* in part derived 
from carbohydrate dissociation, and that from the same source, if not 
also from the amino-acids, the higher fatty acids may undergo a process 
of synthesis, undoubtedly the preponderating source is from the neutral 
fats of the food. Vegetable oils, it is true, contain fair amounts of free 
fatty acids, but these are little employed for food purposes. But at 
most we have obscure indications of how this fat becomes worked up 
in the intestine; how it is absorbed by the intestinal mucosa; in what 
form it is transported and built into the neutral fats found in the body 
cells.

We know that the fats of the food are emulsified by the action of the 
varions digestive juices; that free fatty acids are to some extent split off; 
that soaps are formed, and glycerin liberated. But only a part of the 
neutral fats are thus affected. We have evidence from Heidenhain’s 
observations of a certain amount of phagocytic absorption of fat drop-
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lets by the cells of the intestinal epithelium, and by wandering leukocytes, 
but this, again, is not adequate to explain everything. Are the free fatty 
acids also absorbed, and that in the form of soaps, or are they taken up 
as colloidal solutions by the cell substance? These are still matters of 
discussion. There are indications that in the intestinal wall the fatty 
acids are reconverted into neutral fats, for as such, upon feeding with 
fatty acids, they are found in the thoracic duct, although, as Aschoff 
points out, this conversion might take place in the intestinal canal prior 
to absorption. In the next place, the condition of the fat in the blood 
is still a matter of open debate. In diabetes and other conditions the 
fat may be present in the form of an emulsion ; but is this a normal 
state ? Certainly the studies of Arnold1 and Fischler,2 3 4 * * * in which cells 
placed in soap solutions showed the intracellular formation of fine fatty 
granules, show that fat may be taken up by the cells in other than a 
corpuscular form, even if it be converted into a corpuscular form within 
the cell.

As regards fatty acids, these are found in the cell as crystals, but only 
in degenerative or necrotic conditions, as in pancreatic fat necrosis (see 
Part III, Chap. XXXII), in necrotic areas of the lungs, and in degener
ating tumor cells, although they are normally present in fecal matter. 
As regards soaps, it would seem that at times they may be present and 
mistaken for fatty acids, their reaction with Sudan III being somewhat 
similar. The studies of Dr. Klotz,8 in our laboratory, have more particu
larly indicated that sodium and potassium soaps may be present in 
recognizable amounts in degenerative states, and that what has been 
known as the large white fatty kidney is, in some instances at least, the 
large soapy kidney. Insoluble calcium soaps have been demonstrated 
in areas of old fat necrosis of the pancreas, in the atheromatous 
aorta, and other areas in which calcification is proceeding, and, 
according to Klotz, these bodies form a necessary phase in the process 
of calcification. To these observations we shall refer when discussing 
that process.

Cholesterin.1 -Cholesterin, C„H46(), is, on the one hand, a monatomic 
unsaturated alcohol ; on the other, a complex terpene; and in constitu-

1 Viroh. Arch.. 171: 1903: 197; Munchener med. Woch., 1903: No. 43; and Anal.. 
Hof to 24: 1904: 3S9.

1 Viroh. A roll., 174: 1903: 338.
3 Jour, of Mod. Res., 20: 1909: 27. Winduus has confirmed the isolation of u sodium 

soap from the kidney. (See Aschoff, loo. oit.)
4 It is the fashion now on the part of certain chemists to speak of this as choles

terol. The law deserves to lie laid down that when a name has been in use for fifty
years, and has become familiar not merely to experts in one particular department,
but. to all interested in several branches of science, so that there can be no
mistake regarding what is meant by it, no attempt to alter it so as to make it fall 
in line with some newer and jxissibly transient code, shall lie countenanced. This 
applies to the names of species of animals and plants as well as to those of chemical 
substances. An absolutely unnecessary confusion has been developed by the recent 
changes in the names of the commoner intestinal worms by the lack of common 
sense on the part of certain purists.
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lion is wholly unlike the proteins, carbohydrates, and fats.1 This 
notwithstanding it is almost a primary constituent of the cell, being 
found in greater or less amounts in all the tissues of the animal body 
(as was shown by F. W. Beneke, in the early sixties), and being repre
sented among plants by the closely related phyfoster ins. Saturated com
binations, possessing two molecules of hydrogen, are found in certain 
excretions isocholesterin in the skin and hair fats (lanolin), and cnpro
sier in in the intestinal contents, the latter evidently derived from biliary 
cholesterin. Fart of the biliary cholesterin, like the bile pigment, is 
reabsorbed, part discharged as coprosterin. According to Windaus, 
cholesterin forms as much as 15 per cent, of the dried corpus callosum, 
2.5 per cent, of the whole brain tissue (dried), 5.9 per cent, of dried 
human liver, 0.5 |>er cent, of dried muscle. Ordinarily, it is not to be 
recognized in the tissue cells or in the excretions, but under certain 
degenerative and necrotic conditions its characteristic rhomboid plates, 
with a corner “bitten out,” are present in abundance in atheromatous 
areas of the aorta, for example, in gallstones, in certain tumors under
going simple necrosis, in certain old cases of inflammation of the tunica 
vaginalis of the testis with hydrocele, and of hydrops cyst id is felleæ, or 
obliteration of the cystic duct with distension of the gall-bladder. And 
as it is chemically a somewhat inert substance, the question has arisen 
as to the conditions under which it ordinarily exists in the tissues. Is 
it merely dissolved in the fats, soaps, or s of the cell, or does
it, as Moore holds, enter into loose combination with the fats, the fats 
taking the place of “ water of crystallization,” such combinations having 
the power, in addition, of taking up relatively large quantities of water 
and assuming a colloid state; or, lastly, is it mainly present as firmer 
combinations with the fatty acids as cholesterin esters ? Moore and 
White have thrown doubt upon the presence in the organism of the 
latter compounds; Rosenheim and Windaus have definitely demon
strated their presence. Hurthle also has demonstrated the existence of 
cholesterin esters in normal blood. Increased interest has been taken 
in this subject since the existence of myelin droplets has been recorded 
in a large number of conditions—droplets which under the ordinary lens 
are indistinguishable from fatty globules, but between the Nicolls’ 
prisms are seen to lie doubly refractive. As shown by Adami and 
Aschoff,2 this doubly refractive quality indicates that they are of crystal
line constitution—the “fluid crystals” of Lehmann. Cholesterin itself 
cannot assume the fluid crystal phase, and as Aschoff brings forward 
abundant evidence that in the main the doubly refractive myelin bodies 
contain cholesterin, the very fact of the crystalline constitution of these 
bodies indicates that they represent a compound rather than a mere 
solution or loose association between cholesterin and fats. It should be

1 For a very full study of its constitution and properties, see Moore, Manchester 
Med. Chron , 47: 1907: 204.

7Proc. Hoy. Soc., B., 78: 1900: 359. Sec also Adami, Jour. Amer. Med., Assoc,, 
48: 190: 463.
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added that another group of myelin bodies, seen in autolysis, exhibits 
no double refraction.

The widespread diffusion of the cholvsterins in living matter suggests 
that they are of considerable importance to the economy. It must be 
confessed, however, that we know little regarding these functions, save 
that, combined with other lipoids, they promote the absorption of large 
amounts of fluid, and the assumption by those lipoids of a diffused 
rather than a globular discrete state. They are. signs also that they 
play some part in the resistance of the organism to infectious disorders; 
that, whereas the phosphatides play the part of activators to cytolytic 
enzymes cholesterin plays that of a protective substance.

The Phosphatides. Only slowly are we unravelling the' confusion 
that has reigned regarding the protayon which Liebreich ( 18(15) regarded 
as the main constituent of nervous matter, and the lecithins. Although 
there are those who, like ( ramgee, and Wilson and ('ramer1 * have valiantly 
upheld the chemical existence of protagon, the tendency is now to accept 
the conclusion of Rosenheim and Tebb,3 and of Posner and (lies,3 that 
this is truly a mixture of phosphorus-containing and phosphorus-free 
bodies, more particularly of sphingomyelin, as representing the former 
group, and of phrenosin, representing the latter. Similar confusion has 
reigned regarding lecithin, owing to the difficulty in gaining it in a pu re
state free from cholesterin. For the sake of clear conception it would be 
better to banish both terms and speak of phosphatides and eerebrosides.

These phosphatides, as already indicated, are very widely distributed 
through the body; they are a most important constituent of the nervous 
tissue, form a constant and considerable constituent of the erythrocyte; 
are to be obtained in abundance from egg yolk, and are a notable con
stituent of the adrenal. Chemically, their significance is their nature 
as compounds of amino-acids with fatty acids and one or more nitro
genous bases; physically, they are characteristically colloidal, and have 
the capacity of absorbing large amounts of water, of dissolving other 
colloids, and thus acting as carriers for fats, cholesterin, and other cell 
constituents. By Albrecht and others they have been regarded as playing 
an active part in the phenomenon of agglutination of the red corpuscles 
into rouleaux; Preston Keyes and others have indicated that they are of 
signal importance in the neutralization of toxins and the production of 
immunity, acting as complement (see “Immunity”). Overton has de
termined that those substances which are able to penetrate into the living 
cell have in common the property of being soluble in phosphatides (lecithin 
and protagon) and cholesterin, and he and Albrecht have independently 
suggested that by peripheral concentration these phosphatides constitute 
the semipermeahle cell membrane, although, as we have pointed out, 
Brailsford Robertson demands a concentrated protein membrane, with 
underlying lipoids. Koeppe, Peskind,4 and others conclude that the 
hemolytic activity of substances such as chloroform, ether, bile salts, 
çtc., probably depends upon their being solvents of lecithin.

1 Quart. Jour. Kxp. Physiol., 1: 1908: 101 and 102: 1909: 91.
1 Jour, of Physiol., 37: 1908: 34, and (juurt. .lour. Kxp. Physiol., 1: 1908:300.
* Jour. Biol. Chem., 1: 1905: 59. « Pfltiger's Arch., 99:1903:33.
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Cerebrosides. We know less regarding these, save that phrenosiu and 
kerasin are constant constituents of nerve matter. It is possible that 
they are constituents of the myelin bodies seen in autolysis.

Lipoproteins. As regards the other group of protein-free nitrogenous 
bodies, the lipoproteins, whose existence is indicated by Bondi's syn
thesis of amino-acids with fatty acids, the study of autolysis has opened 
up a fertile field of conjecture. It is a commonly known fact that tissues 
which, like the kidney, may afford on section not a sign of fat upon 
histological examination with Sudan III and other fat-staining dyes, 
will, nevertheless, by thorough prolonged extraction, as by the method 
of Dormeyer, yield eventually a considerable percentage. Indeed, as 
much as 17.9 per cent, of the dry substance of the normal kidney has 
been found to consist of fats. The indications are that this fat is shielded, 
i. e., is in loose combination, under which it fails to give microchemical 
reactions and is not liberated by the simpler solvents. As pointed out 
by Hildesheim and Leathes,1 after autolysis or self-digestion of pieces of 
liver tissue under sterile conditions, these simpler methods give a definite 
increase in the percentage of fatty acids. This process of autolysis is 
brought about by the postmortem action of the enzymes present in the 
liver and other organs. When, now, Bondi and Fraenkel2 demonstrate 
that the lipoproteins which they synthesized are unacted upon by 
trypsin or pepsin, but are dissociated by the ferments of the liver and 
kidney, it is at least suggestive that there exist in the cell compounds of 
fatty acids and proteins such as, from other considerations, have been 
postulated by Quincke, Klotz, (lies, and others. But it is deserving 
of note that the proteins themselves are compounds of amino-acids, 
that is, of animated fatty acids; that the phosphatides, again, like the 
nucleins, are compounds of animated fatty acids with much phosphorus; 
that, in short, we are dealing with bodies which show certain marked 
relationships one to the other, relationships which we may with confi
dence expect to find elucidated in the not distant future.

Lipochromes. Pigmented intracellular granules or globules, giving 
more or less perfect microchemical tests for lipoid bodies, are usually 
present in such small quantity that it is impossible to isolate and analyze 
them. We, therefore, are ignorant of their exact constitution. Such 
bodies are found in the lutein cells of the corpora lutea, in the cardiac 
muscle fibres in brown atrophy, in senile nerve ganglion cells, in the 
cells of the vesiculæ séminales, testes, and epididymis, and in the liver 
cells in conditions of atrophy. There are some indications that fatty 
granules are laid down first, which later take up pigment. But evidently 
we deal with bodies of more than one nature, for some (like the pigment 
granules in heart and liver cells) are stained bv Sudan III; others give 
(although weakly) the bluish color with sulphuric acid characteristic 
of plant lipochromes and the bluish-green color with iodine-potassium 
iodide solution. Regarding the lipoid bodies which have been found to 
act as (debatable) ûntiynes we shall have something to say later when 
discussing the Wassermann reaction.

1 See Leathes, Lancet, London, 1909: i: Keb. 27.
2 Hiuchem. Zeitech., 17:1909, p. 555.
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CHAPTER VIL

GROWTH RESERVE FORGE -STATES OF CELL ACTIVITY.

GROWTH OF THE CELL.

If, as has been indicated, we leave it an open question whether 
growth is to he regarded as an essential attribute of living matter; 
whether, that is, we can still, or cannot, regard certain forms of matter 
as living which do not in themselves possess the power of growth, this, 
nevertheless, evident, that the cell as a whole, manifests the capacity 
to grow, and, studying the cell as a unit, growth must be regarded as 
an essential and primary attribute. And this being so, it is necessary to 
inquire more closely into the nature of the process, more particularly 
because we shall find that a correct appreciation of what is included 
in growth is all-important for a fuller understanding of certain most 
important and widespread pathological processes, notably tumor forma
tion or neoplasia—processes in which, before everything, we encounter 
disturbances of this fundamental property of growth. Only a little less 
important in this connection are the processes of repair and regeneration.

Whatever our conception of the exact nature of living matter, the 
idea—and the facts—of growth demand an increase in the amount of 
living matter; whatever our conception of the biophore, or ultimate 
molecule of living matter, in the process of growth two biophores must 
develop where previously there was only one. How is this brought 
about ? The general idea we have gained of the constitution of the 
protein molecule here comes to our aid ; that molecule, we recognize, 
is polymeric- -formed of a recurrence of simpler molecules, which 
become attached one to the other in series. In bodies, therefore, of a 
proteid nature growth must be dependent primarily upon conditions 
which favor the building up of the simpler molecules. Once these are 
formed, their inherent nature and constitution, and their surroundings, 
must be such as to lead them to combine in series. In this process there 
must (a) be eventually reached a point at which the series is complete, 
and the biophore, as such, becomes an integral whole ; but (b) with the 
completion the biophore cannot be a satisfied compound molecule. 
All our data regarding metabolism show that this is far from being the 
case; the constituent primary molecules must possess affinities to be 
satisfied, and what happens in growth is that these are satisfied by the 
building up and attachment of other primary molecules which, in their 
turn, attract other molecules of like order; and so there is gradually 
built up a lateral compound molecule which, in its turn, becomes com-
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plete, whereby now two biophores are present where previously there 
was only one.1

We van best visualize this process by regarding the complete biophore 
as a ring, or, more exactly, a ring of lings, each constituent being con
structed after the type of the benzole ring. It is not essential to conceive 
each primary ring (proteid molecule) as identical, although for diagram
matic purposes we so represent them. And that the biophore is actually 
built up in ring fashion we do not pretend to lay down categorically;

of growth, i. e., formation of new hiophoric molecules. A xiile-cliuiii of the 
(dark shaded) ring has built upon it a like series of (light shaded) nuclei.

but such ring formation best fulfils the requirements of the ease, namelv, 
that the polymerization of the primary molecules is determinate, leading 
to the formation of larger units.2 To represent the primary molecules 
as arranged in linear series would fail to indicate rati " the need for 
the series to combine or break up into these larger units or the inevita
bility of this process (Fig. 2D).

Such a conception of the building np of new biophores may seem at 
first sight to assume a selective capacity on the part of the preexisting

1 In nn interesting and valuable criticism of the first edition of this work 
Dr. ('. P. White (Med. Chron., Manchester, June, 1909) takes objection to this 
conception of growth, doubting whether it is in accordance with “biological 
principles,” and laying down that "all living units grow by intercalation and 
divide by fission.” This I know is the ordinary routine statement, but I have 
never been able to in the least comprehend it or to understand how new living 
matter is formed by “intercalation.” The statement is in my opinion meaning
less, t. e., inconceivable, and it has been in the endeavor to form a rational con
ception of what growth really means that I have arrived at the above conclusions 
as to the essential nature of growth.

2 The use of the term -rization is here convenient, but possibly, from a
chemical standpoint, not accurate. Your true polymer is formed of a series of 
nuclei of like constitution; our conception is more that we have here to deal with 
repetitions of series of nuclei of unlike constitution.

1
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biophores and their affinities, which is unknown in inorganic nature. 
A little thought will show that this is not so. All that is demanded is 
the action of the same laws as govern crystallization. In a mixed solu
tion of salts and colloids, for example, provided the concentration of the 
sodium and chlorine ions exceeds a certain degree, we know that these 
ions combine to form sodium chloride; and if, again, the concentration 
of the sodium chloride similarly exceeds a certain degree, its molecules 
combine to form solid crystals, independently (to a very large extent) 
of the other salts and ions in solution; just these particular molecules 
of NaCl are attracted one to the other, and so in this mixed solution of 
various salts there are built up the specific crystals of sodium chloride. 
We might have chosen for an illustration some salt of more complicated 
constitution, but this simplest t is adequate for our purpose.
What is demanded in growth and multiplication of the biophores is a 
like attraction of ions and molecules, a like assumption by those ions 
and molecules of precise relationship the one to the other that we see in 
the process of crystallization.

Accepting this as a working scheme of the constitution of the biophore, 
it would demand too elaborate a discussion, and one perhaps somewhat 
out of place, to lay down the apparent stages in the process whereby the 
complete cell with its nucleus, cytoplasm, and excreted enzymes has 
become evolved. All we would say here is that if we accept reversible 
enzyme action as a primordial function of living matter, we can then 
figure the various steps in the evolution of the cell from a mass of undif
ferentiated bioplasm. We reach, however, the following conclusions:

1. That the fundamental cell material is formed of complete biophores, 
and these alone have the capacity to reproduce themselves and so initiate 
growth.

2. These biophores, we must assume, at the beginning were able 
directly to assimilate and build up into primary protein molecules 
material presenting itself in the surrounding medium, and these again 
gave origin to new biophores; but with the evolution of the more com
plex biophoric molecule the stage was attained at which newly formed 
(compound) biophoric molecules could not act directly upon the sur
rounding medium, but required the intermediation of primary molecules 
of proteid type constituting a surrounding ej

•Î. In the completely developed cell the first stages of assimilation are 
accomplished bv these subsidiary cytoplasmic molecules; the material 
is taken up by them in the form of side-chains, and these act as carriers 
or “enzymes” for the biophores, which, in their turn (a) still further 
dissociate the matter so presented to them, thereby liberating energy 
(p. 86); (b) build up that matter into primary protein molecules, 
which are returned to the cytoplasm, and so bring about cytoplasmic 
growth; (c) build it up into or govern the formation of the constituent 
molecules of new biophores. In other words, the nuclear material must 
be regarded as initiating and eonti • growth both of the nucleus
and the cytoplasm. The above conception, it will be seen upon con
sideration, is the only one possible and consonant with the facts known 
to us, unless we accept a primary duality of living matter.

A9D
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It may seem to the reader that in discussing these matters we pass into 
the region of transcendentalism. But if we recognize so fully as we do 
the constant differentiation of the cell into nucleus and cytoplasm, and 
if, further, we have Before us a series of facts hearing upon the relative 
activities of those two constituents, we surely are hound to ask what is the 
intimate meaning of this differentiation, and how we can best harmonize 
these facts and bring them into line. While it is true that our pathology 
is cellular, and that we take the cell as our unit, to understand (In
activities, and the disturbances in the activities of the cell, we must form 
for ourselves some working scheme which shall take into account the 
indications afforded by the cell structure. With the accumulation of 
new facts it is possible that the views here enunciated may have to be 
considerably modified. For that we are fully prepared. In the mean
time the facts already possessed appear to us to give a satisfactory inter
pretation only along the lines here suggested. And this conception of 
the essential nature of the cell must be the basis of our subsequent treat
ment of our subject.

The Relationship between Growth and the Other Cell Activities.
Before proceeding farther it will be well to say a few words regarding 

cell dynamics, and this in order that we may realize the relationship 
between growth and the other activities of the cell.

It is clear, in the first place, that, speaking broadly, in the perform
ance of function the cell is to be. regarded as a machine for the evolu
tion of energy. Motion, for example, demands the liberation of energy; 
secretion and the discharge of various formed substances from the cell 
indicate similarly a loss of material, or, in other words, a discharge of 
potential energy from the cell ; in the so-called warm-blooded animals 
the increase in temperature of the organism as a whole above that of 
its surroundings necessitates that individual cells liberate energy in tin- 
form of heat; the nerve cell liberates energy akin to electricity. On 
the other hand, growth and the accumulation of new molecules of 
living matter demand not the evolution, but the storage, of energy. 
Kach complicated molecule of proteid type represents a relatively great 
store of potential energy. Speaking broadly, therefore, growth and the 
performance of other functions by the cell are widely contrasted. Both 
demand that energy be previously acquired by the cell, but in the one 
ease this is stored up, in the other it is dissipated. It is useful, with 
Weigert, to speak of these two contrasted phases of cell activity as 
bioplastic and katabiotic, respectively.

Looking more closely into the matter, we recognize that in the cell, 
in general, the necessary energy is acquired through the assimilated 
foodstuffs. These main foodstuffs the proteins, carbohydrates, and 
fats—even in the soluble, assimilable state, are complex carbon- 
eon taming bodies, which, when decomposed and burnt up outside the 
body, yield relatively abundant energy. The excreta of the organism 
—i. e., of its component cells—the carbonic acid, water, urea, etc., as 
a class, have exactly the opposite characteristics; they are relatively 
simple in constitution, are dissociated with difficulty, and yield little 
energy in the process. In the breaking down of the foodstuffs bv the
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cell il follows that much energy is acquired by the cell, and this energy 
is utilized either in the performance of function or in growth.

These considerations are apt to lead the physiological student to 
conceive that energy is evolved in the dissociation of matter. Para
doxically, the reverse is the case. In the act of dissociation energy is 
used up and becomes potential; it is in the act of combination that 
energy is liberated. The explanation of the paradox is that the ulti
mate result has to be taken into account. In the dissociation of the 
molecules of the foodstuffs there is a primary loss of energy. But these 
foodstuffs are unstable, their elements loosely combined, and when in 
dissociation their ions become freed they combine among themselves 
or with other free ions to form more stable compounds, and in this 
combination of ions haring greater affinities it is that an amount of energy 
is e rot red, much greater than that set up in the primary art of dissociation. 
When the candle burns it is not the dissociation of its wax that causes 
the light and the heat ; it is the combination of the dissociated carbon 
with the free oxygen of the air that is the cause. Heat and energy, in 
fact, are used up in the dissociation of the wax, but its carbon being 
relatively lightly combined, the loss is small compared with the evolu
tion that occurs in the combination of the carbon and oxygen to form 
C( ),. Similarly, energy is required to bring about the dissociation of the 
cell molecules, and similarly, also, it is the oxygen absorbed that is the 
great source of cell energy—combining with liberated carbon ions to 
form COa, with hydroxyl ions to form II2( ). It is these ultimate com
binations that are the great source of energy.

In short, the biophores and protein molecules in general are not to be 
compared with simple salts, but with such highly unstable bodies as 
nitroglycerin. It is a matter of familiar knowledge that dissociation 
of the molecules of this compound may be brought about by very slight 
stimuli—as by sharp vibration—and that the dissociation is accom
panied not In a loss of energy, but by a rapid and abundant evolution 
of the same—by an explosion- with the production of light and heat, 
this being brought about by a reconstruction of the ions of (),(', II, ami 
N into simpler, more stable compounds.

It is thus that dissociation of the cell molecules leads to liberation of 
energy, and that growth and the building up of the complex biophores 
represents, on the whole, a using up of energy, i. e., a conversion of 
kinetic into potential energy. Or, in other words, the energy provided 
by the assimilated food may be:

(«) Dissipated in the performance of function (katabiotic).
(b) Stored up in the formation of the complex molecules of the cell 

substance, i. e., in growth (bioplastic).
Growth and the performance of function other than growth (which 

in succeeding paragraphs we shall refer to briefly as the “ performance 
of function ”) are two contrasted states of cell activity.

It must next be asked, If contrasted, can they proceed simultane
ously in the cell ? Can the cell simultaneously perform function and 
grow? All, it will be seen, depends upon the rate of assimilation of 
food and energy compared with the grade of functional activity of



GROWTH VERSUS FUNCTION 103

tin* evil. And here we require another distinction lietween the two 
processes now under discussion. The conditions which, for general 
purposes, we group together as functional are all the responses, or the 
preparations for responses, to external stimuli; it is the external stimuli 
that call them into activity, whether directly or through the intermedia
tion of the nervous system. Growth, on the other hand, is an inherent 
property of living matter, and depends primarily upon intracellular 
conditions. If abundant food be presented to and assimilated by tiie 
cell, and if at the same time the cell la* highly stimulated, all the energy 
so acquired may In- utilized in the performance of function, and no 
growth may ensue. If the stimulation be still more intense, not only 
will all the foodstuffs be broken up to afford the requisite energy, but 
also the living cell substance will undergo dissociation in order to supply 
the energy needed. If, again, the external medium provides little fmal 
material, and the cell is called upon to perform work, then also, to 
afford the requisite energy, the molecules of cell substance proper 
must undergo disintegration. We have to recognize, however, that there 
is a certain stage, or grade, of adequate assimilation coupled with stimu
lation from without of medium intensity, in which the dissociation of 
the foodstuffs provides more energy than the cell is called upon to 
dissipate, and it is at this stage that the energy may be rendered
potential in the process of growth. We ran, that is, rnuceire growth 
and the performance of function aft occurring />ari pa ft ft u, and, what is 
more, tin's conception harmonizes with experience—that whereas 
excessive muscular activity results in exhaustion and shrinkage of a 
muscle, a moderate grade of muscular activity, if persevered in, and if 
accompanied by adequate nutrition, leads to the growth and enlarge
ment of the individual fibres.

Indeed, while we recognize that growth is inherent and the |H*rform- 
ance of function a response to external conditions, we have at the 
same time to admit a certain relationship and interdependence of the 
two processes. To take again the ease of muscle, it is a familiar fact 
that abundant food, unaccompanied by exercise, does not lead to mus
cular overgrowth, but rather to the reverse. A certain grade of 
functional activity appears to Ik- essential, not merely for the maintenance 
of the Hiatus guo of the cell, but for its growth. When, however, we look 
more closely into the matter, we encounter difficulties which prevent 
us from making any more precise statements, for there are certain 
apparent exceptions. In the embryo, for example, growth is at its 
maximum, function at a minimum; throughout adult life, after a 
certain stage has been reached, the reverse may be said to ' n; by 
steady exercise the muscles may be brought to a certain bulk, but further 
exercise leads to no further increase; there is a maximum size induced 
by the due performance of function, and this cannot be exceeded. And, 
thirdly, as we shall see in studying tumors, at all life periods there are 
cells in the body which may take on excessive growth, and this, so far 
as we can determine, irrespective of functional activity. Only within 
certain narrow limits does this relationship obtain. We may say that 
the normal cell of the adolescent and adult individual exhibits a rein-

4

15



104 GROWTH-RESERVE FORCE- STATES OF CELE ACTIVITY

tionship between growth and function, but that under certain conditions 
growth is largely irrespective of function. What these conditions are 
we must attempt to determine.

Active assimilation and active growth with little apparent functional 
activity, characterize the embryonic and fœtal stages of existence. The 
more the cells become diiferentiated and recognizable as the specific 
constituents of the different organs the less capacity they exhibit 'for 
growth and the more their katabiotic activity.

Accumulation of energy, in short, characterizes the growing stage of 
the individual and of the growing cell, and we may regard this storage 
as continuing until the volume of the cell—and of the individual 
reaches the point beyond which further increase in mass becomes not 
merely uneconomical, but actually harmful to the system. To repeat, 
we have to recognize that there is a definite relationship between surface 
area and mass, and that when the mass of a cell exceeds a certain point 
its surface area, proportionately to the unit of mass, decreases at a rapid 
rate, and both assimilation and discharge are hindered. When this 
point is reached there are the alternatives: either of cell division (by 
which there is a rapid increase in surface area relative to mass), or of 
diminution of the mass through the performance of function; or, in 
other words, through dissociation of some of the cell substance and 
liberation of energy. The first of these methods obtains more particu
larly so long as the system as a whole (the individual) is below what we 
may express as the economical ratio between its mass and surface area 
relatively to external medium and environment; the second becomes 
more and more marked as this ratio is approached.

Carrying this chain of reasoning to its logical conclusion, it will be 
seen that the size of the adult individual of any species is a function 
of the constitution of its hiophores; is the expression of the optimum 
economy of interaction between those hiophores and the external medium, 
(irowtli of cell and individual continues until this optimum is reached. 
Function— katabiosis with the liberation of kinetic energy is the means 
whereby the optimum is maintained.

But what is more, in the developed cell there must be a constant 
alternation between these two. So soon as the cell performs function, 
be it glandular and excretory, or motor, or what not, it liberates energy, 
and this it can only do by a dissociative process; in other words, by 
the disintegration of the cell substance. Thereby the cell falls below 
the limit of optimum efficiency, and here, again, it is in the position to 
take to itself new matter and grow ; or, as Wcigert1 expresses it, “ the 
katabiotic use of material in function removes the obstruction to growth.”

The most highly differentiated of all tells, namely, the neurons, once 
they have attained to full development and differentiation, almost cease 
growing, save for diurnal variations in size and the making up of loss 
brought about by the performance of function; neither do they multiply, 
remaining fully differentiated and active throughout the whole period 
of existence of the normal organism. Cell differentiation, in short,

1 Deut. mod. Work., 189(1:035.
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manifesting itself mainly as cytoplasmic change, neces.siti.tes a modified 
metabolism. It may well lie that the formation of more complex 
cytoplasmic molecules in itself is a hindrance to the formation of new 
biopnores; that these cytoplasmic molecules have to he dissociated 
into molecules of a simpler type before their material can be utilized 
in the formation of the biophores. We shall have to revert to these 
matters in discussing the subject of cell multiplication.

PHYSIOLOGICAL INERTIA AND HABIT.

A factor of considerable importance in determining whether a given 
cell employs its acquired energy for growth or for the performance of 
function is clearly what Fraser Harris1 has termed the “physiological 
inertia" of living matter. When a resting muscle is stimulated it does 
not immediately pass from the inert to the actively contracting state. 
There is, as is well known, a definite latent period before it responds to the 
stimulus, (’ontrariwi.se, when a gland cell is stimulated, it continues 
to secrete after the stimulus has been withdrawn. The cell acquires 
momentum, resembling the wheel set spinning, which continues to 
rotate after the hand has been withdrawn. Many other examples 
might be adduced showing that the inertia of the cell leads it to continue 
in the same state, whether of rest or of activity, after the conditions have 
changed. Prior to Harris, Weigert2 had called attention to the same 
property of living matter, although, perhaps, in not such clear terms. And 
Ehrlich, basing himself on Weigert, makes this the basis of his theory 
of immunity. In fact, as we shall have occasion to point out, it affords 
the basis of our comprehension of all cases of individualad aptation.

For this physiological inertia is the starting point of what may be 
termed “habit.” A cell stimulated to perform a certain act does not 
merely continue to perform that act for some little period after the 
stimulus has ceased, but, what is more, on a second occasion a slighter

1 Brit. Med. Jour., 1900: ii:741. See also the Functional Inertia of Living Matter, 
London, Churchill, 1908.

2 This at the conclusion of a celebrated address (Deutsch. med. Wocli., 1896: 635, 
mid Gesamm. Ahhandl., 1900: 1), already referred to, in which Weigert considered 
the relationships lictween the functional and vegetative activities in the cell. In 
this address Weigert laid down most decidedly that the doctrine that growth 
may 1m* introduced directly by stimuli from without is purely hypothetical, 
and, what is more, is an hypothesis that cannot he sustained. These views of 
Weigert have had great influence in pathology ever since their enunciation. But it 
will lie seen from what has already been said that I do not agree with him. New 
growth, he holds, is due to removal of the resistance which keeps the potent ial energy 
in leash ; consequently, with the removal mom can pass over into the kinetic form. 
The weakness in Weigert’s reasoning lies in the fact that he failed to appreciate the 
possibility that stimulation of a certain grade, by causing increased metabolic activity 
coincidently favors increased associative changes in the cell, thereby setting up 
growth. We shall, however, in a later portion of this work, have to again refer to 
Weigert’s doctrine.
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stimulus will induce the like series of molecular rearrangements, until 
a period is reached when the minimal stimulus produces an optimum 
reaction, and with this the cell energies become employed in one or more 
particular directions, and activities in other directions are distinctly 
lessened. ( )nee a cell starts to grow, there is a tendency for it to continue 
to grow rather than to perform function, until the increasing size and 
increasing tension and other (external) stimuli attain such an extent 
that now functional activity is called into play. This, in turn, once 
started, is apt to continue.

It may he urged that here we assume for living matter properties not 
possessed by non-living matter and thus go counter to our main deduc
tion or guiding principle that, essentially, vital properties are but par
ticular instances of properties possessed by matter in general. Now, it 
is interesting to observe that pure physicists like Lord Kelvin have inde
pendently called attention to phenomena exhibited by inorganic matter 
(e. (/., the “fatigue” exhibited by steel wire undergoing recurrent torsion), 
which curiously resemble phenomena seen in the tissues. Professor Bose 
has brought forward experiments of a very striking order to illustrate 
the parallelism.1 From this it will be seen that in the nature of its 
responses to stimuli, living matter differs at most in degree, and not in 
kind from non-living.

RESERVE FORCE.

These considerations lead us to mention another prominent charac
teristic of living matter, namely, the possession of what is well termed 
"reserve force.” It is a property which deserves the fullest recogni
tion by the student of disease, for upon its existence depends the whole 
process of healing Every living organism is so constituted that, under 
ordinary conditions, its cells and tissues do not work to their utmost
limit. Just as, acting on sound met......................... s, we construct, or
ought to construct, a wall, a floor, or a bridge, so that it is capable of 
bearing a load several times greater than any to which in the ordinary 
course of events it is likely to be subjected, so are the cells of the organism

1 He used a “sensitive veil" a photo-electric cell composed of brominuted silver 
plates connected with a galvanometer to record changes in the electric current through 
the system, and was able to show that every kind of response characteristic of a 
vital organ, such as the eye, could be obtained from the non-living mechanism. “ In 
both we have under normal conditions 1 a positive variation ' (of the injury or resting 
current, or current of reference), in both the intensity of response, up to a certain 
limit, increases with the duration of the illumination, in both there is compara
tively little fatigue, the increase of response with intensity of stimulus is similar in 
both, and, finally, even in abnormalities, such as reversal of response, preliminary 
negative twitch on cessation of illumination, and decline and reversal under con
tinued action of light, parallel effects are noticed.” He even obtained electric after
oscillation strictly comparable with the after-action (after-image) in the retina when 
light is shut off.—Ris J louse in the Li ring nrul Non-tiring, Longmans, 1902.
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constructed. Engineers employ the term “factors of safety” to desig
nate the margin of safety required in construction—and this margin is 
very considerable; as Professor Meltzer1 points out, the ordinary boiler 
is constructed of steel plates capable of withstanding from six to ten 
times the pressure per square inch to which in use they will be subjected. 
There is a large reserve of force or energy within them over and above 
that which they exert under normal conditions.

Numerous illustrations of the fact immediately suggest themselves: 
'1'he huge reserve of muscle power which there is in the ordinary indi
vidual, unsuspected by himself and by those around him until he is 
profoundly excited or the subject of delirium, when the patient, so 
weak a few hours previously as scarcely to be able to raise his arm 
from the bed, requires all the force of two or three strong men to hold 
him down. Similar to this is the sudden and great strain which the 
heart muscle can successfully withstand in violent exercise; it has been 
calculated that the heart can perform from three to four times as much 
work as it accomplishes under normal conditions, and this without 
producing the state of overstrain. Examples of another order are to 
be recognized in connection with the various glandular organs. Thus, 
three-quarters of the rabbit's liver may be removed and yet the animal 
continue to live in apparently sound health. In other words, one- 
quarter of that organ suffices to satisfy the needs of the organism, or, 
what comes to the same thing, under normal conditions the liver cells 
are working only at one-quarter of their capacity. Nine-tenths of the 
dog’s pancreas may be removed without glycosuria supervening; nine- 
tenths, again, of the adrenals without fatal results ensuing. Almost 
all the thyroid gland may be successfully removed without apparent 
harm (provided the removal he not permitted at a single operation); or, 
again, the whole of the spleen of the dog may be excised and health be 
unaffected. The stomach, the greater part of the small intestine, and 
large portions of the colon may be removed in different individuals 
without serious disturbances. Meltzer, quoting Triepel’s studies, 
points out that muscles, tendons, and elastic tissues have no factor of 
safety in themselves (a point of interest in connection with the develop
ment of arteriosclerosis), but are provided with some such by their con
nection with other tissues; bone and cartilage possess a very large 
margin of safety.

1 There has been no such full study of this subject as that afforded by Meltzer’s 
lecture (The Factors of Safeti/, Harvey Lectures, 1900 19U7: 139), which, although 
he had sent me a reprint, had escaped my notice prior to the issue of the first edition 
of this volume. Our point of view is so similar that it might well seem that 1 had 
“stolen his thunder.” Nevertheless, although, as he states, “ the question of the 
body 1 icing provided with factors of safety (had) never been clearly raised,” it had 
been in the air for many years, and pathologists the world over had very generally 
accepted the idea of reserve force. Ponfick's observations upon excision of the liver 
were well known, and the immunity with which one of a pair of organs could be put 
out of action, whether by disease or removal. I can recall an interesting article upon 
“ Reservekraft” by Nothnagvl, in the eighties. As a matter of fact, this section 
had been written by me some years before publication.
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Where the spleen is removed other related tissues take oil and per- 
form its functions, exercising thus a vicarious activit//, just as does 
the pituitary body (hypophysis cerebri) when the thyroid is atrophied 
or removed,1 or, as, according to others, do the Brunner’s glands of 
the duodenum when the pancreas undergoes loss of function. Taking 
the organism as a whole into consideration, it is clear that these examples 
of vicarious activity are at the same time examples of reserve force. Vet 
other examples indicating the existence of abundant reserve force are met 
with in connection with the various paired and multiple structures of the 
body; a single lung is capable of carrying on satisfactorily theall-important 
process of respiration; a single kidney, urinary secretion; numerous lymph 

" i, teeth, or fingers may lie removed without evident harm to the 
organism. Even the most highly specialized organ of all the brain, is 
largely composed of paired “centres,” and when one of a pair is thrown 
out of action the other may often take up its functions, more especially 
when, as in the case of the heart, larynx, and alimentary canal (organs 
of median line development), it governs muscles which normally con
tract simultaneously on both sides.

A striking example of yet another order of this protective affluence of 
nature is afforded by Meltzer. He points out that at puberty the woman's 
ovaries contain on the average 110,000 ova, so that, even were regular 
menstruation, and not pregnancy, the more normal function, sixty times 
more ova are provided than the individual could ever possibly employ.

It is thus very clear that the organism is so roust meted os to possess 
in most of its functions an abundant margin of reserve force. This is 
capable of explaining how it is that the human body is at once so mar
vellously complex and delicate a mechanism responding to a variety 
and extent of stimuli in a way that no machine constructed by man can 
nearly approach and so able to withstand wide diversities of environ
ment and extreme strains upon and injuries to individual organs without 
being destroyed ; as also the fact that there may be extreme local disease 
or destruction of parts without of necessity constitutional disturbance. 
Until injury or disease of a tissue has reached a certain point the cells of 
that tissue are able to fulfil the needs of the organism, and in many cases, 
even after this point has been reached, other tissues may vicariously 
perform its functions.

In short, in the existence of this reserve force lies the secret of the 
continued existence of the individual, the explanation, as we shall point 
out, of immunity to disease, and of the healing of injuries of every order; 
if, indeed, it be not the keystone of adaptation, and, in brief, of the evolu
tion of the race. This, however, may rightly be said : that if the existence 
of this reserve force be kept steadfastly in mind, we are saved from con
tinual misconception of the mechanism and meaning of many processes.

If, for example, we appreciate the existence of this reserve force, there 
is no longer any inclination to suggest that the action of the leukocytes

1 ltogowicz, Ziegler's Beitriige, 4:1888:403; Boyce and Beadles, Jour, of Path., 
1:1898:228and 859; see alsoSchonemann, Yireh. Arch., 129: 1S92:810, and Herring; 
Quart. Jour. Kxp. Physiol, 1: 1008:281 (with bibliography).
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in inHuinmution is purposive. If, then, they take up and digest living 
bacteria, this is not the assumption by them of a new function, or the 
exercise of a new force to meet the exigencies of the case. We now 
know that in conditions of health bacteria constantly, if only to a slight 
extent, gain entrance to the tissues and are destroyed by endothelial 
and other cells; that if a drop of the blood of any normal individual 
lie taken, the contained leukocytes can lie shown to have these plmyo- 
ri/tic properties; in short, that it is a normal property of sundry leuko
cytes to ingest, and, when possible, digest, foreign substances. Or, if 
again, we find that in the majority of cases in which there is destruction 
of the pancreas, glycosuria shows itself, whereas in some rare cases 
an e<|ual destruction of this organ is followed by no glycosuria, we 
must not forthwith conclude that severe injury to this organ can play 
no primary part in the production of diabetes mellitus. There is the 
possibility, that must not be ignored, that in the exceptional cases above 
cited so great a reserve force exists or is developed by the vicarious 
activity, it may be, of other organs that excessive exhibition and waste 
of sugar in the system is effectually prevented.

And underlying the development of this reserve force we must see 
the action of this same force of physiological inertia. Life is more 
than the continual precise adjustment of internal conditions to external 
changes of environment. Through inertia there is overadjustment ; 
through it, when the cell assimilates, it continues to assimilate more 
than is actually needed ; when it is stimulated to metabolize, it con
tinues to form more paraplasmic matter than is necessary for immediate 
excretion; when it starts to grow, the extent of growth is over and above 
the extent of the initial stimulus. And, although these are the exceptions 
and not the rule, we are not without instances of cases, such as the cells 
of the mammary and sebaceous glands, in which, when once dissociative 
changes are initiated, they continue until the cell is completely disintc-

THE STATES OF CELL ACTIVITY.

These considerations prepare us to recognize certain states of the 
cell depending upon the ratio between assimilation, growth, and stimu
lation from without; states which it is well that we should recognize, 
for in conditions of disease we constantly encounter transitions from 
one to the other of these.

1. Subnormal Activity. -Under wholly normal conditions the pro
cess underlying the accumulation of reserve force leads to the presence 
in many tissues of redundant cells, cells which, from the accident of 
position, receive minimal stimulation and so pass into a latent, relatively 
inert state. Under abnormal conditions many cells may pass into this 
state. With lack of stimulation these cells undergo a very distinct 
atrophy: the paraplasmic matters are used up, the cell body becomes 
shrunken and inconsiderable, the stainable substance of the nucleus 
diminishes in amount, the nucleus as a whole becomes inconspicuous.
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An excellent example of the passage into this state of subnormal activity 
and its results is to be seen in the muscles of a limb, whether of 
man or animal, kept forcibly at rest. If, for instance, through injury 
to the knee, or fracture, one lower limb of a muscular young adult be 
enclosed in plaster, it is a matter of familiar experience that within a 
week there is a marked diminution in the circumference around the 
middle of the thigh of the immobilized as ’ with the free limb.
A similar and more extreme atrophy is to be encountered in the muscles 
of cases of hysterical paralysis. We mention these more particularly 
because in organic paralysis, due to recognizable injury to the nervous 
system, it is still a matter of debate to what extent injury to the “trophic” 
nerves is responsible for the atrophy.

If this condition of subnormal activity and latency be continued too 
long, the cells, or some at least of them, die and wholly disappear. That 
this is the case is well e> " d in the brain. In that organ, we need 
but remind the reader, nervous impulses are in many instances con
ducted through relays of cells; there are definite tracts along which 
specific impulses, and those impulses only, are conducted. If the neurons 
of the upper portions of such a tract be destroyed by disease or bv 
removal, the second series of neurons with which they communicate 
can receive no impulses, and, as a consequence, are rendered largely 
inactive. As a matter of fact, in such cases we find that these secondary 
centres show pronounced atrophy of their constituent cells; these cells 
become greatly shrunken, and in the course of a few weeks or months 
their number is markedly reduced. We can proceed so far as to lay 
down with confidence that where the cells of basal nuclei do not exhibit 
this atrophy and disappearance, there the centres have not been con
nected with the destroyed area, and that where the atrophy is only 
partial or transient, there the affected centres have been, and are, in 
connection with more than one peripheral centre, thus continuing to 
receive stimuli, not to the normal extent.

While we cannot follow (irawitz to the whole extent of his theory, 
or accept all the arguments upon which that theory is based, we have 
to admit the existence of certain orders of Schlumnurzellen, or “sleeping 
cells”—cells atrophied through inaction, but capable under stimulus of 
returning to full vigor and full development. That these undergo such 
a grade of atrophy that, ns he insists, while continuing to exist they 
become invisible, 1 cannot accept.

2. Vegetative Activity.—Cells in the process of active growth 
present certain well-marked characteristics. The nuclei are relatively 
large, rounded or oval, and deeply stained ; paraplasmic granules and 
deposits absent, or, if present, in but slight amounts ; the cell body 
unformed, tending to be rounded or oval, the cytoplasm exhibiting 
little differentiation. Such cells are apt to multiply, and we shall have 
more to say regarding them in our chapter upon Cell Multiplication. 
Here we would only give the warning that, from their general resem
blance to the cells of the growing embryo, in which this type of cell 
predominates, it is customary to speak of these as embryonic cells. This
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is a misnomer, leading to false conceptions, for cells of this type are to he 
encountered in normal tissues at all life periods. It is better to speak 
of them as vegetative cells.

3. Functional Activity. -Cells actively functioning as a general rule 
present signs of differentiation according to their specific function. 
Either, as in the case of muscle or nerve cells, the cytoplasm is highly 
elaborated, or, as in the case of gland cells (and the bodies of the 
neurons), there are paraplasmic deposits, granular, or in the form of 
minute globules. The nuclei are relatively not so large; the staining of 
the same varies with the stage of the cell activity. Here, however, 
distinctions are to be made between the cell action under a mean or 
normal stimulus and one that is more intense. We can thus further 
distinguish the following states :

tæ&s

To #how the iltatiBrtion between funvtioiml anil vegetative* rolls. Two "dear cells" of regen
erating liver, rounded, large, and clear, owing to relative absence of the itaraplamnic granules seen 
in surrounding active veils, tine of these exhibits mitosis. (Adler.)

4. Hyperactivity within the Limits of the Reserve Force of the 
Cell. When, as already indicated, increased stimulation is accompanied 
bv adequate nutrition, the functional activity of the cell is, up to a 
certain extent, accompanied by growth. In this way and to this extent 
increased work of the cell leads to what is termed hi/prrtroplu/. The 
dimensions of the cell are increased, the nucleus is of good size, the cell 
body presenting well-marked differentiation.

f>* Excessive Functional Activity. When, on the other hand, the 
work that the cell is called upon to perform exceeds a certain point, the 
energy dissipated in the performance of function being greater than 
that acquired from the assimilated foodstuffs, provided that the stimu
lation be continued sufficiently long, then, first, the reserve force of the 
cell is used up, all the paraplasmic stores becoming exhausted, and 
next, the extra energy demanded has to be obtained from the disinte
gration of the active cell substance—cytoplasm and nucleoplasm. The 
result is cell exhaustion. The nucleus becomes poorly staining; the 
cell body exhibits a variety of changes, according to the specific activity 
of the cell. In some cases, i. r., cells of the convoluted tubules of the 
kidneys, there is actual breaking off and discharge of portions of the 
cytoplasm ; in other cases, abnormal deposits occur within the meshes 
of the cytoplasm; in others again, owing to osmotic changes, the cyto
plasm becomes vacuolated. These we shall have to describe more 
fully when dealing with the degenerations. If the stimulus be further 
continued, the result is cell death and complete disintegration.



CHAPTER VIII.
CELL MULTIPLICATION.

Increase in size «if the tissue and of the multicellular organism as a 
whole is brought about by two processes: by enlargement of the indi
vidual units, the cells, and by the intercalation of new units derived 
from those already present. We speak commonly of increase in size 
of the individual as growth, bv whichever of these two processes it be 
produced, and thus are apt to confuse the two, considering cell growth 
and cell multiplication as practically synonymous. While admitting 
that the second process is a sequence of the first, it is, nevertheless, well 
to keep the two perfectly distinct in our minds, and this we have 
endeavored to do thus far. In our treatment of the subject of growth 
we have taken into account purely the enlargement of the individual 
cell units by increase in the amount of living substance of the same. 
Following upon this, it is essential that we pass in review the subject of 
cell multiplication.

The rationale, if we may so express it, of cellular structure has already 
been touched upon (p. 1(H)). It has been shown that the nucleus is to 
be regarded as the dynamic centre of the cell; that the nuclear biophores 
are to be regarded as requiring for their full activity a certain proportion 
of cytoplasmic matter, and that, in its turn, this cytoplasmic matter, for 
the due exercise of its functions, must be in intimate relationship with 
the external medium; that in a roughly spherical body, with increase in 
diameter, the surface increases at a far less rate than does the mass, so 
that growth of the individual cell beyond a certain limit is self-inhibitory, 
unless some means lie employed to increase the surface in proportion 
to the mass of the cytoplasm; that when this is accompanied by coin
cident growth of the nuclear matter, means have also to be employed 
to increase the nuclear surface in relationship to its mass; that cell and 
nuclear multiplication, respectively, are the simplest means of accom
plishing these objects.

Now, it is in place to describe the mechanism whereby this multi
plication is brought about. The finer details and the variations in the 
process belong to the domain of the histologist and cytologist. Fortu
nately, throughout the cells of the higher animals, which more especially 
interest us, the same broad plan is to be recognized—the variations are 
very slight. Hence it is possible to describe in general terms the pro
cesses of cell division, knowing that what is said applies to individual 
cells, to the cells of the different tissues of the human body. We recog
nize two main types—direct, or amitotic division, and indirect, mitotic 
gr karyokinetic.
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DIRECT DIVISION: AMITOSIS.

This is the rarer form, although not so rare as it has been the custom 
to describe it. In text-books published within the last six years the 
statement will be found that among higher animals it is confined to 
the leukocytes. This is incorrect. There is an increasing number 
of observations indicating that it obtains also under certain conditions 
in cells that we regard as much higher in the scale. It used to be laid 
down that the cells of the metazoan (multicellular) embryo never exhibit 
it, but Patterson,1 in the pigeon embryo, found frequent amitosis in 
certain regions of all those germ layers which were growing very rapidly, 
with indications that amitosis might be followed by mitosis. It is not 
thus, as Flemming2 held, necessarily indicative of degeneration. In 
the fully developed organism, in tissues formed of aggregations of 
similar cells, in the liver,3 for example, we may encounter it, and it would 
appear to be particularly liable to occur in cells having the tendency to 
be inultinucleate, cells exhibiting two or more nuclei without immediate 
separation of the cytoplasm into distinct cell bodies around each of the 
nuclei. It is in leukocytes and in cells of endothelial type that we 
encounter it most frequently, and in yet another group of cells, namely, 
those of pathological new-growths.

It is frequent also in the cells of the embryonic envelopes of insects, 
of the periblast of yolk nuclei, and in the syncytial (epiblastic) cells of 
the mammalian embryo. AH the cells of this order are destined to but a 
temporary existence.

It is possible that further study will show that the cells in glandular 
and other organs already referred to which exhibit this direct division of 
the nuclei are also not wholly normal, or otherwise that amitosis is a 
sign of regressive change. As regards the leukocytes, it is worthy of 
note that in normal lymph glands, where the lymphocytes are con
tinually being produced, we encounter frequent cases of mitosis or indirect 
division, while it is in the blood and in the tissues in conditions of inflam
mation that we meet with the amitotic division. Vom Hath,4 * indeed, 
lays down that “when once a cell has undergone amitotic division it 
has received its death warrant; it may, indeed, continue for a time to 
divide by amitosis, but inevitably perishes in the end.” This is, we 
think, too extreme a conclusion.

In addition to Patterson’s observation noted above, Bashford6 

records, in connection with the connective-tissue cells of the host in the 
neighborhood of nted portions of mouse cancer, that these cells
at first divide by amitosis, and that eventually the products of amitotic

1 Anat. Anzeiger, 32:1908:117. In the frog and toad, Hcichenow (Arch. f. 
mikr. Anat., 72:1908:071) could, however, find no instances in which it was not a 
precursor of cell degeneration, or occurred in cells very slightly differentiated.

1 Arch. f. mikr. Anat., 37: 1891:249.
3 See Reinkc, Verhandl. Deutsch. Anat. Gcsell., Kiel, 1902.
4 Zool. Anzeiger, 14:1891:331.
8 Second Report of the Imperial Cancer Commission, London, Part 2, 1905.
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division undergo active mitosis, eventually giving rise to the stroma of 
the growing tumor. A somewhat similar case is the early amitotic 
proliferation of the cells in an inflamed area followed by later mitosis.1 
The conclusion to be reached—provisionally—would seem to lie that cells 
of low type like connective-tissue cells, when in an actively vegetative 
state, may exhibit amitosis which is not necessarily degenerative; whereas 
amitosis occurring in cells of higher type is, at least, suggestive of 
degeneration.

A F,°"31 H
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Amitosis. Stages of direct division in tumor cells: A, from an ovarian cancer; ti, from an 
epithelioma of the lip; C, from a uterine sarcoma; D, from a metastatic cancer of the liver, showing 
the last stage of division of a cell into three equal parts. (Nedjelski.)

What happens in amitosis is that the nucleus divides without any 
apparent preliminary rearrangement of its structure. It becomes 
elongated, then dumb-bell shaped, and after a period in which (as can 
better be followed in the anurha) there is a certain amount of streaming 
of the nuclear material between the poles, the connecting neck becomes 
broken across and the two daughter nuclei pass apart, their separation 
being in some cases followed by division of the cell body, so that thus 
two complete daughter cells are developed; in other cases this further 
division is wanting, and the hinucleate or niultinucleate cell is produced
(Fig. 31).

It deserves note that in this process, according to the majority of 
observers, the centrosome either plays no part or at most the attraction

1 Similarly in the simple plant, Spirugyra, Pfvffer (Herichte Konigl. sachs. 
Gesell. cl. Wissensch., 1890, July 3) has shown that in water containing 0.5 to 1.0 
per cent, of ether the cells continue to multiply, but that by amitosis: transferred 
to ordinary water the cells now return to the normal mitotic division,
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sphere forms a ring around the equator of the dividing nucleus, i. e.t 
the part played is distinctly abnormal and unlike what is seen in mitotic 
division.

INDIRECT DIVISION: MITOSIS

This is, par excellence, the natural mode of cell division, and that in 
animals and plants alike. That it should he so widely distributed 
indicates that the remarkable succession of changes seen in both nucleus 
and cytoplasm is not a matter of chance. The full significance of these 
changes we are still far from comprehending. One thing is obvious, 
namely, that they indicate a mechanism whereby the nuclear material 
is distributed with remarkable exactitude between the two daughter 
cells. And they indicate clearly something more. Were the biophores 
or essential constituents of the nuclear material all of the same nature 
and composition, the law of economy suggests that no such elaborate 

of the nuclear material would be indulged in; simple 
direct division into two equal halves would suffice, each daughter cell 
receiving approximately equal amounts of the nuclear material. That 
the nuclear material arranges itself in this remarkable manner prior 
to division may, in itself, be taken as proof positive that there is a differ
entiation of the biophores, and that mitosis is a mechanism whereby 
identical groups of biophores are conveyed into the daughter cells. 
Light will, we think, be shed upon the significance of the process when 
we come to consider the subject of heredity. For the present we shall 
merely detail the usual stages in the process of mitotic cell division. 
(See Plate II.)

The Stages of Mitosis. For a full discussion of the phenomena 
of mitosis, as again of the part played by the cell in inheritance, the 
reader is referred to works upon histology, and more especially to Pro
fessor Wilson's valuable monograph.1 Here I can but in the briefest 
possible way recall the main features of the process.

1. Prophase or Preparatory Stage. The nuclear chromatin which in 
the resting state of a cell is seen as an irregular and nodulated network, 
becomes modified into a continuous single (or, very rarely, a segmented) 
thread, having the appearance of a skein or tangle, and then proceeds to 
divide into a definite number of short lengths, the chromosomes. While 
these changes are proceeding the nuclear membrane disappears, so that 
the chromosomes come to lie naked in the cell. Every species of animal 
and plant has a fixed number of chromosomes, and in the mitosis of 
the cells this number regularly recurs. In man, more recent observa
tions would indicate that the number is thirty-two. Side by side with 
these changes other changes take place outside the nucleus, in 
the cytoplasm or cell substance, leading to the development of the 
amphiaster or spindle. This arises under the influence of the centro
some; very frequently, while the nucleus is still at rest, this divides

1 The Cell in Development ami Inheritance, 2d edit., New York, Macmillan, 1900,
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into two similar halves; around each minute dot tin* protoplasmic 
network of the cytoplasm becomes concentrated, the fibrils radiating 
in all directions, so as to form star or aster, and, as the two separate, 
journeying toward opposite ends of the cell, a spindle of fine fibrils is 
seen to stretch between them.

2. Metaphase. -Each chromosome splits lengthwise into two exactly 
similar halves, the daughter chromosomes becoming apparently attached 
to certain mantle filtres of the spindle. This splitting of the chromo
somes, discovered by Flemming in 1860, is the fundamental process of 
cell division.

3. Anaphase. The daughter chromosomes diverge, the two members 
of each pair passing to opposite poles of the spindle. Here the chromo
somes become closely crowded near the centre of the aster.

4. Telophase. The cell body now divides into two in a plane passing
through the equator of the spindle. Thus, each daughter cell contains 
half the *r chromosomes, half the spindle, and one centrosome
and aster. The two latter may persist or disappear; if they persist they 
form the attraction sphere. Before, during, or after the process of cell 
division there occurs the construction of the daughter nucleus. The 
commoner process is for the daughter chromosomes to fuse into a skein 
or tangle, which in its turn becomes irregularly swollen and dissociated 
into the chromatin network of the “resting” nucleus. Several recent 
observers claim that in the resting nucleus of certain species it is possible 
to distinguish the course of the original chromatin thread, and even of 
the different chromosomes that go to compose that thread.

B6D



CHAPTER IX.
ADAPTATION.

Wk have suggested (j). 11">) that the procession of changes seen in 
mitosis indicates that the hiophores or specific ultimate molecules of 
living matter arc not all identical, and in this and the succeeding chapters 
it will be seen that what we have to say practically centres around hio- 
phorie modification; around the extent to which the hiophores, and 
through them the cells in general, become modified in their properties, 
and—as the properties of any substance ' the constitution
of the same— in constitution. Here, again, it may at first seem a 
far cry from matters such as this to the needs of every-day pathology, 
but in reality, as we hope to demonstrate forthwith, a comprehension 
of these matters is essential for a proper grasp of the remarkable and 
superabundant facts elicited during the last few years in the study of 
immunity— a branch of pathology which has received of late more 
attention than has any other. And, although it is far from being gen
erally recognized, it is through these studies that the pathologist and the 
bacteriologist are laying the foundation of an adequate theory of variation 
and inheritance.

Descent and variation are subjects which we have to dwell upon in 
future chapters as a foundation for our treatment of the inheritance of 
diathesis and disease and of the remarkable group of abnormal growths 
which we include under the heading of monstrosities and abnormalities. 
As a basis for our study of all these subjects, it is fitting that we first fake 
up the subject of adaptation.

That living matter has adapted itself to its environment is a com
monplace. Man and all other animals and plants exhibit countless 
evidences of the fact that each form of life is adapted to the particular 
environment in which it flourishes. Hut, admitting this, we are apt to 
ascribe the process of adaptation to chance. The zoologist and the 
botanist, recognizing that all living beings vary one from the other, 
that no two individuals are exactly alike, are apt to ascribe adaptation 
to the retention and descent of favorable variations; the individual, 
varying from “type” in a direction which gives it the advantage over 
other members of the species or tribe, is more liable to survive ; if the 
variation be unfavorable, life is rendered more difficult and the indi
vidual and the stock descended from that individual tend to die out, 
they being at a disadvantage. There is seen to be a survival of the 
fittest, and it is by the summation and descent of favorable variations 
that the different species arc adapted to their particular surroundings. 
This is the prevailing doctrine. Studying it, we see that adaptation
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is regarded as based on elianee; elm nee variations are at the bottom of 
the whole proeess.

If our studies in infection and immunity have any meaning, they 
teach us that this is not the truth or at least not tin* whole truth. 
Adaptation is primarily an actiir process, or at least inevitable, and only 
subject to chance to this extent, that the individual may he impotent to 
choose or to control the changes in environment to which it becomes 
subjected, hut once subjected to those changes the results un
determined by inexorable law. It is not the mere fortuitous passive 
modification of living matter in a favorable direction, but a process 
whereby that living matter is able to a greater or less extent to change 
and suit itself to its strroundings, a given change in those surroundings 
leading to definite and corresponding alteration in that living matter. 
This we would emphasize.

For a comprehension of racial and species adaptation we have to 
begin with a study of individual adaptation. In connection with 
conjugation and amphimixis (the fusion of the germinal nuclear matter 
of the two parents in the fertilized ovum) chance undoubtedly enters, 
but only secondarily. We would, in the first place, afford the proof that 
adaptation is a regulated process affecting the individual, and, in the 
second, would seek to determine how a property apparently so wholly 
unlike those possessed by matter of all other orders has come to be 
developed.

It is a well-known fact that bacteria, like other living organisms, 
assimilate food through the action of enzymes, and these both extra
cellular and intracellular. Some bacteria, for example, living in media 
containing proteins and albuminoids possess active proteolytic ferments, 
whereby these bodies are reduced to soluble peptones, and may be still 
further dissociated, with indol as one of the ultimate products. Others 
more particularly act on sugars, splitting up these with the production 
of organic acids and gas (II and CO,). On removal from their natural 
habitat, and growth upon the artificial media of the laboratory, the 
different bacteria exhibit these proteolytic and glycolytic properties in 
varying degrees : some have little or no proteolytic activity, others little 
or no glycolytic power; some ferment one particular sugar only, others 
a variety. We have, indeed, established our classification of the If. eoli 
and allied forms largely upon these fermentative properties.1 But 
now, as we believe was first pointed out by Beckham,‘ if the typhoid

1 See Fonl, The Flora of tin It muon Intestine, Studies from the Royal Victoria 
Hospital, 1:1903: No. 5. In this most painstaking and elaborate study of the 
bacterial contents of the intestines of 50 cases Ford isolated as many as 50 different 
“species" of bacteria, (if these, 30 were non-spore hearing and non-pigment 
producing, and of these it will be seen that there are several groups containing three 
to seven members, each of which differs from its fellows only according to the fer
mentation or non-fermentation of one or other sugar. The recent studies upon 
the bacillus of epidemic dysentery recognize at least live “species" (some observers 
claim very many more) indistinguishable morphologically, but each having a dif
ferent action upon a series of sugars added to the medium of culture.

* Jour, of Exp. Med., ‘2:1807:540.
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bacillus, wliicli normally does not produce indol, lx* grown in a rela
tively strong proteid niediuni free from sugar, and lie passed, over a 
considerable period, from tube to tube of this medium, there is eventual 
indol production. This cannot be said to be the result of chance it is 
inevitable, 'lake any apparently normal culture of the H. typhosus 
and place it under one particular set of conditions, and the proteolytic 
indol producing function will manifest itself. Similarly, as pointed out 
some years ago by Sir Lauder Itrunton and Macfadyen,1 growth of 
certain bacteria in media containing particular sugars eventually results 
in those bacteria gaining the power to ferment the particular sugars. 
The property is not acquired immediately, but, with a given species, 
we can foretell absolutely that it will be acquired within the course 
of a few days, or at most weeks. Thus, in a recent paper, Klotz2 3 has 
pointed out that the It. perturbans a form intermediate between the 
It. coli and the It. typhosus was able to ferment glucose when first 
isolated from water, but only gained the power of fermenting lactose and 
saccharose after growing in lactose and saccharose broths for some days.

The organism was then placed in a eelloidiu capsule and inserted into 
the peritoneal cavity of a rabbit. Left there for three days, it was found 
to have lost, its power of fermenting the two latter sugars, regaining it, 
as regards saccharose, after forty-eight hours’ sojourn (two passages) in 
saccharose broth ; as regards lactose, after four days’ incubation. The 
experiment was repeated by placing some of the stin k culture in a 
eelloidiu capsule in the peritoneal cavity of a rabbit and leaving it there 
for one hundred and forty-four days. On removal, there was a slight 
fermentation of the glucose broth at the end of the first day; saccharose 
fermentation appeared on the fourth day; lactose fermentation on the 
sixth transfer, and then only at the end of seventy-two hours’ growth; 
bv the eighth transfer gas appeared in fair quantity. Work along these 
lines has recently been carried still farther by Twort,8 who, taking a 
series of members of the It. coli group which had been grown for a long 
period upon ordinary laboratory media, retaining fixed type characters, 
was able, by growing them now for long periods upon media containing 
unaccustomed sugars, to cause a certain number to eventually dissociate 
sugars which at first they did not ferment, lie thus found that all 
members of the paratyphoid subgroup would ultimately ferment sac
charose; the typhoid bacillus acquired the property of fermenting lactose 
and dulcite, and the dysentery bacilli of Shiga and FIcxner ultimately 
fermented saccharose within twenty-four hours.

The same is true as regards resistant powers toward deleterious agents. 
Growing the Bacillus coli in broth made up with progressively increasing 
strengths of corrosive sublimate solution, beginning with I part in 
100,000, von Hansemann4 was able to obtain active growth of the

1 Proc. Hoy. Soc., 4fi: 1889:5-12.
* Jour, of Inf. Oiseaw;, Supplement, 2:1900: :>5.
3 Proc. Hoy. Soc., Biol., 79: 1907:.'129.
4 Deucemiens ami Pathologie, Berlin, 1908: 12Ü,
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microbes in strengths of the disinfectant which would kill the ordinary 
colon bacilli. Nor is this only true of vegetable forms; we need but 
recall the remarkable observations of Ehrlich, abundantly continued 
by other workers, upon the development of arsenic-resistant forms of 
different species of trypanosomes, produced by treating animals infected 
by these pathogenic protozoa with atoxyl and other arsenic-containing 
drugs.

The same is true also as regards pathogenic properties. As Vincent1 

has shown, it is possible to take absolutely noil-pathogenic forms, like 
the B. megatherium and B. mesentericus vulgatns forms which may 
be inoculated by the million into warm-blooded animals without the 
slightest disturbance being set up—and accustom or adapt them to 
growth within the warm-blooded animals by inserting celloidin capsules 
containing pure cultures of the same in the peritoneal cavities of these 
animals. These capsules, it may be explained, permit the diffusion of 
the body fluids, and so of nutritive material, and at the same time 
prevent the direct action of the body cells on the bacteria and the escape 
of the contained bacteria. After being grown thus for some months, 
upon removal of the capsules and making growths in culture media 
outside the body, it is found that the bacteria have become pathogenic, 
arc capable of growing within the tissues when injected direct, and of 
causing the death of the inoculated animals. In other words, the 
bacteria now produce enzymes and other products capable of acting 
deleteriously upon or poisoning the animal tissues.

All these, it will be seen, are examples of the acquirements of new 
properties on the part of the lower organisms by adaptation. Within 
certain limits at present by no means clearly defined—the simple forms 
of life are able to adapt themselves to their surroundings, and the adap
tation cannot be ascribed to chance, for, with a given environment, the 
one particular alteration in properties surely results.

Let it be clearly understood that we do not pretend to lay down that 
these lower organisms can eventually enter into combination with and 
adapt themselves to every possible substance dissolved in the medium 
of growth or that every attempt to modify the properties of bacterial 
species is fraught with success. This is far from being the case. All 
we state is that the observations made so far indicate that there are 
certain substances with which living matter, or its metabolites, can 
enter into a more or less close combination, and toward which, therefore, 
it can adapt itself.

To these conclusions it has been objected that what, after all, we are 
dealing with is the survival of the fittest; that it is still a matter of chance; 
that among the thousands, not to say millions, of bacteria in a culture— 
owing to the inherent tendency of living matter to vary—it happens that 
some exhibit variation such that now these particular bacteria are able 
to ferment the unaccustomed sugars, etc. ; that these having gained the 
new power, by chance, are at an advantage as compared with the others

Ann. de l’Inat. Pasteur, 12:1SV<S;7S5.
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which have not varied in this direction, and multiply at the greater rate, 
and their descendants, starting from this vantage ground, are even more 
likely l<> vary farther in the same direction, so that the particular property 
becomes exalted ; so that, in short, in the process of time the descendants 
of the form exhibiting the favorable variation alone are represented. It 
is admitted that the now property is not gained at a bound; that a con
siderable number of “generations" of bacteria must puss before the 
acquired property is pronounced.1

So far as it carries, /. r., as affording an alternative explanation of the 
phenomena, but not, it must, be noted, as proof positive that adaptation 
is not active, this argument is quite valid. It is, however, demolished 
if we can show that adaptation can take place under conditions in which 
there can be no question of the survival of the fittest, in individual cells, 
and that with such certainty and in so short a period relatively to the 
life period of those cells that the process can only be of an active nature. 
And this we can do at the very other end of the scale of living beings.

Acquired immunity in man, ns in nil animals, is adaptation, and this, 
again, is not a chance process; we can take germs the cholera spirillum, 
for example which, from their habit of life, must have at all times had 
a restricted local existence until man came on the scene and aided in their 
distribution, germs which, therefore, cannot at any time have affected 
certain of the lower animals in other regions, so that there can be no 
valid suspicion that at some remote period the ancestors of those animals 
had been et to infection by, or had responded to, those particular 
species of microbes. Injecting these microbes into such lower animals, 
guinea-pigs, rabbits, and so on, we determine that they and their toxins 
are poisonous; so that with very considerable accuracy we can measure 
what fraction of a centigram of the toxin will cause the death of 100 
grams of guinea-pig, rabbit, or other animal, within forty-eight hours. 
And, having determined this, we can by repeated injections of frac
tional portions of the lethal (lose of the toxin so alter the constitution of 
the warm-blooded animal that now it can withstand ten or one hundred 
times the lethal dose without ill effect. Granted that we deal with 
healthy animals, animals having the normal powers of reaction, we can 
bring about this immunization with what, under the* circumstances, is 
a marvellous precision. It is along these lines that Pasteur initiated 
the process of immunization against anthrax and other diseases, and 
upon these is based the now very considerable industry of antitoxin 
preparation. I lere, again, is no matter of chance acquirement. Animals 
adapt themselves to, and combat, the toxins of disease according to 
very definite laws, the process varying somewhat, it is true, in connection 
with the different pathogenic microbes, nor is the animal body able 
with equal ease to gain immunity against each particular germ and its 
toxins. Against some, indeed, the immunity gained is either very

) It has l>een calculated that bacteria growing actively and under favorable 
conditions can divide, and so give rise to a new “generation” every fifteen minutes, 
and so afford close upon one hundred generations in the course of a single day.
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feeble or is short-lived; but in any particular instance we realize that 
given amounts of toxin administered in a given way will in a given time 
result in the production of approximately the same grade of immunity 
in members of any one species of higher animal. And what is more, 
the adaptation is not merely temporary, existing only while the toxins 
are present and exerting their effects in the system. It is, in many 
cases, more or less |M*rmalient, so that in certain cases we see that it is 
in action for months, if not years. There must, that is, be impressed 
upon the cell substance an alteration in constitution which (remem
bering that the cells, as such, have most of them but a limited life period, 
becoming replaced by others of like nature) is conveyed from one cell 
generation to the other.

We shall, in our discussion upon immunity, adduce abundant instances 
affording proof of the statements here made and of the fact that the cell 
substance w ithin certain limits can adapt itself adequately to alteration 
in the cell environment. And what is true of bacterial toxins is true 
also of not a few animal and vegetable poisons. For these, also, the 
system acquires a tolerance; or, expressed otherwise, while at first a 
certain quantity of each of these, absorbed and circulating in the blood 
and lymph, arrests cell activity either by breaking down the active cell 
substance, or by forming with it combinations which satisfy the bio- 
phorie molecules and so arrest metabolism, thus bringing about cell 
and systemic death; quantities less than the lethal act, and are reacted 
upon, in such a way by the cell substance, that this gains the property 
of dealing with quantities far in excess of w hat previously had been lethal.

Some of the most remarkable studies in this direction are those by 
Ehrlich and his < upon fibrin, the active principle of the plant 
Ahrnn prccatori un, and ricin, that of Ricin nu commun in, the castor oil 
plant. Both of these are intensely poisonous, arc substances which, in 
the ordinary course of nature, are eminently unlikely to gain entrance 
into the systems of animals of the laboratory, and yet, with remarkable 
precision, those animals can, by repeated sublethal doses, be immunized 
so that they can stand doses several hundred times the ordinary lethal 
amount.

THE PHYSICAL BASIS OF ADAPTATION.

Along what lines can we explain this adaptation, so different from, 
or at least so far in advance of, anything we encounter in substances 
not endowed with life?

This we may safely say: that the capacity to adapt must be inherent 
in and depend upon the constitution of the molecules of living matter 
and upon the conditions under which those molecules carry out their 
ordinary activities. It is not so much that flic tendency to vary in 
inherent, as that the labile nature of the biophores leads to their vari
ation when subjected to modifications of environment ; they vary accord
ing to circumstance, i. e., according to law .

Let us try to reason out the simplest case first : that of the assumption

0
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1 »v bacteria of new, or at least greatly exulted, powers of dissociating 
and fermenting unaeeiistonied foods!nil's proteins or sugars.

We have already shown that substances in aqueous solution (and all 
the foodstuffs of the bacteria are assimilated in a state of aqueous 
solution) are liable to undergo ionization to a greater or less extent. 
We may, therefore, more than suspect that, either by direct, ionization 
or by the secondary effect of free ions from other sources present in 
the cell sap, ; ' foodstuffs undergo dissociation that the more
complex bodies are broken down into others of a simpler type. This 
may well be a most important factor in the process we are discussing; 
the cytoplasmic molecules combining not with the molecules of the 
unaccustomed foodstuff as such, but with bodies of a simpler type, 
yielded by it, with bodies which are either ordinary constituents of the 
cytoplasmic and hiophoric molecules, or which are so relatively simple 
that direct combination is possible between them and the molecules of 
living substance. An unaccustomed sugar, lactose, for example, may 
in this way be broken down and afford assimilable material to the 
bacterial cell.

This is, however, only one stage, the stage favored by the conditions 
under which the cell substance exists. It explains at most the assimi
lation of unusual foodstuffs, not the active adaptation to the same. 
For this latter we have to fall back upon the considerations already 
brought forward regarding the structure of the cytoplasmic and hiophoric 
molecules upon what, in brief, we may term the “side-chain theory” 
(p. Gb). We are led, that is, to regard the molecules of living matter 
as a ring of subordinate radicals, each having numerous satisfiable 
affinities. If the environment remain unaltered, one constant series 
of “foodstuffs” diffuses or is absorbed into the cell; one regular order 
of dissociation products of the same is in solution in the cell sap, and 
the various affinities of the cytoplasmic and hiophoric molecules un
satisfied in one particular manner, associated with which growth pro
ceeds. With a given environment, that is, these molecules build up 
side-chains which, having a particular composition, manifest particular 
properties.

But let the environment be altered; let a new " foodstuff be
introduced; through it and its dissociation products a new series of 
free ions is brought into the immediate sphere of action of the mole
cules of living matter. According to the strength of these ions, according 
also, it may be, to their number, these are attracted to the molecules of 
living matter and combined as side-chains, if may be replacing others 
in the process, others that on their part do not possess such strong 
affinities. If ions of a new type be thus taken up, new orders of side- 
chains will be developed and the molecular complex as a whole will 
acquire an altered composition and altered projierties.

At this stage we can figure to ourselves the central constituent rings 
as unaltered merely the side-chains different. So long as the new 
foodstuff is presented, for so long will the cell molecules continue to 
form the new order of side-chains. And here let it be clearly under-
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stood we do not regard these side-el hi ins us composed of (lie mole
cules of the foodstuffs combined in their entirety with the central cyto
plasmic or biophorie molecules. The side-chains must, from every 
consideration, be regarded as tending toward the type of primary 
protein molecules. The new ions are built into them. If we regard the 
biophore as a polymeric molecule, and the simple protein molecules as 
of the same order, we cannot, as we have pointed out, regard growth as 
other than a process of development of new molecules by a process of 
accretion or building up of side-chains until these become united into 
new rings identical with the primary. And carrying out this idea, it is 
difficult to conceive side-chains in general as other than complete or 
partial polymerizations of the constituent nuclei of the biophorie molecule. 
Once a side-chain of a particular order is developed, it must, on its part, 
tend to polymerize, and if the radicals and ions identical with those 
that went to form it are present in the surrounding medium, a series or 
chain of like side-chain molecules will be developed within the cell.

Two, or it may be three, possibilities now present themselves:
1. The side-chain molecules may become detached in the cell sap 

or actually discharged into the surrounding medium, and being, as 
suggested, of the nature of primary protein molecules, may there present 
enzyme action. They may, in short, continue to dissociate the specific 
foodstuffs from which certain of their constituents were derived. As 
the whole molecule of cell substance was able to attract to itself certain 
of the constituents of that foodstuff, so, it may be, through side-chains 
formed, in the first place, from the products of disintegration of the 
foodstuffs, the cell now gains the power of acting directly on those 
foodstuffs. We shall encounter some very remarkable facts in our 
study of antitoxins, which can only be satisfactorily explained along 
the lines here laid down, namely, we have to assume that, in the first 
place, the cell gains its power to form antitoxins by combining with 
certain constituents of the toxins.

2. The second possibility is that these new side-chain molecules 
become utilized to form constituents of new cytoplasmic or biophorie 
rings that they become utilized, in short, in growth. We conceive 
the biophore (p. 98) as being formed of a ring of primary (protein, 
amino-acid and nucleic acid) molecules, the constituent molecules not 
being necessarily identical in constitution. We can conceive the new 
side-chain molecules as replacing other molecules of simpler nature in 
the new biophorie rings that are in the process of being built up. If this 
should happen, then it is that we can regard the adaptation as not 
merely transient, but impressed upon the actual central living matter of 
the cell.

‘A. We mentioned above three possibilities; the third is the possibility 
that this combination takes place in three stages ; that first, the constit
uents of the new foodstuff are incorporated in the side-chains; next, that 
they become constituents of the cytoplasmic molecules, and only in the 
third place become integral portions of the biophorie rings. This is 
likely to be the case if, as has been suggested, the biophores do not take 
up their specific constituents directly from the external medium, but
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mily from the cytoplasm, ami through its intermediation. It is, indeed, 
possible to regard the eytoplasiuie substance as of the nature of biopliorie 
side-chain molecules.

'The very fact that adaptation is in no ease immediate, but mplires 
some little period for its development, and this even in the simplest 
forms of life, favors this view of the existence of a succession of stages 
in its development.

Mut this is not all. ( )nee the living matter of the cell becomes modified 
the modification is apt to persist, and apt, as we have said, to be carried 
on to later cell generations. A microbe that from the first moment of 
study has exhibited tin power to ferment a given sugar, or that has 
acquired this power, is apt to retain that power if grown for a con
siderable period on a sugar-free medium, t inier these conditions, no 
sugar being present, it cannot manifest this particular property, but, 
grown once more in the sugar-containing medium, it may immediately 
cause the fermentation. This must be said, that the power is apt to 
be weakened and not to show itself for a little time, and that the more 
recent the acquirement, the more rapidly is the power lost. Whether 
this last is a constant law we cannot say with absolute certainty. It 
is, however, a law of singularly wide application, this law that characters 
of more recent acquirement are those which are most easily lost, 
and its corollary that the older the character or property the more 
tenaciously is it retained. Specific properties are more firmly fixed 
than racial, racial than familial, and to this law we shall have frequently 
to refer. Hut, while admitting this, we are compelled to recognize that 
properties impressed upon the cell are retained for a longer or 
shorter period after the conditions which led to their acquirement have 
ceased to act. There is, as it were, a constitutional or truly a chemical 
inertia, and this is at the base of heredity.

We can only explain it by assuming that, whereas at first the modified 
constitution of the side-chains and primary molecules was due to the 
actual incorporation of dissociation products of the novel foodstuff, 
once these molecules become part and parcel of the hiophores, these 
have the power to attract and combine not merely the already partly 
elaborated dissociation products of the foodstuff, but also simpler com
binations of other origin, and to combine these in due proportions. 
We must admit that the hiophores are capable of synthesizing fif the 
expression be permitted) the simplest hydroxyl ions, carbon compounds, 
etc., present in tin* cell sap, so that from them rings or primary molecules 
identical with the original continue to be produced.

In favor of this hypothesis, certain calculations of McFarland may 
here be quoted:1

A horse may easily be so immunized against diphtheria that each 
cubic centimeter of its blood serum comes to contain 500 immunizing 
units of diphtheria antitoxin. Such a horse, it is calculated, has circu
lating sufficient IiIimmI to furnish ■>() pounds or 15,000 c.c. of antitoxic 
serum, of which 1 c.c. will protect against, or neutralize, 225 c.c. of

TfXl-book Hfx.n IJalhr>getric tiorlerin, fourth edition, Philadelphia, HMM : IJÔ.
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the toxin. The amount of toxin injected to furnish such an immunity 
is 4200 c.c. As against this amount injected, the productive energy 
of the immunized horse is adequate to neutralize 3,.475,000 c.c. of 
toxin; or, in other words, the blood drawn from his body is sufficient 
to protect 80(1 horses from doses of toxin as large as the total amount 
administered during the entire course of treatment, or against a very 
much greater amount than what, injected into an untreated horse 
would lead to its death (1 c.c. of strong diphtheria toxin administered 
to an untreated horse has, on more than one occasion, been followed 
by the <* " of the animal). It is obvious from these figures that the
injection of a given amount of toxin leads to the development within 
the organism of not simply a corresponding, but a vastly increased, 
amount of antitoxin. What is more, if a treated animal be bled 
repeatedly, and the floating antitoxins be largely removed, the newly 
formed blood comes in a few days to contain amounts approaching those 
present previous to the bleeding.

Resume. Before proceeding farther, it will be well to sum up the 
successive stages in our argument :

1. All living matter exhibits obvious adaptation to the conditions 
under which it manifests its activity.

2. Specific and racial adaptation is best understood from a study of 
individual and cellular adaptation.

5. Study of individual and cellular adaptation demonstrates clearly 
that adaptation is a regulated process, and not the result of chance. 
Modify the conditions of life of one of the bacteria in certain particular 
directions, and, provided the modifications be not so severe as to arrest 
vital activities, the bacteria inevitably exhibit modifications in their 
properties, and these modifications are in direct relationship, or adap
tation, to the particular alteration in environment.

4. The study of immunity shows that what is true of the simplest 
unicellular organisms obtains also with individual cells in the highest 
animal forms.

5. Modifications in properties demand modification in the consti
tution of the cell substance; at base, therefore, adaptation indicates 
molecular alteration and rearrangement in the living matter of the 
cell. At base, therefore, we have to seek a chemical or physicochemical 
explanation for adaptation.

(>. We find this according to the hiophore theory, which regards the 
molecules of living matter as arranged as rings, and rings of rings, 
each ring being capable of attracting and affixing ions from the sur
rounding medium and building these up into side-< "

7. The rings of which the biophores are composed are, we hold, of 
proteid nature, and the tendency of protein molecules to undergo poly- % 
merization indicates that the side-chains are built up as polymers, i. e.t
are also of proteid type.

8. What happens in adaptation, therefore, would seem to be this, 
that with modifications of environment new eoi * < are intro
duced into the cell sap; these undergo or have undergone dissociation 
jnto their constituent ions, and these new ions, either replacing other

1
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groups of ions in the cell sap, or having greater affinities to the mole
cules of living matter, become fixed by those molecules and built up 
into side-chains. In this way we have the first alteration in the consti
tution of that living matter; they come to possess altered side-chains.

9. Such side-chains may (a) when complete become detached and 
free in the cell sap or be discharged into the surrounding medium, or 
(b) may become units in the building up of new cytoplasmic and bio- 
plioric (nuclear) molecules.

10. Once the living matter of the cell becomes modified to the extent 
that new ores have been produced by reduplication, or, more 
exactly, growth, that modification is apt to persist and this long after 
the agent which caused the modification in the first place has ceased to 
act. The only valid explanation of these facts is that, while at first the 
specific dissociation products of the substance causing the modification 
were built into the side-chains and biophores, once these biophores or 
other molecules of living matter have assumed a particular constitu
tion, they possess the power of attracting to themselves, and of building 
up into side-chains and new molecules, other and simpler ions in such 
proportion that from them they synthesize components of the side-chains 
and rings identical with the dissociation products of the substance which 
primarily brought about the modification.

Adaptation to Physical Alterations in Environment. Thus far 
we have, for simplicity sake, taken into consideration only modifica
tions in the cell produced by “foodstuffs.” It will already have been 
determined by the reader that under this term is to lie included every
thing capable of providing ions which can be seized upon by the living 
molecules and incorporated into side-chains or utilized for growth. The 
term is used as implying this idea, but it must be kept in mind that 
under it we include a large variety of substances toxins ami other 
poisons, for example- which ordinarily do not enter into our concep
tion of “food.” Our argument, in short, holds for all the adaptations 
in response to change of a chemical nature in the environment of the 
cell, with one possible exception, namely, that there may be substances 
absorbed or diffused into the cell which do not directly afford ions 
to be taken up by the molecules of living matter, but which break 
up matter already present in the cell, thus indirectly affording ions 
capable of utilization. This possible exception does not invalidate 
our main argument. It affords, indeed, a connecting link whereby to 
attach another series of phenomena, namely, the adaptations to physical, 
as distinguished from chemical, changes in environment. Changes in 
temperature, light, vibrations, do not introduce new ions into the cell 
from without; they tend, however, to modify the dissociation of the 
matter already within the cell, nuclear, cytoplasmic, and paraplasmie, 
and modifying the number and relative abundance of the different 
orders of free ions, they in a similar indirect manner must bring about 
change in the constitution of the hiophoric molecular complex.

We possess, indeed, accurate observations upon the capacity of the 
lower forms of life to adapt themselves to temperature changes. The

8
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earliest were those of Dallinger,1 who by a very gradual increase in I lie 
temperature of the water in which they lived, extending over several 
months, accustomed infusoria, normally killed by a temperature of 
25° (\, to endure a temperature of 70° <\ Davenport and Castle* have 
shown that tadpoles reared from the egg and kept at br>° (’. for a 
month pass into heat rigor at a temperature of 10.3° whereas those 
reared at 24° to 2f>° (’. do not manifest heat rigor until 43.5° ('. is 
attained. Lastly, the experiments of Standfüss3 on the modification in 
the wing patterns and coloration in butterflies, caused by subjecting the 
eggs and caterpillars to different temperatures, have shown that forms 
so distinct as hitherto to have been regarded as different species are 
simply due to physical changes in environniez, and that these diverse 
forms can be produced with exactitude.

From a general biological point of view these data regarding indi
vidual and cellular adaptation are of' the very highest importance, and 
our conception of the means whereby it is brought about afford the 
necessary key to an understanding of variation, its origin and limita
tions, and through this to the process of evolution. We shall have to 
refer to these matters to some slight extent in later chapters. Here 
we would only lay stress upon the fact that cellular structure is the 
expression of the chemical constitution of the cells, that histological 

presupposes modification in the arrangement and intimate 
constitution of the molecules of living matter, and lastly, that for the 
modifications to be more than merely transient the biophores or con
trolling molecules of living matter must have undergone alteration.

From a pathological point of view the data are of equal importance. 
We shall see that disease is two-sided. We have, on the one side, to 
regard the noxæ, or influences acting from without, setting up disturb
ances in cell activities; on the other side, the reactions on the part of 
the cells induced by such noxiv. And these reactions all come under 
the heading of adaptations to changed conditions. It is, perhaps, 
more correct to speak of these reactions as “tending to adapt,” for time 
and again the adaptation is far from perfect. Hut in all the reactive 
processes we can recognize the existence and action of the same basal 
principles which are to be made out governing the microbe when its 
environment is altered when a new sugar is introduced into its pabulum, 
and it proceeds to become modified, owing to the presence of that sugar 
and its dissociation products, with the result that the sugar becomes 
utilized as a foodstuff, and with this the microbe not merely accustoms 
itself to, but takes advantage of, the changed conditions. These con
siderations lead us to another possible definition of disease, i. e., that 
“it is the expression of a reaction on the part of the cells to injurious 
agencies,” just as the normal processes in the body are reactions to 
normal stimuli.

1 Jour. Hoy. Micr. Soe., 3: 1880:1. 2 Arch. f. Kntwick. Mech., 2:1895:227.
3 llotulb. tier paliiorktiachen (Iroxmchmrttcrlirujr, 2 Aufl., Jena, 1890; Denkuchr,

d. Schweiz. Naturforsch. Gewllsch., 30:1898, etc
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Mkkki.y to describe in outlim* the* embryogeny of one of the higher 
vertebrates would demand more space than can here be afforded ; 
we must take it for granted that the reader is familiar with the general 
details of the process. For our present pur|»oses all that is necessary 
is to lay down that, by successive divisions and redivision, a single cell 
the fertilized ovum gives rise to all the cells which form the tissues 
and parts of the multicellular animal; that in the earlier periods of 
embryonic life the cells, the result of this division, show little sign of 
differentiation, but as development proceeds, differentiation becomes 
more and more marked in a larger and larger number of the cells, 
until at birth the separate organs, or almost all of them, are formed 
of constituent cells recognizably different from those of other organs 
even if the full differentiation of the same is not completed until some 
considerable time later. In other words, with progressive segmenta
tion we pass gradually from the undifferentiated, or apparently undif
ferentiated, ovum to the most highly differentiated cells of the various

What we have now to consider is the means whereby this differen
tiation hits been brought about, and this, again, not merely as an 
academic cpiest, but because in various states of disease we encounter 
extensive alterations in the characters and appearances of the cells of 
affected areas, and a knowledge of the laws governing the normal 
process of cell differentiation is essential for a comprehension of the 
abnormal processes. And here, at the outset, we would ask the reader 
for the time being to dismiss from his mind all thoughts of the modifi
cations induced by the sexual fusion of the germ cells. These modi
fications are of a different order, and will be discussed in a subsequent 
chapter. The existence of parthenogenesis of the development of indi
viduals from non-fertilized ova and the data gained from the abundant 
experiments on development initiated by physical and chemical means 
without spermatozoie fertilization, which we owe, in the first place, to 
Jacques Loeb,1 prove that tissue differentiation is primarily independent 
of fertilization. For the present it will simplify matters to leave out of 
account the meaning and influence of this process.

Let us, in the first place, recall what we said (p. 30) regarding our

1 1'nr a fuller study of these observations anil of vital phenomena in general the 
reader may In; recommended to I.ooh\s most interesting and suggestive lectures 
on the Dynamics of Li ring Mailer, Columbia Vniversity Biological Series, New 
York, 1906.
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conception of the multicellulur individual, namely, that this is to he 
regarded not as a colony of individual unit cells, which have become 
and remained united for mutual benefit, but as a unit mass of living 
matter which, by increasing the surface presented to the external medium, 
has continued to remain a unit in spite of growth and increase in volume, 
and has preserved the due proportion between surface and mass through 
the agency of nuclear, followed by cell, division, the component cells in 
general being not wholly isolated, but remaining connected by cyto
plasmic bridges.

1. In such a process, with continued nuclear division and distribution
of the biophoric material into the constituent cells, inevitably that 
material is subjected to different influences. Just as in the free- 
swimming unicellular organs we note that a differentiation presents 
itself between the external and the internal c\ substance

the former being directly acted upon by the sur- 
Fiu. .12 rounding medium and becoming modified into the

denser ectoplasm so, to take the simplest case 
that presents itself, in the even division of a 
spherical cell into a spherical cluster of cells, it 
must inevitably happen that those cells which are 
superficial arc exposed to conditions distinct from 
the conditions acting upon the cells of the interior 
of the mass (Fig. 32). And, remembering what 
has been said in the preceding chapter regarding 
the capacity of living matter to adapt itself, it 

is obvious that through adaptation the biophoric matter of the superficial 
cell layer will become modified, as compared with that of the deeper 
cell mass ; and this modification in the constitution of the living cell 
substance will show itself in structural differentiation.

We gain, that is, our simplest and most natural explanation of cell 
differentiation by regarding it as primariljf the result of adaptation to 
modified environment.

2. Accepting this as the primary cause of cell differentiation in the 
unicellular organism, it follows that, if there be two primordial cells 
possessing biophoric matter of identical constitution, and these each, 
under like conditions of environment, undergo conversion (growth 
and division) into a multicellular mass, then the component cells will 
undergo like differentiation. This, incidentally, is a basal law of 
heredity proper.

3. If, on the contrary, the composition of the biophoric material in 
two such primordial cells varies, then, although these be subjected to 
like environment, the cells resulting from their division will be effected 
diversely by that environment, and cell differentiation in the two resultant 
multicellular organisms, even if along the same lines, will nevertheless 
be distinct.

(îranted the existence of living material after the order of hiophorcs 
(as being at basis a chemical compound, however complex), and of 
adaptation, these must be our three primary postulates. And cell
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differentiation in the multicellular organism is to he regarded as essen
tially the outcome of relative position in a complex of cells derived 
from one common biophoric material of particular constitution, sub
jected to the influence of a particular environment ; that biophoric 
material becoming modified according to the influences brought to 
bear upon it in the different areas of the cell mass.

EPIGENESIS AND PREFORMATION.

This primarily. But a halt must be made. Are we justified in 
regarding the biophoric material of the ovum as “common,” i. r., as 
constituted of an aggregation of molecules of like order? There is 
the possibility that (even in the parthenogenetic ovum) the biophoric 
material is not homogeneous, but is composed of molecules of different 
orders, and that it is the mode of distribution of these diverse mole
cules that determines cell differentiation. Here, in short, we have to 
take sides in a controversy that has w • close on a century and a
half, now one party, now the other, appearing to gain the upper hand— 
the controversy between the upholders of cpiyencnis and preformation, 
respectively. Although with the progress of time and with fuller 
knowledge the field of battle has altered its position, the point at issue 
is essentially the same.

Before anything was known regarding the stages of development of 
the individual or of embryological histology, what may be termed the 
natural view held sway, and this was accepted by Aristotle and sup
ported by Harvey as the result of his naked-eye studies of the developing 
hen’s egg. The ovum in its earliest stage was seen to possess no internal 
structure that by the wildest imagination could be regarded as a minute 
edition of the future animal. No likeness could be made out between 
the germinal disk and primitive streak and the future chick. The 
natural view, therefore, was that the individual developed by the suc
cessive transformations of a germinal substance which originally was 
without form and without parts.

Only in the middle of the eighteenth century was this view called in 
question. Bonnet1 2 recognized in the developing ovum an unfolding 
or “evolution” of invisible small parts. These parts, he held, are 
present in the ovum from the first; are preformed. The ovum contains 
a “miniature model,” as he unfortunately termed it, of the perfect 
animal a model which he was careful to say is not exactly like the 
perfect animal, but consisted of “elementary parts” only. Bonnet 
had not observed the earlier stages of the chick. Caspar von Wolff3 

had, and saw clearly that the fertilized egg, as it proceeded to develop 
into the chick embryo, exhibited nothing that could be regarded as a 
“miniature model.” He actively opposed Bonnet’s doctrine of pre-

1 Considérai ions sur les corps organises, Amsterdam. 1702.
2 Theoria (lencralionis, 1759.
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formation.1 The simple egg substance became modified under the 
action of its inherent formative power until, through continual new 
formations, and transformations more and more complex, the perfect 
animal was developed. And for a long period Wolff's “epigenesis” 
was the accepted doctrine, and this even after the development of studies 
of the cell showed that the ovum was by no means the simple substance 
which Wolff held it to be, and after the doctrine of vitalism rendered the 
conception of an inherent formative force unacceptable. For, on the 
whole, the successive discoveries of the embryologist favored Wolff's 
view. The morula and blastula stages of the embryo, the formation 
of the three germ layers, can only in an indirect way be dragged in to 
support the preformat! m theory.

Neither doctrine, as i “t enunciated, is valid in the light of 
our present knowledge, but still the contest continues, and has, by 
Weismann,2 been brought down to the hiophores.

“Two fundamental assumptions,” he states, “present themselves, and 
these can be related to every conception of germ plasm. . . . Hither
we may think of the id3 as made up of similar or of different kinds of 
parts, none of which has any constant relation to the parts of the perfect 
animal, or we think of it as composed of a mass of different parts, each of 
which bears a relation to a particular part of the perfect animal, and 
so, to some extent, represents its primary constituents. The assump
tion of a germ composed of similar parts, which has been made,
for instance, bv Herbert Spencer, may be called the modern form of 
epigenesis, while the other assumption is the modern form of the (pre- 
formation) theory. The former theory can only explain development 
as induced by the influence of external conditions—temperature, air, 
water, gravity, position of parts upon the chemical components of the 
germ plasm which are everywhere uniformly mingled, and it makes no 
difference whether this uniform germ plasm is thought of as composed 
of many different kinds of parts, so long as these parts are mingled 
uniformly to make a germ plasm and bear no relation to definite parts 
of the developing animal.” We have quoted this in extenso because it 
states so accurately the conditions of the problem. Are we to regard 
the hiophores present in the ovum of a given species as potentially of 
equal value, so that if in the process of cell division the biophore which 
finds itself in a nerve cell will have undergone those changes which 
convert it into a neuronic ' e; if, on the contrary, it has passed 
into a liver cell, the successive changes it has undergone in growth and 
multiplication have modified it into an hepatic biophore? Or, on the 
contrary, are we to suppose that the hiophores present in the ovum are 
most varied in their constitution—that there preexist in it hiophores

1 We use this term in place of 1 tunnel's own “evolutio,” so ns to prevent n very
possible confusion.

3 The Evolution T heurt/. Translated (and that into clear and excellent English) 
by J. Arthur Thomson, London. Arnold, 1904, vol. 1, p. 350 et se<|.

3 The unit mass of hiophores, or, according to Weismann’s terminology, of nuclear 
chromatin, capable of giving origin to the complete individual.
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of the neuronic, hepatic, muscular, osseous, connective tissue, germ 
cell, and other types (the list could he lengthened prodigiously) which 
in the process of segmentation of the ovum are sorted out and distributed 
into the cells which form the anlngcn, or basis of the different specific 
organs and tissue cells, and, entering these cells, control, or, more exactly, 
cause the differentiation of the same?

The point, it will be seen, is one of great importance, since our views 
not merely of tissue and cell differentiation, but of the broader subjects 
of evolution and heredity, materially depend upon which theory we 
accept. Weistnatm upholds strenuously the preformation theory, and 
as his views are widely quoted, it is necessary to inquire into his argu
ments.

Ontogeny (the development of the individual), he states, is not an 
isolated phenomenon, which can be interpreted without reference to 
the whole evolution of the living world, for it is most intimately asso
ciated with this, being, indeed, a piece of it. Ontogeny must hr explained 
in harmony with phytogeny (the evolution of the race), and on the same 
principles. The assumption of a germ plasm without primary con
stituents, or of a completely homogeneous germ plasm, is irreconcilable 
with this, for it contradicts certain facts of inheritance and variation.

We take it that what Weismann means by this broad and rather 
vague pronouncement is that, to afford an example, if the lepidoptemus 
insect, before attaining full development, has to pass through the cater
pillar and chrysalis stages, this can only be explained by the preformation 
theory; that epigenesis is unable to explain the metamorphoses ; that 
the effect of environment, merely, on the germ substance of the lepi- 
dopterous ovum would render the intermediate stages unnecessary, 
would cut them out, and would remove the manifold indications which 
individual development affords of the evolution of the race. We freely 
admit that, as a matter of fact, ontogeny affords most valuable indi
cations as to phylogeny that it is an abbreviated phylogeny, but how 
greatly abbreviated those who currently repeat this dictum are apt to 
slur over. The human embryo is at no period a pure worm, a perfect 
fish, a simple saurian; certain characteristic features only at certain 
stages are capable of explanation by the one theory alone the theory 
that these features are reminiscences of the The retention
of these features does not, however, demand the existence of determinants, 
i. e., of biophores or groups of hiophores of special constitution having the 
particular function of developing these particular features of special 
hiophores which have descended unchanged from the annelid, fish, or 
saurian stage of existence; it can be explained more simply by the 
supposition that all the properties of the cells of the different tissues 
are the result of modifications of one common biophoric matter, these 
modifications being impressed upon that matter by the successive influ
ences that have acted upon the cells in the course of development. 
From which it follows that we may regard it as essential that the cells 
which are idtimately to form certain organs slndl hare passed (or their 
progenitors shall have passed) through certain stages, in order that the
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contained hiophores may underyo a particular line of modification. When 
the same result can he attained by a “short eut,” this is done; whence 
it happens that the ontogeny does not by any means represent the full 
phylogeny. A very little knowledge of embryology furnishes abundant 
examples of these short cuts and of cases in which, in closely allied 
species, development is abbreviated by widely different “short cuts.”

This argument, then, against epigenesis if we understand Wcis- 
inann’s argument aright is not unanswerable. I lis next appears, 
prima facie, to be more convincing. The existence, he urges, of a 
white lock of hair through several generations can only depend ulti
mately on a divergently constituted part of the germ plasm, which can 
only affect the one spot on the head and alter it, if it is itself different 
from what is usual. “On this account I call it the determinant of the 
relevant skin spot or hair group.” In a germ plasm without primary 
constituents the variation could only depend on a uniform variation 
of all the parts, for the parts are either alike among themselves or, at any 
rate, have the same value for every part of the finished organism. How 
could an animal differing only in one minute part arise from a germ 
plasm which has varied in all its parts? There are five well-marked 
variations of the Indian species of butterfly, Kallima paraleeta, in 
which the variation is in the markings on the under surface of the 
wing, while the upper surface is alike in all. I low is this to be explained 
by the epigenetic theory? if each individual variation of the species 
depended on a variation of the whole germ plasm, the wood Kallima 
would soon bear no resemblance to its ancestral form, the meadow 
species. There must be primary constituents in the germ plasm, that 
is, vital units whose variation occasions the variation of definite parts 
of the organism, and of these alone.

As a consequence, Weismann has elaborated a scheme of inheritance 
in which the biophores (which he regards as supramolecular rather 
than molecular—as aggregates of molecules) are combined to form 
determinants or biophoric groups, each of which controls or determines 
the structure and function of one particular cell area of the body, and 
he assumes further that these determinants are combined into ids, each 
id containing the full complement of determinants necessary to give 
origin to the complete individual—numbers of these ids arranged 
serially are regarded as being present in the “idants” or “loops” of the 
wreath or aster of the nucleus of the ovum—the separate ids being 
conveyed to the ovum from different ancestors, and according to the ids 
which thus happen to pass into a particular ovum, so does one or other 
group of determinants derived from different ancestors come to gain 
control in the development of the individual. But of this more anon. 
We mention this here solely in order to give an idea of the relative size 
of these determinants as demanded by Weismann.

We could bring several arguments to bear against this chain of 
reasoning of Weisinann’s; could inquire, in the first place, whether 
Weismann is justified in assuming that where two varieties of a species 
exhibit to the naked eye only one single morphological point of differ-
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entiation, that is the only difference between them- -whether more 
careful study would not demonstrate numerous concomitant variations 
not merely morphological, but functional also. We could quote the 
recent remarkable and extensive studies of Max Standfiiss upon the 
experimental production of variation in butterflies, demonstrating that 
quite an extensive group of varieties which hitherto have been regarded 
as essentially due to difference in constitution of the germ substance— 
of the " lores of the germ cells—is due to the action of environ
ment upon the germ substance, variation in the temperature to which 
the fertilized ova are subjected during the course of development 
sufficing to bring about an extraordinary variation in the coloration 
and marking of the eventual butterfly, a given temperature leading 
with striking constancy to a particular result. One single considera
tion, however, suffices to demolish the whole of Weismann’s theory— 
the consideration, namely, that it is a physical impossibility that the 
id could contain all the requisite determinants; they could not be 
compressed into the space afforded, even were they atoms and not, as

Vanessa levana 9 to allow influence of temperature during the larval period : .1, winter form; 
H, summer form, which used to lie considered a separate species (Vanessa promu). (After
Urnbben.)

he demands, collections of biophores, and these biophores not merely 
molecules of proteid nature and relatively great size, but collections 
of the same. We have already called attention to this reductio ad 
absurd inn of Weismann’s theory.1 2 Weismunn* freely admits, regard
ing determinants, that “in the higher multicellular organisms, as, for 
instance, in most arthropods, the number must be very high, reach
ing many thousands, if not hundreds of thousands, for in them almost 
everything in the body is specialized and must have varied through 
independent variations in the germ.” And to make his image of these 
determinants quite clear, he adds: “In multicellular organisms I should 
be inclined to picture the determinants as a group of biophores 
are bound together by internal forces to form a higher vital unity. This 
determinant must live as a whole, that is, assimilate, grow, 
by division, like every vital unit, and its ' ' vs must be individually
variable, so that the separate parts of a cell controlled by them may 
also be capable of transmissible variation.

1 Adami, Inheritance and Disease, Osier’s System of Medicine, vol. 1.
2 Iioc. cit., p. .'170.
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We employed previously Ixird Kelvin's estimate of the size of a mole
cule of water, pointing out that, according to his figures, in the chromo- 
meres or l>ead-like granules seen in certain chromosomes, which have 
been taken to represent Wcismaim's ids, there could he stretched across 
the diameter only about 150 molecules of water, and that when the highly 
complex molecules of the nucleoproteins have a molecular weight of not 
less than 15,000, the number of proteid molecules capable of occupying 
this diameter must be very much smaller. Hut in the opinion of many 
modern physicists this estimate of Lord Kelvin's represents, if anything, 
the maximum and not the minimum possible size of a molecule of water. 
Nernst,1 indeed, accepts van der XVaals* calculation, based upon the 
molecular kinetic theory, that the magnitude of the molecule is one five- 
millionth of a micromillimeter (0.000002,u), or otherwise that along a 
line 0.5// in length, there could exist not 150, but 2500 molecules of 
water. Even taking this estimate, Weismann's conception is still outside 
the limits of the possible, when the huge size of the nucleoproteid mole
cule* is taken into account as compared with that of a simple molecule 
such as that of water.

If the biophores are, according to Weismann's conception, not 
simple molecules of proteid type, but aggregations of the same, 
the determinants composed of aggregations of biophores should be 
recognizable under the highest powers of the microscope, and the id 
formed in the higher animals, of thousands and tens of thousands of 
biophores, must inevitably be a body of from thirty to three hundred 
times the diameter of the determinant so large, that is, that if it existed, 
it must have been recognized from the’moment the nucleus of the cell 
was first observed—and if, as Weismann supposes, the nucleus of the 
ovum contains hundreds of ids derived from numerous ancestors, 
that nucleus would fill the whole field of the microscope! Needless to 
say, this is not the ease; nor, we may add, does the coarseness of the 
nuclear structure vary materially according to the complexity of the 
animal. Physically, therefore, Weismann's conception is an impossi
bility, and, as Weismann has carried this conception of preformation to 
its logical outcome, it follows that, in demonstrating the impossibility 
of his theory, we simultaneously destroy all less fully developed theories 
of preformation.

Determinants, in Weismann's sense, cannot exist, and we must 
accept (with reservations, to be noted when we come to discuss the 
fertilized ovum) the alternative theory of epigenesis—the view that 
there exists primarily a single biophoric substance which in its growth 
and distribution to the various tells of the developing animal is sub
jected to varying influences whereby it becomes modified, and whereby 
the cells governed by it come to assume diverse functions and diverse 
structure. There is a preformation, but of the common biophoric 
substance alone; this must differ in the different species. And there

1 Theoretical Chemixtry, translated by Palmer, pp. 348 et se/p
*As demonst rated inter alia by its nnn-filterabic character, tlirmiKli a porcelain filler.
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is an evolution, or unfolding, Imt tliv nature of this unfolding is of this 
order, that, given growth and cell division, the hiophoric material 
subjected to a particular environment inevitably undergoes a definite 
series of transformations; and the different orders of cells, tissue, 
and organs are the result of the diversity of influences acting upon the 
common hiophoric material of the ovum.

So far, let it be remembered, we have studiously kept out of con
sideration the facts of fertilization. It has seemed to us that we could 
make our statement of first principles clearer by neglecting them for 
the time being. Now we have reached the point at which they can no 
longer be neglected, for, obviously, in the gainogenetie individual— 
the individual resulting from the union of the male and female germ 
cells—there is not a common hiophoric substance; in them, at the 
moment of fertilization, at least, there are hiophores of two orders, and 
it may be of many more, for, the parents being unlike, the hiophores 
which controlled their growth must presumably have been unlike, 
and the same is true of all the ancestry. How, then, can we combine 
the conception of epigenesis from a common hiophoric material (minus 
determinants, in Weismann's sense) with this necessary existence in 
the fertilized ovum of *es of different constitutions? This we
shall discuss in the next < jr.

THE MOSAIC THEORY.

But before leaving this portion of our subject there is a somewhat 
weighty objection to the theory of epigenesis which cannot be passed 
over in silence. The more carefully we study the earliest stages of 
segmentation of the ovum in the various forms of life the more clearly 
we recognize that, after the first or second division, the blastomcres or 
resultant segmentation cells begin to show signs of differentiation. 
In other words, cells apparently subjeetetl ta nient leal environment exhibit 
structural differentiation.

This point was emphasized strongly by Weismann in some of his 
earlier writings, and has been more particularly studied (INNS) by 
Roux, of Breslau. The ovum in its earliest stages segments first along 
one median plane into two cells (or blastomcres), then each of these 
subdivides along a plane at right angles to the former, a four-cell stage 
being produced, and subsequently an eight, sixteen, thirty-two cell 
stage, etc. In certain most interesting observations upon the germinating 
frog’s eggs, Roux1 showed that by destroying one or other of the blasto- 
meres in their earliest stages he could e monsters of defect, one
or other region of the body being undeveloped, according to the cell 
destroyed. If, in the four-cell stage, for example, one of the blastomcres 
be destroyed by means of a heated needle, a frog may develop wanting one 
entire quarter of the body. The conclusion appears obvious that in the

1 Virchow's Arehiv, 114:1888:113; sec also Anatom. Hefte, February, 1*93.
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segmentation of the ovum, with the first division the determinants from 
one-half of the laxly pass into one of the primary blastomeres, those for 
the other half into the other; and that when these two divide, the deter
minants for the front half of the right side pass into the right anterior 
hlastomere, for the hinder half of the left side into the left posterior 
blastomere, and so on. And more particularly from these observations 
he developed what has been termed the “ mosaic theory ” of development ; 
that “the development of the frog gastrula and of the embryo formed 
from it is, from the second cleavage onward, a mosaic work, consisting 
of at least four vertical independently developing pieces;” organization, 
that is, precedes cell formation.

But in the course of these observations Roux himself was the first to 
note that, where he destroyed one of the cells in the two-cell stage, 
instead of gaining a half embryo (unilateral), he might gain a whole, 
though dwarfed, individual; and later, Driesch1 conducted a most 
suggestive series of experiments. Taking the eggs of the sea urchin 
in the two- and four-cell stages, he was able, by shaking, to separate the 
cells, each of which gave rise not to half and quarter embryos, but to 
entire, though dwarfed, larval forms. E. B. Wilson2 * obtained even 
more striking results with amphioxus eggs, while, not to mention several 
other confirmatory observations, Zoja, in certain jelly-fish (medusa*), 
obtained perfect embryos, though correspondingly dwarfed, from the 
separated blastoineres of the sixteen-cell stage.

We shall have later to point out how these observations throw light 
upon the development of certain twins and double monsters. What 
we have to indicate here is that they absolutely contradict the mosaic 
theory. They show that in the earliest stages, and the same, we may 
presume, is the case in the later stages, the division of the cell—the 
ovum and its nucleus is into similar parts. The daughter chromo
somes are of equal value qualitatively and quantitatively.

But how are these facts to be reconciled with the opposed facts of 
Roux? This has been solved by Morgan.4 He has shown that in the 
frog's egg, if, after the destruction of one blastomere, the other be 
allowed to remain in its normal position, a half embryo develops, con
formable with Roux's observations; if, on the other hand, following 
the action of gravity, it becomes inverted, it most frequently gives rise 
to a whole dwarf, in some of his experiments, even under
these conditions, the half embryo developed. Wilson has obtained 
similar results with amphioxus eggs. Through these and allied obser
vations it has been determined that the different components of the 
ovum assume naturally particular relations, the one to the other. This 
is largely a mechanical matter. Thus, in the frog’s egg the stored food 
material, yolk or deutoplasm, is heavier, and sinks, while the lighter 
nucleus and cytoplasm rise, and so far, it would seem, from purely 
mechanical causes there is developed a polarity in the ovum. Similarly

1 Zeitsvhr. f. wisaensch. Zoologie, 53:1892. 2 Jour, of Morphology, 8:1893.
3 Arch. f. Kiitwickelungsmeclmnik, 1 and 2: 1895.
4 Anat. Anzeiger, 10:1895:1)23.
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the pigment in the frog’s egg collects, or is developed, at the upper pole
the part exposed to the greater amount of light. Thus, we have 

indications that in the very earliest stages the fertilized egg obtains 
polarity; or, otherwise, that the different constituents nucleus, cyto
plasm, and paraplasm (deutoplasm) take on a definite arrangement, 
which in itself determines to a large extent the subsequent course of 
cell division; if this arrangement be disturbed, then that subsequent 
course is liable to alteration. We can, that is, given these data, har
monize apparently contradictory facts, and, what is more, can from 
them gain an understanding of how it may come to pass that without 
determinants there may be potential cell differentiation in the very 
earliest stages of the segmenting eggs. Briefly, while the nuclear 
biophores are to be regarded as the controlling agents in the cell, their 
activity is determined by the surrounding cytoplasm and deutoplasm, 
and the relations of these three again are determined by physical agencies.

( )bservations of the foregoing order are brought forward by certain 
writers in support of this view that heredity does not reside in the nucleus 
solely, and that the cytoplasm exercises a pronounced determinative 
influence upon the future of the individual. Of this influence a most 
striking example has of late been adduced by ( lodlewski1 in the course 
of an active controversy upon the respective influences of the paternal 
and maternal germ plasms U|m>ii the development of hybrid lame. It is 
found in the first place that hybridization is possible between the most 
widely separated echinoderms starfishes, stone lilies or crinoids, and 
sea urchins. Godlewski found that if he enucleated the egg of a sea 
urchin (Strongylocentrotus) and fertilized it with the sjx*rm of a crinoid 
(Antedon) the resultant larva had .tea urchin and not crinoid characters. 
There could be no more telling example of the influence of this cyto
plasm tijxm development. But if the general conclusions we have reached 
regarding the relationship between cytoplasm and nucleoplasm l»e kept 
in mind, the case is seen to afford an exquisite example of adaptation. 
The nucleus for its growth depends iq>ou what it can assimilate from 
the c} ; the cytoplasm being of sea urchin type assimilates
matter from the exterior which it builds up into “ side-chains” of sea urchin 
type; it is this matter that has to be assimilated and built up by the 
nucleus whose new biophores inevitably take on to a very large extent 
sea urchin characters ; or otherwise we have here an exquisite example 
of the means whereby the newly formed biophores an* modified in accord
ance with their environment.

This controversy is still raging regarding the “mosaic theory,” or, 
more definitely, regarding prearrangement of blastomerie constituents 
prior to segmentation and the meaning of the same. The reader will 
find a fuller discussion in Professor Wilson's work on The Cell. It will 
be seen that our conclusions very largely agree with his. Here we 
must call attention to the fact that there are certain fertilized eggs 
whose separated blastomeres cannot be brought to form complete

1 Arch. f. Entwiekelungsmechanik, 1901».
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dwarf individuals, hut always—under the conditions of experiment 
develop into partial larva*. Nevertheless, these eases cannot he adduc'd 
in favor of determinants. In the individual hlastoinere of the four-cell 
stage of the emhryo of the gasteropod llyanassa, for example, there is 
present material which in the normal course of events would give origin 
to germ cells capable of developing into the complete individual, and yet 
such individual hlastoinere if separated from the rest is never found itself 
to originate a complete, if dwarfed, larva, hut only a quarter larva. 
The matter capable of developing the whole individual is present; 
there must, however, he some arrangement, some mutual relationship 
of hiophores, cytoplasm, and paraplasm which inhibits the full develop
ment. Modifying DricsehV conclusions, we may say : The relative 
position of a hlastoinere in the whole agglomeration of blastomeres, 
coupled with the relation of the parts in that hlastoinere, determine in 
general what develops from it; if these relationships be changed, it gives 
rise to something different; to this extent “the prospective value of the 
hlastoinere is a function of position”—acting upon biophoricconstitution.

This power of single cells to produce the entire body is, in general, 
limited to the earliest cleavage products, with the one prominent excep
tion of the germinal blastomeres—cells that can be distinguished or 
followed back to a very early period in the embryo—which are destined 
to give rise to the germ cells. In certain of the lower multicellular 
animals there are indications that the body cells in general retain this 
property, as again in certain plants—the trite examples are the lhjdra 
and the Begonia; hut even in these it is at least questionable whether a 
single cell has this capacity. In these cases we are unable by experi
ment to isolate a single cell, and when the removed portion is below a 
certain size no results ensue. It is therefore probable that for the repro
duction of the whole individual from the body cells there must be present 
representatives of the different germ layers- a collection of cells rather 
than a single cell. In the higher animals, at least, a distinction between 
germ cells and somatic cells is very marked, and it may be laid down 
as a general principle that the more pronounced the differentiation of 
a cell, the lc.su it.s capacity, not merely to reproduce the individual, hut 
also to reproduce itself. In these higher animals, judging from the data 
regarding homologous twins and multiple births, and more particularly 
from Spcmann’s experiments upon the eggs of the newt, not beyond 
the gastrula period are we able to divide the embryo so that each half 
gives rise to the whole individual. Following upon this, with the develop
ment of the primary germ layers the constitution of the biophoric material 
has already become so modified that epiblast cells give rise to epihlastic 
structures only, hypoblast to hypoblastic. The apparent exceptions to 
this law we shall discuss in the chapter on Metaplasia. It is the existence 
of this law that permits us to classify the new growths or tumors. (See 
chapters on Neoplasia.) And when we study the fully developed tissues 
we find that the cells which are the most highly differentiated of all.

Shulien, IN", Zeitsch. f. winwiiscli. Zoologie, f»5: 1893: 39.
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namely, the neurons, or nerve cells proj>er, have completely lost the power 
of reproduction ; once fully formed, they cannot multiply. Other well- 
differentiated cells—muscle cells, gland cells, and even squamous epithe
lium- have retained the power of reproduction, hut gland cells can 
only give origin to gland cells, muscle cells to muscle cells, epithelium 
to epithelium, and when fully developed they can only multiply after 
undergoing a preliminary “ Hntdifferenzierung,” or undifferentiation, 
reverting to a simpler, less differentiated stage. The developed muscle 
cell, before it can multiply, loses its striation, reverts to a more embryonic 
type, its nuclei multiply, and each becomes surrounded by apparently 
undifferentiated protoplasm ; the gland cells, to a large extent, lose their 
s|>eeifie granules and paraplasmic matter, the cell body swells and 
stains poorly; the squamous epithelial cell becomes swollen and more 
rounded, its nucleus more prominent, its cogwheel-like processes unrec
ognizable. We shall describe these changes more fully when treating 
of the subject of tissue regeneration. The more fully we study the 
differentiated tissues of the body the more it is brought home to us that 
the fully developed and differentiated cell, as such, exhibits little active 
multiplication, and that to a very large extent under normal conditions 
the renewal of cells worn out by use is brought about by the presence and 
reproductive activity of “mother cells'* of cells, that is, present in the 
tissue in a relatively undifferentiated form, or, as we are accustomed to 
term it, of embryonic type.

For instance, where the skin has been irritated, we find that even 
well out in the stratum eorneum certain cells are swollen as above 
indicated, and showr stages of mitosis. The normal skin does not 
present evidences of multiplication in these regions; in it the constant 
loss of surface cells is made up by the mother cells forming the deepest, 
Malpighian layer of the epidermis. This, as every student knows, is a 
palisade layer of small, simple cells with dee|>-staining nuclei. These 
are present throughout life; they never become converted into squamous 
cells; they exhibit mitotic figures and multiply, and it is their daughter 
cells given off toward the exterior which, as they pass farther and farther 
away from the nutrient basis, undergo successive modifications, until 
they become completely keratinized. There are similar mother cells 
for cartilage (perichondrium), bone (periosteum, osteoblasts), mucous 
membranes, and their grand follicles, lymph nodes, etc. In voluntary 
striated muscle it is probable that the so-called muscle spindles have a 
like function; in the heart muscle, as pointed out by MacCallum, there 
exists a layer immediately beneath the endocardium of this mother- 
cell type;1 in the brain and nerve centres we have indications that, with 
destruction of the neurons, certain of the less differentiated neuroglia 
cells can in early life undergo differentiation and de> * into
neurons.

1 The remarkable observations of Tawara in Aschoff's laboratory upon the " lteiz- 
leitung System" (Jena, Fischer, 190(1) render it urgent that these observations lie 
repeated to determine the distinction between such cells and those connected with 
the bundles of His and the conducting system of the heart.
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It is, in short, only the lowest and simplest of tissues that can impar
tially either perform function or multiply, and even here we note that 
Entdiffercnzicrung precedes multiplication. The simple connective- 
tissue cell, with attenuated nucleus and scarce visible cell body, swells 
prior to multiplication, its nucleus becomes spindle-shaped and deep 
staining, it gains a recognizable cytoplasmic body, it becomes identical 
with the spindle cell of developing connective tissue.

How are we to explain these facts in the terms of the biophore concept 
already laid down? Our conception of the biophores, it will be remem
bered, is that these primary molecules of living matter have, within 
relatively wide limits, the capacity of adaptation, i. e., with modified 
environment undergo structural modification. These facts indicate 
that, with active growth of the fertilized ovum and coincident multipli
cation of the biophores, the modifications undergone may be so incon
siderable that the first cleavage products possess biophores which 
retain all the properties possessed by the biophores of the ovum, and 
so, like the ovum, are capable of giving rise—if the blastomeres be 
separated—to complete individuals; if they be not , then,
through the interaction of the cells and the polarity of the cell mass, to 
portions only of the simple individual. Rapidly as the cells multiply 
and the cell mass grows in extent, the biophores contained in each cell 
become modified. According to their environment, so do the food
stuffs assimilated vary, and the groups of ions seized upon and attached 
to the biophores exhibit variation, with resultant modification in the 
constitution of the new biophores, until these become so specialized that 
they give rise to biophores capable only of determining the characters 
of special orders of cells, incapable of giving origin to all the orders of 
cells present in the organism. And, as this process continues, eventually 
the elaboration of the biophores in adaptation to particular relation
ships and particular function becomes so extreme, their constitution 
so elaborate, that the capacity to deduplicate, i. <*., to multiply, is lost; 
the cells containing these elaborated biophores cannot multiply; or it 
may be more correct to say that the biophores still possess the power of 
multiplication, but this is inhibited by the extreme differentiation of the 
cytoplasm.

Reverting to what we have written regarding cell energy (p. 101), it 
will be realized that the immediate reaction to external stimuli and 
the performance of function is exerted through the cytoplasm ; that 
this is to be regarded as intermediary between the biophores and the 
external medium; that the performance of function demands discharge 
of energy on the part of the cell, while, contrariwise, growth demands 
storage of energy. From these considerations it follows that the more 
pronounced the differentiation of the cytoplasm the more is the cell 
prepared to expend the energy acquired from assimilated foodstuffs 
in the performance of function rather in growth. In other words, the 
greater the cytoplasmic differentiation the less the capacity of the bio
phores to initiate growth and cell multiplication. That this is so is 
strongly supported by the phenomenon of Entd ifferenzierung above
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deserilied ; or, concisely, the change from the functional to the vegetative 
type of cell is accompanied by a loss and using up of the cytoplasmic 
structures elaborated for the due performance of function in response to 
external stimuli.

We cannot > ’ *?ntly emphasize this antagonism between the kata- 
and bioplastic activities of the cell. It may not be absolute; 

within certain narrow limits, as already indicated (p. 103), the two must 
surely co-exist ; but these limits appear soon to be overpast, and the 
more the cell prepares itself for the performance of special function the 
less becomes its vegetative activity.

In our study of tumors it will be seen how important is the bearing of 
these considerations upon our grasp of the essential nature of neoplasia.

09
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CHAPTER XI
FERTILIZATION.

Two facts in themselves indicate that sexual conjugation and fer
tilization, the result of that conjugation, essential as they have become 
for the < of the hulk of living species, are nevertheless of
secondary import, or at least not primordial; the facts, namely, that 
growth, adaptation, and cell differentiation can proceed in animals

|Cm *ww
e m ®

Development of flip colonial llngp|lutp<l InfuHorinn 1‘andorinti nwrum, lo show conjugation 
of like hpxuuI cells : /, ordinary colony formed of sixteen like cells (persistence of morula stage 
of embryo of higher forms); //, similar colony in which each cell has develoj>ed into n daughter 
colony of sixteen cells; III, colony like /, in which the cells are escaping from the gelatinous envelo|>e 
for purposes of conjugation; 11. V, conjugation of two like individuals cell; 17 to X, subsequent 
stages leading up to development of a cell mass as in I. (After I’ringsheim.)

genetically, and that in the lowest forms of life long 
successions of generations have been followed without signs of con
jugation being detected; so that we may with security state that in 
these sexual conjugation does not occur. For these reasons, difficult as

7592^1
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I uk of un l>hiim<lmii with surrounding 
iliernmtoeon to show differentiation in sise of 
nvnsive male, and yolk containing female germ 
•ells. (Korechelt and Heider.)

at times it hits been, we have, to this point, studiously refrained from con
sidering these processes and their results. Their study introduces a new 
and complex order of phenomena, 
which best is taken into account Fm. as
after everything not directly due 
to sexual differentiation has been 
passed in review.

Here we shall not discuss the 
significance of that differentiation, 
nor the meaning of fertilization.
We will provisionally accept the 
light afforded by Maupas’ observa
tions' upon long series of partheno- 
genetic generations of infusorian 
Stylonychia pustulatn, confirmed as 
they have been by Calkins’ recent 
most painstaking studies upon long 
generations of Paramœeium, that 
fertilization is essentially a means of 
biophoric rejuvenation. Indeed, 
our treatment of the whole of 
what has now become a ver) 
considerable branch of biological research must be brief and eclectic. 
We can but select those data and general conclusions which lead us 
forward toward, and > ' us with, a foundation for the study of
heredity.

Thus, in passing, we may note that the simplest type of conjugation 
found among unicellular forms of life is that of fusion of two wholly 
similar individuals; that among the multicellular forms, whether of 
animals or plants, we find similarly, low down in the scale, that little 
differentiation is to be made out between the male and female germ cells 
( Fig. 34). Very soon this differentiation shows itself, so that the one cell

the male or invasive element- becomes motile, to the end that, being 
attracted, it may actively move toward and penetrate the more passive 
female element—passive, because it contains in its cytoplasmic meshes 
a store of foodstuff or yolk, necessary for the active growth which fol
lows fertilization. Of such store material the male element, or sper
matozoon, shows the veriest trace; it comes to consist of little beyond 
nucleus, centrosome, and actively motile tail or flagellum. The dispro
portion in size of the two elements involved in the act of fertilization 
becomes thus singularly great (Fig. 35).

From a very early period of development of the individual the germ 
cells, destined to give rise to either ova or spermatozoa, are marked 
off from the somatic cells, destined to give rise to the tissues of the body 
in general. In certain insects they have been traced back and recog
nized at the blastula stage; in the nematode worm, Ascaris, Boveri

1 Archives de Zoologie, second series, 7:1S89.
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lias succeeded in tracing the differentiation hack to the results of the 
first segmentation of the ovum—to the two-cell stage. Not to enter 
into details of modes of differentiation of the two orders of cells, which 
vary considerably in different forms of life, we may, with very slight 
alteration in wording, follow Professor Wilson, and lay down that the 
difference between the germ and the somatic cells is, that the former 
retain the sum total of egg chromatin elements handed down to them 
from the parents, whereas, by one or other process, the somatic cells

Two relis of segmenting egg of Aaeurit niruulnciphnlu. A, ilestineil to give rise Ui Innly relis, 
shows diminution and rusting out of some of its chromatin. H, the germinal hlnstomere, shows 
no such reduction. (After Boveri.)

retain only a portion of the same. Following hack the descent of cells 
destined to he germ cells, we find that the series is uniformly rich in 
chromatin—that there is no primary casting out or reduction; in somatic 
cells preliminary reduction does occur. “The original nuclear consti
tution of the fertilized cell is transmitted, as hv a law of primogeniture, 
only to one daughter cell, and by this again to one, and so on, while 
in the other daughter cells the chromatin in purt degenerates, in part 
is transformed, so that all the descendants of these side branches receive 
small reduced nuclei."1 In conformity with what we have already 
stated regarding the nature of biophoric material, we would suggest 
that the somatic blastomeres receive, both a reduced amount of chromatin, 
and chromatin of modified constitution.

As already hinted, it is still an oj>en question how far the nuclear chro
matin is to 1m* regarded as identical with biophoric matter; from the fact 
that chromatin (stainahle material) may disappear from view entirely 
at certain stages of cell activity in certain of the lower forms, there arc 
those who regard this not as the active living substance, but us a first 
product of the activity of the same. On the other hand, this loss of 
staining power has received what is at least a plausible explanation. 
The more acid the character of the chromatin the greater its affinity 
for basic dyes, such as hematoxylin. The greater the proportion of

1 Boveri: Merkel amt Bonnet’s Krgebnisse, 1: 1891:4117.
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unsatisfied nucleic acid in the nucleus the more intense its staining 
properties. The intense stain taken on by nuclei prior to mitosis indi
cates thus a heaping up of bodies of the nature of nucleic acid; if later, 
as the nucleus breaks up during the process of mitosis the staining 
power diminishes greatly, this suggests that the nucleic acid becomes 
combined with (possibly) proteid matter to form nueleoproteids, the 
coil losing its strongly acid properties.1 We are agreed that
there is the closest possible relationship between the nuclear biophores 
and chromatin, and that a permanent reduction in the amount of the 
latter is the expression of a reduction in the amount of the former. 
Fjg. 37 expresses graphically this relationship in descent of the germ 
rails to the rest of the organism.

Fer.tntz'd

• Undifferentiated
Biulirjonlc Somatic

IaFaWaWaWaI
.*** .-i-fa BBBB

Differentiated somatic tissues of adult.

Schema of germ and somatic cell differentiation. (After Klebs.)

We have pointed out that the primordial germ cells differ from 
the somatic cells in that they undergo no primary reduction in 
their chromatin. We have now to point out that a most remarkable 
feature of the adult germ cells, the immediate precursors of the ova 
and spermatozoa—the oocytes and sj)ermatocytes, as we may term 
them—is that in the process of maturation they exhibit a terminal 
reduction.

If we study the mitotic figures in the growing tissues of multicellular 
individuals, we discover that, with one exception, which we shall have 
to deal with in studying tumor formation, these exhibit in the aster 
stage a number of chromosomes or loops of chromatin which is constant 
for the particular species, and is always even, always a multiple of two. 
Thus, it is 2 in one variety of Ascaris, 4 in certain worms, 18 in the sea

1 It may, indeed, happen that at the period of mitosis when the nuelear membrane 
disappears, the nuclear matter, coming into more immedate contact with the cyto
plasm, is peculiarly susceptible to modifications, from which at other periods of its 
existence it is, as we have pointed out (p. 45), largely protected.
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urchin, 32 in man, 1(>8 in the phyllopod Artemia. That it is a multiple of 
two is due to the fact that one-half of the chromosomes are of paternal, 
one-half of maternal, origin. Nay, more, in not a few species the indi
vidual chromosomes vary in shape and this to such an extent that dif
ferent types are clearly recognizable present in pairs. The convincing 
demonstration of this distribution has been afforded by Moenkhaus 
by crossing two fishes, Fundulus and Menidia. These happen to 
have the same nuinlier of chromosomes (3(1), but those of the former 
are three times as large as those of the latter. In the developing 
hybrid all the mitoses studied in the body cells exhibited half the 
chromosomes of the large (Fundulus) type, the other 18 of the small 
(Menidia) type.

In all cases so far studied the mature ovum and the spermatozoon 
contain or exhibit just one-half the nuinlier characteristic of the 
somatic cells of the particular species.1 The mature ovum and the 
spermatozoon receive and contain half the number of chromosomes 
characteristic of the previous generations of germ cells and the somatic 
cells as a body.

The method of reduction varies in the two sexes, varies also to some 
extent in different species. The following account gives the stages 
common in all multicellular organisms, whether animal or plant, omit
ting details.

SPERMATOGENESIS: THE MATURATION OF THE SPERMATOZOON.

The primordial male germ cells give origin to spermatogonia, cells 
which divide and redivide, with the ordinary number of chromosomes, 
until, with adolescence, these cease dividing, attain a considerable size, 
and become known as primary spermatocytes. Each divides into two, 
giving rise to secondary spermatocytes; each of these again into two 
spermatozoa. Thus, each primary spermatocyte produces four sper
matozoa.

Following now the chromosomes, this may be stated : In the ordi
nary cell, as has been indicated on p. 115, each chromosome splits longi
tudinally into two, and one of each pair thus formed passes into each 
daughter cell, which thus comes to possess the same number of chromo
somes as did the mother cell, and as half the chromosomes of the mother 
cell are of paternal, half of maternal, origin, so does the daughter cell 
come to have also the like proportion of elements from both parents. 
Thus, if the parent cell in the monaster stage exhibits 8 chromosomes, 
each aster in the diaster stage has 8 members. We may, following 
Professor E. B. Wilson,2 term these A, B, I), and a, h, c, d. But

1 Here lor the moment we leave out of consideration the “accessory chromo
some" that has been determined in many species. To it and its significance we 
shall revert later.

2 Harvey Lecture», 1900-1907:212.
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now in the maturation process the primary spermatocyte exhibits 
a modification of this process, a modification known as synapsis, the

; I

I he stages of Spermatogenesis in -inning mepalocrphiila btralnitc /, siwrmatogonium, with four 
chromosomes (the normal number for the cells of this species); //, primary spermatocyte with 
two Utrada; III, primary spermatocyte undergoing division into two secondary spermatocytes, 
each with two ilyntls; 11 , secondary spermatocyte; V, secondary spermatocyte undergoing division 
into two s|H‘rmuto*oa, each with two moruidt; VI, two young spe rm a logon, each bearing two 
monads - chromosomes (After A. Hrnuer. )

The stages of reduction in the Ovum and formation of polar l>odiei}. Diagram based upon 
Hoveri’s observations on the maturatiou of the ovum of Aacnria meQalocephala bivalena: 1, entrance 
of spermatozoon, sp., into ovum; 2, formation of two tetrads in place of four chromosomes; 3, first 
division—formation of two pairs of dyads; 4, expulsion of first polar body (1 P. b.) containing 
two dyads; 5, second division of nucleus of ovum, and division of nucleus of first polar body
....formation in each of two pairs of monads; 0, expulsion of second polar body and division
of first polar l>ody—ovum and each polar body provided with two monads. The arrows, point
ing to Or., indicate subsequent enlargement of the nucleus of ovum and conversion of the two 
monads into a chromatin network similar to that developed in Sp., the nucleus of the spermatozoon.
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significance of which was first pointed out by the American cytologist 
Montgomery. Continuing to consider the case of 8 chromosomes, we 
find now that these undergo a coupling process, with apparent reduction; 
in place of 8 chromosomes there appear 4 “bivalents”—Aa, Bb, Cc, Dd 
(in Fig. 38, II, with 4 chromosomes, these are represented by tetrads), 
and in the subsequent mitosis to form the secondary spermatocyte, 
each group of bivalents divides so as to supply the complete series to 
each (laughter cell, h will be seen that through the coupling process 
the number of elements is not actually, but only apparently, halved. 
This is followed by a true reduction process (the meiosis of Moore) in 
which the synapsis or fusion of the paternal and maternal elements is 
dissolved, the one portion, A, for example, passing into the one sperma
tozoon; the other, a, into another. It is still undetermined whether the 
complete paternal set—A, B, 1)—remains associated and passed over 
to the one spermatozoon, or whether there is distributed an admixture, 
e. g., A, b, c, D. The general opinion is in favor of the latter supposi
tion. The result, however, is that the spermatozoon is constituted with 
half the number of chromosomes peculiar to the ordinary cells of the indi
vidual and of the species from whom it has been derived.

OOGENESIS: THE MATURATION OF THE OVUM.

A process, strictly parallel in intent, occurs in the maturation of the 
ovum, although so different in appearance are the stages that it was 
some little time before observers realized that they had to deal with like 
phenomena. We owe more particularly to Oscar Hertwig the demon
stration of the identity of the two processes.

Like the spermatozoa, the ova are descended from the primordial 
germ cells, whose descendants in the ovary are termed oogonia, each 
germ cell dividing with the usual number of chromosomes, in general 
until the final stage. The differences now are these: that whereas, 
all the four cells derived from the primary spermatocyte become active 
spermatozoa, only one of the four cells descended from the corresponding 
oocyte becomes functional. The other three are degenerate and cast 
out as polar bodies minute cells, with nucleus and cytoplasm, apparently 
functionless. Secondly, the period at which the process occurs is dif
ferent; in general, the formation of these polar bodies either does not 
begin, or is not completed, until after the spermatozoon has entered the 
ovum (oocyte), and thirdly, and most perplexing of all, the process is 
conducted in such a way that all the stages happen within the body of 
the one cell, the oocyte. The polar bodies are intracellular formations. 
What was the oocyte undergoes nuclear changes and eventual reduction 
in its chromosomes and emerges as the mature ovum.

There is, however, and this prior to the formation of the first polar 
body, the same process of coupling or synapsis,, whereby the number of 
chromosomes is apparently halved, although truly the full series of 
chromosomes is contributed, as dyads, to the first polar body, and to the



PLATE III
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Fertilization.

1. Entry of spermatozoon into ovum. 2. Loss of tail of spermatozoon: its mid-piece 
becomes the centrosome of the fertilized cell. 3. Division of centrosome. 4 and 5. Chro
matin both of ovum and spermatozoon converted into a network : the two moieties gain 
approximately equal size. 6. Chromatin of both becomes arranged into chromosomes 
(one-half of the number of each variety that is usual in the body cells of the species). 
7. Formation of spindle : division of chromosomes : partition of chromosomes derived from 
the two parents in equal number between the two future cells (blastomeres).
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nucleus of the oocyte. 'I’llis first polar laxly now undergoes mitosis, 
its daughter nuclei receiving each one-half the normal number of chromo
somes, and coincident!)’ the nucleus of the oocyte undergoes a reducing 
mitosis, the third polar laxly and the resulting nucleus of the ovum being 
each provided similarly with one of each pair of chromosomes. The 
“monads” thus contributed to the nucleus of the ovum develop into 
typical chromosomes.

Primordial Venn Cell Mule

"GERM IN
Ooyon ia Sjtermaloynnt

* * * >

Oocytes * i 4 4 dk | * * Spermatocytes 4 * * 4 i 4

r W Spermahtcytt: lut Ont. £

fr W B Spermatocytes Jnd Ord. 4

wy*, „* * Spermatozoa (4) 4 4 <

GROWTH
Oocyte 1st Order

Oocyte in11 Cede

4 4 * 4

Schema of compariitive descent of ovum and speriiiHlosoii. The dotted lines indicate suc
cessive cell generation, the continuous lines connect successive stages of one cell. (Modified from

Conclusions. Even leaving out the details (some of which may be of 
great significance), this is an extraordinary history. It is, nevertheless, 
one that has been confirmed by a large number of independent observers 
in connection with a great number of species both of animals and plants. 
What is the meaning of every step we have honestly to confess that we 
do not know. But certain conclusions are almost self-evident :

1. We are forced to see that what is in its essence the same process 
occurs in the maturation of both the male and the female elements. 
From the fact that the process obtains in all multicellular organisms 
examined, whether animal or plant, it is clearly of fundamental 
importance.

2. A feature that immediately arrests the attention is that in this 
process ovum and spermatozoon contribute to the fertilized ovum each 
one-half the number of chromosomes common to the cells of the par
ticular species; so that the fertilized ovum, that is, the new individual, 
begins life with the normal number of chromosomes instead of double 
the number, which would In* the case did spermatocyte and oocyte give 
rise to sperm and ovum by the usual methods of mitosis.

3. What is the significance of the varying number of chromosomes 
in different forms of life we have no idea. We only know that in the 
same species varieties may exist, one of which has normally double the 
numlter of chromosomes possessed by the other.
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4. There are two facts which possibly throw light upon the need 
for reduction prior to fertilization. ( )ne of these we have already 
noted—namely, that if blastomeres be shaken apart ill the early phases 
of segmentation, they give rise to dwarf larva*, those from the four-cell 
stage lieing little more than half the size of those from the two-cell stage, 
and these in their turn little more than half as large as normal larva*. 
The other is that similar dwarf larva* have been produced by fertilizing 
the enucleated ova of certain species (such larva* thus possess only the 
|internal chromosomes). Obviously, for due metabolism and growth 
to the normal size, there must exist a very precise quantitative relation
ship between chromatin and cytoplasm. This reduction on the part of 
both ovum and spermatozoon preserves that precise relationship.

5. An equally striking feature is that, leaving out of consideration 
the “ accessory chromosome,”1 these chromosomes an* contributed to the 
new individual equally by both parents. These an*, in fact, the one 
organ or component of the fertilized ovum and new individual, which is 
an identical contribution on the part of the two parents.1 We have 
seen what curiously elalmnite methods have lieen develojied to insun* 
their equality.

(i. Equally striking and e “v important is that, so far as we can 
determine, following the development of the new individual, it is evident 
that the same care is taken to insure that the chromosomes from both 
parents are distributed equally into each da r cell, so that each 
cell of the various tissues of the adult is influenced by chromosomes 
derived from both |iarents. We do not say that chromosomes of paternal 
and maternal origin are of equal value. Everything indicates that is 
not the case; that now one, now the other, is the more potent ; or, indeed, 
that in particular properties the one may In* the more |N>tent, in others 
the other. But histologically, or structurally, we cannot but recognize 
in these processes of fertilization and development a most marvellous 
mechanism tending to insure equal op|M>rtunities to both (mternal and 
maternal chromosomes to influence the progeny.

7. Nay, more, we cannot but In* led to the conclusion that in the 
chromosomes which liecome converted into the chromatin network of 
the functioning cell there must In* contained the active controlling 
living matter of the cell the hiophoric matter. If we admit - as from 
everyday observation we are coni|N*lled to admit that the properties 
or characteristics from l«>th parents arc conveyed to the offspring, and 
this variously in different inemliers of the same family, we are equally 
com|N*lled to admit that the chromosomes are the one component of 
the fertilized ovum ca|mblc of bringing alunit these results. The cyto
plasm of the beginning individual is derived in the main from the mother,

' Vide p. 153.
1 Strassburger. indeed, points out that, in the flowering plants the nueleus alone 

is contributed by the male sexual cell to the egg that is fertilized, its cell body 
lieing left behind during the passage down the pollen tills* (Ikmrin awl Mixhrn 
Thought, t'ambriilge University Press, 1909: 104).
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the centrosome from the father; the chromosomes are the one com
ponent contributed equally by both parents.

8. As we shall see in discussing the Mendel inn principle (p. 108), the 
data bearing upon svnapsis are of the highest significance. We are 
afforded clear indications that while each parent contributes one-half of 
the chromosomes present in the fertilized ovum and cells of the offspring, 
in that ovum and those cells only one-half of the chromosomes con
tributed to the one parent by the two grandparents can possibly be 
represented, the other half being cast out in the processes of oogenesis 
and of spermatogenesis, respectively.

In short, in these chromosomes of the spermatozoon and ovum and 
their subsequent distribution we have the anatomical basis of heredity. 
So far as it is determined and modified by sex, descent is dependent 
upon them, and no theory of descent can be considered adequate which 
does not take them into account. What is of direct interest to us, as 
students of disease, is that, following this line e to its legitimate
conclusion, it is obvious that the inheritance of morbid states must be 
through the chromosomes, must be limited to conditions which are 
capable of affecting the biophores of the germ cells.

Numerous differences in detail have been recorded in connection with 
the successive stages of oogenesis and spermatogenesis in different species, 
but the broad principles are as here laid down. Studying the details 
of the process in various species, we are most strongly reminded of the 
slight differences in the technique of different assavers seeking to gain a 
perfect admixture of all parts of a given ore, in order that from a sample 
an ounce or less in weight they may estimate with accuracy the amount 
of precious metal in a ton of the material. To see such an assayer grind, 
and then shake, and roll, and mix the ground ore, smooth it out, cut into 
four parts, select two of the four " mally opposite, and discard the 
other two, mix these thoroughly together and again divide, and continue 
the process until, finally, the amount is obtained just sufficient for melt
ing in a small crucible, is curiously suggestive of what we see happening 
in these germ cells. In our opinion the most we can conclude is that 
here we have methods tending to insure that the ovum and the sper
matozoon receive each a well-admixed sample of the biophores con
tained in the germ cells and, as a corollary, that hereby opportunity is 
afforded for every possible combination of the different orders of 
biophores contained in the parental germ cells. For, as we have already 
indicated (p. 137), and must now proceed to consider, while denying the 
existence of determinants, we have to recognize that biophores of more 
than one order are present in each germ cell, and it may well be in the 
different tnemliers of one set of chromosomes, and that inheritance is 
largely governed bv the proportion of biophores of the different orders 
gaining entrance into the fertilized ovum.

The "Accessory Chromosome" and Sex. For the sake of clearness and so 
as not to disturb our relation of events by continually noting an exception 
to the general principle, we have left out of account certain observations 
of the last few years which indicate that the number of chromosomes in a
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veil is not necessarily even, and that herein male and female individuals 
show a constant difference. MeClung,1 of Kansas, was the first to 
investigate and draw conclusions from the appearances in question. 
Studying the spermatogenesis of certain insects, lie noted that the cells 
could he divided into two approximately equal portions, of which the 
members of the one possessed a chromosome over and above those 
possessed by the other. And as sex is the only distinction which sep
arates the fertilized cells into two approximately equal sets, he concluded 
that in the presence or absence of this accessory chromosome lies the 
physical and anatomical basis of sex. At first strongly contested, this 
view has of late gained an increasing number of adherents, more par
ticularly through the studies and support of Professor K. B. Wilson, of 
New York, who has demonstrated the existence of the two orders of 
spermatozoa in close upon sixty sjiecies of insects, the difference involving 
the members of one, or, in a few cases, of tv, i or three pairs of chromo
somes. It is not necessary that the other member of a pair be entirely 
absent either there is an r, one large member corresponding
with a minute chromosome, or the latter has wholly disappeared. Now 
that ( orrens has discovered the same order of affairs governing the 
pollen and ova of diœcious (or ordinary s, it is evident
that we deal with a phenomenon of wide occurrence. The indications 
are that the cells of the female possess two complete series of chromo
somes ( An, Bb, (V, etc.), those of the male the like series, minus one 
(A, Bb, (*e, etc., or A a, Bb, (V, etc.); that thus the mature ovum after 
reduction and prior to fertilization always has the full half set of chromo
somes, the mature spermatozoon either the full half set, or the half set 
minus one. The hypothesis generally accepted by American workers 
is that the fusion of the ovum with a spermatozoon having the accessory 
chromosome gives rise to the female individual, with spermatozoon 
minus this chromosome to the male.2 3 Nevertheless, in certain conditions 
this irregularity may appear in the ovum; thus, in insects producing 
a series of part hemigenetic generations ( without fertilization) like the 
Aphides and Phylloxerass, and in which the parthenogenetie ova give 
origin to both males and females, while fertilized ova produce only 
females, T. II. Morgan8 has shown that the production of the one sex 
only is associated with the fact that the spermatozoon with the reduced 
number of chromosomes is so small, and contains so little cytoplasm, 
that it degenerates and does not attain to full development, there being 
thus only one order of functional spermatozoa. And as regards the 
males and females produced parthenogenetically, Morgan4 has made the 
remarkable discovery that the somatic or tissue cells of the males in 
the species studied contain only five chromosomes, whereas those of the

1 Bulletin, 3: 1902:43.
1 It will he seen that, strictly speaking, the term "accessory chromosome" is 

inaccurate and somewhat misleading. Compared with the number of chromo
somes in the oocyte, neither order of spermatozoon possesses an additional chro
mosome, hut one order is deficient in one or more chromosomes.

3 Proc. Soc. for Kxp. Biol, and Med., 5:1908: f>5. * Ibid., p. fiti.
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female contain six. At some period, therefore, in the life of the parthe- 
nogenetic oocytes one chromosome disappears in cells destined to become 
males.

If this hypothesis lie applicable to vertebrates, then it must shortly he 
shown from a study of ordinary somatic mitoses that the cells of the 
male contain one chromosome less than those of the female individuals 
of a given species. This has not to our knowledge been demonstrated. 
At the same time we admit that this hypothesis, based as it is upon our 
positive cytological data gained from widely different orders of living 
beings, is far in advance of any of the numerous and conflicting hypoth
eses of sex production of the past, based as they have been on controvert
ible and presumptive data, and incapable of exact verification— 
hypotheses so crude and so unconvincing that it is useless to enumerate 
them.

It would take us too far afield to describe and criticise the opposing 
hypotheses of Castle,1 Bateson,2 Berry Hart,3 and others, based upon 
these data. Not one of these has as yet established itself as satisfying 
all the conditions noted.

1 The Heredity of Sex, Bull. Muh. Comp. Zool., Harvard, 40:1903: No. 4.
1 Mendel’s Principles of Heredity, Second Edition, 1900, and The Methods ami Sco/te 

of (jenetics, Cambridge, 1908.
3 Mendelian Action on Differentiated Ser, Edinburgh, Neill & Co., 1009.



CHAPTER XII.
A KKSVMK: THK HlOI’HOIMl' HYPOTHESIS.

It will Ik* well at the present point to pause and, looking haekward, 
survey the road that we have travelled up to the present point, that we 
may see how far our quest has led us, and this because our present 
position gives entrance, to continue the metaphor, into the domain of 
heredity, and it is useful before entering this difficult territory to recall 
the path leading thereto. The present chapter will thus constitute a 
résumé of the conclusions reached in the preceding. We may charac
terize it as summing up (to this point) the biophorie theory, or, to be 
more modest, hypothesis, of living matter.

We have seen, in the first place, that all the phenomena that we 
regard as vital are manifestations of energy, and, as such, are bound 
up with matter, necessitating changes in the relationship of the mole
cules of the same. And what is more, that they are the attributes of a 
particular order of nitrogen and carbon containing bodies. We may 
speak of the molecules of this living matter as biophores, and, while 
still ignorant of their exact constitution, a study of metabolism leads us to 
regard them as “ ring" formations, composed each of a ring of radicals, 
the component radicals having free affinities which are ca 
satisfied by the attachment of groups of free ions from the surrounding 
medium whereby “side-ehaina” are built up (synthesis).

These side-chains are capable of detachment (dissot " when 
through alteration in the surrounding medium, ions are present in the 
same which exert greater attraction. By this means the biophores 
again become unsatisfied. Further, the side-chains themselves are 
to be regarded as unsatisfied bodies, able to build up like side-chain 
b<hlies in series. It is this unsatisfied nature or constitution of the 
side-chain bodies (and of the biophores) that permits them to act as 
enzymes. Therefore, it is this condition of persistent recurrent unsatis- 
faetion that distinguishes living from dead matter, and that underlies 
all the processes of assimilation and dissimilation.

We have seen, further, that, given molecules of this nature, the side- 
chains attracted, and so the constitution of the biophores in foto, must 
very largely depend on the surrounding medium. The entrance of 
free ions of other nature into that medium, and alterations in the relative 
proportions of the ions there present, will lead to the building up of 
modified side-chains, and, as in the process of growth (polymerization) 
such side-chains, or some of them, must Ik* utilized in the formation 
of new central molecular rings, so alteration in environment, if con
tinued, is apt to lead to alteration in the essential constitution of the
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hiophores. So long its the environment remains unchanged, so long 
the basai constitution of the hiophores remains unaltered; modify the 
environment, and, provided the modification be not so extreme as to 
arrest the series of ionic interchanges, the molecular constitution of the 
hiophores becomes modified. It is this property of the ' ' ' s that
is the basis of cariai ion, adaptation, and emlution.

We have equally to recognize the co-existence of another property 
in the hiophores, that of fixity of constitution, inherent in the relation
ship of the constituent atoms and radicals the one to the other. The 
hiophores, that is, are to be regarded as built up according to a particular 
(geometrical) arrangement. It is this arrangement which prevents 
the indiscriminate linking of ions and grouping of radicals from the 
surrounding medium, and necessitates that, if unsuitable ions do become 
attached and the constitution thus interfered with, the compound 
loses its special properties; the biophore becomes “dead” matter. 
There are thus certain definite limits to modification, and these deter
mine heredity in the narrower sense.

A study of the histology, physiology, and embryology of the cell 
renders it evident that the hiophores are contained in the nucleus; 
that they are intimately associated with the chromatin. The fact that 
the main bulk of (dead) nuclear chromatin is formed of nucleoproteins, 
leads us to the conclusion that, although the hiophores cannot be 
regarded as essentially nucleoproteins (for nucleoproteins, as such, 
have not by any means all the attributes of living matter), nevertheless 
the main component radicals of nucleoproteins must be contained in the 
hiophores ; or, otherwise, that the chemical changes which bring about 
the death of the hiophores convert them largely into nucleo-proteins.

The extent of growth of the unit mass of hiophores is determined 
bv two factors : (1) The extent of surface of the same in contact with 
the intermediate medium (cytoplasm) in relation to the mass, and 
(2) the extent of the surface of the cytoplasm exposed to the external 
medium relative to its mass. These relationships (together with the 
nature of the cell reactions and activities) determine the size of the 
cell. We must regard the multicellular organism not as a colony of 
individual cells, which have primarily united for mutual protection, 
but as an adaptation, or means, whereby continued growth of the bio- 
phoric mutter is most economically insured, with due retention of the 
above relationship of surface to mass. When this mass of hiophoric 
matter passes the optimum the above relationship is preserved by 
nuclear division (with coincident increase in hiophoric surface exposed 
to the cytoplasm), followed by cytoplasmic division (with like increase 
in cytoplasmic surface exposed to the external medium). In the 
multicellular organism the cytoplasmic division is in general incom
plete, cytoplasmic bridges uniting related cells. With each segmenta
tion of a cell, following upon hiophoric growth, there is equal division 
of the hiophores between the daughter cells.

The formation of multicellular masses renders it inevitable that all 
the cells of the mass are not exposed to an identical environment, and
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through altered constitution of the cytoplasm in the first place, 
brings about alterations in the biophores controlling cells subjected to 
different environment. It is to this effect of modified environment 
acting upon biophoric material of a common order, and to this adapta
tion of the biophores to such altered environment, that we must attribute 
tissue differentiation. Alteration in the biophores in its turn effects altera
tion in the cytoplasm and histological and functional modification of the 
entire cell. It is physically impossible for the ovum and its nucleus 
to contain determinants or specific biophores for the various tissues 
and the localized variations in those tissues which characterize the 
various species.

In the process of differentiation the constitution of the biophores in 
the different orders of cells undergoes progressive modification of such 
a nature that those controlling the main mass of cells of the body (the 
.somatic cells), while capable of growth, i. r., of polymerizing identical 
biophores, and so of giving rise to cells of like nature, become incapable 
of giving rise under any conditions to the complete organism. They 
may, at most, exhibit an incomplete reversion to a simpler, less differ
entiated state. Those most highly differentiated lose even the power 
of reproducing cells of like nature. The power of reproducing the 
individual has become restricted to a group of cells (the germ cells), 
which, so long as they remain integral portions of the parent organism, 
present a minimum of differentiation. In these, presumably, the 
biophores undergo minimal modification. They are characterized 
histologically by showing no primary reduction in their chromatin in 
the process of successive division.

In all multicellular organisms (and in unicellular, save the lowest 
forms) the species is continued and the specific living matter propa
gated, if not in every successive generation, at least ultimately, by con
jugation and fertilization. Sex has been developed, and fertilization 
is the process of fusion of the male (invasive) with the female (receptive) 
germ cell. The process is essentially one of combination of eipial 
amounts (or numbers) of biophores from the two parental germ cells to 
constitute the nucleus of the new individual. Prior to the act a remark
able series of changes occurs in the germ cells involved, changes which 
would seem to have for their object to supply to the eventual ovum 
and spermatozoon an admixture or selection of the biophores present 
in the parental germ cells and to reduce the numlier of the same, so 
that the proportion present in the fertilized ovum is identical, relative 
to the cytoplasm of the same, with that of the unaltered germ cells 
of the parents, or, more exactly, in the ovum from which these gained 
development.



(MIA I*T K K XIII.
INHERITANCE.

We come now to consider the problems of heredity, by which, speak
ing strictly, we mean the conveyance to the offspring of the properties 
of the parents and of the parental stock, so that familial, racial, and 
specific characters are passed onward from generation to generation. 
Were inheritance pure, did the child absolutely reproduce the parent, 
were all the members of one family and stock identical in form and 
characters as identical as are crystals of the same salt—or were they 
born identical, and did they owe individual differences purely to the 
diverse influences to which each individual becomes subject after 
birth, the problem before us would be relatively simple. Tbit this is 
far from being the case. Interwoven with heredity there is variation, 
and this not of one but of two, if not of three, orders. We see, in the 
first place, that influences from without modify the individual. It is a 
matter of familiar knowledge that the soldier, the sailor, the profes
sional musician, the undertaker, assume pronounced types; they have 
become modified by their course of life. In man and mammals we can 
subdivide these modifications (as one would term them, in contra
distinction to inherited variations, or variations proper) into those 
acquired during intra-uteri ne and during postnatal existence. In the 
second place, from the fact that the individual is the result of amphi
mixis, of the fusion and intermixture of germ plasm from two parents 
who are not themselves identical, and whose germ plasms are not iden
tical, it follows that the individual is not identical with either parent. 
This, again, is a matter of familiar knowledge; the child, while resem
bling the parents, now more the one, now more the other, is identical 
with neither. If the general tendency of successive acts of amphimixis 
is by the mingling of diverse germ plasms to produce intermediate 
grades, to maintain the mean, and so preserve the type, it clearly at the 
same time necessitates that each individual varies from either parent. 
And, thirdly, the study of the progeny of one pair of parents demon
strates to us that the interaction of the parental germ plasms—or, to 
preserve our terminology of the germinal biophores in successive 
acts of fertilization, induces variation. No two children of the same 
parentage are born identical; no two fish, even of the same spawning 
(in which thousands of ova and millions of spermatozoa are matured 
at the same time), though these, admittedly, more nearly approach 
identity. As we shall have to point out, not only have we to recognize 
variation in the orders of biophores supplied by each parent to ovum 
and spermatozoon, respectively, but also we are forced to the cc 
that during the course of the individual life of the parent individual,6948
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biophorcs are liable to undergo a certain amount of modification of their 
constitution. Indeed, if we do not accept this capacity on the part of 
the " 'es, to undergo modification, the facts of variation become 
incomprehensible.

Our study thus is not one of heredity pure and simple, but of the 
interaction of heredity and variation, and obviously, with so many 
factors to take into account and to analyze, the study is most compli
cated. Keeping in mind that here we are engaged upon an introduction 
to pathology, with particular reference to the principles underlying the 
same, the sense of pro|x>rtion demands that our treatment be relatively 
brief. In almost every work upon general pathology with which we 
are acquainted the subject is dismissed in a brief paragraph or two. 
This.we regard as a grave omission. It demands fuller treatment, and 
that because the physician, in his study of the individual case, is con
stantly brought to ask himself how far a given condition is an individual 
acquirement, how far it depends upon a vice of organization and is the 
outcome of inheritance; or, again, i< himself asked to advise whether 
one or other condition of the parent, or would-be parent, is liable to 
influence the prospective offspring. And what is more, as we hope 
to show in later chapters, a broad grasp of the principles of heredity 
aids us materially in comprehending not a few pathological conditions, 
while, conversely, a knowledge of data acquired by the pathologist aids 
us equally in determining what are those principles.

While we are not blind to the virtue of according to the student a 
knowledge of diverse opinions and opposing theories, we believe that 
the better teaching is, where possible, to inculcate definite views, as 
also to afford a thoughtful presentation of the data upon which one 
theory is based rather than a didactic epitome of many. And as we 
are already iqxm record as having definite views upon this subject of 
heredity,1 and more particularly have based our theory upon patho
logical data; as, further, that theory conforms with and continues the 
considerations brought forward in the preceding chapters, we shall 
here limit ourselves largely to a presentation of that theory, although, 
at the same time, we shall endeavor, as already stated, to indicate to 
the reader in passing what arc the other theories and what their salient 
points.

THE DIFFERENT FORMS OF INHERITANCE (i. r., HEREDITY 
PLUS VARIATION.

We may, in the first place, make a classification of the properties 
exhibited by the individual. These are:

1. Individual, /. r., properties peculiar to the individual, and not 
recognizably inherited from either parent or from any ancestor.

1 British Médirai Journal, 1901 :i, June 1; and article “Inheritance and Disease,” 
OJer’s Modern Medicine, 1: HXMi.
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2. Parental, /. r., properties possessed by and peculiar to one or 
other parent and obviously inherited from that parent.

•h Familial, /. c., properties possessed by and peculiar to the family 
of one or other parent.

4. Racial and stock properties; characters common to a particular

•r>. Specific or ex-specie, /.#*., properties peculiar to the species, those, 
for instance, distinguishing the human individual from the ape.

(>. Class, i. r., properties peculiar to the class : those distinguishing 
man from animals that are not mammals.

Ami we can continue the classification yet farther to ordinal distinc
tions, |K‘culiar to the particular order, /. r., distinguishing man as a 
vertebrate from the invertebrates, and even to those distinguishing man 
as an animal from plant forms.

Studying, in man alone, the various departures from type, one prom
inent fact makes itself evident, namely, that the most basal features 
are those which are most commonly impressed on the individual—a 
fact which, in itself, is one of the strongest evidences in favor of evolu
tion and against special acts of creation. Vertebrate characters arc 
more firmly impressed and more constant than mammalian, mam
malian than human, human than racial, racial than familial. In other 
words, a study of variation in its broadest aspects confirms the view, 
already indicated, of the progressive building up of the biophores in 
the course of the evolution of the different species. The facts are in 
harmony with the view that the original molecules of living matter were 
of relatively very simple constitution, becoming progressively more 
elaborate and complicated, not by loss of that original constitution, but 
by the addition of side-chains, those side-chains becoming successively 
integral portions of the more complex molecule. Under like con
ditions of environment, the same epigenetic series of transformations of 
these biophores must occur; polymerization, growth, and reproduc
tion of these complex molecules is, with favorable changes in environ
ment, still permissible, but new side-chains are either added to, or 
replace, those previously present. Following out this line of thought, 
it is seen that ontogeny, i. #*., the course of development of the individual, 
becomes an epitome of phylogeny, /. #*., the evolution of the phylum or race,

1 Our terminology in hem a little indefinite; we speuk indifferently, for instance, of 
the human rare and of rarrn of muukinti, hereby meaning two different things. < tf 
the human M/terirtr we recognize several subspecies: Indo-Kuropean. Mongol, Aus
tralasian, etc., and of each of these several race*, of the Indo-European for instance, 
the Teutonic, the Celtic, etc., and of each of these races several stocks. Thus, 
among those of Teutonic descent, the Anglo-Saxon differs in certain recognizable 
particulars from the North German, tin* North German from the South German. 
Some of these differences are doubtless due to the fact that the stocks are not pun*, 
that at one or other period then* has lieen extensive intermarriage with individuals 
of other stocks, hut some at least an* independent of this cause, as witness the differ
ences that aln*ady show themselves between the Anglo-Saxons who have remained 
in England and those whose ancestors migrated to North America or Australia.

II
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not as a matter of mere historical survival, but as an epigenetic necessity. 
For the ' ’ •es controlling and giving rise to a given tissue or part of 
the body to be able to order the particular structure of that part, they 
must have a particular chemical or physical constitution. To gain that 
constitution the original common biophores of the fertilized ovum must 
in growth and distribution to the different organs pass through a par
ticular series of chemical changes. To exhibit these successive changes 
they must be subjected to one particular series of alterations in environ
ment. In ontogeny, therefore, and the development of the individual, 
the cells and the < ontained biophores reproduce the conditions under
gone by the race in its evolution— this being essential for the due pro
duction of the s|>ecialized biophores of the different tissues. Where, 
in this process, conditions are such that the same reaction and end 
result may be attained by one step in place of two or more, the onto
genetic process is correspondingly abbreviated, and to this extent the 
ontogeny fails to reproduce the phylogeny. This, in brief, is what is 
known as the Recapitulation Theory, and our conception of its meaning.1

Racial Inheritance, ft is unnecessary to detail examples of hered
itary properties older than racial, for the reader can easily call these 
to mind. And, as regards racial and stock inheritance, the same is 
largely true. Kveryone is familiar with, for example, the differences 
in the form and structure of the individual hairs and the amount and 
nature of the cutaneous pigment in the different races of mankind, and 
has some knowledge of the differences in stature and in the conformation 
of the skull in the same. It may be of value from a pathological point 
of view to recall yet other differences, functional in nature and co-existent 
with these histological variation, which the morphologist is naturally 
apt to overlook. We refer to differences in reactive power toward 
various pathogenic agents, microbic and non-mierobie. These we 
find well marked in the different races of domestic animals. Thus, 
the native cattle of Japan and the huffel, or native cattle of Austro- 
Ilungary, are much more susceptible to tuberculosis than are ordinary 

and American breeds, and one race of Algerian sheep is 
highly refractory to anthrax, a disease to which sheep in general are 
peculiarly susceptible. Between the races and stocks of mankind 
many such differences have been noted. Those of Furojieuu descent 
and Malaysians subjected to the same conditions react very differently 
toward plague and beriberi. Both, it is true, are susceptible, but a far 
> “i»r proportion of Europeans excised become victims to these 
diseases, and a far smaller proportion of those taking the diseases 
succumb. The reverse would seem to be the case as lietween those of 
Kuro|>eun descent and negroes in regard to yellow fever; here it is the 
Kuro|»eans that are far more susceptible, while, contrariwise, negroes

1 See more |iurtieularly Hunt, Natural Science, 0; 1895. It in also lui<l down at 
length by Iteid, Thr RrincipU* of liemlitif, London, Chapman and Hall. 1905, 
without, however, any clear ree ' ion of the underlying causes.
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and American Indians and native races in general are more susceptible 
to tuberculosis than are “white men” under conditions of civilization.

So, also, with non-microbic diseases. Those of the Hebrew race are 
more prone to certain nervous affections and to diabetes than are the 
surrounding Gentile population; the French more subject to hystero- 
epilepsy; the English to gout; the inhabitants of North America of 
European descent to dyspepsia and disorders of dentition.

And these finer distinctions even exhibit themselves in the almost 
indescribable nuances of character. It is not necessary to <|iiote Shake
speare or Sir Thomas Hrowne on these matters; one has but to “walk 
the wards” of any large metropolitan hospital and observe how those 
of different nationalities bear themselves under conditions of disease, to 
become convinced of these pronounced underlying variations.

It may be argued that the differences are purely or in the main the 
result of differences in mode of life and general surroundings. Hut 
this is exactly our point: it is the various grades of variations in environ
ment that are essential causes of these differences, from the pronounced 
distinctions in cutaneous pigment down to national gout and national 
dyspepsia.

This, however, may be said, that a study of these finer differences 
between the races and stocks of mankind throws doubt upon the argu
ment of Weismann and other morphologists, based upon single morpho
logical variations that these demonstrate the existence of determinants. 
We find that such impalpable variations as occur between different 
stocks of the same race of mankind morphological variations so slight 
that we can scarce measure them by instrumental means—are con
stantly accompanied by functional variation; or, otherwise, that a 
change in one slight direction affects not a single part, but the whole 
organism; while, conversely, change of any one part which produces 
no obvious morphological alteration has, nevertheless, an influence upon 
the body as a wli*>le.

Familial Inheritance. It is a well-known fact of the same order 
that not merely is there a certain likeness between the members of one 
family, but that certain traits peculiar to a family present themselves 
generation after generation with remarkable persistence—stature and 
length of limb, shape of some special part, as, for example, the “ Hapslmrg 
lip,” which has characterized the present reigning House of Spain for 
so many centuries; actual malformations, like accessory digits, which 
have, in certain cases, been traced back for close upon three centuries; 
morbid conditions or tendencies to the same (diatheses), such as 
albinism (deficiency of cutaneous pigment), Daltonism (color blind
ness), hemophilia (liability to excessive hemorrhage as the result of 
relatively insignificant injury), nervous disorders; or, again, traits of 
character and tricks of expression. And all this we note in the absence 
of interbreeding- -marriage of cousins, for example—which we might 
reasonably expect to intensify such family peculiarities, and in spite of 
the continual introduction of “new blood” into the family by marriage 
with members of other families not presenting these particular features;
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so that we are forced to recognize the possession of what we may term 
dominant properties, by the germ plasm or biophores of particular 
strains, whereby, in amphimixis, these biophores assert themselves 
in one or other direction, overshadowing the effects of the conjoined 
biophores.

A study of family inheritance reveals other remarkable features. 
Thus, there are certain characteristics which affect male and female 
members of the family alike, others which appear in the one sex only, 

they are conveyed by the other. The daughter of a 
family may, throughout her life, be free from gouty manifestations, and 
her daughter also, but her male children may exhibit gout at or before 
attaining middle age. This interrupted or sex-limited descent is most 
pronounced in the case of hemophilia; in this the female members of the 
family are rarely “bleeders,” but they give birth to sons who are. Irre
spective of sex, also, we encounter frequent cases in which one or other 
member of a family exhibits peculiarities not present in the parents, but 
well marked in one or other grandparent, or even in a great-grandparent. 
This reproduction of features, absent from the parents, but present in 
a preceding generation, is termed atavism. It has, as we shall note 
presently, to lie distinguished from reversion.

In case after case the existence of this atavism renders it difficult, 
if not impossible, to trace a family peculiarity to its origin—a case of 
!>oly dactyl ism (supernumerary digits), for instance, occurs in a family 
whose members are otherwise provided with the normal number of 
fingers and toes. To determine whether this is a wholly new appear
ance in the family, or merely the breaking out again of a dormant 
tendency, demands an extensive knowledge of lateral as well as of 
direct lines of descent. A man must have two parents, and may have 
—if there has been no inbreeding—four grandparents, eight great-grand
parents, sixteen great-great-grandparents; thus, an intimate knowledge 
of at least sixteen family histories is requisite; such knowledge is 
notoriously hard to gain, especially where blemishes are concerned. 
Such difference must have made itself manifest in some one particular 
generation, must have had an origin. We have to turn to the smaller 
animals, with rapidly recurring generations, to throw light upon this 
point, and even with these have to breed for several generations and 
preserve exact records.

I owe to an old student a remarkable case of the hereditary trans
mission of family defects, which well illustrates many of the points here 
referred to. In 1620 two brothers landed from England and settled at 
Woburn, Massachusetts, and these, according to family history, married 
two sisters. The family and the descendants of the one brother have 
since then shown no abnormality; in the children of the other brother, 
X. X., himself, according to tradition, *, polydaetylism
presented itself. He had ten sons, whose descendants are now scat
tered through North America. For the next two generations it was 
dormant, or at least there are no records of its existence. In the direct 
line of my informant it has indeed been dormant for three generations.
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Ilis gmtt-graiidf ather was free, though other meinhvrs of that gen
eration were aifected; his grandfather was also free, as was his father, 
although an uncle and aunt were affected. < >f his father's twelve chil
dren, eight were affected, the condition being for the first time complete 
in himself. By complete is here meant that not only did the condition 
affect all his members, so that he had six fingers and six toes, but all 
the accessory digits were perfectly formed. What is more, his young 
son has them all jierfeelly complete. Another characteristic of the 
family history is that, whereas the daughters of the family may show 
the effect, it tends to die out with them; their children have normal digits. 
In this way, according to our patriarchal method of determining the 
family, the defect tends to remain familial, descending only through

□
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the males. The jxiteney of the “blood" of this family is, in other 
respects, strongly pronounced; there is a succession of large families, 
and the different members exhibit a great family likeness, so great 
that my informant could salute a stranger travelling in the West, “ Good 
morning, Mr. X," and have him return the salute, "(iood morning. 
Mr. X.," with the further remark: “I see you have the family sign 
(referring to his six fingers). I do not possess it, but my father «lid, 
and so does one of my eight children." And, on inquiry, the musin- 
sliip between the two was found to be at least beyond the third degree 
of removal. The following exhibits the genealogy of my informant’s 
branch of the family:

A careful inquiry made by my friend, Dr. lirocklmiik, of Manchester,



INHERITANCE166

has succeeded in liriiiging In light a family of the .same name in 
Kngland, two members of which migrated In America in or about 1020, 
and in this at least one member of the present generation exhibits poly- 
dactyl ism. It is evident, therefore, that the tendency to polydactylism 
must date back to the generation preceding the emiyrex of 1020, and 
may have originated much earlier. There arc, indeed, indications that 
the tendency may be traceable back to earlier than 1500.
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rXHKXTAL AND IMHVIIM XI. IXIIKIUTAMK.

Sthhti.x shaking, every property possessed by the individual which 
is not and cannot be ascribed to intra-uteri ne and postnatal actfuirement 
is the individual inheritance of the individual. It has reached him 
through the parental germ plasms. Specific (c.r-.vpcc/r), racial, and 
familial traits become the property of the individual. Hut here we 
would deal with those features which, peculiar to one or other parent, 
reappear in the offspring; and again, those which, not observable in 
either parent but present in the offspring, can only be ascribed to the 
interaction of the two parental plasms. What lias once been inherited 
may be conveyed to a subsequent generation.

A little consideration shows that these two conditions as here defined 
are practically identical, and must be considered together. Considering 
these together and studying the various grades of inheritance, we find 
that these may be classified as follows:

A. Blended Inheritance. Although the active interest taken of 
recent years in the next form to be mentioned is apt to obscure our 
view, as regards the majority of properties, this must be regarded as 
the most usual type. ( )f this the most familiar example is the skin color 
of the mulatto. The offspring, that is, tends in the main to exhibit a 
blend of the paternal and maternal features, intermediate between those 
presented by either parent. In general, that is, we observe an equality 
of influence on the part of the respective germ plasms, and that the 

nev of fertilization is to preserve the mean and |H*rpctuate the type.
H. Particulate Inheritance. There are, however, many exceptions 

to this law of blended inheritance, nor have we as yet determined ude- 
I ly what it is that determines these. All that we can say is that 
we arc forced to recognize that, in res|>ect to certain properties possessed 
by the parents, we have to note an incapacity to blend; they are antago
nistic. First and foremost among these is the series of associated 
sexual projierties; the ~ of most animals must be either male 
or female. Anything of the nature of coincident equal development of 
both sets of sexual organs is found incompatible with perfect function 
of either, and is an attribute of imperfect organization. We see the 
same in many properties which we may regard as of subsidiary impor
tance. When one parent has ‘ eyes, the other blue, the children 
have either blue or brown eyes, rarely those of an intermediate color. 
And what is more, as between alternative antagonistic properties, in a 
given mating one of the two is apt to be dominant.
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MENDEL S LAW

This was well shown in the remarkable observations of the Austrian 
monk, Mendel,1 upon hybridization, /’. /■., upon the cross-fertilization 
of well-marked varieties of certain flowers, notably of the pea : obser
vations which, neglected for long years, have of late been widely con
firmed, by zoologists as well as by botanists. If two well-differentiated 
varieties of such a plant as the pea be selected and grown, varieties 
presenting, when grown pure, constant differences, differing in such 
particulars as position of the flowers on the stem (either axial or ter
minal), length of stem (whether markedly long-stemmed or markedly 
short-stemmed ), character of the seed pods (either inflated or constricted 
between each seed and its fellow), seed coat (whether smooth or 
wrinkled), and if these be cross-fertilized, the pollen of the one variety 
being employed to fertilize the ova of the other, it is found that the 
hybrids which result manifest these antagonistic properties according 
to a very definite law. One of each pair of pro|>erties is dominant, /. 
present, in these "bastards” of the first generation, overwhelming in 
them wholly or mainly the corresponding character present in the other 
parent. Thus, if we hybridize a red-flowered |>eu with a white-flowering 
species, the first set of hybrids will have red flowers, and in this respect 
lie indistinguishable from the red-flowered parent. In this respect 
they will show no relationship to the white-flowered parent, lied 
color of flower here is dominant, white recessive, and this irrespective2 
whether the jiollcn of the red-flowered variety be employed to fertilize 
the white-flowered, or I'irc rerm. Almost always it is the progressive 
characteristic which is dominant. In this case, for example, red color 
of flowers is the positive acquirement ; white color is latency, or loss 
of this acquirement. It is the positive acquirements color, hairiness, 
presence of starch, in seeds etc. characterizing the species as a whole 
that are dominant; absence of these, that are recessive.

Hut while this is the ease, it does not mean that the characters of the 
other parent are completely thrown out; the recessive character is only 
latent. In other words, from what we know of nuclear division and 
distribution of parental chromosomes in the cells, bioplmres derived from 
both parents are conveyed to all the cells of the individual, only, as 
regards any particular feature, those from one source may be more 
active than those from the other. This is surely the case with the 
germ cells, as pointed out by Mendel.

1 Verhandl. <1. Nnltir. Vendues in Itrunn, 1N00, reprinted liy (Jôbel in " Flora,” 
SO: (901 : Hit, and I rnnslnted by V I tit tenon in Mnulii'n 1‘nnn jilts h/ llrmliti/: A 
Defence, Cambridge t'niv. I‘n*ss, 1902. 2nd. Kdit . 100». He Vries, who rediscovered 
Mendel, gives a singularly clear account in his S/h nV * a ml Yuritlie*, Chicago, 1900, 
led un* 10.

1 In the main, lleider (L'vIht \ < rt rhiunjxi/t mlzt, Iterlin, Itorntrnger, 1005) gives 
some exceptions among plants, in which difference* an* noted. Then* an* jieeiiliari 
ties in the development of the plant ovum i)ot seen in the animal which help to 
explain this.
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IVhh liavi* this , dial tln*v are ca|»il)K*, imder onlinary con
ditions, of self-fertilization, and so the disturbing effects of cross-fertili
zation with |)ollcn from other sources can he prevented. If, now, the 
offspring of this haxtaril first generation lie grown and brought to Mower, 
in their characteristics they are found to follow closely a numerical rule ; 
the recessive character reappears in one quarter of this second genera
tion, and if the Mowers of this one-quarter be allowed to sclf-fertilize 
themselves, the subsequent generations show constantly the recessive 
character; the dominant is wholly east out. As regards this one feature 
of Mower color, for example, one can, after bastardization, regain a xvliite-

Fl«J. 42

l.«*iif chitrnctw *»f hybrid* of t'rlmi pilulifrra mill I ihidarlti (Corwm) A'1. nf first hybrid 
gi-nmilion; f* nml A1, of wnmit »ml tliiril n'lf-ffrlilisiitioii*. Thr ntt* vlinravU-r of tin* Ivnf 
••ilge in wen to Ih* ii ilomimmt profierty.

colored variety. As regards the other three quarters, they it is found, 
divide themselves into two orders: One of the three quarters consists of 
purely dominant plants, and subsequent generations grown from these 
remain purely dominant always, for example, have red Mowers. 'The 
other two quarters, or one-half of the whole number of this second 
generation, have the pnqierties of the first generation of hybrids; they 
are hybrids, and in each subsequent generation they give rise to the 
same proportion of pure dominants, hybrids, ami pure récessives, 
namely, one-quarter that are to be pure dominants, one-half
hybrids, ami one-quarter pure récessives.

I he action of this law is, perhaps, best grasped from the accompaliving
4
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with a vurietal deficiency on the part of other members, and this varietal 
deficiency is not to he regarded so much as an absence of a particular 
pro|>erty, as a lying latent of the same: the phenomenon, that is, is not 
strictly the res raction of op|N>sed pro|serties.

2. Where in the hybrid the one projserty dominates, it <loes not drive 
the other out; the other is latent through the whole existence of the 
hybrid, and at times, under suitable conditions, may show itself.

Thus, as de Vries points out, the hybrid between the blue Veronica 
Inmjifnlia and its white variety has flowers with blue corolla; here and 
there among 1000 or more of the hybrids a completely white spike may 
be noted, or a side branch with white flowers, or one side of a spike 
may be blue, the other white, liud varieties may show themselves, 
that is, with the recessive pro|M*rty in the ascendancy. It is there all the 
time, as shown by the subsequent generations, and now some influence 
has rendered it the more active in certain cells. Here possibly we have 
an insight into the nature of mosaic inheritance. (See p. 175.)

A. At times the coincident influences of both dominant and reces
sive unity is recognizable; in other won Is, we have indications of 
apparent blending rather than of particulate inheritance, indications 

e one form passes into the other, as shown in the accompanying 
ligure from Correns of the result of hybridizing two varieties of Mirabilis 
jalttpa, rosea and alba. All the flowers of the first generation are of a 
lighter pink color than those of the dominant parent, although in the 
second generation the formula works out obviously into 1)1) + 21 >11 
+ Hit.1

4. The law is of no avail in connection with hybridizations between 
distinct species. As is well known, it is only between species that are 
closely allied that such hybridization has any result, and then the 
offspring tends to be infertile. There are, nevertheless, eases in which a 
somewhat fertile progeny results, more particularly among plants. As 
de Vries points out, the conditions here an* different ; in the Meiidclian 
cases we deal truly with pairs of conditions; the sjiecies and its variety 
differ in the presence or latency of a given pro|>erty. Different species 
may, it is true, if allied, have many projH*rties in common. Their dif
ference lies in the fact that one has an acquirement in one or other 
direction (or, it may be, several) which is wholly unrepresented in the 
other; as a result tin1 mating is incomplete and unbalanced, one or 
more units are introduced by the one germ substance for which the 
other introduces nothing that corresponds. If hybrids are produced 
under these circumstances, then, as de Vries has demonstrated experi
mentally:

1 Matv*«m afford* an equally striking matants*, the blue Andalusian fowl i* a 
hybrid of the IMt type, produced by mating a dominant black Andalusian with 
a recessive white splashed with black. Breeders have striven in vain to raise a pure 
strain of the blue variety ; mating two blue birds gives progeny in the pro port ion 
1 black, - blue, 1 white splashed with black; mating black with splashed white give* 
a first generation all blue.
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(a) Different types are produced according as to whether the male 
element of the one parent, A, is used to fertilize the ovum of B, or vice

(/-) The hybrids yield very little seed, whereas Mendeliau hybrids 
are as fertile as the parental stocks.

(c) Self-fertilized, they remain true to type and constant; there is no 
segregation or reversion to either parental form.

(//) All the individuals of each generation are alike.
Here, it will be seen, we have a wholly different condition of affairs. 

As de Vries well points out, up to the present there has been a great 
vagueness as to what constitutes a species, what a variety. Such 
hybridization would appear capable of affording an answer in any given 
case; while, conversely, eases which do not conform to the Mendeliau 
law may be explained as demonstrating that the one or the other parent 
exhibits a specific and not a varietal difference from the other; in other 
words, that the point of difference between the two is not a retrogression, 
but a positive acquirement. Nevertheless, this cannot be affirmed with 
absolute precision, or, more accurately, there are cases in which it is 
impossible to lay down the limits between variety and species. 
Boulenger, of the British Museum, for example, studying one of the 
common European frogs, found a succession of varieties in different 
localities, neighboring and closely allied varieties freely interbreeding. 
The two extremes of the series were widely different in color and mark
ings, so as to be regarded as wholly distinct species—and as such they 
comported themselves for in one locality he found them inhabiting the 
same waters and incapable of interbreeding.

The Mendelian Law for Multiple Pairs of Features. When the 
individuals of the two Mendelian varieties thus hybridized differ in 
several pairs of features, the result, though following strictly the same 
law in respect to any one particular pair of features, becomes much 
more complicated. For two pairs of features, Ab and aB (Aa repre
senting one pair of features, Bb the other, the capital letters representing 
the dominant feature of each pair), respectively, while in the first gen
eration all the individuals will be of the AB type (the dominant features 
prevailing), in the second there will be sixteen possible combinations 
between germ cells carrying the different admixtures of these properties, 
and of these Hi possible combinations, externally, 12 will show the 
dominant A, 12 the dominant B character, ff will show both dominant 
characters combined, 3 only will present the recessive a character, 3 
the recessive b character, and 1 only will show both recessive characters 
(ab). For these and greater numbers of pairs of opposed characters 
(n), the law is that there will be 2 " + " possible combinations, 2" forms 
which are externally different, and 3" which, from the internal consti
tution of their germ cells, will produce different orders of descendants. 
To show this in algebraic form, illustrating the different possible com
binations, AB.AB, ABaB ... to ab. ab, would occupy more space 
than perhaps the subject demands. Those who would follow it may
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lie referred to Bateson’s work.1 Two important points are deducible 
from a mathematical study of e these possible combinations between 
germ cells of different characters, and have been amply proved in prac
tice: ( 1) That when the species crossed differ in two pairs of characters, 
one-sixteenth of the second and subsequent generations is liable to 
reproduce in a pure form the ancestral features of one or other of the 
original parent species, and by proper mating may be propagated, 
showing no trace of the mésalliance (as regards these two characteristics) ; 
and (2) that another one-sixteenth exhibits permanently the combi
nation of the dominant character of the one species with the recessive 
character of the other—whereby, through proper self-fertilization or 
inbreeding, a new race or subspecies may be developed which retains 
this particular combination of features. This, for breeding purposes, 
is a matter of the very highest importance; already, by carrying out 
these indications and selecting advantageous features in two different 
species of plants, it has been found possible to develop species combining 
the two; as, for example, to obtain a new variety of wheat combining 
the rich yield of the English variety with the good flowering and early 
ripening qualities of the Manitoba wheat. It is along these lines of 
selection and appropriate mating that during the past centuries blindly, 
and with numerous failures, our breeders have developed the various 
pure breeds of domestic cattle; and that, in more recent years, Burbank 
has attained such marvellous developments in the practical production of 
improved varieties of fruits and flowers.

Unfortunately, with the human species we can so far hope to obtain 
little of practical benefit along these lines, nevertheless the abundant 
studies of the last few years have thrown some little light upon human 
pathology. In the first place, it has to be noted that this law, shown 
to be of wide application, among plants has, where tested, been found 
to apply also to animals. Doutagne1 2 has proved it for silkworms ; 
Lang3 has shown that it holds in snails; Bateson4 * * with fowls; Cuenot/* 
Darbishire," and (î. M. Allen7 in mice; Castle,8 Woods,9 Hurst,10 * and 
Schuster" in rabbits and guinea-pigs.

In man himself it is known that there occur such opposed pairs of 
characters; thus, where one parent has brown eyes, the other blue, 
the children do not have eyes of intermediate color, but either brown 
or blue. Davenport12 and Hurst13 have independently shown that there

1 ! tut chou, lot*, cit. Sec also Brit. Med. Jour.. 1900: ii: til.
2 Bull. Soient, d. 1. France et I. Belgique, 37:1902.
3 Festschr. f. E. Haeckel, 1904:439.
4 lteptH. to Evolution Committee, Boy. Soc., 1: 1902, and 2: 1905.
I Arch, de Zool. Exp., Notes et Revues, 1902:27, and 1903:33.
8 Biometrika, 3: 1904.
7 Proc. Amer. Acad, of Arts and Sciences, 40: 1904.
"Carnegie Institution Reports, Washington. No. 23: 1905.
8 Biometrika, 2:1903:299.

10 Jour, of Linnaen Soc., Zool., 29: 1905.
II Biometrika, 4:1905:1. 12 Science, 20:1907: 589.
13 Proc. Roy. Soc. B., 80: 1908: 85.
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arc two orders of eyes, the blue and hazel group, with pigment only in 
the back of the iris, the browns, greens, “ringed,” and spotted group, 
with pigment also in front; this latter is the dominant, the former the 
recessive type. Study of long series of different matings in man shows 
a very close conformity to Mendel’s law. Dark hair also, though not 
to such a marked extent, tends to be dominant over flaxen ; but, con
fessedly, it is difficult to make accurate observations where each suc
cessive marriage introduces widely different “blood.” We can recall 
one other definite observation made upon man, namely, that of Castle.1 
Albinos occasionally present themselves among negroes—individuals, 
that is, devoid of cutaneous pigment. As might be expected from what 
we have already said (p. 170), such loss of pigment, being a loss of a 
character, a retrogression, is recessive, and not dominant. Castle2 3 4 and 
Bateson1 have, independently, suggested that sexual characters come 
under Mendel's law that male and female properties are antagonistic, 
one or other presenting itself, while the other lies dormant, to show itself 
in a later generation. This cannot as yet be regarded as determined, 
but true it is that there are combinations of sets of characters which are 
combined in descent. The case already noted (p. 104) of polydactylism, 
conveyed along the male line, and the opposite conveyance of hetno- 
| the female (although the female herself may show little
tendency to manifest the condition), are instances in point.

GALTON’S LAW

Before leaving the subject it is necessary to refer to a law which, for 
a time, was regarded as antagonistic to that of Mendel, but now has 
been shown by Darbishire5 and Correns to be another, though perhaps 
less satisfactory, expression of the same less satisfactory in that it 
expresses the source of the effects in a given generation rather than an 
analysis of the same. It was held that blended and antagonistic inher
itance were opposed, and that this law dealt only with the former. As 
we have pointed out, the two are not opposed, but various transitions 
are to be recognized, and, as a matter of fact, Francis Galton,® who 
established his law upon a very extensive analysis of the coat color of 
Basset hounds, truly employed a pair of particular features. The law, 
as determined by him, is to the effect that in the composition of the 
individual the two parents contribute the half of the total (or each one- 
quarter), the four grandparents one-quarter (or each one-sixteenth), and 
so on. According to this law, the series } + l + J + ,V etc. = 1 ; i. e., it 
equals the total inheritance. Karl Pearson, a strong adherent of Gal ton’s

1 Science, N. S., 17:1903: 75.
2 Contrih. from the* Zool. Lab., Harvard, 40:1903: No. 4.
3 Address to Zoological Section, Brit. Assoc., Cambridge, 1904.
4 This is by no means constantly tin* case with this particular abnormality.
1 Proc. Manchester Lit. and Phil. Soc., 49: 1905.
* Proc. Boy. Soc., London, 1897.
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methods, from a study of other sets of features (the color of the eyes in 
man and the color of the hair in horses both, again, Mendelian or 
antagonistic properties), arrived at slightly different results, giving the 
grandparents and earlier generations somewhat greater influence. 
Without discussing the matter in detail, it may he pointed out that if we 
cross a Mendelian bastard (first generation) with the recessive parent 
(see Fig. 43, li)t we get 50 per cent, of the offspring taking purely after 
that parent, the offspring being constant in feature, and 50 per cent, 
presenting the dominant feature, but truly bastards, this offspring 
dividing up according to the Mendelian formula. If the cross be made 
with the dominant elder, all the offspring are of the dominant type; 
)0 per cent, of them are pure dominants, the other 50 per cent, hybrids 
(Fig. 43, C). These figures fit in, it will be seen, with Gabon's law. 
The law, so far as we can see, fits a restricted series of cases, and does 
not, it seems to us, lead to practical application in the same way as do 
the Mendelian principles.

('. Mosaic Inheritance. In this form, strictly speaking, in certain 
cells and cell groups the paternal influence is dominant; in others of the 
same order, the maternal. Such is best seen in connection with sur
face coloration, where the parents have been of different color, the 
result being a streaking or dabbling with the two colors without blending 
of the same; we obtain the effect (distantly, it is true) of a mosaic work. 
The condition is on the whole infrequent, and particularly so in man. 
The only examples that we can recall which would seem to come under 
this category are those rare ones in which the eyes are of a different 
color—and, possibly, the still rarer condition, in which the internal 
sexual organs on the one side are male, on the other female. It is a 
form of inheritance that has been little studied, which nevertheless has 
to be recognized, and may, indeed, color effects apart, be much more 
widespread than is generally held; for, passing beyond individual 
organs or tissues, we must realize that the individual is apt in certain 
organs and tissues to reproduce the properties and peculiarities of the 
one parent ; in others, those characteristic of the other, and this is but 
mosaic inheritance on a larger scale. Regarded thus, recognizing that 
biophores from both parents pass equally into all the cells of the body 
multiplying as the cells multiply, it is not difficult to imagine that where 
those are relatively equally balanced, in certain environments the one 
order will have the upper hand, in others the other order.

1). Sex Limited Inheritance. More than one reference has been 
made in the preceding pages to the appearance in members of the one 
sex of characters peculiar to that sex and recessive or absent in the 
other. That they are most often recessive is suggested (1) by the fact 
that rudimentary evidence of those features or parts are to be recog
nized in this other set (e. <y., the breasts of the male, the clitoris of the 
female), and (2) by the way in which certain peculiarities, which in 
themselves are neither primary nor secondary sexual features, and 
which in the mother are unrecognizable and clearly recessive, are con
veyed to her male and not to her female offspring. It is simplest to
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suppose that in the germ plasm there is an intimate association between 
the elements governing the development of these peculiarities and those 
governing the attributes of maleness, and that if the former be recessive 
the latter are recessive also. We have noted, for instance, that the 
daughter of a “bleeder ” most often exhibits no tendency to hemophilia, 
but transmits that tendency to her son, that the gouty diathesis is liable 
to be transmitted to the sons and not to the daughters, in the
sons of those daughters it may again show itself. Nettleship has 
recorded striking examples of the same sex-limited inheritance in 
connection with color blindness. This is relatively common in the 
male (4 per cent.), rare in the female (less than 0.5 per cent.). In 
these rarer cases in which the female is affected, all her progeny are 
color blind, whereas of the children of the color-blind father and 
normal mother none are color blind, although the daughters of such a 
family transmit color blindness to their sons; the sons do not. If the 
genealogy of the Mampel family given as Plate IV be studied, it will 
be seen that with a rare exception hemophilia follows the same law.
I may add that in striving to determine the laws of human descent 
these occasional exceptions, or contradictions to the general scheme, 
are the despair of the systematists. Possibly, they are due to the 
crossing of widely distinct strains. Whatever the cause, we encounter 
them in connection with the transmission of all forms of inheritance so 
that unexceptional demonstrations of the action of Mendel's principles 
in man are rare.

E. Atavism. As originally employed, all reversionary conditions
the appearance in a given generation of traits not present in the 

parent but characteristic of previous generation were included under 
the one term atavism (alnviut, a g r). It is needful, however,
to make a distinction between familial reversion, or atavism proper, 
and racial or ex-specie reversion, with the appearance of properties 
characteristic of an earlier stage in the phytogeny. We shall use the 
term atavism for the former, phylogenetic reversion for the latter.

Such atavistic inheritance the inheritance by a child of properties 
not manifest in either parent, but present in the grandfather or some 
relatively recent ancestor is seen to fall in with Mendel's law. That 
law and the oh.1 a (ions on which it is based demonstrate that a con
dition may remain latent through several generations, to reappear 
eventually in a definite proportion of the members of a stock. We gain 
also an understanding of collateral inheritance, /. #*., of possession of 
properties corresponding with those of members o. collateral branches 
of the family uncles, aunts, or distant cousins, and unlike those of the 
parents.

So, also, looking to the e, we see that all the progeny of an indi
vidual exhibiting one or other inherited taint need not of necessity 
exhibit that taint, although some are likely to do so, while, if both 
parents vary in the same direction, the probability becomes very great. 
Further, if either parent come from an unsound stock, though not 
individually presenting the stigmata of the family taint, these may reap-
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pear in subsequent generations, being merely recessive. This may 
seem, and is, vague. It may be possible, when these principles become 
more firmly established and family histories more fully recorded, to 
state the probabilities of the inheritance of one or other condition.

F. Reversionary Inheritance—A clear distinction is to be drawn 
between this and atavistic inheritance. In the latter we have the mani
festation of properties present potentially in the germ plasm, though 
unable, owing to certain conditions, to manifest themselves fully in the 
body of the individual parent, while able to do this in the body of the 
offspring; those properties may be either favorable or unfavorable. In 
reversionary inheritance, we have always a return in the offspring to 
a lower type—a development which is incomplete, not reaching the 
standard of the type, but only attaining to a stage characteristic of an 
earlier period in the development of the species, whether affecting the 
body as a whole or more especially some particular system, such as the 
nervous system.

It is by no means easy in a large proportion of cases to determine 
whether reversionary traits present in an individual are truly inherited 
or merely acquired. A child is born microcéphalie, for example, and 
with simian physiognomy, or possesses indications of persistent gill 
clefts, recalling earlier stages of evolution. Arrests of development of 
these orders may he due to no primary defect of the parental germ 
plasm, but to disturbance affecting the fœtus in utero. Nor can we 
always determine with precision which order of events we have to deal 
with. Yet in certain cases we can have no doubt that we deal with 
undoubted reversion, brought about either by defect in the germ plasm 
of one or both parents or by the interaction of dissimilar germ plasms.

Darwin’s Experiment. The classical example of the latter method 
of inducing reversion is afforded by Charles Darwin’s* well-known 
observations upon the effects of crossing a barb-fantail female pigeon 
with a barb-spot male, from which cross there developed a “bird 
hardly distinguishable from the wild Shetland species” (of blue-rock 
pigeon, Columlm livid). Columba livia is the ordinary wild pigeon, 
common over a large portion of the northern hemisphere ; everything 
indicates that from it during the course of long centuries, and by 
artificial selection, the extraordinarily divergent varieties of tame pigeons 
have been developed. Similar results have more recently been obtained 
by Ewart.1 2 Crossing an absolutely white fantail, with thirty feathers in 
its tail, with an owl-arclmngel hybrid (the “owl” a powdered blue pigeon, 
with short beak, the “archangel” copper-colored, with well-developed 
crest), he obtained a bird almost identical in measurements with the blue- 
rock, while in color and markings it showed complete reversion to the 
checkered blue-rock of India, and, like that, had only twelve tail- 
feathers. History indicates that the cult and culture of the domestic 
pigeon began in the East, and, like the crow- and like man—the wild 
pigeon shows variation in different regions of the earth’s surface.

1 Animals ami Plants under Domestication, 1: 204.
3 The Pcnycuik Experiments, 1899: 26.
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Here, obviously, by crossing widely separated varieties of a species, 
we obtain not the domination of the characteristics of one or the other, 
but a reversion to an earlier type. We occasionally encounter in man 
instances apparently of the same nature, in which parents, each of 
sound constitution and each well developed, hut coming of widely dis
tinct stocks, have a series of children who in bodily constitution and 
mental growth are distinctly of lower tyjH*.

Familial Degeneration More often, however, in man we encounter 
cases in which reversion is to be ascribed not. to antagonism of the germ 
plasms, but to defect in the same, defect which, as we shall |H>int out, is 
to be regardetI as primarily brought about by toxic influences telling 
upon and modifying the constitution of the parental germ cells. Such 
are the class which nowadays, though we do not wholly like the term, it 
is the custom to describe as iln/rtirratc the progeny of those leading 
vicious lives. The typical degenerate is of poor bodily development, 
brain smaller than the normal, with convolutions less abundant and 
less fully formed, of degraded physiognomy, little capacity for sus
tained attention or for prolonged thought, cunning rather than intelli
gent, deficient in moral sense- in all these points resembling the lower, 
less-developed races of our species. No one studying a well-marked 
example of this order can fail to be impressed by the reversion to a lower 
tyjM*. The fortunate tendency is for families of this type to deteriorate 
in successive generations, for the latter members of this heritage of 
misery to exhibit idiocy, non-viable children, monstrous births, still
births, and so on, so that by the third or fourth generations the sins of 
the father have told so surely that the stink dies out.

(i. Diathetic Reversion. What must be regarded as a slighter 
grade of the reversionary process is still more frequently encountered— 
conditions in which one or other system does not attain full develoj»- 
inent, and in which the incomplete development descends from one 
generation to the other. We have already laid down that where the 
environment is unfavorable, conditions of latest development are those 
most easily lost; those of oldest phylogenetic acquirement are most 
firmly retained. The widest and latest evolved distinction between 
man and the other animals is the development of the higher nervous 
centres in the former. It is noteworthy how relatively unstable and 
various in their development are these centres; no other tissues of the 
organism vary so greatly in their functional capacity. This capacity, 
it is true, cannot easily be measured, but the variation is well indicated 
by certain figures from Cambridge University.1 There they afford the 
students the option of taking either the ordinary or the honors course, 
and -the better-trained men, who select the latter, have the choice of no 
less than eight triposes, or honor examinations, in different subjects, 
from mathematics and theology to Indian languages and agriculture, 
to work at for three years. The choice is thus singularly wide. The 
most celebrated of these tripos courses is that in mathematics; it draws

1 For these I am indebted to my friend John (i reaves, Kac|„ M.A., Christ's College.
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the best men from nil over Great Britain. The questions given range 
over a wide area, and the papers are .set and marked not l>v one, but by 
several mathematicians of distinction, the candidates being in each 
paper given a choice of more questions than it is possible to cover in 
the time.

The examination, we repeat, is not sorv; all who enter have
had a mathematical training and a penchant for the subject. The 
following figures give (1) the maximum marks obtainable were every 
question answered and every problem worked out on each of the eight 
days the examination lasts, the average being struck for two successive 
recent years; (2) the means of the mark obtained by the highest candi
dates (Senior Wranglers) in two successive years; (3) the mean mark 
of the two lowest candidates to obtain first class honors; (4) the mean 
mark of the “Wooden Spoon” in those two years, /. r., of the last candi
date to be granted a "pass,”

Average ok Two Ordinary Years, Cambridge Mathematical Tripos.
Maximum Maximum

murks ohtuined Lowest
obtainable. Senior Wrangler. Wrangler.

Wooden
Spoon.

190
170

Total examination 
First four days only

4X73 1896 942
148(1 7X7 477

Mr. Greaves has afforded also the figures for the first four days only, 
as the papers on these days cover what may be termed ordinary mathe
matics and the ordinary man often has little knowledge of the advanced 
mathematics of the last four days. The mean “Wooden Spoon” 
secured only 20 marks in the second, advanced part of the tripos, out 
of a 3400 or so. Even in these routine mathematical subjects
the first man secures close upon five times as many marks as the last, 
whereas in the total examination he scores nearly ten times as many. 
There is, indeed, the memory of a tripos in which the Senior Wrangler 
(now a member of His Majesty's Ministry) secured twice as many 
marks as the second on the list (now a university professor of world-wide 
reputation).

It is difficult to imagine the difference in the development of the 
associated centres for calculation, figures, expression, and writing 
between the Senior Wrangler and the “Wooden Spoon” (the lowest 
on the pass list) and also between the latter and the born idiot.

While, here again, mental development may be arrested bv intra
uterine or postnatal influences, and mental power is capable of great 
development by proper training, it is abundantly evident that mental 
capacity in the main is a matter of inheritance. We possess much 
evidence that imperfections of the higher centres and mental instability 
of various grades are markedly liable to descend; cases, indeed, are 
on record in which certain grades have shown themselves in the same 
family for two centuries and more. Marriage with those of good 
mental state reduces the liability, intermarriage of members of the 
same neurotic family is seen notably to increase the liability. In some
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cases the descent is homeonwrphic; in others, heteromorphic. Tlic 
former type would seem to indicate the inheritance of some par
ticular anatomical imperfection, or the subjection of the members of 
successive generations of the weak-headed to like strains, producing 
like results; the latter is nowadays accepted as indicating a general 
imperfection of development of the higher centres. For some years, 
so long as they are not subjected to strain, these reversionary individuals 
may show little departure from normal ; subjected to some particular 
strain—alcohol, syphilis, or other infectious disease, anxiety, religious 
emotion, or intense mental activity of other nature—and the brain gives 
way in one or other direction, according as the strain falls on one or 
other centre. Thus, the mother may have religious mania, the son 
become an epileptic or victim of general paralysis, and his son be an 
imbecile.

Yet another recent and special acquirement of man, as distinct from 
nearly related animals, is his power of resistance against, and of sus
ceptibility toward, sundry infectious diseases. These powers also vary 
considerably, and, like mental capacity, and deficiency in the same, are 
largely a matter of inheritance. Indeed, a lack of resistance toward 
infection frequently accompanies mental weakness as it accompanies 
the more pronounced reversionary degenerations—rendering the chil
dren weakly and liable easily to succumb to childish ailments. Just 
as we noted that certain neuroses are distinctly inherited, so do we 
observe specific inheritance of susceptibility to one or another infec
tious agency. We have called attention to this in the different races of 
mankind; we observe it also in particular families: this family is par
ticularly susceptible to tuberculosis, that to scarlet fever. What is still 
a matter of debate is whether an infectious disease affecting an individual 
under any conditions renders the offspring either more or less susceptible 
to that disease.

II. Cumulative Inheritance. It occasionally happens that the 
blend, instead of showing a given property to an extent intermediate 
between what the two parents exhibit, shows this more pronounced 
than does either parent ; there is, as it were, a summation rather than a 
mean product. Examples of this order are not frequent, nevertheless 
they occur. Thus, Mendel noted that the hybrids of certain peas, 
short-stemmed and long-stemmed, respectively, developed constantly a 
much greater length of stem than either parent form, or than the pure 
progeny of the longer stemmed subspecies. Nor can the cases properly 
belonging to this class be ascribed to atavism. The conditions leading 
to cumulative inheritance are, so far, wholly undetermined, but its 
existence throws some light upon the conditions next to be studied.

I. Spontaneous Variations; Mutation. So far we have had to deal 
with conditions present in the ancestors and conveyed to the indi
vidual, or, failing to be so conveyed ; there is yet another condition to 
be taken into consideration, namely, the appearances in the offspring 
of conditions and relationships which are new to the stock. These we 
speak of as spontaneous variations. Of such, numerous examples in
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animals and plants have been collected together by Bateson;1 the most 
easily grasped examples of the conditions occur in (lowering plants. 
The tulip, for example, is a plant having a three-partite arrangement of 
organs, well seen in the flower. Now, occasionally in a bed or field of 
these plants, flowers are *o lie encountered showing a four- or five-partite 
arrangement. The trefoil, or shamrock, and the clover have tripartite 
leaves ; careful search in certain localities frequently affords leaves 
which are quadripartite, five-partite, and, very rarely, six-partite. 
Everything is opposed to the belief that the Liliaceie, to which the 
tulip belongs, are descended from a four- or five-partite ancestry, or that 
the shamrock had originally cruciform leaves. ( )r, otherwise, in this and 
numerous similar instances, reversion is incapable of affording an expla-

The frequent existence of these spontaneous variations has not been 
sufficiently recognized in man. By hook or by crook, anomalies of 
excess, supernumerary fingers, toes, vertebrae, ribs, teeth, breasts, hair, 
etc., have one and all been attributed to reversion or atavism, so-called, 
no matter how far back in, or how far off, the probable line of descent, it 
is necessary to travel to find a form possessed of the condition of seven 
digits, for example. Thus, taking the case of supernumerary mammary 
glands: In mammals possessing several pairs, these are arranged in 
a row on either side of the ventral median line, either over the abdomen 
alone or stretching well over the thorax. The number of pairs is in 
relationship to the number of young brought forth from one pair in 
man to six, seven, or even eight pairs in the sow.

Now in man it is not so very rare to have the presence of one or more 
accessory mamime—generally so small as to attract little notice, and 
less inconvenience, but sometimes large and well developed. These 
are situated, whether paired or unpaired, at some point or points along 
converging lines stretching, roughly, from the region of the axillary 
angles toward the symphysis pubis. Their position along these lines 
strongly suggests reversion toward the condition of a many-breasted 
ancestry. But, in the first place, what positive knowledge have we of 
such many-breasted ancestors in the direct line of human descent; and, 
in the second, how are we to account for those cases in which the super
numerary mamma is situated- as it may be—on the back of the shoulder, 
or the buttock- regions never the site of mamime in the lower animals?2

And why, to continue this line of argument, do we not find the greatest 
number of mamime in the very lowest mammalian forms ? The ornitho- 
rhynehus possesses only one pair. Atavism will not explain the progres
sive increase in number as we proceed upward along the line of ascent 
of certain species of mammal. Spontaneous variation, with subse
quent inheritance of a favorable variation, must have occurred in them

1 Materials for the Study of Variation, London, Macmillan, 1N94.
1 For literature on supernumerary mamma1, see Bateson, lac. n't., p. SI ; Leichen- 

storn, Vircli. Arch., 7!t : 1S7S: 222; Puecli, Lex Mannuellex et tear anomnliex, Paris, 
1870; and Roger Williams, J. A net. and Physiol., 25: 1891: 225.
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to produce the result, and if it has occurred in the one order of cases, 
it is simpler to invoke it to explain the other set, and this tin* more 
easily when we recall that the mammary glands are not totally new 
organs, hut, strictly speaking, arc collections of hypertrophied and 
modified sebaceous (or, some would say, sudoriparous) glands, of glands 
scattered all over the mammalian integument. It is true that more 
than one embryologist has called attention to the existence of a ridge- - 
the mammary ridge extending bilaterally in the fœtus in the position 
of the mammary line already referred to; but in no mammal do mamma- 
present themselves normally along the whole length of this ridge, and 
when variations do occur the existence of this ridge does not make them 
any less spontaneous.

Regarded thus, the more we consider the subject the greater appear 
to be the number of cases of spontaneous variation.

It may, indeed, in general be laid down that when a condition is 
progressive, or when, on the contrary, it appears to be regressive, but 
is isolated and unaccompanied by other indications of regression and 
incomplete development, then the indications are that we deal with 
spontaneous variation rather than with reversion. We would thus 
equally include in this class of cases of polydactylism and bradydaetylism 
(shortness of certain phalanges), supernumerary vertebra*, as well as 
reduction in the number of the same, supernumerary and deficient ribs.

Once these occur, they have a tendency to be inherited. We have 
already referred to the case of inheritance of polydactylism.

Closely allied, and apparently due to the action of the same causes, 
are certain conditions of defect, which liev thcless cannot be attributed 
to reversion; they reproduce no stage the previous history of the 
race, and these, too, are singularly II tie to be inherited; such are 
articular la.rity (with liability to sj a neons dislocation of various 
joints), ichthyosis (with peculiar rieation of the growth of the 
epidermis, so that the cells product <i abundantly do not scale off, but 
accumulate to form thick masses or scales over the body), hemophilia 
(with its peculiar instability of the vascular system, rendering hemor
rhage liable to occur upon the slightest provocation, and with inheritance 
not direct, but through the female who herself does not show the affec
tion). Possibly in this class is to be included Daltonism, or color blind
ness, in which, while we have no evident e that the formation of the eye 
is modified, the individual is unable to recognize certain colors. This 
as noted on p. 175 would seem to Ik* recessive in the female, dominant 
in the male, while albinism, another condition of this order, would 
appear to be purely recessive (see p. 174). So, also, several observers 
have noted that certain tumor formations, such as the development of 
multiple lipomas (fatty tumors), enehondromas (cartilaginous), and 
exostoses all tend to be inherited. All tumors proper, it maybe noted, 
are progressive in type ; as to how far they are to be regarded as primarily 
the result of spontaneous variation will be discussed later.

This may be noted, that the spontaneous variation, even when liable 
to be inherited, is not necessarily useful. There is some evidence that



MUTATI0X8 iS.i

if its development be correlated to that of some useful property, a useless 
or apparently useless, variation may become a specific character. Thus, 
Bland-Sutton1 calls attention to the callosity on the inner side of the 
foreleg of the horse as a probable example of correlated inheritance. 
That area of cornification of the epithelium is not possessed by other 
species, and its existence, save on this supposition, is an enigma.

Of late years the distinguished Belgian botanist de Vries2 has thrown 
considerable light upon the appearance of this spontaneous variation. 
Cultivating the plant Œnothcru lamarckian» (one of the evening prim
roses) for some fifteen years, lie noted the appearance from time to time of 
individuals which definitely varied from the parents. These appeared 
suddenly in growths of large numbers of young plants which, as a mass, 
did not depart from the parent stock; and, what is more, these “muta
tions,” as lie terms them, were true to seed. Thus in 1895- to «|note 
an instance there appeared the relatively huge Œnothera ipyas. There 
had been no gradual variation leading up to it; the appearance was 
sudden, and, subjected to self-fertilization, this single plant afforded 
seeds giving origin to several hundreds of the yit/att type. Here, at a 
bound, a new species was seen to develop, and de Vries lays down 
very decidedly that new species are not brought about by the accumu
lation of small individual variations, but in nature and during the 
course of the artificial culture of plants there appear occasionally, if 
not periodically, individuals manifesting changes so pronounced from 
the beginning, and these so distinc tly heritable, that one has to regard 
these individuals and their descendants as constituting a new species. 
Similarly, de Vilmorin3 points out that species which in the wild state 
are remarkably stable, are apt to become highly variable after several 
generations of culture. Under these conditions, Klebs4 has obtained 
mutants among the seedlings from Veronica chamaednjs. 1 )e Vries 
holds that in all cases evolution is of this discontinuous type. These 
mutations, it will be seen, are what we have considered as spontaneous 
variations. To quote Jacques Loeb:3 “If the determinants are com
parable to a series of compounds, c. </., of alcohols, there is no more 
a transition possible between two species separated by a difference in 
only one determinant than there is a transition possible between two 
neighboring alcohols of the same series.”

It will be seen from the* following chapter that with this view of Loeb 
we must largely agree ; although Boulenger’s case, quoted on p. 172, 
would indicate that the difference between varieties and species is merely 
one of degree. There may, that is, in the terms of our theory, be modi
fications in the constitution of the " " *e so slight that in fertilization
the modified and the unmodified do not interfere, the one becoming

1 Introduction to General Pathology, London, 1886: 166.
1 Die Mutatiomtheorie, Yersuchc u. Beobuchtungen, etc.. Leipzig, 1: 1901.
s Notices sur l'amélioration des /dindes, Paris, 1886: 66.
4Kiinstliehe Métamorphosai, Stuttgart, 1000: 152.
4 The Dynamics of hiring Mutter, New York, Macmillan, 1906:225.
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dominant; or, on the other hand, modifications so considerable as to 
bring about interference and sterility.

What is the cause of these spontaneous variations must be approached 
with caution. The fact already noted, that crossing of unlike races 
occasionally leads with certainty to offspring possessing a given property 
so developed as to suggest that the development represents the sum 
of, rather than the mean between, the individual possession of the two 
parents, would indicate that amphimixis is immediately concerned. 
Nevertheless, recent botanical observations would suggest that influ
ences brought to bear upon the parent and its germ plasm are, in some 
eases at least, the prime cause. Thus, Maedougal1 notes that, taking 
lialniannia odoratu, another member of the evening primrose family, 
and subjecting its ovules to 10 per cent, sugar solutions and solutions of 
calcium nitrate (1 to 2000), definite mutants were obtained; several 
individuals developed from the seed were of a type wholly different 
from any previously seen—glabrous and not hairy and with altered 
shape of the leaves—and their appearance could only have a direct 
relation to the operation. By like methods he obtained also a mutant 
of (Erwthera biennis. These mutants bred true to the third generation. 
Similarly, Tower2 reports that subjecting certain licet les to intense 
environmental change (cold and humidity) immediately before the 
maturation of the germ cells, ova, and sperm, he has obtained pro
nounced mutants. These mutants breed true and do not segregate the 
characters in subsequent generations.

1 Report Dept, of Boltin. Research, Fifth Year-hook, Carnegie Institute, Washing
ton, 1907: 119.

* Investirai ion of Evolution in Chn/somelitl Beetles of the Genus Leptinotarsa 
Carnegie Institute Publications, No. 48: 1900.
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CHAPTER XV.

INHKlt IT A N ( 'K—(( ’onti n v ko).

THE THEORY OF INHERITANCE.

This enumeration of the various forms of inheritance is apt to leave 
the impression that the possibilities are so varied and so haphazard that 
it is a hopeless matter from such data to construct any theory of inherit
ance capable of application to all or nearly all the eases. Certain facts, 
however, ' out, and utilizing these, we may advance to a certain 
extent :

1. In the first place, it is evident that, although considering any one
feature, it may happen that that feature does not present itself in the 
immediate offspring, nevertheless the whole modern , of heredity 
proves convincingly that where the individual is the offspring of two 
members of the same species, each parent affords equivalent contribu
tions to the offspring. These e< contributions of heritable
material may, it is true, in one or other respect not be of equal potency; 
but there they are, and, contributed to the germ cells offspring,
they may demonstrate their existence in the individuals developed from 
these germ cells.

This law, if we may so term it, is correlated with and evidently based 
upon the fact that in conjugation each parental germ cell supplies a 
like contribution of nuclear matter to the primordial cell of the new 
individual; half the chromosomes are of paternal, half of maternal, 
origin. No other conclusion is possible than that the heritable material 
resides in these chromosomes.

2. If this be so, the different forms of inheritance must be related to 
the properties of these chromosomes and to their interaction. Our 
theory of inheritance must, therefore, be essentially one which deals 
with the chromosomes and their constituents.

3. We have already laid down that the primordial living matter of
the cell is contained in the nucleus ; it is this matter that must be carried 
over in the chromosomes. From this it follows that our theory must 
be expressed in terms of the ' molecules, and that we have to
endeavor to conceive a constitution of and mode of interaction between 
these biophores from the two parental germ cells which will satisfy the 
various conditions.

4. Coming now to analyze the different forms of inheritance, we make 
out that a particular feature showing itself in either parent may:J
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(.1 ) Present itself also in the offspring:
1. Dominant, wholly replacing the corresponding hut diver

gent feature seen in the other parent.
2. Blended, this particular feature in the offspring being inter

mediate in character between that exhibited in the two 
parents.

/». In mosaic form, in certain cells the paternal, in others the 
maternal, feature being dominant.

4. Blended and excessive, the feature being more pronounced 
than in either parent.

(II) Be unrecognizable in the offspring:
1. Recessive, and replaced by corresponding feature derived

from the other parent, but as such latent, capable of reap
pearing in later generations.

2. Absent, wholly wanting in subsequent generations, the ab
sence being due either:

(«) To casting out of an inherited condition, or 
(b) To the feature seen in the parent being an acquirement 

and not an inheritance.
5. Or, on the other hand, considering the individual, we note that as 

regards any particular feature or group of features, there may be:
(.1) A'ornull Inheritance: The offspring not being in this respect ad

vanced beyond either parent, but at the same time not fallen 
behind.

ill) Rroyrcxttire Inheritance: The offspring being advanced beyond 
the more advanced of the two parents and exhibiting either :

1. Kxcessive development of the condition or conditions already
observable in one or both parents, or

2. Spontaneous variation (mutation), /. e., the appearance of
conditions not previously noted in either parent or either 
parental stock.

(C) RctroyrcHnive or Reirruionari/ Inheritance: The offspring revert
ing as regards any feature or group of features to a lower stage 
in the phytogeny of the species.1

(I)) Non-inheritance: Apparent or actual.
From this analysis one thing at least is obvious, namely, that the bio- 

phores derived from either parent are liable to retain their identity for 
some generations. Or, to be more accurate, that qualities conveyed by 
the parental biophores may be retained even if in a recessive, latent 
condition.

That, indeed, is clearly proved by the Mendelian studies on hybridi
zation: after six generations or more with self-fertilization the hybrid

1 We an* acquainted with no satisfactory evidence that this class should he re
divided into recennive and complete. On the contrary, it is the experience of pigeon 
breeders that once, by emss-breeding, the old blue color and characters of the wild 
pigeon reassert themselves it is Iio|h*Ivss to use such birds for breeding purposes. 
Kven when mated with birds of pure breed and dominant type it takes long to cast 
out the signs of such reversion.
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can give origin to plants exhibiting the pure features of either the domi
nant or recessive ancestor. Conjugation cannot, therefore, be of the 
nature of a chemical union of the biophores from the two sources with 
resultant formation of a new biophoric substance. On the other hand, 
we cannot conclude that all the separate biophores contributed by and 
representing each ancestor are potentially present in the fertilized ovum. 
This would demand an infinite number. The existence of determinants 
such as Weismann conceived is, as we have pointed out, a physical 
impossibility, and this is equally so; were ten generations represented, 
that would demand the presence in each chromosome of more than one 
thousand separate orders of biophores.

Our way, then, lies between Scylla and Charybdis. Still, between 
those two the cautious mariner could advance his craft and, the gods 
helping, could achieve through the straits. And here we would urge that 
our conception of the constitution of the ' ' ’ e affords us a proper
equipment to achieve the passage. We have, it will be remembered, been 
led onward to regard the ' molecule as composed of a central
body or ring of nuclei provided with side-chains which are dissociated 
with greater ease. As the environment has been modified, so have the 
side-chains undergone modification, and as these side-chains become 
utilized in the polymerization of the biophoric matter and the formation 
of new biophores, so has there been a progressive increase in complexity 
of the biophoric molecule. We have pointed out how, neglecting deter
minants, we must regard the biophores in the somatic cells as undergoing 
extensive modification when their environment has become altered, 
whereby they have given rise to or controlled the different orders of cells 
in the different tissues (p. I .'Mi). As regards the germ cells, their bio
phores must similarly be influenced, for it is upon their modification that 
the whole evolution of living forms has depended. Clearly the biophores 
of the human ovum are vastly more complicated than those of the 
anarba, or, again, than those of the lowest multicellular organism of the 
line of man’s ascent, and yet the progressive elaboration of the soma or 
body throughout the course of the ascent has been the outcome of the 
germ plasm and the biophores of the same within ovary and testis.

(i. There are two, or three, possible causes for the progressive varia
tions of multicellular organisms : the mingling of germ plasms in conju
gation (amphimixis), the effect of environment on the respective germ 
plasms, and the effect of both of these combined. The first of these 
was strenuously upheld for long by Weismann as the controlling cause, 
but he was compelled to admit that the second must also be in action. 
Here also it must be pointed out that Mendelism pure and simple is 
inadequate to throw light upon progressive evolution. It establishes 
the number and characters of individuals endowed with different 
properties capable of being produced by the amphimixis of germ cells 
possessing a given numlier of differing attributes; it accepts the diver
gent qualities of the germ plasms as already in existence without seeking 
to explain their origin; it deals with permutations, not with mutations. 
In regard to this second cause, we have demonstrated that it is clearly
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in action in unicellular organisms which do not conjugate, as also in 
the somatic cells of the highest multicellular forms of life (p. 121); it is 
illogical to deny its action upon the germ cells of the same. Not to 
waste time by taking part in what has been an angry discussion, we are 
prepared to accept the third course to admit that both the action of 
external agencies and amphimixis are factors in variation, retrogressive 
as well as progressive.

7. Granting this, and admitting that through the action of both 
causes it comes to pass that the germinal biophores in no two members 
of the same species are absolutely alike in constitution, what must we 
conceive to be their action upon each other when, through conjugation, 
biophores of two orders come together in the same cell, the fertilized

The facts of inheritance, and what we know regarding its histological 
basis, entirely refute the hypothesis that the biophorie molecules as a 
whole undergo chemical union. We may, however, conceive these, in 
the first place, as lying side by side in a common cytoplasm or, to be, 
more exact, nuclear sap, in the process of assimilation attracting ions from 
the surrounding medium, building these up into side-chains of different 
orders. ( )f these side-chains, some of them are identical common, that 
is, to the molecules of both sets of biophores some, on the other hand, 
of unlike constitution, so that certain side-chains having corresponding 
position or attachments in the two sets of parental biophores are dis
similar. As demonstrated by studies upon immunity, we regard such 
side-chains as detachable and apt to be detached, that is, to be developed 
in excess, and then, becoming loose, passing into the surrounding cyto
plasm. Again, as we have pointed out (p. 9K), we must regard growth 
and increase in tin* number of biophores as brought about, in the first 
instance, by the building up of nuclei of side-chain matter, this matter 
attracting other matter in due order, so that gradually new rings are 
constituted new biophores. If these views be correct, then, when 
molecules of closely allied constitution and properties are growing side 
by side, what is there in this process to determine that side-chain matter, 
which has been liberated under the influence of the one set of biophores 
and has become detached, does not become attracted to and built up into 
the substance of the “growing” biophores of the other set? I cannot but 
hold that under these conditions that is, conditions under which we have 
compound molecules of very similar structure becoming built up side 
by side—this must inevitably occur in a common fluid medium. When
ever a greater affinity exists between the components of one growing 
biophore and certain side-chain nuclei developed under the influence 
of the molecules of the other set of biophores, then these nuclei will be 
apt to be built into, to become an integral part of, the new biophores, 
to the exclusion of the corresponding nuclei those proper to the original 
molecules. In short, there will be, physically speaking, a contest be
tween the two orders of growing biophores and, to a certain degree, 
a selection or rearrangement of constituent nuclei. This rearrange
ment in the simplest case will result in an interchange of constituent
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parts; in other cases, may result in side-chain material derived from 
one parental biophore, and possessing powerful affinities to the growing 
biophores of both orders, becoming built up into both sets, to the exclu
sion of corresponding but weaker side-chains (so that these become 
wholly cast out), and with this the rties determined by their 
presence disappear in the next generation. In other cases, again, we 
can premise an interaction between certain side-chain groups derived 
from the two parental biophores, the resultants of this interaction be
coming built up into the growing biophores, this interaction having as a 
result either an * or a depression of parental character, or, 
again, leading to the production of mutation.

Svlii-mii of moilv of interaction of two bioplioric molecules in it common cell sap : .1, of maternal; 
II, of paternal origin I. If. 3, allelomorphic side-chains, which, when liberated into the cell .sap, 
will lie attracted to the biophore exercising the strongest affinity; 4, side-chains common to both 
molecules, built up indifferently into either.

Granted, that is, that in its broad lines we have come to realize the 
mode of constitution of the proteidogenous molecule, that we are justified 
in assuming that the biophoric or living ’ cules partake of similar con
stitution, and that our conception of growth is that which must be 
accepted, then under these conditions growth, in a common medium, of 

•ic molecules of two orders, alike in general constitution but differ
ing in certain of their component chemical nuclei, must result in a cer
tain amount of interchange of those nuclei. Two sets of biophores 
may still be traced in the blastomeres, in germ cells, and other cells 
derived from the fertilized ovum ; two sets each derived by direct physical 
descent from the original paternal and maternal biophores and chro
mosomes, respectively; but the members of each of these while building 
up into their structure material assimilated by their legitimate progenitors,
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attract for pur|M>ses of growth allelomorphic1 matter formed similarly 
by the other. By this method, apart wholly from what may lie regarded 
as external influence acting upon the germ cells during their existence 
within the organism of the individual, it must come to pass that through 
conjugation the hiophores giving rise to a new individual arc not identical 
with those of either parent, and that each comes to lose certain proj>erties 
which belonged to the ' s of the one, and gain some belonging
to the hiophores of the other. If this In* so, then we can picture that in 
the process of reduction and casting out of material in the
d< of the oocyte and of the s|>ermutoeyte, while there are
delivered to the ovum mo! widen of living mutter which in direet de went 
have been derived from one fuirent on! if, those mol end es mu if con try to 
the ovum constituents mid properties which linvc been derived from both 
parents. In this way, without any increase in the number of deter
minants or ids, by this chemical modification of hiophores, a constant 
number of such biophoric molecules may become the bearers of proparties 
derived from a long series of ancestors.

We purposely do not here consider all the different tV|M* of inheritance, 
for this is not a full treatise on the subject. We have taken up forms 
that are sufficiently wide apart to show that this biophoric theory is 
capable of elucidating their occurrence. It ap|>ears to us to have the 
great advantage of explaining how hereditary characters may be con
veyed through a relatively small number of molecules of highly complex 
organization; how those molecules can in the course of amphimixis 
undergo modification through interaction; how they can become 
modified through the action both of amphimixis and of environment ; 
how similarly they may undergo retrogressive changes and lose certain 
projH’rties under the same influences.

K. With reference to the action of environment on the germinal hio
phores, it is still necessary that something be said, but our treatment of 
the subject of amphimixis will not be complete without reference to the 
remarkable reduction process which precedes fertilization. The mode 
of that reduction we have already described (p. 148 et seep). We have 
seen that in the process of maturation of the ovum representatives of 
one-half of the chromosomes of the parental individual are cast out, 
and that similarly the s|H*miatozoon contains only one-half of the chromo
somes proper to the male parent. As shown by the abundant recent 
studies on Mendel ism, the results of this reduction may be very remark
able; certain properties may at a single conjugation be thrown out so 
completely that they do not reappear in subsequent generations.

During the very first process of reduction in a hybrid a property or 
properties derived from the one parent may thus be thrown out; and 
yet when the parents had differed in several particulars, at this same 
moment properties derived from the other parent may likewise disappear.

1 Bateson employs (his term in connection with Mcndvlism, to indicate the corre
sponding or antagonistic property, either dominant or recessive, the two allelo
morphs forming a “ pair."

7924
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And as in such hybridization there may he as many as a score of 
properties in which the two parents had been contrasted—size, color 
of flower, position of flowers, shape of leaf, hairiness of leaves, shape of 
seed, etc. the process of sorting prior to this casting out, if we regard 
these qualities as conveyed by distinct ids or deterrninantis, is beyond 
conception. It demands so exact a localization in each chromosome of 
the particular determinants, and at the same time so precise a distri-
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guing rise to four 
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giving rise each leone Ovum, ty reduction.

Schema to illustrate Mendel's law regarding the second hybrid generation as regards a single 
pair of features; ns also to illustrate the effects of reduction of the chromosomes in oogenesis and 
spermatogenesis.

I'-ach germ cell (first row) is originally provided with chromosomes of paternal (black) and of 
maternal origin (white). The existence of the law demands that in the process of reduction the 
ovum and the s|iermntosoon (second row) become provided with chromosomes (and biophores) 
that are of either paternal or of maternal descent, but not of both; although, as above noted, the 
biophores may in their growth and development have attracted side-chains formed primarily by 
the opposed order of biophores. to the exclusion of those originally belonging to them.

butiou of the determinants for the various properties, that by no possible 
means have we been able to visualize what is supposed to happen. By 
the biophoric concept this casting-out process is, we think, compre
hensible, namely, as already stated, we can imagine that during the 
sojourn together of the parental biophores in the germ cells of the new 
individual, from the moment of fusion of the parental germ plasms to 
give rise to that individual up to the maturation of his or her germ cells, 
there is an interaction and interchange between the side-chains to whose
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presence is due these contrasted features, and this of such a nature that 
the newly developed biophores, descended, let us say, from the hiophores 
of the female parent, have not the identical composition of those parental 
biophores. In the process of growth and formation there has been, 
as it were, a selective process. Owing to greater affinities, they have 
attracted and built unto themselves certain side-chains derived from 
the paternal biophores, and from merely attracting them in the first 
place, have come to form them actively. According to our conception, 
that is, a side-chain, to whatever central ring it is attached, tends to attract 
ions and radicals of a particular order to itself, so as to reproduce itself 
in series. This interchange depending on chemical affinities will not 
be universal, affecting all the side-chains of both paternal and maternal 
biophores; the newly formed biophores will present an admixture of the 
two orders; they will occupy definite positions in the nuclear thread and 
in the chromosomes derived from that thread.

Thus, it will happen that in the process of reduction, as indicated by 
the studies upon hybridization, the maturing ovum, or the spermatozoon, 
may come to contain ‘ " s purely of paternal or purely of maternal
origin.1 The accompanying diagram indicates what we conceive to be 
the process (Fig. 45).

Along these lines we believe it is possible to conceive the conveyance 
of a limited number of biophores in the germ cells from generation to 
generation, those biophores under favorable conditions gaining through 

limixis accretions to their properties, under unfavorable conditions 
becoming shorn of certain properties, and as a result the individuals 
developing from these germ cells may show either progressive evolution 
or devolution. To apply these considerations to the facts of hybridi
zation, etc., and thereby exemplify the mode of action of Mendel’s law, 
would be altogether beyond the scope of the present work.

THE INHERITANCE OF ACQUIRED CHARACTER.

The above considerations upon amphimixis and its influence in causing 
the offspring to vary from either parent accept tacitly, it will be seen, the 
fact that there is variation between the two germ cells which enter into 
conjugation, but throw no light upon the primary cause of that variation. 
It is impossible to arrive at any other conclusion than that variation 
originates primarily in the action of modified environment upon the 
labile bioplasm. Nav, more, as we shall have to point out, such action 
of environment upon the germ cells during the course of their existence 
in the parent cannot be regarded as non-existent, though there are those

1 So far as we can see, there are no indications that a given germ cell contains, for 
example, three-quarters of the grand paternal and one-quarter of the grand maternal. 
The rule appears to In* that there is exclusive representation or it may also be equal, 
the one series lying latent; although there are difficulties in connection with this 
latter conception. This in itself indicates that the number of biophores gaining 
entrance is relatively small.
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who deny it; for upon its existence hangs the solution of the question 
whether any order of characters acquired by the parents in the course 
of their life can he conveyed to the offspring, and we cannot close our 
treatment of heredity without taking side in this ancient controversy.

To what extent, if any, can acquired characters be inherited?
Before answering this it will be well to classify the characters which 

may be acquired; first, we divide them into the progressive acquire
ments and the regressive. Among the former come the increased use 
of parts, with improved functional activity of the same, swifter 
response to reflex or other nervous stimuli, and to these we must 
add acquired immunity to disease. Among the latter, mutilations 
and loss of parts; arrested development of parts, and abnormalities 
brought about by disturbances during development, whether the 
influence causing these have told upon the organism during intra
uterine existence, or after birth during the period of postnatal growth ; 
atrophy of tissues through disease, both in childhood and more 
particularly during adult life; retrogressive changes in the tissues 
brought about by disease, or, more broadly, by intoxications of various 
orders. For we recognize more and more clearly, not merely that 
bacteria and the larger parasites produce their deleterious effects upon 
the organism at large almost entirely through the agency of the toxins 
which they elaborate, but also that disturbances of very many orders 
which lead to continued depressed or perverted function of one organ 
lead thereby to either heaping up in the system of the deleterious sub
stances which should be acted upon by that organ, or to modified internal 
secretions of the same, and so, secondarily, to poisoning of other tissues. 
These subjects will be dealt with more fully in the subsequent chapters 
upon Intoxication, Infection, and the Internal Secretions. Lastly, there 
may here, under protest, be included the legendary maternal impres
sions, because these are popularly and loosely held to come under the 
heading of acquired conditions.

1. Maternal Impressions. We will deal with these first. If a 
mother while bearing her child has been frightened by a toad jumping 
toward her unexpectedly, and subsequently brings forth an aneneepha- 
lotis, toad-like monster, it must, imprimis, be advanced that the mother 
has not acquired that toad. None of the cases on record (and American 
medical literature a few decades back abounded in them) are in any 
sense instances of acquirement of a condition by the parent which is 
reproduced in the child. In the second place, if now the nervous theory 
be adopted and it be urged that a pronounced shock or stimulus referred 
by the parent to one area of her person is reproduced in a like area on 
the person of a child, it has to be pointed out that the child in utero 
is a separate individual, unconnected with the maternal nervous system ; 
and, thirdly, with the rarest exceptions the fright or profound influence 
noted by the mother are stated to occur in the later months of pret/nanei/, 
when the different organs and parts of the fœtus are already not merely 
laid down, but advanced in development, and we know that monstrosities 
and abnormalities date most often from the very earliest period of fa tal
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life. All these tales are at the most examples of coincidence, where 11 icy 
are not the bizarre product of the female imagination.1

2. Use Acquirements. Of acquirements in the strict sense of the word 
there is a complete lack of evidence that “use acquirements" are trans
mitted. The blacksmith's son has not larger biceps than has tin* ordi
nary individual, nor, with our knowledge of the relations of the germ 
cells to the rest of the organism, can we conceive why lie should have. 
The utmost we can accept is that if the blacksmith has by exercise kept 
his system in excellent coordination, his germ cells will benefit thereby 
and his progeny be sound and generally well developed. But that one 
particular muscle or group of muscles should be picked out for progres
sive advance cannot be grasped. Confusion is here apt to arise between 
preeminent i s that are inherited the results, in the first place, of 
fortunate amphimixis and such use acquirements. A great composer, 
for example, may have descendants with mtisicinnly qualities above the 
normal: we have the Bach family, and, more recently, the three genera
tions of Strauss, of waltz fame. In mental ability may be mentioned 
the Cecil and Sheridan families, the Darwin and Wedgwood group; 
but in no one of these eases have we the slightest evidence that the 
peculiar ability was acquired in the first place. More often than not 
the great genius has mediocre descendants; more often than this, none 
at all.

3. Acquired Immunity. The evidence until recently has been defi
nitely against this becoming inherited. The observations of Lustig2 upon 
fowls rendered highly immune to abrin showed, indeed, indications of 
the reverse, the chickens in some cases being more susceptible to the 
special poison than were ordinary chickens of like age. More recently 
Conradi3 has reported upon the transmission of acquired immunity to 
rabies in the dog. lie found that the offspring of a dog which had been 
immunized to this disease for three and one-half years, and a bitch im
munized for five months showed very definite increased immunity, even 
to the most severe form of inoculation (intradural). Four of the six 
puppies survived doses of the virus which killed the controls in eight to 
ten days, and the two that succumbed did so only after lengthened 
periods of incubation. There have been not a few investigations along 
these lines with the infectious diseases, in general with negative or dis
cordant results, or without adequate recognition of the conditions 
demanded for the proper carrying out of the experiments. Even here 
we deal with but one litter, and it might be objected that the immunity 
was of intra-uterino acquirement, from the blood of the immunized 
mother. To afford absolute proof, in mammals, of the transmission of 
acquired immunity it is essential to immunize the male parent alone, 
and that through a series of successive generations, and what is to be

1 See McMurrich, The Physician and Surgeon (Ann Arbor, January, 1905), for an 
interesting study of the subject.

M'tbl. f. Pathol.. 15:1904:210.
3 Ctbl. f. Itakt., Abt. I, Originale, 40:1908:139.
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r.\|HX'l«l under these conditions is a Memlelian inlierilanee, certain of 
the progeny Iteing immune, the others not. I would, however, recall hen* 
Khrlich’s convincing evidence that among protozoa trypanosomes the 
immunity to arsenic acquired by one generation becomes the property of 
successive generations, to indicate my firm belief that eventually a 
similar transmission will be found in higher animals. We shall, however, 
revert to this matter shortly.

4. Mutilations and Loss of Parts. It is a commonplace that the 
man who has lost an arm or a leg does not beget one-armed or one-legged 
children, but, on the contrary, offspring having the proper equipment 
of well-formed limbs. There is, it may be stated, no satisfactory recent 
ease on record in which loss of a part by either parent has led to the 
offspring being minus that part. Weismann1 cut the tails off successive 
generations of mice as soon as they were born; the twenty-second 
generation showed tails of |>erfeet formation and normal length. We 
have the trite example of the Jews who have been circumcised religiously 
since the days of Abraham, and in whom the boy children have still to 
be circumcised.2 Here, again, as in connection with overdevelopment of 
one or other region of the body, it is not unlikely that the loss of a limb 
or important organ may have influence on the bodily health, and so tell 
in this ease deleteriously on the nutrition of the germ cells, but such 
influence must be general and not specific, leading to arrested develop
ment of one special organ or part in the embryo.

•V Arrested Development of Parts Due to Intra-uterine Disturb
ance. We have been able to collect very little evidence under this 
heading, and the subject deserves fuller attention than has been given 
to it. Certain of these arrests are so extensive, as, for example, condi
tions of anencephaly due to aniniotie pressure or adhesions, that life is 
arrested, and others not so severe must undoubtedly lead to general mal
nutrition, which must tell in a general way upon the germ cells. The 
difficulty before us consists, as we shall have further to point out in 
discussing abnormalities, in determining in very many instances whether 
a given arrest is inherent, due to the imperfect constitution of the embryo, 
or of external causation, brought about by intra-uterine conditions. 
Hut so far as we can see, a local arrest of development of definitely intro- 
uterine causation is not inherited. The earliest disturbance of develop
ment at all consonant with continued life namely, the production of 
mnnnrhnrinl twins (from separation of the first two blastomeres) does 
not lead to the offspring also producing twins, nor did the Siamese twins 
produce other than normal offspring; and cases are on record of indi-

1 The Evolution Theory, "J : 11M)4 : <Ml.
1 It has l>een objected that a definite jiereentage of hum fern Jews an* horn with a 

short foreskin, naturally circumcised. Hut so are “(Jentilcs,” and it has not been 
shown that the percentage is greater. Vs ] have |>oinled out elsewhere, although 
in different regions of the world circumcision is a religious rite, it must have In-eii 
originated primarily from the observation that in hot climates those “ naturally 
circumcised” were at a distinct advantage.
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v id uals horn without limbs, apparently from intra-uteri ne amputation, 
being the sires of well-formed families.

(i. Disuse Atrophy. Thesatne considerations must apply to this order 
of eases, so far as regards any individual organ. As regards the organism 
as a whole, it is the experience of breeders that the greatest fertility is 
associated with moderate exercise; that lack of exercise plus obesity tends 
toward sterility, and it is noticeable that the hard-worked wife of the 
poor curate has her quiver full and overflowing, whereas the millionaire's 
wife is apt to be childless. Clearly, therefore, there is an interaction 
between the soma and the germ cells, but that this is specialized, that 
atrophy of the muscles from disease influences the musculature of the 
offspring, has not been demonstrated.

7. Retrogressive Changes in the Tissue Due to Diverse Intoxica
tions. We here encounter conditions which we are inclined to think 
must to a greater or less extent tell upon the offspring. In fact, we have 
evidence that they do, though we would hasten to add that the influence 
would seem to be limited. It is in investigating these conditions that the 
pathologist can perform yeoman service to the study of heredity. I unfor
tunately, so far heredity has had little interest for medical men in general, 
and so far the observations are few and far between; they are, however, 
steadily increasing in number.

Man himself is difficult to deal with. As already stated, conditions 
of disease and intoxication in the female must be ruled out, for the 
maternal influence tells not on the germ cells only, prior to fertilization, 
but upon the developing fœtus; and with regard to the male parent again, 
in most instances so many other factors have to be taken into considera
tion that to arrive at a sure conclusion is almost hopeless. Thus, take 
the commonest intoxication of all the alcoholic. The general belief 
and we regard it as well founded is that the children of the sot are, as a 
body, of lowered intelligence and vitality,1 with unstable self-control. 
It is, however, next to impossible to prove this statistically, and this 
because:

1. If the mother be sound, her influence may be dominant upon the 
offspring; we must expect that a certain proportion will be of average 
development.

2. It is next to impossible in the majority of cases to determine whether
there be not hereditary taint in the father's family, and if there 

be. that this began from abuse of alcohol in a past generation to show, 
in short, that alcoholism is the primary acquired condition and not the 
accompaniment (as apparently it often is) of retrogressive changes.

•f. Alcoholism in the father, as a general rule, carries in its train home 
misery and poverty. The poor development of the children may largely 
be due to neglect and malnutrition.

1 Thus, for example, Imlmult (Thèse de 1‘uris, 1901 ) found that of 100 tuberculous 
children, :tli per cent, wore the offspring of alcoholics, 41 of tuberculous parentage, 
lie quotes Arrivé’» observations on 1500 eases of meningitis in children, that this 
occurs twice ns often in those of alcoholics as in those of tuberculous parentage.

C4C
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Like difficulties present themselves if we attempt to study the heritage 
of tuberculous parentage. With syphilis, again, the fact that the father 
may infect the mother, and the further possibility of latent infection of 
the mother and it may also be of the embryo make it difficult to arrive 
at sure conclusions. Nevertheless, the frequency of stillbirths, mon
strous births, and abnormalities in the children of syphilitics as compared 
with other children, as has been noted by several observers,1 cannot be 
merely a coincidence, while Mott has produced interesting data upon 
inherited parasyphilis, and notably upon the liability of the children of 
syphilitics to suffer from early general paralysis, and ( ieorghiu,2 studying 
the histories of a series of monstrous births, found in almost all cases the 
history either of syphilis or. again of some acute infection of either parent 
shortly preceding the period of conjugation. It is when we make direct 
observations upon the lower animals that we gain the surest indications 
of these effects of parental intoxication; and here some of the most 
instructive figures are those of (’arrière11 upon guinea-pigs. He inocu
lated his guinea-pigs over a period of several months with various soluble 
products of the tubercle bacillus, making altogether thirty separate 
matings in the course of two years. Mis results may be summed up in 
the following table:

Stillborn.
Dying before 

16tli day. Surviving. Total
No. Per cent. No. Per cent.

Male and female both inoculated 13 52 0 7 28.0 5 20.0 25
Female alone inoculât et 1 7 20 9 9 34.6 10 38.4 26
Male alone inoculated 5 16 6 3 10.0 22 73.0 30

As might be expected, the influence of the intoxication was found 
greatest when both parents were subjected to the inoculation; least 
when the male alone was treated. But in this last category, although 
there were ten matings, the average litter was only three, whereas the 
average litter of the healthy guinea-pig is between four and five, and 
of those born, 1C.6 per cent, were born dead, and of the 22 who sur- 
vived beyond the sixteenth day, 7 are described as weaklings. There 
can he no doubt from this series that a bacterial poison such as the 
products of the tubercle bacillus has a distinct action on the paternal 
germ plasm as, indeed, on the female. LustigV figures for the results 
of inoculations of fowls with abrin give parallel results; and both 
observers found as the result that the offspring were less resistant (and 
not more resistant) to inoculations of the tubercle bacilli and of abrin 
than were control animals of the same age.

1 Vide Legrain, C'ompt. rend. Soc. de Biol., 10 S., 2: 1895: 563.
2 L’Obstetrique, January, 1900:63.
3 Arch. d. M6d. Exp., 12:1900:782.
‘ Ctbl. f. Pathol., 15: 1904: 210 and 756. Lustig, while pointing out that his series 

of observations prove that immunity is not conveyed, curiously enough draws no 
conclusions from the frequency with which he encountered monstrosities and abnor
malities of various orders.
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With these figures may he compared those of Constantin Paul1 upon 
the effects upon the offspring of saturnine pois in men working 
in lead, the wives not being subjected to the same influence. Of .'12 preg
nancies in which the husband alone was exposed to lead, he recorded 12 
abortions; while of the 20 children born living, S died in the first year, 
4 in the second, f> in the third. Thus the 32 pregnancies yielded only 
3 children living beyond the third year. Nor is premature death the 
only result; as Roque has pointed out, and as has been noted by others, 
there is a painful frequency of idiocy, imbecility, and epilepsy in the 
children of workers in lead. The figures are remarkable, but notwith
standing that we have brought them forward upon several occasions 
no one has submitted evidence in contradiction, and such additional 
evidence as we have obtained is in the same direction. Lizé's- 
figures with regard to the family histories of those exposed to the fumes 
of nitrate of mercury are of the same order. (We have tabulated the 
results.)

èsi
ill

Jal || Kemnrks.

Mothers alone exposed . 
Father and mother cx-

Father alone exposed

3 7 4 3

2 14 5 9

? 12 4 8

Of these, only 3 survived 
filth year.

Of these, 3 died before 
fourth year. One alone 
vigorous.

We possess, thus, clear evidence that substances circulating in the blood 
of the parent are capable of influencing the germ cells, and this not merely 
temporarily. In Lustig’s cases the bad effects were noted months after 
the abrin had ceased to be given. It may be- it has been—objected 
that these are not cases of conditions acquired by the parent being con
veyed to the offspring; the poisoned parent does not himself become a 
monster prior to begetting a monstrous progeny. This is quite true. 
It has been pointed out, again, that in all these cases we have regres
sive changes; the progeny tend to revert to a lower stage—as though, 
in the terms of our theory, the effect of the toxin had been to remove 
certain of the more recently acquired side-chains. This also would 
seem to be the case. The all-important point, however, is the demon
stration that the germ cells within the ovary and testis are not inert, 
incapable of being acted upon by the rest of the parental organism. If 
ur can demonstrate that retrogressive changes are possible, then wider 
like influences progressive changes are egually so; if side-chains can be

1 Arch. gén. de MAI., 15:1X00:513. 1 Union MAI.. 25:13:1862:106.
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removed from the biophores, other side-chains would seem capable of 
being added; so that here we have the first clear light thrown upon the 
mechanism whereby alteration in the environment of the individual, by 
telling upon his soma, may either:

I. Tell coincidently upon the germ cells.
Tell indirectly upon the germ cells, the modified internal secretions 

of one or other organ in the blood and lymph adding to or subtracting 
from it substances capable of acting upon the germ cells.

If the latter is demonstrable, then we are able to state definitely that 
the body cells themselves through their conditions influence
the germinal biophores.

All this is but just beginning to be realized1 as it is that different toxins 
and nutritive substances proper in the general circulation may have a 
specific action on the germ, causing modification in one or other direction. 
We have, it is true, indications that the offspring of the tuberculous,

, and alcoholic parentage differ somewhat in their degenerative 
stigmata, but these differences have not been determined experimentally.

Further researches along these lines may show that the acquired dis
turbances of a given organ may, through the consequent presence of 
abnormal cell products in the blood, influence the biophores specifically, 
so that under the action of different poisons the like organ in the off
spring does not show the identical disturbance, but nevertheless exhibits 
departure from the normal. We would suggest that it is along these 
lines that I trow n-Scqi lard’s2 remarkable observations upon guinea-pigs 
gahi their explanation; observations which in our opinion have never 
been satisfactorily disproved, which further have been confirmed by 
Obersteiner3 Romanes, and others. * Brown-Séquard found that by 
section of the sciatic and other nervous lesions in guinea-pigs he could 
render the parents epileptic, and that the young were liable also to 
epilepsy and other nervous disturbances. Obersteiner found likewise 
that, of .‘32 young, the offspring of guinea-pigs in which he had cut the 
sciatic nerve of one or both parents, 1.‘3 were healthy, 19 showed disturb
ances, 11 weakly, .1 paretic, more particularly in the lower extremities; 2 
had epileptic fits on irritating what he refers to as epileptogenous zones,

1 Thus, NX"niter lleapo (Phil. Trims, ltoy. Soc., H., 200:1900:271), from a very full 
study of the proportion of the sexes produced by white and colored people in Cuba, 
can only explain the variations in these proportions by conditions other than heredity

by nutrition and physical conditions affecting the vitality and life of the ovarian 
ova. He affords evidence that privation and unfavorable conditions of life are cor
related with an excess of males, prosperity with an excess of females, and suggests 
that extraneous forces may affect other than sex qualities of the ovarian ova, con
cluding with the remark that these deductions regarding the influence of environ
ment on the ova in the ovary are, to his knowledge, new.

2 Researches on Epilepsy, Boston, 1857: also various papers in Jour, de Physiologie 
de l'homme, 1 and 3:1858 and 1860; and in Arch, de physiol, normale et path., 1 to 
4: 1808 to 1872.

3 Med. Jahrb., 1875. We quote Dietrich, Die Rerfeuluny </. YcrerUnry /. <1. Path- 
ologie, Tübingen, 1902:14.
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and were also paretic, soon dying; 3 showed corneal opacities and ulcers 
ascribed to atrophy of the fifth nerve.

If rodents are paretic, it is in the lower extremities that the paresis 
is most apt to show itself ; thus, no stress is to he laid upon the relation
ship between section of the sciatic nerve in the parent and paralytic 
manifestations in the hind limbs of the offspring There remain two 
possibilities: either that the operation, setting up irritation of the higher 
centres, induced a general malnutrition in the parent whereby the germ 
cells suffered, and the nervous instability of the offspring was but the 
manifestation of imperfect general development; or, secondly, that the 
irritation of the higher centres, by modifying the internal secretion of 
the nerve cells, led to the presence in the blood of substances exerting 
a specific action upon the biophores, in consequence of which the 
nerve cells of the offspring were imperfectly developed. We shall not 
attempt to decide between these two possibilities, but they deserve 
mention. We only repeat that this study of the problems of
heredity in this direction is but in its infancy, and although it promises 
to yield most important results, results which will determine definitely 
the extent to which conditions acquired by the parent influence the 
offspring, nevertheless years of patient study are requisite before this 
particular field of pathology is adequately worked over. Lastly, we 
would add the caution that too much must not be expected. The germ 
cells in the ovary and testis are characterized by the long period—extend
ing in man over many years in which they lie latent and inert. While 
thus inert it is unlikely that they present very active metabolism. This 
very latency would seem in itself to be a preservative against parental 
disturbances exerting too extensive an influence upon the constitution 
of the contained biophores. Nevertheless, to maintain life some metab
olism must proceed, and, as our examples must demonstrate, they can 
be influenced by parental conditions. We have, therefore, not a little 

lence that results of the highest value are to be expected, results of 
the highest value to us as medical men, for they will establish the limits 
of morbid heredity, and will afford us a sure basis for determining how 
far the frailties of the father, or the misfortunes of the mother, affect the 
progeny.
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SECTION II.

THE ( AI SES OF DISEASE.

CHAPTER I.
INTRODUCTORY.

Every departure from the normal, whether in the cell, the organ, 
or the system in general, is a pathological condition, provided that, as 
indicated in the opening chapter (p. 18), we recognize that the “nor
mal” is not an absolutely fixed point, but is the expression for the limits 
between which the majority of the individuals of a given species will 
be found to group themselves as regards any particular attribute. Such 
pathological conditions must, it will be seen, be of two orders : either 
primarily due to some constitutional defect transmitted from the parent 
or parents (included with which we must place the effects of imperfect 
interaction in the fusion of the male and female elements at the moment 
of fertilization. Such effects, being associated with the actual consti
tution of the individual, are of internal origin, inherent and inherited); 
or, in the second place, they may be the result of some influence which 
first affects the individual after his genesis. Such conditions are of 
external origin and acquired. Morbid conditions, then, are to be 
classified into inherited and acquired.

THE USE OF THE TERM " INHERITANCE."

Much confusion has been and continues to be introduced with the 
discussion of the inheritance of disease, as into that of heredity in gen
eral, by a lux comprehension and use of terms. By many “inherited” 
and “congenital” are employed as though they were interchangeable; 
by others, as conveying distinct ideas; disturbances to the fœtus, for 
instance, and conditions of intra-uterine origin being by them regarded 
as congenital, but not as inherited. We hold that the latter is the 
correct, or at least the more satisfactory, usage, but, owing to this con
fusion, would recommend that the term congenital be employed as little 
as possible, and then with a clear indication of what it is intended 
to imply.
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A still greater confusion is introduced owing to the vulgar error, 
fostered l»y the legal profession, of regarding the individual as begin
ning existence with the moment of birth, and not until then, so that 
everything happening before that moment is grouped into one category; 
everything after, to another. The chick, so to speak, is not a chick until 
it breaks open the egg shell; its status, from the moment it ceases to 
be the expansible condition of “new-laid” egg until it emerges from the 
shell, is not recognized in law. Hnt a very little reflection suffices to 
convince us that the existence of the chicken began even
before the egg was laid; and what is true of tin* chick is equally true 
of the human being. The individual he (/ins to lie the moment that fecun
dation is accomplished the moment the nuclear material of the sper
matozoon fuses with the nuclear material of the ovum and “these twain 
become one.” Compared with this event, birth is of secondary impor
tance. The intra-utérine association of the embryo and fœtus1 with the 
maternal tissues is but one of the means < " by certain species
only of the animal kingdom to insure the satisfactory nourishment of 
the young individual. The recognition of these facts is essential for 
any serious consideration of the causes of disease. To retain, in con
nection with man, the vulgar use of the term inheritance would be to 
employ a terminology having a different significance to that accorded 
to it by workers in other ' lies of biology. The biologist has no 
alternative but to define inheritance according to the principles here 
laid down, nor have we, dealing with a limited field of biology, the right 
to modify those terms for our own convenience. That alone, therefore, 
is inherited irhich is inherent, which is the pro pc rtf/ of the individual 
at the moment of his hevomiiuj an individual, which is part and parcel 
of the paternal and maternal "f/erm plasm" from which he originales, 
or is provided hi/ the interaction of the same.

It is unnecessary to point out, save as a precaution, that what is a 
property of the individual from the moment of beginning existence 
need not show itself for long years a family failing toward premature 
baldness not until years after puberty, or an inheritance of gouty ten
dencies not until after thirty-five. As the different organs and parts 
assume their particular conformation and properties at different periods, 
and do not develop pari passu, so must the various inherited peculi
arities ’ their appearance at various times.

Similarly, morbid conditions disease, injuries, malformations may 
be acquired by the individual while still in utero, or in after life.

' The distinction here is that usually made, that the new individual is an embryo 
during the earlier stages in which the future conformation of the parts is unrecog
nizable; when these appear and the individual exhibits the various organs and parts 
laid down in tin* relative positions possessed in later life : when, in short, all impor
tant parts are recognizable in due position, it is a foetus. The distinction is not a sharp 
one, but is of some use. Thus, the human being is regarded as an embryo until the 
end of the second month. Mallantyne has usefully introduced a third period, the 
germinul, preceding the embryonic, and ending with the development of the neural 
groove.
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THE CLASSIFICATION OF MORBID STATES

According to Period. Inasmuch as l»irtli is important as corres|xmd- 
ing with the greatest change in the relationships of the individual to the 
external world, we may, therefore, proceed to make the following classi
fications of morbid conditions according to the incidence of their eausa-

1. Inherited, due to influences affecting the ovum or the spermato
zoon before or at the moment of fertilization.

2. Acquired.
( 1 ) Antenatal, or of intra-uterine acquirement.
(2) Parturient, acquired at the time of birth before complete 

separation of the individual from the maternal organism.1
(3) Postnatal, acquired after birth.

According to Cause. This must be our primary classification, but 
we may approach our subject from another direction, that of causation

namely, by determining whether a given agent acts directly or indi
rectly in setting up morbid conditions.

The division so made is not so satisfactory as that just given, since 
the same agent may, according to circumstances, act in either way. 
Study, for example, the action of a single agent—cold. This may 
either lead immediately to systemic and local disturbances to frost
bite, and even death ; or indirectly, whether by lowering the vitality of 
the tissues, or again, by reflex nervous action, may lead to such alteration 
in the conditions of the circulation in the respiratory tract that the 
tissues there become less resistant to external agencies and afford a 
nidus for the growth of microbes, whereby a pneumonia is set up. 
( 'old is the cause of disease in both cases, but in very different ways ; 
in the first, it is the definite exciting cause; in the second, the predis
posing cause. It does not directly cause pneumonia; the direct exciting 
cause of that disease is the pneumococcus, or some other microorganism ; 
and this, it may be pointed out, can set up the disease without of necessity 
the previous influence of cold upon the lungs.

The causes, then, may again be classified into predisposing and 
exciting, and these are in action in connection with both antenatal and 
postnatal acquirements. Imperfec t development of the heart, whether 
brought about by intra-uterine disease or by inherent imperfection of 
development, just as well as imperfections in the organ, the result of 
disease after birth, may directly induce morbid conditions causing 
obstruction of the circulation morbus creruleus tin the former ease), 
iedema, etc.; or indirectly, through the impaired nourishment of the 
tissues, may render them more vulnerable and easily acted on by external 
agencies.

When we come to consider them more closely, we observe that inher-

1 This is a very minor class, hut has to ho included, there being a few conditions 
which are neither antenatal nor postnatal in their acquirement.
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ited conditions act in the main as indirect causes of disease. This is 
particularly noticeable in the finer constitutional defects, which result 
in the individual being more susceptible to one or other diseased state. 
Such diathesis, or specific susceptibility to a particular disease or group 
of diseases, is a predisposing cause. Tuberculosis, for example, is not 
inherited; it is a weakness of the tissues, rendering them incapable of 
resisting the tuberculous virus, that is inherited.

Here, however, we shall not attempt to enumerate the various pre
disposing causes of disease. We do but wish to emphasize the fact 
that, in studying individual eases, we must constantly keep before us 
the existence, and most often the co-existence, of the two orders of 
causation, and endeavor to distinguish clearly between them. The 
direct cause, we need not say, is all-important; nevertheless, due weight 
must be given to the predisposing.

At the present time it is well to emphasize this matter. Heading the 
works upon medicine and pathology of but a cptarter of a century ago, 
it is impossible not to be impressed by the fulness with which, in con
nection with every morbid state, the possible predisposing causes are 
enumerated. This was inevitable. With lack of knowledge of the direct 
exciting cause, the known or apparent predisposing causes loom large.

With the remarkable series of discoveries of the direct causes of dis
ease which characterized the end of the nineteenth century, it has been 
equally inevitable that our attention should be prominently directed to 
the part played by these direct causes and to the mode in which they 
act. It has been inevitable that, as a consequence, the study of pre
disposition has been relegated to a very inferior position, and, indeed, 
largely neglected. Hut already there are signs that the pendulum is 
swinging back signs of a disposition to appraise these indirect causes 
at a higher and truer value. We see, for instance, more clearly nowa
days than formerly, that the mere existence of pathogenic bacteria 
within the tissues is not the sole cause of infectious disease; such bacteria 
may pass into the lymph glands and there be destroyed. For such 
bacteria (in general) to be in a position to excite disease, there must 
coincidently be a lessened resistance on the part of the tissues, and 
the causes leading to this lessened resistance—the causes predisposing 
to infection are being more fully studied and their importance more 
fully appreciated.

For the orderly consideration of the causation or etiology of disease 
it will be best to take up the subject according to our first scheme of 
classification. Following upon this, we shall, in a special section, deal 
with the subject of predisposition.



CHAPTER II.
INHERITED MORIUI) CONDITIONS.

We have in the previous section laid down the general principles of 
inheritance, and we have there indicated what can and what cannot 
he inherited. It remains to apply those principles to the consideration 
of morbid states in man and the higher animals. And first, it will be 
well to emphasize what cannot be inherited.

1. No order of mutilation*, as such, can be inherited, i. while 
some may have a deleterious effect upon the general well-being of the 
offspring (this must he rare), and some even may possibly influence 
the development of a particular system (which must be still rarer), in 
no case can the identical mutilation or anatomical disturbance in the 
parent reproduce itself in the child. We owe the establishment of this 
principle more especially to Weismann, though years previously it had 
been laid down clearly by Francis Gallon (1872), who also, it may be 
added, was the first to enunciate the doctrine of the continuity of the 
germ material.

2. Infectious diseases in the parent cannot be inherited. There may be 
transmission of such from the parent to the embryo, or even in animals 
possessing abundant yolk and albuminous surrounding matter from 
the parent to the egg, but such transmission is not inheritance proper.

This is tacitly " by all modern writers in connection with
tuberculosis, but in connection with the disease with which children are 
most often born infected it is still the usual custom to speak of inherited 
syphilis. At the most, we may be permitted to speak of congenital 
syphilis, using that term as indicated on page 17b, and again of inherited 
paras if ph ilitic lesions.

For, in the first place—although this may seem to some a refinement 
of logic—if inheritance be as we have defined, and as it must be, through 
the bioplasm, another individual living being cannot be part and parcel 
of the heritable material. The microbe of an infectious disease cannot 
be a constituent of the ' *e. At most, it can be an accidental
inclusion in the surrounding non-heritable matter of the cell. And in 
the second place, among the mammalia even this accidental inclusion is 
so improbable that it must be dismissed.

Such transmissions can occur in lower forms of life having eggs pro
vided with abundant food material, and we have positive evidence of its 
occurrence. Thus, in the disease of silkworms known as pchrine, which 
now we know to be due to a microsporidian parasite (Nosema bombi/eis), 
Maillot and Pasteur noted that the eggs are infected ; they nevertheless 
develop, and only in the developing insect do the microbes so multiply

9608
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as to cause death. St* has shown the same to he the ease with
mosquitoes infected by Trypanosoma noctuœ (the “halteridium” of tin
stone owl). These parasites may pass into and be laid with the eggs, 
remain latent during the development of the young gnat, only becoming 
active when the latter is 1 begins to suck blood. Like conditions
had previously been determined by Theobald Smith2 in connection with 
the ticks which cause Texas fever. These, filling themselves with tin- 
blood of an infected ox, drop to the ground, there mature, and lay their 
eggs, and the.young ticks can convey the piroplasma and the disease toother 
cattle. And in birds the same has been definitely proved to occur. Thus, 
Maffucei1 has demonstrated, and Baumgarten4 has confirmed, tlpH in 
fowls the eggs frequently convey the tubercle bacilli, and the same 

y of tin- microbes is noted. From the eggs normal, if weakly, 
chicks hatch out. which at first run about and eat just like the healthy 
chicks, and only after some weeks emaciate and exhibit tuberculosis.

Human ova are free, or almost free, from yolk, and are relatively 
very small, nor have we a single observation showing that the mam
malian ovum is phagocytic able to take up solid particles. That the 
minute spermatozoa should act as carriers is still more ’ , and
the possibility that they do so has been negatived by Gartner's6 rcductio 
ad absurd am.

According to Wyssokowicz, the minimal number of tubercle bacilli 
that will set up peritoneal infection in the guinea-pig is <S; in the rabbit, 
24 to 30.6 Gartner, obtaining the seminal ejaculations " ’ renions
guinea-pigs, found that only five out of the thirty ejaculations contained a 
sufficient number of bacilli to cause tuberculosis. Hohlff, employing 
the semen of men suffering from phthisis, did not once succeed in ren
dering rabbits tubert by inoculation into the anterior chamber of 
the eye. From these and other observations Gartner concluded that the 
semen emitted by a phthisical patient (not suffering from genital tuber
culosis) does not on the average contain as many as 10 bacilli.

Now, on the average ( Loeh), the human seminal ejaculations contain 
more than 220,(MK),(KK) spermatozoa. If the semen contained not 10 but 
1000 bacilli, the chances that an individual spermatozoon, fertilizing 
the ovum, should bear with it a tubercle bacillus, and so lead to ger
minal infection, are as 1 to 220,000; if 1,000,000, 1 to 220. Only 1 
out of about KÔ,000,000,000 spermatozoa has the chance of fertilizing 
an ovum, hi short, the chance of a spermatozoon conveying tubercu
losis from the father to the offspring is so absurdly minute that it may 
be neglected.

1 Arbi. a. d. Kaiser). Gesundheitsamt2(1:1904: pt. 3.
* Smith and Kilborne, Bulletin of Bureau of Animal Industry, Washington, 1893.
1 Ztschr. f. Hyg., 11:1892, 445. 4 Arb. a. d. Path. Inst, zu Tübingen. 1 : p. 322.
6 Ztschr. f. Hygiene, 13: 1893: 101.
* These figures are in fair agreement with those of Webb and Williams, who found 

that 5 tubercle bacilli, followed later by 15, when inoculated subcutaneously, might 
produce tuberculosis in the guinea-pig (Sixth Intern. Congress for Tuberculosis, 
Washington, 1:1908:194).
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The same considerations may he brought to hear upon fœtal fti/plnlift, 
in which, as must now he accepted, the S pi roc lurid pallida is the causa
tive agent. That cases of syphilis in the newborn are most often of 
relatively late intra-uteri ne acquirement is rendered evident by the fact, 
to which Ciliari has called attention namely, that in more than !)() per 
cent, of infants presenting signs of syphilis, the liver is the seat of most 
extensive syphilitic disturbances. In the adult, in which the disease is 
acquired through some cutaneous infection, extensive hepatic syphilis 
is rare compared with the frequency of the disease. Infection through 
the placenta amply explains the condition in the infant; for all the 
blood, oil its way from the placenta passes through the liver, which thus 
; the organ first subjected i<> infection.

It may jin fact, be laid down that wherever there are active and specific 
manifestations of tuberculosis, syphilis, or other infectious disease in 
the newborn child, the condition is of intra-uterine acquirement, not 
inherited, and the conclusion is supported by the very various stages to 
which one may find the disease developed in the newborn, ns also by 
the more recent evidence afforded by the Wassermann serum reaction, 
that the apparently healthy mothers of syphilitic offspring are, never
theless, the subjects of syphilitic infection.1

Further support and illumination is given from Friedmann's2 inter
esting series of observations. This worker injected healthy does, imme
diately after copulation, with a few drops of an emulsion of tubercle 
bacilli, and six to eight days later, killing the animals, made serial sec
tions through the uterus, with its contained embryos, to observe the 
relationship of the bacilli. He discovered not a single bacillus in the 
mucous membrane of the vagina or uterus, but all the embryos showed 
within them numerous bacilli of characteristic form, and in clumps 
(growing). The bacilli can thus pass into the developing ovum or 
embryo. ( )ther observers have noted that bacilli introduced into the 
uterus outside the amnion may, some days later, be found in the amniotic 
fluid. Whether through the placenta (from maternal infection), 
through the walls of the fœtal sac, or by passage into the developing 
ovum before that sac develops, the bacilli may infect the embryo. These 
various means are adequate to explain the phenomenon without calling 
upon the improbable infection of ovum or spermatozoon prior to fer
tilization.

But, if syphilis and tuberculosis themselves be not inherited, it is 
deserving of note that the children of syphilitic and tuberculous 
parentage may exhibit conditions which are derived from the infected 
state of the parent, and are strictly inheritances. Offspring themselves 
showing no signs of the active disease, may nevertheless exhibit certain 
stigmata fœtal cachexia, , senile expression, even mal
formations, arrested development of the bony skeleton, of the teeth

1 Sue, for example, Kngelmann, Ztschr. f. (iyniik., 33; 1909: No. 3, tuul the full 
study by Haiscli, Munch, med. Wocli., Sept. '21, 1909. Colles’ and Profeta’s laws 
gain their explanation on the ground that mother and child remain refractory to 
syphilis because they are already infected.

2 Ztschr. f. klin. Med., 43:1901: 11 (with bibliography).
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(Hutchinson's,lentil), etc. ; children of tuberculous parentage, delicate 
constitutions, precocious, .mentality, etc. These characteristics, |ire- 
smnably dm- to the action of the toxin on the germ cells, we may refer 
to as inheritedparasyphilitic or paratuberculous lesion». In addition to 
the experimental observations of Lustig and Carrière, which we have 
given elsewhere, hearing on this subject, we may recall the observations 
of Charrin and Gley,1 that among the offspring of rabbits immunized 
against diphtheria they had noticed a particular liability to definite 
rickets : enlarged cartilages, enteritis, pot-belly, and delayed growth; 
whereas these appearances had been scarce noticed in their long series 
of other observations. Such rachitis in the rabbit may be spoken of 
as an inherited paradiphtherial condition.

Here, then, we hare conditions in the offspring definitely inherited 
from the parent and due to acquired mo " or disturbance of the
parental germ plasm. Tve have not as yet determined absolutely tKe 
specific inheritance of a particular order of lesions directly associated 
with the action of a particular causative agent. That may be so, or it 
may not be. If the children of tuberculous parents manifest a liability 
to tuberculosis » ngfl 'iill in bp proved {hat this is something oyer and 
above the liability to infections in general brought about by their lowered 
vitality, and the same may be said with regard to ( arricre's and Lustig's 
observations upon the higher susceptibility of the progeny of immnnize<L 
animals to tuberculosis and abrin poison, respectively. More obser
vations arc requisite before anything definite can lie laid down upon 
this point. At most, the indications favor the view that there exist 
specific paratoxic lesions.

What is true regarding infectious diseases must to some extent hold 
also regarding chronic intoxications of various orders, alcoholism, 
pliunbism, etc.

From these and the other considerations which we have discussed 
elsewhere it will be made out that the results of constitutional disease 
in either parent may be the following, according, on the one hand, to 
the extent of the influence of that disease, or intoxication, upon the 
germ plasm in that parent, and on the other, to the activity or potency 
of the germinal matter contributed by the other parent :

1. Sterility. The germ cells being so profoundly modified that either 
(a) they are destroyed, (b) their development is arrested, or (r) being 
developed, they (ova or spermatozoa) are imperfect and incapable of 
fusing with the germ cells of the other parent.

2. Imperfect Development of the Offspring, (a) Of such extent 
as to lead to intra-uterine death and abortion; {!>) of less extent, a viable 
individual being produced presenting either

(1) Gross anatomical defects;
(2) No gross anatomical defects, but lowered vitality, presenting

itself either in the form of weakened powers of resistance 
against disease in general, or (?) proneness to develop the 
same functional disease as the parent.
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3. Perfect development of the offspring, with no appearance of 
functional disease or lessened power of resistance, («) the offspring of 
these again being perfectly normal ; (b) that offspring showing in subse
quent generations constitutional weakness (recessive).

4. (?) Perfect development of the offspring, with increased power 
of resistance, the immunization of the parent having been accompanied 
by the development of an acquired tolerance to the particular toxin on 
the part of the germinal bioplasm.1

Spontaneous Variations; Mutations. -These show a marked ten
dency to be inherited (p. ISO). In man, it is true, it is difficult to assure 
ourselves that a given departure from the normal has appeared for the 
first time in the history of any particular stock, so that we are apt to place 
all such conditions among those already inherited, descending from 
previous generations. There is no doubt, however, that albinism, 
Daltonism, hemophilia, and so on, have suddenly shown themselves at 
a bound in some one individual ; no doubt, that is, because our experience 
with lower forms of life shows that this does happen.

THE INHERITANCE OF ABNORMAL CONDITIONS PASSED DOWN 
FROM PREVIOUS GENERATIONS.

If certain anomalies and constitutional defects are capable of being 
transmitted from the individual in whom they first arise to the descend
ants of the same, a fortiori, when a constitutional defect has shown itself 
in a family for several generations, there is increased likelihood of its 
being transmitted to further generations. While many doubt the inher
itance of constitutional defects of any order that are acquired, the volume 
of facts at our disposal is too great, and the facts themselves too con
vincing, for any to deny that those already inherited—anomalies of certain 
orders, specific and general constitutional disturbances, or, more correctly, 
diatheses (predisposition to the same)—are frequently transmitted ; it is 
to these that our attention as pathologists is most often called.

Inherited Anatomical Anomalies. While it must be kept in 
mind that by no means all anomalies are heritable—many due to intra
uterine disturbances are certainly not—nevertheless, there is a large and 
important class, that is, a class so large that only some of the best 
marked of those affecting man will here be noted, and that without 
description. Of these, we may mention polydactylism among anom
alies of excess, bradydaetyly and hypospadias among anomalies of defect.

Certain conditions it is difficult to classify. There must, for example, 
be an anatomical basis for color blindness (Daltonism), though that is

1 We introduce this doubtfully, but because it is possible. Certainly, at the present 
day the bulk of the evidence is against the inheritance of acquired immunity. It is, 
however, proved that influences of a chemical nature acting upon the parental 
organism may coincidently modify the germ plasm in a retrogressive direction; 
on general principles, therefore, we should be prepared to admit that other substances 
exist capable of setting up progressive modifications. See page 198.

14
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beyond our present means to determine, and other conditions stand 
doubtfully between this class and the next, that of diatheses. Is hemo
philia, for example, merely a predisposition to bleed, provided the 
individual be subjected to certain alteration in environment, or is there 
underlying this a definite anomaly, and weakness of the vessel walls? 
We suspect the latter, but what the exact anomaly is has not as yet 
been convincingly demonstrated. So. also, as regards man}' inherited 
Ugryous conditions; some une are associated with an agenesia
or aplasia (lack of development or imperfect development, respectively) 
of particular nerve centres, others are due to what Gowers would term 
an abiotrophy, or premature exhaustion and degeneration, of particular 
groups of nerve cells. ( )thers, again, to no particular weakness of any par
ticular set of nerve cells so much as to a general weakness and instability 
of the whole of the higher centres; it is not so much specific anatomical 
defects as strain, brought tti hear upon particular centres in a weakened 
system, that originates the particular form of nervous breakdowns.

Diatheses. -From these borderline cases we pass to the diatheses 
proper. Some of these we have already discussed, notably those asso
ciated with sundry of the infectious diseases.

1. VVe have shown how vague and unsettled is our knowledge regarding 
acquirement of the specific lack of resisting power to particular infections. 
There is, on the contrary, a very definite conviction, based upon experi
ence, regarding the existence of “racial diatheses,” or, as it may be 
expressed, failure on the part of certain races of men to have developed 
resistance against particular infections—of the white races of mankind 
against yellow fever, the Polynesians against measles, the red Indians, 
and, to a little less extent, the negroes, against tuberculosis, etc.—and an 
equally clear recognition of the existence of familial diatheses toward such 
diseases as tuberculosis, scarlet fever, measles, and acute rheumatism. 
How far these diatheses express themselves as bodily configurations 
is still a matter of some doubt; this, however, is generally admitted, 
that, as regards tuberculosis, a fine skin and fine hair (of any color, 
not necessarily light), light bones, long chest with narrow sternal angle, 
small first rib, and expansion below the normal, indicate a predisposition 
to the disease, although it may attack, and attack acutely, those exhibiting 
none of those traits.

2. Other diatheses are of the metabolic type, exhibiting themselves 
as a predisposition to metabolic disturbances. Foremost among these 
is the gouty, or, as some would term it, and, unfortunately, the uric 
acid diathesis; others are the obese and the diabetic diatheses. With 
these, also, there is a certain racial liability, although to a large extent 
this would seem to be a matter of habits of life. Gout is frequent 
among the English, rare among the Scotch; diabetes common in Jewish 
communities, as also, among the females, is obesity; the Dutch arc 
liable to greater corpulency than can be wholly ascribed to inaction; the 
Bushmen and Hottentots to such overdevelopment of the subcutaneous 
fatty tissue of the gluteal region (steatopygy), and, in some, also of the 
thighs, as to lead to a grotesque exaggeration of outline. More accu
rately, these states and the frequently associated longinymph condition
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in the women of these races, or exaggerated size of the labia minora, are 
inherited anatomical variations of the soft tissues. From the earliest 
known reproductions of the “human form divine” found in the caves of 
southern France, which show this steatopygy, and the identical habit 
of the present Bushmen to live in caves, and make representations of 
himself and animals of the chase upon their walls, ethnologists conclude 
that this peculiarity has descended unchanged through long thousands 
of years from the paleolithic cave dwellers to the Bushmen of to-day.

3. Others, again, are the nervous, and these form a very important 
group. Some of these we have already indicated in discussing whether 
here we have to deal with the transmission of anatomical defects. We 
would only repeat that in some cases clearly the recognition of anatomical 
changes is beyond our power to determine. Defects there must be, 
either in the relationship, or, more probably, in the functional capacity 
of the individual nerve cells or groups of the same. Hysteria, for 
instance, is notably diathetic, and, with the somewhat allied migraine, 
is noticeably transmissible, and these are typical examples of what, 

anatomical evidence of disturbance, we regard as functional 
conditions. Epilepsy also is without a definite anatomical basis, and 
is again transmissible. Thus, Echeveria1 found that of the 553 children 
of 136 epileptics, only 105 were healthy, 78 were epileptic, 195 died of 
convulsions in childhood, 39 exhibited some form of paralysis, 51 were 
hysterical or choreic, 11 insane, 18 idiots. The remainder had died in 
childhood of various ailments. Virchow, indeed, would distinguish 
between a general and a systemic reversion. If the distinction is valid, 
then the nervous and infectious diatheses are examples of the latter. It 
is worthy of note that in the development of the nervous system and of 
resistance to specific infections, we have the latest group of acquirements 
by the human species, (jua species; that, as a general law, conditions last 
acquired are those liable first to be lost. Thus, these two diatheses 
must be associated with failure to attain complete normal development. 
We would regard them not as special reversions so much as the first and 
slightest stages of general reversion. But a large number of nervous 
states appearing not at birth but in later life are clearly examples of 
hereditary weakness and premature exhaustion (abiotrophy) of particular 
nerve centres.2

1 Quoted by von Hansemann, Descendent und Pathologie, p. 209.
1 The following list of morbid states of nervous origin does not pretend to be 

complete, but is sufficient to give some indication of the extent and varied nature 
of either homeomorphous or heteromorphous transmission of nervous disease: 
Mai nig Homeomorphous: Friedreich's ataxia (Marie’s hereditary carebellur 
ataxia) ; Thomsen’s disease; Huntingdon’s chorea, as also convulsive tic and chorea 
minor; interstitial hypertrophic progressive neuritis of childhood (l)ejerine and 
Sottas); progressive muscular atrophy (Charcot-Marie-Tooth); progressive bulbar 
palsy (glosso-lubio-laryngeal paralysis); progressive spinal muscular atrophy of 
childhood (type Werding-Hoffmann, this descends through the mother) ; bulbar 
paralytic facial type of muscular atrophy (Fazio-Londe); the Duchenne-Aran type 
of atrophy (Striimpell-Gowers); Bernhardt’s combined spinal and bulbar type of 
muscular atrophy; hereditary spastic spinal paralysis (Striimpell-Bernhardt-
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Homeomorphous and Heteromorphous Inheritance. While we <>!»-
serve that inheritance of liability to disease may in certain instances exhibit 
itself by the offspring succumbing to the identical influence as did the 
parent, and exhibiting the same symptomatology (homeomorphous in
heritance), in other cases it manifests unlike disorders, although these may 
be along special lines. There are, as it were, families of diseases, the 
members of which may follow in direct descent, or, on the other hand, 
be interchangeable in inheritance (heteromorphous inheritance).

We have just given an admirable instance of these two types in con
nection with epileptic inheritance. An equally striking example of this 
grouping of diseases into families is to be seen in connection with the 
gouty diathesis. It is notorious that the gouty father tends to have 
the gouty son, but does not always. The majority of observations place 
the proportion of cases in which there is a history of gouty inheritance 
at 44 per cent. (Sir W. Gairdner places it as high as 00 per cent.), and the 
condition affecting the male (most often) transmission is mainly through 
the father. But gout is far from being the only condition affecting the 
gouty family more than the noil-gouty. Bouchard1 found the following 
percentages of incidence of disease in the ascendants and collateral
members of the families of 33 gouty individuals.

Gout....................................................................... 44.0
Obesity...................................................................... 44.0
“ Rheumatism”................................................................................25.0
Asthma 19.0
Diabetes............................................................................................12.5
Gravel .    12.5
Eczema............................  12.0
Biliary lithiasis, hemorrhoids, and neuralgia . 6.0

I u only 12 per cent, of the cases studied was no heredity, either homeo
morphous or heteromorphous, to be made out; or, in other words, in 
only 12 per cent, of the eases was the gouty condition acquired without 
antecedent diathesis. Similarly, data were obtained in studying a 
series of cases of obesity, and rheumatism (both chronic and acute). 
Everything nowadays points to acute articular rheumatism being an 
infective disorder; nevertheless, he found a history of heredity in 32 
per cent, of the cases; or, in other words, certain constitutions are 
hereditarily prone to be affected. In migraine, biliary lithiasis, and 
diabetes one finds the same tendency for members of this same family 
of morbid conditions to preponderate in the personal and family histories.

It is clear that what we have to deal with here is not so much a special 
diathesis rendering the individual liable to succumb to one given disease, 
as a peculiar disturbance of nutrition rendering the individual liable

Krafft-Kbing, observed through live generations); amaurotic family idiocy 
(Tay-Sachs disease) ; familiar form of lateral sclerosis and spastic paralysis (ap
pearing in males of a family between the ages of twenty and thirty years); 
myoclonus epilepsy (of this 75 per cent, of the cases are hereditary). Liable la be 
Heteromorphous: Migraine, epilepsy, neurasthenia, hysteria.

1 Quoted by Le Gendre in Bouchard's Pathologie Générale, 1: 1896:348.
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t<> lie affected by one or other of a large group of diseases. There is, 
undoubtedly, the tendency in the one direction, e. </., if 44 per cent, of 
gouty persons give a history of gout in the family, it cannot be denied 
that there is a special liability toward this one disease; but in another 
44 per cent., according to Bouchard, in whom there is not the family 
history of gout, there is a history of one or more of these other condi
tions. It is very possible that environment may explain this inter
change of disease; that members of a family exposed to the same influ
ences and living in like surroundings will manifest the one special disease, 
whereas variations*in environment lead to the manifestation of the 
disturbances characteristic of some other member of the group. This, 
however, does not detract from the remarkable fact that such a group 
or family of diseases exists and that there is inherited diathesis.

For further discussion on the subject of the inheritance of disease the 
reader is referred to the introductory chapters (p. 159 et seq.), where 
also will be found reference to the subjects of atavism and reversionary 
inheritance, and the development of the so-called degenerates. Here, 
before closing, it is fitting that a little should be said upon the cognate 
and frequently discussed question of

The Marriage of Consanguines. Expressed in the terms of our 
theory, when the hiophores of both parents possess particular side- 
chains, or groups of side-chains, of like composition, there is a much 
greater likelihood of those side-chains being potent in the offspring, and 
for that offspring to possess the traits brought about by the presence of 
those side-chains, than when, on the contrary, the corresponding side- 
chains in the two parents vary. If, again, certain side-chains charac
teristic of the fullest development of the species are wanting in the 
parental hiophores, those side-chains cannot possibly be present in the 
offspring. In other words, we should expect the marriage of eon- 
sanguines to reproduce with greater sureness family characteristics, 
whether progressive or regressive, than will marriage of an individual 
with the member of another family not possessing those characteristics.

And, as a matter of experience, this is what we find is the case, and 
not only that, but this principle of inbreeding is that depended upon 
by breeders to preserve, intensify, and, indeed, to fix and render constant 
variations which arc regarded as favorable or advantageous.

The union of those belonging to the same family, when of nearly 
related degrees of consanguinity, is likely to have good or ill effects, 
according to the absence or presence of constitutional defects peculiar 
to the family. When such constitutional defects are present they tend 
to be intensified in the offspring of consanguineous union. Where they 
are wanting, the offspring is likely to be of good constitution. And, 
further, where the family is in any one respect above the normal, v. e., 
when it exhibits a favorable variation, placing it at an advantage over 
ordinary mortals, the marriage of those nearly related is of actual advan
tage, by impressing and rendering more stable the favorable variation.

In stating this, the existence of latent or recessive properties in the 
germ plasm must be kept in mind. Not all the progeny of a consan
guineous marriage will necessarily exhibit the family weakness or the
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family beneficial pnqierty; atavistic, recessive characters may exhibit 
themselves here and there, but this, undoubtedly, is the tendency.

The vast body of facts accumulated upon the subject of intermarriage 
of relatives and its results can only be classified along the lines here laid 
down. It is bv “in-and-in” breeding that, for example, the Hanover 
breed of pure white (albino) horses was established more than a century 
ago, the breed tracing back to a single albino horse, apparently a spon
taneous variation. The Ancona breed of silk-haired sheep trace buck 
similarly to a single animal.

A notable example of the effects of intermarriage as intensifying the 
inheritance of malformations in man is given by Poulton.1 The village 
of [seaux, in Isère (France), being remote from other villages, the 
inhabitants constantly intermarried. At the end of the last century the 
majority of these, male and female, presented an accessory finger and 
accessory toes on hands and feet; forty years ago the monstrosity was 
still very common, but now, with the improved means of communica
tion and the introduction of new blood by marriage outside the village, 
it is tending to disappear.

Other village histories can only be explained by this law. Thus, to 
quote examples given by Le ( îendre.2 At Orthez (Basses Pyrenees), the 
Protestant families, being a class apart, were compelled to marry among 
themselves. The members of these were, in general, according to 
Reclus, poorly built and weakly, and among these were very numerous 
epileptics, so that each Protestant house possessed a special room 
reserved for the epileptic members. Since the advent of improved 
communication and increased facility for travel outside the previous 
narrow limits the state of affairs has disappeared.

'Plie village (liourg) of Batz, studied by A. Voisin, shows the opposite 
condition of improvement by intermarriage. There intermarriage is 
the rule, and all are descendants of half a score of families—have names 
not found in the neighboring communes. Out of 2733 persons, Dally 
found that 870 had the same surname. But here the inhabitants are 
well built and of good physique; indeed, there is a smaller proportion 
of exemptions from military service than in the rest of the Department. 
I at very cites a similar example in the commune Fort-Mardyck, near 
Dunkenpie. Four families from Picardy were established there in the 
time of Ixmis XIV. At the time of La very’s observations there were 
1800 descendants, robust, without sign of any inherited defect, and 
their birth rate was higher and death rate lower than that of any of the 
neighboring communes. These had kept to themselves and inter
married among themselves.

The deduction here is obvious: marriage between consanguines may 
be recommended where the family is of sound physique, possessing no 
noticeable defect; it is powerfully contra-indicated when such defect 
exists. Inquiry must especially be made as to the existence of neuroses 
and constitutional predisposition to infectious disease.

11 quote from Le (îendre: Bateson (Molt rioth for the St nth/ of Yuriation, p. 399) 
give* the name a* Pot ton, hut is unable to trace the original authority.

1 Article Inherit"we, in Bouchard's Pathologie Générale, 1:1S96.



CHAPTER III.

THE CAUSATION OF MORBID CONDITIONS OF INTRAUTERINE 
AND PARTURIENT ACQUIREMENT.

The subject of antenutul pathology is but yet in what may be termed 
a fœtal state; much has been accomplished during the last twenty-five 
years to establish the framework of the subject, but much greater devel
opment is before it. Certain matters stand out clearly; they have been 
established with fair detail. Regarding others, only scattered observa
tions exist among many theories. Were we to deal with the matter at 
all fully, this detail and the discussion of individual opinions would 
enter largely. Add to this, that dealing here with the causation of 
disease, it has to be confessed that, in general, we know more about the 
processes and conditions which appear to be due to intra-uteri ne dis
turbances than about the precise cause or causes of the individual con
ditions. This is not the place to enumerate those conditions in detail ; 
we can but call attention to the more important. The most striking 
group namely, the monstrosities and anomalies will be treated in the 
following chapters (IV and V), and there it will be most satisfactory to 
note, at the same time, what we know concerning their causation. This 
chapter, therefore, will be relatively brief and will deal in generalities.

Briefly, under the action of various causes acting during intra-uterine 
existence, there may result:

1. Death with
(a) Absorption of the embryo : “blighted ovum,” the embryo 

failing to develop and disappearing, the placenta and 
membrane still exhibiting growth for a time.

(/>) Abortion, the imperfect fœtus being born dead or dying 
immediately after birth.

(c) Premature labor.
2. Monstrosities.
,*t. Malformations (not so extreme as those causing monstrous births).

These may be—
(a) Of defect.
(b) Of excess.

4. Impaired vitality, with imperfect development, without gross
anatomical change:

(а) General: infantilism, etc.
(б) Systemic: more particularly of the nervous system.

5. Cachexia.
(i. Infection.
7. Traumatism (this distinct from the traumatism of parturition).
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The causes of disturbances are, it will be noted, clearly, though not 
wholly, identical with those produced as a result of inheritance. As a 
matter of fact, we must admit, with Woodruff,1 that causes acting on 
the ovum soon after fertilization—causes capable of affecting all the 
cells of the egg alike—must have results somewhat of the same order 
as are produced by those same causes acting on the bioplasm before 
fertilization; and, as experimental research is showing more and more 
definitely that the more pronounced anomalies and monstrosities, 
when set up by influences acting on the individual, date back to the 
earliest stages of development, we must not be surprised to find that an 
important group of disturbances may originate equally from influences 
acting before and after fertilization, and that no sharp line exists between

Early stages of marine gasteropod Ilyumigta: 1, the first two blnstomeres; 2, the usual develop
ment of the eight-cell stage; 3 and 4. the first two blnstomeres having been shaken apart, eneh 
proceeds to redivide independently, with the production of dwarf larva1.

variations (due to the former set of conditions) and modifications (due 
to the latter). There are, however, many conditions which are only of 
intra-uteri ne origin.

Basing ourselves very largely upon the results of more recent studies 
upon the experimental pathology of the embryo, we may group the 
causes of these intra-uteri ne disturbances as follows:

1. Physical and mechanical, including injuries of various orders.
2. Malnutrition.
3. Intoxication.
4. Infection.

1. Mechanical and Physical Causes. To purely mechanical and 
physical causes acting upon the earliest stages it appears evident that

1 American Med., 10:1905:061 and 700.
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some of the most remarkable monstrous growths are due. Experi
mentally, the eggs of lower forms of life, when in the two-, four-, and 
eight-cell stage, may be violently shaken, so that the cells fall apart, 
when each has been found capable of developing a separate individual, 
or, if they remain partially attached, double and other multiple mon
sters. That violent shaking is the cause of double monsters and of 
an order of twins in man is most doubtful. Here, Jacques Loeb’s 
observations upon altering the tonicity of the surrounding medium 
affords a more probable cause. He found that placing echinus eggs in 
the early stages of division in diluted sea-water was followed bv such 
osmotic swelling of the eggs that the membrane broke, and that part 
of the egg which protruded underwent in
dependent development. The same has Kia. 47

been noted by Bataillon1 in the case of 
teleostean (fish) eggs ; by strong move
ments, the first blastomeres may be forced 
apart and separated by serous fluid to a 
greater or less extent, and undergo this 
independent growth.2

We believe, then, that mechanical and 
physical means are active in producing 
some of the most extreme forms of mon
strosities. So, also, do they best account 
for one group of anomalies- those brought 
about by pressure effects, owing either 
(Dareste) to incomplete formation of the 
amnion with escape of fluid, or to deficient 
formation of the amniotic fluid; such may 
lead to adhesions between the amnion and 
foetus, the formation of amniotic bands, 
and consequent local retardation of growth, of lust phninnx of second finger; index 
or produce effects of like nature without '.ng. r .iced by »,«nd .md .enni-
adhesions. ( ertain orders of anencéphalie ,t„. hand from the second finger.
monsters, spina................ s equino-varus (Marchand.)
and yet severer forms of arrest of growth of
the limbs, have been ascribed to this cause. Here, also, may be men
tioned the occasional amputation of limbs, and, rarer, arrest of growth 
of other areas, brought about by loops of the umbilical cord- the fœtus 
in its movements tying itself in a knot. It must not be thought that all 
cases of imperfect limb development are due to this cause; in fact, the 
majority cannot be accounted for, but some undoubtedly must be so 
explained.

Cases occasionally occur of f<«*tal fractures, and this usually unaccom
panied by any history of maternal traumatism. Labor may have been

Amniotic threads on hand of 
seventh to eighth month fœtus; loss

1 Arch. f. Entwickelungsmech., 11:1901.
1 For a fuller description of the subject of double growths see Chapter IX .
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easy, and yet at birth, as in Li nek’s1 and in Chaussier’s2 * cases, and 
in Klotz’s case,* published from our laboratory, as many as thirty to one 
hundred separate fractures of long bones, ribs, stern un, etc., may be 
counted; obviously, the only satisfactory explanation in those extreme 
cases is an abnormal fragility, clue to imperfect osteogenesis. In other 
instances, many bones are found presenting a sharp angle, with cicatrix 
above, strongly suggesting old compound fracture. Sparling4 regards 
those as not necessarily indicating fracture, but as produced by amniotic 
bands, which have deformed a part and subsequently have been torn 
away. To such tearing way of bands, Ballantyne attributes the occa
sional existence of wounds and skin defects in the newborn.

2. Malnutrition. Simple malnutrition of the mother, lack of suffi
cient food, is a well-known cause of puny development and of weakly 
condition of the offspring. There is little evidence that in itself it 
leads to any definite anatomical defects. Where these are present 
it is likely that more than mere impaired nutrition is at fault, and that 
we have to deal with the third cause namely, intoxication from placental 
absorption.

Malnutrition of the fœtus may, however, be brought about in another 
way—namely, by placental disturbance. More particularly in heart 
disease, and again in the subjects of syphilis, there may be grave altera
tions of the placenta; so that, either from the fœtal side the placental 
circulation is greatly lessened, or, on the maternal side, intra-uteri ne 
hemorrhages, etc., so reduce the interchange between the fœtal and 
the maternal blood that premature death is brought about. Yet 
another, and in this case extraordinarily advanced effect of placental 
circulatory disturbance is seen occasionally in monocliorial twin preg
nancies, where the twins, developing from a common ovum, have a com
mon chorion and fused placenta. Here the more vigorous twin usurps 
more and more of the placental circulation, until, through anastomosis, 
it drives its blood (venous in quality, but arterial as regards the vessel 
carrying it) into the umbilical artery of the other twin, arrests the heart 
action and the circulation proper of that other twin, and so the develop
ment of the same; what-does develop becoming extremely oedematous. 
In this way is developed a fœtus acardiacus, or chorio-angiopagus (p. 231)

3. Intoxication. -If, as above stated, simple malnutrition of the 
mother mainly results in constitutional weakness of the child, without 
grave anatomical defects, maternal malnutrition, associated with con
stitutional disorders, has much more serious results—resulting, accord
ing to the nature of the disorder, in the whole gamut of disturbances 
mentioned in the opening paragraph of this chapter. Thus, at the one 
end of the scale obstructive cardiac disease, by the slowing of the uterine 
circulation and placental hemorrhages and infarcts, leads to death of

1 Arch. f. Gynak., 30:1887:264.
2 Hull. Fac. de M£d. de Paris, 3:1814:301.
1 Journ. of Pathol., 13:1909:467.
4 Arch. f. Gcburtsh. u. Gyn., 24:1892:225.



PLATE VI

Osteogenesis Imperfecta, with Multiple Antenatal Fractur 
of Ribs, Long Bones, etc.

The fractures show themselves as nodosities with abnormal 
curvatures of the bones.
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the foetus and stillbirth; at the other, infectious disorders may induce 
the gravest anomalies and definite monstrosities. More particularly 
it may he laid down that metabolic disturbances in the mother, when 
they do not induce actual sterility, as, for example, when they develop 
during the course of pregnancy, tell severely on the offspring; for 
example, kidney disease. Among these, obstructive liver diseases, 
with jaundice and renal incompetence, call for special mention, and 
may exert specific effects, although here more exact observation is 
requisite. In this connection the observation of Charrin1 deserves 
remark. Taking gravid goats, he injected into them emulsions of 
liver tissue, and thereby developed in these animals a cytolytic action, 
i. e., the blood of the goats gained the specific power of destroying foreign 
liver cells. The kids born to these goats were apparently normal, 
save that their livers showed grave degenerations. The conclusion to 
be drawn is that the cytolytic substance developed in the maternal 
organism, and, present in the blood, had diffused through the placenta 
or been taken up by the fœtal tissue and had exerted its specific action 
upon the (foreign) liver cells of the fœtus. Charrin is so experienced 
an observer that what is stated by him as a fact must be freely accepted.

It has been observed by Halsted,2 and confirmed by others, that fol
lowing partial removal of the thyroid in the bitch, the pups born are 
goitrous. Presumably, absence of adequate internal secretion from the 
maternal thyroid leads to heaping up of the bodies neutralized by 
that secretion, increased work and overgrowth of the fœtal thyroid 
glands.

With reference to infectious diseases, we have noted that toxins may 
tell upon the germ cells. Their influence upon the developing embryo 
and fœtus is very noticeable. Very often acute infectious diseases— 
smallpox, scarlet fever, typhoid, etc.—lead to the expulsion of the dead 
child, and this without any indication that the child itself is infected; 
indeed, as a rule (although not constantly), with those acute infections 
in which the specific microbe is known, cultures from such foetuses 
yield negative results. Intoxication, the effects of absorption of toxins 
from the maternal blood, is the simplest explanation of such. Where 
milder infections, la grippe, for example, occur in the early stages of 
pregnancy, if abortion is not brought about, the condition of blighted 
ovum may be encountered, or the devc of anomalies.

This influence of the mother tqxm the fœtus is well shown, more 
particularly in connection with lead and mercury poisoning. We have 
already quoted Lizé’s observations on the effect of poisoning by nitrate 
of mercury (p. 198), and have referred to those of Constantin Paul8 on 
lead. We here tabulate his figures :

* Semaine MAI, 1902: 413.
* Johns Hopkins Hosp. Hep., 1: 1890: 373; and Med. Record, New York, 34: 1888: 

308; see also Marine and Williams, Arch, of Int. Med., May, 1908.
* Union MAI., 2 8., 13 :1802 :106.
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2. Mother working in 
type foundry, all of 
whose previous preg
nancies had been nor-

4 15 13 infant died within twenty- 
four hours.

3. Mother who during 
period of work in type 
foundry had five preg-

:tti 29 4 of these died in first year.

nancies....................

4. Mother working in
termittently in type 
foundrv; while work-

1 II After ceasing to work had 
healthy child.

mg there....................

5. Mother in whom blue 
line on gum the only

3 3 0 When away from work for 
some length of time gave 
birth to healthy children.

sign of lead poisoning .
0. Husband alone ex-

ti 29 21 8
posed to lead . . . 32 12 20 ( If these, Sdied in first year, 

i in second, 5 in ibird.

From this table it will he seen that the mothers who suffered from 
lead poisoning during pregnancy showed by far the most pronounced 
effects, though, as already noted, paternal poisoning had a very definite 
influence.

Nor is premature death the only result ; in the children of workers in 
lead, there is a painful frequency of idiocy, imbecility, and epilepsy.

\\e would here recall the other figures given by us elsewhere. There 
can be no question that intoxication of the pregnant mother tends to 
exert a most deleterious effect upon the offspring; several observers, 
indeed, have proved experimentally that poisons, such as lead, mercury, 
arsenic, carbon monoxide, morphine, alcohol,1 pass through the pla
centa, and may be detected in the fœtal tissues.

As regards alcohol, Sullivan's2 figures are especially striking. He 
investigated the histories of female chronic drunkards, choosing cases 
in which other degenerative features were wanting. In sober mothers
the rate of stillbirths, abortions, and deaths .......... before the third
year he established as 23.9 per cent. ; in these it was 55.8; squalor may 
account in part for this high figure, but a more careful study showed 
that the < rate increased progressively as the mother became longer

1 This has been absolutely proved by Nieloux, L’Obstétrique, 1900:97.
1 Jour. Ment. Soi., 45:1899:4H9.

1
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and longer a victim to alcohol, and when the history of the successive 
births was determined, thus:

First births 80
born dead. 

6 2

Per cent, dy
ing before 3.

27.5
|H*r cent.

33.7
Second 11 80 112 40.8 50.0
Third “ 80 7.0 45.0 52.0
Fourth to fifth births 111 10.8 54.9 05.7
Sixth to tenth “ 93 17.2 54.8 72.0

The infantile mortality, it will be seen, shows the same tendency to 
increase as do the stillbirths; if the fœtus is impaired, so also is the 
vitality of the offspring.

4. infection. Normally, it is scarce necessary to say, there is no 
communication between the fœtal and maternal circulation, the cells 
of the fœtal villi acting as a barrier; and thus, as a rule, bacteria circu
lating in the maternal blood do not find their way into the fœtus. I)ireet 
infection of the fœtus from the mother is distinctly the exception and 
not the rule. Nevertheless, it does occur, and occasional cases have 
been reported in a considerable number of diseases, cases in which either 
the specific lesions of the infection, or the causative bacteria have been 
detected in the fœtus at birth or so soon after birth that infection during 
parturition is wholly ruled out. Thus there are records of syphilis 
(the mother alone being infected), tuberculosis, variola (the child being 
born with the eruption fully pronounced), varicella (but not vaccinia, 
although there are several cases of at least temporary immunity con
ferred on the offspring when the mother has been vaccinated in the 
last three months of pregnancy), measles (some 20 cases), scarlatina, 
(likewise), erysipelas, and septic disorders, acute rheumatism, typhoid, 
anthrax (in the lower animals), cholera, epidemic cerebrospinal menin
gitis, influenza, mumps, relapsing fever, malaria, and yellow fever.1 
The list is a long one, but the number of cases on record is small.

The simplest explanation of such cases is that the specific organism 
coming to rest in one of the maternal blood sinuses, or being taken up 
bv the cells of the fœtal villi which have made their way into the sinuses, 
multiply there, lead to local tissue destruction, which, extending into 
the walls of the villi, eventually leads to the microbes being carried by 
the fœtal blood into the fœtal tissues.

PLACENTAL DISEASE AND ITS INFLUENCE UPON THE FŒTUS.

The placenta, while strictly a part of the fœtus, may, nevertheless, 
undergo primary disturbances, and, as upon it the fœtus depends wholly

i The literature on this subject, as upon all branches of antenatal pathology, will 
be found indicated in Hallantyne’s Antenatal Pathology, Edinburgh, (ireen & Sons, 
1902. This is, to our knowledge, the only work in any language that attempts to 
deal with the whole subject of intra-uterine disorders, and is a mine of information. 
Another useful article upon placental transmission is that by Lynch, Johns Hopkins 
Hospital Bull., 10:1902: 283.
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for its nutrition and supply of oxygen, any extensive disturbance has a 
most serious effect. What we may term the active part of the placenta 
is essentially fœtal; our conception of this organ is simplified if we 
regard it as a series of finger-like processes of the chorion, or outer coat 
of the fœtus (i. e.,fœtal sac), which, containing vascular loops and covered 
by epithelium, make their way into the wall of the uterus until they 
penetrate and lie within the large blood sinuses of the uterus. This 
epithelium has extraordinary phagocytic powers : it absorbs the tissues 
before it until it gains entrance into the maternal vessels.

The extent of this process varies, or otherwise there is considerable 
variation in the dimensions of the placenta, and so of the nutrition of 
the fœtus; the greater the number of the chorionic villi entering into 
its formation and the more active their phagocytic power, the greater 
the nutrition of the fœtus and the more active its growth.

It follows, however, from this method of development that the 
invasion of the maternal sinuses is a precarious matter; the very act 
of invasion of the walls leads to weakening of the same; in fact, under 
wholly normal conditions hemorrhages occur on the maternal side, 
resulting in the formation of what we may regard as accessory sinuses, 
into which other villi make their way. The adaptation of the para
sitic growth to the maternal vessels is such that with increased blood 
pressure (coupled, it may be, with impoverished state of the maternal 
blood ami impaired nutrition of the villi) there may be very extensive 
and widespread hemorrhages. When this is the case and this happens 
not infrequently in obstructive heart disease—the fœtus is liable to 
become asphyxiated, the effused blood being stagnant, affording little 
nutrition and less oxygen to the fœtus, and in itself obstructing the 
normal circulation. Such placental hemorrhages form one cause of 
premature labor and stillbirth.

Localized hemorrhages, again, may be followed by thrombosis and 
organization, and where the resulting fibroid areas are extensive, these 
also greatly reduce the area of nutrition of the fœtus, with resulting 
impoverished growth and impaired vitality. Fibroid areas of this 
nature in the placenta are far from uncommon and may be abundant 
in obstructive circulatory disturbances, as, again, in maternal syphilis; 
though here, as we shall point out, other factors are concerned in their 
production.

From causes that are little known at times, it would seem, from 
inherent vices of development, at other times, as a consequence of 
impaired nutrition from the maternal blood (in maternal nephritis and 
cachexia, for example) the fœtal villi are liable to be diseased ; to be 
(edematous or even cystic, or to undergo fibroid change, with conse
quent contraction and obliteration of the contained vessels. According 
to the extent of those disturbances so is there a greater or less amount 
of malnutrition of the fœtus, and of asphyxia, leading toward premature 
death.

So also there may be placental infection. The effects of this on the 
organ we see best in the more chronic infectious diseases, and here
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more particularly in syphilis. In tuberculosis the presence of actual 
tubercles has been recorded, but is rare, nor have the anatomical changes 
been so fully studied. In syphilis the disease, as in other organs, may 
show itself both by the production of actual gummata or by widespread 
vascular changes. This, at least, is the usual teaching. The more recent 
work of Bondi,1 and more particularly 
of Thomsen,’ affords a very different 
picture of placental syphilis. The 
latter observer examined the placentas 
of 100 syphilitic women. He found, in 
the first place, that proliferation of the 
vascular intima in the fœtal placenta 
is far from being a marked feature.
What is more characteristic is the cell
ular overgrowth of certain villous pro
cesses, coupled with extensive (edema 
of others, both of them contributing to 
the greater size of the placenta, which 
is a pronounced characteristic of the 
condition. Whereas the weight of tin- 
normal placenta relative to that of 
the child is as 1 to 5 or (i, that of the 
syphilitic is usually given as 1 to 3 or A.
Thomsen found that it might be as 
high as 1 to 1.5. What is particularly 
characteristic is the co-existence of 
these changes in the villous processes 
with multiple small abscesses, for such 
are present rather than typical gum
mata. It is to be noted that in other 
conditions—in tuberculosis, for example 
—the abscesses may be present, or, 
again, proliferation; only in syphilis do 
both exist to a marked extent. Yet 
another feature is the extensive leuko
cytic (polynuclear) infiltration of the 
umbilical cord. Only in 5 cases out 
of 30 did he find these cord changes 
in cases not regarded as syphilitic, and 
of these 5, three of the infants were 
subsequently brought to the hospital 
with syphilitic lesions.

As a result of these changes the placenta shows general enlargement, 
coupled with anemia; is pale, with yellowish whitish regions,^indicating 
the more fibrous areas. It will be readily understood that there is 
obstruction to the circulation and malnutrition, and that the altered

(iirl, aged ten years, showing cicatricial 
grooves due to constriction of umhilirnl 
cord. At birth, according to the mother, 
the grooves in the al>doininnl wall and 
left thigh were occupied by the cord. 
(Hawthorne.)

• Arch. f. tiyn., 69: 1903: 223. * Ziegler's Bcitr., 38:1905:524.
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relation of placental weight to that of the child is due in part to the 
imperfect growth of the latter.

It has been laid down by some observers that a distinction can be 
made out between fœtal syphilis (the mother being unaffected) and pri
mary maternal syphilis, by the villi being more affected in the former, 
the sinuses in the latter. No such general rule can be laid down. The 
evidence afforded by the Wassermann reaction is that the older teaching is 
erroneous: where the fœtus is syphilized the mother also is infected, 
even if the disease remains latent or largely localized in the uterus.

The fœtal disturbance most frequently associated with the syphilitic 
disease of the placenta is hydramnios, excessive formation and accumu
lation of the amniotic fluid, associated frequently with small size of the 
fœtus. It has to be noted, however, that this association is not constant ; 
on the one hand, the reverse conditions of liypnmnios has been recorded 
in syphilitic cases ; on the other, hydramnios may occur in the absence 
of syphilis; thus cardiac defects in the fœtus may be a cause.

Other disorders of the fœtal adnexa may here be briefly noted. The 
cord may be abnormally long, and thus liable to be knotted, with more 
or less vascular obstruction; or, looped around the fœtus, it may be, 
causing compression, atrophy, and grooving of the body or limbs; it 
may be excessively short, arresting the movements of the fœtus and 
seriously interfering with labor. The amnion may be imperfectly 
developed and have undergone fusion with the fœtus, causing the devel
opment of bands, and by pressure arresting the development of one 
or other area, or, contrariwise, as indicated by Klaussner,1 * by setting 
up a certain grade of obstruction to the venules and lymphatic return, 
may induce localized giant growth ; the chorion may exhibit abnormal 
vascularity.

DISEASES PECULIAR TO THE FŒTUS.

There remain several disorders of the fœtus, which Ilallantyne would 
class together as “ idiopathic,” although, seeing that, in connection with 
almost all of the group, it is to be noted that instances occur of several 
members of the same family being affected and of the condition being 
transmitted indifferently along either parallel line, the term is, perhaps, 
unfortunate. Such states, in which there is this strong hereditary ten
dency, as, for example, elephantiasis congenita, ichthyosis, tylosis, 
hypertrichosis, achondroplasia (fœtal rickets, osteopsathyrosis), con
genital goitre, etc., we shall deal with best under the heading of Abnor
malities of Development of Individual Tissues. At the same time, we 
freely admit the difficulty of exact classification of such disorders. 
Just as immunity may be inherited in some, acquired in others, so it is 
with these states; achondroplasia and micromelic (or short-limbed) 
dwarfism may crop out through a long series of generations; this is a 
definite inherited diathesis; it may, as indicated by Charrin and G ley's3

1 Uelter Minnbihlungen (1er tnenacMichen Qlieilinawen, Wiesbaden, Bergmann, 1905.
1 Compt. rend, de la Soc. de Biol., 10 S., 2:1S95:705, and 3:1896:23 and 1031.
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results upon poisoning the* mule rabbit with the toxins of diphtheria 
or tubercle, or bine pus bacilli, be due to acquired modification 
of the parental germ plasm, and we are prepared to find that intra
uterine ( maternal) influences may produce like effects.

Of yet other conditions appearing sporadically, such as general fœtal 
dropsy, ascites, hypertrophic stenosis of the pylorus, fœtal endocarditis 
and peritonitis, fœtal nephritis, congenital obliteration of the bile ducts, 
we know too little regarding the causation or causations to speak with 
any authority.

THE CAUSES OF MORBID CONDITIONS ACQUIRED DURING 
PARTURITION.

These may be briefly noted. They are either mechanical, traumatic, 
or infectious. The mechanical causes are more particularly strangu
lation by short or shortened cord, abnormal shortness of cord obstructing 
descent, and undue narrowness of pelvic channel leading to the death 
of the child from exhaustion. Prominent among the traumatic dis
turbances are laceration and amputation from manual and instrumental 
aids to delivery; cephalhematoma, from rupture of vessels of the scalp 
through the intense compression of the head and the congestion produced 
bv prolonged arrest of the partly delivered head at the external ring; 
distortions and partial fractures and dislocation of the skeletal parts; 
birth palsies, and hydrocephalus induced more particularly by instru
mental injury. Among the infectious causes are the presence of 
pathogenic organisms in the vagina, notably the gonococcus (leading to 
gonorrheal ophthalmia) and the microorganisms of suppuration. Here, 
also, must be included improper treatment of the cord at the time of 
section, leading to local suppuration, infective icterus, and general 
pyemia.



CHAPTER IV.
MONSTROSITIES AND ABNORMALITIES.

IIerk rather than elsewhere would seem most fitting to pass in review 
the subject of monstrosities and abnormal developments in general.

Definition. -The study of monstrosities and abnormalities, their 
structure, relationships, and mode of causation, is one that lies on the 
borderland between anatomy, embryology, and pathology. The path
ologist is concerned, inasmuch as the conditions clearly represent de
partures from the normal, and certain of the minor grades of aberration 
lead to very definite disturbances in postnatal existence, as, for example, 
the long series of cardiac anomalies, and the morbus vorrulcus (the 
“blue disease”), to which they give origin. But many again which 
are compatible with continued existence have no disturbing effect 
upon the health of the individual—as, for example, supernumerary 
digits; and many again, the greatest aberrations of all, are wholly 
incompatible with postnatal life. The subject is in itself fascinating; 
the departures from the normal are many of them so extraordinary that 
one seeks to know the cause; the more examples we encounter the more 
evident does it become that they arrange themselves into well-defined 
groups, the members of the groups showing orderly gradations, so that 
these monsters can be placed in classes and species as regularly as can 
the various forms of animals and plants. With this regularity it is 
obvious that underlying their development there must be a law, or laws. 
And the student is led onward to make himself familiar with the laws 
of normal devt * and the facts of human and comparative
embryology in order to arrive at a satisfactory grasp of the meaning of 
these remarkable developments.

This is, it must be confessed, but a side path in the study of general 
pathology; it, however, occupies the same relationship to anatomy and 
embryology. Wo know no text-book on any of these subjects in which 
it receives due treatment.' And if we appear to accord it to space out 
of proportion to its importance, that is because to make ourselves 
intelligible, we have to enter into anatomical and embryological con
siderations. As it is, we do at most discuss the main varieties of mon
sters and abnormalities.

The terms monstrosity and abnormality are employed to denote 
grave anatomical departures from the normal, whether general or local 
(affecting but one section or part of the organism). There is no

1 In their recent Text-book of Kinbri/ology, New York, 1909, Bailey and Miller 
devote a chapter to the subject , but this is based upon the older rather than the 
more recent studies on this subject.
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clear demarcation between the two. All monstrosities are anomalies, 
or, I letter, abnormalities (for, as we have already insisted, they are 
subject to wi/107, law); not all abnormalities are usually regarded as 
monstrosities; or, otherwise, the slighter aberrations are classed as 
abnormalities, the more pronounced as monstrosities. To the student 
who approaches the subject for the first time the number of forms 
seems as perplexing as the terminology is bewildering. But, as stated, 
each form finds its place in a general scheme. Two great divisions are 
to be made out: abnormalities of excess and those of defect, and each 
of these may be of one or other order—increase or decrease in size or 
in number. There are one or two other classes to which we shall refer 
briefly that do not come into this scheme, viz., those of transposition 
of parts and hermaphroditism; the vast majority are included in the two 
great divisions.

There is lacking a comprehensive and modern work on the whole 
subject in the English language. Hirst and Piersol’s Monstrosities is 
valuable so far as it goes, and Ballantyne’s pioneer work upon Ante
natal Pathology is invaluable for the light it throws upon many con
ditions. The most masterly résumé of the subject is the article by 
Marchand in the last edition of Eulcnhurg’s Real Encyclopedic. There 
is at the present time in the process of publication what promises to 
be the leading work upon the subject, viz., Schwalbe’s Morphologic der 
Missbildungcn (Jena, Fischer, 1900 and 1907). Taruffi’s Storia di Tera- 
tologia, while most complete, has the disadvantage of introducing a 
complete new terminology, based upon a theory or theories of causation 
and relations that have already been found incorrect in several respects.

ABNORMALITIES OF EXCESS.

I. General Excess. —This may be (a) universal, as in true giantism; 
or (6) lateral, one-half of the body exhibiting greater development than 
the other (as though the first two blastomeres of the ovum had been 
disproportionate in their potentiality; or (c) local, one member or one 
organ being developed out of all proportion to the rest. These latter 
conditions will be referred to under Hypertrophy.

As to the causation of giantism we know little that is assured. While 
there exist families of which, through several generations, the members 
have been noted for their height, heredity is nevertheless infrequently 
observed in pronounced cases of giantism.

The minimum for true giantism is generally accepted as (> feet fi 
inches, or about 200 cm. Thoma places it at 188 cm. (or 6 feet 3 inches), 
but in Anglo-Saxon countries this is scarce considered giantism.

The giant exceeding 7 feet in height comes, as a rule, of a family 
whose members have been of medium height. In such giants, the 
excessive height is generally due largely to disproportionate length of 
the lower limbs. There is some question nowadays as to where the
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line is to be drawn—if it really exists—between such true giants and 
morbid giantism, a type of acromegaly. 'File more recent autopsies 
on giants have, in general, revealed enlarged pituitary bodies, while von 
Hansemann noted that in almost all of the many giants examined by 
him there has been evidence of rickets, and suggests that a grade of 
rickets insufficient to inhibit growth is followed by extreme bony devel
opment, especially of the limbs.

Regarding localized giantism, a distinction must be made between 
those cases that are apparently of inherent nature and those due to 
disturbed nutrition, even if these be often of congenital origin. In 
congenital elephantiasis and macroglossia, we have to deal with 
lyn ‘ ic obstruction, accompanied by secondary overgrowth of the 
connective tissues. Allied alterations in the relative vascular supply 
best explain, it may be, some conditions of the nature of macrodartyly. 
Rut where, as in some cases of gigantic hands, there is observable a 
tendency to duplication of fingers, the indications point strongly to a 
redundancy of vegetative matter in the milage or growing point of the 
part. The same is clearly to be invoked in cases of premature and 
excessive development of the different components of the generative 
organs, although here, of late, more than one observer has called atten
tion to an association between hypertrophy and new growths of the 
adrenals and precocious maturity and development of the external 
genitalia.1 Abnormal inheritance, associated with modifications, it 
would seem, of metabolism, best explains infantile goitre, hypertrichosis 
(or hairiness), and lipomatosis, or generalized obesity.

2. Numerical Excess. A wide and varied range of conditions is 
to be included under this heading from triplets on the one hand, to 
partial deduplication of a terminal phalanx on the other.

Twins (Gemini Æquales). If indi
vidual twins in themselves cannot be 
regarded as monstrosities, their appear
ance in a well-regulated human family 
is usually regarded as anomalous, and 
certainly the line of demarcation be
tween twins of a certain order and some 
of the most Itiznrrr of monsters is very 
slight.

We recognize two orders of twins: 
the dichorial, or heteroophal, and the 
vumochorial, or monoophal. In the 
former, each child is born with a

lleteroophul hen's egg with two embryos 
of sixth day), each with separate yolk. 

(Panum.)

separate “caul;” the sex may or may not be identical, and the features, 
configuration, and characters, while at times approximating, at others 
present wide differences. Such dichorial twins, obviously, originate

1 An interesting study uml record of cases of this and the allied association of these 
conditions with pituitary and pineal growths is afforded by Guthrie and Emery, 
Trans. Clinical Soc. Lund., 40; 11107: 175, 1907: 174; see also Hulloch and 
Sequiera, Trans. Path. Soc., 190f>.
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from two separate ova, fertilized at the same menstrual period, each of 
which, in its development, forms its own set of membranes, cord, and 
placenta, though ultimately the two placentas may fuse.

In the rare conditions of a‘u per faint ion the ova are, it would seem, 
fertilized at different menstrual periods.

The rule is that each Graafian follicle contains a single ovum, but 
even in the young child, and in a large number of different species of 
animals, two, and sometimes three, ova have been observed in a single 
follicle. In those cases in which heteroophal twins are of the same 
sex and exhibit great similarity, the possibility must be borne in mind 
that they have been derived from a single follicle; nay, more, that they 
are due to early complete division of a single ovum into two independent 
ova after fertilization, but before implantation in the uterus.

Fiu. ;.u

Mouoophal duck'» egg with two embryos (of seventh day) upon a single yolk. (Pnniim.)

Monochorial twins are the less frequent. Ahlfeld's statistics are, 
that of 500 twin births, 444 were dichorial, 02 monochorial. They 
emerge from a single caul or chorionic sac, have a single placenta, are 
always of the same sex,1 and, when equal in development, are remark
ably alike. The condition is not hereditary, whereas in certain families 
there is a distinct tendency toward double, dichorial births.

The chorion, it will be remembered, is the outer wall of the ovum, 
and a single chorionic membrane enclosing two embryos can only mean 
that a single ovum has given rise to two individuals. Not infrequently 
the twins show identical abnormalities; right-sided hydrocele (Ahlfeld's 
case), spina bifida (d’Outrepont), hypospadias (Lehmann), etc. In 
cases of dichorial twins, there is never any indication of the separate 
chorions fusing into one (unless the rare and doubtful cases above noted 
of monochorial twins of different sex are to gain this explanation). The

1 One or two exceptions to this rule are recorder!, but these, if we mistake not, in 
the older literature only

18053241
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non-existence of haphazard fusion of the two halves of the double mon
ster is against the idea of chorionic fusion, for did this occur we should 
expect to meet with occasional fusion of the embryos in various posi
tions, the back of one to the side of the other, etc.

These cases, therefore, prove that a single ovum is capable of giving 
rise to two individuals, a conclusion wholly borne out by observations 
on the eggs of lower animals and by experimental diplogenesis.

Among the lower animals, multinucleated ova have been observed 
by several (Francque, Stockel, H. llabe);1 on the other hand, numerous 
zoologists (Roux, Endres, Morgan, in the frog; Herlitzka, in the newt; 
Driesch, in sea urchins; Zoja, in the jelly-fish2) have proved that division 
of the ovum into its separate blastomeres at the two-, four-, eight-, and 
in the medusa even in the sixteen-cell stage, may give rise to separate,

A 11,1 B

Diagram of A, monochorial twins, each with separate amnion (dotted line) lying in a common 
chorionic sac; B, dichorinl twins, each with its own chorionic sac.

though dwarfed, individuals from the separated blastomeres. In the 
newt, even as late as the gastrula stage, Spemann3 was able to gain two 
complete embryos by experimental division.

It is possible, therefore, that monochorial twins originate (1) from 
the separate fertilization of the two nuclei of one ovum, or (2) from the 
fertilization of an ovum with one nucleus, with subsequently (a) sepa
ration of the primitive blastomeres, or (b) cleavage, not of the ovum 
itself, but of the germinal area developing later upon that ovum ; or, 
in other words, the formation of two primitive streaks upon a single 
germinal area. Without going into details, we may here say that the 
study of double monsters indicates that the period of origin is more

1 For literature, see Schwartz, Anat. Anz., 18:1900.
* For literature, see E. W. Wilson, The Cell in Development anil Inheritance, 

second edition, New York, Macmillan, 1900.
1 Sitzungsber. d. Phys. mcd. Gesellsch., Würzburg, 1900.
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Skiagraph of a Fœtus A morph us. Charlton. ) 

Showing presence of vertebral column and ribs, but absence of head and limbs.

Two Similar Examples of Fœtus Amorphus.





PLATE VIII
Fig. 2

Photograph and Skiagraph of a Fœtus Acardiacus Acephalus. (Schwalbe.)

Fœtus Acardiacus Acormus, 
showing Vascular Relationshi 
to the Umbilical Cord of th 
Healthy Fœtus. iBarkow.)
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likely to be late than early, as does also the existence of a single chorion. 
There is more likelihood for identity where only one spermatozoon is 
concerned than where two.

Regarding these monochorial twins, it is to he noted that the amnions 
may be separated or fused, that the placenta, almost without exception, 
is common, that the umbilical cords may be well separated or inserted 
close together, or have for a varying distance a common anmiotic sheath.

Unequal Monochorial Twins (Gemini Inæqualesi. Fœtus Acar- 
diacus.—Occasionally we encounter a curious abnormality. Instead of 
equal twins being born, there comes forth a single, well-formed indi
vidual, accompanied by, it may be, an amorphous lump of flesh, con
tained in the same sac and only recognizable as a product of conception 
by |x)ssessing a distinctive small 
umbilical cord. Such is a fœtus amor- fio. 52
■pints. Most often more complete 
organization can be made out in the
mass; m general, the lower liait of the 
body, with its limbs, is fairly developed 
(Acardiacus ucephalus), or the head 
end, it may be little more than the 
cherub-like head itself (A card incus 
acornius), or, lastly, there may be a 
fœtus fairly complete as regards its
skeletal parts, and, unlike the other 
forms, this may jxjssess a partly de
veloped heart; but this and the other 
internal organs are imperfectly de
veloped and the tissues are extremely //f
(edematous (A. anceps).

A subgroup is to be recognized, Developed twin anil acephalic monster 
including the cases of A. acormus, mid their relationship to a common pla
in which the fcetusds implanted ventu- (Ahlfeld) 
directly upon the placenta without the
intervention of an umbilical cord. It is still a matter of debate whether 
the mode of origin in these cases is the same as that of the others; all, 
it may be added, have separate amnions.

The causation of this type of monstrosity has been worked out by 
Meckel, Claudius, and Ahlfeld. In the first place, the course of the 
circulation is reversed. This explains the arrested development of the 
heart; the acardiac fœtus is nourished by the blood of its more developed 
and stronger brother. There is fusion and anastomosis of the allan
toic and, later, placental vessels, so that the arterial blood1 of the stronger 
fœtus (A), driven into the branches of the umbilical arteries of A, enters 
the branches of the umbilical artery of B, and, being under greater 
pressure, forces itself into B's aorta; passes into its branches and nour
ishes the various tissues of B; arrests the action, and leads to the atrophy 
of B's heart; may be but sufficient in quantity, in quality, and in distri-

1 It must be remembered that this blood while in the umbilical artery of A is in 
quality venous, returning from the fœtus to the placenta.
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billion to nourish jiortions only of H'* economy, whereby tin* other 
t undergo aplasia ami atrophy. The greater frequency 

development of the cephalic half of the laxly is apparently due to the 
fact that for a period the heart of H, repelling /Vs blood, continues the 
ci re of the upper half of the body with its own iinj>erfectly aerated
blood.

The altove theory, worked out by Ahlfeld, whose diagram is here given, 
is that which has received wide acceptance; but, as pointed out by Mar
chand and Schwalbe, there are difficulties in accepting it in its entirety.

Fill. 53 Flo. 54

SvhMiiii of mode of development of oenrdinc monsters. (Ahlfeld.)

In the first place, the human embryo would not seem to possess the free 
allantois assumed bv Ahlfeld; the teratogenic period must, then, be placed 
at a later date; in the second, if all henn and holo-acardiaci originated at 
the same early period, it is difficult to understand the singularly wide 
range of extent of development or retrogre ssion. With Marchand, we 
must for many cases accept Dareste's view, that in a large proportion 
of cases (in the chick), where two primitive streaks develop upon one 
ovum, one of the two tends to be imperfect, and may presuppose that the 
imperfection extends to the heart and vascular system. The theory of

71
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Schulz1 is gaining adherents: It appears lo me to he loo elaborate and 
involved to lie correct, though it may well he that my difficulty in follow
ing the lengthy ex|x>sition of the same 
is at fault. The outcome of the arrest ,Ni
of the individual circulation of the 
weaker fœtus may lead to its death 
long prior to full term. In this case, 
pressure, autolysis, and absorption 
may lead it to assume the form of a 
flattened mass within the membranes 
of the dei " twin, and may result 
in a fœtus papi/rami*.

c

Triplets and Other Multiplex 
Births. These may be mono-or poly- 
chorial, or a combination of mono-
and dichorial.

Wilder gives careful notes of a case Development of two embryos of the 

investigated bv him of triplet sisters, 'lu,k the
. . n. ' i • i iii lower of the two imperfect from the first

evidently monochonal, so remarkable i,„,racephnius.i < Dareste. <

A

Marchands svhemii of mode of ilevelo|iment of Acardinc monsters. .1, the chorion rh is already 
developed; the yolk sac d has divided into two unequal halves, rf1 and d-, in consequence of which 
the one embryo o* receives through the yolk vessels more abundant nourishment than does the 
other embryo a*. As a result, its allantoic circulation develops more actively, and the later devel
oping allantoic artery of the smaller embryo anastomoses with it. H. Inter stage; the allantoic 
vessels of »* usurp the whole of the chorion, the smaller embryo gaining its blood entirely through 
the anastomosis of its allantoic artery with that of o', and this, therefore, in the reverse direction 
to the nonnal current.

1 Archiv f. Gyniik., 1901. * Amvr. Jour, of Anal., 3:1904.

98
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in their identity that not even the mother (contrary to her conviction) 
could surely identify them; for on one occasion two of the sisters, in 
answer to inquiry, stated that they had not received their hath that 
morning, while the third gleefully announced that she had had three.

The largest number of simultaneous human births recorded by a 
reliable authority is seven; some few cases of quintuplets are on record, 
whether monochorial or not we have no adequate evidence. In the 
cat, the monochorial development of five kittens has been ascertained.

DOUBLE MONSTERS.

It will, we feel assured, materially facilitate a comprehension of the 
many and different forms of double monsters if, instead of first describ
ing the more important forms, we first establish an adequate theory of 
causation and mode of development, and, laying this down, then pro
ceed to classify them in terms of that theory. For close upon two 
centuries the explanation of diplogenesis has interested zoologists and 
physicians alike, and each step forward in our knowledge of embry
ology has led to the propagation of new theories, which in general have, 
upon investigation, been found to be inadequate. Nevertheless, with 
increasing knowledge those theories have come to satisfy and embrace a 
larger and larger number of conditions, and, especially during the last 
quarter of a century, we have approached a rational classification.

The names that especially stand out in the study are those of Geoffroy 
St. Hilaire (1830), whose classification is still quoted; Forster (1861), 
who collected and classified what at the time was the fullest series of 
cases; Dareste (1877-1891), the pioneer in the study of experimental 
diplogenesis; Fol, whose observations on polyspermy were, neverthe
less, in a wrong direction; and, among the more immediate moderns, 
Morgan, of Bryn Mawr; Roux, of Breslau; E. W. Wilson, Jacques 
Loeb, etc., upon the artificial separation of blastomeres; Rauber, on 
the “radiation theory;” Marchand, with his theory of fertilization of 
polar bodies; and Fischel, with his “head and trunk centres” theory. 
Many other names deserve quoting, but these are, perhaps, the 
foremost.

The difficulty thus far in propounding any adequate theory has lain 
in the fact that the more cases are studied the more surely it is seen 
that double monsters belong to two main categories. This has been a 
matter of contention since 1724. There have been those who would 
explain all examples as cases of fusion of two separate embryos lying 
in approximation; others equally convinced that cleavage, or dichotomy, 
of an originally single individual, is the essential cause. It is in the 
attempt to embrace both classes that, one after another, the various 
theories propounded have shown their weakness. While we realize 
that it is only just to the student, as to the older workers in this subject, 
to afford an account and criticism of previous theories, to set these forth 
adequately would take great space. For that reason, and because,



PLATE IX

Diagrammatic Representation of Raliber’s Radiation 
Theory. ( Kopsch.)

Diagrammatic Representation of Fischel’s Theory.
The head centre H, formed by the cells that first become invalidated, the trunk centre P. 

formed by the fusion of the cells that undergo later invagination.





PLATE X

A H

C I>

Mode of Origin of Different Order's of Double Monster- 
According to Fischel’s Theor-y.

A, monoohorlal twins without fusion: B, according to exact area of fusion 
fthe head centre giving origin to the greater part of the body), various grades 
of craniopagus (head fusion), sternopagus, and xiphopagus (body fusion), passing 
on to conditions of anterior deduplication; t", the slighter cases of anterior 
deduplication by late dichotomy of the head centre ; />. posterior deduplication 
by lack of fusion of the lateral components of the trunk centre.
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in addition, we believe that it is less confusing for the student, we venture 
to put forward a single hypothesis, which we may term the “growing 
point” hypothesis;1 it differs from those which have hitherto gained 
the fullest acceptance, viz., those of llauber and Fischel—theories 
which likewise are based essentially upon a comparative study of embry
ology and teratology and experimental diplogenesis—in that it takes 
into consideration the mode of cell multiplication.

In the lower animals, as already noted, it is possible by various means 
to loosen and shake apart the earliest blastomeres of the fertilized 
ovum. Each then becomes, and develops as, a separate individual. 
Were this to happen in man, each separate blastomere would develop 
its own chorion and sac, whereby the contained embryos would be 
prevented from fusion. At most, as already suggested, such early 
separation would lead to identical dichorial twins. We have, there
fore, as Schwalbe has most serviceably pointed out, to look to a later 
period ; and, instead of attempting to ascertain what is the earliest 
must strive to establish what is the latest period at which double monsters 
can develop (Schwalbe’s teratogenic termination period). To do this, it 
is best to consider the mode of development of the embryo of the higher 
vertebrates. This mode is not identical in the oviparous and viviparous 
forms, or, more accurately, in the lower vertebrates and the amniota 
(mammalia), respectively, but a common principle includes all. We 
may thus first study a simple type, such as the fish. Here the whole 
ovum does not give rise to the embryo. Certain cells only at one pole 
form the germinal area; the rest, filled with yolk, afford food to the 
eventual embryo. Nor does the whole germinal area give rise to the 
embryo. This, as it grows, spreads over the yolk, and at one point, as 
pointed out first by Ilis, that spreading growth becomes arrested, the edge 
elsewhere continuing to advance (Fig. 58). Hertwig has laid down that 
the sinus thus formed represents the cavity of the gastrula of holoblastic 
forms. It is the cells along the edge of this depression that give origin 
to the embryo, the primitive streak arising along the line of the same.

Itauber (1877) based the whole theory of diplogenesis upon this mode 
of development. He presumed the simultaneous appearance of two 
invaginations which, in the process of development underwent fusion, 
giving rise to a double monster. The accompanying figures from Kopsch 
gives the idea of the mode of development of superior deduplication 
(anadidymus) (Plate IX). Fischel, starting from the same basis, 
points out that Itauber’s conception is false in so far as the embryo is 
not formed by a continuous infolding of the exige of the blastoderm 
behind the head end ; on the contrary, at a relatively early period the 
cells of the two sides of the groove join to form the trunk or body centre, 
and that these two centres, head and trunk, between them constitute 
the whole embryo at this period, and between them form the whole

1 These earlier theories are given fully by Schwalbe, 'Die Missbildungcn, Jena, 
13. Fischer, Pt. 2, 1007, and are carefully criticised by Fischel, Verb. d. Deutsch. 
Path. Ciesell., Karlsbad, 5:1903: 272.
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eventual individual. Starting from this, Fisc 11 el also ascribes the vast 
majority of double monsters to fusion, as indicated by the accompanying 
diagrams. lie recognizes, however, that certain katadidymous forms, 
double below but single above, may be due to want of primary junction 
of the two halves of the trunk centre. This is not cleavage, but lack of

union. As regards the slighter cases 
of anterior duplication- double-headed 
snakes, for example, and in cases in 
which merely the pituitary body is 
divided—he is at an impasse; he denies 
( ierlach’s statement that the head centre 
grows forward, and yet he has to admit 
that in order to produce these there 
must be a cleavage of the head centre, 
by mechanical or other means. He 
thus is forced to the conclusion that

Km. 88

lliagriimiiiHlie rrprewmtatmii of growth the head CCIltre gi\es origlll to t lie 
of germinal am» of th«* h»h egg a* a cap heat I alone, the trunk centre being the
.■«preiiuing over me >uik, who nrreni at 
one point, and infolding to form the 
primitive etrenk.

great formative organ.
I am inclined to hold

Fischel grasped the nature of growth 
he would have escaped this difficulty and have afforded the adequate
theory. What I mean is best illustrated by what we know concerning 
the mode of growth of the plant. Briefly, this exhibits two primary 
growing points, the superior giving origin to the stalk and its append
ages, the inferior giving origin to the root, and it is from the cells of 
these growing points that eventually all the component cells and com-

Fio. :>» Fin. (Ml

Mode of origin of primitive elrnik and anlage of eventual eiuhryo according to Hie.

ponent parts of the plant are derived. In the plant the cells of these grow
ing points persist and are active throughout life, and their position is, in 
one sense, fixed; that is, the giant trees of California have attained their 
height, not by growth forward of, but by growth backward from, their 
growing points. The primary growing point forms the apex of the 
plant; its cells are vegetative; they undergo repeated division in such a 
way that, dividing, the outer daughter cell remains vegetative, retaining
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the position of the mother cell, the inner or its descendants becoming 
converted into the eventual specialized tissue cells. In this way there 
persists a layer of vegetative cells (“cambium”), the cells given off from 
which become, in series, the primitive cells of successive regions or 
segments of the trunk. The growing point does not grow forward ; it is 
projected forward by the intercalation of cells derived from its daughter 
cells, and it continues to occupy a fixed ]>nint in relationship to the rest 
of the economy.

A\ IA

l>iiigrum of Motion of I hr growing |Niint of n ptiuit, .1. 1, I hr upinil cell*. which continually 
divide, giving off backward a «rrir» of cell*; H. f. It. which relia divide a* In H'. W", to form the 
cell* of the vegetative or cambial layer, three •■ell* again, a* in f, C. and fdivide at right angle* 
to the former plane to give origin eventually to the functional cell* of the wtem tor mot); It. devel
opment of a secondary growing point

Now, in plants, as all will have noted, we meet with cases in which 
the growing points have undergone cleavage at either superior or inferior 
|M>le; the monaxial trunk of a fir tree may, high up, divide into two or 
three equal trunks; the radish may fork, and so on. In many species 
it is natural for the growing point to divide early into several secondary 
growing j>oints, with the production of many stems or numerous equal 
rootlets. The plant, it must be remembered, has not bilateral, but 
radial, symmetry; this notwithstanding, there is a tendency toward 
(bilateral) dichotomy, due, we would suggest, to the fact that cell divi
sion is binary; if there were a • apical growing point cell, each of 
the two products of division might assume equal properties and become 
the progenitor of inde|>endcnt growing points.

So, in ar ‘ *t, what Fisehel terms the head and trunk centres are
the superior and inferior groin tiff point». These, once formed, do not

2

7



238 MON8TROSIT!ES AND ABNORMALITIES

grow, but are projected apart; it is the successive daughter cells given 
of? from these that give origin to the different segments of the body and 
their contained tissues, sundry of those daughter cells becoming sec
ondary growing points for the lateral organs. Nor is this matter of the 
superior and inferior growing points a purely hypothetical conception 
on our part. Already Assheton1 had demonstrated the existence of the 
same in the rabbit, frog, and chick, and incidentally and antecedently 
had proved the truth of Fischel’s contention that the “trunk centre” gives 
origin to the greater part of the body. Thus, for example, he inserted 
a fine sable hair into the mid-point of the blastoderm of the unincubated 
hen's egg, and then, incubating the egg, found the hair to be situated at

Fw. »'„»

Sagittal flection through head of individual with attached e|iignathux: <i. e|>ignathua; 6, region of 
attachment at hyixiphywis; r, cerebrum of nutoaite; d, eorpua callosum; r, ccrelxdlum; /, vertebral 
column; 0, u|i|ier, and h, under lip, of antimite; », tongue. (Schwrallie.)

the anterior end of the primitive streak; in fact, at the level of the 
first pair of somites. From this he concluded that from the superior 
growing jMtint are developed the brain, medulla, heart, and foregut ; 
from the inferior, all the rest of the laxly, /'. r., the primitive streak area. 
There is, however, this difference between the animal and the plant, 
that whereas in the latter the primary yrowiny pointa may be active through 
the whole of existence, in the former they cease to function as such so soon 
as the anlaye or matrix of the main axis is laid down. So soon as this 
occurs, further increase in length is only by intercalation.

Polar Hyperplasia and Serial Deduplication. For, suppose this 
were not the case; that the medullary groove became laid down and

1 Quart. Journ. Micros. Sci., 37: 1894: 113, and Proc. Hoy. Soc., 60:1896: 184.
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the expansions of the neural canal had formed themselves, which are 
destined to give origin to the brain. Then any further production of 
daughter cells by the superior growing point could only give origin 
to a mass of tissue to which no eventual function could be assigned by 
the economy. We know, that is, that the site of the superior growing 
point in the developed organism is in the region of the sella turcica. 
The interesting point is that this “absurdity,” in the Euclidean sense, 
does occasionally happen; or, at least, this conception best explains a 
very remarkable series of monstrosities. There are cases in which, 
adherent to the region of the sella turcica and projecting through the 
mouth of the newborn child, there is a large tumor. In the most 
advanced cases these masses contain bone, and may even show limbs, 
and arc found to contain, when studied, representatives of organs

Swtion through u congenital sacral teratoma. (Nakayama.)

C4fe.Tv

derived from epi-, meso-, anti Such cases are known as
Epignathus. The simplest conception of the origin is that they are due 
to redundant growth of the superior growing point after the anlagen 
of the tissues of the individual have been laid down, and that the “ tera
togenic termination period ” of the production of this form coincides with 
the development of the “neurula” stage of the embryo; the earlier the 
pcrio< 1 and the more active the proliferative powers of the growing point, 
the more complete the series of tissues contained in the epignathus.

Similarly, springing from the site of the inferior growing point in the 
perineal region behind the rectum, we encounter another remarkable 
form of tumor, having the same general characters the so-called con
genital sacral teratoma. To this a like origin must be attributed.

These forms have commonly been regarded as examples of fa tal 
inclusion, i. #*., of the inclusion of one embryo within the tissues of 
another. But no valid reason has been adduced why this inclusion 
should occur in these particular regions. Schwalbe concludes that

144
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there must he “ Versprengung," or splitting off of early formative cells, 
a view which approaches that here given, but, again, does not explain 
why this should be particularly apt to occur in these particular regions, 
i regard these forms as homologous with the cases among plants; in 
the garden rose, for example, where an imperfect flower stalk and head 
develop from the centre of another flower.

Polar Dichotomy, (iranting that up to the beginning of the 
ncurula stage (when the medullary groove shows itself) the vertebrate 
embryo presents polar growing points, we now gain the teratogenic 
termination period for another group of monsters. It has, indeed, 
been shown experimentally by Spemann, in connection with the newt’s 
egg, that up to this period it is possible to produce both the complete 
embryos and double monsters; later, this is not possible.

Spemann produced the latter by tying a fine hair around the devel
oping ovum in the plane of the future long axis. He thus obtained 
various grades of deduplication. In other words, up to the well- 
developed gastrula stage it is possible that from a single embryo there 
may he produced dichotomy, or bifurcation, so that we may bv this process 
gain:

1. Superior dichotomy, affecting the superior but not the inferior 
growing point, so that the upper end of the body is to a greater or less 
extent doubled1 (Fig. (if), II and III).

2. Inferior dichotomy, affecting the inferior jxile alone.
It. Both superior and inferior dichotomy, portions of the trunk region 

alone possessing a axis (Fig. 05, VI).
4. Mesial deduplication, the superior and inferior growing points 

remaining single, but their cells projected backward from them on 
either side, failing to unite, or becoming 
l>v mechanical means split asunder 
mesodidymus (Fig. 05, VIII).

5. Complete cleavage along the 
whole plane, giving rise thus to two 
embryos lying ", each provided
with its individual longitudinal axis 
(Fig. 05, MI).

Regarding these figures, a few words 
arc necessary with regard to the dis
tinction marked between early and late 
dichotomy. By early dichotomy, I 
mean that the cleavage occurs so early2 
that, with separation between the grow

ing point cells at one apex, all the cells which so far have been given 
off from one or other side of the growing point undergo cleavage,

1 The terms mmlùltjmun and kutuilutyinun have liven in the past employed for 
conditions of superior and inferior deduplication, respectively, hut this with so much 
confusion that there is now a definite movement to banish them.

2 From Assheton's observations, already recorded, it is obvious that this cleavage 
roust antedate the period of development of the primitive streak.

Spemann - method of prodming various 
grades of double mounter from the newt's 
egg by lying a line hair in the line of the 
longitudinal axis of the germinal area.

4
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which, indeed, must he held to extend into the area of cell proliferation 
from the growing point of the other pole, so that as growth continues

Diagram of various forma of dichotomy or cleavage: I. nomiiil early primitive atreak in germinal 
area with S. (!. superior, and /. <i. /'.. inferior growing point. II. result of early dichotomy of 
superior growing point, the separation affecting also the lateral rows of cells given off from the 
inferior growing point; III. late dichotomy of superior growing point, only the cells given off more 
recently from the two superior growing points affected. IV and V. similar results of early 
and late dichotomy of the inferior growing point VI. relatively late dichotomy of both superior 
and inferior growing points -anakutadidymus; VII. early (complete) dichotomy involving troth 
growing points fused double monsters, lateral fusion. VIII. mesodidymus. the growing points 
remaining single, hut the series of cells derived from them on either side undergoing separation.

1(1
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Late dichotomy of superior growing point. 
Doubling of optic vesicles and forward part of 
head only of newt embryo in one of Spemann's 
experiments. (See Fig. 64.)

Early superior dichotomy in larval newt, 
from one of Spemann's experiments.

two axes of symmetrical cell development diverge from this other pole 
—from which it results that when the anlagen of the primitive streak 
and structures are laid down they are doubled, and as the anlagen 
are doubled so from this time onward, the tissues derived from those 
anlagen are doubled. The result, it is true, is apparent fusion, but 
there are distinctions to be noted.

In what is referred to as late dichotomy, there, I hold, we have to deal 
with the origin of cleavage at a period when the proliferation behind 
either growing point has been so extensive and so long continued that 
between the two growing points a well-developed primitive streak has 
been laid down. According to our conception, already recorded, the 
cells first derived from the grow
ing jjoints—the oldest- will become 
those farthest removed, while those 
immediately behind the growing 
points will be of most recent de

velopment. If this cleavage is brought about at a later stage it will 
affect these more labile and less fixed cells alone.

It follows thus, that I regard as probable examples of polar dedupli
cation an important series which Rauber, Marchand, and Fisehcl and 
othern modern observers class among examples of fusion. Kven 
granting what must be granted freely, that cases of superior and inferior 
cleavage show, upon study, a much more extensive doubling of their 
axes than external appearance suggests, and that in the former instances 
more particularly the chorda is often double as far as it can be traced 
inferiorly, even this does not prove the fusion of two primarily separate 
individuals. For the inferior growing point is not situated at the end 
of the tail region, but in front of that in the region of the anus (in man). 
Only where we have evidence throughout the length, of the existence of 
two longitudinal axes, are we absolutely assured that there have been
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Skiagraph of a Dicephalus Dibrachius. (Schwalbe.)
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two complete individuals which have fused. In some fish monsters we 
have, I think, evidence of this, but they are in the minority, and those 
conform in the lateral deviation of the tins, etc., to the principles we see 
in action in those cases in which there can be no question regarding 
fusion (Janus forms, etc., see p. 248).

a* y>

Further uriulu of Uipronopun. 
(Ablfeld.)

DR-ephultiM (lihruchiuH. 
(Ablfeld.)

Fra. 71 Fra. 72 Fra. 73

Direphiihm tetrabrachius. 
(Ahlfeld’n Atlas.)

Skiagraph of ii 1 >icephalus tribruchius. 
Museum, McGill Vnlveriity. (I)r. Girdwood.)

Tricephnlle monster. 
(Alilfeld's Atlas.)

In this c-liu, therefore, 1 include all eat et uf double muntlrotily in 
which, til nini /mrl of Ht courte, rim if it be only at the extreme end, there 
ex'uit a tinyle median ox it.
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Of superior deduplication we possess a gr<‘utt*r series of forms from 
mere bifurcation of the hypophysis eerehri through those showing more 
or less imperfect deduplication of the head ( Figs. tiN and (ill), complete 
double head (Fig. 70). dieephahis frihrnchiiis (Fig. 72). to dieephalus 
tetrabrachius ( Fig. 71 ).

Of inferior deduplication die slightest cases are (not those of double 
eoccvx, but) of deduplication of the external organs of generation. 
Itallantyne and Skirving1 have brought together some twenty eases of 
double penis. Next to this, we pass through more and more perfect 
examples of katadidvinus tripus up to kutadidymus tetra pus.

In both these series of cases there is a single umbilical cord, indicating 
a common yolk sac, i. r., development from a single ovum.

Cases of anakaladidymus (Fig. 7A) and mcsodidymus are distinctly 
rare.

Fusional Deduplication. In this order are to la- included all those 
eases in which, whether the two elements are equal or unequal, each has 

its individual main axis, not combining 
with that of the other, even if, in some 
cases, the two closely approximate. 
Keeping in mind the distinction between 
equality and symmetry, the latter term 
referring to the (Misition relative to a 
common plane, we can make the re
division into ( I ) symmetrical diaxial 
double monsters, equal and unequal, 
and (2) lion-symmetrical biaxial double 
monsters, these being always unequal.
( )f these, the first form is a very well- 
defined class.

Biaxial Symmetrical Double Monsters.
There are certain very striking 

features regarding these, which include 
the majority of double monsters: (I) 
First and foremost their symmetry : 
like part is applied to like. We never, 
for example,encounter monsters applied 

side to side in opposite directions, or head to tail (the nearest approach 
to such is in the cases of epignathiis and congenital sacral teratoma 
already discussed. (2) We may find them chest to chest (ventral fusion), 
head to head, rump to rump, side to side, but never wholly back to 
back with I tony fusion.

These facts in themselves prove that they are derived from a single 
ovum and (Hissess like (Hilarity; had we to deal with two distinct ova 
that had fused, however early, such symmetry would lie a chance occur
rence, not a law.

We know that the ordinary egg has (Hilarity. Fake, for example, a

1 Ti-'ratolugiii, 2: 1 SU.'i• U2, 184 »ml 2V5.

Flu. 71

IxiiliMliilyiim* tri|itift 1 AlilMit’- Xll.-i
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V v

lien’s vgg dial has been incubated twenty-four in forty-fight hours, liohl 
it with the I limit end to the left, the sharper end to the right ; the develoji- 
ing chick is always found with the longitudinal axis at right angles to the 
main axis of the egg, and the head away from the observer.

In all the higher animals the embryo develops, if not on the surface 
of the ovum (fishes, birds), at least in a very definite relationship 
to that surface (mammals); its 
ventral surface is always toward 
the yolk, ils dorsal surface toward 
the surface of the ovum. Did 
two oni fuse, the commonest 
form of fusion should lie one 
or other grade of back-to-back 
union. This is the rarest, and 
when it does occur, il is partial 
and easily explained. All sym
metrical biaxial double monsters 
have had their ventral as|iects 
directed toward a common yolk.

This conclusion again gives us 
an indication regarding the period 
of teratogcnesis. They hoir 
oriijinoUil from o common i/rr- 
mino! arm. At what period n is 
difficult lo state with precision, 
save that the termination of the 
period must coincide with that 
of “completedichotomy," already 
noted, viz., the separation of germ 
matter to form two individuals 
cannot be later than the end of 
the ga>trula stage; the probabil
ity is that it is frci|uently much 
earlier. The funion of die two, 
resulting in monster formation, 
may, as we shall show, occur a I 
a definitely later period. This 
conception, it will be seen, gives 
a common origin for all types of 
double monster and thus bar-
min,izi-slhelwimpiMMi,mil,mnes. ,h~„    
We have the three stages :

I Partial dichotomy, giving origin to cleavage deduplication.
2. Complete dichotomy of germinal area, followed by suhse<|iieiit 

fusion, giving origin to fusionnl deduplication.
«I. Complete dichotomy of germinal area and yolk, giving rise to 

monochorial twins.
(îranting these postulates, it will lie seen that there may lie the fol-
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Diagram to demount rate that two 
embryon developing u|ioii a common 
ovum will, if they fuite, show a greater 
extent of funion ventrally than dorsally.

lowing ninin varieties of fusion of two 
embryos developing on the surface of a 
sphere. As a matter of fact, we en
counter all these, and can thus classify 
them into the following species:

1. Ventral Fusion.—This is relatively 
common, although frequently it is com
bined with a certain grade of—

2. Lateral Fusion.—The two indi
viduals not being absolutely apposed, 
they may be regarded as not g 
accurately faced each other on the 
sphere, the radii joining the centre of 
the ovum to their mid-dorsal surfaces, 
forming an angle less than 180 degrees.

The greater size and devt nt of 
the upper half of the body make it that 
where ventral fusion occurs, the fusion 
is above the region of the future umbili
cus; this is so even in the very slightest 
eases, i. r., such as xiphopagus, in 
which fusion is by the xiphoid region 
alone (the Siamese twins).

As regards lateral fusion, this isahvays 
more pronounced vent rally than dor-

Fio. 77

Ventral fusion: Thoracopagus tlisymmetroe 
lleidcIlK-rg Pathological Institute. (Scliwallie.)

Ventral funion. Skeleton of n thornro- 
pagun double mounter. (After Haller.)

94
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Diiigrnni of |Nt»silile mm 1rs of fusion of two embryos ileveloiiing on lin* surfui-e of a single aphrn> 
(ovum): /. funion hy n roinnion yolk nue (.Vf|iAoj*u/ue); II. suiierior luterol fusion (various grmies 
of l'rphnlolhoramiiaiiu»); III, mediiui Intend (grades of Itchiolhoraroimau» ) ; /I , superior Intern 
(grades of /'i/i/ojkitfus nmnittymmrlrot); V. superior doni|silur fusion (CraiitopagtM); VI, the name, 
lo slmw iisymini'tric fusion in consequence of the heml curvature; V//. su|ierior n|>iro|»oliir fusion 
(./nnirrpe); VIII, inferior ilorsipolur fusion (/'i/tfiqsn/us i/mj/mmWr<.«).
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sally‘ tin* conception of growth on tliv surface of a sphere explains 
why this must lx* so ( Fig. 7(i).

.'I. Sufterior Folnr F union. ( )f this, two distinct siihsjimes arc to lie 
recognized :

(a) Superior Dorni/tolur F union ((’roniofnu/un). Here the two indi
viduals are joined by their cranial regions.

We have here a partial exception to the rule of symmetry, and one 
that throws light u|mmi the |>eriod of origin of the monstrosity. The two 
heads are rarely in absolute conformity; they may be with their sagittal 
planes at angles of ‘HI degrees, or even more. Now the frontal, and still 
more the parietal region, is dorsal to the main axis of the body, and 
juncture by these regions can only mean that fusion has taken place 
offer tin■ heotl fobl or cur roture of the rmbrj/o lion been dei'elofml. It is 
an interesting point that in all vertebrates the head of the embryo is not 
in the direct line of the main axis, hut inclines to one or other side. 
This lateral curvature is well marked in the chick. ( 'onset piently, if 
two such heads fuse, the regions of fusion do not exactly correspond.

Siiiwrinr ilomi|N»liir fii»imi ('nmio|in*ii«. ' AlilMil'* Xtl»- 1

(h) S ulterior . I pimpolor F union (Junior fin or Si/neephulun). The 
picture afforded by the •laniceps monsters is very different, and h best 
indicated by the illustrations < Figs. SI to K7). Where the axes are in the 
same line there are two fully formed faces It* ‘ in op|>osite directions. 
Where they meet at an angle of less than ISO degrees the one face i> 
ilii|M*rfect; the more acute the angle, the greater the imperfection, until 
it may be represented only by a single median ear.

It is evident that here we deal with fusion that has occurred at all 
early period, before the rentrol eurce of the liewl hutt been Jerelopeil, 
so that the growing points approximate. The accompanying diagrams 
(Figs. KÔ and Sli) indicate what has happcmsl. In the first is repre
sented the perfect Jamis type. It will be situ (as universally admitted) 
that each face (represented by the lateral conical projection) is formed, 
as regards one-half, from the one individual, .1, as regards the other, 
from the other, II.

We know that the site of what had lieeii the superior growing point 
is in the immediate neighl»orli<»od of the infundibulum; in other words, 
that the cells derived from the growing |hmiiI and those imimsliately

1
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X|iini|M»lnr fu-iiHi <lis>iiiiii»*lririil Jmiiivi* 11>|-lui lotliomo|ni*nw 'li*>inmvlm" (S. Ii%%:■ II»-viiwi 
Tin* I*» nwoiHliirjr front or fur lui n«|ir«N an* ali«olttl«*ly «iinilnr

A|>i(*o|M>lnr fueion ni mi nngle Ina mr en*Hl«*ri ihnn 1*0 ilrgrrr- XlonmMnmvtrirnl .limnriis 
tOphnhithoru» opugtu monoeyniinrlrnw) i XrolikN ennrI. I >k n:i, tiw |»rln t wtni.lnry Iront view; 
Me *4, tins delevtm» «•< .hmI u) Iront tir-*, with wynolln.
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Itehind it give rise by outward growth to tin* facial structures. If. then, 
cells in the immediate neighliorlmod of the two growing points Income 
adherent, the only possibility on the part of their derivative cells is to 
develop in the line of least resistance. The growing points, as such, do 
not bifurcate, but their descendants grow out laterally on either side.

laocr

Diiigriun of mm if uf i|fVflii|Nii<>nt of u dinymnirtrirel Jiuiicepe monster. Thv longitudinal a* re 
'•f tin........ rinliryue ure in thr eanir line, hii«iiui Iihm lukfii idinf rurly in front of tIn
growing | mint - .1 ami H rm|wi'tivrly ; iim ii rrriilt. inulfiil of tin- will of I In- lirai I rrgion drrivril 
from .1 growing to mirli I thr> air ilivrrtnl hy llir o|i|Mii>iiig |irrwure of tlie wile drrivril 
from H; nu ll farr on rltlirr *idr i« fini» imnlr ii|i onr-half from A i.l ") the other from M (H").

When the main axes of the two embryos are not in a straight line, 
then on the side in which the angle of juncture is less than ISO degrees 
a certain number of cells of the same embryo destined to develop parts 
of the face by growth in a latcrosupcrior direction (a) will, in their 
growth forward, find themselves opposed and arrest et I hy the etpial 
force with which the corresponding cells (h)of the other emhrvo are tend
ing to grow in an exactly opposite direction. Where forces, ctpial and 
opposite, meet each other, as at a, b, r, d, in the diagram the result is 
that they neutralize each other; in other words, portions of the facial 
parts do not develop.
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A constant feature of these Janiceps eases is that they exhibit also a 
well-marke<l grade of ventral thoracic fusion. \\ liy this is so is illns-

Apieopolar fusion at an angle less (or greater) than I HO degrees, with resultant failure to develop 
parts of the aeromlary face on the side of the lesser angle.

Flu. 87

<r b

8u|ierior npico|M>lnr fusion *i. approximation and fusion of the two endiryos liefore the head 
curve has manifested itself, b result of growth and development of head curve pnslueing state 
of eephalothoraropagus.

t rates 1 in the tliagrnm (Fig. 87). A fier fusion, each head, for its proper 
development, must form its ventral curve; this inevitably brings the 
bodies together vent rally.
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Inferior Fusion. Il is noteworthy (lint we have identical siilispeeies at 
the inferior pole.

Sii|H-rj..t u|tii'U|tolar fusion early st:i*e of development of a <>|ihiilothoruropu*ito in.....wyi......elro-
in I lie i'll irk. i Kaestuer i

Kin llii INI

Inferior ilomi|N>lar fusion l*y*o|m*u* uiono- 
•Miilnrlro- , \, with -ulterior .lur.i|io|„, 
•'•“ion. (lie fusion in Ilie.se eases j* rnrelx 
alisolulely -v linnet rieul > i Ahlfelil'» Xllu« i

Inferior i|ursi|ioliir fu-ion: I'ygopiuiU' mono- 
syninietroN. i Mureliainl i
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(o) Inferior Oorai pilar Fusion ( I’p/npnju.i). Where the fusion takes 
place after the ventral curvature of the tail eml, it is parts that are dorsal 
to the main axis that la-come united.

Inferior ti|ii< ofMiltir fii-iun 1'ihminigun ilinyuiinetrnv ( Ahlfeht'n Alim* 1

In rare eases, as the lames form ami lieeome rigid the results of the 
sacral fusion is that the two individuals go through life not merely back 
to I nick, hut with hacks so close that the skin fuses; it is found, how
ever, that the intimate Ifoiiy union in them is only in the sacral region.

Ihiignmi in »htiw thul in llip iimniohi uiiHinnnilin). in whirh ilip emhryo in furniP'l mil on Uip 
nurture, hut within the ovum Mini within the mnniotir rnvity, the nimie iirinriple- npplv e* in the 
• line of the fi-li emliryo» «lev elopnl on the nurfnr* of the ovum, the embryo ilex eloping pnrnllel to 
the nurfai-e I. »ii|ierior n|iieo|*iliir funion; II. nii|ierior iloni|Hilur funion; ///. inferior iipiropoler 
funion; n, fuaeil nniniotie rnvitien.

(/>) Inferior Apii'o polar Fusion (I sell iofiaij ns). This eorres|>onds in 
every respect to the .laniceps fusion at the superior pole, only here it 
is the lower extremities ami not the face that Iteeome forced laterally, 
ami this in such a way that one of each lateral pair of legs is contributed 
hv each individual. There may In* the same union at an angle, so 
that there is a pair of legs on the one side, a single, eon leg on
the other. There is the same, though slighter, tendency toward ventral52
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fusion as in Janiceps,1 and similarly tliv development of a common 
umbilical cord.

Unequal or Parasitic Symmetrical Double Monsters.—Just as with 
monochorial twins, in which the fusion is in the placenta and one is the 
more vigorous, so with these double monsters, in which fusion is in the 
body; if there be unequal vigor the smaller comes to be nourished 
directly from the anastomosing bloodvessels of its stronger fellow, 
becomes acardiac and imperfect, and appears as a parasitic outgrowth. 
But the adaptation becomes more perfect in this latter case; the circu
lation is stronger, the parasite is not œdematous, ' ' ' there is,

coincidently, a preliminary stage in which 
the distant parts are apt to have their cir
culation arrested, and, as a consequence, 
exhibit aplasia and lack of growth. We 
thus encounter parasitic thoracopagi, cranio- 
pagi, ischiopagi, and pygopagi. With 
Schwalbe, we may regard these as a 
further grade of the acardiac monsters, in 
which the vascular anastomosis has taken 
place, not in the placental region, nor in 
the umbilical, but into the liody region of 
the stronger embryo.

Asymmetrical Double Monsters by Inclusion. 
—We occasionally encounter aberrant 
masses of tissue, sometimes (1) projecting; 
at others (2) definitely included within one 
or other liody cavity. In the first series a 
weaker embryo has become adherent to 
the outer surface of the fully formed indi
vidual, and, it may be, becoming thus ad
herent, has become partially included as a 
result of the infolding and closing in of the 
body fissures. In the second, there are 
several possibilities, the simplest of which 
is that this same process has resulted in 

complete inclusion and development of the state of “fœtus in fœtu.”
Time and again in examining a series of hen's eggs incubated for 

twenty-four hours, eggs are met with having two primitive streaks, one 
of them generally small or otherwise imperfect, not arranged sym
metrically and with regard to a common polarity (see Fig. 5fi, p. 2dd). 
What is the cause of this want of polarity we do not know ; it is possible 
that two unequal germinal disks have made their appearance in one 
ovum and undergone fusion. It is cases such as this that represent the 
early stage of these asymmetrical monsters.

But fœtal inclusions of this second order can only develop in relation
ship to the main fissures of the liody, in i to the midline,

1 For in the mammalian embryo the caudal curvature is not so pronounced as is the cranial.

Thoracic parasite lllustrothoraco- 
pagus parasiticus). (Wirtensohn.)

5404

536438
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along the line of the thoracic or abdominal cleft. It is difficult to con
ceive of the process as operative in connection with the neural cleft at 
eitlier extremity, and that because by the time that the cephalic and 
caudal curvatures become developed, the intervention of the amnion 
(as indicated diagrammatically in Fig. 04) must hinder any such inclu
sion. Hut in the thoracic and ahdomi lal midline terata (i. <*., monsters) 
or teratomas are met with, and however rudimentary and chaotic the 
collection of tissues found, provided that representations of all three 
germ layers be present, the simplest explanation is this of fœtal inclusion.

Teratomas. -There are, however, other cases which it is not so easy 
to explain by this inclusion theory, in which the position of the mass 
containing elements derived from all three germ layers is not in rela
tionship to the primitive fissures. These demand another explanation, 
and a long series of hypotheses has been adduced to explain them, from 
that of aberrant snaring off of cells, or cell collections, during embryonic

l)i;igr;immntic representations of development of f<ptul inclusions. With the more active de\el- 
opment of a, the larger of two embryos lying in a common germinal area, as the yolk sac becomes 
exhausted, the smaller embryo (fc) Incomes drawn into the infolding body cavity of the former.

or fœtal life, which cells eventually take on independent growth, forming 
an independent republic, or “free city,” within the empire; through 
theories of aberrant blastomeres—single cells from the period of earliest 
division of the ovum becoming displaced and eventually taking up 
independent growth—down to the theory of parthenogenesis pure and 
simple, developed ova of the individual, or, it may be, spermatozoa, 
taking on spontaneous growth without due stimulus of fertilization. 
This last for those cases, alone, in which masses of this order develop 
in the ovary or testis.

We shall discuss these remarkable tumors in association with tumors 
in general. For many reasons they might be considered at this point; 
by mutual relationship it will be seen that they come very close to the 
double monsters; they are, in fact, one constituent of a double growth. 
It will, however, be more helpful to a grasp of the more important sub
ject of tumor growth to consider them in the other connection. One 
group, indeed, we have already discussed—the cases of polar or serial 
deduplication, the epignathi, etc.—and have shown that we regard them
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as due to the independent proliferation of aberrant growing point cells 
cells of a later stage than the hlastomerie, but still totipotential, capable 

of originating tissues of all three layers.
Here, as indicating what we believe to be their relationship, we would 

sum up by classifying the different forms of double growth in accordance 
with the conclusions arrives! at in this discussion.

Ovarian teratoma (ovarian ilmnoidl, to show development of hair, r, and teeth. il; 
a, sac of dermoid.

We may, in the first place, establish four main groups:
1. Twin».—Gemini.
2. Double Monster* Proper. -Ternta.

.‘f. Teratoid Growths. Differing from the latter in that the weaker 
member of the partnership becomes subservient to and parasitic upon 
the other, still, however, exhibiting the development of certain recog
nizable organs, limbs, etc. This is an intermediate and often poorly 
defined group, grading into the preceding and the following.

4. Teratomas. The results of the independent growth within the tis
sues of one individual of a cell capable of giving rise to tissues representing 
all three germ layers, but incapable from its surroundings of developing 
completed organs and parts.

I. Twins. Gemini.
(a) Heteroophal or dichorial, from separate ova.
(b) Monochorial, from a single ovum (by complete cleavage).

(1) Equal.
(2) Unequal. Aeardiaei, or ehorioangiopagi.

Ilemiaeardiaci; possessing imperfect heart.
Iloloaeardiaei; without heart.
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2. Symmetrical Double Monsters ; Double Terata.
(a) By cleavage: Dichotomous Deduplication.

(1) Superior polar.
(2) Inferior polar.
(3) Superior and inferior polar: Anakatadidymus.
(4) Mesial: Mesodidymus.

(b) By fusion (following primary complete cleavage, as in 1 (k):
Fusioual Deduplication.

(1) Ventral: Thoracopagus, various grades down to xipho
pagus.

(2) Lateroventral: Sternopagus, various grades.
(3) Superior apivopolar: Syncephalus or Janiceps.
(4) Superior dorsipolar: Craniopagus.
(5) Inferior apivopolar: Ischiopagus.
(6) Inferior dorsipolar: Pygopagus.

All these may he (1) equal, or (2) unequal.
3. Asymmetrical Double Monsters. Parasitic fœtus, teratoid.
4. Teratomas.

(a) Twin teratomas, due to inclusion and imperfect development
of a second embryo developing from the same ovum (and
thus equally to he regarded as a second division of Class 3).

(h) Filial teratomas, the products of an aberrant totipotential cell
of the host individual. (See Section III, Chapter XV.)

Multiplex births and triple monsters follow the same classification.

REDUPLICATION OF ORGANS; MERISTIC EXCESS.

The same principles which we have found at work in the growth of 
the individual as a whole are in action in connection with the develop
ment of the separate organs or parts. Just as in the plant subsidiary 
growth centres show themselves for the lateral branches, leaves, etc., 
so we may regard the different limbs and organs of the vertebrate as 
developed from, or through, the agency of growing centres, which may 
show aberrations in their growth just as do the primary growing points. 
Having made this statement, we may proceed rapidly.

We may divide the abnormalities of excess of individual parts into 
increase in the number of parts arising in (1) longitudinal series, and 
(2) in lateral series. Of the former, the most marked examples occur 
in connection with the longitudinal axis, the vertebra* and their connec
tions; we may have accessory vertebra*, intercalated, as it were, in one 
or other region. There is the formation of an increased number of 
vertebral centres. Associated with this we may have a corresponding 
increase in the number of ribs. The two, however, do not necessarily 
correspond ; the number of ribs may be increased without increase in 
the number of vertebra? (r. </., cervical ribs). The ribs, indeed, arise 
from lateral-growing points, and may show tendency to deduplication 
of the lateral order, bifurcation of their sternal cartilages or ventral 
extremities, etc.

17
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The examples of deduplication in lateral series are very numerous; 

the commonest are: (1)1 polydactyly, with all its various grades, from 
broadening of a terminal phalanx, through double nail, down to 
doubling of the whole phalanx and appearance of a complete accessory 
digit, or even the development of an incomplete double hand; (2) poly
mastia, and the development of accessory nipples and breasts. Elonga
tion and partial or complete doubling of the kidneys, the adrenals, testes, 
ova, and other paired organs are usually instances of meristic excess in 
ongitudinal series.

lixnmples of complet** and incomplete polydactyly. (Ahlfeld'e Atlas.)

Accessory Organs. -Allied to, but different from, the above con
ditions are the frequent examples of the presence of small isolated 
accessory organs. The spleen anti adrenal afford the most frequent 
examples, the liver and pancreas less frequent. What we deal with in 
these cases is evidently a snaring off, or segregation, of certain cells 
during the course of development, cells already so far differentiated 
that they have become unipotential, i. e., capable of producing only 
one type of tissue. These sometimes may come to lodge in distant 
parts. Thus, the testes and the ovary originally lie in apposition to 
the developing adrenal; in their migration they may carry down with 
them some cells from the latter gan. As Marchand has pointed out, 
accessory adrenal nodules may found in close connection with the 
developed testes and ovary.



CHAPTER V.
M<>N8Tlt08ITIKS AND ABNORMALITIES—(Continuki»).

ABNORMALITIES OF DEFECT

General Defect. Dwarfism. In connection with anomalies of 
defect, we can proceed along the same lines as those followed in connec
tion with anomalies of excess, and begin with general defect.

As with giantism, we recognize a dwarfism due to influences conveyed 
through the germ cells.

Thoma lays down that if 109 cm. in the male and 103 cm. in the 
female be taken as the mode, the mean embraces all those having heights 
within 3.8 cm. on either side of this figure; in other words, one-half the 
adult population is included within these figures, the other half lies out
side. It is suggested that this number 3.8 be multiplied by 5 and sub
tracted from 109 and 103, respectively, to determine the heights below 
which dwarfism is present, e. r/., 150 cm. (59 inches) for the male, 
144 cm. (SO] inches) for the female. It is found that only one individual 
in every thousand comes below these figures.

These figures we may regard as applying to the true dwarfs, those 
smaller than normal, in accordance with the law of chance. That the 
relative amount of “bioplasm” entering into the fertilized germ cell 
plays some part in their development is suggested by the fact that the 
division of the ovum into two in the two-celled stage has been found 
by all observers to result in the production of dwarfed individuals. 
There is another category, however, of those dwarfed in consequence 
of intra-uterine defect, affecting particularly the limbs, or of inherited 
diathesis toward osteogenesis imperfecta. With them should prob
ably be included the cretinoid dwarfs (p. 353), in whom imperfect 
development is associated with deficient thyroid secretion. Undoubt
edly, also, extra-uterine influences during childhood have their influence 
upon the stature of the adult. This has been well brought out recently 
in England by a study of primary school children in London and other 
cities. But at Glasgow it was found that there must be something 
determining the conformity of height and size to the “law of chance,” 
and that something would seem to correspond with graded variation 
in the amount or quality of what we have termed the biophoric mole
cules primarily contributed to the individual. By constantly selecting 
the larger or best grown seed of any crop and sowing this only, the 
general average of that crop may be greatly improved within a few 
years ; if, after this, the seeding be left to nature, there is progressive 
deterioration. Ultimately, it is environment that tells, as shown by
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the above observation upon the stunting effects of town life and the 
fact, pointed out by (’antlie, that there is no fourth successive generation 
of dwellers in London.

Yet another cause of dwarfism, rare in the human race, is inbreeding, 
as all breeders know well. Calkins’ observations upon the partheno- 
genetic development of the paratnœcium, and the eventual dying out or 
senescence of the stock, may he recalled in this relationship.

Fig. 07 Fin. 9S Fig. 00

Various grades of cycloiw formation. Fig. 07, arrhinrephnly. with synotia, the fused orbit-, 
still retaining separate pupils. Fig. OS. ryelops proper, with median single orbit and pupil. Fig 
90. more extreme grade, with complete absence of nasal passages, anotia. and microstomia. (After 
Ahlfeld. )

Regional and Organic Defective Development. This is parallel 
with regional and organic excessive growth, and, like that, may he of 
more than one form. Thus, there may he:

1. Hypoplasia. -Congenital or inherited hypoplasia, small size of 
an otherwise perfectly formed organ, due to relative deficiency of 
matricial matter of one kidney, of one or both ovaries or testes, of a 
limb, etc.

2. Polar Hypogenesis. There are certain striking conditions which 
may best he explained as the converse of polar deduplication anti 
dichotomy. These affect both the superior and inferior poles of the 
body, as, again, the secondary growing points.

( )f such at the superior pole are the various grades of cyclops 
formation monsters with the two eyes in a single fused orbit, the 
nasal passage being deflected upward into a proboscis; with an imper
fect double eye in one orbit; with a single median eye; with no eye 
or medial facial parts. The figures opposite illustrate the cases. 
The slightest grade of all is that to which Welker gave the name tri
gonocephaly, showing peculiar smallness of the front of the skull, with 
approximation of the orbits. The other grades have been termed arrltin- 
cephalus, .synotia, cyclops proper. Where, as in the advanced cases, the 
mouth also disappears, we have ustomia.

Recalling our conception of the growing point, and how this gives 
off backward in succession the cells destined to be the mother cells of 
successive segments, the oldest becoming thus farthest awav from the
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growing point, tliv most recent in its immediate neighborhood, it is 
obvious that at the superior pole tin* anlagen for the extreme anterior 
parts are the last to lie laid down. Along these lines cyclops formation 
are to be regarded as due to premature exhaustion of the growing point, 
or arrested growth of the same at a period when the mother cells for the 
superior portion of the body and most of the head have been given off.

It is not that the lateral parts undergo secondary fusion in the middle 
line, having crowded out and arrested the growth of the more median 
superior regions; those regions have never developed, and the lateral 
parts have never been other than in apposition. Certain interesting 
experiments of Stoekard1 deserve mention. He found that by subjecting 
the fertilized eggs of fish to the temporary action of dilute alcohol, as 
also, to a slighter extent, to the influence of other anesthetics, and mag-

Diiigrnm to illuMrutc mode of production of polar hypogenwi»: .1, the numiid development 
of the apical portion of the organism, the daughter cells given off by the growing point control
ling the development of the apical parts of the body; H, premature exhaustion of the growing 
point cells, those controlling segments / and II not being developed. As a consequence, segments 
III meet in the middle line.

nesium salts, their growth was not absolutely arrested, but various grades 
of cyclopia showed themselves. With alcohol, from 90 to 98 per cent, 
of the developing fish showed either typical cyclopia, or symmetrical 
or asymmetrical microphthalmos, one or both eyes being small, deeply 
buried, or absent. He concluded that these defects are produced by 
lessening the developmental energy at certain critical periods.

Siren Formation, or Symelia - At the inferior pole we encounter a 
corresponding series of anomalies of defect: Spin pus, or fusion of the 
two lower extremities into one; sympus apus, with still further fusion 
and a single foot; and apus, the fused limbs being represented by a 
single conical footless stump. These cases lack the external organs of

1 Proc. Soc. for Exp. Biol, and Med., 7:1009:1.
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generation, and onl\ rarely, in the slightest grade, is the anus present. 
The ischia and aeetabula are always fused, the pelvis greatly narrowed.

We would again en " that the end of the coccyx does not indi
cate the site of the inferior growing point, hut that lies at a point above 
and anterior thereto. So that in polar hypogenesis it is not so much the 
coccyx that is involved as parts originating in front of this. Further, 
if the homology be correct of the lateral halves of the mammalian penis 
with the claspers of the ray or skate, and these daspers be the inferior 
rays or segments of the hind limb, it will be seen that these must be the 
segments of that limb to be first and most surely affected by premature 

exhaustion of the inferior growing point.
Fi°. 101 In other words, if there be arrest of for

mation of the inferior limb rays, with fusion 
of the representatives of the more cephalad 
portions of the same, there must be absence 
of external genitalia.

Ilypogeneritof Secondary Growing Points. 
—Along the same lines are best explained 
cases of syndactyly and reduction in the 
number of phalanges, and, as we shall 
point out later, conditions of the order of 
agnathia.

3. Imperfect and Arrested Development of 
Parts Other than Polar. -In the course of our 
discussion of inheritance and in this last 
chapter there have been adduced more than 
one factor as effective in producing imperfect 
and arrested development, viz.: (1) Rever
sionary degeneration with defective constitu
tion of the biophores, and so of parts of more 
recent evolution ; (2) quantitative defect in 

the matriciel matter set apart for the development of a particular organ ; 
(3) premature exhaustion of the matriciel cells; and (4) intrauterine dis
turbance, (pressure, formation of bands, adhesions, etc.). While certain 
of the results produced by these agencies are distinctive and recog
nizable as being due to one order of cause, with many it is difficult, if 
not impossible, to assign a particular causation; aplasia, or arrested 
development of a part, however, produced in early embryonic life, leads 
to the same results, and, as Woodruff points out, there is no valid reason 
why one and the same cause, acting on the ovum prior to fertilization, 
may not exert the same chemical or physical action as it does imme
diately after fertilization. It is quite possible, therefore, that conditions 
of a certain order that are a< " may be identical with those due to 
influence acting on the germ cells prior to fertilization.

Thus, to attempt to analyze and determine in every case of defective 
growth what is the particular causation is l>eyond our power. It be
comes necessary from this onward to pass in review the various forms 
of imperfect development of particular regions and systems. The latter

Hirenmiirius, (Sympus upii*. 
Kiirnler.)

B1D
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we shall undertake in the special part of this work in which we deal 
systematically with the different systems. The regional malformations 
must be noted here; we refer more particularly to defects associated with 
the closure of the different fissures of the body—of the medullary groove 
behind, the great anterior thoracico-abdominal fissure, and the facial 
clefts. Following this, we shall con chide this section with a brief con
sideration of conditions which do not fall under any of the headings thus 
far noted.

MALFORMATIONS ASSOCIATED WITH DEFECTIVE CLOSURE 
OF THE DORSAL GROOVE.

This groove, it is scarcely necessary to remind the reader, originates 
as a longitudinal fold of the epiblast, extending from one end of the 
embryo to the other, and the epiblast lining it undergoes differentiation 
at a very early date to form the neuroblast or mother tissue for the 
whole nervous system, the folding in leading to the formation of the 
neural canal. In the region of the head this neural canal distends 
into three bilateral pouches, the neuroblast lining the pouches giving 
rise to the fore-, mid-, and hind-brains, respectively.

There may be total failure of closure of the groove, or merely local 
failure, the necessary result in each case being that, instead of there 
being a neural canal (with expansions to form the ventricles of the 
brain), there persists exposed nerve matter, which at its edge passes 
and becomes transformed into the ordinary epiderm. We thus obtain 
the various grades of Cranioschisis and Rachinchisis.

Anencephaly, Acrania, or Hemicephaly. -Anencephaly, acrania, or 
hemicephaly is a relatively frequent monstrosity. The frog-like appear
ance, due to absence of development of the frontals, is very characteris
tic. Owing to lack of closure of the neural groove in the cephalic region, 
there is lack of development of the vault of the skull and of the hairy 
scalp. In extreme examples even the orbital plates of the frontals are 
undeveloped. The freely exposed brain substance becomes extremely 
congested, so that little is to be made out beyond an amorphous mass 
of vascular membranes. Nevertheless, the basal portion of the brain 
has given origin to the optic and auditory vesicles and to the cranial 
nerves.

As to the direct cause of this condition opinion is still at variance. 
The view of Dareste still has its adherents, based upon his observation 
upon the anencephalic chick, that defective dev< " of the amnion
is at fault, leading to pressure upon the head at an early period, and, 
as a consequence, arrested development. Certainly, where there are 
amniotic adhesions of the fœtal head there are accompanying grave 
developments of skull and brain ; and the lordosis, or curvature of 
the cervical vertebra*, is difficult to explain on other grounds. But 
such adhesions are rare, nor is the general development of trunk and 
limbs of these monsters arrested to an extent corresponding to what

5759
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we should expert in defective development of the niimion and escape 
of aniniotic Huid. Another view is that there has lieen early fœtal 
hydrocephalus, with distension and rupture of the ventricles and arrested 
development of the cranial vault. There are, however, no transitional 
cases to support this hypothesis.

Neither view is adequate to explain the majority of cases. On the 
other hand, while the body as a whole is found, in general, well developed, 
there are certain commonly associated defects, viz., arrested development 
of the adrenals, while, as Shepherd and others have pointed out, the 
paired musctihis sternalis is often marketlly developed. These facts

Fi«i. 102 Fio, 103

Anencephnly. Inicncephaly. (McGill College Museum.)],

point to some general vice of development, and so commonly do we 
gain a history of parental infection in these cases, that we are inclined 
to give parental and germinal intoxication as the most frequent under
lying cause. There is frequently an associated absence of closure of 
part or the whole extent of the vertebral canal and condition of spina 
bifida.

Exencephaly. In these cases the cranial vault is in part developed, 
more often the frontal region. Where this is the case, the frontal bones 
are flattened and receding, owing to the escape of brain substances
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behind. The formed I train substance, with its membranes,
protrudes hehind as a sac overhanging the hack.

In most of these cases, however, as in meningocele, we deal with 
deficient ‘ of the bony vault of the skull rather than lack
of closure of the neural canal. These conditions, along with that of 
hydrocephalus, will he discussed along with the regional malforma
tions of the nervous system. The most extreme condition of this nature 
is Iuieuccplialy, in which, with ‘ bifida, there is imperfection of the 
occipital bone, through which part of the brain projects. What is most 
striking is that there is extreme flexion of the vertebral column, so that 
the occiput is approximated to the sacrum, the skin passing directly 
from one to the other.

•g~Ç3Bcri=3=:i
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.t. whpmn of development of medullary groove; li, formation of neural canal by closure of the 
medullary groove; (', complete rachischiais; the medullary groove remains open; A’pi., epiderm; 
a, neural tract; p.n.e., pia-araclmoid space.

Rachischisis, or Spina Bifida. Strictlv speaking, every case in which 
the spine remains “bifid” in consequence of failure of the lamina* of one 
or more vertebra* to unite, is a case of spina bifida, or rachischisis. What 
is dl important, from a diagnostic and surgical point of view, is the 
extent to which, and the mode in which, the spinal cord is involved in 
the defect. We thus distinguish the following series of cases :

1. Spina bifida compléta, in which the primary cause of lack of closure 
is failure of the medullary groove to close in and form the neural canal. 
As a consequence the ependyma, or superficial layer of nerve substance, 
remains in continuity with the skin on either side, the cord forming a

5
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flattened superficial plate, as indicated in the diagram (Fig. 104, C). 
Of this order we may distinguish the following grades :

(а) Spina bifida compléta totalis, in association with anencephaly. 
The neutral matter forms a broad plate extending down the back to the 
coccyx, and fusing on either side with the skin of the back.

(б) Spina bifida compléta partialis, also in association with anencephaly, 
but affecting the cervical region only, the neural canal becoming formed 
below this.

(c) Spina bifida compléta restricts, local, affecting a restricted area in 
either cervical or, more often, lumbar region. Here, whether through 
abnormal curvature of the embryo, or lack of growth energy, one or 
other of the last regions of the medullary groove to close remains open— 
as a flattened, exposed plate of nerve tissue, passing almost imperceptibly 
into the skin on either side. The cord in these cases, instead of becoming, 
with progressive growth, relatively short, compared with the vertebral 
column, remains long, and inevitably its canal opens on to the surface 
at the upper and lower extremities of the area. Very rarely this has 
been recorded in the dorsal region. Two results may ensue: (a) Either 
the area remains flattened, there being free discharge of fluid from the 
cerebrospinal canal, keeping the surface moist. Such cases, if born 
alive, inevitably exhibit infection, and, whether from this, or from the 
free loss of the fluid, die within a few days. Or (6) owing to the absence 
of pressure, fluid accumulates in the anterior pia-arachnoid space under 
the defect, causing the flattened cord to project backward, in which 
process the openings of the neural canal are apt to become occluded by 
pressure of the cord against the edge of the orifice. In this way origi
nates the true myelocele.

In all these cases the neural epithelium covering the defect is apt to 
undergo extensive degeneration ; the cord is represented by a flattened 
mass of greatly congested vessels, between which isolated nerve cell 
may be distinguished; the spinal nerves are given off from the anterior 
aspect and traverse the cyst (if present).

2. Spina Bifida Incompleta. In all the remaining cases there has been 
due closure of the medullary canal, with junction of the cutaneous epi
thelium in the median dorsal line; the cord has become surrounded by 
its meninges, but there has been failure of the lamina* and associated 
tissues to develop adequately.

(a) The cord remains in almost immediate contact with the skin, 
and, with accumulation of fluid in the anterior arachnoid space, becomes 
represented by a flattened ribbon of nerve matter, from which pass the 
spinal nerves traversing the cyst—meningomyelocele of the first order. 
This form is relatively common.

(b) Lack of pressure leads to accumulation of fluid in the central 
canal of the cord in the area of defect—myelocystocele, or syringomyelocele 
(hydrorrachis interna). Here the spinal nerves lie outside the cyst wall.

(c) Through some defect in the walls of the vertebral canal there 
projects a cyst formed of the meninges—meningocele. Such defect may 
be either between the lamina*, the cyst projecting backward, or, rarely,
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of the nature of a cleft between the bodies of the vertebra*. There are 
no nerves in association with the cyst.

(d) Fluid accumulates in the jmsteriur pia-arachnoid space, and at 
the same time a portion of the spinal cord also protrudes through the 
defect in the bony tube—myelomeningocele of the second order (very

(e) Localized lack of junction of the lamina*, but no fluid projection, 
a pad of fatty and muscle tissue tilling the space between the skin and 
the cord—spina bijida occulta. This form shows itself in either the cer
vical or lower lumbar region, and characteristically the area of defect is 
covered by a clump of long hairs.

DEFECTS OF THE ANTERIOR THORACICO-ABDOMINAL FISSURE.

We need but remind the reader that the embryo, at first a flattened 
elongated plate on the surface of the ovum, becomes gradually more 
cylindrical, the sides curving in to form the body cavity. For a con
siderable period these sides do not meet, and the developing viscera 
are exposed ventrally; for some time, indeed, a portion of the bowels 
actually protrudes, as does the allantois, with its vessels. Eventually, 
this great thoracico-abdominal fissure may fail to unite, and thus we 
encounter the following conditions:

Fissura Stemi. -Affecting the whole or part of the sternum, above 
or below. Either the sternal elements proper may fail to develop or 
the whole may be wanting, with resulting exposure and ectopia of 
the thoracic viscera. Where this is complete, the lungs cannot expand 
and extra-uterine life cannot be. Where incomplete, the heart alone 
may be exposed—ectopia cordis—at times with, at times without, develop
ment of the pericardial sac.

Complete Abdominal Fissure. Eventration. This is occasionally 
encountered, the viscera in general protruding through the median 
aperture.

Hernia Funiculi Abdominis.—Hernia funiculi abdominis is more 
common, or incomplete closure of the walls at the point of entry of the 
umbilical vessels. In this case a portion of the viscera lies within and 
distends the proximal portion of the umbilical cord.

Very rarely, the omphalomesenteric duct, the communication between 
the primitive small intestine and the yolk sac, may persist and remain 
patent, extending into the cord.

Fissura Vesicogenitalis. —Or the persistence of the fissure may be 
limited to the lower end of the abdomen. It will be remembered that 
the urachus represents the old communication between the bladder and 
the umbilical cord, that originally from the region of the cloacal mem
brane and end of the gut the allantois was developed, passing to the 
region of the navel, and that in the dorsal end of this, at first freelv 
communicating with the cloaca, the bladder develops, its ventral end 
being continued as the urachus. The bladder thus is, from the first,
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closely '•onnected with the eloaetil membrane. 'I'llis latter eventually 
lieeomes perforate*I. the hind gut lievond it atrophies, and the rectum 
thus opens into the anus. Ileichel, Enderlen, and the more recent 
workers on this subject hold that the various grades of ectopia vesicat 
are to be ascribed to a very early and abnormal division or fissure of 
the cloaca 1 membrane extending navelward in the region of the bladder 
and abdominal wall, whereby the two sides of the alidominal wall do

e L'ruytuilnlSimr

Schema”- f development of rectum mid urinary passages from cloaca.

not come together, and the bladder, also Iteing associated in the fissure, 
is left open in front.1 Associated with this condition we encounter that 
of epispadias, or patency of the urethral canal, on the upper aspect of 
the penis. The pubic arch, along with the alidominul wall, fails to 
gain complete formation; the two sides do not meet, and there is no 
symphysis; the anterior fissure of the bladder is continued along the 
urethra. The penis in these cases is short and imperfectly developed.

Another frequently associated condition is the persistence of the cloaca,

1 For a full study of this complicated subject and criticism of the literature, 
reference may lie made to Knderlen, Velnr Blaxerurtopiii, Wiesbaden, ltergmann, 
1904.
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so that the gut, instead of opening into the anus, is connected with, and 
discharges into, the bladder, or opens into both.

In the most extreme cases, according to Marchand, the division 
through the genital eminence may be permanent; so that there is half 
a penis or half a clitoris on either side.

DEFECTS OF SPECIAL REGIONS.

Defective Development of the Diaphragm. At this place, while 
discussing imperfect regional devt , it is well to take into con
sideration the condition of defective closure between abdomen and 
thorax. This, the so-called congenital diaphragmatic hernia, is not
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Congenital ilinphriiginiilic hernia in iniin, aged fifty-seven years, partly false, there lieing at 
.1 ami H direct communientions lietween the peritoneal and pleural cavities, from the edges of 
which fatty omental folds of tissue passed into the thorax; partly true, the serous membrane 
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uncommon, and certain grades are compatible with continued existence. 
We have, indeed, encountered it in a man, aged fifty-seven years, who 
died from other causes.1 As a result, the pleural and peritoneal cavities 
are in direct communication through an orifice frequently wide enough

1 Fry, Montreal Medical Journal, 25:1897.
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to allow a large part of the stomach, the spleen, the left lobe of the liver, 
and several coils of the intestine to lie in the pleural cavity, though 
sometimes the defect is trivial. It is much more common on the left 
than the right side, the presence of the liver appearing to favor the 
orderly development of the right half. When occurring on the right 
side, part of that organ passes into the pleural cavity.

While the condition is spoken of as diaphragmatic hernia, it must 
be remembered that, strictly speaking, a hernia is a protrusion of some 
of the abdominal contents through some abnormal opening, carrying 
the peritoneum before them, and as here most often the orifice is com
plete and there is no such covering of parietal peritoneum, most cases 
are properly those of false diaphragmatic hernia. At times, however, 
there is a membrane, peritoneal on the one side, pleural on the other, 
covering the defective area of the ligamentous or muscular portion of 
the diaphragm; then the viscera protruding into the pleura form a true 
hernia.

The commonest site of defect is in the ligamentous portion; smaller 
defects may occur behind in connection with the oesophageal foramen, or 
in front, from lack of development of the portio sternalis, when there 
may be ectopia cordis abdomiualis. When the defect is large, the lung 
on that side is unable to develop fully, and, indeed, may remain in an 
atelectatic condition; in an infant dying at birth we have seen it scarcely 
recognizable. In the commoner, left-sided condition, the heart usually 
assumes a median position.

A more severe grade of this same condition of arrest of development 
is complete, or almost complete, absence of the diaphragm. This is 
incompatible with continued existence.

Defective Closure of the Facial Clefts. Here, apart from the phe
nomena of polar reduction already noted, the abnormalities of defect show 
themselves specially in connection with the bilateral facial cleft extend
ing from the orbit to the mouth. According to causation, Marchand 
divides them into primary and secondary—primary, due to inhibited 
local growth and fusion of the parts ; secondary, due to amniotic adhe
sions and other causes of arrested junction ; the former regular, or 
reproducing with fidelity an earlier developmental stage, whether uni
lateral or bilateral, the latter irregular, with more or less distortion of 
such earlier state. The inherent nature of the primary disturbances is 
indicated by the frequent inheritance of harelip in various grades.

In its very slightest grade, harelip affects only the upper lip, and that 
on one side; in severer grades there is associated lack of union between 
the maxillary process and the intermaxillary bone, so that there is an 
alveolar cleft ; this may extend into and affect the hard and soft palate- 
cleft palate— in which case the nasal cavity communicates with the 
mouth. In the severest cases of all we encounter either a cleft passing 
along the side of the nose into the orbit, or, again, though this is very 
rare, lack of formation of the intermaxillary bone, in which case there 
is a condition of median cleft of the lip.
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To recite rapidly the various orders of defect in this region, they arc- 
following Marchandé classification—as under:

Median cleft of the nose, with one nasal passage or with a simple tube 
on either side. Allied to this is the rare condition in which one nostril 
is fully formed, the other a mere conical snout, or proboscis.

Lateral nasal cleft, through lack of closure of the lateral frontal with 
the median nasal process.

Clieiloschms. Simple harelip. See above.
Cheilognathoschisis. ('left of lip and jaw, usually bilateral, with the 

intermaxillary forming an isolated median process (rare).
Cheilognathouranoschisis. (’left of lip and jaw and palate.
(a) Median cleft of lip, with lack of development of intermaxillary 

bone and broad cleft of lip (seen in arrhincnecphaly).
(b) Unilateral eleft of lip and jaw, due to defective union of the nasal 

and maxillary processes. Often associated with lateral cleft of the 
palate, lack of union of the alveolar process with that of the other side 
and the vomer. Most frequently left-sided.

(c) Bilateral eleft, with median or bilateral jtalatal cleft. Here the 
intermaxillary forms a snout-like projection connected with the nasal 
septum and the vomer.

(d) Unilateral or bilateral harelip, with closure of the mouth through 
fusion of the upper and lower lips. In the first case only one-half of the 
mouth cleft is left, forming a common opening with the nose; in the 
latter the cleft and communication is bilateral.

(e) Primary lateral facial eleft. Cheilognathoprosoposchisis. Persist
ence of primary condition, or separation between the maxillary process 
of one side and the lateral and median frontal or nasal processes.

Makrostomia. Fissura bueealis. Lack of union of the sides of the 
mouth cleft, either unilateral or bilateral, the month thus reaching to 
the ear.

Aprosopia. Complete lack of formation of the various processes 
forming the face, which thus is represented by an irregular cavity.

According to Marchand (who discusses the subject fully), the varia
tion in the number of the teeth which may be present on the intermax
illary is not an indication that the intermaxillary on either side is formed 
of two halves, and that the lack of union is now on the one side, now on 
the other of the outermost of these two halves, but is to be ascribed 
to the fact that the anlagen for the teeth are not directly connected with 
the anlagen for the intermaxillary and upper jaw, but are developed 
at a later period and liable to deduplication when, by a cleft or other 
defect, the row is interrupted.

Uranoschisis. Cleft palate. Affects the hinder portion of the hard 
palate, along with the soft palate at one side. Very rarely does it affect 
the anterior part of the hard palate only.

Staphylosehisis. Fissure limited to the soft palate, and in the slightest 
grade to the uvula only (bifid or double uvula).

A series of these cases of harelip and cleft palate is markedly hered 
itary, but not all. In other cases, as in micrognathia, the arrest is of
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mechanical origin. In the majority no clear primary cause is to be 
made out. As already stated, the irregular forms are obviously sec
ondary to such mechanical disturbance as is produced by amniotic bands.

Other malformations of the face which are regional, affecting more 
than one organ, are best discussed here.

Development if the face of the human embryo (Ills .1, embryo of about twenty-nine days. 
The nasofrontal plate differentiating into processus globtilares, toward which the maxillary pro
cesses of first visceral arch are extending; U, embryo of about thirty-four days; the globular, 
lateral frontal, and maxillary processes are in apposition; the primitive opening is now better 
defined; (', embryo of about the eighth week : immediate boundaries of mouth are more definite 
and the nasal orifices arc partly formed, external ear appearing, I), embryo at end of second 
month. (Heisler.)

Malformations of the Lower Jaw. Agnathia. Absence or great 
aplasia of the lower jaw bilaterally. When this is the case the outer ears 
tend to approximate, and may, indeed, fuse in the median line of the neck 
below the upper jaw (synotia). There is accompanying microstomia. 
WinekeV ascribes the conditions as due to lack of growth owing to am*

1 Miinchener med. Wocheiwchr., 1896: No. 18.
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niotie pressure on the back of the head, the lower jaw area being thus 
compressed against the neck. This, however, does not satisfactorily 
explain the synotia, and, with Dareste and L. Blanc,1 * we would ascribe 
the condition to arrest of development of the third cranial vesicle (or, 
we would say, of the lateral growing point forming this region), with 
abnormal fusion of parts before and behind. The region of the third 
vesicle (fourth ventricle) remains a simple tube; the corresponding 
parts of the face are not developed. There is lack of development of 
the first branchial arch, in consequence of which the lower jaw and the 
basal portions of the superior maxilla are wanting. Certain bony por
tions of the internal and middle ear are still found, as also the external 
ears, but they come close together, and fuse in the midline.

This otocephaly is often accompanied by disturbed development of 
the region of the first vesicle, producing what Blanc terms cyclotia. 
Whereas in cyclopia the eyes remain in the upper part of the face, here, 
owing to the lack of development of the superior maxillaries, the eyes 
pass downward and join, and the new orbit is formed under the anterior 
portion of the sphenoid.

Micrognathia, or imperfect development, with small size of lower jaw 
and conditions of ehinlessness, may possibly be due to the compression 
suggested by Winckel.

Cleft tongue, median cleft of lourr jau\ fistula and cyst of the lower lip 
are all rare conditions.

(Here, while discussing the malformations of the lower jaw, attention 
may be called to the opposite conditions of excessive growth, viz.: (1) 
Deduplication of the alveolar process with development more or less 
complete of a double row of teeth; and (2) dignathia, deduplication of 
the lower jaw, the converse of agnathia.)

Anomalies of the Branchial Clefts. -Incomplete closure of the 
second and lower branchial clefts leads to the formation of congenital 
Jistuhr. and certain congenital eynts of the neck. These clefts pass from 
the exterior to what becomes ultimately the pharynx. The fistula may 
he complete, with a free passage of communication from without inward; 
may be incomplete internally or externally, resulting in a blind fistula; 
or, finally, the passage may be obliterated at either end, but persistent 
in its central part, in which case a cyst develops. According as this 
cyst originates from the more external or the more internal portion of 
a cleft, so may it be lined with squamous or with ciliated epithelium. 
Bland Sutton3 more particularly has studied these conditions; he points 
out that the outer openings of the fistula*, according as they are developed 
from one or other cleft, occur along a slightly curved line, with its con
cavity forward, extending from the external auditory meatus downward 
toward the sternoclavicular articulation on either side. Counting the 
Eustachian tubes which represent the first, there are potentially five

1 Jour, de l’Anat. et Physiol., 1895. See also Le Gendre, Houchard’s Pathologie.
1:260.

3 Tumors, Innocent and Malignant, 1st edit., 1894:525.
18
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pairs. It is the second pair which most commonly persists wholly or 
partially as an abnormality.

Cloacal Defects. -It will be remembered that, as at the front end of 
the bodv, so at the hinder, there occurs a most complicated series of 
developments, which, by arrest or imperfection, favor the production 
of numerous anomalies. To these we have already referred briefly in

Kelutiiiiirdup of the nexual duct* mid their rudiments in the two sexes: /. tin* indifferent |irimnry 
type; //, the differentiation in the female; III, the differentiation in the male; /Vrf. Hyd., stalked 
hydatids, the termination of the Wolffian duct; Hyd. Mora,, hydatid of Morgagni, or terminal 
hydatid of Fallopian tube. The term organ of Rosenmtiller, which should be used to comprise 
the terminations of the Wolffian duet and the Wolffian laxly, is used so variously that it is better 
not to employ it, but rather to speak of Fpoophoron (including the Wolffian tubules) and 
Paraoophoron.

discussing ectopia vesica*. To understand the other anomalies, it will 
be well to review rapidly the main transformations. The gut, in its 
earliest stage, ends blindly in the coccygeal region. It conies close to 
the surface at the cloacal membrane and is continued a little beyond 
this as the “post-anal gut,” regarding which idl that is necessary to 
say is that it undergoes atrophy at a comparatively early date, though 
not without at times leaving rudiments which may be the seat of sub
sequent change. For the present we may neglect this and regard the
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original gut as ending beneath the cloacal membrane. From the front 
of this cloacal region there passes forward to the surface of the embryo 
the allantois, along what will eventually become the umbilical cord. 
Thus, at first, into the common terminal cloaca there pass two channels, 
the intestinal behind, the allantois in front. Next, by the formation of 
lateral folds, which meet in the middle line, the division between these 
two channels is carried down to the cloacal membrane, so that now two 
separate cnl-dc-sacs exist, the rectum behind, the allantois in front. In 
the normal course of events nothing occurs in relationship with the 
posterior channel save the absorption of its share of the cloacal mem
brane to form the anus. In connection with the anterior passage there 
are several changes. The proximal portion of the allantoic channel 
becomes converted into the medianly situated bladder; the passage itself 
becomes what is termed the urogenital sinus. Into this now open the 
Wolffian ducts, passing up to the kidney region. The anterior portion 
becomes closed off eventually to form the urethra (in the male its prox
imal part only, the distal part being contributed by the genital eminence, 
from which is developed the penis in the male, the clitoris in the female). 
Into the more posterior portion of the sinus opens the Müllerian duct, 
which undergo fusion at the lower end to form the vagina (in part, the 
anterior portion of this being contributed by the urogenital sinus) and 
the uterus, and remain distinct above as the Fallopian tubes. Thus it 
comes to pass that the Wolffian ducts, passing along the sides of the 
cervical end of the uterus, open into the vagina. But at the same time 
these Wolffian ducts split off the ureters, which gain entry into the base 
of the bladder, while the main duct on either side atrophies in the female, 
and, at most, at birth is represented by the rudimentary Gartner’s ducts. 
In the male they become converted into the vesiculæ séminales and the 
spermatic cords. The Müllerian ducts, on the other hand, atrophy in 
the male, and are, at the most, represented in the prostatic portion of the 
urethra, and, at the other extremity, the sessile hydatid (Fig. 108).

Here we shall deal with the rectal conditions only, taking up the 
genito-urinary defects later.

Atresia Ani.—Of this there are various grades: (1) A simple mem
branous septum closing off the rectum from the exterior, as the last 
remains of the cloacal membrane; (2) a thicker layer of tissue in the 
anal region, so that some little/ or it may be considerable, distance 
intervenes between the anal site and the blind end of the rectum (Fig. 
105, a); or (3) rarely the end of the rectum lies free in the pelvis. In the 
last case there has been primary lack of development of the lower end of 
the bowel. In cases other than the simplest, where there has been a 
cloaca formed, the connection of the intestinal tract with the urogenital 
sinus is apt to persist in the shape of fistulous or wider communication 
between the rectum and the urogenital organs (Fig. 109, /?). Thus, there 
may be:

Atresia ani vulvo vaginalis, the rectum communicating with the vulva 
or the vagina, and meconium being discharged through these passages.

Atresia ani uterina, communicating with the uterus; very rare.
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Atresia ani urcthralis, with the urethra (pars memhranaeea).
Atresia ani vesicalis, with the bladder; rare.
Persistent cloaca. Here we have a still more complete arrest of devel

opment at an early stage; there is complete closure Imth of rectum 
and genito-urinary passages from without, and all open into a common

Cl.‘Mmnbr

The various defects due to imperfect development in the cloaca! region : .1. imperforate anus 
atresia ani. the rectum closed off from the genito-urinary passage, which is patent; H, imperforate 
anus, the rectum opening into the bladder or urethra; C, persistent cloaca! membrane, imperforate 
anus and absence of urethra with persistent cloaca; /), the same, but with separation of rectum 
from the genito-urinary passage; K. persistent cloaca, through lack of continuation downward of 
ridge separating the rectum from the genito-urinary passage.

cavity (as in C). More rarely, a later stage is ", the various
channels being formed, but till being closed off from the exterior (/)), or 
lastly, the cloacal condition persists, but the membrane becomes absorbed 
(as in E)}

1 For a fuller study of cloacal defects, see Keith, Brit. Med. Jour., 190S: ii ; and of 
genito-urinary defects, with more particular reference to the ureters, Huntingdon's 
very thorough study may well be consulted. Harvey Soc. Lectures, 19UG-07: 222.
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TRANSPOSITION OF VISCERA: SITUS INVERSUS.

There are yet other orders of anomalies, which only come under the 
heading of anomalies of defect, in so far as they do not represent the 
normal constitution. Such are transposition of viscera and hermaphro
ditism. Transposition of viscera naturally only shows itself in connec
tion with viscera that are not paired or do not occupy the median line— 
the heart and aorta, the stomach and intestines (organs which, origi
nating in the median line, with development become diverted in one 
or other direction), the spleen and the liver. To this statement there 
is one slight exception, viz., the lungs, which, while paired, exhibit 
different lobation on the two sides.

There is also one known functional exception, viz., the speech centres 
in the island of Iteil. Normally, it would seem that the left set of 
centres is functional, the right latent; this may be reversed.

The transposition may, on the one hand, affect only a single organ 
or group of organs; or, on the other hand, there may be complete situs 
inversus. Thus, the heart alone may be transposed, or the transpo
sition may affect only the main arteries, the aorta passing from the right, 
the pulmonary artery from the left ventricle; or the thoracic organs 
may be normal, while the liver, spleen, and viscera exhibit transposition. 
Evidently, these partial cases can only be ascribed to local aberrations 
in development. With regard to complete situs inversus, it has been 
put forward that the individual prt enting the condition has been one 
of a monochorial twin pregnancy ; that, derived from the longitudinal 
division of a single ovum, he becomes a i reflection, as it were,
of his brother twin ; where no history of twin birth can be obtained, 
it is suggested that the other brother become a fœtus acardiacus, or 
papyraeeus. Undoubtedly, there are facts telling in favor of this view; 
for example, in not a few cases of deduplication by cleavage and supe
rior dichotomy the organs of one-half of the upper portion of the monster 
are transposed, as compared with those of the other. But, on the 
other hand, the general rule is that monochorial twins present no sign 
of such reflection. In the majority of cases no indication is ifforded of 
the existence of situs inversus in one of the two, while, conversely, 
Kuchenmeister, studying 152 cases of transposition, found the history 
of twin birth in but a single case.1 A more likely suggestion is 
that the main current of blood to or from the germinal area becomes 
diverted at an early stage of existence, and thus purely mechanical influ
ences lead the vessels of one side of the organism to receive more blood, 
and therefore to grow more vigorously than those of the other. But it 
has to be confessed that we are still without any confidence regarding 
these hypotheses.

1 Die angeb. Verlagetting d. Eingeweide il. Menechm, Leipzig, 1883:2fi8.
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HERMAPHRODITISM.

Sexual Differentiation.—The existence in the normal male and female 
of useless rudiments of parts characteristic of the opposite sex must not 
be taken as an indication that man is descended from an originally 
hermaphrodite ancestry. Of such in the line of descent there is no 
trace. Rather, such rudiments are, in Mendelian terminology, reces
sive features, due to the origin of the fertilized ovum from both male and 
female germ plasm. Elsewhere 1 have discussed somewhat fully the 
anatomical basis, as it may be termed, of fertilization (p. 144), as again 
of the determination of sex (p. 153). Whether as yet we are prepared to 
accept the doctrine of the accessory chromosome or not, the fact remains 
that as the result of conjugation there exist in every individual the aidagen 
for all the primary and secondary sexual characters of both sexes; whence 
it would seem that in every individual, hermaphroditism, or at least a 
blended, as distinct from a particulate, sexual inheritance should be 
potential or possible. As a matter of fact, such true hermaphroditism, 
or the presence in the one individual of both ovum- and sperm-producing 
organs, is one of the rarest conditions affecting the human being, and 
false hermaphroditism, or the assumption of the external organs of 
generation of the characters of the other sex, is far from common. This 
very rarity favors the view of Bateson, Castle, and others, that the 
properties in the germ cells determining sex are allelomorphic, or form 
an opposing pair or pairs, such that when the one is present the other 
must be inactive and recessive, equivalent to the recessive constituents of 
the first generation of a hybrid strain.

True Hermaphroditism.—The existence in one individual of both ovary 
and testis is among the very rarest of anomalies, and when it does show 
itself, one or both of the organs are sexually immature. With Klebs, 
we can recognize the following forms :

1. Lateral hermaphroditism, an ovary being developed on the one side, 
a testis on the other. This, in man, is the commonest form.

2. Unilateral hermaphroditism, there being on the one side both ovary 
and testis, on the other either ovary or testis or absence of both.

3. Bilateral hermaphroditism, there being on both sides both ovary 
and testis.

The terminology is perhaps confusing, but on consideration is found 
adequate to express the conditions.

In all these cases the general configuration of the body is of an inter
mediate type, now tending more to the male, now toward the other 
sexual type. In general, the external genitalia are of the intermediate 
type, i. e., hypospadias is present, with small penis, separation of the 
two scrotal halves (or labia majora, for in general the testicle or testicles 
are undescended), small external orifice corresponding to the vagina, or 
vagina not recognizable externally, but opening into the urethra. Inter
nally, there is usually a uterus duplex, with tubes and ligaments.

The existence, however rare, of these cases of bilateral hermaphro-
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elitism would seem opposed to the hypothesis of McClung mid Wilson 
that sex is dependent on the accessory chromosome alone (p. 150); rather, 
it would seem to demand the existence of both male and female “deter
minants.” To explain the cases of unilateral and lateral hermaphro
ditism it may he suggested that with the first cleavage of the ovum into 
the two blastomeres, which each gives rise to one lateral half of the body, 
these determinants become unequally distributed, even to the extent of 
both orders of determinants being absent from the one blastomere.

False Hermaphroditism. As is well demonstrated in eunuchs and 
those castrated before puberty, the development of the secondary sexual 
characters, including that of the external genitalia, is largely governed 
by the development of the essential sexual organs, the ovaries or testes. 
Thus, it is where there is a congenital imperfection of the latter that we 
are particularly apt to encounter conditions in which imperfect forma
tion of the external genitalia leads the individual to assume the external 
configuration of the other sex, or. more accurately, an intermediate type. 
We in this way distinguish:

1. Pseudohermaphroditismm masculinus. The individual being a 
male, i. e., having testes, but the external genitalia and bodily habit 
approximating toward the feminine.

2. Pseudohermaphroditism us féminin us. The individual being a 
female, with more masculine characteristics.

The first of these conditions is much more common. There is an 
insignificant, distorted penis, recalling the clitoris, perineal hypospadias 
(very often), the two scrotal halves without testes, which either are 
pelvic or in the upper part of the inguinal canal, and are immature. 
The outer margin of the urethral orifice may simulate labia minora, 
and its passage resembles a small vagina. Internally, the sacculus 
prostaticus (uterus masculinus) may be large, projecting behind the 
prostate proper as a bicornuate uterus of considerable proportions, 
provided with tubes; and where the testicles are midescended, they may 
lie in a broad ligament. Vesiculre séminales and vasa deferentia and a 
small prostatic body arc, however, present, and section of the testicles 
reveals the nature of the case. In such cases the growth of hair is more 
that of the female, with little or no development of beard or moustache, 
while the breasts may enlarge (gynaromastia) and approach the female 
type. In feminine pseudohermaphroditism, on the contrary, the clitoris 
tends to assume penile dimensions and the urogenital sinus (urethra 
and vagina) to be continued as far as the glans, whereby the labia 
majora become approximated and simulate the scrotum, the simula
tion being still greater when, as sometimes happens, one or both ovaries 
pass down the canal of Nuck. The urethra where it joins the vagina 
may be surrounded by a small prostate, the uterus is small, the tubes 
imperfect, the ovaries also small and imperfectly developed.



CHAPTER VI.
POSTNATAL AtXjUIUKMKNT OK DISK ASK.

Following upon what has already been said, namely, that exciting 
causes of disease after birth must, of necessity, be of external origin, 
it is evident that these causes of acquired disease are either of the nature 
of alterations in the environment which tell directly upon one or other 
tissue, or are due to the entrance into the system from without of sub
stances, either living or dead, which have a deleterious action upon the 
functions of the tissues. Thus, briefly, we may classify the agents 
producing disease ’ after birth into:

1. Mechanical inducing “trauma.”
2. Physical under which can be included:
(a) Alterations in the pressure of the atmosphere, including both 

diminution and increase.
(b) Alterations in temperature, local and general, including both 

heightened and lowered temperature and freezing.
(c) Effects of electricity, both atmospheric and induced.
(d) Effects of light and of absence of same.
(e) Effects of soil and climate.
(J) Sociological effects, habitation, clothing, dwelling, occupation, and 

other environmental conditions.
3. Chemical Causes -under which, besides (a) the gross effects of 

caustic and other agents upon the tissues, we should include (6) the 
main effects of vitiation of the atmosphere by various gases, and (c) the 
main deleterious effects of improper food, as again, to some extent, 
the deleterious effect of certain occupations.

4. Parasitic under which heading are to be included the deleterious 
effects of:

(a) Minute vegetable parasites bacteria and fungi.
(/>) Minute animal parasites sporozoa, aimebiv, etc.
(c) The larger animal parasites, " worms (eestodes, trema-

todes, nematodes) and arthropods (arachnids and insects).
In the consideration of these as causes of disease, we have ever to 

keep in mind that vital activity co-exists with and depends sieal
and chemical changes in the living matter, and that “stimulation,” 
with its resultant manifestations of increased vital activity in one or 
other direction, is to be recognized as primarily the action of physical 
or chemical agents, either category of which essentially induces altera
tions in the molecular condition and relationship of cell protoplasm. 
So long as these molecular arrangements are within certain limits, for
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so long are they not merely not harmful, hut actually beneficial to the 
organism. When these limits are oversit in one or other direction, 
then it is that the molecular arrangements (or arrest of molecular arrange
ments) are harmful, that cellular and organic disturbances are set up, 
and conditions of local or general disease developed. In other words, it 
is purely a matter of degree whether a given agent, physical or chemical, 
which is capable of exerting an influence upon protoplasmic matter, 
acts as a physiological or a pathological agent.

It thus follows that everything capable of acting upon living matter 
comes under this heading of physical (and chemical) causes of disease. 
And as the causative agents of disease thus are so abundant, the most 
that we can do is to classify the causes and then to indicate those which 
are most frequently in action, and those which, in their action, induce 
certain special trains of phenomena. Here we shall say but little about 
most of these causes, and, more especially, we shall but glance at most 
of those which are spoken of as physical causes, because these are 
fully debated in the ordinary text-books of hygiene, in which a discus
sion of the effects of alterations in the composition of the atmosphere, 
effects of food, clothing, soil, habitation, climate, and offensive trades 
form so important a section.

Acting on the same principle, we shall not here describe in order the 
various microbic parasites; for nowadays, in every medical course, the 
subject of bacteriology, or, more accurately, of microbiology, has been 
elevated to a special subject. The case is somewhat different in con
nection with the animal parasites; these still are usually described, not 
in any special course, but in connection with the subject of pathology. 
Itut here, again, my treatment will be very brief, and that because in 
all schools of good standing, parasitology is being treated as a special 

et, and text-books exist dealing wholly therewith, to which, rather 
than to a work on general pathology, the inquirer will naturally turn 
for detailed information.

While not enumerating and discussing the effects of individual me
chanical and chemical noxie, as also the individual bacteria, and the 
part they play in the causation of disease, we shall discuss broadly (la- 
part played by these as a class in the production of disease. Thus, in 
the following pages we shall take up in order:

1. Traumatism and mechanical causes of disease.
2. The physical (and chemical) causation of disease, treated broadly.
3. Bacteria sus causes of disease.
4. The animal parasites and their part in the production of disease.

MECHANICAL CAUSES OF DISEASE.

Although in most mechanical injuries we do not desil with a simple 
and single mode of action, we can usefully divide mechanicsd causes of 
disease and bodily disturbance into the following:

9
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1. Concussion.
2. Puncture, with which may he included the effects of projectiles 

under high velocity.
3. Section.
4. Contusion, with which may he included lacerations and tearing.
5. Compression.
6. Distension.
7. Atmospheric pressure.
A little thought will show that in every one of the above we are dealing 

with pressure acting in various ways upon the tissues—how various will 
he seen if we briefly discuss the various forms. We may divide the 
effects even if broadly into those of sharp or incisive, and blunt or coarse 
traumatism.

1. Concussion (Commotio). Here we are dealing with a brusque 
and momentary application of pressure to a soft, fluid or semifluid body. 
We see thus the effect of concussion best marked in parts in which a 
softer or more fluid constituent is in intimate association with tissues of 
greater density—in the brain and in hollow viscera having gaseous or 
fluid contents (the lungs, the urinary and gall-bladder, and the stomach) 
—as also in the bones with their marrow in contact with the unyielding 
osseous framework.

A sudden blow upon the skull, not fracturing the bone, and thus 
causing no direct laceration of the brain substance, is found to produce 
hemorrhages and extravasations of blood over the surface of the hemi
spheres and in the main tissues bordering upon the ventricles. Remem
bering that the brain is a soft visons, floating, as it were, in a bath of 
surrounding fluid, the superficial hemorrhages may, in part, be explained 
by contrecoup. Following upon any such blow, the more solid con
tents of a cavity will partake of the motion ‘ ' to that wall to a
greater extent than will the more fluid contents. In this way the more 
solid brain may be driven violently against the brain case and its deli
cate vessels ruptured, more particularly on the side of the organ opposite 
to the region receiving the blow. Vnder similar conditions the semi
solid tissues, bordering upon a cavity possessing fluid or gaseous contents, 
are apt to undergo rupture and exhibit hemorrhages on the side of the 
cavity nearest to the blow, and this because motion is imparted to these 
tissues by the blow, and in the absence of adequate support or restraint 
they tend to continue moving into the cavity, i. e., the more superficial 
tend to separate from the underlying tissues and so to undergo rupture. 
Iu this way are to be explained the hemorrhages with rupture affecting 
the urinary and gall-bladder, the stomach, and, more rarely, the intes
tines, " concussion, when these viscera ase filled with fluid.

In the case of the thorax, it has frequently been observed that sudden 
violent blows, insufficient to rupture the skin or fracture the ribs, have 
been followed by rupture of the lung substance with pulmonary hemor
rhage and pneumothorax, or escape of air into the pleural cavity. The 
same explanation holds here, namely, the different rate of movement 
of the lung tissue and the contained air. Other effects may show them-
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selves as a result of thoracic concussion, namely, profound disturbance 
of the heart heat and of the respiration. These appear to be in part 
due to the profound stimulation of the vagi, though, as G. W. Crile1 has 
shown, the condition of collapse, and even of death, mainly results from 
the mechanical irritation of the heart muscle itself. With regard to the 
effects of concussion upon the bones, from the recorded cases of fat 
embolism, or blockage of certain arteries by fluid fat, it is evident that 
sudden blows and, still more, the “jar” of the sudden arrest of a falling 
body on a hard surface may lead to extensive rupture of the fat cells of 
the marrow.

2. Puncture.—The most familiar example of this form of trauma
tism is in wounds caused by stabbing. Here we have pressure applied 
locally by a fine instrument sufficient to cause local solution of continuity 
of the tissues. The results largely depend upon the region involved, 
and very largely also upon whether the instrument pierces any higher 
nerve centre or large bloodvessel or hollow viscus in its passage, as also 
upon whether the instrument introduces at the same time infective agents. 
On the one hand, we may have little or nothing beyond merely local 
disturbance; on the other, sudden death, or we may have profound 
hemorrhage or general infection, set up either by bacteria passing into 
the tissues from hollow viscera or by bacteria introduced into the wound

fc from without. Usually projectiles, travelling at a high rate of velocity,
produce wounds which can be compared to puncture wounds in general, 
but according to the velocity and the size of the projectile, so it must be 
kept in mind that practically every form of traumatism above discussed 
may be brought about by projectiles—concussion, contusion, laceration, 
and puncture wounds. Still further, the very force with which pro
jectiles suddenly impinge upon the tissues leads to a more general and 
immediate disturbance than is seen in the case of ordinary puncture 
wounds. At certain rates of speed there may be laceration of soft parts, 
concussion, and multiple fracture of the bones extending over a very 
large area.

3. Section. -This, which, surgically speaking, is the commonest form 
of trauma, consists in the separation of tissues by a sharp-bladed instru
ment, whereby there is a minimal disturbance to the tissues which do 
not come into immediate contact with the instrument. So small ore 
the individual cells and tissues, and such their shape and arrangement,

* that it is impossible to introduce any instrument, however fine, in such
a way as to insinuate it between the cells without injuring them. Con
sequently, all " the surface of a cut there must inevitably be a layer 
of injured cells. Hut in pure section, pressure and tearing effect upon 
contiguous tissues are reduced to a minimum by the pressure being 
brought to bear in a shearing manner, namely, the instrument is not 
merely employed as a wedge, forcing the elements of the tissues apart, 
but, by the ‘ *" ie movement of the wedge, a cutting action is brought 
about and the tissues severed rather than forced asunder.

1 Philadelphia Medical Journal, March 31, 1900.
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4. Contusion. In contusion, as distinct from concussion, we have 
the pressure exerted directly upon the part, and have a pressure exerted 
such that the elements of the part are torn asunder to a greater or less 
extent—hemorrhage resulting. The separation of the part may be 
slight (vontunion), or, on the other hand, may he such as to produce 
separation of the constituents visible to the naked eye (laceration), or even 
may be such as to cause complete séparation of one portion of an organ 
from another, as where a limb, or the scalp, or portion of the integu
ment is forcibly torn off. It follows that, in the first place, we have 
hemorrhage from the ruptured vessels of the part, and that, in addi
tion, we have more or less profound alteration of function; while, again, 
the sudden profound disturbance brought about by laceration or rup
ture of the nerves may set up general disturbances and shock. Later, 
the solution of continuity and exposure of the parts to the atmosphere 
may be followed by the results of infection of the wound or wounds.

5. Compression. With regard to compression, little need be said 
here. Continuous pressure tells especially upon the more fluid por
tions of a tissue, and so it is that the vessels, both blood and lymphatic, 
tend to be occluded as a result. We have especially to deal with dis
turbances of nutrition in the part and with the accumulation of fluid 
in the vessels and the lymphatic spaces beyond the area of compres
sion. Such compression may be external, and one is familiar with its 
results where Esmarch or other bandages have been too firmly applied 
to a limb; or where, again, in consequence of low blood pressure, the 
capillaries of the back or other portion of the body are emptied by the 
mere weight of the laxly, and bedsores (decubitus) result. Or it may 
be internal, as where tumors and collections of fluid developing in one 
or other part of the economy press upon the neighboring organs. Its 
results are malnutrition of the affected parts, with atrophy, which may 
go on to necrosis and disintegration of the parts.

(i. Distension. -The mode of action of a distending force upon 
the tissues is similar to that of compression, namely, the pressure tends 
to act more especially upon the more fluid portions of organs, driving the 
fluid away, so that here again we tend to have malnutrition of the part 
subjected to a distension, and subsequent atrophy. We recognize a 
well-marked example of the effects of such distension in hydronephrosis 
of the kidneys, in which condition, in consequence of obstruction of the 
lower urinary passages, and of the continued excretion, we have eventu
ally practically the whole of the kidney tissue proper undergoing atrophy, 
and the organ may come to be represented by an enormous thin-walled 
cyst. The distension may be of intravascular nature, and produce 
results of like order, as in passive congestion, brought about by heart 
disease or venous obstruction. Where, as in hemorrhages and the 
escape of blood into the brain substance, the distending force acts rapidly, 
we may, by compression of the surrounding vessels and the arrest of 
nutrition of the cells of the higher nerve centres, have a rapidly super
vening death.
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7. Atmospheric Pressure i Gaseous).—In addition to the chemical 
changes brought about by the reaction between the contained gases and 
the tissues, we must realize that there is a purely mechanical inter
action between the organism and the atmosphere, dependent upon the 
pressure exerted by the latter. We may add that in animals living in 
water the same is true in regard to aqueous pressure. There are, that 
is to say, certain limits to pressure within which life can continue and 
beyond which the continued manifestation of vital processes become 
impossible. In the case of man, this variation in pressure especially 
influences the system by influencing the partial pressure, as it is termed, 
of the gases circulating in the blood. Blood and other fluids take up 
larger or smaller quantities of gases according to the pressure in the 
gaseous medium; hence, if the atmosphere becomes rarefied, although 
certain troubles are induced by reduction of pressure on the various 
surfaces and the consequent dilatation of the vessels of these surfaces, 
t)ie main disturbance induced is that the amount of oxygen taken up 
from the air is materially reduced and a condition of partial asphyxia 
is brought about, or oxygen hunger in the tissues. When the atmo
spheric pressure is much increased, the vessels of superficial parts are 
compressed, and the blood in consequence is driven from them into 
the deeper organs. It may be added that the main symptoms of “caisson 
disease” do not show themselves while the individual is subjected to a 
greatly increased atmospheric pressure, but develop when the tran
sition from the increased to the ordinary atmospheric pressure is too 
sudden. Partly this may be due to the sudden alteration in the distri
bution in the fluids of the body which thereby occurs, but it has been 
clearly demonstrated that when under heightened atmospheric pressure, 
the blood absorbs or dissolves increased quantities of air, then upon 
sudden transition to a lowered pressure it can no longer hold this 
gits. As a result, the oxygen of the air having been taken up by the 
tissues, the nitrogen presents itself within the vessels in the form of 
discrete bubbles, these seriously interfering with the circulation in the 
smaller vessels.

PHYSICAL CAUSES.'

Temperature. -Owing to the remarkably sensitive and effective 
mechanism whereby the heat of the body is controlled, the human 
organism can stand exposure to a remarkably wide limit of tempera
ture—can, on the one hand, continue to exist when the surrounding 
air is as much as 100° F., or 02° (’. below the freezing point (Back); 
or, on the other hand, as shown long years ago by Blagden and Fordyce, 
is as high as 200° F. (126.0° C.)—or, roughly, about 50° F. above the 
boiling point of water; and if the body be not exposed to these tempera-

1 in revising this section, and more particularly in the section upon light and 
electricity as etiological factors. 1 have been especially indebted to the admirable 
survey of the subject afforded by Professor Askanazy in the first volume of Aschoff’s 
Pathologischc Anatomie, Jena, Fischer, 1909.
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tures for too long a period, the general effects, save for alteration in the 
distribution of blood, are singularly slight—or, more correctly, are within 
physiological limits. Nay, more, it is a matter of popular knowledge 
that the hand may be plunged momentarily into molten lead without 
damage. The body, that is, can be exposed to temperatures far beyond 
those at which, on the one hand, protoplasm is frozen, and on the other, 
undergoes heat coagulation.1 The explanation is that, through the 
warming of the air immediately over the surface of the body when that 
body is subjected to intense cold, there is developed an insulating layer 
of warmer air in immediate contact with the surface cells. In the case 
of extreme heat, a similar protective layer of cooler air is developed by 
the abundant giving off of moisture on to the surface, which moisture, 
by its rapid evaporation, keeps that surface cool. In general, however, 
it may be laid down that the tissues arc much less sensitive to loss of 
heat (cold) than they are to excess of heat. We may recall the observa
tions of John Hunter and others upon the actual freezing of limbs and 
portions of the body of various animals which demonstrate that, due 
care being taken, the parts retain their vitality when thawed out.2 
Later years have accumulated yet more striking instances. Thus, as 
already noted (p. 68), bacteria may be exposed to the temperature of 
boiling liquid hydrogen for considerable periods and still retain vitality, 
while Carrel’s remarkable studies have shown that organs such as 
the kidneys of warm-blooded animals may be kept in a refrigerator 
at about the freezing point for several days, and may then, upon 
being transplanted into another animal, exhibit apparently unimpaired 
function. Askanazv records that portions of mouse carcinoma have 
been kept for two years at a temperature varying between -8° and 
12° C., and have then grown when transplanted into another mouse. 
The essential*difference would seem to be that heat destroys the cell 
enzymes; cold merely arrests their activity.3 These enzymes are essen
tial to vital processes, although, as elsewhere laid down, it is the con
tinued existence of the biophorie molecules that determines the con
tinuance of cell life.4 In the higher warm-blooded animals it is evident

1 Isolated human cells, e. g., red and white corpuscles, undergo heat coagulation 
at or about 50° C.

1 Dr. Tytlcrand I have repeated these observations, freezing the rabbit's ear by 
carbon dioxide snow (which is stated to have a temperature of —79° C.), ami ha\e 
found that the least disturbance ensues, and recovery is most complete, by slow 
thawing out in ice water, coupled with minimal handling of the frozen part (so as 
not to damage the delicate vessel walls and cause later intravascular clotting).

3 Thus the success of cold storage depends not only upon the arrest of bacterial 
growth, but also upon the arrested activity of the autolytic ferments which are only 
effective at or about the body temperature.

4 As pointed out by Miss J. White (Proc. Roy. Soc., B., 81:1009:417), the germi
nation of seeds depends upon their being placed in such conditions that now their 
diastatic, proteolytic, and other enzymes can become active. Nevertheless, these 
ferments of the seeds of cereals retain their activity when the seed has been kept 
under favorable conditions for twenty years and more: for long years, that is, after 
the vitality and germinating power of such grain has been lost, Wheat can germi
nate at longest after sixteen years; barley after ten years.
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that it is not the actual freezing of the cells, but the subsequent thawing 
that destroys those molecules, even although the intracellular enzymes 
(as in the parallel case of autolysis) still continue active.

Frostbite.-The degree of cold, the duration of its action, and the 
mode of its application are all factors in determining the grade of dis
turbance set up by the local action of cold upon a part. Effects are 
more slowly produced by radiation (i. e.t under atmospheric influences) 
than by conduction. Damp clothes, for example, rapidly abstract heat 
from the body. Nevertheless, as those living in northern climes well 
know, atmospheric radiation is far from being without effect, and is 
especially effective upon peripheral parts—ears, fingers, cheeks, and 
nose when unprotected. Conduction, as in the case of the toes, also 
tells more upon the peripheral parts—in fact, the heat of the body being 
preserved by the circulation, it is the peripheral parts which, under the 
contracting influence of cold upon the vessels, are the most likely to 
become anemic. The first effect, therefore, of frostbite is a dead white
ness of the involved area. This pallor gives place to hyperemia of 
moderate extent, if the return of the circulation be gradual— as by rub
bing with snow out in the open to a severe hyperemia, with abundant 
exudation and pain if the return be sudden, as by entrance into a warm 
atmosphere. Even when the frostbite is very extensive, e. g., where the 
whole foot becomes frozen, provided that the thawing-out process and 
reestablishment of the circulation be very gradual, as by placing the 
extremity in ice-cold water, it is remarkable how little reaction there 
may be, and how little destruction of tissue. This leads to the con
clusion that it is nut tlir actual freezing of the tissues that induces cell 
death, hut the subsequent too sudden reestablishment of the circulation, 
with resultant jxiralytic dilatation of the eessels, intense exudation, and. 
circulatory stasis leading to malnutrition. What our experiments lead us 
to regard as an important factor in the serious results is the loosening 
of the frozen vascular endothelium by manipulation of the part. This 
subsequent vascular dilatation may be extreme; the exudation may lead 
to vesication, as in the second degree of burns; stasis and thrombosis 
of the vessels may ensue, and eventually a condition of frost gangrene. 
That it is the vascular disturbance that is at fault, and not the primary 
death of the cells through the freezing process, is further indicated by 
the fact that similar gangrene may affect the extremities of those with 
enfeebled circulation, alcoholics, etc., from mere immersion in cold 
water—i. e., above the freezing temperature. The contradictory state
ments made by various writers upon the subject of frostbite are due to a 
non-recognition of these general principles, which, it may be added, 
underlie successful treatment.

Chilblains.—Common in England, for example, where the cold is but 
moderate, these are unknown in those parts of Canada where the tem
perature may for weeks be in the neighborhood of 0° C. (—32° F.). 
They would appear to be associated with the conduction rather than 
the radiation of cold, to be intimately related to cold, damp shoes and 
gloves, and, it may lx*, skin rendered damp through the moist atmos-
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pherc. In countries prepared for cold, non-conducting overshoes and 
suitable gloves, or, as the writer can vouch from personal experience, 
the non-employment of gloves, even in zero weather, effectually prevents 
chilblains. The underlying process would seem to be a recurrent 
arterial contraction when the part is subjected to cold, followed by a 
mild grade of continued hyperemia and slight oedema when the part is 
again subjected to warmth. This hyperemia may lead to some hyper
trophy of the skin and coriuin. As pointed out bv Askanazy, such can 
be experimentally produced in the skin of the rabbit's ear by repeated 
momentary application of the ether spray.

Hypothermia Produced by Cooling. That the Red Indian children of 
northern North America, in the days before civilization was introduced, 
were to be seen playing naked in the snow is a recorded fact ; or other
wise, the circulation of the whole surface of the body can adapt itself 
to external cold equally as well as can that of the localized regions, 
such as the face of the ordinary mortal and the legs of the Highlander. 
Such adaptation presupposes increased heat production by the internal 
organs to make up for the increased superficial loss. If through lack 
of heat-producing food, and through muscular inaction or exhaustion, 
the production is not equal to the loss—or if, again, through conduction 
(as by immersion in cold water) the loss becomes extreme—then inevit
ably the general temperature of the body falls below the normal. A 
fall to the neighborhood of 20° (’. (08° F.) is incompatible with con
tinued existence. There are cases on record of those found unconscious 
in the snow who have recovered, although the temperature had fallen to 
75° F. Such lowering of the body temperature is accompanied by 
intense bodily weakness and lassitude, an invincible somnolence, slowing 
and weakening of the pulse and respirations, complete unconsciousness 
and loss of reflexes. There is, as shown by experiments upon animals, 
a preliminary stage of increased warmth-production, indicated by 
muscle tremors, using up of glycogen in the cells, etc., evidently under 
the influence of the nervous system, but eventually the lowered tempera
ture arrests cell activities; the enzyme activities, as already indicated, 
become arrested, and eventually the circulatory and respiratory centres 
cease to function; nor, once arrested, is there any mechanism, it would 
seem (in the higher animals), capable of renewing their activity.

On Cold as a Predisposing Agent. The expression “to take a cold” 
indicates the universal belief that in certain conditions, at least, exposure 
to cold is followed by results which we recognize more and more are of 
infectious nature. Here we would briefly note that the researches of 
the last few years indicate that there is an assured basis for this belief. 
It has been shown experimentally that hens, rabbits, and other animals 
immersed in water, and so brought into a hypothermic condition are 
more easily infected than are normal animals. Their powers of resist
ance are reduced. In ordinary exposure to cold to which men are 
subjected there is no question of hypothermia. What does occur is a 
contraction of the superficial vessels, a congestion of the more internal 
organs. So, also, whether as a result of the latter state, or as a reflex
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act, there is a very noticeable “running at the nose”—the discharge of 
increased quantities of a thin, watery mucus. If this be long continued 
or repeated it is apt to change its character, becoming mucopurulent, 
and indicating the development of an acute (infectious) catarrh. Or, 
otherwise, following upon this congestion and discharge from the nasal 
mucous membrane, there has been active proliferation of bacteria, pre
sumably already present in the respiratory tract. We must presume 
either that, reflexly, there has been a diminution of the antibodies of the 
nasal secretion, or that there has been an exhaustion of the same. The 
acute enteritis that may follow the swallowing of ice-cold water when 
the individual is heated, as also the pneumonia that may follow the 
sudden change from heated to cold air, must be of the same order. In 
all cases of this nature the “may” enters: two individuals may be sub
jected to identical conditions; the one is taken with pneumonia, the 
other not; and, confessedly, it is difficult to weigh the factors leading 
to the disturbance. We know, as a commonplace, that pathogenic 
organisms are normally present on the surface of our bodies. It would 
not, therefore, seem so much that these agents are present in the one 
case and absent in the other, as that the resisting power of the individual 
varies—that it is a question of antibodies and protective mechanisms, 
and the fact that the ill results of taking cold show themselves more 
particularly in the very young and the very old, where protective mech
anisms are, from every consideration, seen to be less adequate than are 
those of the adult, as again, they are apt to be manifested in those of 
known weakness of constitution alcoholics, convalescents from other 
illnesses, etc.—indicate that herein is the main e> " " hi.

Heatstroke. When the air is already saturated with moisture and 
evaporation cannot occur, the high temperature rapidly becomes danger
ous, and morbid disturbances may develop; as, indeed, they may through 
prolonged exposure to excessive dry heat, when perspiration is arrested 
or the amount of fluid available for purposes of evaporation is exhausted, 
as in long hot marches without water. Such heatstroke—not to be 
confused with sunstroke—may occur in hot, sultry, overclouded weather. 
It is characterized by: (1) Rise of body temperature, both surface and 
rectal; it may be as much as 10° F., a rise not merely due to the external 
warmth, but, as indicated by experiments on animals, to disturbance 
of the heat-regulating apparatus, so that under the stimulus of increased 
heat there is increased cell activity, with increased discharge of CO, 
and absorption of ( ). (2) Headache and feeling of oppression, followed 
by loss of consciousness and convulsions. (3) Rapid respiration. (4) 
A definite but not corresponding increase in the pulse rate. (5) As 
shown by slowly fatal cases in man and by animal experimentation, 
dissociative changes occur in the tissues leading more particularly to 
fatty degeneration. (0) In rapidly fatal cases there is swift onset of 
rigor mortis and early onset of putrefaction.

In these cases we deal apparently with the direct effects of heightened 
temperature upon the nervous system and tissues generally, in which the 
increased extreme temperature, coupled with inadequate discharge of 
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heat, stimulates the tissues not to reduction, but to increased heat 
production.

Sunstroke (Insolation).—In this the effects are largely, though not 
wholly, independent of the temperature of the atmosphere, wholly inde
pendent of the atmospheric moisture; they result directly from the 
action of the sun’s rays upon the unprotected head or neck. The symp
toms are: (1) Severe headache and pain in the neck; (2) nervous excite
ment and hallucinations, convulsions and coma. Death may occur 
within an hour or two after the onset of the symptoms; milder cases 
are followed by recovery, with, however, a residue of nervous disorder 
of one or other form. The disturbances, it will be seen, essentially 
influence the higher nerve centres in the brain and medulla. At autopsy 
there is found a condition of intense congestion of the brain, with oedema 
of the meninges. Sambon and others have seen here an acute infectious 
meningitis, and have ascribed these cerebral disorders to particular 
microbes. At most, it may be laid down that the meningeal disturbances 
predispose to local infection. The immediate heating effect of the light 
rays upon the central nervous system appears to be the prime cause.

Bums. -We may regard sunstroke as an outcome of radiant heat. 
Where there is direct conduction of extreme heat to any part of the body, 
burns are the result. Of these burns we are accustomed to recognize 
four grades :

1. Erythema, or simple superficial inflammation, with hyperemia and 
pronounced reddening of the skin; slight swelling or inflammatory 
oedema, and marked pain from irritation of the superficial nerve endings.

2. Vesication. The irritation is here more severe, and is accompanied 
by a certain slight grade of necrosis affecting the deeper vegetative cells 
of the Malpighian layer of the epidermis, together with a great accumu
lation of clear serous fluid, almost devoid of leukocytes, to form larger 
or smaller blisters, with separation of the epidermis from the corium. 
There is accompanying intense inflammatory congestion of the super
ficial vessels.

3. Xccroxis. Yet greater heat leads to generalized death of the epi
dermis, and it may be of the superficial portions of the corium, with 
coagulation of the blood in its contained vessels. The affected area, at 
first of a rich red color, soon becomes brown, leathery, and mummified, 
although, through the accumulation of fluid and inflammatory products 
beneath (often becoming infected), this dry outer crust may become 
loosened, leaving a soft and purulent granulating surface. Usually the 
necrosed surface is not of any great depth; through the insulatory char
acter of the human skin, even after exposure to boiling water for some 
little time, the underlying muscles may only exhibit a temperature of 
from .">0° to (i0° ('. Prolonged action of boiling water will, however, 
result in the deeper tissues becoming “cooked.”

4. Carbonization, or charring, results from the direct and prolonged 
action of flaming heat or molten metal. As a result, the affected parts 
may be almost unrecognizable; the blackened, dried skin may peel off 
from the underlying parts, the joints may be exposed, the intense con-
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traction and shrinkage of the muscles lead to rupture of their tendons. 
The bones even may be charred and through the boiling of the soft 
brain the brain case may be burst open.

A fifth and final stage may here be noticed, namely, as seen in cre
mation, the carbon and all organic matter may be burnt off, leaving 
but the whitened inorganic ashes.

If more than half the surface of the body be burnt, death surely super
venes within twenty-four hours, while burns of the third degree, involving 
only one-sixth to one-eighth of the surface, are liable to lead to death 
in three or four days. The symptoms are primarily and predominantly 
nervous, and are those of shock. Broadly speaking, the larger the area 
involved, and the greater the number of nerve endings and neurons irri
tated, the greater the shock. This shock is a state of profound nervous 
exhaustion or inhibition, which may or may not be preceded by a stage 
of excitement and delirium. (See Chapter X, Section III.)

There continues to be debate as how far nervous conditions, how far 
changes in the blood, and the products of the necrosed tissues, as, again, 
of the decomposition of those tissues under bacterial agency, with 
entrance of bacteria from them into the unburnt tissues, are responsible 
for the subsequent symptoms. While through loss of the skin there is 
increased loss of heat, and the surface temperature is markedly reduced, 
the rectal temperature may be elevated. This cannot be ascribed to 
nervous agencies pure and simple, but is in harmony with what we know 
regarding the influence of dissolved cell and tissue products in pro
ducing a state of pyrexia or heightened temperature. So, also, the 
characteristic changes seen in the lymph nodes at a distance, with 
extreme enlargement, proliferation, and death of the central cells of 
those nodes described by -I. McCrae and Bardeen, cannot be a nervous 
phenomenon, but must, like the similar condition found in diphtheria 
and typhoid, be due to the effect of circulating toxic substances. Never
theless, the modified blood from cases of burns, as, again, the burnt 
tissues, have not been found to exhibit specific toxic effects when injected 
into the lower animals. Further observations, it may be urged, are 
requisite upon the results of injection of blood, as, again, of fresh tissues 
heated to various degrees.1 Apart from local destruction of corpuscles 
in the burnt area the blood may show pronounced changes, more espe
cially polycythemia, or apparent increase in the number of corpuscles 
as a consequence of the loss of fluid through drainage and exudation of 
the same into the burnt area. Secondary results of the blood changes 
are the appearance of hemoglobin in the urine and enlargement and deep 
coloration of the spleen—the organ in which damaged erythrocytes arc 
removed from the circulation.

1 The red corpuscles, for example, react differently—and must yield different 
products—at different temperatures. At 50° C. they show crenation with peripheral 
liberation of minute globules of their substances; at 60° C. they become laked, liber
ating their hemoglobin ; at 70° C. they undergo immediate coagulation, without 
either of the previous changes.



POSTNATAL ACQUIREMENT OF DISEASE292

Nevertheless, as already stated, the profound nervous disturbance is 
the dominating feature, and in this connection, at autopsy, the brain is 
apt to be found profoundly hyperemic and œdematous.

In cases that recover, the healing of the destroyed skin surfaces is apt 
to be accompanied by extensive cicatrization, with contracture, leading 
to much maiming and disfigurement.

Light. -We rarely have to deal with light as a direct cause of bodily 
disturbance; nevertheless, we are yearly gaining increased evidence 
that it may have very definite pathological effects, or, more accurately, 
that the sun and other sources of light afford rays of very different wave 
lengths, of which those with longer waves toward the red end of the 
spectrum are relatively harmless, save for their heating effects, whereas 
those of short wave length toward the violet end, and the yet shorter 
ultraviolet rays beyond the visible portion of the spectrum, have both 
greater penetrating power and very material influence upon the tissues. 
It is these violet and ultraviolet rays which more particularly are in
volved in the destruction of bacteria and the lowest forms of life by the 
action of light; which, again, have been found capable of destroying 
or rendering useless various enzymes ; which produce freckles, sun
burns, and the severer skin lesions, with pain, hyperemia, and active 
inflammation, even to vesication, affecting those parts of the body 
exposed to intense sunlight, notably under conditions when the heat of 
the sun is not intense, as upon the snowclad Alps, or on the vast expanses 
of snow in Arctic and Antarctic regions. The hyperemia of the skin in 
these cases would seem to have a protective function. It has been shown 
that hemoglobin absorbs the light rays of shorter length. So, too, 
freckles and the bronzing of the skin of those much exposed to sunlight 
can only be regarded as adaptive, for this pigment also actively absorbs 
the light rays, and thus prevents them from injuring the deeper tissues. 
There is a basis of observed fact and of experiment for Woodruff’s con
tention that prolonged exposure to the intense sunlight of the tropics 
is actually deleterious to those fair-skinned Northerners with little pro- 
teetive cutaneous pigment. It is evidently adaptation plus survival of 
the fittest that has led to the intense pigmentation of the negro.1

The effects of ultraviolet light, as observed in the rabbit’s ear, are not 
unlike those of burns of the first degree. Subjected for an hour to these 
rays, the epiderm cells show vacuolization and nuclear chromatolysis, 
passing to complete necrosis; changes are also seen in the vascular endo
thelium, with dilatation and congestion of the vessels of the cutis, exu
dation, and some escape of both red and white corpuscles into the tissue. 
Even thrombosis (intravascular coagulation) has been observed. This 
acute stage is followed by active and at times excessive regeneration 
of the damaged tissue. It is paradoxical that pigment-holding cells, 
instead of being damaged, are stimulated by these and other rays, 
as shown by the active expansion of the chromatophores of the skin 
of the frog and other animals, which thus act, to quote Askanazy, as

1 Effects of Tropical Light on While Men, New York, 1905.
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“parasols.” In forms like the squids (Cephalopods), which have different 
orders of pigment cells, while all the chroma tophores (both yellow and 
red) are affected by ultraviolet rays, the red ehroinatophores become 
expanded by yellow light and not blue, the yellow cells by blue although

• not by yellow rays. It has been suggested that the anemia of moderate 
grade from which miners suffer may l>e due to the lack of action of light 
upon the red corpuscles, for it has been found that under the action of 
the shorter rays the erythrocytes absorb more oxygen.

A remarkable series of observations of recent date is that the tissues 
may be sensitized to light by actively fluorescent substances like erythro- 
sin and eosin, so that now they permit a penetration of light of longer 
wave length. Paramœcia and other protozoa, which proliferate actively 
in diffuse light, are killed in a few minutes if eosin lie added to the water, 
although when they are kept in the dark such eosin is without pronounced 
effect. Contrariwise, sulphate of quinine and the smearing of the skin 
with black or dark grease acts as a protective against the ultraviolet 
rays by absorbing them.

Such a sensitization would seem effective in certain diseased condi
tions, notably in pellagra, which during the last two years has been 
found present over a wide area of North America. The subjects of the 
disease show an extraordinary grade of inflammation of the skin of the 
neck, wrists, and other exposed parts, coming on usually in spring. In 
occasional individuals, often as family idiosyncrasy, sunburn leads to 
a productive dermatitis (Xeroderma pigmentosum).*

It is almost unnecessary to recall that these various observations have 
been applied therapeutically, as in the use of the Finsen light and of 
ultraviolet rays, to destroy superficial growths, lupus, etc. Here the 
underlying principle is to utilize the violet and ultraviolet rays for such a 
time ami in such a way as to induce a limited necrosis of successive areas 
of the morbid growth, followed by regeneration and cicatrization.

X-Rays (Roentgen Rays) and Radium Rays.—These, although invisible 
to us, are, from their nature and effects, reasonably to be classed along 
with the light rays, although their effects, if of the same order, are far 
from identical. The more noticeable features regarding the «-rays are:

1. 'l'lie hyperemia and inflammation of the skin are of much slower 
development than with light rays ; the effect is markedly cumulative, 

i and, as a result, a very obstinate dermatitis may l)e set up, of varying
grades of severity, according to the nature of the tube employed, dis
tance from which it acts, and duration of employment. There may be 
merely a somewhat purplish and painful erythema, leading to pronounced 
pigmentation, or a more chronic affection (generally after repeated 
treatments of moderate intensity), with thickening and Assuring of the 
skin, falling out of the hair, and loss of secretion through atrophy of the 
skin glands. This, as in Xeroderma pigmentosum, is apt to give place 
to malignant, epitheliomatous overgrowth, or, on the other hand, it may 
be followed by cutaneous atrophy. Or, without preceding overgrowth,

♦ 1 For fuller study, see Councilman and Mngrath, 5th Rept. Harvard Cancer 
Commission, 1909: 5, and Jour. Med. Research, 21: 1909.



POSTNATAL ACQUIREMENT OF DISEASEm
the inflammation may give place to necrosis and intractable ulceration, 
singularly slow in showing any tendency to heal.

2. They penetrate much more deeply than do the light rays : the 
stronger the vacuum in the tube, the greater the penetrative power. In 
this way pronounced and destructive effects may be wrought in the deeper 
organs. They specially affect—

(a) The lymph nodes and spleen, causing a rapid death of the lympho
cytes, more particularly the vegetative cells in the germinal centres. 
The same occurs also in the red marrow : eventually regenerative 
changes occur, and with this there may develop a pronounced leuko
cytosis. These observations have led to the treatment of leukemia by 
the x-rays, with the result that a remarkable temporary improvement is 
brought about, the number of leukocytes falling to or below the normal ; 
malignant lymphomas have also been greatly reduced in size. The 
betterment, however, is not permanent.

(h) Malignant Growths in General.—It may be laid down as a general 
principle that cells of a vegetative type, and in the process of active pro
liferation, are especially sensitive to the x-rays. It is for this reason that 
the Malpighian layer of the skin is particularly affected, and that skin 
ulcers are so long in healing over, as also that the germinal centres of 
the lymph nodes are picked out. Actively growing tumors thus easily 
exhibit cell necrosis and reduction in size under the x-rays. The de
struction, however, is rarely complete, there is a pronounced tendency 
toward recurrence, and, what is more, the newer cell generation tends 
to be less influenced by the rays.

(c) The Essential Genital Glands. It is now well established not only 
that those working with the x-rays, unless elaborate precautions be 
taken, are liable to become sterile, but that by the direct action of the 
x-rays upon the testicles and ovaries of man and of vertebrates in general 
a condition of azoospermia (or absence of spermatozoa) and atrophy of 
the ovarian follicles, with menstrual disturbances and barrenness, 
respectively, may be brought about. So, also, abortion has been induced 
in the pregnant animal. The action of radium is similar, but more 
rapid and powerful; the effects upon deeply placed organs or tissues are 
even more pronounced.

(rf) Several recent observers have called attention to the profound 
influence exerted by x-rays and radium upon the development of larvte 
of different species. (See the discussion on Abiotrophy.)

What Is the underlying cause of these destructive effects of the dif
ferent orders of rays is still undecided. In the action of ultraviolet 
rays upon bacteria, increased oxygenation with formation of hydrogen 
peroxide, and briefly more active ionization with dissociation of the 
living molecules, has been suggested. An action of this nature is not 
unlikely and would explain the increased cell activity and subseejuent 
proliferation brought about by slighter exposures, the cell disorganiza
tion and death due to more intense action. But also we have to recognize 
with all these agencies a tendency toward enzyme destruction, while 
observation upon the effects of radium upon the ovum show that the 
phosphatides become dissociated with liberation of cliolin, a body of



ELECTRICITY 295

distinctly toxic properties. < omparable with this is the increased photo- 
activity of the tissues exposed to these rays. From what we know of the 
luminosity of the firefly and the photoactivity of living matter generally, 
this is intimately associated with the presence and oxidation of phos- 
phatides. Possibly all these phenomena come under the one heading of 
accelerated and dissociative oxidation.

Electricity. —With its increasing employment in every-day life, elec
tricity has rapidly assumed a more prominent position among the causes 
of disease and injury to the organism. Hut perhaps as a consequence of 
insecure knowledge of electrical phenomena possessed by most medical 
men, singularly little has so far been written upon this branch of our 
subject. Indeed, the results of the passage of electric currents through 
the body have been found so varied that it is difficult to make any but 
the most general statements. Like other agents, electricity depends for 
its effects upon the dose and the mode of administration. According 
to the method whereby the electric current acts upon and gains entrance 
into the tissues, according to the relationship of the body to other sub
stances which are not conductors, and according to the intensity and 
nature of the current, so do we obtain very diverse results. When we 
call to mind that physicists are demonstrating more and more clearly 
that the electrical charges of ions, atoms, and molecules determine 
chemical action, it cannot but be realized that brusque changes induced 
in the electrical charges of the cell contents must profoundly affect 
metabolism—nay, may lead to dissociative changes of the severest grade. 
We may, in the first place, distinguish between the effects of electric 
discharge, or f ulguration, and of the more ordinary current.

Fulguration. We can reproduce this form of electricity by the dis
charge of a Leyden jar, whereby there is an immediate establishment of 
electrical equipoise. It occurs in nature as lightning, and as such the 
volume of the electricity passing between the positively charged cloud 
and the negatively charged earth in a single flash, has been calculated 
to be hundreds, if not thousands, of amperes. The effect upon the 
human body interposed in the passage of the “flash” is very remarkable. 
Comparatively little of the electricity gains entrance into the tissues; 
most passes over the surface of the body and through the clothing in 
such a way that the clothing is violently rent. More particularly, the 
nails may be drawn out of the soles of boots, the soles, and, it may be, 
the whole boots, violently wrenched off the feet. Hut at the regions 
where the electricity comes into contact with and leaves the tissues, 
there is intense local destruction and rending of the tissues, with effects 
as of burning, from the resistance offered by the tissues to tin- passage. 
Curious reddened arborescent “lightning figures” may radiate over the 
skin from the region of entrance. These are not burns, nor are they 
due to hemorrhages along the subcutaneous capillaries, since in non- 
fatal cases they disappear in the course of a few hours; their exact 
nature is undecided, although probably they are due to an intense hyper
emia of superficial vessels. Nevertheless, lines of burning or electrolytic 
necrosis of the skin, as also superficial hemorrhages, are not uncommon.
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Occasionally the electric current has l>een found to pass along the vessels 
to the heart, there causing rupture. Whether a lightning stroke is fatal 
or no depends largely upon the region struck; a fatal result would seem 
always to follow when the head is involved; where an extremity only, 
there, in general, recovery ensues. Ihit in all cases there is immediate 
unconsciousness, and tills, in cases that recover, may last for some hours, 
with gradual recovery of the pulse and respiration rate. The burns heal 
with extreme slowness. In fatal cases there Is rapid, sometimes imme
diate, development of rigidity, and at autopsy, along with intense con
gestion of the internal organs, capillary hemorrhages may he found in 
the central nervous system and elsewhere. The treatment of malignant 
growths by local application of the electrical discharge has been intro
duced too recently to permit any assured statement as to its value.

The Constant and Alternating Currents. -Under pressure or voltage 
such as is used commercially, the constant and interrupted currents 
manifest very similar effects, save that, with like voltage, the effects of 
the latter are the more severe,1 and tell more strongly upon the heart, 
producing more readily, as seen in animals, that condition of fibrillary 
contraction which most often Is followed by complete arrest of heart 
beat. There is a remarkable variation in the recorded voltages which 
have been found fatal to man. These range from 100 to 2(MM) volts. 
Evidently very many factors are at work determining the fatal effect. 
Some, at least, of these are:

1. Condition of the Skin.- The dry skin is a poor conductor of elec
tricity; the moist or wetted skin permits the entrance of a larger volume 
of electricity, and this amperage is ' a factor of very consider
able importance in determining the extent of the lesions.

2. . 1 rea of ( Umtact. When this is extensive the effects are more diffuse; 
when small, more restricted, with more extensive local disturbance.

3. Position of Contort. Extremely high voltage may pass between
two neighboring points on the trunk or limbs, without fatal result, and 
with, in the main, local effects, which, however, may l»e severe and of 
the type seen in lightning strokes, with burning and necrosis of the 
tissues, muscular contraction, etc. Currents of moderate frequency and 
relatively low vi ' * may produce fatal effects when the heart is inter
posed between the points of entrance and exit.

•4. Duration of Contact.- A current of 21 MM) volts and more, if its action 
l>e but for the fraction of a second, has little aftereffect; although the 
same repeated may be fatal, as it is if in action for from five to ten 
seconds. The amount, that is, of electricity that can gain entrance 
into the system through the dry skin from momentary contact is very 
small.

5. Frequency of Interruption. It is a singular fact that a moderate 
frequency of interruption has far more serious effects upon the organism 
than has high frequency. In fact, as demonstrated by D’Arsonval and

1 Whereas, the average total voltage of the interrupted current is in the neighbor
hood of 5(M), that of the constant current is about 1500.

1

D38C
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confirmed by Tesla, the human body may be placed in a circuit of from 
100,000 to 200,000 volts, and if the interruptions be as many as 10,000 
per second, all that is experienced is at most a comfortable glow with a 
feeling of warmth in the hand holding an incandescent lamp brilliantly 
lighted, being held in such a manner that the current passes from the 
body and through its carbon filament. The experience in the United 
States is that a frequency of 130, a voltage of 1500 to 2000, with one 
pole on a moistened surface over the brain and the other applied to one 
of the lower limbs, and a duration of contact of five to seven seconds, 
repeated several times, followed by a current of low voltage (200 to 300) 
for half a minute, brings about a sure and effective electrocution.

0. VoUage. Experiments on dogs demonstrate that a a ? of 120 
and below causes death by cardiac paralysis and fibrillary contraction. 
Above 120 the effects are more marked upon the respiratory centre. 
Indeed, as Oliver has shown, with high vi " * (e. g., 4800) the heart
is not paralyzed; with cardiac massage and artificial respiration, the 
circulation can be reestablished and the respiratory centre gradually 
recover its function. It is to assure both respiratory and cardiac paralysis 
that the currents of high and low voltage are employed in electrocution. 
There are, indeed, indications that very high voltage (over 2000), like 
very high frequency, are less harmful than a moderate grade.

The studies upon electrocuted criminals have afforded more accurate 
information regarding the succession of events in severe electrical shock 
than have the numerous cases of industrial accidents. The following 
is seen to be the course of events; intense muscular contraction; syn
cope and unconsciousness; clonic convulsions; tonic convulsions; arrest 
of respiration; stoppage of heart. Recovery in industrial cases Is fol
lowed by no permanent ill effects, save when the local passage of a 
current of high voltage has had intense effect upon the tissues. The 
burns heal very slowly. Whole muscles may necrose and slough away, 
and the resultant wounds take months rather than weeks in undergoing 
cicatrization.1 In fatal cases (electrocution), Spitzka3 notes that the 
maximum chang* is in the nervous system; there is no apparent change 
in the nerve cells themselves, but disruption and destruction, with 
capillary hemorrhages. In the pons, medulla, and cord, curious circular 
areas are encountered, with rarefied centres and peripheral zone of con
densation, suggesting electrolytic liberation of gas in the perivascular 
spaces. There is evidence of some burning of the tissues at the region 
of ation of the electrodes, brought about by the resistance by the 
tissues to the passage of the current. The blood is dark brown and 
rarely coagulates (? destruction of fibrin ferment). As in other cases in 
which, as in tetanus, and strychnine poisoning violent muscular con
traction ushers in death, the temperature rises promptly after death, 
and this to as much as 120° F. to 129.5° F., within twenty minutes 
(Spitzka), the maximum being found at the site of the leg electrode, 
where the muscular rigor and coagulation are most extensive.

1 Elder, Montreal Med. Jour. 1 Proc. Amer, Philos. Sc., 47:1908:39.

1

5

1
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The induction apparatus (Ituhmkorff’s coil) lias been found capable 
of causing death in the lower animals, and that by arrest of respiration 
through tetanus of the respiratory muscles. The amperage of this 
form of electricity is so low as scarce to be followed by serious effects in 
man.

Vibratory Motion. -The effects of rapid vibration upon the organism 
have not been fully worked out. As Meltzer1 has indicated, vibration 
is essential to life. A certain minimum is indispensable, and must be 
regarded as associated with the molecular activities of living matter. 
Beyond a certain frequency in extent, vibration is, however, harmful. 
He and Welch have studied the effect of rapid vibration upon the blood 
corpuscles and have shown that, over a certain point, the cells become 
broken up when subjected to rapid vibration.2 More recently, Meltzer 
and Shaklce3 have shown that rapid oscillation continued for a few hours 
renders pepsin, rennin, and trypsin completely inert. The same effect 
has been found by Abderhalden in connection with tyrosinase and 
zymase.

CHEMICAL CAUSES.

Under this heading we include all those causes in which there is a 
direct molecular interaction between the noxa and the constituents of 
one or other set of cells in the organism. We have, therefore, to con
sider not only those cases in which there are gross effects leading to 
immediate death of the cells, as by the action of caustic and other agents, 
but also those cases in which the cells, while not destroyed, have their 
functions arrested or disturbed without actual death of those cells being 
the immediate consequence.

Poisons.4 -Chemical substances having a deleterious action upon the 
cells of this body may exert that in two ways : either they may immediately 
destroy or severely irritate the tissues with which they primarily come 
into contact, or, becoming absorbed, they may become diffused in the 
circulating fluids of the system, and thus have an action upon cells at a 
distance from the point of primary contact. The first order we speak 
of as caustic agents; the second as intoxicants. Both are poisons, if 
we accept the definition of Kobert, that “poisons are non-organized 
substances, organic or inorganic, existing within the organism or intro
duced from without, which, from their chemical constitution, are able 
under certain conditions to be harmful to living beings, by destroying 
or affecting their health or relative well-being.” The series of changes 
occurring in the organism in general in consequence of the action of 
such poisons is known as intoxication, and may be of many orders.

The somewhat involved nature of the definition we have given be-

1 Zeitschr. f. Biol., 1894. 1 Jour, of Physiol., 5:1884:255,
1 Proc. Soc. Exp. Biol, and Med., 6: 1909: 48 and 103.
41 have incorporated into the ensuing sections portions of a paper read by me

at Washington, Trans. Assoc. Amer. Phys., 16:1901:38.
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tomes justified when we realize that poisons are only such relatively; 
substances are harmful only when present in sufficient concentration 
either to set up molecular disturbance and chemical change in the 
protoplasm of the cells or to arrest normal molecular changes in the 
protoplasm. And, conversely, it follows that all substances capable 
of solution in the hotly fluids and absorption into the cells composing 
the body are also capable of acting as poisons, and this because the 
effect upon the cells depends upon the extent of their absorption, and 
above a certain point (the limit varying with each substance) their action 
is unfavorable to the continuance of the orderly cell processes. Thus, 
to give the most notorious example, water, which is absolutely essential 
to existence, and forms 70 per cent, of the body weight, and in some cells 
as much as 90 per cent.,1 if introduced into the tissues above a certain 
amount (60 e.cm.) per kilo of body weight, is found to be a poison, and, 
indeed, fatal. It causes the diffusion of hemoglobin out of the red 
corpuscles, preventing due oxygenation, and absorbed by the cells of 
certain tissues in excessive amounts, it deleteriously affects their activi
ties, among other ways, by inducing undue ionization. It follows, thus, 
that the number of potential poisons is enormous.

How are we to classify them? The old familiar division into animal, 
vegetable, mineral, and gaseous is, for pathological purposes, absolutely 
useless; no particular sets of reactions follow upon the action of animal 
poisons, for example, as distinct from vegetable; the effect of a mineral 
may simulate that of a vegetable poison. Nor, for our purposes, useful 
as it would be, can we classify them according to the symptoms which 
they originate, and this because, with a given poison, the symptoms 
caused by one concentration may be widely different from those of 
another, and in one individual the effects produced may differ widely 
from those produced on another. It is more to the point to observe the 
changes in the individual tissues and to attempt to classify the toxic 
bodies in relationship to various forms of intoxication, i. e., of the 
changes induced in the organism. This we do to a large extent in our 
study of the degenerations.

Ehrlich’s Two Groups. —Ehrlich has introduced a broad division of 
pharmacological—and toxic—agents into two main groups, which must 
here be noted. Like that just suggested, it bears more particularly 
upon the reaction of the cell to the poison. The assimilation of food
stuffs, as we have pointed out in our chapter upon Growth (p. 98), is by 
him regarded as a linkage of side-chains to the nucleus of the living 
molecule, or, as we would express it, biophore. The members of 
Ehrlich’s first class bear a close resemblance in this respect to the food
stuffs. He regards them as being linked to the living protoplasm. 
Their effects are not immediate; time is required, as he supposes, that 
they may become built into the living molecule, and so they exhibit 
what we may term a long latent period before developing these results. 
The members of this group are one and all the products of living matter,

The gray matter of the fœtal brain.
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ni id if not proteins, are of proteid affinities. Such are the bacterial toxins, 
the venoms of various animals, certain plant poisons, such as abrin, 
ricin, robin, certain definite poisonous proteins, and Ford would add 
certain glueosides. With the majority of these the result of union with 
the living molecule is to give rise to the discharge from the cells of anti- 
bodies, antitoxins, and the like.

The second group, while diffusing into the cell, and having very defi
nite effects upon the cell activities, is regarded by him as not being built 
up into the living molecule; there is no latent period, the action is imme
diate, and there is no production of antibodies. Into this class come all 
the poisons not included in the first. How these act, Ehrlich finds it 
difficult to lay down, save that they do not become assimilated by the 
biophores. Some, like the anesthetics as a body, can be shown not to 
enter into chemical combination with the cell substance, since they can 
be recovered intact by simple processes. It is well within the bounds 
of possibility that the process affecting these bodies is of the nature of 
adsorption rather than true chemical combination;1 or, again, it may 
be that some at least enter into chemical combination with the cyto
plasmic constituents and act by blocking the intermediary substance 
and so arresting the activities of the biophores. The probability, indeed, 
is that this huge class will become divided into several divisions. Inter
mediate or contradictory data have been brought forward ; thus some 
alkaloids (of the second group), like colchicine, exhibit a definite latent 
period, while some toxins (of the first), like those of the “ Nasik" 
spirillum, can induce fatal results within half an hour.2 Save for its 
suggestiveness, this classification of Ehrlich’s is altogether too broad for 
our immediate purpose.

Exogenous and Endogenous Poisons.—Studying the degenerations, we 
determine that the poisons introduced from without are not the sole 
intoxicants. We can, indeed, proceed to establish two broad groups, 
the exogenous poisons arising outside the system, the endogenous arising 
within. But we have to be careful about our conception of what is 
endogenous and exogenous, and laxity in regard to these matters has 
caused great confusion, and has rendered particularly useless one term

auto-intoxication—capable of being of high value. According to vul
gar parlance, the contents of the alimentary canal are a part, and an 
important part, of the “inside” of the individual; yet, strictly speaking, 
the food taken is not within the system until it has been absorbed 
by the cells of the organism. The following crude diagram ( Fig. 110) of 
the simplified individual will make this point clear. It will be seen that 
only that which is within the shaded portion is really within the body. 
Intoxication arising from the absorption of substances from any point 
outside the shaded area must be regarded as exogenous. It was by 
an unfortunate lack of clearness regarding this—a lack unusual in

1 For a useful study of adsorption phenomena, see Bayliss, Biochemical Journal, 
1: 1906:17.').

1 Emery, I non un il a mu! SjteeiJic Therapy, London, 1W)<): 41.
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French writers— that Bouchard, who popularized, if lie did not originate, 
the term auto-intoxicatim, classed all the toxic results, not only of per
version of cellular and tissue activity, hut also of gastro-intestinal fer
mentation and the absorption of the pnxlucts of bacterial activity in the 
digestive tract, under the one indiscriminate heading. It is true that 
the absorption of the products of bacterial activity, of fermented and 
altered foodstuffs, may, secondarily, affect the metabolism of the cells 
of sundry organs, and the products of perverted activity may be the 
direct cause of the general disturbances; indeed, in such cases we have 
a genuine auto-intoxication ; but then the intestinal irritants become 
only the predisposing cause, not the direct. From this point of view 
every poison acting through the alimentary canal, from alcohol to mineral 
acids, is to a greater or less extent an auto-intoxicant, and this is clearly 
an absurdity.

Intoxication by bacterial products is in no sense autointoxication, 
nor is it permissible to speak of gastro-intestinal autointoxication unless 
thereby is meant (and this the users of the expression rarely mean) that 
matter excreted into the bowels by the cells undergoes reabsorption. 
In consequence of this vague and illogical use the term has fallen into 
disrepute.

These considerations lead us to recognize that, from a pathological 
standpoint, we have to distinguish two distinct orders: (1) Those 
intoxications set up by substances actually derived from the cells of the 
organism, which alone are to be regarded as truly endogenous; and (2) 
all other intoxications set up by substances foreign to the economy: all 
these are exogenous. Having established this, we can proceed to divide 
these into their classes:
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I. Exogenous Intoxications.
1. Non-parasitic.—Intoxications due to the actions of poisons not 

produced in association with the organism, which gain an entrance 
into the system through the skin, digestive, respiratory, or urinary tracts.

2. Parasitic.—(a) Parasitic proper, due to the introduction into, and 
growth within the tissues of parasites of various orders, animal and 
vegetable, which, growing, give rise to toxic substances.

(6) Saprophytic, due to the growth of parasites of various orders on 
one or other surface communicating with the exterior of the organisms, 
the products of growth becoming absorbed and diffused into the tissues.

II. Endogenous Intoxications.—Of pure type; autointoxications proper.
1. Internal secretory, intoxications due to altered internal secretions 

on the part of the body cells affecting (a) the secretory cells and tissues 
themselves, and (b) the other tissues of the organism, through diffusion 
of the altered products of cell activity.

2. Disintegrative, due to the absorption of the products of disinte
gration of dead cells (e. g., in burns, internal hemorrhages, etc.).

3. Metabolic, the results of impaired metabolism and imperfect 
excretion.

III. Intermediate or Mixed.—Of impure type.
1. Obstructive, due to arrested elimination.
2. Gastro-intestinal.
One of the classes here formulated calls for remark, namely, that 

which I have termed the Intermediate. As will be noted more fully in 
the pages devoted to it, while (1) in certain cases it is quite clear that 
we deal with the effects of reabsorption of external secretions pure and 
simple, these cases are relatively rare. (2) In other cases there are 
indications that we deal with failure to secrete, with accumulation of 
metabolites that normally undergo discharge. (3) In yet others, with 
the deleterious effects of the absorption, not of the excretions them
selves, but of toxic derivatives of the same, the products of bacterial 
disintegration. In such cases the poison itself originates outside the 
system, and is to that extent exogenous, although derived from a sub
stratum of endogenous origin.

It is in this order that the various orders of intoxications and their 
relationship to the development of disease will be discussed.



CHAPTER VII.

EXOGENOUS INTOXICATIONS: NON-PARASITIC.

Foreign substances undergoing absorption or gaining entrance at 
the surface of the body have a twofold action: (1) Local, at the point 
of application, and (2) general. Only in rare cases is the first action 
wanting, as, for example, in that of hydrocyanic acid above a certain 
strength, when the general effects are so swiftly induced that there is no 
time for the local disturbances to show themselves.

For the local effects we have no special name; according to the nature 
of the poison, these are either degenerative or necrotic; and, if time be 
allowed, they are followed by evidences of inflammatory reaction of one 
or other grade.

Studying the general effects, such toxic agents either:
1. Cause .arrested cell activity from the first.
2. Cause increased cell activity, followed by exhaustion and paralysis 

of function.
3. Cause increased cell activity, followed by disintegration.
Paradoxical as it may seem, the only satisfactory way for us to classify

these exotic poisons as causes of disease is by a study of their effects. A 
given poison produces a particular chain of general disturbances; it is 
for us, as pathologists, to determine the basal lesion or lesions giving 
origin to these symptoms. Attempting this, we find that the different 
toxic agents have selective actions on one or other tissue. Thus it is 
these selective effects that must form the basis of our study, while sec
ondarily in connection with each, it has to be determined whether the 
effect is characteristically inhibitive, irritative, or disintegrative.

It is the study of these exotic poisons that forms the basis of toxi
cology, and, to a considerable extent, of pharmacology. It is in works 
dealing with these subjects that extended observations upon the mode 
of action of any particular poison will be found. Nevertheless, we, as 
pathologists, have to consider these poisons, but approach them from 
a different standpoint; not from that of the individual drug or poison, 
but from that of the organism and the disturbances therein induced. 
It becomes necessary, therefore, that here we should at least call atten
tion to this subject, if only in outline, keeping before us throughout 
that our endeavor at this point is not to discuss the general effects of 
poisons—the disturbances set up in a body at large. These consti
tute the frrocesses of intoxication. It is the primary effects leading up 
to these general disturbances that here concern us. As already laid 
down, the poisons one and all exhibit a more or less obvious selective
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action on the different tissues; we shall, therefore, pass in review the 
tissues most liable to be affected.

Poisons Acting through the Nervous System. The system which 
most commonly appears to be affected in intoxication is the nervous 
system. This is, after all. what is but to be expected, for of all cells of 
the body the neurons are the most highly differentiated and most respon
sive to stimuli. At the same time, it has to be admitted that classi
fication, according to their different effects upon the nervous system, 
is not easy, and this because the effects of a poison (1) vary very largely 
according to its concentration in the blood and rate of absorption by 
the neurons; (2) nor can we with any success apply data obtained from 
animal experimentation to the case of man. The higher we ascend in 
the scale of animals the more complex is the development of the nervous 
system. Thus, it may be laid down that man is, in general, more sensi
tive to cerebral manifestations of intoxication than are the lower animals. 
A very large number of substances which in man set up extreme cerebral 
disturbances, acute delirium, and convulsions have little or no effect 
on the lower animals, unless given in large quantities.

Admitting this, we may cautiously divide the poisons acting on the 
nervous system in the first place into:

1. Those causing immediate arrest of activity, r. (/., hydrocyanic acid.
2. Those causing immediate diminution of activity, e. r/., the hyp

notics and sedatives.
3. Those causing primary increased activity, followed by diminution 

of function, r. #/., the intoxicant alcohol and the aldehydes, atropine and 
other alkaloids.

4. Those causing primary increased activity, followed bv exhaustion 
and. it may be, disintegration—strychnine (also tetanus and rabies

In the second we can classify according to the part of the nervous 
system upon which the poison exercises its selective action, thus:

1. Higher cerebral centres: The hypnotics as a group, carbonic acid, 
santonin (in the frog).

2. The bulb: Picrotoxin (a eonvulsivant, the convulsions ceasing 
when the medulla is destroyed). Apomorphine (the centres which 
determine vomiting appear to be situated in the medulla).

3. Spinal cord: Here the type poison is strychnine, the higher centres 
and the cranial nerves not being affected by this poison. Brucin, quinine, 
thebaine, salts of potassium and ammonium to a less extent.

4. Peripheral nerves: Ether, chloroform, ('( )2 (according to Waller’s 
observations these induce changes in electromobility). Diphtheria toxin 
(which, by Sidney Martin and others, has been shown to cause active 
local destruction of axis cylinders or axones). Possibly, lend and alcohol 
act in a similar way.

5. Nerve terminations: Curare (end-plates of motor nerve), cocaine, 
etc. (sensory nerve-endings). Veratrine, nicotine (stimulate nerve-endings).

Meyer and Overton have shown that the hypnotics as a group undergo 
an almost selective solution in fats and lipoid substances, and the indi-
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cations arc strong that the abundance of lipoids in nervous tissue e> 
why these are taken up by it. As Ehrlich and later writers have pointed 
out, adsorption rather than chemical combination proper is the process 
mainly involved. Nevertheless, whether by disturbing cell metabolism 
or by some slight chemical action, undoubtedly there is a direct effect 
on the nerve cells. As demonstrated by Hamilton Wright, working in 
my laboratory, where large doses of bromides are given, there is distinct 
histological alteration in the appearance of the nerve cells.

Of these, the most marked is the " a ranee of the lateral gem
mules of the cells, and he and other observers would suggest that the 
retraction and degeneration of these gemmules afford the anatomical 
explanation of the hypnotic action of the bromides and allied substances. 
If the comm unication and passage of stimuli from neighboring cells 
and processes is through the intermediation of these gemmules, and by 
their retraction the neuron becomes isolated, we obtain the explanation 
of the action of not only hypnotics, but of another set of drugs, like 
alcohol, which produce intoxication in the narrow sense, and may regard 
the incoordination in the action of these nerve cells, which is the essential 
characteristic of the condition, as being produced by the varying effects 
of the drugs upon different cell groups, leading at one period to excessive 
or irregular extension of the gemmulesr at another to paralysis or retrac
tion of the same, h cannot, however, Be safd tKat this function of the 
gemmules has been surely established, while disappearance of the gem
mules has been recorded in many toxic conditions. To make it safe 
to accept this hypothesis, with some reservations, the alcohols and the 
aldehydes must be regarded as primarily exciting the nerve cells, the 
narcotics as primarily paralyzing the same. Among other primary 
excitants must be mentioned a series of alkaloids—atropine, hyoeyanin, 
caffeine, and, to some extent, nicotine. All these are liable, under 
certain conditions, to produce delirium, followed by diminished excita
bility and coma. As pointed out by Langley, nicotine has the almost 
specific effect of stimulating, and finally paralyzing, the preganglionic 
nerve-endiiigs of the sympathetic system.

On the Muscular System. Substances especially affecting striated 
muscles act first and with most marked effect upon the heart, so that 
the circulatory overshadow all other effects, and in general very little 
has been observed in connection with these muscle poisons throwing 
light upon symptomatology. The most obvious muscular disturbances— 
tonic and fibrillary contractions and paralyses—are, with rare excep
tions, produced bv poisons which act primarily on the nerve centres. 
There are, nevertheless, drugs acting directly on the muscle plates :

1. Irritative, —('ausing increased contractility: Veratrine (in small 
< loses), quinine, caffeine, hypoxanthin. créât in, B. coli toxins (Roger, 
leading to prolonged partial contracture).

2. Inhibitive. Leading to enfeebled contraction : Metallic salts, of 
potassium, alkaline earths, copper, etc.

Still less can be said regarding noil-striated muscles. There is a cer
tain amount of evidence that ergot leads to contracture. Conversely, 
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morphine would appear to act directly on the intestinal muscles, and so 
arrest peristalsis; similarly, atropine fias been shown to relax the lower 
end "I' tiie cat’s oesophagus ( provided with plain muscle), while it has no 
effect upon the upper half (provided with striated muscle). How far 
the paralytic action of bacterial toxins is responsible for the intestinal 
dilatation of peritonitis is not absolutely decided. The direct action of 
certain drugs in producing vasodilatation and vasoconstriction, respec
tively, must be due to their influence upon the unstriated muscle of the 
arterioles. The recent observations of Josué, among others, upon the 
experimental production 0/ arteriosclerosis, show that one group of 
substances adrenalin, barium chloride,nicotine, etc. acts directly upon 
the muscular middle coats of arteries.

On the Blood. There are very many substances which materially 
modify the condition of the blood, but of these the majority possess 
little action unless they be directly injected into the vessels. It would 
seem that in the act of being absorbed from one or other surface these 
become modified. Further, it has to be remembered (as preventing 
blood changes) that even when deleterious substances gain entrance 
into the blood there is a constant removal of the same by the liver and 
the tissues, («ranted this, we recognize certain groups of poisons which 
act upon the blood in one or other way:

1. Hemolytics (or, better, Hemoclastics).— Bodies acting upon the 
erythrocytes and leading to their dissolution, with liberation of the con
tained hemoglobin. This destruction may l>e brought about by physical 
means, as by altering the tonicity of the plasma (intravascular injections 
of H2(), etc.) or by freezing and thawing, or by drugs, leading to disin
tegration of the red corpuscles, c. </., saponin (1 part in 125,(XK) of this 
in the blood sets up hemolysis), abrin, ricin, amanita extract, etc. One 
group of agents, e. g., bije salts and soaps, oleic and other acids, would 
seem to act by replacing the hemoglobin front its (loose) construction 
with the .proteins of the stroma. The liability of certain bacterial 
products, of animal venoms, etc., to induce hemolysis, will be discussed 
in the section on Immunity. In the slightest cases such hemolysis pro
duces hemoglobinetnia (and hemoglobinuria); in more severe, methemo
globinemia, the liberated hemoglobin becoming aeted upon. Methemo- 
globin would seem to be developed both in the presence of certain 
oxidizing agents (the chlorates, sodium hypochlorite, nitrites, etc.), 
and of reducing agents (pyrogallic acid, pyrocateehin, toluylenediamin, 
hydroquinone. Yet another group of bodies combine to form more 
stable compounds with hemoglobin without of necessity setting up 
hemolysis—carbon monoxide, sulphuretted, seleniuretted, and tellure-tied 
hydrogen, prussic acid, cyanogen, and the sulphocyanates, and, according 
to Liebreich, acetylene. All these combinations prevent the due inhala
tion of O and CO,, and, as a consequence, tend to lead to asphyxia.* 1 2

2. Leukolysis. Two distinct processes may lead to leukopenia or 
reduction in the number of leukocytes in the circulating blood, nor is it

1 The reader will find a useful review of data tearing upon hemolysis and leuko
lysis in Wells’ "Chemical Pathology,” p. 190.
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always easy to determine which is in action in a given case. These are 
(a) leukolysis proper, or destruction and dissolution of the leukocytes, 
and (/;) local accumulation, the white corpuscles either accumulating 
within the vessels of internal organs, the pulmonary or abdominal capil
laries, or undergoing actual migration. Such accumulation is apt to 
involve more particularly one or other form of leukocyte; thus, as 
pointed out by Opie, in peritoneal inflammation there is .a remarkable 
yrcu in illation uf éosinophile leukocytes in the omental and mesenteric 
capillaries, with reduction in the number present in the general blood. 
But the indications are that, pathologically, acute leukolysis frequently 
occurs. Albertoni finds that pjincreatin brings about a rapid and com
plete destruction of leukocytes; several of the bacterial toxins intro
duced into the blood appear to have a like effect. Bile salts present in 
excess possess this property. In many of these cases the leukopenia is 
followed by a pronounced leukocytosis, the increase in lymphocytes 
being apt to be especially marked. We deal here not so much with a 
stimulative multiplication of the leukocytes (this though may show itself 
later) as with a characteristic attraction of the cells in the lymph glands 
and bone marrow out of the tissue spaces into the capillaries.

The Organs of Circulation. -Poisons may affect primarily (1) the 
heart, (2) the vessels, more particularly the arteries, or (3) the nerve 
centres controlling the circulation, whereby the heart and vessels are 
secondarily affected. The effects of one or other of these actions upon 
the blood pressure and the circulation in general may be identical; thus, 
great care is necessary in order to come to a sure conclusion regarding 
the mode of action of any one poison. After the general circulatory 
effects have been determined, it is necessary to study the effects upon the 
isolated heart, or, still better, of transfusion through a vessel of the 
apical region of the left ventricle, after Townsend Porter's method, 
that region being devoid of nerve cells. Similarly, following the onco- 
metric method of the late Professor Hoy, the effects upon the blood flow 
must be studied through the isolated peripheral organs—kidneys, spleen, 
etc. In this way, per exclusionem, we can find the mechanism primarily 
influenced.

1. Acting Directly on the Heart.--Here we can redivide the poisons 
into (a) those causing stoppage in systole, and (J>) those arresting the 
organ in diastole. To the former group belong the glucosides and allied 
bodies, digitalin, digitalein, digitoxin, strophanthin, convallamarin, 
antiarin, etc. Some of Hie animal venoms, such as that of the skin of 
the toad, have a like action, ns have also the salts of barium. Causing 
diastolic stoppage are the metallic salts- of copper, arsenic, antimony, 
I>otask—<*tc. Alcohol (Hoy and Adami) and clfloroform (McWilliam) 
in sufficiently large closes also act directly on the ventricular muscles, 
causing weakening and ventricular dilatation. Here we have the expla
nation of the acute dilatation of the heart seen in heavy drinkers (Steell 
and others).1

1 As pointed out by Itinger and Ford, in smaller doses nearly all these substances 
stimulate the heart and strengthen its beat; once again it is a matter of degree.
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Other substances, like muscarin, act through the nervous system 
almost entirely; most of these nervous “diastolic” poisons act by para
lyzing the augmentor or accelerator mechanism rather than by exciting 
the inhibitory vagus centre.

2. Action on the Vessels. Here we gain similar groups of poisons: (a) 
causing contraction, [}>) causing dilatation, and (c) acting secondarily 
through the nervous system.

1. After much contradictory evidence, it is now generally accepted 
that ergot acts directly on the vessels, for if dilatation be brought about 
by vasodilator stimulation, the passage of ergot or ergot in through the 
vessels of the part leads to constriction. At the same time there is 
direct action upon the heart. Adrenalin and barium chloride have, of 
late, lieen found to have even more profound local constricting effect.

2. Nitrite of amyl and the nitrites in general, chloral hydrates. Quinine, 
and atropine in small doses, lead to increased rapidity of flow through 
removed organs; hence, they directly induce dilatation; the same has 
been noted with regard to acids as a class (Gashell).

It is interesting to note that these various drugs do not cause constric
tion or dilatation, respectively, of the vessels of all organs. They have, 
to a certain extent, a selective action. Quinine acts more especially 
upon the spleen. diifitàTcm upon the vessels of the kidneys, amyl nitrite 
upon the vessels of the luce and respiratory tract. Ad renin, as iferter 
shows, while it causes intense contraction and blanching of the vessels 
of most organs, when applied to the surface of the pancreas causes pro- 
found vasodilatation.

It may Ik* noted that some at least of the bacterial toxins have a direct 
effect on the circulatory system. Thus, Bouchard found tuberculin to 
act as a vasodilator, Roger that those of the B. septicus putidus had a 
most powerful action on the heart, with slowing and prolongation of the 
contraction, and death in diastole. Kemp and 1 )ewey, on the other hand, 
( r typhoid toxins on the terrapin’s heart, gained no slowing
but diminution in the size of the beats, and eventual death in systole.

The Digestive System. -Here again we have to distinguish the action 
upon the nervous, muscular, and secretory mechanisms of digestion, 
both direct and re Hex. The full study of any individual poison, to 
determine how it affects the digestive system, demands (1) observations 
upon the results when introduced into the digestive channel: (a) when 
the nerves to a part (vagi and sympathetics) are intact, and (b) when 
one or other set is divided; and (2) study of the effect when it is intro
duced into the circulation simultaneously. Apomorphine, for example, 
has a direct effect upon the central nervous system, causing emesis when 
injected subcutaneously; Ipecacuanha usually has no such effect ; it 
causing vomiting only when introduced into the stomach, then acting 
rcilexly by stimulating the vagus terminations. Cut the vagi, and even 
large doses are without effect. Magnesium sulphate and saline purga
tives, as a class, at most cause increased peristalsis to a slight degree 
when introduced subcutaneously or into the blood; to produce abundant 
watery evacuations, they must act from within the gut. With anti-
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mony tartrate, the action may In* both direct and reflex. And when 
definite anatomical lesions show themselves along the course of the 
alimentary canal, we cannot imim “ ' conclude that these are due to
the immediate action of the poison upon the tissues from without; even 
in the stomach they may he due not to absorption hut to elimination of 
the already absorbed poison. Here, again, true conclusions can only 
be reached by comparing the effects of ingestion and of subcutaneous 
or intravenous infection. It is not surprising, therefore, that, contrary 
statements exist regarding the mode of action of many of the digestive 
poisons.

This being the case, it is l>est to pass in review the main orders of 
digestive disturbances in relation to their causes:

Salivation. Drugs set up salivation and arrest of salivary secretions 
mainly by reflex nervous mechanism; the poisons must be absorbed 
before they tell upon the salivary gland. Of such reflex salivation, that 
set up by emetics affords a good example. To some extent the process 
may be regarded as eliminative, e. y., in mercurial salivation.

Vomiting. While, as seen by study of the isolated stomach, several 
poisons can act directly upon the gastric musculature, setting up irregular 
peristaltic movements, contraction or relaxation, and paralysis, the 
process of vomiting is not due to the stomach alone. As Magendie 
showed, replace the stomach by a simple bladder, and vomiting still 
may he set up. Obviously, the stomach and alimentary tract in general 
play a secondary role in the process ; to coordinate all the factors involved 
in the act, the nervous system must dominate, and, as Sir Lauder H run ton 
has shown, vomiting may be initiated in two ways: (1) Reflex, by gastric 
irritation of the branches of the vagus; (2) direct, by excitation of the 
nerve centres. We have already afforded examples, in ipecacuanha and 
apomorphine, of these two modes of action.

Diarrhoea and Dysentery. The causes of diarrhcea and the modes in 
which they act are manifold. Broadly speaking, under this heading 
dischargesof two different types are included : (1 ) The premature removal 
of the li(|iiid contents of the small intestine without due absorption and 
modification, and (2) the discharge of excessive secretion from the 
mucosa of the small and it may be of the large intestine. Dysentery, 
which, it may be recalled, is properly not a s|>ecific disease, is that form 
of diarrhœa characterized by straining and irritation of the lower bowel, 
accompanied bv mucus, and, it may be, blood, derived from the inflamed 
mucosa of the colon and rectum.

The first process, that of premature removal, is brought about by 
increased perintalais. This may be due to direct action on the nerve 
centres or to reflex irritation. Injections of rhubarb or senna will cause 
purgation when injected into the veins; croton oil only when introduced 
into the alimentary canal, and then, if the vagi he cut, no diarrhcea 
results. In other cases the action is even more indirect. Aloes, for 
example, acts only when injected, and then only when there is a free 
flow of bile; ligate the common bile duct, and no diarrlxva ensues.

As regards the second process, that of increased secretion, the saline

3
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purgatives, as already noted, mainly act by this means, not causing 
purgation when injected intravenously.

When there are actual lesions—acute congestion, with or without 
ulceration—there is undoubtedly increased discharge, accompanied by 
diminished absorption. Regarding these lesions, it must Ik* remem
bered that they are of two orders : (1) Those produced by direct irritative 
action of poisons acting upon the expqped surfaces, and (2) those due to 
elimination of an absorbed poison.

1. The former, naturally, are most apt to he seen in the upper part 
of the digestive tract. Bodies of the nature of acids or caustics setting 
up direct necrosis of the mucosa cause the greatest injury. This, how
ever, often tends to be localized rather than generalized; it is regions 
of narrowing and compression—of arrest of the irritant that are most 
liable to exhibit disturbance, as, for example, in the oesophagus, oppo
site to the larynx, the bifurcation of the trachea, the cardiac end of the 
oesophagus.

2. The eliminative lesions may occur from the stomach downward. 
Thus arsenious acid introduced subcutaneously will produce multiple 
hemorrhages and fatty degeneration of the mucous coats of the stomach, 
which pass on, as shown by Filehne, to multiple j>eptic ulcers, provided 
the gastric contents Ik* acid. Whether the curious duodenal ulcers 
occasionally met with in extensive burns art» eliminative is still an open 
question. The acute "Hemorrhagic, necrotic, and ulcerative condition 
oTthe colon seen after swallowing corrosive sublimate may be repro
duced when the poison is introduced by other paths. We have similar 
evidence that mercury and antimony are eliminated through the colon. 
By analogy, the ulcerations of the lower bowel present in uremic states 
are of like eliminative origin.

The Liver.—The usual function of the liver is to neutralize or 
eliminate poisonous substances brought to it in the circulation; thus, 
on the one hand, its cells can excrete or modify relatively large amounts 
of toxic matter without being greatly affected ; on the other, this very 
function, coupled with its position at the head of the portal circulation, 
renders them peculiarly liable to Ik* damaged, and to exhibit either acute 
or chronic disturbances—cloudy, fatty, and other degenerations, with 
nuclear changes or even acute necrosis ; or, again, atrophic changes 
coupled with fibrosis.

The rapidity with which many substances an* absorU'd from the 
intestinal canal and taken up by the liver cells is remarkable. Laffter, 
working under Heidenhain, found that rhubarb injected into the duode
num appeared in the bile in less than five minutes. Sulphindigotate 
of sodium introduced into the circulation began to enter the bile one 
minute after its injection.

In general, direct, as distinguished from reflex, toxic disturbances 
of the organ are more prominently in evidence, but the development 
of jaundice, as the result of strong emotion, in itself indicates the modi
fying influence of the central nervous system upon the organ.

Certain classes of poison stand out especially as being excreted or
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acted upon by the liver, and as liable to set up disturbances in the process, 
notably :

1. Among metals and metallic salts, lead, copper, mercury, arsenic, 
phosphorus. The last more particularly modifies profoundly the cellular 
actions, leading to nuclear and cytoplasmic disturbances. These metals, 
upon analysis, are found in greater quantities in this organ than in any 
other part of the body; they are çxcreted into thejnlcj a vicions çirçh» 
being set up (i. e., they may be reabsorbed again from the intestines).

2. The toxic products of digestion, indol, skatol, toxic albumoses, 
with which may be included the toxic products of bacterial growth in 
the intestines. Where these are found in excess, we gain evidence of 
hepatic incompetence; the overloaded cells permit the toxic bodies to 
pass through the organ into the general circulation, and, more particu
larly with non-ueutralized digestive products, there are induced torpidity, 
slowness of pulse, dilatation of cutaneous vessels, muscular weakness— 
conditions which can be reproduced experimentally by injecting certain 
products of proteid and amylaceous digestion into the systemic circula
tion (albumoses, lactic acid, indol, etc.).

3. The tojJmuf pathogenic bacteria: One of the commonest changes 
in acute infections is a state of cloudy swelling of the liver, passing on 
in the more acute states to one of fatty degeneration• Certain toxins 
have an even severer action upon the liver cells, setting up localized 
areas of cell death (focal necrosesV These we see in typhoid, diphtheria, 
the plague, and a number of other acute infections. There continues 
to be doubt as to the exact mode of causation of these necroses, but 
some at least are held to be due to the direct action of toxins.

4. The products of hemolysis: These and their effects will be dis
cussed when we take up the subject of jaundice.

The Pancreas and Spleen, and Ductless Glands in General. Our 
knowledge of the direct action of poisons upon these organs is not suffi
ciently extensive to permit of any general statements.

The Kidneys. Just as the liver is the great organ for the elimi
nation of toxic substances from the portal circulation, so the kidneys 
are the most prominent eliminating organs for toxic substances in the 
systemic circulation, and bear the brunt in cases, uf. .systemic intoxi
cations. Thus the considerations laid down in connection with the 
former organ apply here very largely, mutât is mutandis. There may 
be nervous or direct irritation of the organs, leading to increased or 
decreased discharge of urine or of specific constituents of the same, 
cloudy and fatty degeneration of the tubular epithelium of particular 
areas, or disintegration and necrosis of the same; or, where the process 
of elimination is carried on over a long period, the gradual development 
of fibroid changes. Certain toxic substances, e. g.. the metals above 
mentioned, act both on the hepatic and renal parenchyma ; others, like 
cantharidin, act more particularly on the renal cells.

The SBn and its Constituent Glands. —Physiologically there is 
an interesting relationship between the sudoriparous and the salivary 
glands. Those substances which, like emetics, set up an increased

I



EXOGENOUS INTOXICATIONS: NON PARASITIC312

salivary flow, in general lead at the same time to diaphoresis. This is 
well marked in the ease of pilocarpine. < )ther substances, like atropine, 
arrest bothjgdivttliini aud diaphoresis. Whether the action of diapho
retics is directly upon the gland cells, or through the terminal nerve 
filaments, is still a matter of debate.

Numerous disturbances, eliminative, vasomotor, trophic, may be set 
up in the skin by very numerous poisons; we are still far from under
standing the causation of many of these conditions. One of the com
monest is extensive localized or general erythema (active congestion of 
the superficial vessels). Mercury, the bromides, the abides, iodoform. 
salicylic acid, etc., are on record as producing the condition. Closely 
allied to these are the erythemas produced by irregularities in diet 
nr by siting certain foods. To a very large extent these erythemas 
and urticarias are..jdiusyncratic—only certain individuals are liable to 
manifest Hie lesions. Either some nervous disturbance must be at the 
bottom of iliv.M' idiusyncjttsies, or, as it is now suggested, some minute 
variation in the constitution of the cytoplasm of the endothelium oi the 
vessels of a part, rendering it peculiarly susceptible to the actions of 
the toxins or poisons.

Injlie case of purpuric eruptions, it would seem that we have clearly 
to deal with this direct action of the poisons upon the endothelium of 
the smaller cutaneous vessels, for this often exhibits fatty degeneration. 
It is the localized weakening and necrosis of these cells that would seem 
to precede the rupture and hemorrhage, per rhexin and diapede/tin, 
which set up the purpuric ecchymoses. This, it is true, is not the 
only cause of purpura, but would seem to lie the commonest. Wc 
have encountered minute capillary emboli leading to minute hemor
rhagic infarcts. In some cases of bacterial origin, as in the rose spots 
of typhoid, it is now fully demonstrated that there is local growth of 
bacteria, leading through the toxins to local degeneration and necrosis 
of the containing vessels, congestion, and, it may lie, rupture of the same.



CHAPTER VIII.
EXOGENOUS INTOXICATIONS: PARASITIC CAUSES.

Of greater frequency and greater importance are the parasitic intoxi
cations. Some of these, it is true, are due to absorption from without; 
there are parasites—using the term broadly—which live in the alimen
tary canal, for example, and do not themselves penetrate into the tissues; 
and living there, produce toxins which are absorbed. These are the 
exception. All that is necessary is to note that such exist, and that their 
products act after the same manner as those of the main mass of para
sitic forms growing in the organism. All fall into one of the three 
groups: (1) Microparasites of vegetable nature; (2) microparasites of 
animal nature; (3) the larger animal parasites. In discussing how they 
act in setting up disease, we shall pass them in review in the above

BACTERIA AS CAUSES OF DISEASE.

Of all the various pathogenic microorganisms, the bacteria stand out 
as the largest class, and it has been by a study of their properties that 
the modern doctrine of infection has been developed. The realization 
of their existence and growth within the organism has brought about 
the greatest revolution in medicine and in surgery that our science has 
experienced. As already noted, we shall not deal with them in detail; 
that work is accomplished in the many special works upon bacteriology, 
wherein bacteria are dealt with from the point of view of the medical 
man, works in which the manner in which the individual pathogenic 
bacteria cause the different diseases is carefully discussed. We would 
but recall, and that rapidly, the characters of bacteria as a class, and 
deal generally with the methods whereby they may cause disease.

Briefly, then, bacteria are, as a class, characterized by their extreme 
minuteness; some, indeed, like the organism of contagious pleuro
pneumonia in cattle, are beyond the power of the strongest microscope 
to render visible—are less than one ten-thousandth of a millimeter in 
diameter; they possess no distinct nucleus ; do not (so far as we can 
determine) conjugate, but multiply purely by fission ; are, some of them, 
motile, by means of flagella, and some, again, but not all, exhibit sporu
lation, whether by internal development of such spores (endospores) 
or by conversion of the whole of the minute organism into an encysted 
resting stage, as occurs in some of the spherical forms, though whether



314 EXOGENOUS INTOXICATIONS: PARASITIC CAUSES

these so-called arthrospores are spores proper is gravely doubted. Mor
phologically, they can be separated into the three broad divisions of 
cocci, spherical or blunt oval forms, bacilli or rod-like forms, and spirilla, 
or forms exhibiting either complete spirals or segments of the same; 
transitional forms occur which it is difficult to range in either one or 
other division.

The temperature limits between which they grow are very various, 
as are also the media in which they grow, but of pathogenic bacteria as 
a class it may l>e said that they grow l>est at, or about, the temperature 
of the body of their hosts, and best also upon media containing organic 
matter, which, like the blood and tissues of their hosts, have a slightly 
alkaline reaction to litmus. The majority grow l>est in the presence 
of free oxygen (aeroln-s). A large number can exist in the complete, 
or almost complete, absence of free oxygen (facultative anaéroln-s); a 
small nmnlter (of pathogenic forms) can only grow when free oxygen is 
practically absent (obligatory anaerobes), obtaining the oxygen that is 
essential for existence by the breaking down and reduction of oxygen- 
containing foodstuffs. Possessing no mouths or organs, they can only 
live by absorption; in other words, in a fluid medium holding the neces
sary foodstuffs in solution. That they may act on potential foodstuffs, 
and bring about their dissociation, converting them into a soluble and 
nutritive form, they secrete enzymes—just as do the cells of the digestive 
tract of higher animals. These enzymes in the different species are of 
different orders—proteolytic, cellulose fermenting, diastatic and glyco
lytic, dissociating the various sugars, etc. Added to this, the pathogenic 
bacteria produce toxins, or substances having a poisonous action upon 
other living organisms.

With reference to their toxic powers, we may divide bacteria into 
three groups:

1. The non-toxic.
2. Those incapable of multiplying within the tissues, but grown out

side the body, capable of producing toxic substances, which, being 
absorbed, set up disturbances. To this class l>elong many of the sapro
phytic and putrefactive bacteria, among them sundry organisms of 
so-called wound infection—microbes which will grow in pus of surface 
wounds, and there, through their products, set up irritation without 
gaining entry into the tissues. Here, also, are to l»e included many of 
the microorganisms of the digestive canal, which, growing in excess, 
set up local and general indications of intoxication. Many of these, it 
would seem, can under conditions become converted into members of 
the next group.
' 3. Bacteria capable of growing within the tissues and there setting up 

infection.
It is thus by their products of growth that bacteria cause disease, 

the difference between a bacterial intoxication pure and simple and an 
infection being that in the former case the products alone are absorbed; 
in the latter, the bacteria themselves gain entry and grow.
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Toxins.—The term “toxin” Ls now so generally and so vaguely 
used to embrace all the deleterious products of bacterial growth, that, 
doubtless, substances of very different orders are included under the 
term, including the direct excreta of the bacteria and the secondary 
products of the action of these discharges upon the medium of growth. 
That we have to deal, at least, with these two groups of bodies is, it 
seems to us, conclusively indicated by Sidney Martin’s studies upon 

ria. Martin has shown that from the spleen and other organs of 
those affected by this disease it is possible to isolate a highly toxic albu- 
mose, whereas from the false membrane in the throat (in which alone 
the bacilli have undergone multiplication, and are present in abundance) 
but little of the albumose is to be obtained. Nevertheless, an extract 
(sterile) of the false membrane lnvs singularly toxic properties. From 
a study of the effects of this extract he concluded, with Roux and Yersin, 
that the primary product discharged by the diphtheria bacillus is an 
enzyme, that this diffusing, with some difficulty, it may be, and in very 
minute quantities from the region of growth of the bacilli, does not 
itself poison the tissues, but, acting upon certain proteid substances of 
the organism, converts them into highly toxic albumoses—and these 
it is that set up the symptoms of disease.

And there is much to be said in favor of this view of the nature of at 
least an important group of the primary products of bacterial growth. 
Like enzymes, extraordinarily small quantities suffice to produce eventu
ally maximal disturbances; action is not immediate and is cumulative, 
herein differing from anything of the nature of a direct chemical process. 
They are brought down by the same substances which precipitate en
zymes, are characteristically thermolabile, rendered inert by temperatures 
of 50° to GO0 (\ (the exceptions being no more marked than in the case 
of enzymes), and they diffuse either not at all or very slowly).

Not all pathogenic bacteria produce noticeable amounts of toxins 
discharged in the process of active metabolism. Some, like the typhoid 
bacillus and the Bacillus eoli, afford culture fluids of very low toxic 
powers, but if they be frozen and triturated, as by Rowland’s method, 
or subjected to great pressure, the body juices are found to be intensely 
toxic. The observations here are exactly parallel to the well-known 
experiment of Buchner. The fluid in which the yeast plant has been grown 
contains a ferment which will invert sugar, but will not convert that into 
alcohol. Express the active yeast cells under an hydraulic press, and 
the body juices, acting on the inverted sugar (glucose), produce alcohol. 
Here we have to deal with the existence of intracellular enzymes, bound 
up with the living cell substance, and the stimulus exerted by Buchner’s 
observation has led to the discovery of abundant intracellular enzymes 
in the tissue cells. These “intracellular toxins” seem, obviously, to be 
bodies of the same order.

The views here put forth of the existence of primary and secondary 
toxins—the primary of the nature of enzymes, the secondary the active 
toxic substances—are, we must point out, not as yet universally accepted.

In this connection reference must be made to the remarkable studies of

A7D
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Vaughan,1 of Ann Arbor, and his “ , upon the composition of the* 
bacterial body in relationship to its pathogenicity. Making huge growths 
of various bacteria on solid media several square yards in extent, so as 
to obtain a sufficiency of material for analysis, Vaughan treats the 
extracted protein or proteins by digestion with an excess of a 2 per cent, 
solution of caustic soda in absolute alcohol. From these as from egg 
albumin—he obtains a toxic moiety, soluble in alcohol, and a non-toxic, 
insoluble moiety. The toxic constituent is found constantly to possess 
a benzole ring, it affords tyrosin, and has the general properties of an 
albumose: to this ring-like constitution with side-chains to be satisfied 
he ascribes its toxic activities more particularly upon the cells of the 
respiratory centre.

THE NORMAL DEFENCES OF THE ORGANISM.

Recognizing, then, that we have these two ways in which bacteria can 
cause disturbances within the organism, namely, by the absorption of 
their products of growth and the substances produced thereby (simple 
intoxication), and by growth and production of toxins within the system 
(infection), it must next be asked, Mow do the bacteria gain entry into 
the tissues and thus cause the latter state?

The human body and, for the matter of that, the bodies of all multi
cellular organisms are to be regarded as closed corporations, in which 
corporations one of the special functions of the outer layer of cellular 
units is, for the benefit of the whole system, to hinder the entrance of 
individual organisms of other natures. And here it must be kept in 
mind that, contrary to first conceptions, these outer layers are not the 
external layers only, in the usual acceptation of the term, but are all 
layers bounding surfaces and channels which, however indirectly, com
municate with the exterior. The mucous membrane of the stomach 
and intestines is thus strictly external, as will be grasped from the dia
gram given on p. 301.

There is in the higher animals only one direct channel of communi
cation between the interior of the body and the exterior, and that only 
in the female, namely, the Fallopian tube, which has so fine a channel, 
and so protected, that to all intents and purposes it is closed ; only under 
very exceptional circumstances—we have encountered one such case— 
can acute peritonitis be brought about by suction of infective material 
from the uterus through the tube. The case in question was that of a 
thoroughly healthy girl, who, in the last days of her menstrual period, 
took part in a gymnastic competition, dying within eighteen hours. 
The viscera were found absolutely free from anything that could suggest

1 Trans. Assoc. Amer. I'hys., 20:1905:265; see also the Shattuek Lecture for 
1900, Boston Medical and Surgical Journal, 1900: ii: 215, 243, and 271. From the 
latter it will he seen that Professor Vaughan’s conceptions of vital processes are of 
the same order as those set forth in this volume.

45
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n primary focus; the peritoneal exudate contained a pure culture of 
streptococcus, and similar streptococci were present in the uterine 
cavity. It must he recalled that, save at the menstrual period and after 
parturition, the mucus of the cervical canal acts as an efficient plug 
against suction of vaginal or uterine contents through the Fallopian 
tubes. There are on record other cases of apparently primary peri
tonitis in which, per exclusion cm, this mode of infection must he invoked.

Living outside this close corporation are countless other individual 
organisms. On the very surface of the human laxly, for instance, we 
know that there exist millions of microbes, mainly bacteria, many of 
them potentially pathogenic pyococci, streptococci, It. pyocyaneus, 
It. eoli, etc. 'Flic mouth contains them in abundance pyococci, strep
tococci,1 pneumococci. There may be countless millions in the intestinal 
canal, but these are outside the laaly, and, while they find nourish
ment in the cast-off dead cellular debris, in certain discharges from the 
surfaces and in the fixai material ingested, they are not taken into the 
tissues, or, as we shall point out, if they gain entrance, there are many 
mechanisms for arresting their growth and destroying them.

Of those mechanisms we recognize the following:
Surface discharges: Certain discharges or excretions either simply 

wash off the microbes, which, left at rest, might multiply, or, in addi
tion, have definite bactericidal properties. Ibit for the flow of the saliva, 
the mouth would be an admirable incubator. That flow carries them, 
with swallowing, to the stomach, where, if not already destroyed by 
other means, the acid gastric juice kills off the greater number. The 
mucus poured out from the various glands of the mouth and respiratory 
and other tracts, while it favors the arrest of bacteria, forms a layer 
through which microbes grow with difficulty to come into direct contact 
with the surface cells, and, in general, before this contact can be accom
plished, either by the action of the cilia of those cells frespiratory tract, 
etc.), or by peristaltic or other movement, the mucus is liable to be car
ried away. Certain observers hold that mucus has, in addition, definite 
bactericidal properties.

The gastric juice is particularly active in destroying bacteria. The 
numlier taken at each meal with the fixxl must lx* great. Milk, for 
instance, that has been kept—as most milk is kept for twenty-four 
hours and more, may, on warm days, contain, it may be, 2,000,(MM) or 
more bacteria per cubic centimeter ( 15 minims). Nevertheless, a few 
hours after fixxl the duodenum may be found ipiite sterile, and in general, 
as indicated by the slower development of the peritonitis following 
I erforation of the stomach or upper portion of the intestine, as com
parer! with that succeeding rupture of the lower portion of the small

1 During our bacteriological course in 1905 the students, making cultures from 
each other’s mouths, gained streptoeocei in SO per cent. of the cultures. In view 
of the full studies of the last few years on the different strains of streptococci, 
more particularly by the English bacteriologists (Gordon, Houston, Dudgeon), it 
would be interesting to determine what proportion of these buccal streptococci 
belong to pathogenic and harmless races or species, respectively.
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intestine, the bacteria which persist in the stomach are both reduced 
in number and, at least temporarily, inhibited in their activity. When 
there is gastritis, with arrest of secretion, or diminution of the hydro
chloric acid, the same is no longer true. Then not only are the bac
teria not destroyed, lint, escaping into the small intestines, they find 
alkaline contents of the same or favorable medium of growth, and, 
proliferating, may bv their products induce extensive irritation. Fol
lowing Pettenkofer, llankin found, for instance, that in normal health 
he could with impunity swallow billions of living virulent cholera 
spirilla without ill effects. Happening to repeat the experiment when 
he was suffering from transient gastric catarrh, there developed an 
acute diarrhoea, with abundant spirilla in the stools. It is interesting 
to note that what we may term aee the commonest normal inhabitants1 

of the intestines, namely, the B. coli and Bact. aeidi lactici groups, are 
forms relatively tolerant of acids.

Even the excreta—the urine, milk, and, to a slight extent, the bile*— 
have been demonstrated to exert a certain inhibitory and, in some cases, 
mild bactericidal action.

There are yet other protective external mechanisms. If a current 
of impure air, bearing dust, spores, etc., lie caused to impinge upon a 
moistened surface, as it impinges it leaves behind it solid particles. 
The back of the pharynx, and, as an important auxiliary, the turbi
nated bones of the nose, act as such moistened plates, arresting the 
bacteria taken in with the inspired air. So effective is the mechanism 
that (in nose breathers) few bacteria gain entrance into the trachea. 
The further action of the moistened surfaces of the trachea and bronchi 
results in this, that the expired air of a healthy man is found absolutely 
sterile. As Arthur Ransome has shown, the same is true during quiet 
breathing, even where there is active tuberculous lung disease (although, 
as Fliigge has demonstrated, the fine particles or globules of moisture 
discharged from the mouth of such a patient in speaking, coughing, 
sneezing, may contain the bacilli, and be infective). These globules, 
it is scarce necessary to say, are formed of saliva.

On such a surface as the back of the pharynx the mere presence of a 
frequently renovated layer of moisture would not seem to be a sufficient 
guard against lodgement of microbes and subsequent proliferation of 
the same. Buffer2 has called attention to the existence of a further 
mechanism. Even low down in the animal kingdom, as pointed out 
by Gaskell and Miss Allcock, Hardy, and others, we find that the sur
face discharges and mucinous coverings are not sufficient to arrest the 
growth of bacteria, and that certain leukocytes, passing out on to the 
surface, act as scavengers, and these, whether by actually taking up 
the microbes and digesting them, or, by their “explosion” and dis
charge^ bactericidal contents, succeed in cleansing the surface and

1 We have found that the bile, while not actively bactericidal, has a distinct inhib
itory effect upon the growth of forms like the B. coli.

7 British Medical Journal, 1890: ii: 491.



THE NORMAL DEFENCES OF THE ORGANISM 319

removing bacteria and low forms of life, which, growing in too large

Quantities, might poison the outer cells, and so break down the line of 
efence.
If we examine a scraping or swab from the surface of the pharynx or 

nose, we find that this contains fairly abundant leukocytes. In other 
words, leukocytes are constantly passing out between the epithelial cells 
to gain the surface. Many of these, properly stained, show within 
them bacteria and their remains. They are acting as scavengers and 
cleansers. It seems probable that the majority, having performed 
their functions, undergo dissolution or are swept away by currents of 
saliva. Hut some, at least, find their way between the lining cells into 
the subjacent tissues. This can be well determined if one takes, as did 
llulfer, the rabbit’s tonsil, kill the animal, remove and immediately 
harden and prepare the tonsil—staining sections for microorganisms. 
The tonsils are essentially lymph nodules, lying immediately beneath 
the surface epithelium. Such sections show, besides the lymphocytes 
forming the lymph nodes, two other orders of cells, the one polynuclear1 

—some of which contain bacteria—the other, larger cells of endothelial 
type and origin (Metchnikoff's macrophages), of which some contain 
polynuclear leukocytes and their remains. Such leukocytes, in short, 
as have wandered back from the surface find their way into the lymph 
channels, and so to the lymph nodes, and reaching them, are liable, if 
weakened, to be taken up by the larger hyaline endothelial cells lining 
the channels.

It is wrong, therefore, to imagine, as it is too often taught, that the 
hindrance to the entrance of bacteria into the tissues is, under all cir
cumstances, complete in the healthy individual. A certain number of 
microbes is always gaining admission- nay, is being actively introduced 
by the cells of the organism. But under such circumstances they do 
not cause infection. In health they tend to be destroyed very soon after 
their reception. The evidence that this is the case is now overwhelming. 
It Is true of the lower respiratory tract. Careful study of the peribron
chial glands shows the same presence of intracellular bacteria, 
not so abundantly as in the tonsils.

It is true also of the intestines. Here it can best be followed in the 
lower portion of the small intestines, the region in which the prolifera
tion of bacteria attains its maximum. It is in this region that one 
notes that the lymph-glandular tissue of the submucosa is the most 
extensive (Fever’s pa telles and solitary follicles). Bizzozero2 and Buffer 
have shown that (in the rabbit) the lymphoid tissue presents appear
ances identical with those seen in the tonsil. Repeating the work in

1 Polymorphonuclear is the more correct term, but we admit that it is too sesqui
pedalian for daily service. We employ polynuclear, with the reservation that it 
must be understood that by this we do not mean that the cells are multinuclear, 
only that they possess nuclei of many shapes.

2 Centralhl. f. d. med. Wisscnsch., 23: 491; see also Ribbert, Deutsch. med. Woch., 
ISIS i"7
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our lalH>ratory, Dr. A. G. Nicholls' lias shown that the amount of 
taking up of bacteria by these nodules in various animals is very con
siderable, though the rabbit, with its larger cecum, and arrest there of 
fermenting food, usually affords the most convincing demonstration.

Take a healthy, well-fed rabbit, kill it, open the alnlomen, pull out 
the lower coils of the small intestine so as to stretch the mesentery ; 
harden the mesentery with formalin in the stretched condition; with a 
sterile swab clean off the endothelial covering on either side; cut it out 
without opening the intestine. Now upon staining with carbol thionin 
there are to be observed along the fine vessels of the mesentery what, 
from their shape and relationship, can only Ik* the more or less degen
erated remains of bacteria. Occasionally a well-formed bacillus is to 
be recognize< 1. Some are along the vessels ; some, judging
from their nearness to irregularly lobed nuclei, arc within polynuclear 
leukocytes; occasionally they are within small blood capillaries.

It is clear, then, that, taken into leukocytes upon the outer surfaces, 
bacteria may (1) l>e arrested in the first line of subcutaneous lymph 
nodes, or (2) may evade these and la* arrested in the second line, the 
mesenteric and retroperitoneal lymph nodes, or (3) may pass into the 
minute radicles of the portal vein.

That such leukocytes as have escaped into the lumen of the gut and 
have returned can and do pass into the blood stream, has been demon
strate! I with admirable precision by Prof. A. B. Maeallum, of Toronto.2 3 
In the course of his investigations upon the microchemistry of the 
cell, studying the fate of iron in the economy, he was led to feed lake 
lizards (Neeturus) with peptonate and albuminate of iron. Taking 
them when they had fasted for thirty months (to make sure that their 
intestines were empty 1), he fed them with the compounds above men
tioned, and killed eight hours later. Employing Perl’s (the Prussian 
blue) test, by which means the free iron, if present, takes on a pro
nounced blue color, he found that:

1. Within the lumen of the intestine were leukocytes full of Prussian- 
blue granules. These had, therefore, passed out and taken up the iron

2. Between the epithelial cells of the villi were cells of the same order 
(reentering leukocytes), along with others <piite free (wandering-out 
leukocytes).

3. Examining the other tissues, he found leukocytes containing the 
blue granules in the capillaries of the liver and in the spleen ; or, in other 
words, the leukocytes containing the iron had found their way into Inith 
the portal and the systemic blood.

And, lastly, not to dwell upon the convincing results of Nocard, 
Ravenel, and Behring, upon the passage of tubercle bacilli and other 
organisms into the lymph of the thoracic duct of dogs and other animals

1 Journal of Medical Research, X 
* Jour, of I’hysiol., lli: 1894: 2t$8.

(i: 1904:48.*.
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when fed more especially with fatty foods,1 Dr. W. W. Ford,2 in our 
lalwiratory at the Royal Victoria Hospital, has demonstrated most con
clusively that immediately after death organs like the liver and kidneys 
of dogs, cats, rabbits, and guinea-pigs are not sterile, but contain some few 
bacteria, which are capable under favorable conditions of still growing.

Ford’s cultures proved that over 70 per cent, of the livers and kidneys 
of these animals, if removed aseptically within a minute or two after 
death, and placed with every aseptic precaution in agar-agar, gelatin, 
or broth, yield cultures of various forms of pathogenic and non

genie microbes, such as are found in the intestinal contents. The 
interesting point Is that the growth of these forms is peculiarly slow. 
Ford, in general, obtained no growth within three days, but, keeping 
for several days, he obtained positive results. Evidently (1) the bacteria 
are attenuated, so that their growth is feeble, and (2) it is arrested until 
the bactericidal substances of the. organs have become inert. There 
was a striking difference between the flora gained from the carnivorous 
animalfS and the rodents, and again between the flora of the different 
series of animals (dogs, cats, rabbits, guinea-pigs).

Wrosezek has made the further observation that, giving healthy ani
mals cultures of noil-pathogenic pigmented bacteria with their foods, 
these can be obtained in culture from the internal organs, without there 
being a sign of inflammatory or other lesions along the intestinal tract. 
More recently, our colleague, Dr. Wolbach,3 has called attention to the 
fact that in a large proportion of cases of what had hitherto been regarded 
as aseptic autolysis of the liver of the dog, cultures of an anaerobic 
bacillus are obtainable—so large a proportion that this must be regarded 
as habitually present in the healthy animal.

These observations, then, prove conclusively that bacteria are con
stantly entering the organism. Rut now to turn to another aspect of 
the subject: If bacteria, and these pathogenic, be injected directly into 
the blood stream, within fifteen minutes, and even within five minutes, 
although hundreds of thousands, not to say millions, have been thrown 
in, the circulating blood affords very few colonies. And, examining the 
tissues after these intervals, one finds that the bacteria have already 
been actively removed from the blood by the endothelium of the blood
vessels, more especially of the liver, kidneys, and spleen (splenic cor
puscles). Within an hour the heart blood may be found sterile.

(At a later period, however, the blood may again be teeming with 
the bacteria.)

Bacteria, then, which gain entrance are taken up by the endothelial

1 It is not an exaggeration to say that during the last few years there have appeared 
close upon fifty articles dealing more particularly with abdominal infection by the 
H. tuberculosis, and demonstrating experimentally the passage of solid particles" 
through the unaltered mucosa of the intestine. Fuller data regarding the earlier 
work are given in an address by me. Jour. Am. Med. Assoc., 33:1899:1500 and

2 Trans. Assoc. Amer. Phys., 15:1900:389, and Jour, of Hygiene, 1:1901:270.
3 Wolbach and Saiki, Jour, of Med. ltesearch, 21: 1909: 207.
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cells of the bloodvessels. Werigo* has observed and figured the endo
thelial cells in the liver sending out definite pseudopodia, whereby leuko
cytes and their contained bacteria are arrested. As these processes 
retract, the bacteria are to be seen lying within the endothelial cells.1 2

As we have pointed out,3 if one studies a series of livers removed at 
different periods from rabbits, into whose vessels 11. coli have been 
injected, it is possible to recognize a series of stages of destruction of the 
bacteria.

At an early stage, large, well-formed bacilli are to be seen within the 
endothelial cells of the liver. loiter, these break up into short stumpy 
segments; later, as the process continues, in place of bacteria, rows of 
two or three minute dots are observable; later again, the endothelial 
cells become free from any signs of germs. We are inclined to conclude

Swollen endothelial cell of capillary of 
rabbit's liver containing Bacillus coll in 
various stages of degeneration, within 
thirty minutes of injection of the bacilli 
into the blood streiun. Part only of the 
nucleus is shown in the section.

Phagocytic cells from peritoneal cavity of 
guinea-pig. nine hours after intraperitoneal 
injection of Bacillus coli, to show stages of 
destruction of the bacilli: p, polynuclears; 
in, large mononuclear cell; /, lymphocytes 
(lion-phagocytic).

that minute isolated double ami treble dots seen within the liver cells 
represent the remains of the bacteria taken up from the overlying endo
thelium, for similar diplococeoid forms now appear in the bile.

Personally, we incline to the opinion, although we will not lay it 
down positively, that both the liver and the kidney actively excrete 
bacteria which have undergone preliminary action by the endothelium. 
Regarding this matter, it is extremely difficult to arrive at an absolute 
conclusion, and the many observations made since Cohnheim first pro-

1 Ann. cle l'Inst. Pasteur, 7:1893:593.
1 A study of the phagocytic action of human leukocytes by Leishmun’s method 

shows that ingestion may occur without pscudopodiul activity: mere contact, 
with, apparently, altered surface tension, results in the bacteria flowing into the 
cytoplasm.

1 Adami, Abbott, and Nicholson, Journal of Kxpcrimental Medicine, 4: 1899:349.
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poumled the view, have been so conflicting—so positive in either direction 
—that we hesitate to express more than our belief.

Thus, the observations of Sherrington, Wyssokowicz, and not a few 
others are wholly opposed to this conclusion ; those of Blachstein, Futterer, 
Wrosczek, our own observations, and those of Nicholls support it.

Whether the process continues so far that there is actual excretion 
of attenuated and destroyed bacteria, this is obvious, that while the 
tisanes of the healthy body are not of necessity free from microorganisms, 
they are jtotentially sterile. While the mesenteric and other superficial 
lymph nodes may show abundant bacteria, the mass of these are clearly 
destroyed, or are undergoing destruction. While the removed liver 
may show abundant bacterial forms, in its endothelium, and even, as 
we hold, in its parenchyma, scarce any of these are normal, and cultures 
from the same organs made immediately after death are either sterile or 
give only delayed growths of a few forms; here and there throughout 
the organ a microbe not yet acted upon to the extent of rendering con
tinuous growth impossible may yield a culture.

There are thus many means whereby the organism is prepared to arrest 
the entrance of microorganisms, and, in the event of such entrance, to 
inhibit their growth: (1) The physical and bactericidal action of the 
bodily discharges; (2) the structure of the surface layer; (3) the bacteri
cidal activities of the wandering cells; (4) the phagocytic and bacteri
cidal action of the lymphoid tissues; (5) the like action of the vascular 
endothelium; and (0) it may be, the bactericidal and excretory action 
of the cells of certain excreting glands. Nor is this all: (7) we have, 
in addition, ample proof that the circulatory fluids of the laxly have 
antibacterial properties. There is, however, still some want of accord 
between different observers as to how far these are in force under physio- 

" conditions. We shall deal with this subject more fully at a later 
period.

THE MODES OF INFECTION

We have purposely dealt with the subject of the normal defences 
of the organism at some little length, and this because an adequate 
appreciation of the relationship of the body toward bacteria in health 
is absolutely necessary for a full grasp of the conditions under which 
infection may originate. It will be seen that, instead of there lieing, 
as is so generally taught, one almost universal method whereby bacteria 
enter the body, namely, by some (traumatic) solution of continuity of 
the surface layers, the means are manifold. We may have:

1. Alterations of the surface discharges and secretions, either in 
amount or in quality, whereby microlies proliferate unduly on the 
surface, producing sufficiently concentrated toxic matter to affect the 
surface cells, lower their vitality, and destroy them, with the result that 
they now gain a focus of growth within the tissues.

The foul ulcerous condition of the mouth in certain fevers, accom
panied by lessened salivation, is an instance to the point, as, again, is the

0
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development of thrush. The accumulation of excreta by closure of the 
passages of discharge also favors the development of infection. This 
has been noted especially in the alimentary tract. Posner and lowin' 
have proved that experimental closure of the rabbit's rectum leads to the 
presence of the B. coli in the various tissues and excreta in the course of 
a very few hours; Czaplewsky and Frazier,1 2 that experimental closure 
of the rabbit's cecum r "y leads to the su|>ervention of peritonitis. 
Not only do bacteria proliferate excessively under these conditions, but 
their virulence is definitely exalted. B. coli isolated from the contents of 
the intestines liefore such closure may Ik* found harmless for other ani
mals; isolated some forty-eight hours later, is intensely virulent. The 
main cause of appendicitis is primarily, it would seem, not ulceration 
or erosion, but kinking or other obstruction of its narrow channel.

2. Traumatic solution of continuity of surface layers: Here we have 
to deal not only with the destruction of the protective layers, but with 
the provision of a favorable nidus for bacterial growth in the necrosed 
cell tissue lining the injured surface.

When Pasteur fed a flock of sheep on a meadow which had been 
sprinkled abundantly with a virulent broth culture of the anthrax 
bacillus, scarce an animal succumbed to the disease; when, in addition, 
he scattered thorny particles and broken glass over the meadow, and 
then turned out the sheep to graze, the majority of the flwk died of 
anthrax. It is, however, unnecessary to quote individual instances; the 
marvellous change which has come over surgical results since the appli
cation of Lister’s method of keeping wounded surfaces free from 
exposure to contamination is our great object lesson. Little wonder 
that, with this lu-forc them, surgical pathologists regard trauma and 
solution of continuity as the essential causes of infection.

But here let us point out the significance of Welch's observations. 
It is not necessarily the destruction of surface layers which allows infec
tion; the lowering of the vitality of the tissues is of almost equal impor
tance. Despite the greatest mre in the cleansing of cutaneous surfaces, 
and in the carrying out of aseptic or antiseptic treatment, suppuration 
may show itself in a wound. Welch has called attention to the almost 
universal presence in the lowest layers of the skin of the M. epider- 
midis closely allied to, if not an attenuated form of, the pyococcus 
albus these in health leading a harmless, saprophytic existence. 
This form is the common cause of, and is to Ik* isolated from, “stitch 
abscesses,” and may lead to extensive tissue destruction and general 
disturbances. If ligatures Ik* made too tight, the included tissue is 
largely deprived of bloinl supply and nutrition, its vitality is lowered, and 
under these conditions it is that forms so feebly pathogenic as to be 
indipable, under ordinary conditions, of growth within the tissue, now 
proliferate, break down the tissues (by their pnxlucts), with increased 
growth gain in virulence, and lead to abscess formation.

1 Mvrlin moil, (Jowl I., I'ohruary 6, I80.r>, nl»lr. in Moil. Week., 1H95: 8'J.
1 Contributions from the William IV-pjier Laboratory, I’hiladolphia, 1900.
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3. Growth of bacteria ami infection in an internal organ, with no 
recognizable solution of continuity of a surface "cryptogenic infection." 
It has lieen usual to regard this as brought about by some local solu
tion of continuity which has undergone healing, or is so small as to be 
passed over. Such, of course, may occur, but the facts brought forward 
above show clearly that, through unaltered surfaces, bacteria and other 
microbes may be introduced by the agency of the wandering cells of 
the organism, and, l>eing so introduced, may be conveyed by the lymph 
or blood stream to various regions where, coining to rest, they may 
proliferate and set up infection.

We not infrequently encounter cases of tuberculous cervical glands 
in children without a sign of tuberculosis of the fauces, active tubercu
losis of the mesenteric glands with the mucosa of the intestine showing 
not a single ulcer, or at times meet with acute localized osteomyelitis, 
due to streptococci, with no history of, and no sign of, local surface 
irritation anywhere. Similarly, an acute nephritis or cystitis may 
suddenly su|>ervcne, with no ulcerative lesions found anywhere at 
autopsy to e> its origin.

It may be asked why, if pathogenic organisms are so frequently 
present (as we know they are) on the surface of the body, in the mouth 
and the intestinal contents, and if the leukocytes are thus liable to carry 
them into the tissues, cryptogenic infections are not far more common ; 
why, in short, we continue to live. The answer is (1) that leukocytes, 
in general, taking up very virulent microbes, tend to be destroyed or 
inhibited, so that they do not make their way back from the surface; 
or, indeed, through negative chemiotaxis (p. 4Hi), do not take them 
up at all. We would not lay great stress upon this, though doubtless it 
is a factor, for occasionally we find them ingesting distinctly virulent 
forms (e. g., the gonococcus) and showing little obvious arrest of activ
ity. Of more importance, we think, is (2) that, just as one swallow 
does not make the summer, so a single microbe cannot, according to 
numerous observations, produce infection (unless it be of extraordinary 
virulence). A certain minimal number must be at one spot in the tissues 
in order to produce enough toxic material to couuterimlanee the opposing 
cell activities.1 Ordinarily, therefore, a single microbe-bearing leuko
cyte coming to rest at any point does not produce disease. One or a 
few virulent germs introduced at one point are destroyed liefore they 
have time to proliferate. Thus isolated bacteria may simultaneously 
l>e introduced at various points and simultaneously lie rendered harm
less. Only when we have a special concatenation of circumstances is it 
likely that this method of infection shows itself: («) the presence of au 
excessive number of virulent microlies at one surface region; (l>) eon-

1 ThiiH, for example, employing a muttl ingenious method whereby to isolate 
individual bacteria, Webb, Williams, and barber have demonstrated that it 
requires from 50 to 150 tubercle bacilli (according to the virulence of the 
culture) to set up tuberculosis in the guinea-pig by subcutaneous inoculation, in 
this confirming certain earlier observations of Wyssokowicz (Jour, of Med. 
Research, 20: 1000:1).
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gestion of a mucous surface, with passage out of an increased number of 
leukocytes; (c) reentrants at one region of an undue number of the 
same tearing with them the microbes; (d) accumulation at one spot; 
or recurrent deposit of such numbers of microbes that the bactericidal 
powers of these cells then become exhausted ; and lastly (c) temporary 
or habitual lowered vitality of the tissues of such a region antecedent to 
the introduction of the microbes. With all the protective mechanisms, 
it is unlikely that any one of these conditions alone is liable to set up 
infection. We must assume the concurrent working of several. Infec
tion, indeed, must te regarded as the outcome of a contest between the 
protective mechanisms of the organism and the bacteria, in which, for 
a time at least, the latter gain the upper hand. Whether bacteria 
grow in the body and set up disease or not depends thus upon two main 
factors—the resisting power (or susceptibility) of the tissues and the 
virulence of the microorganism ; and both of these are capable of great 
variation. The first of these we shall consider in a separate chapter, for 
it has a tearing not merely upon the causation of infections, but of all 
forms of disease ; regarding the latter, it is appropriate that here we 
should call attention to the more important data.

The Channels of Entry in Relationship to the Modes of Growth of 
Bacteria.—All pathogenic bacteria, it is needless to say, do not have 
the same habits of growth. Some are strict parasites, growing in the 
animal body only, and at the temperature of the body, some, indeed, 
only in the human body. Such, while they may retain their vitality 
outside the organism, cannot proliferate there, whence it follows that 
communication of the bacteria—and of the disease—must te direct, 
or almost direct, either by immediate contact or by the conveyance of 
the virus in the form of fomiten, in dust, scales of shed skin, etc., or in the 
discharges from the |>erson from the one individual to the other. The 
tubercle Iwicillus and the microbe of gonorrhoea are thus conveyed. 
Or, insects act as intermediaries; then, it would seem, only in a passive 
manner (we here refer to bacteria only); , for example, the
typhoid and the plague bacillus can proliferate within the intestinal 
canal of insects, it is doubtful whether these act as more than passive 
carriers; certainly they are not essential. Other microbes have a 
much wider range of growth, and here the process of infecting may te 
mediate ; discharged from the body of the diseased individual, they pro
liferate in fluid outside the body at the ordinary temperature; and 
growing, they may exist for weeks, and through the contaminated fluid 
it is that the disease becomes carried to a second individual. Hut 
bacteria which commonly are conveyed by the one means may, with 
slight change of conditions, te transmitted by the other, and the old and 
still official usage of classifying certain diseases as contagious (t. <?., con
veyed by contact), others as infectious, is useless, save as a euphemism. 
It is better to classify all as infectious, and recognize those properties 
of growth which render infections more liable to occur mediately in 
certain diseases, immediately in others. So, too, the term miasmatic, 
as indicating that certain diseases are brought about by a miasm, influ-
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ence, or effluvium einaniitiug from the soil, In-longs to a past genera
tion and must be allowed to die a natural death. What is of more 
importance is to recognize how and why specific bacteria gain particular 
channels of entrance.

1. Organisms floating in the air, whether capable of proliferating 
outside the body or not, are liable more particularly to gain entrance 
through the respiratory tract, and especially through the upper respira
tory tract, the pharynx, and tonsils.

2. Those, like the typhoid and cholera microbes, which can pro
liferate in water, are particularly liable to gain entrance through the 
intestinal tract, although it has to be noted that the mouth and pharynx 
are common to both the digestive and respiratory systems, and they may 
here also Ik- implicated. So, too, organisms discharged in the excreta of 
other animals, and not necessarily propagating in them, if these excreta 
be used as food (c. </., milk), or contaminate food; or, again, microbes 
growing in the more sterile tissues of diseased animals used as food, 
may gain entrance by this channel. In this way, for example, tubercu
losis may 1m- conveyed, more especially to young children.

3. ( )rganisms capable of existing in the pores of the skin more particu
larly an- liable to prolifenite when there is solution of continuity of the 
skin. Thus, the pyococci, streptococcus pyogenes, and bacillus pyocy- 
aneus more particularly gain entrance by this means, although, as the 
skin comes in direct contact with external objects, many other micro
organisms, under particular circumstances, may gain entrance in this 
way; or wounds are inflicted by instruments already bearing patho
genic organisms, such as rusty instruments carrying the spores of the 
tetanus bacillus.

•1. Organisms infecting the genital passages art- liable to Ik- conveyed 
directly to the other sex in conjugation, as also to the child in parturition.

.">. Those infecting the placenta pass to the fœtus along the umbilical 
vein.

We must, however, repeat that the channel of entrance is not neces
sarily the seat of manifestation of primary growth. We have to note 
sjK-cial tissue susceptibility (p. 408), whereby bacteria gaining entrance 
multiply in certain tissues and not in others.

Virulence. In the early days of bacteriology it was held that viru
lence was not so much the expression of active antagonistic processes 
initiated by the bacteria, as of a disturbance of vital processes, more 
or less extensive, brought about by the mere mechanical presence of 
these organisms within the tissues and the abstraction by the same for 
the needs of their growth of substances necessary for the
growth and due activities of the tissues. The anthrax bacillus thus 
was supposed to absorb the oxygen of the blood and to block the capil
laries. Nowadays we recognize that it is the expression of the toxic 
properties of the substances excreted by the bacteria, either in the course 
of their growth, or, it must Ik- added, of their disintegration. Just 
as the tissues have their protective mechanisms, so have the bacteria, 
and these latter protective mechanisms, so far as they affect us, may be
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summed up in the one word—toxins; although, as we have already 
warned the reader under this heading, we clearly include bodies of more 
than one order, among them the aggressins. Or, in other words, the 
virulence of a microorganism is the expression of the toxicity of its 
products. Upon analyzing further, it will l>e seen that virulence 
depends u|>on two factors, namely, the intensity of the toxic action of 
these products (of a unit of the same) and the amount discharged in 
a given time. A third factor determines infection, namely, the number 
of bacteria present affording these toxins. The intensity of action of 
a given solution of enzyme depends, for example, not merely upon the 
existence of the enzyme in the solution, capable of converting a given 
amount of substance in a given time, but u|>on the amount of enzyme 
present relative to the amount of material to Lie converted. This, 
however, we can neglect for the moment.

It is found that:
1. This virulence is specific, and that in two ways: (a) The toxins 

produced by the different species (i. e., forms differing in morphological 
ami cultural characteristics) an* different, so that the results of inocula
tion constantly vary; and (b) the toxins are active for certain sjiecies of 
animals only, and not for others. An organism which will cause disease 
in one animal may Ik* harmless for another of different species. Regard
ing the first of these properties, it is to lie noted that of recent years facts 
have accumulated showing that closely allied species may elaborate 
common toxins, i. r., that they product1 multiple toxic bodies, some of 
which are common to more than one species, but others are specific, and 
peculiar to the one species. Regarding the other, it is a matter of com
mon knowledge1 that certain bacteria are specific for man and without 
effect on the lower animals (e. </., the gonococcus); whereas others, like 
the large group of species of organisms of hemorrhagic septicemia, in 
general, affect particular species of mammals and birds, but are with
out effect on man.1

2. The virulence of a given species is subject to great variation. No 
two strains isolated from different individuals are of identieid virulence.

3. The virulence is exulted or increased for any species by “passage” 
through members of that species, i. r., by inoculation of a culture into 
an individual of that species in sufficient amount to set up symptoms 
of severe infection, and when these symptoms present themselves, 
killing that animal and inoculating some of the laxly fluid of that animal 
into a second, and of that into a third animal, etc. 'Vo this increase a 
limit would seem to present itself after a certain number of passages, 
beyond which no further increase is found to occur, but the increase 
may lie so great that a strain of an organism like the Streptoeix-cus 
pyogenes, which, before passage, will only kill young individuals, and 
that after a period of three or four days and with the employment of 
1 c.c. of a culture, will, by passage, be made so intensely virulent that

1 It must, however, lie remembered that one memlier of thi* group, the barilluH 
of bubonic plague, i« strikingly virulent for man.
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the thousandth part of a cubic centimeter, or even, it may be, the 
millionth part, inoculated into an animal will cause death in six hours.

4. While thus the virulence may, by passage, be exalted for the par
ticular species employed, it may be considerably lessened for members 
of another species. This is not constantly the case, but some notable 
examples have been recorded. Thus, without exception, the virulence 
of pathogenic organisms is lessened by prolonged growth in or upon 
media of the laboratory, more particularly when this is accompanied 
by transfer to new media only at long intervals. It sometimes happens 
that the rapid transfer of a strain—every twenty-four hours—from one 
medium to another in rotation will cause a development of virulence in 
a weak stock up to a certain moderate amount; but if allowed to "stew 
in their own juice,” bacteria tend to become attenuated. Various other 
agencies lead to lessening of the virulence outside the body, such as 
growth at a temperature bordering upon the maximum at which the 
particular species will retain its vitality; exposure to sunlight; action 
of small quantities of antiseptic or disinfectant substances; subjection 
to increased atmospheric pressure, etc. broadly, it may be stated 
that bacteria exhibit the action of the law that has been made out for 
the higher forms of life, that within certain narrow limits the struggle 
for existence brings about the improvement of the .race; above these 
limits, if the race gains too complete a mastery of its environment, it 
ceases to advance; below these limits the struggle is conducted at a loss 
—the race becomes enfeebled. So, also, it is in general to be observed 
that as growth becomes more active, the virulence increases, although 
as between any two species, or even between two distinct strains of the 
same species, relative luxuriance of growth is not by any means an 
absolute criterion of relative virulence.

It is needless to say that in connection with this subject of virulence— 
as with all others—there is much regarding which we are still ignorant. 
We cannot isolate the toxins and study their effects as pure chemical 
substances; we do not know, and can only infer, their nature. What is 
more, we are still at a loss to account for the mode of action in setting 
up infection of the two great groups of pathogenic organisms, namely, 
those which characteristically discharge extracellular toxins, so that 
the medium of growth becomes highly toxic, and those, on the other 
hand, which (grown outside the body, at least) produce inconsiderable 
amounts of diffusible toxins. Of the former group we have such 
organisms ils those of diphtheria and tetanus, and that of blue pus 
(B. pyocyaneus); of the latter, the bacillus of typhoid, the B. coli, the 
anthrax, and tubercle bacilli. It seems evident, in the first place, that 
if outside the body they produce nothing which we can recognize as 
toxins, inside the body they discharge or afford something which affects 
the cells in their neighborhood, for, introduce attenuated anthrax 
bacilli into the tissues, and the leukocytes rapidly attack them ; whereas, 
virulent anthrax bacilli introduced similarly arc left severely alone. 
The same is true as regards colon bacilli inoculated into the |>eritoneal 
cavity; whether they arc taken up and destroyed, or not, depends upon
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their virulence. This group of organisms does not become pathogenic 
because its members are apparently innocent and inert and gain a 
footing in the tissues without irritating the cells and simulating them 
to employ their protective mechanism. There may be something in 
this; the unsuspecting scavenger in the mouth or intestines may take 
up an apparently innocent tubercle bacillus and convey it into the lymph 
gland, only to discover too late that it has swallowed more than it can 
digest; but, over and above this, we have to gain more knowledge of the 
exact nature of the products discharged by the group of bacteria while 
in active growth before we can feel that we have a satisfactory knowledge 
of what is the nature of virulence.1

Before we leave the subject it is necessary to say a word regarding a 
matter to which we have more than once referred, namely, the numerical 
relationship of bacteria to infection. With the possible exception of mi
crobes, which, like the streptococcus already mentioned, have undergone 
by experimental means an extraordinary increase in virulence, it appears 
well established that in the individual mammal in normal health a single 
microorganism cannot cause disease. Even when the vitality is lowered 
it probably requires several in close proximity in order to produce so 
much discharge that the antibacterial substances of the enclosing or sur
rounding cells become neutralized. We have noted, for instance, the 
observations (p. 32Ô, note) upon the minimal number of tubercle 
bacilli which will set up infection. If this be so, it is obvious that the 
number of bacteria gaining entry to one area at one time is a factor in the 
setting up of disease. A large number of bacilli of low virulence will as 
surely cause infection as will a few of exalted virulence. The number 
entering is very clearly a factor. Your physician—happily of the old 
days, for such unwise heroism is not called for now—who may have gone 
through an epidemic of diphtheria, and in so doing must time and again 
have breathed in the bacilli of the disease without taking the disease, 
succumbed surely when, sucking the tracheal tube of the little suffocating 
patient, in order to clear the passages, he introduced a mass of the micro
organisms into his own throat.

It is well to keep in mind this influence of numbers in attempting to 
correlate experimental results with the natural course of infectious dis
ease. In the laboratory, that Is, we are accustomed to produce disease 
by the employment of immediate injections of millions of bacteria. It 
must be remembered that in nature there is rarely any such immediate 
overwhelming of the tissues. We may thus, at times, obtain positive 
results with microbes which under natural conditions would be relatively 
innocuous for the species under observation.

1 .Some light is thrown upon these matters by the recent studies upon the aggres
sing. (See Section III, Chapter VIII.)



CHAPTER IX.
PROTOZOAN PARASITES AS CAUSES OF DISEASE.

As already noted, active interest has been aroused within the last fexv 
years in sundry microbic unicellular forms of animal life as causes of 
disease, and at the present time scarce a month passes without some 
investigator announcing the discovery of a new form of protozoan 
parasite in one or other animal at times apparently harmless, at times 
clearly associated with the appearance of definite symptoms of di.sease.

> V-\

Trypanosome* (T. gnmbiense) from the Hood in sleeping sickness. X 2000.

The study is relatively so new and incomplete that it may In* the time 
is not ripe for the broadest generalizations regarding the mode of action 
of these protozoa as pathogenic agents. One is tempted, that is, from 
a study of forms which have been very fully worked out, such as the 
hematozoon malaria*, to see a broad distinction between the bacteria and 
these animal forms in the possession by the latter of an amoeboid stage, 
during which the microbes can actively attack the cells of the organism, 
and in a large number of instances can penetrate and grow within these
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cells, that intracellular growth lieiug a definite stage in the life cycle. 
With other forms, such as the trypanosomes, while the active stage of the 
disease they induce is characterized by the presence of extracellular 
forms, swimming freely in the body fluids, their complete disappearance 
in certain conditions (as after the administration of arsenical compounds) 
and subsequent reappearance suggests strongly a latent intracellular 
stage such as, indeed, has been demonstrated by Breinl,* while pre
viously the studies of Rogers and other Indian observers had proved 
that the remarkable Ixishman-Donovan Inn lies of kala-azar are the 
intracellular phase of existence of a trypanosome-like organism. We 
see, obscurely it is true, a difference between the nature of the diseases 

caused by these protozoan parasites and 
those set up by the vegetable bacteria, in 
that the latter give origin to powerful toxic 
bodies having a widespread action, whereas, 
while we have some evidence, and that 
definite, of the existence of toxins produced 
by the protozoan parasites, these would 
seem to be of a lower order of toxicity, so 
low that hitherto in most cases it has been 
ini|N)ssible to recognize the development of 
antitoxins and passive immunity by experi
mental methods.3 But if (iuarnieri and 
Councilman1 * In* correct in their views re
garding the protozoan causation of small
pox and vaccinia, and Mallory in his re
garding scarlet fever, then this distinction 
must In* given up, for the acute exanthemata 
are clinically the type examples of infections 
—of diffuse disturbance of all the tissues 
set up by toxins, resulting either in death 
or the production of well-marked immunity. 
Under these conditions, the most we can 
do is to I miss in review the different orders 

of protozoa that have In*cii found causing disease, briefly noting the main 
features of their growth and distribution in the laNly. These have 
U-en found Itelonging to all the main orders of protozoa—the sarco-

Drvelopment of organism of kaln- 
nsiir in ritrated spleen blood ( Rogers' 
method): 1, I«ishiiuui-Donovan body 
in fresh spleen blood; 2, after three 
days’ culture; 3. fifth day; 4, sixth 
day; 6. elongated flagellated forms, 
sixth «lay; 6, group apparently de
veloping from intraiellular forms, 
with remains of cell. (After Christo-

1 Keports, I.iv«*r|MM»l Sch. of Tropical Med., 1WH).
1 In the previous edition reference was mat le to the acute exanthemata as very 

|Mnwihly due to protozoan (tarasites, and hence an opposed to the formulation of any 
such generalization. The trend of opinion at the present time in against this view 
and in favor of regarding nmull|x>x, vaccinia, measles, etc., along with the pleuro
pneumonia of cattle, yellow fever, and acute anterior poliomyelitis (Klexncr and 
I.ewis) as induced hy mendiera of the group of ultramicroseopic organisms, which by 
analogy of their mode of action and the mode of reaction on the part of the system 
are more nearly related to the bacteria than to the protozoa. (See Appendix A.)

1 See the series of articles by Councilman and his associates, Jour, of Med. 
Ri i arch, v 8.6:1804:1
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dinin', or rhizo|)<xlu, the inastigophora, or flagellatn, the sporozoa, and 
the eiliate infusoria.

Sarcodiniæ. —Of these the type example is the amodia (or ent- 
am(rlm) of dysentery. This exists in a free state in water, and would 
seem to Ik* capable of multiplying in the ; it either attacks or 
passes through the mucous membrane to the submucosa, where it may 
be found in great numbers, containing ingested erythrocytes and cell 
debris, i. c., it lives upon and ingests the cells of the part, setting up 
marked inflammatory swelling, ulceration, and necrosis. A later seat

Fig. lift

Hr hematic life cycle of the Arnttbn coli: 1, the adult nimrlm with nucleiiH (n) and contractile 
vacuole (r); 2, the same, multiplying by amitotic division ; 3, appearance of eliromidinl granules 
in cytoplaam, which enlarge and become the n|xire* (ep.) in 4; these spores liecomc discharged or 
lilierated (ft) and develop (tl. 7. 8) into the adult amceba, or (9) under other conditions the iuim-ha 
passes into an encysted stage. (After K. !.. Walker.)

of election may lie the liver, in which necrotic abscesses may be set up, 
the amodia I icing present in abundance in the tissue of the boundary 
zone of the abscess. Occasional rounded encysted amodia1 are to lie 

out more particularly in the walls of the colon. Whether the 
spores develo|ied from these cysts developing into minute amodia* 
remain throughout extracellular or exhibit an intracellular stage has 
not been determined.

It will lie seen, therefore, that the indications arc that these h 
genie amodia* live within the organism by attacking and digesting the 
cells and cell substance. Their action is essentially ‘ and whether

40
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the remote effects seen in dysentery are to be regarded as, in part at 
least, due to the effusion of any toxic substances, discharged by the 
amœhœ themselves, or wholly to the products of cell destruction along 
with the secondary infection of the ulcers in the colon, has not as yet 
been fully determined.1

Mastigophora.—Of these, the trypanosomes may l>e taken as a 
type. These form a widely spread class of pathogenic protozoa, 
numerous sj>ecie.s being found as blood parasites in vertebrates, both 
cold and warm blooded, from the fish and frog upward to man himself. 
The forms most fully studied have been the Trypanosoma evansii, 
causing a disease of horses in Assam, India, and the Philippine Islands 
known as surra (Evans, 1880); the Trypanosoma brucei, the cause of 
the n'gana, or tsetse-flv disease, affecting horses and cattle in Southeast 
Africa (Bruce), 1894; the allied form associated with dourine, or mal de 
mit (Rouget, 1890), in Algeria and Southern Europe, as also recently 
through importation in the United States and Canada ; and with mal 
de caderas of South America, also affecting horses (Elmassian), 
1901. It is now fully established that another trypanosome, the 
Trypanosoma gambiense, is the causal agent in the remarkable disease, 
sleeping sickness, which is spreading rapidly in Western and Central 
Africa, so rapidly that it is calculated that no less than half a million 
natives have died from the disease during the last ten years (Dutton and 
Ford, 1902; Castellani, 1903). Rogers and others have demonstrated 
that the minute I)onovan-IAshman bodies found in the enlarged spleen 
in the Indian disease of man known as kala-azar, or dum-dum fever, 
are one stage in the life cycle of another trypanosome; and of the same 
order are the similar bodies found abundantly in the intractable Oriental 
sores which go by various names in various regions -Delhi boil, Aleppo 
button, etc. (J. II. Wright, 1903).

Without entering into the full details, for those lielong to works 
devoted to the animal microparasites, it may be recalled that these 
minute organisms found in active motion in the removed blood possess 
an elongated, spindle-shaped body, with undulating membrane along 
one side, whose outer differentiated border, beginning within the head 
end of the organisms as an offset from a remarkable refractile granule, 
spoken of variously as centrosome or micronucleus, continue beyond 
the body as a flagellum ( Fig. 113). There is a nucleus; at times 
a contractile vacuole may In* made out. The length may l>c as much as 
30 u, or, in the largest forms, the T. theileri of cattle, 50 p, or the huge 
T. ingens, recently discovered by Bruce2 and his associates in Uganda, 
inhabiting the blood of the ox and reed buck, from 72 to 122 p. The 
breadth ordinarily is from 2 to 3 p. Multiplication is by a process of 
longitudinal fission, in which, in some cases, the nucleus, in others the 
micronucleus, first undergoes division.

1 An admirable study of the amœbæ parasitic in animals has recently been pub
lished by Walker, of Boston, Jour, of Med. Research, 17:1908: 379.

* Bruce, Hamerton, and Bateman, Pmc. Roy. Soc., B., 81:1909:323.
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This simple fission is, so far, the only mode of multiplication known ; 

no sexual cycle has been made out, even though the organisms are 
transmitted through alternate hosts. It is this form also that alone is 
seen when, as first determined by Novy, the trypanosomes are grown 
upon the media of the laboratory. In this 
they differ from the forms presently to be Fio.no
noted. Reference has already been made to 
the intracellular stage of these organisms.
Further work is required to determine whether 
this be a necessary phase in the life cycle, 
although in addition it may be recalled that 
the brilliant protozoologist Schaudinn laid 
down that the Halteridium found parasitic 
in the erythrocytes of the owl, crow, and other 
birds is not a distinct and separate form, but 
is one stage in the life cycle of a trypanosome.
It has been suggested that the Pirnplasma or 
intracellular parasite of Texas fever in cattle 
has like relationships, a suggestion somewhat 
strengthened by the recent observation of (Smith and Kiihomej
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I'iruplaanm i n red oorpueclee of

rattle suffering from Texas fever.

tiluasinu palpnlis ( X 3*«), Un» carrier of the trypanosome of sleeping sickness.

Nuttall and Hadwen,1 that both P. bovis and P. canis disappear in 
animals treated with trypanroth and trvpanblau.

I’roc. Roy. Soc., H., 81:1900: 348.
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PLATE XII

.—Tertian Malarial Plasmodium.Fig. 1

I Hyaline form.
2. Vi* men led ring form.
3 to ti. Vigmentel forms.

7. Segmenting forms.
H. Flagellate form. Micro*» 

metocyte. i

'• Non-fla*ellttie form, i Macro-
gamete. I

H» Segment in* form after tie
nt met'on of ml cori-uncle.

Fig. 2. Quartan Malarial Plasmodium.
1 Hyaline forme.
2 to .Y Vigmetiietl form*
Il an-1 7. Segmenting forms.

s Segmenting forms after the 
It—truction of ml corpus-

» Flagellate form, Microga- 

10. Nnn-flagellate form 1 Macro-

Fig. 3. Tertian Æstlvo-autumnal Malarial Plasmodium.
1 an-1 l Hyaline ring form.

inn-1 7 Vigmenic<l ring form 
A ami ti. Vigmetiietl forms.

H. Voting intrai-ortMiscn'arcre*- 

8. Segmenting form*

III Flagellate form. Microga- 
metoey to. i

II to 11 Vreseentie forms.

Fig. 4. Quotidian Æstlvo-autumnal Malarial Plasmodium.
I to I llvaline ring f'-rm* Some 

cell* show infection with 
more than --tie organism.

.1 to 7 Pigment cl form* In tt 
-me livaline form

h Segmenting form* Segmen 
talion comi-lete within in 
fecte-i red bi-sMleonmaele 

It Flagellate form -Mirrog»' 
metoeytr 1

mit of pigment in the t

10. II. It ami IS. < rescan tie

12. ttvoiil form.
11 Nun-flaeellate form* (Ma- 

crogamete. •
lian ii stivo-autumnal plasmodium.Non Mark tlie larger -i/o ami greater anioi
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and subtropical regions one disease of sporozoal origin—ague or malaria 
—occupies the position assumed by tul>erculosis in the temperate zone. 
It has, indeed, been claimed that this disease brings about an even 
greater mortality.

All the organisms of this group are characteristically intracellular in 
their habits. In other words, the primary disturbance set up by them 
is that of cell parasitism, the microbes growing within and at the expense 
of individual cells, arresting their function and eventually leading to 
cell death—the cycle of the life history of the parasites being such that 
the maturation and spore formation of the intracellular individual 
coincides roughly with the exhaustion and death of the host cell. The 
spores, becoming free after a longer or shorter period of incubation, 
develop into minute amœboid forms, which penetrate other cells and 
repeat this process of asexual multiplication. This asexual cycle of 
forms inav be repeated again and again. But now, in very many of 
these sporozoa, it has !>een determined that a second, sexual, cycle may 
be intercalated under certain conditions, more particularly (though 
not in every case) in connection with the transmission of the parasite 
from host to host, this second cycle being apt to occur in an intermediate 
host of another species. In ague, for example, the hematozoon malaria* 
exhibits the asexual cycle in the blood of man, the sexual cycle within 
the mosquito (various species of Anopheles), which, by feeding on 
human blood, acts as a transmitter of the disease to a second individual, 
when the sporozoites, the products of the sexual cycle, are introduced 
into a surface vessel of that individual along with the proboscis of the 
mosquito. It would seem, thus, that a large number of the sporozoa 
gain entrance into the systems of animals and are transmitted from 
individual to individual through the intermediation of biting and suck
ing insects. Not all, however; others, like the coccidiæ, gain entrance 
through the digestive tract.

Several suborders of the sporozoa contribute parasites to man and 
the higher warm-blooded animals. These we will rapidly note, calling 
particular attention to those data which throw light upon the mode of 
causation of disease.

(a) Hematosporidia. -Of these, the type example is the Hemalozoon 
malaria. Other allied forms infesting the red corpuscles are met with 
in the blood of birds and other animals, and the study of these has 
elucidated the lib* history of the malarial parasite. Thus it was W. <». 
MucCallum’s discovery of the process of conjugation between the 
forms present in the blood of Canadian crows that atîorded the clue 
to tin- natun.* of the “flagellate” bodies of the malarial organisms. 
(See Mate XII, Fig. 1, No. 8; Fig. 2, No. 9, etc.) Some of these, like the 
halteridium of the owl, have lieen shown by Schaudinn to possess close 
affinities to the trypanosomes rather than to the sporozoa, or otherwise 
it may be suggested that the trypanosomes and sporozoa are closely 
allied. Then- is, however, some doubt regarding this observation of 
Sclmudinn's. The main points to lie noted n-gnrding the hematozoon 
in relationship to ague are:

22
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1. The (linenae, lielng traiwmilled liv pwmculwr specie* of musquito, 
the mmpheline, in only .... lemic where ...... of these sjieciel are

1 The anopheles, like all mosquitoes, lays its eggs in relatively still 

water, anil the lame an* ai|natie. Save under the influence of strong 
winds, the mosquitoes do tail travel any distance from their place of
liirtli and from water. Malaria, therefore, is largely confi.... I to low-
lying, swampy, or Imdlv drained legions and the neighborhood of 
stagnant water.

:i. The anopheles bites at night, not during the day; iufretion, there
fore, occurs at night. It may la- single or multiple, on different nights.

Aiiu|ihrles iiiuiliili|M*iiiu» ••lull nuilv fit IHl. It-miili'nl right illowurri

4. For its development tli<* asexual cycle reipiires different |>eriod> in 
iliv different s|H*viv.s of heinatoKoon forty-eight hours for I In* organism 
of tertian fever; seventy-two for that of i|iiartan; forty-eight hours 
(with irregular variations) for that of the estivo-aultinmal ty|H\ The 
|>cr iodic attacks of ague an- directly determined hy these cycles, the 
chills and fever coinciding with the maturation of the hematozoa and 
their spi l‘résumahix, it is the hreakiug down of the cor
puscles and lilieration of the cell dehris and pigment matter rather than 
any s|>eeilie toxin (for this has not lieen determined) that if the cause 
of the fehrile attacks.

'The clusters of pigment and cell dehris are apt to Ik- separated 
from the hlood in the spleen, there setting up those changes which lead 
to the enlargement of that organ. They may also accumulate in the
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capillaries of tlu> brain, of the kidney ( Kwing), and other organs, setting 
up disturbances by arrest of the circulation.

b. The observations of Calkins on prolonged asexual multiplication 
of protozoa show that this leads to progressive weakening and degen
eration of the later generations. Where, therefore, the affected indi
vidual removes himself to a region where he cannot Ik* re-infected, it 
would seem that there is a natural tendency for the malarial organisms 
to liecome weaker and weaker, and so for this disease to pass off. Apart 
from this probability, there is evidence that more particularly young 
children (Koch) an* relatively resistant to the disease, and despite 
n*|K*ated infection, gain immunity—/, e., the power of destmving the 
hematozoa while in adults im
provement in general health, *•'•«»• i-’i
brought about by n*moval to 
another climate, etc., would seem 
to favor the destruction of the 
hematozoa. This notwithstand
ing it is evident that, as with 
many bacteria, certain of the para
sites may for long periods lead a 
latent existence within the body, 
and after the expiration of months 
and years take on active growth 
with the development of new crises 
of the disease 1

The continuance of the disease 
over long |H-riods with |M*riodi< 
exacerbations, but without re
infection would seem due to 
the (Krasional intermission of 
an im|M*rfect. parthenogenetic. 
sexual cycle within the blood- 
vesscls of the human host.- The 
other ineinliers of the sporozoa. 
while abundantly parasitie and 
pathogenic in worms, inserts, and 
the lower forms of anima I life,are rarely encountered in the higher animals, 
still more rarely in man. (/») The gregarines, for example, an* not found 
in vertebrate forms: <e) the neosporidia < including the mifion/toridia and 
the narco*fHtridia), while occurring among vertehmtes the former com- 
mon in fishes, the latter giving origin to Rainey's rorpiisrhs within the 
muscle fibres of mammals an* almost unknown in man. (rf) Of the 
coccidia, one form, the (\nridiuni or if or me, most common in the rabbit, 
when* it affects more especially the upjier |mrt of the small intestine and

1 Itvgunling I hi» there i* «ma* debate Si high an authority ae Sir t'nlrivk 
Munson regunls n new attack after months or yearn of frmlom from malaria a* 
evidence of reinfection.

1 The existence of this type whs lir*t demon»! rated by Schaudinn.

I. X Huiney'» i-nrpuacle" ur colony of wir- 
•■<M|NiriiliH lying lietween the muncle filiem; H. 
tlic iniliviilunl MinsM|H>riitin leerrohliuit») com
posing the Mine. I Perl». )
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the liver, has been encountered not half a dozen times in man. As 
determined by Schaudinn and Siedlecki and Simond, the coccidiuin and 
other members of the order exhibit, like the hemosporidia, a sexual and 
an asexual cycle, though these occur in the one host.

Forms which curiously resemble certain stages in the sporozoan life 
cycles have been encountered by Pfeiffer, Guarnieri, and Councilman in

Life cycle of t'on-ûlium nrhiihrrin Hporosoitea penetrate «*|»itli«>lia| colin, nml grow into mlult 
intrncolliilur punuiito* In). When inuturo, I ho n Helena divides re|>entcdly (f#); nml ouch of iU 
Subdivision* liecoinc* the nucleus of n merogoite (r1 These color now opitholinl roll*, nml the cycle 
in repented ninny time*. After five or wix dny* of incuhntion, the inerosoile* de\ elop into noxnnlly 
differentiated gamete*; nome nre large and well stored with yolk material (nincmganiete*. d, r, /1 ; 
other* have nuclei which fragment into ninny nmull particles i "Chromidia"), em it granule liecoming 
the nuclvii* of n mirrngnim-tc or male cell (</, A, «, /). The macrogamete i* fertilised liy one 
microgamete ii/i, and the sygotc immediately nerrctc* a fertilisation iiiemlirane which harden* 
into n cyst The cleavage nurleu* divides twice, and each of the four daughter nuclei form* n 
sporohlust (*) in which two nporognite* are produced (fi. (After Schaudinn.)

the epithelial cells of the vaccinia ami smallpox eruption (Fig. 123). 
In the former, Councilman and his associates determine but a single 
intracellular cycle; in the latter they found a second intranuclear cycle. 
Mallory, likewise, has described a remarkable stellate or rayed intra
cellular form in the epithelial cells in cases of scarlatina, recalling the 
daisy form assumed by the quartan malarial organism in the process of
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sporulation and others i ' ring his method have confirmed his find
ings. The meaning of these forms is still sub judice.

During the last decade of the nineteenth century it was held by 
numerous observers (Sjobring, lluffer, Metchnikotf, Soudakewitch, 
Tl im mer, etc.) that bodies seen within the cells of malignant growths—

Fro. 123

mm

.1. < iuurnivriN IhhIm* in tli«* cyloplitnii. rpithrliid relia in varriniu (and amullpox); 6, one alnge 
uf tin* presumed intrunutdear cycle of tneae bodies in the epithelial relia in -tnallpox (After 
Ualkina )

mure i-sm-riaNy uf ranct-rs «tri- uf till- nature uf spuruzoa. Tliut 
such is tiu-ir nature is now gi-ni-rullv denied. While certain remarkalile 
liislivs un- tu In- uWrvrd with fair frei|Uency, sumetimes in great almnd- 
anee, the general opinion now inlays is that these are mislilieil cell anil 
nui-lear |iriKlueta, ami that tlu-v inilieate pnuluir fnriiis uf erll degi-n- 
eratiun. In slmrt, aide and distinguished as are all the uliserxer» just

llidiinlidiuin iidi.

ineiitioiied, the trend of opinion now is opposed to regarding the vaccine 
and cancer bodies us other than allied to the chromidia or plasmusoiues 
mentioned on p. IN.

Ciliate Infusoria. These, the most highly specialized of the pro
tozoa, are the least frequent of all the protozoon parasites. One form

9
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alone has lieen rerun led apparently with some ation as possess
ing pathogenic properties, and this is not fourni within the tissues, Init 
free in the alimentary canal. 'Phis is the Hnlnntitiinm coli, a form not 
ii "" the common purunnecium of pond water, Init more oval, and 
with the oral aperture more definitely at the one pole, the anus at the 
other; it is ahundantly ciliated; this is said to he a normal parasite in 
the hog. Like the aim elm coli, it is supposed to gain entrance into 
man through contaminated water. It has been found associated with 
extensive catarrhal inflammation of the colon, with dysenteric syni|>- 
tonis.1 Observers have described a second sj>ecies, the ll/ilmilùlium 
mi nul urn, of smaller size, found in association with other intestinal 
parasites.

( >f the most highly differentiated suborder of the infusoria, the Suctoria, 
no parasitic examples are known in or upon the higher animals.

1 In 1WI4 Strung ( Pali. Nul 1*1. Mar. Sri.. Mini. I.al>., Xu. 20 : I Wit : h collectisl 
from the literal are 127 rases of Maluiiiiiliain inferiias. Itownian has foaml the 
parasites in the mesorolir Ivmphalir glemfs as well as in the ulcerated walls of tin- 
large intestine (Philippine .lotir, of Sri., t : 1909: Sect ion M: 417).

2
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Cil A l*TK H X.
MKTAZn XN PAHASITK8 AS ( AVSKS Ol DISKASK.

Tiik memliers of a limited number of classes of metazoan or multi
cellular animal organisms have adapted themselves to growth within 
the organisms, and, in certain eases, even within the tissues of other 
higher metazoa. Here 1 shall not attempt to deserila* these forms; 
such descriptions belong projierly to works upon parasitology. At most 
it is necessary to note rapidly the classes capable of this parasitic exist
ence. These are confined to members of the phyla, or groups Platy- 
helminthes and Nemathelminthes and rarer members of the Insecta and 
Arachnid®. Among the platyhelminthes, or Hat-worms, we encounter 
members of the 7'rcinatodrn, or flukes, and the ('enUtdvn, or tape-worms. 
The Xematwle» are the chief representatives of the nemathelminthes, 
or round-worms.

CHARACTERISTICS OF METAZOAN PARASITES IN GENERAL

Without exception, it may be stated that adaptation to a parasitic 
existence has lieen accompanied by simplification and retrogression. 
Forms that have not to hunt for their food, but receive it in a soluble, 
assimilable state, prepared by their host ; that, further, are largely 
protected from the effects of external influences by their very mode of 
life, do not need elaborate organs of locomotion or an elaborate digestive 
apparatus; do not need organs of protection and defence beyond the 
means of neutralizing the digestive nee of the juices of their host. 
Nor do they need weapons of offence beyond those necessary to attach 
themselves to that host and penetrate its tissues in such a way as to gain 
therefrom the requisite pabulum. Thus, the organisms of these para
sites are apt to In-come reduced to very simple terms; limbs and organs 
of locomotion may become rudimentary, sense organs atrophied, and, 
as in the <-estodes, or ta|H--worms, the alimentary tract may wholly 
disap)H‘ar, nourishment being gained purely by surface absorption. 
'Vite prime necessity is the retention of life of the individual and preser
vation of the species, so that means have lieen dcvelo|M*d to neutralize 
the harmful consequences of the host being but mortal and liable to die. 
Hither the parasites are capable of existing for considerable periods 
outside the body of the host until fortuitously taken up bv another, or 
are capable of living in different forms in a succession of different hosts, 
or lastly, and most commonly, have enormous reproductive capacity, 
liecoming little more than animated masses of sexual glands, enormous

6
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quantities of ova being produced and discharged, in preparation for 
the probability that, with rare exceptions, these will fall upon barren 
ground. More accurately, so precarious is this method of handing on 
the torch of life that only those species possessing an enormous repro
ductive capacity can possibly survive. For this retrogression and 
simplification of structure inevitably carries with it a lessened capacity 
on the part of the individual to adapt itself to other than a very narrow 
set of conditions; it has reduced its methods of offence and defence to 
a minimum, and thus we find, as a general rule, that a given species can 
only grow actively in a particular species of host, or, when there is 
alternation of forms, in a particular series of hosts. Or, conversely, 
each species of animal has its particular set of parasites, which differs 
from that of other species. At most, certain species of parasites may 
pass a particular stage of existence in closely allied species of hosts.

IIow, it may be asked, do these metazoan parasites cause disease ?' 
It must be noted, in the first place, that on general principles we should 
not expect such parasites to set up severe disease. With forms that 
require a considerable period for the development of their life cycle, 
forms in which, further, as we have noted, the survival of the species 
by means of passage into other hosts is precarious, it would be a suicidal 
policy so to injure the host as to lessen its capacity to obtain nourish
ment, or to arrest its power of locomotion, and, indirectly, its oppor
tunity to distribute the eggs of the parasite. And, as a matter of fact, 
we find that these larger parasites tend rather toward symbiosis to 
harmonious living together, with minimal disturbance to the host— 
than toward the production of states of severe disease. Nevertheless, 
the symbiosis is in no sense voluntary on the part of the host, nor have 
we any indication that the presence of parasites is an advantage to 
that host. We no longer hold, as did Jordvns, in 1801, that intestinal 
worms are “the good angels and unfailing helpers of children.” The 
indications are to the contrary. If, in general, the disturbance set up is 
slight, it is nevertheless there, and we have indications of definite reactive 
processes on the part of the host. The injury set up and the evidences of 
disturbance are of five orders :

1. That of actual presence in some organ, leading to displacement and 
pressure.

2. Disturbance due to migration of the parasites from one organ of the 
host to another.

3. Direct destruction of tissues.
T Loss of foodstuffs diverted by the parasite and used up by it.
">. Disturbances induced by the excretions of the parasites.
These we may pass rapidly in review:
Injury Caused by the Mere Presence of the Parasite. —This, in 

general, is nil. There are, however, exceptions. A Filaria nocturna

1 Lor the arrangement of the following paragraphs and the data therein con
tained we are largely indebted to a valuable summary of the subject by Shipley 
and Fcarnsidcs, Journal of Economic Biology, 1:1906: No. 2.





EXPLANATION OK KKiUltKS IN PLATE XIII

Various Ktaobs of Mallory’s Intracellular Parasite in the Epithelial 
Ckli s in Scarlatina. (Mallory.)

Th«‘ drawings won* made with tin- A hi ><* camera lucidu; projection on to table. 
Zeiss apochromatic homogeneous immersion 2.0 mm., npert. 130, compensation 
ocular 0.

Fuis. I and 2 show numerous large and small scarlet fever bodies (stained light 
blue) in and between the epithelial cells of the rete mucosuin. In Fig. 1 is a 
large body in a space of the corium just underneath tin* epidermis.
Several of the bodies suggest fixation while in aimeboid motion.

Fins. 3, 5, and <i are coarsely reticulated forms which may be degenerated 
forms of the scarlet fever bodies, or stages in sporogony.

Fios. 4, S, and 9 probably represent stages preceding the radiate bodies. In 
Fig. 9 the bodies lie in a lymph space. It shows also four small forms which 
have just got free from a rosetti.

Fios. 7, 10, 11, 12, 13, 14, and 15 show different stages in the development of 
the radiate bodies.

Fig. 10 is the earliest stage: there is a distinct central body and a definite, 
regular arrangement of granules at the periphery. Figs. 7, 11, and 12 show a 
little later stage of development; 11 and 12 are optical sections, while 7 is a 
surface view. Moreover, in Fig. 7 the body lies free in a lymph space in the 
corium. The segments begin to show a certain amount of lateral separation 
from each other. Fig. 13 is a still later stage: the segments are increasing in 
size and an- mon- or less free from each other, although most of them an- still 
attached to the central body. In F'ig. 14 the segments are all free and enlarging, 
although still groujied around the central body. In Fig. 15 the bodies an* still 
grouped around the central body, which is free and Stains deeply with cosin.

(Mallory.)
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PLATE XIV

The Kidney Worm, Dioctophyme Renale « Eustrongylus 
Gigasi of Man, from a Specimen in a Dog. 

Natural size. (Stiles.)
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in a lymph vessel m* gland may set up little disturbance, but if it, 
or its eggs, blocks the vessel, elephantiasis or chyluria may ensue. 
A Cysticercus ceüulosœ in the muscle is without obvious effects; in 
the brain, by pressure upon important nerve centres, it may cause 
fatal results, and in the eye may lead to blindness. In this respect

Diagram of an Echinococcus hydatid: cu, thick external cuticle; pa, parenchymal (germinal) 
layer; c, d, e, development of the heads accord:ng to Leuckart; /, g, h, i, k, development of the 
heads according to Monies; l, fully developed brood capsule with heads; m, the brood capsule 
has ruptured, and the heads hang in the lumen of the hydatid; n, liberated head floating in the 
hydatid; o, p, q, r, a, mode of formation of secondary exogenous daughter cyst; I, daughter 
cyst, with one endogenous and one exogenous granddaughter cyst; u, v, x, formation of exogenous 
cyst (after Kuhn and Davaine); y, t, formation of endogenous daughter cysts (after Naunyn 
and Leuckart); y, at the expense of a head; s, from a broad capsule; evag., constricted portion 
of the mother cyst. (II. Blanchard, slightly modified.)

the larval form of the Tania echinococcus is the most dangerous human 
parasite, the size attained by the cysts in the liver and elsewhere being 
so considerable. In the dog, the Eustrongylus gigas (or Diodophymc 
renale), growing slowly and attaining great size, may eventually, by 
pressure atrophy, replace the whole of the kidney substance.
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Injury Caused by Migration. This, again, may lx* infinitesimal. 
The minute larva* of Filnria nocfnrna make a nightly migration from the 
deep-seated bloodvessels of the internal organs to the peripheral vessels 

without causing disturbance. The Filnria 
12„ mrdincnsis, the longest of the round-worms

in man, may, without symptoms, make its 
way through the tissues of the body until it 
comes to lie under the skin of the leg, and 
then only sets np disturbance when it pierces 
the skin to allow escape of its ova, or if, 
in this situation, it becomes ruptured. The 
disturbance may, on the contrary, be very 
marked; most severe are the fever, myositis, 
and muscular pain, set np by the migrating 
Trichina larva* prior to cncystment. A 
common cause of irritation and itching is 
the nocturnal passage outward at the anus 
of the Oxjjurin vermiciiJarin ( Fig. 127). The 
observations of Loossand others of late years 
upon the life histories of the Anleylontoma 
(luodenale and the Stronyytaides intentinalift 
have demonstrated that the larvae hatched 
from the eggs in water or moist earth gain 
entrance into the human host through the 
skin, where they set up a dermatitis, known 
by diverse names in different localities- 
“ground itch,” “coolie itch,” etc.

Lorvn of Fiiaria bumrofti in tin- Injury Set Up by Active Destruction 
biooU of man, in ttorpt: n,r.- of Tissue. According to IXX)ss,‘ the ailkv-
voua system ; hr., pxeretory; An., . , . •
anus, x 514. (Loews.) lostomcs feed upon the mucous membrane

Fio.

Fio. 127.—Oxyuris vermiculari*, the pin-worm, natural «i*e; male «mailer, female larger form, 
with sharply pointed tail.

Fio. 12H.- Ankylostoma duudenale, the old-world hook-worm, natural size; the female is the 
larger and more curved.

Fio. 12fl.— Trivhocephalus trichiurus, the whip-worm, natural size, male and female.

1 Reports of the Kgyptiun CJoverninent School of Medicine, :t:
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of t In* sum 11 intestines, anil only suck in hlood when by chance they pierce 
an underlying capillary. Somewhat opposed to this view are the obser
vations of Leo lioeh and Smith that there is to In* obtained from the 
superior bodv region of these worms a discharge which has marked effects 
in arresting the ion of tin* hlood. This suggests that the worms
are prepared to pierce the intestinal capillaries, and that the continued 
inimité hemorrhages may be a factor in the production of anemia. But 
it has been questioned whether the anemia of ankylostomiasis is not 
a secondary result of this erosion not from loss of hlood, but from 
absorption through the damaged mucosa of toxic intestinal contents, if 
not from increased passage into the 
tissues of intestinal bacteria and the 1 1,111
production of a state of sub-infection 
(p. 321).* A similar and more severe 
anemia is set up by another parasite, 
the Dibothrioccplialii* lain*, which at
taches itself to the intestinal wall, and 
in so doing injures the mucous mem
brane. But, as will be shown shortly, 
another cause has lieen determined for 
the anemia in these cases. Of late,
Metclmikoff- and (iuiart8 have called 
attention to the fact that, by its long, 
whip-like anterior end the Tricho- 
ce phalli* trichi uni* ( 7*. dinpar) (Fig.
129) can bore through the wall of the 
intestine, and have suggested that the 
escape of the intestinal bacteria along 
die tine passage thus made is a probable 
cause ( f some cases of peritonitis and 
appendicitis; nay, would look upon this 
as a common cause of appendicitis.
The examination of thousands of sec
tions from cases of appendicitis without
once encountering in them anything of Htrongyluklw .tem.niii. »«
corresponding to a trichoeephalus must found in f«**h fXm.. nervou* 
negative this hitter view. •*»*>■■ '.‘"‘"ÜÜT... lien., gviultil iiriinordium; .tw., anun.

with these exceptions, tin- internal x 2l»s. (Loom*.) 
parasites cause singularly little de
struction of tissue; to the passive destruction by pressure atrophy we 
have already referred.

Injury by Loss of Foodstuffs. As pointed out by Shipley and Fearn- 
sides, this, in general, is so slight as to be negligible. “A female round- 
worm, A*caris lumhricoides, produces 42 grains of eggs every year, and 
must also extract from the host a certain amount of nutriment for herself

1 See also Section III, ('Imp. III.
2 Hull. Acad, ile Med.. Paris. 45: 1901: 301.
3 Ann. de VInst. Pasteur, 15:1901:440,
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I resides the amount that goes to build up the ova. When present in 
large numbers—and Franconneau Dufresne describes a case in which 
a boy got rid of 5000 worms in less than three years, and on one 
day evacuated 600 the loss is certainly serious. Strongyloidcs intcsti- 
rnlis (vel stcrcoralis) at one time thought to be the cause of Cochin 
China diarrhoea, exists in such numbers that it is not uncommon for 
100,000 to be expelled at one time. Such a number is said to weigh 
200 grams.” Others have described the evacuation of as many as a 
million at a time. Despite the small size, such numbers indicate a severe 
strain upon the host. Blanchard regards the anemia caused by the liver 
fluke, Fawiola hepatica (Distoma hepaticum), as due to the fact that these 
nourish themselves in the blood which they suck from the small capil
laries of the bile ducts inhabited by them. Shipley and Fearnsides 
doubt whether there can be any great loss of blood from this source, 
and ascribe the anemia to toxic action.

Morbid Conditions Caused by Excretions : Toxic Action of Meta
zoan Parasites. -The very definite symptoms which accompany the 
presence of the metazoan parasites, and the difficulty of explaining those 
symptoms by the extent of the lesions seen to accompany their presence, 
have led pathologists during recent years to surmise that, like bacteria, 
these discharge toxins which, diffused into the tissues and blood, are the 
essential cause of these symptoms. And they have been encouraged to 
hold this view by WeinlandV intensely interesting demonstration that 
cestodes defend themselves against the action of the digestive juices by 
the elaboration and excretion of an antibody (see Section III, Chapter 
VIII)—an antitrypsin, according to Weinland and Hamill, an antikinase, 
according to Dastre and Stessano—a body comparable with that elab
orated by the cells of the intestinal mucous membrane, whereby it also 
prevents digestion. The demonstration of the existence of these defen
sive bodies favors the supposition that the parasites excrete also offensive 
substances. As a matter of fact, we have abundant proof that the tissues 
and body fluids of many of the parasites are themselves distinctly toxic. 
The cyst contents of T. echinococcus and other echinococci have been 
found toxic, setting up in the lower animals, when injected, peritonitis 
and urticaria.2 Disturbances of a similar order have been noted to follow 
the rupture of echinococcus cysts in man. While there is little evidence 
of the existence of these body poisons in the trematodes, in the 
nematodes it is abundant and convincing. The body cavity fluid of 
Ascaris megaloccphala, spurted accidentally into the eye, has set up 
violent corneal inflammation, and Charlton Bastian, Miram, and von 
Linstow have experienced uncomfortable, and even severe, effects from 
the mere emanation from this parasite when dissecting it—sneezing, 
conjunctival irritation, paroxysmal asthma, etc.; while 2 c.c. of the

* Zeitsch. d. Biol., 44:1903:1.
2 Blanchard, Traité de Zool. Méd., Paris, 1885-89; Dcbove, Conipt. rend. Acad, 

des Soi., 105:1887:1285; Mourson et Schlagdenhaussen, Bull, et Mém. de Soc. Méd. 
l’Hôp., Paris, 5:1888:113.
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expressed body fluid has been found to kill the guinea-pig within forty 
hours. Cattaneo1 has gained like results with Ascaris lumhricoiden.

But the mere existence of toxic substances in the bodies of these 
animals is no evidence that they excrete toxins. It may, for instance 
be pointed out that the blood of one species of warm-blooded animal 
is toxic for other species; that is no proof that these excrete actively 
toxic substances. At most, the irritative effect of the emanations from 
the Ascaris mcyaloccphala suggests that toxic substances may be dis
charged, and in the ease of the Diboiliriocephalus latux then1 is clear 
evidence that this is the case. This worm sets up a most pronounced 
form of pernicious anemia, i- liauman and Tallquist2 have produced 
a like anemia in the dog, by injecting extracts of the bothriocephalus.

•jWJxïù

(iravid segment (proglottid) of Dibothrioceplinlus lutiia, allowing the rosette uterus in the 
median line. X 6. (Leuckurt.)

( )f bodies which, |>erlmps, should not be included among the toxins, 
we possess some evidence. Thus. I>eo Loeb anti Smith have demon
strated that there is to be obtained from the anterior body region of the 
hook-worm (Ankylostoma) a discharge possessing pronounced effects 
in arresting the coagulation of blood. Their observations—contrary to 
those of Looss, already noted—would suggest that these parasites are 
prepared to pierce the intestinal capillaries; and secondly, that the con
tinued minute hemorrhages are a factor in the production of anemia in 
those cases.

We possess, however, what is the clearest evidence from another 
quarter. 1 refer to the cosinophiliu, or increase in the number of éosino
phile leukocytes in the blood, which characterizes the presence of almost 
every vermiform parasite. That eosinophilia cannot lie explained save 
on the assumption that there diffuses from the pamsites into the tissues 
and so into the blood, some substance which, conveyed to the bone- 
marrow and other seats of origin of the éosinophile cells, there stimu
lates the proliferation and increased production of these cells. Müller

1 Abstr. in Arch. ital. de Biol., 42: 1904: 490.
1 Deutsche med. Woch., 24:1898: 312. Schaumanu is the author of the classical 

work upon Bothriocephalus anæmia (Z. Kenntnisg tier soy. Bothriocephalusammici 
Berlin, 1894). See also Askanazy, Zeitschr. f. klin. Med., 27:1895:492.
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and llieder1 would seem to have been the first to call attention to this 
remarkable phenomenon, in the case of two patients infected with 
ankylostoma. Bucklers,2 in 1894, first showed that eosinophila char
acterizes all forms of helminthiasis. All kinds of parasitic worms, from 
the harmless oxyuris upward, induce eosinophilia, and, accompanying 
this, as shown by I^eichenstern, there is constantly the presence of 
Charcot-Ijeyden crystals in the feces (a frequent finding in eosinophilia 
in general).

Whereas, the normal percentage of éosinophiles, compared with the 
other leukocytes of the blood, is between 1 and 4 per cent. (25 to 500 
|w*r cmm.), in 50 cases of Bilharzia disease Douglas and Hardy found 
an average of 10.4.8 per cent., a maximum of 40 per cent. In trichi
nosis, T. B. Brown, of Johns Hopkins, has called attention to the marked 
eosinophilia, the proportion of éosinophiles in his first case rising from

Fiij. i:«

»,

Oriivid segment of pork-inenalc tapeworm (.Tania But i tun), showing the lateral I .ranches of the 
uterus, enlarged. (Stiles.)

37 to (>8.2 per cent. ; in other cases he " percentages of 42.8,
45, and 48, respectively—observations which have since been abund
antly confirmed, Harlow Brooks gaining a count of 84, and Kerr one 
of 80.0 per cent. In guinea-worm disease the same phenomenon is 
observed ; in (i cases Balfour found an average of 19.0, the figures 
varying from 0.4 to 30.0. So, also, with ankylostomiasis; here all 
recent observers call attention to eosinophilia as a constant feature, 
while percentages as high as 72 (I^ichenstern), 06 (Boycott and Hal
dane), and 53.5 (Ashford) have been recorded. In cestode disease, 
various forms of filariasis, in ascariasis, and to a less extent in infection

1 Deutsch. Arch. f. klin. Med., 48:1801:0(1.
'l Miinch. med. Woch., 41:1804:21.
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with Oxyuris eermieularis, eosinophilia shows itself in well-marked cases, 
though never to the same extreme extent as in the conditions already

The intimate relationship between the parasites and the eosinophilia, 
as noted by Ward,1 is shown by the following facts: (1) The increase 
and decrease of eosinophilies in the peripheral blood coincident with the 
appearance and disappearance of the Filoria bancrofti in the superficial 
capillaries; (2) Opie’s experiments upon the induced trichinosis of the 
guinea-pig. It was found that the increase of éosinophiles dates from 
the beginning migration of the embryos, and that the eosinophilia 
reaches its maximum when the majority of the embryos are in the 
process of transmission from the intestinal mucosa by way of the lym
phatics and the blood to the muscular system ; (3) Sa brazes has also 
noted the accumulation of éosinophiles in the neighborhood of hydatid 
cysts. 1 am informed by Dr. Todd that at the site of attachment of 
ankylostomes to the mucosa of the small intestines a marked accumu
lation of éosinophiles is to be detected. All these observations indicate 
a positive chemiotactic influence leading these cells toward the source 
of the stimulus.

As we have said, it is difficult, when we consider the different modes 
of life of these different forms, to arrive at any other conclusion than 
that the parasites afford a diffusible irritant, or toxin, which stimulates 
the proliferation and increased entry into the blood of the eosinophile 
cells. If we accept this, then the frequent accompanying anemia is most 
rationally ascribed to a like cause.2

INSECT AND ARACHNID PARASITES.

Little need be said regarding the insect and arachnid parasites. 
These produce local disturbances (1) by puncture and the introduction 
of irritative salivary secretion, (2) by burrowing, as in scabies, or (3) by 
the deposit of eggs within the tissues and germination of the same, as 
in Myiasis, and (4) by affording means for secondary entrance of in
fective microlies. (5) Koch, 1 am informed, is of the opinion that 
the chigger, or sand fleas ( Sa reaps y lla penetrans), gains entrance into 
the corium of the foot not through the action of its mouth parts, but 
through the digestive action of an excretion.

1 Science, 25:1907:201. A thoughtful article on the effects of parasites on their

1 A very full bibliography and analysis of cases of the eosinophilia of helminthiasis 
is afforded by Shipley and l-'earnsidcs (loe. cit.). The observations to which we 
have more particularly referred are: Douglas and Hardy. Lancet, 1903: ii: 1540: T. 
It. Brown, Johns Hopkins Hospital Bulletin. S: 1897:79; Journal of Experimental 
Medicine, 3:1898:315, and Medical News, Philadelphia, 7:1899:12; II. Brooks, 
Medical Record, 59:1900:885; Kerr, Philadelphia Medieal Journal, 6:1900:346; 
Balfour, Lancet, 1903: ii: 1049; Leichenstcrn, quoted by Ehrlich and Lazarus, 
Histology of the Blood, translated by Myers; Cambridge, 1900:151; Boycott and 
Haldane, Journal of Hygiene, 3:1903:95; ibid., 4: 1904:437; Ashford, New York 
Medical Journal, 71:1900:552, and American Medicine, 6: 1903:391.



CHAPTER XT.
THE ENDOGENOUS INTOXICATIONS.

INTERNAL SECRETORY.

By Disturbance of the Internal Secretions. An adequate recog
nition of the part played by the internal secretions of the economy has 
only come about during the present generation. Previous to this, 
attention had been almost wholly directed to the external secretions and 
the disturbances associated with or leading to alterations in excretory 
glands; this, although Claude Bernard, in his brilliant studies upon 
the liver and its glycogenic properties (1855-57), had demonstrated 
the existence and importance of the internal secretions, and, indeed, 
had given this name to substances which, formed through cell metabo
lism, become discharged, not externally, but into the blood and lymph; 
substances which, while from the point of view of the cells that form 
them they may be regarded as waste products, are by no means such 
for the rest of the economy, being essential to the proper carrying out of 
one or other function of one or other tissue, and affording most instruc
tive examples of the mutual interdependence of the cells of the organism.

After Bernard's impressive demonstration that the liver cells convert 
into glycogen the sugar brought by the portal veins, and yield this gly
cogen (as sugar) to the blood, according to the needs of the muscle and 
other tissues, there came a long pause, broken in the late “eighties” by 
Brown-S&juard’s bizarre campaign in support of injections of ovarian 
and testicular extracts as a curt; for declining vigor. There is no doubt 
that these gland extracts have some tonic effect; but there is considerable 
doubt as to whether they’ have the specific effects claimed for them by 
Brown-SApiard and his followers. It has to be admitted that the use 
of organ extracts suffers even today from the suggestion of charla
tanism, which inevitably accompanied the Brown-Séquard treatment. 
In the meantime the quiet work of other medical men and physiologists 
—Iteverdin, Ord, Schiff, Horsley, Kocher, and others—was establishing 
the fact that the thyroid, a ductless gland, incapable, therefore, of 
affording an external secretion, played a very essential part in the 
organism, and that removal of this gland, or lack of development, or 
atrophy of the same, was followed by the appearance of a very remark
able train of symptoms—a train which might show itself as “cachexia 
strumipriva,” cretinism, or myxoedema, respectively. The doctrine of 
the internal secretions may be said to have come into its own when 
(ieorge Murray demonstrated that injections of extracts of the healthy 
thyroid gland of the domestic animals causes the disappearance of all
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the distressing symptoms of myxcedema. Very soon it was shown that 
administration of the extract by the mouth is followed by equally good 
results; that the administration to healthy animals brings about the 
symptoms of hyperthyroidism, which in many respects resembles those 
of exophthalmic goitre, a condition which already, from histological 
considerations, Greenfield, of Edinburgh, had recognized as associated 
with overgrowth and overactivity of the gland. Next came the isola
tion by Baumann, of Freiburg, from the thyroid gland substance, of a 
compound protein, which lie termed, first, thyroiodin, and later, and 
more appropriately, iodothyrin; he showed that this possessed the char
acteristic properties of the thyroid extract.

Here, then, has been afforded a full and scientific demonstration that 
disease is capable of being caused (1) by deficiency, (2) by excess of 
the specific internal secretion of a gland, or of particular constituents 
of the same.

While this is the most striking example, it is far from being the only 
one. We have evidence of one or other order, not merely of the devel
opment of internal secretions by glands, and those both ductless and 
affording external secretions; the indications, indeed, are now that the 
medulla of the adrenal bodies, which, although originating in connec
tion with the sympathetic system, we are accustomed to regard as 
“glandular,” and also the sympathetic ganglia in other regions afford 
an internal secretion. Nay, more, the valuable work initiated by 
Bayliss and Starling, upon the pancreatic secretion, is leading us to see 
that in a large number of cases certain portions of the mucous mem
brane of the alimentary tract and the cells of other organs afford 
hormones,1 or internal secretions, which are necessary for the full activity 
of other glands at a distance. These hormones must not be confounded 
with enzymes; they are, for example, absolutely unaffected by boiling, 
and are soluble in alcohol.

Here we have to deal with the internal secretions as causes of disease; 
it would be out of place to describe in extenso the various morbid states 
associated with a disturbance in the internal secretions; at most, I can 
adduce briefly the evidence we possess associating these morbid condi
tions with such disturbances.

The Thyroid. Myxcedema and Cretinism. -Myxcedema is a condition 
api>earing in adult life in which there develops characteristically a loss 
of expression, associated with a thickening of the skin, or, more accu
rately, a subcutaneous infiltration of the face and body generally. At 
first this is due to a mucoid oedema (hence the name); later, this gives 
place to connective-tissue overgrowth. The skin is dry, the hair badly 
nourished, tending to drop out; the nose and lips become thick and 
bloated. AXith this the mental processes become slowed and undergo 
progressive failure, with a defective memory and, it may be, final 
dementia. Cretinism, on the other hand, is congenital; it is charac
terized by a striking retardation and imperfection of development.

1 From ùftfinu, I excite, or arouse.
23
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The adult of forty is mentally an infant, often an imliecile, and his 
laxly retains infantile or childish features. Dentition is delayed; the 
sexual organs and functions do not attain maturity; the extremities are 
short ami thick; the abdomen swollen ; the features coarse and lacking 
expression. The evidence that these conditions are due to lack of 
thyroid secretion is:

I. Myx<edema, even after many years' duration, and cretinism, in 
the child, can lie alleviated by administering thyroid extract. The cure 

is not complete, i. r., to preserve the 
normal state it is necessary to con
tinue giving the extract from time to 
time.

2. As first shown by Koclier,1 
symptoms identical with those of myx- 
<edema follow a complete removal 
of the human thyroid (cachexia 
strumipriva).

3. Histologically, in all cases of 
lnyxt edema and cretinism we en
counter either extreme atrophy or 
grave lesions of the thyroid.

It is interesting and, at first 
thought, paradoxical, that in a cer
tain number of cases of both condi
tions we find enlarged thyroid, as also 
that upon operative interference in 
this latter order of cases symptoms 
of the very opposite condition—of 
exophthalmic goitre are apt to show 
themselves. We have here, in my 
experience, examples of colloid goitre, 
i. /•., of great distension of the vesicles 
of the thyroid, with thickened, inspis
sated, firm, gelatinous secretion. The 

normal thyroid is extremely vascular, u network of capillaries surround
ing each vesicle, and these both hemic and lymphatic. 1 have suggested2 
that here, as in the expansion of the air-sacs in emphysema of the lungs, 
the distension of the vesicles results in such a flattening and compression 
of the vessels that circulation in and absorption of the thyroid secretion 
by these vessels is arrested, and symptoms of athyrea show themselves as 
a result. Acute congestion of the organ will thus lead to sudden absorp
tion of large amounts of the secretion, and symptoms of hyperthyroidism 
manifest themselves. Similar considerations help to explain how over
action of the thyroid and exophthalmic goitre may give place to myx- 
(vdetna.

Cretin, male, wteil twenty-one years. 
(Mom ne ville and Hrieon •)

1 Arch, ifc Neurologic, 12: 18H(i: 137 ami 292.
* The Practitioner, 64:1900: 56.



1ST EH SAL SECRETORY: THY HOI I) 355

Exophthalmic Goitre, or Graves’ Disease (1S35), Basedow's Disease 
0X40). or Parry’s Disease (1825).—In this we have an unmistakable 
collection of symptoms : (1) E> or protrusion of the eye
balls; (2) tachycardia, or great rapidity of heart-beat and pulse; (3) 
enlargement of the thyroid; (4) tremor and nervousness. Flushing 

• and abundant jierspiration and increase»! pigmentation of the skin may
also be present.

That this is caused by excessive secretion from the gland is shown by: 
(I) The cure of the disease by partial thyroidectomy; (2) the pro
duction of some of the most striking symptoms (tachycardia, tremors, 
and nervous irritability) by the administration of too large doses of tlmoid 
extract to previously healthy men or animals (hyperthyroidism); (3) 
the increased nitrogenous output seen both in exophthalmic goitre and 
in hyperthyroidism; (4) the histological indications in typical cases of 
( iraves’ disease (as shown by Greenfield, and later by Halsted), of 
hyperactivity of the gland; the cells lining the vesicles are large; there 
are indications of overgrowth in the form of infoldings of the epithelium; 
the gland is found very vascular; the vesicular contents thin and Huid. 
The atypical form supervening upon colloid goitre has already lieen

What is behind these states? What are the causes of athyrea and 
hyperthyrea? That is another matter. Here, for the time, we must lie 
satisfied to recognize that these remarkable sets of symptoms are brought 
about essentially by defect and overproduction, respectively, of the in
ternal secretion of the thyroid, without laying down what is the exciting 
cause of the defect or the overproduction. This statement holds in 
connection with all the other instances to be brought forward.

The Parathyroids. Associated with the thyroid, either embedded in 
the lateral lolies or in their immediate neighborhood, are certain small 
bodies, the size of a pea or thereabouts. Of these there are usually a 
superior and an inferior pair. There is still debate regarding their 
functions. Some would regard them as rudimentary thyroid tissue;1 
but clearly they are functional, and their activity differs from that of the 
thyroid. Removal, in dogs, lends to muscular twitehings, giving place 
to tetany, exophthalmos, and rapid breathing, with death within a few 
«lays.2 The symptoms are preeminently those of irritation of the 
nervous centres.

à The brilliant observations of MacCalluin and Yoegtlin3 show that in
the parathyroideetomized dog then* is a rapid fall of the calcium salts 
to about half the normal amount, and that the intravenous injection of a 
calcium salt (the lactate or the acetate) almost instantly removes the 
violent symptoms produced by removal of these bodies—muscular 
twitehings, and rigidity, tachypnœa, fibrillary tremors, increased rapidity 
of heart beat. It would seem thus that the parathyroids in some

1 lxislii, Yireli. Arch., 17(i: 1904: 200.
1 MacC'allum, Medical News, 1908:820.
3 Johns Hopkins Hosp. Hull.. 19:1908:91,
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way control the calcium metabolism, so that their removal is followed 
by a rapid excretion of the calcium salts. The observations further 
suggest that the toxic symptoms may be due to the unantagonized action 
of potassium salts upon the nerve centres, for in tetany the injection of 
potassium salts was found to intensify all the symptoms. It is doubtful, 
however, whether the parathyroids alone determine the calcium content 
of the tissues. Thus, in Kinnicutt’s case1 * of tetany associated with 
gastric dilatation in an adult, parathyroid extracts had no influence, 
whereas the administration of calcium salts caused rapid and striking 
disappearance of the muscular twitchings and contractures. Here, also, 
after the death of the patient the parathyroids were found apparently 
normal.

Normal skull. Skull from case of acromegaly. (Osborne.)

It is still unsettled what is the exact causation of the exophthalmos 
of Graves’ disease. It is not reduced by injections of parathyroid 
extract ; nor, on the other hand, has it been satisfactorily reproduced 
by injection of thyroid extracts into normal animals. Here may be noted 
MacCalhun and Cornell's observation8 that where the (log's head is 
removed from the body (and so all influence removed of orbital conges
tion) stimulation of the cervical sympathetic results in an exophthalmos 
as pronounced as any produced in the living dog, and their demonstra
tion that this is brought about by contraction of the so-called musculus 
orbital is of Müller (1859), a case of smooth muscle and elastic fibrous 
tissue, enclosing the fatty bed of the eye, and having its apex posterior. 
They were unable to produce exophthalmos in the human being by 
sympathetic stimulation, so would leave the matter open; but Jonnesco,3 
employing strong stimulation, had previously reported definite protrusion 
of the eyeball. We are thus inclined to attribute the e? * inos of
Graves’ disease to sympathetic irritation.

1 Trans. Assoc. Am. Phys., 24:1909:475.
? Mod. News, N. Y., October 15, 1904.
3 Thirteenth Internat. Med. (’ongr., Paris, 1900.
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The Pituitary Body, or Hypophysis Cerebri. -Ever since the observations 
of Marie it has been known that there is a close relationship between 
disorders of the pituitary body and the development of the remarkable 
condition of overgrowth more particularly of the bones of the face and 
extremities known as acromegaly. This condition develops in adult 
life, and is of slow development, over, it may be, twenty or more years. 
The face becomes enlarged, the superior and inferior maxillary bones 
being especially involved ; the ears become of great size; the nostrils 
broaden; the eyelids thicken. The hands and feet are characteristically 
hypertrophied, becoming disproportionately large. Later, the spinal cord 
may be affected. In general giantism, also, enlargement of the pituitary, 
has frequently been noted. Marie was of the opinion that lass of the 
active pituitary secretion induced the acromegaly, with replacement of 
the pituitary tissue by new growth. Schafer (to whom, with his asso
ciates, Oliver and Herring, we owe the most recent advances in our 
knowledge) holds with Tamburini and Woods Hutchinson that the 
overgrowth is due to overgrowth of the anterior lobe; for in some cases 
a simple hyperplasia of this region has been noted ; von Ilansemann1 
points out that of tumors it is only adenomas (t. e., overgrowths of this 
anterior lobe) and not sarcomas or colloid accumulations that are found 
associated with the disease. Schafer2 suggests that Marie’s objection 
may be got over by supposing that, in the cases cited by Marie, the con
dition began by simple hyperplasia, the destructive new growth being a 
terminal event.

But if the indications are that this anterior glandular part supplies 
hormones or other products which stimulate the growth of bone and 
connective tissues, the observations of Herring demonstrate that the 
intermediate part, also glandular, develops colloid matter which finds 
its way through the posterior nervous portion of the organ into the 
infundibulum, and so into the ventricles of the brain. And this internal 
secretion, produced in these two portions, has different but equally 
striking properties, which, as Howell has shown, are not possessed by 
extract of the anterior part. Namely, os shown by Oliver and Schafer, 
an extract of these portions causes a rise of blood pressure very similar 
to, but more prolonged than, that induced by adrenal extract, and, 
in addition, an increased discharge of urine—a polyuria which, further, 
is seen to be independent of the blood pressure and due to direct 
action on the renal tissue. Like adrenin this extract is unaffected by 
boiling. The indications are that the gland provides not one but several 
hormones.

Nor is this all. Like the adrenal, this minute gland (weighing in 
man only half a gram) is essential to life, and, as shown by 1‘aulesco3 
and by Reford and Harvey Cushing,4 its ablation in animals of the

1 Descendent und Pathologie, Berlin, 1909:197.
* Croonian Lecture, Proc. Roy. Soc., B., 81:1909:442 (with bibliography).
* Jour, de Physiol., 9:1907.
4 Johns Hopkins Hosp. Bull., 20:1909.
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laboratory, is followed by death within forty-eight hours or so, with 
symptoms of acute inanition. What is the essential cause of this death 
is not known. It is, however, most significant that this minute mass of 
substance, mainly glandular, has this extraordinary influence over 
continued existence.

The Adrenals and the Chromaffin System. Between the adrenals and 
the pituitary body an interesting parallelism is to be observed : both 
consist of a glandular portion and one of nervous origin, and, according 
to (iaskell,1 2 these glandular portions are homologous, both derivatives 
of the primitive body cavity, and, therefore, mésothélial, being rem
nants of the primitive segmental excretory system. The medulla of the 
adrenal is essentially a derivative of the sympathetic system ; the poste
rior portion of the pituitary, while not containing any neurons, is con
tributed by the infundibulum, and in the cat still exhibits the central 
canal of this part of the brain. Just as the glandular portion of the 
pituitary has been found associated with the growth activities of the 
skeletal tissues, so do we possess a series of observations that hyperplasia 
and simple tumors of the adrenal cortr.r may be accompanied by excessive 
and premature obesity, precocious muscularity, as in the rare cases of 
“ Infant Hercules,” and, more particularly, premature virility, with pre
cocious development of the external genitalia.* So, also, just as the pos
terior nervous portion of the pituitary supplies an extract causing raised 
blood pressure, adrenin,3 extracted from the adrenal medulla, possesses 
to a striking degree the same properties.

The production of adrenin has been found to be associated with the 
presence of a particular order of cells —the chromaffin cells—so-called 
because of their affinity for chrome salts, these salts being retained, and 
the cells exhibiting a strong vellowish-brown color after immersion of 
the material in solutions of potassium bichromate.4 They are by no 
means confined to the medulla of the adrenal, but have been found in 
considerable numbers in the abdominal and other sympathetic ganglia, 
in the minute carotid body, situated on the anterior wall at the bifurcation 
of the common carotid, in the coccygeal gland, etc. We are brought, 
then, face to face with the fact that there exist cells of nervous origin 
with functions and characters widely distinct from those of ordinary 
nerve cells. The indications are that wherever these cells are present 
there adrenin, or a body having like effects upon the arterioles and the 
blood pressure, is also present.

As Addison, of Guv’s, was the first to point out (1855) the significant 
syndrome of bronzing of the skin, progressive muscular and bodily

1 Origin of Vertebrates, Longmans, 1908: 340.
2 For a collection of cases and literature see Guthrie and Emery, Clinical Sue. 

Trans., 40: 1907. See also Bulloch and Sequelra, Trans. Path. Soc., bond., 
56: 1905: 189.

3 Schiifer urges the use of this term, rather than adrenalin, epinephrin, etc., the 
latter being the names of proprietary substances.

* Material that has been hardened n Orth’s solution (Midler’s fluid plus formalin) 
shows them well when cut in the < rdinary manner and stained with hematoxylin 
and eosin.
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weakness, with feeble pulse and heart action, nausea, vomiting, or 
other indications of gastric disturbances, is repeatedly found at post
mortem to be associated with lesions involving the greater part of the 
adrenals, most often with replacement of the tissue by large fibrocaseous 
tubercular masses, less often with atrophy, or chronic interstitial fibrosis 
and atrophy, thrombosis of the adrenal veins, or with malignant growths 
in these organs. Nevertheless, long years before adrenin and chromaffin 
cells and their relationship to the sympathetic system had been dis
covered it was recognized that this peculiar disease might be present 
without there being any naked-eye or microscopic evidence of disease 
of the adrenal glands, and llolleston and others had in one group of these 
cases called attention to the existence of chronic inflammatory and allied 
changes involving the abdominal sympathetics. Contrariwise, other 
cases are encountered in which, with practically complete destruction 
of both adrenals, as by secondary cancer, the symptoms of Addison’s 
disease have been wholly wanting.1 These apparently discordant findings 
have in the past been productive of much debate and uncertainty. It 
was soon discovered that removal of the pair of organs in the lower 
animals (here, again, as is the case with the pituitary) is almost always 
followed by rapid inanition and death. The rat alone frequently survives 
such removal. Marchand has supplied an important clue to these 
exceptions by his demonstrations of the existence of accessory adrenals— 
of adrenal tissue not merely embedded in the kidney (as is not infre
quent), but carried down by the ovaries and testes in their development 
and descent. In the rat this accessory tissue is both constant and 
relatively abundant. This, however, is incapable of explaining all the 
eases, and the discovery of the chromaffin tissue and its relationships 
has elucidated matters to a very great degree. In Addison's disease we 
deal with disease of the chromaffin system rather than of the adrenals 
only.

I am very far from suggesting that all the problems in connection 
with the internal secretion of the adrenal and the pituitary are now- 
solved. There are still many moot points. What, in the first place, is 
the significance of the intimate association between the glandular and 
nervous elements? In the case of the adrenals this is a secondary 
acquirement, for in certain lower vertebrates the glandular and nervous 
elements form distinct and separate organs. In the pituitary it is seen 
that the colloid secretion of the glandular part passes into and through 
the nervous portion. Does the adrenal cortex elaborate something 
from the blood which by the medulla is converted into adrenin; or, 
conversely, does it remove from the blood the substrate or material 
upon which the medullary substances have a specific action. It is at

1 Le win, in the study of 370 cases of typical Addison’s disease, found :
Addison's disease with diseased adrenals, 88 per cent.
Addison's disease with sound adrenals, 12 per cent.
Diseased adrenals with bronzing, 72 per cent.; without bronzing, 28 per cent.

He had also collected 44 cases in which the adrenals were found destroyed by 
various diseases in those who had shown no Addison’s disease during life.
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least suggestive tlmt, as pointed out by Pearce and other observers, a 
marked enlargement of the adrenals is frequently to be noted in cases 
such as those of chronic interstitial nephritis characterized by high blood 
pressure. Our own experience at die Royal Victoria Hospital is that in 
these the overgrowth of the cortex is even more mai ked than that of the 
medulla. This brings us to another point. It is a common mistake to 
regard the inner pigmented zone of the adrenal as medullary; it is 
nothing of the kind; it is the innermost zone of the cortex that thus 
contains pigment in its cells. And now adrenin has been isolated 
(Takamine, Abel, etc.1), and even synthesized (Dakin), so that its chem
ical composition is fairly well ascertained. It is related to pyrocatechin 
and the aromatic products of proteid dissociation. Here, curiously, we 
find a series of independent observations converging suggestively upon 
one point. For, as will be noted more fully in the chapter upon pig
mental changes, it is found, on the one hand, that the most important 
group of non-hemutogenous pigments, the melanins, are allied to tyro- 
sin and the aromatic group of proteid derivatives, and, on the other, 
Halle2 claims to have demonstrated that under the action of an enzyme 
contained in the adrenal, tyrosin is converted into adrenin. As 1 
suggested in the first edition of this work, it may, therefore, be 
surmised, in the first place, that the adrenal cortex takes up tyrosin 
and other ehromogenic compounds from the circulating blood, and 
that these are converted into the adrenin of the medulla; and, in the 
second place, that the pigmentation of Addison’s disease is due to a 
deficient conversion of these ehromogenic substances, owing to the 
destruction of the adrenal, with its enzyme. These are the indications; 
the full proof is still wanting.

Another matter not yet fully worked out is the relationship and mutual 
antagonism of the thyroid, the adrenal, and the pituitary—as, indeed, 
of all the organs affording internal secretions. We have shown that 
internal secretions of the latter two here mentioned favor growth and 
proliferation of particular tissues. The thyroid secretion, on the other 
hand, favors increased oxidation and dissociation. As is generally 
known, properly applied, it reduces obesity. Nevertheless, we have the 
unexplained paradox, to which several workers have borne testimony, 
that ablation of the thyroid is followed by enlargement of the pituitary 
and increase of colloid in its vesicles. The only observation encountered 
by us that possibly throws light upon this apparent contradiction is that 
of Schafer, when he found evidences of the existence in pituitary extract 
of opposing pressor and depressor substances, the one causing rise, the 
other fall, of the blood pressure. Possibly, according to circum
stances, the gland may be activated to produce an excess now of the one, 
now of the other. In this association it may be noted that several ob
servers (Hart, Hedinger, Wiesel, Crowell3) have called attention to the 
co-existence of hyperplasia of the thymus and the status lymphaticus

1 Froc. Roy. Soc., B., 76:1905:491.
* Hofmeister’s Beitr., 8:1900:276.
* Troc. New York Path. Soc., N. S., 9:1909: 75.
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with Addison's disease. Falta and others see a relationship between 
pancreatic disease and diabetes and hyperactivity of the chromaffin sys
tem. A full explanation of these relationships cannot yet be given.

Lastly, there deserves notice a striking fact, to which Langley and 
Starling call attention, namely, that adrenin does not merely act upon 
the smooth muscle fibres of the vessels, but would seem necessary for 
the normal functioning of the whole > "2 system. The effects
of adrenin upon a part are identical with the results of stimulating the 
sympathetic fibers distributed to that part.

These studies seem to be leading us toward a recognition of the chem
ical, and not merely a physical, basis of nerve excitation. However, the 
fact that adrenin directly excites muscle must make us proceed very 
cautiously in reaching any such conclusion.

Ovaries and Testes. It is a matter of familiar knowledge that capons 
and other castrated animals, in which the active organs of generation 
have been removed prior to puberty, differ materially in build and char
acter from “entire” animals of the same sex and species ; the external 
and secondary sexual features are imperfectly developed, the vocal 
organs do not reach adult development, the general bodily build approxi
mates more to that of the other sex. Is this due to lack of nerve 
stimuli proceeding from the ovaries or testes to the higher centres of 
the brain, to lack of removal from the blood of substances necessary 
in the elaboration of the ova and spermatozoa; or, lastly, to absence 
of an internal secretion ? It cannot be said that we know the complete 
answer; it is, indeed, difficult to see how it can be obtained by experi
mental means.

The full demonstration that these changes are due to lack of internal 
secretion must be obtained by removing ovaries and testes and then 
showing that ovarian or testicular extracts lead to full development of 
one or other sexual type. We deal here with growth. Now, normally, 
if this be due to the influence of internal secretions, these secretions must 
be continuously elaborated in small quantities over long periods of time. 
Experimentally, we cannot reproduce the process; we can only make 
periodical injections of uncertain quantities. At most, using these 
faulty methods, there is a possibility of obtaining approximate results, 
and this has been done in part.

Thus, Ancel and Bouin1 have proved clearly that the secondary sexual 
characters in the male are due to the internal secretion of the interstitial 
cells of the testes—certain fairly large cells lying in the stroma, between 
the tubules. Itemovg the testes entirely, and the secondary characters 
do not develop. Ligature the vas deferens, and so bring about atrophy 
of the seminal tubules, thé interstitial cells still persist and the secondary 
characters make their appearance. It is not, then, the secretory tubules 
of the organ that are responsible, but these interstitial cells, which, it 
may be added, are embryologically of like origin, although, as a result 
of position, their function becomes widely different. Shattock has con
firmed and extended these observations.

1 Compt. rend. Soc. de Biol., 55:1903:1397; and 56:1904:81.

D+.A
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In tlu* mary there an* homologous interstitial cells, derived, as shown 
bv Miss I,anc-( laypon,' from the common germinal epithelium, which 
gives rise indifferently to follicular epithelium, ova, and the intermediate 
cells. The indications are that these cells have equally important 
influence upon sexual life and growth, although, confessedly, it is diffi
cult to distinguish between their effects and those of the follicular 
epithelium. Menstruation and “heat" depend upon the presence of the 
ovaries. It has been shown by FranckeP and by Marshall and Jolly3 

that, in castrated animals, heat can he produced by the injection of 
ovarian extracts.

6^0;

Cell» in ovary of young rabbit, ilerived from the germinal epithelium (a), which give rise to {b) 
primordial ovum; c, inultinuelealed interstitial cell, and d, interstitial cell I lemming isolated; f, 
connective tissue; o, modified germinal cells. (Lnne-('lny|Kin.)

The corpus luteiim has functions of another order. This develops 
rapidly after discharge of the ovum. These observers have shown 
that if the ovaries of an animal he removed within six days after coitus 
the ova do not become adherent to the uterus. Franckel obtained the 
same results by destruction of the corpus luteiim alone. To the internal 
secretion of the follicular cells of this little organ must be ascribed the 
stimulation of the uterine mucosa so that it responds to the presence of 
the ovum and develops the maternal sections of the placenta and decidua. 
It is the interstitial cells lying external to the Graafian follicles that form, 
it would seem, the main cell layer of the corpus luteiim and that supply 
the hormone.

The Foetus, and its Bearing on the Growth of the Mammary Gland. That 
the development of the mammary gland during pregnancy is not due 
to nervous reflex has been shown by more than one observer. The 
whole lumbosacral cord may be extirpated in a pregnant bitch, but 
pregnancy will continue, the gland enlarge, and the bitch suckle

1 Proc. Hoy. Soc., R., 77:1905:32. 
3 Phil. Trans., R., 198:1906:99.

1 Arch. f. fiyniik., 68: 1903: Pt. 2.
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ils imps, llibbert transplanted a mammary glaml in the guinea-pig 
to the region of the ear. With pregnancy, the gland underwent hyper
trophy, and when the young were born milk could be expressed from 
it. Lane-Claypon and Starling1 have shown that the stimulus to the 
hypertrophy of the gland comes not from ovaries, or uterus, or placenta, 
but from the developing foetus. Injections of watery extracts from 
rabbit fœtuses into a virgin rabbit every one to three days, over a period 
of three weeks, led to the glands, which were at first almost invisible, 
becoming markedly hypertrophied, with enlarging ducts and epithe
lium, and discharge of a thin fluid ; in multiparous rabbits, similar 
injections led to the discharge of true milk. They draw the conclusion 
that the amount of the substances leading to the glandular hypertrophy 
is greatest during the latter part of pregnancy, and lactation would seem 
due, we would add, primarily to the removal of these substances, the cells 
which had under its influence manifested anabolism and growth, in its 
absence proceeding to break down, and so form milk. These observa
tions would appear to explain the cessation of lactation with the onset 
of a renewed pregnancy.

Eclampsia. We are still wholly at a loss where to place eclampsia, 
that most dangerous combination of disturbances which may result 
from pregnancy. The kidneys are profoundly involved; indeed, the 
danger signal is found in the appearance of albuminuria during the 
last weeks of pregnancy; there is a relatively large proportion of globulin 
with low urea content, suggesting a relationship of the condition to 
uremia, which is strengthened by the convulsions and coma, leading to 
death. But anatomical studies show disturbances elsewhere, and 
notably in the liver, which are wholly foreign to the uremic state. The 
liver changes are remarkable; in typical cases there occur abundant 
necroses in this organ ; where slight, these recall the focal necroses seen 
in many infectious and toxic conditions, but they may be so extensive as to 
give the appearance of that wide destruction of the hepatic parenchyma 
seen in acute yellow atrophy. Schmorl and others have ascribed 
these to liberated placental cells becoming blocked in the portal vein 
and hepatic arteries, but, while placental cell emboli do occur, they are 
incapable of explaining the widespread eclamptic disturbances. No 
positive or consonant results have been obtained from bacteriological 
studies, and the tendency nowadays is to regard the condition as an 
intoxication set up by abnormal or excessive substances diffusing into 
the maternal blood from either the placenta or the fœtus. Inasmuch 
as the conditions may first become acute, it may be some days after the 
fœtus has been removed, the tendency on the part of many is to regard 
the placenta as originating the irritant, and this view gains some sup
port from Hitschmann’s2 case, in which eclampsia showed itself in a 
woman, the bearer of a placental mole (a mole is an aberrant growth 
of the chorionic villi placenta, the embryo having died or aborted).

1 Proc. Roy. Soc., 13., 77:190G: 505.
2 Cvntralhl. f. Gyn., 28:1904:1089. Quoted by Wells.
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Opposed to this view is the fact that extract of placental tissue produces 
singularly little disturbance when injected, although Liepmann states 
that eclamptic placentas are definitely toxic. This awaits fuller con
firmation. The most that can at present be said is that it is along 
these lines of investigation that attention is at present being directed, 
and that the tendency is to recognize two orders of cases, in one of 
which the main histological lesions are hepatic, in the other, renal.

The Digestive System. —A great step forward in the comprehen
sion of the internal secretions and their mode of action was made by 
Bayliss and Starling in their already classical observations upon the 
secretion of pancreatic juice. Everyone should be familiar with Paw- 
low's1 notable advances in the study of digestive secretions. Ilis studies 
established the existence of nervous reflexes as setting in action the 
flow of, more particularly, the gastric juice, just, as years previously, 
Ludwig had shown the nervous paths whereby salivary excretion is 
brought about. Bayliss and Starling went farther; studying the 
increased flow of pancreatic juice which follows the introduction of 
acid into the duodenum (it must be recalled that the chyme when it 
enters the small intestine is acid), they found that this occurred even 
when pancreas and duodenum were separated, and even when the 
acid was introduced into a loop of the upper jejunum that had been 
deprived of all nervous connections. The reaction could only be 
chemical, and further study demonstrated that, by scraping off the 
mucous membrane of the duodenum and upper part of the small intestine, 
pounding this with sand, and adding 0.4 per cent. 1101, they could, by 
boiling and neutralizing the fluid, extracting with alcohol, and evapo
rating the latter, obtain a substance, secretin, which, dissolved in water 
and injected into the veins of a mammal, leads to an abundant excretion 
of clear pancreatic juice. That acid in the small intestine leads to 
discharge of secretin from the mucous membrane into the blood, by 
which it is carried to the pancreas, stimulating that organ, has been 
further demonstrated by Wertheimer; establishing a cross-circulation 
between two animals, he found that acid introduced into the duodenum 
of the one led to increased secretion of pancreatic juice in the other. 
The indications are that, while there exists a nervous mechanism for 
the secretion of the digestive juices, as shown by the mouth watering 
at the sight, smell, or thought of food, and by Pawlow’s demonstration 
of the pouring out of “appetite juice” in the stomach, there exists also 
a series of secretins developed by the mucous membrane of one seg
ment of the alimentary canal after the other, which, passing into the 
blood, stimulate the specific glands of a neighboring segment. Thus, 
Hdkins has proved the existence of a gastric secretin elaborated by 
the pyloric glands, leading to the discharge of hydrochloric acid from 
the cardiac end of the stomach. Hemmeter describes removal of the 
salivary glands as leading to dyspepsia and arrest of the cardiac secre-

1 The Work of Ou Ditjcslirr Gin ml*. Translated by W. II. Thompson, London.
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tion.1 Bay lias and Starling found that the duodenal secretion also 
influences the flow of bile. In other words, the various forms of indi
gestion, dyspepsia, absence of pancreatic juice, of biliary excretion, and of 
digestion in the lower portion of the small intestine, may, in the absence 
of gross obstruction and disturbance, be due to imperfect development of 
one or other secretin, or hormone. We thus open a new chapter of 
the pathology of digestion.

It may be added that, like adrenin and iodothyrin, and unlike toxins 
and enzymes, the secretins are not modified by heat, nor again by 
alcohol, in which they are readily soluble.

The Pancreas, the Liver, and Diabetes Mellitus. -As shown by von 
Mering and Minkowski (1889), complete removal of the pancreas in 
the dog is followed within twenty-four hours by glycosuria, by the 
appearance of abundant sugar in the urine, and this not temporarily, 
but of the diabetic type, ». e., it persists. There may, in a few days, 
be as much as 8 to 10 per cent., and this although the food con
tains no carbohydrates; and, as in diabetes mellitus, in many cases, the 
animal exhibits increased appetite and excessive thirst, with abundant 
discharge of urine; progressive asthenia and emaciation show them
selves, and the urine comes to contain acetone, diaeetic and oxybu
tyric acids. The phenomenon is not confined to dogs, but results in 
all vertebrates, even down to eels (Capparelli), when the greater part 
of the pancreas seven-eighths and more— is removed.

That the ordinary external secretion of the organ plays no part in 
the sugar regulation is evidenced by the facts: (1) That glycosuria does 
not supervene when the pancreas is transplanted into the abdominal 
wall (Lépine), and (2) that no diabetes occurs when a pancreatic fistula 
is made, draining away all the secretion as soon as it is elaborated.

There are thus the alternatives: (1) That the organ furnishes an 
internal secretion, affording something of the nature of a glycolytic 
ferment, in the absence of which the sugar is not transformed, but 
accumulates in the blood, and (2) that under normal metabolism there 
is produced a substance which hinders the above transformation, this 
substance being taken up and destroyed by the pancreas. When this 
organ is removed or diseased, the substance in question accumulates in 
the system and glycosuria results.

Beyond this, for long years, despite abundant experiments, no advance 
was made, no extract could be obtained from the pancreas having an 
action upon the sugar in the blood. It is true that Lépine, Bail, and 
others demonstrated the existence of glycolysis in normal blood, and 
that the former found this absent in cases of diabetes, but these obser
vations could not be confirmed. Only in the last few years has Otto 
Cohnheim2 afforded what appears to be the correct solution. Muscle 
and liver, it will be remembered, normally contain glycogen. Cohn
heim expressed the juice from pancreas and muscle; adding each sepa-

1 This is still a matter of debate.
* Zcitsch. f. Physiol. Chem., 39:1903:338; and 42:1904:401.
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rately to a solution of glucose, there was no reaction; hut when to the 
muscle juice he added a small quantity of the pancreatic extract, there 
followed a rapid conversion of the glucose into alcohol and COz. Rahel- 
Hirsch independently announced the same results, as also that the other 
tissue, the seat of active carbohydrate metabolism, viz., the liver, gave 
corresponding results, the difference being that liver juice normally is 
able to act to some extent upon glucose; if, however, a little pancreatic 
extract be added, the decomposition is greatly accelerated.

Now, this substance produced by the pancreas withstands boiling, 
and is soluble in alcohol without loss of acivity; it has properties allied 
to those of adrenin and the hormones in general. We thus arrive at 
the conclusions: (1) That the normal pancreas affords a body of the

rj» A
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Section of island of l.nngerhnns from pum-rem* of human adult. X 1200. (Dewitt.)

nature of a secretin; (2) that the liver and muscle are the main seats for 
the deposit and utilization of carbohydrates; (3) that these two tissues 
can convert soluble carbohydrates into insoluble glycogen, and vice versa; 
(4) that unaided they cannot to any extent break down these carbohy
drates; (5 • glycolysis to ensue, these tissues need to be activated
by a hormone elaborated in the pancreas. Just as the pancreatic juice 
is unable to act upon proteins alone, but requires the addition of cntero- 
kinase before the trypsin is complete, so this hormone of pancreatic 
origin is necessary before the full glycolytic ferment is evolved in liver 
or muscle.

Were this all, our comprehension of the causation of diabetes would 
be easy, but there are many riddles still remaining to be solved. Dia-

C3A
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betes in man, in the first place, is not always associated with pancre
atic disease. In most cases the organ or its specific cells are greatly 
reduced through congenital aplasia (rare), interstitial fibrosis with 
atrophy of the glandular elements (the commonest cause), cancerous 
growths, etc.; but in the majority of these the reduction does not approxi
mate to that which experimentally is found necessary to produce glyco
suria. Opie1 and, later ami independently, Ssobolew3 have laid down 
that it is not the pancreatic tissue in general, but the remarkable little 
“islands of Langerhans’' scattered through the organ that are at fault; 
that these act as ductless glands (elaborating, we would now say, the 
hormone), apd that diabetes is due to degeneration of the same. And 
certainly, as ( )pie has shown, in many cases there exists a form of hyaline 
degeneration of these bodies. Hut Dale,1 working under Starling, and, 
more recently, Swale Vincent and Mrs. Thompson,4 have shown con
clusively that the islands are not separate organs; that they vary in 
number according to the .state of nutrition and activity of the gland, 
becoming converted into active acini, and vice versa. We have en
countered appearances in man difficult to explain save along these lines. 
These observations do not, it is true, wholly negative the contention that 
the islands bear some intimate relationship to a certain order of cases of 
diabetes; they suggest, however, that degenerative changes seen in them 
are an indication of other changes occurring in the intimately connected 
pancreatic tissue proper.

Then, again, Xaunyn, Pavy, and others call attention to an hepatic 
form of the disease, in which, more particularly, the liver is enlarged 
and hyperemie; again, experimentally, by the exhibition of phloridzin, 
without there being any hyperglycemia, or excess of sugar in the blood, 
the urine comes to contain large quantities of sugar, and Zuntz has 
shown that if phloridzin be injected into one renal artery, the urine 
from the corresponding kidney contains sugar, that of the other remain
ing wholly free therefrom. Evidently, also, there is an adrenal glyco
suria (Blum, Herter, etc.) produced by subcutaneous, intravenous, or 
peritoneal injection of adrenin, or even (Herter) by painting adrenin 
over the pancreas. Herter would explain this by the pronounced 
reducing powers of adrenin, whereby the function of the pancreatic 
cells becomes arrested; other reducing agents, he found, have the 
same effects.

Lastly, alimentary and nervous glycosuria have to be taken into 
account. Excessive consumption of carbohydrates is apt to be fol
lowed by the appearance of sugar (glucose) in the urine, while injuries 
to the head and neck, organic lesions of the brain, cerebral hemorrhage,

1 Bull. Julius Hopkins Husp., 11:10(10:205. and Jour. Exp. Med., 1901: 397 and

* Virch. Arch., 168:1902:01.
3 Phil. Trans., 13., 197:1905:25. This view was first propounded by Lewaschew, 

Arch. f. inikr. Anat., 26:1880:453.
4 Proc. Physiol. Soc., Jour, of Physiol., 34: 1900, ibid., 35: 1907, and Trans. Boy. 

Soc., Canada, 1907.
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cerebral tumors, more particularly involving the pons, cerebellum, 
medulla and posterior fossa, recall Claude Bernard’s well-known 
“piqûre” experiment, in which he established a transient glycosuria by 
puncture of the floor of the fourth ventricle between the vagus and 
auditory centres.

The causes and forms of glycosuria arc, therefore, numerous, and no 
single theoiy, so far, suffices to explain all cases.

Conclusions.—Nevertheless, we think it possible to harmonize and 
bring into a common scheme the greater number of these diverse facts, 
and what is here said applies not merely to diabetes, but to all the group 
of conditions caused by disturbances in the discharge of the internal 
secretions.

1. As will be laid down more fully later,1 it must be recognized 
that if, in general, the function of the nervous system is to control and 
coordinate the various bodily functions, there are conditions under which 
it can stimulate one or other function in excess. Your drunken coach
man may whip up the horses to a reckless and wholly unnecessary gallop. 
We must be prepared, for example, to find that glycosuria may present 
itself in the absence of any primary disturbance in the organs concerned 
in carbohydrate metabolism.

2. The elaboration and discharge of internal secretions has its limits. 
It is, therefore, possible, to have an intake or production of the substance 
acted on by those internal secretions, over and above the capacity of the 
internal secretions to convert or neutralize them, and this, again, without 
primary disturbance of the organs producing those internal secretions. 
An alimentary glycosuria is thus to be expected in case of excessive 
intake of carbohydrates.

3. The morbid states here discussed are not the outcome of one, but 
of the interaction of at least two factors; they represent a want of balance 
between amount of internal secretion and amount of the substance upon 
which that acts. These two must always be kept in mind. Myxœdema, 
we find, is the series of signs and symptoms associated with insufficient 
discharge1 of thyroid secretion; but if animals with removed thyroids be 
kept on a vegetable diet, and so the substance or substances be not 
elaborated which, under ordinary conditions, are neutralized by the 
thyroid secretion, then, notwithstanding the absence of the thyroid, no 
symptoms of myxœdema show themselves. The same symptoms may 
be brought about:

(a) By diminution of the internal secretion in the presence of normal 
production of the substratum or substance upon which it acts; and

(/>) By no diminution in the amount of internal secretion elaborated 
and discharged, but by excess of the substratum upon which it acts.

In the first of these cases we may expect to find morbid changes in 
the organ affording the secretion; in the latter, none; in the first, the 
tissues, if any are known, affording the substratum may be perfectly 
normal; in the second, they may be diseased. In other words, we may

1 In thç discussion on Fever and Nervous Pyrexia.
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expect to find an identical syndrome in two cases, which, from the point 
of view of morbid anatomy or histology, differ widely.1 That this must 
be so appears to be too often overlooked.

4. Where, as would seem to be the case in connection with glyco
lysis, we have the additional element of a hormone, the case Incomes 
yet more complicated. The same syndrome it would seem, may be 
set up (a) by excessive development or intake of the substratum; (b) by 
lesion of the organ or organs in which that substratum undergoes disin
tegration preventing that disintegration; and (c) by lesion in the organ 
affording the hormone, without which the disintegration cannot be 
effected.2

1 Adami, The Internal Secretion*, Trans. Congr. of Am. Phys. and Surg., 4:1S97: 
103.

1 For fuller study of the pancreas and of diabetes mellitus, the reader is recom
mended to Opie, The Pancreas; Williamson on Diabetes, and Fulcher’s article on 
Diabetes in Osier and McCrae’s Modem Medicine, vol. i. Starling's Croonian 
Lectures, Lancet, London, 1905: i and ii, give an admirable grasp of the trend of 
recent investigations on the internal secretions, ns does the later address by 
Howell, Scientific American Suppl., 1797: June 11, 1910: 378.
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T11K EN IH K1KX< >l'S IXT< >XICATIUNS—(Contin ubo).

DISINTEGRATIVE INTOXICATIONS.

Autolysis. There will l»e frequent occasion to refer to autolysis in 
discussing the various morbid processes and the part played in them 
by the self-digestion of the tissues; there is less to say regarding this 
action as a cause of morbid states. Nevertheless, to make ourselves 
clear, it is necessary to explain here in a little detail what we understand 
by this term, and what we know regarding the extent of the process.1

It has long been known that proteolytic ferments are liberated in cer
tain forms of cell disintegration. Thus, ÏA‘ber, in the “eighties,” 
showed that aseptic pus produced around copper filings had the power 
of dissolving white of egg and fibrin. Fijelnie, in 1S77, Stolnikow, 
Fr. Müller, and others long ago obtained proleolytic ferments from 
gangrenous and pneumonic sputa. But the wide extent to which the 
tissues in general are capable of self-digestion (or autolysis) only became 
recognized after the publication of the works by Salkowski (1890), and 
more especially of Jacobi (1900). Hauser had previously noted that 
liver tissue, kept in a perfectly aseptic condition, underwent softening, 
the cells breaking up and becoming granular. These observers studied 
the phenomenon from its chemical aspect, and demonstrated that the 
process was of the nature of a proteolytic change. They showed that 
it still progressed when chloroform or toluol was added to the broken-up 
tissue, whereby bacterial activity was with certainty prevented and 
when all that could happen was the result of enzyme action ; as, also, 
that all the soft tissues of the body undergo this autolysis, although at 
varying rates, the softening and disintegration of normal liver substance 
being most active, that of renal cortex the next ; skin and brain substance 
(contrary to expectation) being among the slowest to be affected.

Very many different enzyme actions evidently take place in this 
process; that which is the most evident is the conversion of protein 
from an insoluble to a soluble state. In fresh liver tissue, 90.4 per 
cent, of the nitrogen in a given example, which had been boiled and kept 
for several days, was found to be in an insoluble form, 9.0 soluble. 
An emulsion from the same liver after digesting itself for twenty-two 
days, and then being boiled, afforded only 39.4 per cent, of insoluble

1 The fullest uiul clearest résumé in English upon this subject is by Wells (Chemical 
Patholngi/, p. Sfi et scrj.), who himself has made material contributions to the
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nitrogen; G().fi per cent, was soluble and contained in the filtrate.1 Hut 
the nucleoproteins are broken down by nucleases; the purin bases are 
liberated, and, in their turn, acted upon by guanase and adenase; the 
fats are split up and fatty acids liberated, presumably by the action of 
lipase; the glycogen gives rise to glucose, and this, in turn, undergoes 
further splitting, being absent from the products of long-continued auto- 
lysis; the ' ' s are split up, and jecorin and allied bodies make
their appearance; while, further, there is a marked increase in choliti 
and in cholesterin. What is interesting is that there may be, as shown 
by Hildesheim and Leathes, a marked increase in the fatty acids, sug
gesting, at first, that these are developed from proteins; the probability 
is that a large proportion of the fat in organs like the liver, kidneys, and 
muscle exists in a masked condition—whether in a state of loose com
bination with the proteins, or how, has not surely been determined.

This process proceeds most rapidly at, or slightly above, the body 
temperature, and in a slightly acid medium. Wiener has shown that 
the process does not begin until the normal alkalinity of the tissues has 
been neutralize luction of organic acids (lactic, butyric, etc.),
which takes place in all dying tissues. We deal, that is, not with ordi
nary tryptic digestion (which proceeds in an alkaline medium), although 
the products of the proteid cleavage are of the same type; nor do we 
deal with peptic digestion, for they are far more advanced than those 
effected by peptic activity. For us, what is of immediate importance, 
is that, as demonstrated by Jacobi and others, this process of autolysis 
can take place in the living organism; cut off the blood supply to a 
section of the liver and the central part softens and affords leucin, tyrosin, 
and the other cleavage products found in autolysis outside the body. 
The outer part does not show change to the same extent, autolysis being 
evidently arrested by the diffusion of the alkaline lymph. Thus, it is 
only in the more central portions of relatively large areas of necrosis 
or cell death that autolysis manifests itself—save where there is invasion 
by leukocytes. As shown by Opie and others, the leukocytes possess 
enzymes, proteases, which differ markedly from those of the tissues; 
those act mainly or almost entirely upon the cells in which they are 
developed, but, once liberated, the leukocytic enzymes act indifferently 
upon various tissues. These properties explain the softening of septic 
infarcts and of the outer zone of simple infarcts, as the result of the 
migration of leukocytes into them; they explain, also, as Fr. Müller has 
shown, the softening and absorption of the consolidated exudate in the 
pneumonic lung, that exudate being, in the stage of gray hepatization, 
little more than a dense mass of leukocytes.

There is, however, another factor, as determined by Opie,2 which 
regulates the autolytic action of leukocytes, viz., the presence in normal 
blood serum of an antibody, neutralizing the leukocytic protease. In 
pathological exudates the amount of this antibody exhibits variation;

1 Quoted from Wells, loc. cit.
2 Journal of Experimental Medicine, 7:1905:316, and 8:1906:410,
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thus, an exudate which, although containing abundant leukocytes, is at 
first fibrinous, may eventually show disappearance of that fibrin through 
diminution of the antibody and unrestrained digestive activity of the 
enzyme liberated from the leukocytes. Jacobi would distinguish this 
solution of dead matter by the agency of wandering in leukocytes as 
heterolysis.

There are, however, conditions under which autolysis—not hetero
lysis—may obviously manifest itself in individual cells or groups of 
cells. The conditions under which the process manifests itself are not 
wholly understood. The liver, again, affords the clearest example, and 
that in a curiously assorted group of cases—acute yellow atrophy, phos
phorus and arsenic poisoning, chloroform necrosis, and, to a slighter 
degree, in the pernicious vomiting of pregnancy.1 In all these cases we 
obtain histological evidence of death of cells throughout the organ, 
others in the immediate neighborhood still retaining their vitality. 
The death is not immediate, but is preceded by indications of profound 
nuclear and cytoplasmic disturbance; it leads to a breaking down and 
disappearance of the affected cells. Coincidently, as pointed out by 
Salkowski, the liver tissue and the urine come to contain the products 
of autolysis—leucin, tyrosin, etc. In the livers of the cases of phos
phorus poisoning, Waldvogel and Tintemann2 obtained increased 
amounts of cholesterin, jecorin, neutral fats, protagon, and fatty acids, 
with diminished lecithin, just as in the earlier stages of experimental 
autolysis. With Wells, we must conclude that in all these cases we 
have a death of the individual cells without inhibition or destruction of 
the intracellular enzymes; that just as chloroform, for example, kills 
bacteria, but leaves their ferments unaffected, so it acts also when 
exhibited in excess to the cells of the organism.

A partial explanation of this intravital autolysis is probably to be 
found in the coincident condition of acidosis. As already noted, the 
autolytic enzymes act best in a slightly acid medium; an alkalinity equal 
to 0.04 per cent. NallO arrests their action.3 Now, as will be pointed 
out (p. 381), it is in just this group of conditions that the alkalinity of 
the blood is diminished and acetonuria is apt to manifest itself. It is 
not that the mere acidity of the blood kills the cells; in diabetic coma, 
for example, we do not have this acute destruction of the hepatic paren
chyma ; some toxic agent must be present having a specific action on 
the liver cells, and the coincident acidosis favors the autolysis.

Turning now to a more immediate discussion of autolysis as in itself 
a cause of morbid states, it will be recognized that three possible orders 
of disturbances may exist : (1) Disturbances due to liberation of the 
enzymes and diffusion of the same; (2) those due to possible toxic 
action of the diffused products of autolysis; and (3) alterations in the 
excretions due to discharge of these products. This last is but a sub-

1 See Williams, Johns Hopkins Hosp. Hull., 17:1900: 71.
* Centralbl. f. Path., 15:1904:97.
3 Wiener, Centralbl. f. Physiol., 19:1905: 349.
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group of the second ; it is not so much a morbid condition in itself as 
an indication and outcome of the existence of such, and we may dismiss 
it first.

Albumosuria. —Wherever there is extensive suppuration, with its at
tendant heterolysis, we gain indications in the urine by the development 
of what used to be termed peptonuria, but which now we know to be 
more correctly an albumosuria. This is most marked in the resolution 
of pneumonia, and in cases of empyema. A similar albumosuria, due 
to autolysis, has been noted in the case of large tumors undergoing 
softening and necrosis. In the case of diffuse autolysis of the liver, 
what is more marked is the appearance of amino-acids in the urine, 
with reduction of the urea.

Fever.—With reference to the liberated enzymes, it was demonstrated 
years ago by Hildebrandt that ferments of all orders injected into the 
blood set up marked fever, and the hyperpyrexia which is noted as 
following the development of an infarct, which follows internal hem
orrhages and burns, and even that accompanying suppuration, might 
be ascribed to liberated intracellular enzymes. The fact, though, 
that there exist antibodies, or anti-enzymes, in the normal blood 
serum, which must tend to neutralize such enzymes, and that, save in 
the case of the leukocytes, we obtain no other evidence of action of 
these enzymes outside the organs which give origin to them, is, on the 
whole, against this supposition. Rather, we must regard the fever, 
which may show itself even in experimental aseptic suppuration, as 
due to the intermediate products of metabolism poured into the blood. 
We know that peptones and albumoses injected into the system set up 

■ver. To lx dies of this order the pyrexia is best attributed.
Some of these bodies are distinctly hemolytic. The anemia and 

cachexia accompa lying malignant growths are by some attributed to 
the extensive breaking down and autolysis of the new-formed tissue 
that accompanies these states. A similar anemia accompanies all old- 
standing cases of suppuration.

Of the production and diffusion of acutely toxic substances we have 
little evidence save that of liberation of cliolin in the autolysis of nerve 
substances. Cholin itself is but slightly toxic, but would seem to be 
easily convertible into the highly toxic neurin. Mott and Halliburton 
have found cholin in the cerebrospinal fluid in cases accompanied by 
nerve degeneration and softening, and have suggested that it is respon
sible for the convulsions and other toxic symptoms seen in these cases.

Bums. —The careful histological researches of Rardeen1 and of my 
colleague, J. McCrae,2 upon cases of extensive burns have shown that, 
even where death occurs before there has been time for adequate infec
tion of the burned surfaces, the internal organs exhibit indications of 
an intense intoxication. Degenerative changes are seen in the liver, 
kidneys, and heart muscle, while the lymph glands present endothelial

1 Johns Hopkins Hosp. Repts., 7:1899:137.
* Trans. Assoc. Am. Phys., 16:1901:153.
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swelling and proliferation (MeCrae) identical with that seen in typhoid, 
diphtheria, and other acute infections. The cell destruction has thus 
led to the formation, or liberation, from the burnt cells of bodies having 
an action resembling that of bacterial toxins. The rapidity with which 
these disturbances manifest themselves indicates that it is certain prod
ucts of thermal disintegration of the cells that are directly responsible 
rather than the secondary products of autolysis. Whether these are 
the liberated enzymes, or modified proteins, or yet other substances, is 
not surely known.

Coagulation and Thrombosis. Closely associated in origin with hetero
lysis is the coagulation of blood, either outside the vessels (coagulation 
proper), or within them (ithrombosis), and this because everything 
points to these processes being due to the production of an enzyme or 
active discharge of the same from the leukocytes contained in the blood, 
and its action upon the fibrinogen of blood plasma. We shall have more 
to say regarding these processes elsewhere.

It is still a matter of debate whether, in the leuko
cytes liberate a kinase (thrombokinase), which activates a prozymogen 
present in the blood plasma, or vice versa, or what part the blood plate
lets play in the process. What is pertinent in this connection is that 
an essential factor in the formation of fibrin is a body liberated from 
the disintegrating leukocytes.

It is generally accepted that in the sudden death of a mass of tissue 
cells within the organism there is a like discharge of a body leading to 
coagulation necrosis, or coagulation of the whole of the dead area. (See 
Section III, Chapter XXXII.)

IMPAIRED METABOLISM AS A CAUSE OF DISEASE.

It is well to bear in mind that the instances brought forward in the last 
chapter in connection with the internal secretions are not those of primary 
causes of disease. It is to the relative excess or deficiency of one or other 
internal secretion that the particular signs and symptoms are to be attrib
uted, but behind this excess or deficiency are the causes which bring 
about the same, and these may be very various—inherited, or acquired. 
So, also, some of the signs and symptoms may not primarily be due to 
the direct toxic effect of relative excess of either internal secretion or 
of the bodies neutralized by the same, but may be secondary, due to 
imperfect metabolism, brought about by want of due amount of the 
internal secretion. There is, however, a group of cases of disease in 
which, so far as we at present see, wholly apart from internal secretions 
and their excess or deficiency, the cells of certain organs (once again 
from antecedent causes of varying nature) do not carryout the metabolic 
processes to their normal termination; as a consequence, there are 
discharged from these cells substances possessing a more or less toxic 
action, or, through deficient oxidation, there accumulate in the system 
bodies not themselves toxic, but obstructive to the proper activity of

04362037
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tin* tissues. These eases must he distinguished from another group in 
which it would seem that the intracellular metabolism proceeds aright, 
hut the metabolites fail to he excreted, and, accumulating, give rise to 
disease. We make this distinction provisionally, or, more accurately, 
our knowledge is not sufficient to make it with absolute precision; never
theless, it is well to attempt the separation. In the same rapid manner 
we must glance at the cases coming under these two categories.

Morbid Conditions Due to Various Products of Proteid Metab
olism. ( 1) Gout.' This is a condition characterized symptomatically 
by attacks of acute arthritis and other constitutional symptoms; clini
cally, further, by the presence of excess of uric acid in the blood; and 
anatomically, by the deposit of sodium biurate in the joint cartilages and 
elsewhere.

Here we shall not consider the underlying causes predisposing and 
indirect (sex, heredity, alcohol, high living, lead poisoning), but consider 
the metabolic disturbances which everything indicates as underlying the 
symptoms of this disease, these disturbances being associated with the 
nitrogenous metabolism. The presence of urates in the joints (Wol
laston, 17117), and of an excess of loosely combined uric acid in the 
blood ((iarrod, 1N4K), led naturally to this conclusion, that either excess 
in production of uric acid or deficient elimination of the same, is the 
cause of the disease. We are now convinced that this is not so. As 
first shown by ( ialvani, in 1760 (before Sell eel e discovered uric acid), 
and confirmed by Kionka, ligature of the ureters in birds leads to exten
sive gouty deposits in the joints, without, however, other gouty symp
toms. There is excess of uric acid in the blood in leukemia and during 
the resolution of pneumonia, without a sign of the gouty syndrome 
manifesting itself. Further, large amounts of uric acid and the urates 
may either be given by the mouth or injected without setting up recog
nizable disturbance, save, possibly, slight necrotic change at the site 
of inoculation. They are, in fact, curiously inert bodies. At most, the 
unites ure an indicator, or, in other words, while they do not themselves 
cause disease, the faulty metabolism which leads to their accumulation 
produces simultaneously other bodies having toxic effects. What these 
other bodies are has not been determined with absolute precision, but 
the study of the conditions under which uric acid is formed is that most 
likely to lead to their detection. As a matter of fact, this study has 
been pursued with great vigor of late years, and the researches of Emil 
Fischer and Kossel in one direction, and Jones, of Baltimore, and his 
colleagues, of Sehittenhelm, and Burian in another, have very greatly 
increased our knowledge.

In the fir.- ' e, it has been shown that uric acid is one of a group of 
substances termed purin bodies bv Fischer, inasmuch as all are derived 
from, or have as nucleus, the compound (’5II4\4, or purin, the members

1 For an admirable study of the modern theories regarding gout, the student is 
directed to the article on this subject by Futcher, in Osier and MeCrac’s Modern 
Medicine, voi. ii.
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of the group being derived from this by the replacement of the II atoms 
by hydroxyl, amide, or alkyl groups.1

These bodies are uric acid, ( ’5II4N4()3; xanthin, C5114N402; hypo 
xanthin, C6II4N4(); guanin, C5115N50; adenin, C6H6N6; heteroxanthin,
( «H6N402; paraxanthin, C7HeN402; episarkin, C4H6N,0; carnin, C7Ile- 
N4Os, and epiguanin, CeH7N3(). Uric acid is thus trioxypurin; xanthin, 
dioxypurin; and hypoxanthin, oxypurin. Adenin is amino-oxypurin. 
Kossel terms them the aUoxuric bodies, on the ground that each is made 
up of an alloxan and a urea nucleus, and (witli the exception of uric acid) 
they are also referred to as the xanthin, purin, or alloxuric. bases. As 
already noted in the first part of this work, members of this group are 
obtainable from nuclein. This in itself is a point of considerable impor
tance. It indicates that in the body it is not from the ordinary cell 
proteins that they are derived, but from nuclear disintegration, the 
mother purin substance being present in the nucleic acid, combined, it is 
held, with Food, like milk, containing no purin bodies,
gives rise to a minimal excretion of uric acid and purin bodies; on the 
contrary, feeding animals with nuclein, or substances like the thymus 
and pancreas (which are rich in nuclei and nucleins) leads to a great 
increase in uric acid excretion. There are, indeed, the two sources for 
the urinary purin bodies, the exogenous from the food undergoing assimi
lation, and the endogenous from the tissues. The excretion of the latter 
is relatively constant in amount for the individual, being derived from 
the normal disintegration of nuclear matter, and, it would appear, of 
muscle substance. Hypoxanthin is a constant product of muscle 
metabolism, and with increased exercise there is increased output of 
uric acid (Burian). The greatest discharge of this endogenous uric 
acid is encountered in leukemia, in which there is excessive production 
and breaking down of the leukocytes and their nuclei, as also in the 
resolution of pneumonia, through absorption of the autolyzed leukocytes.

We have already implied (in the statement regarding muscle hypo
xanthin and urinary uric acid) that the conversion of one purin body 
into the other takes place within the organism. In vitro, this conversion 
can be readily produced. Thus, if finely divided sterile pancreas be 
allowed to act upon guanin for some hours at 40° (’., the guanin is 
converted into xanthin. As pointed out by Jones and Partridge, there 
is, obviously, a ferment present, by which the transformation is accom
plished. This they term guanase. In like manner, Jones and Winter- 
nitz have found that through the action of adenase present in thymus, 
adrenals, pancreas, and liver, adenin is converted into hypoxanthin. 
Continuing these researches, they have discovered that the different 
glands contain different ferments or groups of ferments. The thymus, 
subjected to autodigestion, yields abundant xanthin, a little hypo
xanthin and uracyl, but no guanin or adenin; the spleen, similarly 
treated, affords abundant hypoxanthin and guanin, but no adenin or

* I here follow Fulcher’s account of the relationship between these bodies, that 
being quite the clearest yet given.
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xanthiii. In both cases ammonia is split off; the ferments are typical 
deamidizing agents (Chittenden).

CsHtN,0 + 11,0 - C,H4N40, + NH,
(iuanin Xanthiii

CAN, + H,0 - C4H4N40 + NH,
Adeuin Hypoxanthin

It will Im- noted that in these reactions uric acid does not make its 
appearance. Its deve , as shown by Schittenhelm1 and Burian,2
is due to another ferment, an oxidase, present in the liver, lungs, muscles, 
and spleen, whereby the alloxur bases are oxidized to uric acid. The 
former observer has found another oxidase in the kidneys, liver, and 
muscle, which is capable of oxidizing uric acid into urea. Lastly, we 
have evidence of the existence of an intracellular nuclease (Sachs, Ivanotf), 
by the action of which nucleoproteids are disintegrated with the libera
tion of the purin or alloxur bases; and, even further, enzymes liberating 
the nucleoproteids from other proteins.

We thus have the following steps:
1. Nucleoproteids, exogenous of nuclei of foodstuffs taken up 

by the cells; or endogenous and part of the cell structure, acted on by 
n uclease, yield

2. Purix bases, which, acted on by deamidizing enzyme (guanase, 
adenose), yield

3. Xaxthin and hypoxanthin, which, acted on by an oxidase, yield
4. Vric acid, which, acted on by an oxidase, may yield
5. Urea.
It need scarcely be said that this is neither the only, nor more than 

an insignificant, source of the urea normally excreted. We mention it 
here, as it throws light upon the variations in the amount of uric acid 
that, under different conditions, may be derived from the same diet. 
Nay, more, it offers a suggestion as to the cause of the accumulation of 
urates in the blood and tissues in the gouty state.

What is requisite now is a fuller study of the toxic effects of the purin 
bases. The evidence is that these are distinctly more toxic than the 
unites; they cause fever independent of the presence of any infective 
agent (Mendel),3 and the administration of adenin to dogs and rabbits 
leads to degenerative changes in the kidneys, with deposits of sphero- 
liths of uric acid (or quadriurate) in the tubules, and of ammonium 
urate in the kidney substance. This recalls the condition of chronic 
nephritis, which so commonly accompanies gout. We can, at most, 
say that the trend of modern work is to the conclusion that the presence 
of the deposits of sodium urate in the joints and elsewhere, and the 
presence of loosely combined uric acid in the blood, indicates disturbed 
purin metabolism. An interesting observation in this direction is that 
of Beel>e, working with Chittenden. Alcohol, taken with a purin-free

1 Zeitschr. f. physiol. Chemie, 43:1905:354.
* Amer. Jour. Physiol., 10:1904:452.

2 Ibid., p. 497.
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diet leads to no increased output of uric acid, (liven with a diet con
taining a definite quantity of purin, there is an immediate increase in 
the excretion of uric arid. We know that alcohol is one of the factors 
leading to the gouty state; we know also that it reduces oxidation.

It would seem indicated that gout is the outcome of insufficient oxida
tion, whereby, in the first place, the precursors of uric acid are not wholly 
oxidized, and so, accumulating, set up morbid changes; while what 
uric acid is formed is in its turn imperfectly oxidized, and so tends to 
accumulate in the blood ; and that this diminished oxidation is due to a 
constitutional deficiency of oxidases, whether inherited or acquired.

What leads to the formation of tophi and urate deposits in the joint 
cartilages is still an open question, although, contrary to the view of 
Ebstein, that originally " " ' by the English workers is gaining
ground, viz., that the deposit is primary, the necrosis secondary. It is 
still an open question, also, regarding the form in which the uric acid is 
present in the blood. The acid itself is most insoluble; it is a dibasic 
acid. The biurate, or acid sodium urate XaHV, (1 ( '6II4N4Oa), is
deposited in the joints and tophi; the neutral unites, Xa,U, have never 
been found in the body. Sir William Roberts, following certain work 
of Bence-Jones, held that the form present in the blood is the soluble, 
but easily decomposed, quadriurate, NaHU.H2U, and made a series of 
observations strongly supporting the view, but it has not gained com
plete acceptance.

These, however, are matters not wholly bearing upon causation.
(2) Cystin and Cystinuria. There is a rather remarkable condition, 

frequently of an hereditary nature, being observed in members of the 
same family, and, it may be, for successive generations, in which cystin 
is excreted in the urine. It is relatively harmless, save for the disturbance 
set up by calculus formation. This cystin is a sulphur-containing amino-

S — (’ll, — CHNH, — (X>OH 

S — CH, — CHNH, (’(Kill

It occurs in the urine in hexagonal crystalline plates, which, as above 
indicated, may accumulate into concretions. There has been eon- 

‘ " debate as to its origin, whether exogenous and due to abnor
mal disintegration of proteins in the alimentary tract, or endogenous 
and due to some aberrant intracellular metabi The fact that it
may be present in the absence of products of intestinal putrefaction, 
such as cadaveriw, that it shows itself in the absence of proteid diet 
and is excreted over long periods independently of variation in the 
amount and nature of the food taken, together with the hereditary 
nature of the change, all indicate that we deal with an abnormal dis
integration or conversion of the sulphur-containing portion of the 
protein molecule. It is possible that, normally, through the action of 
some special enzyme, this is in part converted into taurin, appearing in 
the bile as taurocholic acid, in part into the neutral sulphur of the urine.
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(3) Alkaptonuria A comlitioii in many re.s|>eels parallel to tin* last is 
alkaptonuria, in which, over long periods in fact, through life- and 
with little apparent effect upon the health of the individual, the urine 
turns dark upon exposure to the air. I’lic phenomenon has been found 
due to the presence of two aromatic substances, homogentisic and 11m- 
leucic acids. These evidently are due to ? burning up of the
aromatic constituents of the protein molecule ti/rnxni and phcnylalaiiin. 
When those exhibiting this condition are fed with these two substances, 
there is a marked increase in the amount ot the two acids excreted ; 
whereas, in normal individuals, similarly fed, not a trace of either acid 
is to lie found. The same is true in feeding with homogentisic acid. 
The alkaptonuric individual is carrying out the final stage of
oxidation. ’ ' ' * seem that here also, as in gout, we have
to deal with the deficiency or absence of a specific intracellular oxidase. 
The normal steps would seem 
to be: (1) Separation of the tv- 
rosin and phcnylalaiiin from the 
protein molecule (alanin side 
chain); (2) oxidation of the ty- 
rosin and phcnylalaiiin into 
homogentisic and uroleueie acids;
(3) further oxidation, with split
ting up of the benzene (aro
matic) ring. It is this last stage 
which is not carried out in the 
alkaptonuric.

There are, it may be noted, yet 
other causes of darkening of the 
urine, i. <?., the presence of a 
ehromogen (melanogen) in cases 
of melanotic newgrowths, and 
of the absorption and excretion 
of phenol, etc.

Morbid Conditions Due to Impaired Metabolism of Other Orders.
Liposis, or Obesity. Here, in passing, we may note another condition 

which, like alkaptonuria, is morbid, though not of a toxic type. We 
refer to the accumulation of fat in the tissues. At most, where extreme, 
this hinders activity, and, doing this, brings about diminished oxidation, 
thus setting up a vicious circle. For, primarily, this accumulation of 
fat must be regarded as brought about by inadequate oxidation of the 
foodstuffs. The result may be impaired locomotion, and
palpitation. How much fat maybe stored up is shown by Meyer and 
Falta’s observation that the body of an individual 111 kilograms in 
weight afforded 51 kilograms of fat, or 38 per cent, of the total weight.

To what are we to ascribe this storing up of fat? The normal fate 
of fat is to be burnt up, C02 and water being the ultimate products. 
From this it follows that in obesity we have to deal either with : (1) 
Excessive absorption of food, either fats themselves, or substances which,

(,'ryntiits of rystin apmitimmusly voided with 
urine. (Huberts.)

B-0C

612187
00383401

2937



THE ENDOGENOUS INTOXICATIONS380

like carbohydrates, afford fat in the process of katabolisin; or (2) 
inadequate combustion of the fats so acquired; in other words, dimin
ished oxidation. There is a certain amount of clinical evidence that 
liposis may be due to both of these causes; we have the plethoric type 
of corpulency, occurring in those with blood rich in corpuscles and 
hemoglobin, and the anemic type, in pale individuals, with reduction in 
the amount of In >hin and corpuscles. In the latter, at least, the 
indications are those of lowered oxidative powers. Of the former, we 
can distinguish two groups, one largely yielding an hereditary history 
in which a normal diet is associated with progressive obesity. In these, 
two explanations afford themselves: (1) That these individuals have 
such excellent absorptive powers, that the digestive availability of the 
food consumed is in them rendered much above the normal, the excess 
absorbed becoming stored up in the form of fat. In a second group 
there is excessive feeding. As regards the first, the fact that the obese 
heredity is, in a very large percentage of eases, associated with the 
gouty diathesis, suggests that we deal with more than mere excessive con
sumption. (2) If gout be an indication of imperfect oxidation of one 
group of metabolites, so, probably, in these cases also a lack of oxidase 
is connected with the lack of fat consumption.

Acetonuria. While thus, normally, we have no indication of dis
turbances other than mechanical, set up by inadequate metabolism of 
fats, there are morbid conditions best explained on the supposition that 
the toxic substances accumulating in the system are products of inter
mediate fatty katabolisin. In diabetes, the peculiar odor of the breath

like that of an apple cupboard—is due to acetone, and this is found 
in the urine, in severe cases, in considerable quantities. Acetone itself 
is productive of little disturbance.

But associated with this in diabetes, the acetone bodies appear in 
the urine ft-oxybutyric acid and the oxidation product of the same, 
diacetic acid. These acetone bodies might be derived from any one of 
the three main groups of foodstuffs and cell constituents from the 
amino-acids of the protein molecule, from the fatty acids and from the 
carbohydrates. Their excretion in cases of diabetes mellitus naturally 
suggests abnormal carbohydrate metabolism. But they may also show 
themselves in a group of other conditions—in high fever, wasting diseases, 
in cancer and in starvation, in which the store carbohydrates of the system

the glycogen have become used up; the fact that the administration 
of sugar lowers their discharge is against the theory of impaired carbo
hydrate metabolism. We know so little regarding the normal stages of 
fat disintegration that it is not possible to formulate how these bodies 
are derivable from the fatty acids ; we can only suggest that just as 
/5-oxybutyric acid by oxidation becomes converted into diacetic acid, 
and then into acetone, so the higher fatty acids may similarly become 
changed into these acetone bodies by progressive oxidation. EppingerV

Wien. klin. Wocli., 1900:111.
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observation that the administration of amino-acids to rabbits arrests 
the appearance of acidosis would suggest that normally the ammonia 
evolved in ordinary protein metabolism combines with these lower fatty 
acids and prevents their appearance in the urine. It may be that their 
appearance in starvation is due to the fact that the fats of the organism 
are disintegrated at a greater rate than are the proteins. Nevertheless, 
it has to be admitted that if we accept this progressive disintegration of 
the fatty acids, we must also recognize the possibility that the animated 
fatty acids tin; amino-acids of the protein molecule- are capable of 
undergoing a like series of disintegrations. In other words, the matter 
of the origin of the acetone bodies is still very largely an open question.

The symptoms, it may be added, are those common to acidosis they 
are those of a grave intoxication, with air hunger, and nervous symptoms 
passing into coma and death.

Acidosis. That the accumulation of /2-oxybutyrie and diacetic acids 
in the blood is the cause of the main symptoms of diabetic coma is 
evident from the fact that almost identical conditions follow the treat
ment of animals, especially herbivora, by repeated closes of inorganic 
acids. They become stuporous, their gait is unsteady, the breathing 
extremely rapid, the blood is bright red. containing much less C02 than 
normal, and with this there is a marked diminution in the alkali of the 
blood. Administer alkalies, and these symptoms pass away. The 
explanations would seem to be that, normally, the alkalies of the blood 
take up the C<>2 as it is formed in the tissues, convey it to the lungs, 
where, aided by the oxidase present, the ( '( )2 is split oil’ and the salt, once 
more rendered basic, is prepared to join with another molecule of CO, 
in the tissues. Where there is an excess of other acid in the blood, it is 
this that combines with the alkaline salts, and as a result the C02 accu
mulates in the tissues, symptoms of asphyxia ensuing.

In carnivorous animals the combination affects not only the alkalies 
proper, Xa, K, etc., but also ammonia. There is in these eases a diminu
tion of urea in the urine, with great increase in ammonia compounds, 
indicating that in the disintegration of proteins there is an ammonia 
antecedent of urea, and that this in the blood combines with and neu
tralizes the excess of acid present.

As already noted, there are other conditions besides diabetes which 
afford these symptoms of acidosis with discharge of acetone bodies— 
starvation, fevers, cachectic conditions, and, we should add, the per
nicious vomiting of pregnancy, chloroform anesthesia, retained placenta 
and fœtus. These lust conditions have this in common, that they may 
exhibit profound hepatic disturbances. Whether here the glycogenic 
function is gravely disturbed, or the lipolytic, must be left an open 
question.

Another acid which has been detected in the urine in increased quan
tities is lactic acid—in rheumatism, osteomalacia, and rickets. This is 
never in quantities sufficient to set up the extreme changes produced 
by the acetone group, and, as regards the effects on individual tissues,
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then* is so much debate and contradiction as to display our almost com
plete ignorance of its action as a cause of morbid states.1

Dyspnoea and Asphyxia. These conditions may now strictly be in
cluded among the acidoses. For long there was debate as to whether 
the main symptoms were due to lack of oxygen or excess of COa. The 
researches of Haldane and Priestley appear to have finally answered the 
question.

It is well established that muscular exercise most materially leads to a 
using up of the oxygen in the blood and to an active discharge into the 
same of corresponding increased amounts of ('()2. In the circulating 
blood the above observers have shown that the amount and tension 
of the oxygen may be altered from 2(1 to S per cent, without any increase 
in the depth or frequency of the respiratory movements, but that rela
tively slight increase in the amount, and more particularly the tension 
of the (’( >2 in the blood, finds the respiratory centre extraordinarily 
sensitive, increasing its activity, whereas diminution of the tension of the 
gas depresses the activity of the centre and causes slowing of the respi
ration, or even apmva total arrest of resp ini tory movements. A rise 
of only 0.5 per cent, in the tension of the carbon dioxide in the air in 
the alveoli, and so in the blood circulating around those alveoli and 
supplying the brain, was found to increase the volume of air respired 
100 per cent.

This may appear contradictory to what has just been noted regarding 
the air-hunger of diabetic coma, in which the amount of C( )2 in the 
blood has been found greatly decreased (in one case Minkowski found 
it reduced from normal 30 to 3.3 per cent.). It must be remembered 
that, as Haldane and Priestley show, the phenomena depend not upon 
the total amount of CO, which can be extracted from the blood, but 
upon the tension of the (free) CO,. In diabetic coma other acids com
bine with the alkalies present in the blood plasma. Very much less 
CO,, in consequence, is taken up; but it still diffuses into the blood, and 
is present in a free state.

In this connection might well be discussed the subject of impaired 
carbohydrate metabolism, it has, however, seemed more serviceable to 
take up the main example of this diabetes mellitus—in the previous 
chapter in connection with the internal secretions.

THE INTERMEDIATE INTOXICATIONS.

Gastro-intestinal Intoxications. Constipation. It is a familiar 
experience to those regular in their habits, or, in other words, to all 
healthy adults, that failure to pass the morning evacuation is apt to be

1 Tq this lactic acid Zweifel attributes the acidosis of pregnancy, finding this 
acid both in the urine and in the blood of eclamptic cases. For u criticism of 
modern views on this form of acidosis see Loathes, Pro?, Roy, Koc. of Medicine, 
1:1908: No. 5.
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followed by a certain amount of heaviness and feeling of being “out of 
sorts,” with mental dulness, accompanied, it may be, later in the day, 
by slight headache and malaise. It is true that a habit of constipation 
may lie developed, and may continue for years without grave lesions 
being manifested. The late Sir George Humphrey, in his lectures, was 
accustomed to cite the case of two elderly maiden ladies, patients of 
his, who, living abstemious lives, indulged with regularity in but a 
monthly evacuation. We do not imagine that those two old ladies were 
cheerful; the common experience is that habitual constipation is asso
ciated with irritability and depression of spirits, other symptoms of a 
low toxic state showing themselves in lack of energy, muddy skin, and 
tendency to “spottiness.”

It is more particularly in those cases in which there is a sudden or 
complete obstruction of the upper bowel that pronounced indications 
of intoxication show themselves. The subnormal temperature, vomit
ing, muscular weakness, and actual collapse encountered in these cases 
of ileus can only be attributed to a resorption of intestinal contents, and 
this is proved by the appearance in the urine of considerable amounts 
of the products of imperfect or abnormal metabolism of the foodstuffs, 
of iudol, and other sulphuric acid nitrogenous compounds.

The graver and more immediate results ensuing upon obstruction 
of the upper intestine, as compared with the lower, indicate one of two 
things either that normally in the digestive process toxic bodies are 
elaborated in the stomach, which undergo modification into harmless 
compounds lower down the digestive tract, or that the result of obstruc
tion is to lead to abnormal fermentations in the upper portion of the 
canal, to the abnormal growth of bacteria there, and to the produc
tion of toxic products of their activity. There is a certain amount of 
evidence in favor of each of these suppositions. It has been shown by 
Magnus-Alsleben1 that the contents of the stomach and duodenum of 
the normal dog are distinctly more toxic than are those of the lower 
part of the bowel. On the other hand, we know that in the healthy 
individual, while abundant bacteria may be taken into the stomach with 
the food, they undergo in the main a fairly rapid destruction, and that 
in the duodenum of the healthy animal that has been starved for a short 
time absolutely no bacteria may be present. The case is very different 
in the rest of the small intestines, whose alkaline contents favor the rapid 
proliferation of bacteria, so that in the neighborhood of the lower end 
of the ileum they reach their maximum abundance and activity; that, 
passing into the colon, with the concentration of the feces, their number 
now undergoes rapid diminution, so that from the stools of a healthy 
individual it may be that relatively few colonies are obtainable, although 
other observations demonstrate that quite a considerable proportion of 
the matter constituting the healthy stool is in the form of bacterial 
remains. We know, further, bv experiment, that obstruction to any 
part of the alimentary canal leads to active proliferation of bacteria

1 Hofmeistcr's Hcitriigc, 6:1905:503,
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above the point of obstruction and to the assumption of definitely 
increased virulence by those bacteria. Thus, it is more than probable 
that the toxic effects of obstruction are associated with this increased 
bacterial activity, (iranting all this, it has to be admitted (I) that 
the substance or substances setting up the particular train of symptoms 
seen in ileus has not yet been isolated, and (2) that intestinal bacteria 
grown outside the body have not, so far, I wen shown to produce sub
stances setting up these particular symptoms. We are, in short, only 
at the beginning of a knowledge of the intestinal intoxications.

Indol. Of the known products of the putrefactive or bacterial decom
position of proteins, but one, or one group, stands out with any prom
inence, and this more as an indicator of intestinal putrefaction than, 
it may lie, as an active toxic agent. This is indol, and with it other 
substances derived from the aromatic radicals of the protein molecule. 
We know that what is the commonest of the bacterial inhabitants of the 
intestine -the It. eoli—is capable of forming this from peptones outside 
the body. We detect it in the urine in those cases of obstruction. Indol, 
as shown by Ilerter,1 has distinct and suggestive toxic properties. It 
is capable of setting up irritability, mental dulness, and headache symp
toms, it will be seen, closely resembling those of constipation. The 
amount found in the urine of well-marked cases of obstruction is, how
ever, so small, compared with that necessary to induce these symptoms 
when administered by the mouth, that it is gravely debated whether this 
can lie regarded as the agent setting up these particular symptoms in 
obstruction. Our inclination is toward accepting Ilerter’s view, and 
this from the fact that when indol is administered per 0» in quantities 
sufficient to produce definite symptoms, only a very small proportion can 
be regained from the urine; it would seem, therefore, quite possible that 
in obstruction there may Ik* absorption of amounts of indol adequate to 
induce symptoms, and yet there be little excretion in the urine. Hut 
something more would seem necessary to account for the graver symp
toms of ileus. ( >ther decomposition products of the aromatic radicals are 
skatol, phenol, paracresol, indolacetic acid, paraoxyphenylacetic acid, and 
paraoxyphenvlpropionic acid. All these may be detected in the urine.

Ptomaines.—For a time great expectations were based upon these 
bodies, not only as affording an explanation of the intestinal intoxica
tions, but also as explaining the specific toxic effects of pathogenic 
bacteria. As regards the second of these, we now know that the pto
maines are not specific—i. #*., particular species of bacteria do not lead 
to the formation of ptomaines peculiar to those species; wherefore, to 
the ptomaines cannot be attributed the specific toxic symptoms of the 
different diseases ; and secondly, that the amount of ptomaines present 
in bacterial culture fluids is inadequate to explain the toxic effects of the 
fluids. As regards intestinal intoxication, it may be, as we shall point 
out, that one group of ptomaines is responsible for certain disturbances. 
If animal matter of various orders be allowed to undergo putrefaction

1 New York Medical Journal, 68:1898:89 and 116.
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for several days, the product was found by Gautier to contain small but 
definite quantities of nitrogenous bases, allied chemically to the vege
table alkaloids. To these Selmi, in 1881, gave the name ptomaine* 
(zTto/m, a corpse). We owe the fullest study of the substances and 
their properties to Brieger. The active and abundant studies of the 
“eighties” demonstrated the existence of a large group—some two

of these bodies; among them may be noted :
Methylamin CH, — NH,
1 >i methylamin « II Ml < II
Tri methylamin CH, - N — CH„ or N(CHj),

!
CH,

Cholin • il « .H <ii X(CH — OH
Neurin ill <ll N(CH . — OH
Musearin VH(OH), — <H, - N(( H,), — OH

Certain basic substances, such as the tyrotoxieon separated by Vaughan 
from putrefying cheese and milk products, while intensely toxie, have 
not yet been obtained in sufficient amounts to permit full analysis. 
While the majority of these bodies are non-toxic, a few are intensely 
toxic, having properties and constitution very similar to those of mus- 
earin and other vegetable alkaloids; musearin itself has, indeed, been 
isolated by Brieger from the cod. The central radicals of these bodies 
are amino groups; this fact and the mode of origin indicate that they are 
penultimate1 products of the disintegration of proteins. Nevertheless, 
it may be that these are not in all cases directly derived from the pro
teins. Among the most widespread components of the cell are the com
pound fatty bodies, * ' ‘ ' s. compounds of fatty acid molecules
with phosphoric acid and cholin. The disintegration of these bodies will 
afford cholin, and this, indeed, has been isolated from brain matter 
(affording abundant |' jg s) that has undergone putrefaction, 
(’liolin itself has relatively slight toxic powers; in large doses, however, 
it has muscarin-like effects. Mott and Halliburton were the first to 
call attention to the presence of free cholin in the cerebrospinal fluid in 
degenerative conditions of the brain matter. Donath2 3 * and Rosenheim8 
have confirmed their work. The former finds that, introduced directly 
under the dura, cholin has a powerful action upon the nerve substance, 
setting up severe convulsions, tonic and clonic, lie suggests thus that 
cholin may be responsible for the development of epileptic attacks.

On the other hand, introduced into the alimentary tract, cholin is 
found relatively harmless; the case is very different with neurin and 
musearin, of which the former can be gained from cholin. As shown by 
the formula already given, it differs from cholin by the loss of a molecule 
of 11,0; it is intensely toxic. That neurin is formed in the organism

1 Penultimate, because if put refat ion be continued beyond a certain limit they 
diminish in amount, giving place to nitrates and ammonium compounds.

* Zeitschr. f. physiol. Chemie, 39:1903: 520.
3 Journal of Physiology, 35:1907: 465.
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is indicated by Kutscher's detection of it in human urine. It is thus 
well within the bounds of possibility that some of the depressant effects 
of constipation are due to the development and absorption of bodies of 
the neurin and muscarin type from fermenting fecal matter. But if 
such be present, it must be purely as the result of bacterial activity, and 
the same is true of the aromatic derivatives, indol, skatol, etc. Investi
gators have been unable to gain either category of bodies by the action of 
the digestive ferments upon foodstuffs in the absence of bacterial growth.

Here a word of caution should be introduced against the acceptance of 
not a few of the results announced by workers, more particularly of the 
Bouchard school. Toxic effects have been ascribed to not a few products 
of protein disintegration recognized as present in fecal matter, the urine, 
and other excretions, which now we are assured have been due to accom
panying potassium salts.

It would appear to be bacterial fermentation more than the action of 
the digestive ferments that leads to the production of irritative and 
noxious products of carbohydrate disintegration. Foremost of these 
are the series of organic acids—lactic, butyric, formic, etc. Little is 
known regarding the deleterious effects of these in individual cases, but. 
on the other hand, it has been shown by Boix and others that the admin
istration of them in repeated doses leads to very definite disturbances in 
the different tissues, of a chronic type; such as, for example, cirrhosis of 
the liver (Boix).

Besides cirrhosis, many of the more chronic or constitutional dis
orders have, indeed, been ascribed to absorption of the products of 
abnormal gastric and intestinal fermentations: chlorosis, pernicious 
anemia, rheumatoid conditions, ( iraves’ disease, myxivdema, migraine, 
and epilepsy and the series could be greatly extended. It is, indeed, 
well within the bounds of possibility that the ascription is in many of 
these eases correct, but indubitable evidence is wanting. It is also 
possible, as I have pointed out elsewhere,1 that in some of these, at 
least, we deal not with intestinal absorption: excessive growth of one 
or other form of intestinal bacteria and the resulting irritative con
ditions of the mucosa being followed bv increased carriage into the 
portal circulation of bacteria of low virulence, the destruction of the 
same, and liberation of their endotoxins within the vessels and tissues, 
causing hemolysis and hepatic irritation.

It will be seen that these considerations all tend to point in the one 
direction that the gastm-intestinal intoxications are, strictly speaking, 
exogenous, and in no sense auto-intoxications.

OBSTRUCTED ELIMINATION OF THE PRODUCTS OF KATABOLISM 
AS A CAUSE OF DISEASE

Two closely related conditions may be considered under this head
ing: (1 ) The failure of excretory organs to eliminate, in consequence of

1 Jour, Am. Med. Assoc., S3; 1S99; 1503 and 1572,
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disease; and (2) the retention of the eliminative powers by these organs 
but subsequent resorption of constituents of the excreta, owing to ob
struction in the ducts.

The results of the two processes are not necessarily identical; there 
is, for example, a marked difference, as pointed out by Rose Bradford, 
between the results of removal of the two kidneys and ligature of the 
two ureters, a difference showing clearly that certain, at least, of the 
final metabolic processes are conducted by the gland cells of the excre
tory organ. In other conditions, as in obstructive jaundice, there are 
indications that the metabolites, the results of the cell activities of the 
excretory organ, may, as the result of the obstruction, not necessarily 
he excreted and then reabsorbed, but may pass direct from the excretory 
cells ii'ito the blood and lymph. No sharp line is to be drawn between 
the two conditions.

The Resorption of Excretions. Excretions, or certain constitu
ents of the same, undergo resorption under normal conditions to a far 
greater extent than is generally realized, and this as a physiological 
process. The solidification of the feces in the colon is in itself evidence 
that the watery constituents of the digestive juices become reabsorbed ; 
the view nowadays most generally accepted regarding the mode of 
secretion of urine is that the urine becomes concentrated in its passage 
down the urinary tubules by resorption; the remarkable increase in 
the solid constituents of gall-bladder bile, as compared with that col
lected direct from the bile ducts, indicates a similar absorption. Not 
only this, but the complete disappearance of certain constituents from 
the intestinal contents is most simply explained in the supposition that 
they undergo resorption there. Nay, more, as shown experimentally 
by Aschoff, if the full gall-bladder be occluded, within a few days il 
may he found empty, all the constituents being taken up again. As 
I point out elsewhere, we are compelled to recognize a reversibility 
not merely of enzyme action, but also of veil activity. According to 
the influences acting upon either side of a secretory cell, so will it in 
certain cases either secrete or absorb. So long as the resorption is 
within limits, little or no disturbance is set up. Serious results are apt 
to occur if the process be long continued, and this with greater ease if 
the excretory products be taken up by cells other than those which have 
discharged them.

The most striking example of such resorption occurs in obstructive 
jaundice. There has been, and continues to be, debate as to the exact 
process which occurs here. Both Ilarley and Ziegler conclude that the 
liver cells may, in consequence of the obstruction, discharge the sub
stances elaborated by them, not into the bile duct, but into the system ; 
they differ as to the details of this discharge. The former, by coinci
dent ligature of the common bile duct and the thoracic duct (which 
receives the lymphatics from the liver), shows clearly that the onset of 
jaundice is delayed for several days over cases in which the bile duct 
alone is ligated, and concludes, therefore, that the bile constituents 
pass from the liver cells into the lymphatic system of the organ. The
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latter demonstrated equally surely by histological methods that the bile 
can be seen making a direct entry into the hepatic blood capillaries. 
The probability is that both are right and both wrong; that neither 
process is exclusive; and it may be that one or other predominates, 
according to the activity of the liver cells. But over and above this, 
where the obstruction is not in the bile capillaries, but lower down, the 
intrahepatic ducts are found widely distended, with signs of irritation 
around them, and, as Ford1 more particularly has shown, working in 
our laboratory, this irritation may lead to the development of a char
acteristic type of duct cirrhosis. It is evident that in these cases there 
is resorption from the bile ducts.

A fuller description of jaundice is given in the discussion of the various 
forms of pigmentation in Section III, Chapter XXXI. Here it need 
only be said that jaundice is more than a mere pigmentation ; accompany
ing this are cerebral symptoms, slowed pulse, itching of the skin, lowered 
coagulating power of the blood, with tendency to hemorrhages. The 
more important of these symptoms, cerebral dulness, slowed pulse, and 
even hemolysis, can be reproduced by the experimental injection of the 
bile salts. It is those that are in the main responsible for the symptoms 
other than the jaundice itself.

The indications are that these bile salts, under physiological condi
tions, undergo resorption in the intestines, setting up there no dis
turbance, and that because, as Sir Lauder Brunton has pointed out, 
taken up thence into the portal system and conveyed once more to the 
liver, they are there again taken up and discharged by the liver cells, 
and so, as it were, undergo a lesser circulation. There is a like intes
tinal resorption of the bile pigments, but this after they have in the 
bowel been converted into hydrobilirubin. Neither icterus nor cholemia 
would ever seem to be set up by absorption of these bodies from the 
alimentary canal.

The Pancreas — Opie has called attention to the deleterious local effects 
of resorption of the pancreatic juice.

If the pancreatic ducts of a cat be ligated and the animal killed at the 
end of two or three weeks, the gland is found to be the seat of chronic 
interstitial inflammation. Schulze and Ssobolew have performed similar 
experiments with similar results. The inflammation specially shows 
itself around the ducts.

As Opie,2 Ilalsted, and others have shown, obstruction of the ampulla 
of Vater by a biliary calculus may, under certain conditions, lead to 
the obstructed bile making its way into the pancreatic duct, and then 
its absorption leads to the more acute condition of hemorrhagic pan
creatitis.

The Kidneys and Uremia.—Under the heading Uremia we include all 
the symptoms associated with retention in the system of the urinary 
constituents. Such retention may be of more than one order. It may

1 American Journal of the Medical Sciences, 121: 1901: 60.
2 Am. Jour, of Med. Sci., 121:1901:27, and Diseases of the Pancreas, 1903:71.
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be due (1) to diseuse of the kidneys and renal incompetence, so that 
these constituents fail to be abstracted from the blood ; or (2) to ureteral 
obstruction, so that, primarily at least, the kidneys perform their func
tion, and, as in the case of the obstructed bile duct, in part we deal 
with resorption of the urine, in part with return from the renal epithe
lium of the products of their metabolism into the blood or lymph; or 
(3) it may be due to resorption of the urine from the bladder, where 
there is a prostatic or urethral obstruction. In this last case more 
particularly there is apt to be infective and fermentative change in the 
urine, and it is the modified constituents that are resorbed. German 
authorities have spoken of this condition as ammoniemia, the earlier 
idea being that the symptoms were more particularly due to the absorp
tion into the system of the ammonia salts, the result of decomposition 
of the urea. It is true that ammonium carbonate has certain toxic 
properties, and that its absorption in considerable quantities may pos
sibly set up disturbances; it has not been shown that this produces the 
symptom complex seen in vesical obstruction; it would seem more 

that intermediate products of protein metabolism are here to
blame.

The symptoms are most marked and most characteristic in the cases 
of the first order, which are the most frequent; it is in these that we art* 
most apt to have pronounced headache, nausea, and vomiting, convul
sions of an epileptic type, passing on to coma, dyspnoea, with asthmatic 
attacks and Cheyne-Stokes breathing, and evidence of gastric and 
intestinal catarrh, going on to ulceration. It is remarkable and sug
gestive as to the nature of uremia, that where the kidneys have not been 
primarily at fault, then, in case of urethral or vesical obstruction, there 
may l>e complete anuria for several days without uremia showing itself; 
when in these cases it does supervene, it suggests itself that the back 
pressure has eventually led to renal disturbance; in other words, the 
most satisfactory view is that uremia is due to the heaping up in the 
blood of substances not acted upon duly by the renal epithelium. This 
view is supported by the experiments of Rose Bradford upon the different 
effects of complete removal of the kidneys in animals, as compared with 
the fact that nephrectomized animals may be kept alive for several 
days and uremia be warded off by injecting extracts of healthy kidney 
substance. Such kidney extract cannot excrete and discharge urea and 
its precursors; they must still tend to accumulate in the blood; but it 
may convert certain of these substances from a toxic into a relatively 
harmless state.

What the substance or substances may be that are responsible for 
the nervous and other symptoms has been the source of abundant 
debate, experiment, and theory. One theory after another has been 
propounded, only to be shown inadequate; the present standpoint is 
one of a healthy agnosticism. As above stated, ammonium carbonate 
does not suffice, neither does ammonium carbamate (a possible pre
cursor of urea). The potassium salts which should be discharged are 
toxic, but if they accumulate slowly in the organism they set up little
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-v. Bouchard has described toxic substances present in normal 
urine, possibly ptomaines (diamines), differing in the overnight and 
daily urine. Stadthagen has wholly denied his findings. There is, as 
von Jaksch showed, a distinct accumulation of urea in the blood of 
most (but not all) uremic cases, but urea is curiously inactive, save 
upon the kidney itself. The same observer finds also an increase of 
uric acid, but the yet greater amount of this in gouty blood sets up no 
uremia. Kreatin and kreatinin have been invoked because the latter 
applied to the cerebral cortex causes convulsions; but these are not 
increased in the uremic blood. The family likeness of the conditions 
to diabetic coma has suggested that acidosis is the cause. Yon Jaksch 
calls attention to the diminished alkalescence of the blood ; A. E. Taylor 
denies that there is any such.
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CHAPTER XIII.
BODILY STATUS AS DIB KIT AND PH K DISPOSING CAVSKS OK 

DISE VI

NUTRITIONAL DISTURBANCES.

While, as we have pointed out, the number of chemical bodies which 
can be dissolved in the fluids of the body and taken up by the cells is 
enormous and varying in effects, it is of importance to consider apart 
those substances which essentially subserve nutrition, which are used as 
foodstuffs for the daily replacement of cell matters discharged in the 
carrying out of cell activities, and for the building up of additional cell 
matter in growth. We must thus rapidly pass in review the effects of 
arrested or inadequate supply, and of excessive exhibition of the same.

Such foodstuffs belong to five great groups—oxygen, water, proteins, 
carbohydrates, and fats; to those must be added certain mineral matters 
and salts not merely essential for the due performance of metabolic 
activities, but, like the iron of hemoglobin, the phosphoric acid of the 
nucleus and the calcium and magnesium salts of bone, actually built in 
the structure of growing tissue. We may, in short, include as foodstuffs 
every substance the continued deprivation of which as is the case with 
all the orders of matter above indicated—leads to the death of the indi
vidual. It is usual, we know, to regard the first two here mentioned, 
oxygen and water, more as intermediaries than as actual foodstuffs, but 
this is incorrect; they are built into the growing cell. We would, in the 
first place, indicate the disturbances set up by deficiency or excess of one 
or other order of substances, and then note the effects of lack and excess 
of food in general.

Oxygen. -The disturbances resulting from deficiency in the oxygen 
inhaled are treated more fully ii* the section upon respiratory disturb
ances. We would but mall that the sudden cutting off of the oxygen 
supply, accompanied as it is by progressive increase in the C02 of the 
blood and tissues, induces aspjMuna; the accompanying changes in the 
respiratory act- the altered fate and t ' ‘lit of the accessory 
muscles of respiration eonstWning the condition of dyspiaa; the 
accompanying congestion of superficial vessels with dark venous blood 
inducing cyanosis. Post-mortem, besides the congestion of various 
organs, and the capillary hemorrhages (ecchymoses) of. more par
ticularly, the pericardium and pleura, it is noticeable that through 
excess of C02 the blood fails to coagulate, while if the condition of 
moderate asphyxia and C) deficiency has been prolonged for several days, 
the tissues show fatty degeneration. The effects of excess of oxygen
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inspired are relatively slight, and this because with ordinary respiration 
the arterial blood becomes so nearly saturated that the exhibition of 
more oxygen has little effect.

Water. -Deprivation of water leads to death more swiftly than does 
deprivation of solid food. There is a steady drain of water from the 
body through respiration, through the skin and the excretions, and if 
this be not counterbalanced, it would seem that the accumulation of 
waste products in the cells brings about their disorganization. The 
first indication of this lack of water is thirst, the next a general shrinkage 
and falling in of the tissues as the interstitial and cell fluids are given 
up to maintain the circulation; with this there is complete loss of appe
tite for solid foods. Mental excitement and delirium supervene, followed 
by coma and complete inanition. The dryness and the temperature of 
the air make a profound difference in the period during which the indi
vidual can sustain total deprivation of water. Death may supervene on 
the second or third day in a tropical desert, may not present itself till the 
second week in north temperate regions (in those immersed in damp caves, 
mines, etc.).

Excess consumption of fluid, through ready absorption of the water 
through the intestinal walls, may also lead to disturbances. One form 
of torture in the Middle Ages was to induce death by forcible continued 
pouring of water down the throat. The consequent lowering of the 
specific gravity of the blood tends toward grave changes in the erythro
cytes, swelling and liberation of their hemoglobin, with an (edematous 
condition of the body cells, more particularly those of the excretory 
organs. Pure water, it may be noted, applied to the internal tissues, as 
distinct from isotonic saline solutions, is capable of bringing about cell 
death. Excessive consumption of a lesser grade, and repeated, as in 
sundry German beer drinkers, leads more particularly to cardiac dila
tation and hypertrophy (Munich “beer heart”), in consequence of the 
increased volume of blood and work thrown upon that organ.

Proteins, Fats, and Carbohydrates. The abundant studies of the physi
ologists have shown that none of these can be cut out of the dietary 
without eventual grave disturbances and death. I)eficiency in any one of 
them leads to intense desire for articles of food containing them.1 To 
a certain extent, but not permanently, carbohydrates and fats can replace 
one another. This question of dietetics is ncflvadays so fully discussed 
in the leading text-books of physiology, that it is unnecessary to enter 
into it here. The studies of Atwatei^^ubner, and others, on the one 
hand, upon the caloric values of diffc^R foodstuffs, and of Chittenden 
and his pupils, upon the mimimum^Rke requisite to sustain active 
life, are matters of active and generi^wterest. Suffice it to say, that in 
the temperate zone, for the adult ^^Brage size, a daily consumption of 
these foodstuffs in proper pm^Hmi, yielding about 3000 calories, 
would seem to be, if not i^BKry, at ' least advisable. The views 
already expressed upon the^Jstence in practically all the tissues of

1 See Shnckleton’s Heart of the Antartic, 2:1909:4.
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reserve material and reserve force, strongly suggest that it is not an 
economic principle of the organism in general to limit itself narrowly to 
an exact preparation to supply what is demanded under ordinary condi
tions, and no more. The indications are, thus, that the system is 
well prepared to consume more food than is necessary for the daily 
needs, and that such luxus consumption of a moderate grade is, if not 
economic, at least physiological. This, we would urge, is far from 
counselling persistent overfeeding, and is wholly compatible with the 
belief that most of us consume too much, more particularly of animal 
proteins, nor is it incompatible with the conviction that an occasional 
fast, as carried out by many peoples, is of distinct advantage, by insur
ing physiological rest and permitting the elimination of intermediate 
products which may tend to accumulate harmfully.

The most striking disturbances set up by an improper dietary are 
scurvy (scorbutus) in adults, and in infants, Barlow's disease, or infantile 
scurvy. The former may show itself in those consuming the proper 
proportion of proteins, fats, and carbohydrates; or, again, in those who, 
living mainly on potatoes and tea, have a deficient intake of proteins. 
When abundant meat is taken, and the disease shows itself, it is note
worthy that the meat has been salted or canned. So also in Barlow’s 
disease, the infants may have been given abundant milk foods, but these 
either boiled or Pasteurized, or artificially prepared by heating. In 
these conditions disturbances of a like order manifest themselves; in 
scurvy—anemia, swelling, and softening of the gums, with loosening 
of the teeth, and a tendency to hemorrhages here and elsewhere, with 
pains in the bones and joints; in Barlow’s disease—anemia, hemor
rhages from the gums, extensive periosteal hemorrhages, and evidently 
intense pain in the bones and joints, so that the child fears the slightest 
movement. With this, actual changes in the bones are indicated by the 
increased liability to fracture. In both conditions the administration 
of fresh fruit or of acid fruit juices brings about rapid amelioration.

The indications are that the disturbing influence in both cases is not 
so much the altered proportion of the different forms of food administered 
ils what has been termed the devitalized condition of essential elements 
of the food. More accurately, it would seem, that in the preparation 
the calcium, the phosphates, and, it may be, other salts, become asso
ciated in such a way that they cannot be absorbed and utilized by the 
organism. It Ls becoming increasingly recognized that particular salts 
in loose association are neeeswv for the due activity of the digestive 
and other enzymes.

It is difficult to write positi^Band briefly regarding the effects of the 
excessive exhibition of the dif^knt orders of foodstuffs. As already 
indicated, an excessive diet of j^^^ns, contrary to the general opinion, 
does not necessarily produce (/ol^^^ongh it may be a factor in the 
production (p. 375); so also, exciSi^onsumption of fats and carbo
hydrates, while one cause of obesity, is iJ^he only cause (p. 379). What 
is becoming more and more recognized is that the continued consumption 
of excessive food, by maintaining a condition of overwork and over-
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stimulation of the* digestive apparatus, eventually leads to exhaustion 
of the same, which may show itself, according to the individual, by 
degenerative atrophic and chronic interstitial disturbances, now in one 
organ, now in another. There is, for example, a certain amount of 
evidence that the lactic, butyric, and other acids freed in the dissociation 
of carbohydrates given in excess lead to cirrhotic changes in the liver, 
and that the indol compounds, as, again, certain of the purin bases and 
their dissociated in the breaking down of proteid and
nueleoprotcid foodstuffs when in excess have deleterious effects upon 
the liver, kidneys, etc. (p. 381).

Iron, Calcium, Etc. Indications have already been afforded of the 
value to the economy of minute amounts of various mineral matters. 
Experimentally, it has been shown that diets specially prepared so as to 
be deficient in iron, are followed by grave disturbances of the hemato
poietic system, those deficient in calcium by inadequate development 
and anomalies in the growth of bone, together with grave disturbances 
in general metabolism; those deficient in phosphoric acid, whether 
inorganic or organic and combined as in the phosphatides, by delayed 
growth and marantic conditions. The necessity for the various salts is 
indicated by a study of their rate of excretion in the urine; thus, as 
much as 10 grams of sodium chloride, and from 2.5 to 3.5 grams of 
phosphoric acid are excreted daily in the urine.

Just as we shall proceed to show that a distinction is to be drawn 
between starvation, or withdrawal of food, and marasmus, in which food 
is exhibited but cannot be utilized, so it would seem that two orders of 
events obtain in connection with certain of the more important of these 
salts. Apart from conditions due to insufficient administration, there 
are those in which, either while present, they are administered in such 
combination as the tissues are unable to utilize them, or from constitu
tional defects these tissues may be unable to assimilate or employ them 
when presented in the normal form. There is, thus, for example, a 
series of conditions of imperfect development of bone, some members 
of which may even be inherited, others congenital and showing them
selves during intra-uterine life, others, again, acquired, in which there 
is no adequate evidence that the calcium and phosphoric acid are not 
exhibited, but in which certainly the bone corpuscles are incapable of 
building them to form normal bone at the proper period. The best 
known of these is rickets (rachitis), in which, with excessive preparation 
for the laying down of bone, in the form of cartilaginous overgrowth of 
the epiphyses, etc., the actual deposit of bone salts is delayed, and, as a 
consequence, the bones yielding to the various strains to which they are 
subjected, become deformed. It is interesting to note that after this 
preliminary period there is apt to be a reactive excessive deposit of bony 
salts, the bones becoming denser, and in some cases larger and even 
longer than normal. Into this same category come also, in all proba
bility, the conditions of scurvy and Harlow's disease already mentioned. 
While in all of them we are still ignorant as to the exact causation, every
thing points to the fact that we deal with disorders of assimilation.
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Starvation. Tin* opposite condition of withholding of foodstuffs, 
whether complete or partial (as through disease leading to stenosis and 
destruction of the upper part of the digestive canal), leads to a very 
definite train of symptoms, the most obvious of which is progressive 
emaciation. It would seem that the circulating proteins are first drawn 
upon, for in complete deprivation the nitrogenous excretion continues 
unchanged for forty-eight hours or thereabouts; next, the glycogen 
deposits in the liver and muscles become used up, and with this the fatty 
stores of the body begin to ar. Following upon this it is noted
that the muscles undergo pronounced shrinkage and diminution, those 
least used suffering most. Those actively exercised, like the heart 
muscle, remain in good condition for relatively long periods. Excretion 
by all the organs becomes rapidly diminished, and may sink to nil, 
although, if water be taken, the urinary excretion continues and now' 
contains members of the acetone group of bodies. The leukocytes of 
the blood undergo reduction in number, the erythrocyte count remains 
largely unaffected, although, taking into consideration that the fluids of 
the body suffer general diminution, it is probable that this maintenance 
of the number of red corpuscles is only apparent (Stengel). Death may 
not occur until the weight has been reduced 50 per cent.

With these changes there is the sensation of hunger, which cun be 
lessened by taking water, and in general is most marked during the first 
two or three days, being followed by a period of listlessness and lowered 
sensation; the mental and bodily powers become sluggish, and effort is 
followed by rapid exhaustion. With this there is progressive depression 
of the body temperature, and the development of the state of complete 
inanition.

The period during which the organism can endure complete depri
vation of food depends upon several factors. ( )f these the most impor
tant are: (1) The bodily state at the beginning of the period. The 
existence of abundant reserve stores of fat, etc., prolongs the period. 
(2) The consumption of water. Without water, whether taken by the 
mouth or absorbed through the skin, life persists for at most a week ; 
with water, as in professional “fasters,” it may be prolonged for fifty 
days and more. (3) Rest. Active exercise uses up reserve material and 
energy. (4) Practice. The individual can train himself to stand longer 
and longer periods of fasting. The surrounding temperature, the state 
of health prior to the deprivation of food, the incidence of infection 
during the period, are other modifying factors.

Marasmus, or progressive wasting, differs from starvation in this im
portant particular, that in it abundant food may be exhibited, but 
through imperfect assimilation an inadequate amount of food can be used. 
The condition may be either congenital, showing itself from the moment 
of birth in syphilitic infants, for example, or acquired either in infancy 
or later life.
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OVERSTRAIN.

A condition that of late years has come in for not a little study, either 
as directly causing morbid states or as rendering the organism more 
susceptible to disease, is that of overwork and fatigue. It is necessary 
that we should call attention to the more important data bearing on the 
subject.1

It may, at the outset, be noted that there is some little latitude in the 
employment of terms—some would limit fatigue to the physiological 
result of work, and would speak of exhaustion, surmenage, or over
strain, as a severer and pathological state, resulting from overwork. 
Others, on the contrary, would speak generally of fatigue as resulting 
from overwork. For ourselves, the meaning implied by “overstrain” 
is so obviously that of a pathological state that we are prepared to 
employ this term in a pathological sense, and “fatigue” to indicate 
more physiological states.

It does not need the evidence of exact studies upon the action of 
isolated muscles of cold-blooded animals to inform us that work within 
natural limits is followed by fatigue, so that what at the beginning was 
done with ease, with repetition of the act demands increasing effort 
for its accomplishment. Whereas such fatigue passes off if followed 
by adequate rest, and what is more, given such adequate rest, the indi
vidual is benefited by the work, and finds himself as the result of suc
cessive periods of work and rest, able to perform a particular act with 
greater ease and over longer periods without experiencing the sensation 
of fatigue; if adequate rest be not taken between successive work periods; 
or if, again, a given action is continued over too long a period, so that the 
sensation of effort and of fatigue becomes excessive; or, lastly, if a sudden 
violent effort be made and continued, then the result is overstrain ; and, 
if return to the normal be gained—which is not always the case— it is 
after a period of rest wholly out of proportion to that needed after mere 
fatigue. What is more, at the end of this period the organ that had 
been overstrained, instead of being found stronger from the exercise, is 
definitely weaker—less capable of responding to a given demand.

The results of such overstrain are various, according to the organ or 
tissues involved, and according to the grade of work or intensity of the 
effort that has led up to the state. As already noted, there may be either 
direct production of morbid states or the development of a state of 
susceptibility to disease. It is in connection with the most widespread 
tissue of the body—the muscular—and with overwork of this tissue, 
that, both clinically and experimentally, the fullest observations have 
been made. This, then, may be considered in the first place and in 
more detail, other tissues, of necessity, receiving briefer consideration.

1 Two valuable articles may be especially commended for fuller study, that on 
“Surmenage," by Marfan, in the first volume of Bouchard’s Pathologie Générale, 
p. 445; and that on “ Fatigue,” by Professor F. S. Lee, Journal of the American 
Medical Association, May 19, 1906.
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Direct Effects of Physical Overstrain. -With Marfan, we may 
divide these into (1) superacute; (2) acute and subacute; and (3) 
chronic.

1. Into the first of these categories enter the eases of sudden excessive 
muscular action. Of these, we observe various degrees, from the 
painful dyspnoea of the man who makes a spurt to catch his morning 
train, who suffers from violent heart action and a breathlessness that is 
almost suffocating—through a severer stage of extreme dyspnoea, cya
nosis, temporary cardiac dilatation, and irregular pulse—up to fatal 
asphyxia, with death in a few minutes. Such may occur during or at 
the culmination of bursts of speed or violent effort, the classic example 
being that of the soldier who dropped dead when he reached Athens 
with the news of Marathon. Cases have not been unknown in recent 
times among “sprinters” and other athletes.

It may well Im* that in this series we deal with two categories; it sug
gests itself, that is, that the symptoms in the slighter cases are largely 
referable to cardiac inadequacy, the heart being unable to pass on the 
blood as rapidly as is demanded by the muscles, so that preexisting 
cardiac weaknesses or disease may Im* regarded as the efficient cause. 
Hut these conditions may show themselves in those who, before and 
after, afford no indications of cardiac disease, the only noticeable con
dition laung that they have been unaccustomed to and untrained to 
“sprint;” while, again, identical conditions are exhibited in the lower 
animals. It has been suggested that where death occurs as the result 
of prolonged intense effort, we have to deal with more than mere cardiac 
inadequacy, and with a state of intoxication. It is striking that animals 
hunted to death enter almost immediately into a state of cadaveric 
rigidity. Authentic cases are on recon 1 in which similar immediate 
rigidity has shown itself in man. During severe engagements, headless 
cavalrymen—their heads shot off—have retained their seat and been 
carried over the field by their horses, rigidity developing so immediately 
that the lower limbs continue to grip the saddle. This rigidity passes 
off rapidly, and gives place to very early putrefaction, indicating that 
the antibodies of the organism have been neutralized. Similarly, as 
noted by Hunter, the blood, dark and venous, fails to coagulate, and, 
according to Arloing, the capillaries are widely dilated, as though by 
some vasodilator drug. These facts all point to the presence in the 
muscles and discharge into the blood of products of muscle activity and 
dissociation. What those products are we will discuss later. But, 
granting all this, it must be admitted that cardiac inadequacy, with its 
attendant asphyxia, dominates the scene.

2. Muscular overwork of a less violent but more prolonged type, 
while leading to no noticeable cardiac irregularity or .^vmptoms of

* yxia, may set up disturbances of another type. Such cases, for 
example, we meet with in those going straight from their city life into 
the country, and indulging, without due training, in the ascent of a 
mountain or a brisk twenty-mile walk. The symptoms then are extreme 
and prolonged lassitude, with pains in the muscles that have been
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most used, sleeplessness at night, and, it may he, next day anorexia and a 
definite low febrile state. ( a ses are on record in which the fever has been 
of the typhoidal type, lasting some five or six days and then suddenly 
disappearing, though usually it terminates in twenty-four or forty-eight 
hours, and with its termination the urine, previously diminished in 
amount, containing a large amount of urates, phosphates, and chlorides, 
becomes abundant and loaded with urea.

3. In addition, there is a certain class of cases in which no one act 
or series of acts may have seemed excessive, in which, nevertheless 
individuals performing muscular exercise above the normal eventually 
experience symptoms which can only be referable to overwork. Such, 
in those having to walk about and keep on their feet for a large part of 
the day, are: pains in bones and joints, with slight periarticular swell
ing, pains in the tendons, and, as seen in adolescence, among boys and 
young adults, in active exercise without adequate rest, as also in soldiers, 
what is known as the “irritable heart,” a condition of cardiac hyper
trophy, with palpitation and more or less marked irregularity of pulse, 
with signs pointing to mitral incompetency.

In this category, it would seem, are also to be placed the various occu
pational paralyses which may follow the excessive employment of par
ticular groups of muscles—writer’s and pianist's cramp, to mention 
the most familiar forms, lahioglossal paralysis of players upon the 
flute and other wind instruments. The myopia which is apt to follow 
excessive use of the eyes is essentially due to exhaustion of the muscles 
of compensation. The earlier view, that these conditions are primarily 
nervous, due to exhaustion of particular nerve centres, has given place to 
the opinion that these states are essentially the outcome of muscular 
overstrain.

Overstrain as a Predisposing Cause of Disease—It is a familiar
experience clinically that overwork favors infection, that those engaged 
in hard labor, with late hours and inadequate periods of rest and recu
peration, are apt to succumb to tuberculosis, pneumonia, influenza, 
etc. The difficulty in determining the importance of overwork as a 
factor in the development of such cases lies in the fact that most often 
there are associated conditions which also tend to be predisposing 
factors inadequate nourishment, foul air, etc. Experimentally, how
ever, as demonstrated more particularly by the studies of Charrin and 
Roger, it can be shown :

1. That animals subjected to forced labor overlong periods (turning 
a wheel, etc.) are apt to die with naturally developed infections, either 
through secondary infection of abrasions, or from intestinal infection, it 
being presumed that pathogenic microbes of low virulence, which, in 
the healthy animal, live on the skin and mucous membranes without 
gaining entrance, now in the lowered state of the system manage to gain 
a foothold. Thus, Charrin and Roger, taking four guinea-pigs, placed 
them in a cage so constructed with a rotary cylinder that, to keep their 
balance, they were forced to keep moving; of these four so treated for 
one or two days, three died in from two to nine days after the experi-
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nient. Smears made from the livers and spleens and cultures from these 
organs and from the blood gave positive results.

2. That animals subjected to forced labor succumb more rapidly to 
the effects of the injection of pathogenic microbes than do resting ani
mals, or are killed by doses of the same, which resting animals resist. It 
is suggestive in this connection to note that sundry organisms of little 
virulence, which, injected into normal animals, undergo destruction, 
will gain a foothold, grow, and produce their specific effects, if there be 
simultaneously injected along with them a small quantity of lactic acid. 
It may well be that this greater liability of exhausted animals to infection 
is associated with the increased acid production accompanying muscular 
activity.

Predisposition of another order is well exemplified in these effects of 
overstrain. It may be laid down as a broad principle that such over
strain is apt to tell especially upon the parts which bear the brunt of 
the strain. The most familiar and striking example of this principle 
in action is seen in connection with the heart. During fœtal life the 
burden of the circulation is borne by the right heart; in postnatal 
existence, by the left. We find, accordingly, that fœtal heart disease 
affects the valves of the right heart, postnatal heart disease those of 
the left. With the greater intracardiac pressure, greater strain is 
thrown upon the valves of the one or other side, and these, in conse
quence, are more liable to become damaged, and, as a result, lesions, 
whether of an infective or of a purely mechanical origin, are apt to de
velop. The greater number of the conditions already noted in connection 
with the direct chronic disturbances set up by overstrain strictly come 
under this category. Those lesions, in one sense, are directly set up by 
the action of some strain upon one or other tissue especially involved ; 
in another sense, it is the strain that has predisposed to the lesions, 
which, it may be noted, as affecting any particular tissue, may be of 
one order, i. <?., diverse noxa\ acting upon a predisposed tissue, lead to 
more than different manifestations.

In the second volume we discuss at some length the part played 
by strain in the production of arteriosclerosis, that commonest of all 
affections of a physical, as distinct from an infectious, origin. This 
brings to us a second principle deserving notice, namely, that tissues 
already weakened by other agencies are particularly susceptible to 
overstrain; or, in other words, what is a simple strain for normal tissues 
becomes overstrain for those that are damaged. Here, again, the cir
culatory system affords well-marked examples. It is in the subjects of 
chronic intoxications, by syphilis, alcohol, tobacco, etc., that muscular 
effort, accompanied by increased intravascular pressure, is peculiarly 
liable to cause the production of aneurysms and extensive arteriosclerotic 
changes. Here, of course, it is the overstrain that acts as the immediate 
cause of the disturbance, the intoxication as the predisposing.

The Physiological Basis of Muscular Fatigue and Overstrain. 
For long years it was held that muscular fatigue was the criterion of 
nervous exhaustion, and that the grave conditions of writer’s cramp
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and other occupational palsies were similarly of central origin. More 
recent studies by Woodworth,1 Joteyko,2 and others have profoundly 
modified our ideas. It has been shown, in the first place, that the 
peripheral nerve fibres are practically inexhaustible, and that the extent 
of the fatigue is identical in a pair of muscles, one of which is stimu
lated directly, the other through its nerve. Joteyko’s experiments 
indicate also that the reflex centres in the cord are not capable of 
exhaustion. Accepting these views, there are those who hold that the 
nervous system must lie wholly left out of account, that fatigue shows 
itself in the muscle fibres themselves. Nevertheless, Sherrington has 
shown that this cannot wholly be accepted. Selecting a motor centre 
in the spinal cord influencing a particular muscle, a centre acted upon 
by several afferent tracts, he has shown that, setting up reflex stimula
tion of the muscle along one path, he can bring about exhaustion so 
that the muscle no longer responds, and when this happens, by stimu
lating along another path to the same centre, the muscle responds as 
actively as at first. From the earlier studies, we know that the nerve 
fibers are not exhausted; we see that the muscle fibres are not exhausted. 
What is “exhausted,” says Sherrington,3 is the “synapse,” or mem
brane of junction between the first afferent tract and the motor neuron. 
It may be recalled that according to the neuron theory the individual 
cells, or neurons, are independent units; there is no true junction 
between them; that thus, when a stimulus passes from one to the other, 
it must be, at most, by contact action between the processes of one 
neuron and the body or processes from another. It is, suggests Sher
rington, at this membrane of contact that repeated stimuli lead to physical 
and chemical changes, whereby the conducting power is modified and 
the nerve current encounters increasing difficulty in its transference from 
the one cell to the other.

Sherrington is so sound an observer that his experiments must be 
accepted, and from them it is difficult to arrive at any other conclusion 
than the above; nay, more, his conception of the cause of the difficulty 
in passage of the nerve current is in harmony with what we know 
regarding the hindrance to the passage of the electric current through 
an arc formed of different elements. While in his experiments there 
resulted no direct muscular exhaustion, we know, from abundant experi
ments, that it is possible to fatigue muscle fibres by direct stimulation. 
The only satisfactory conclusion, therefore, is that there are two orders 
of fatigue: (1) The immediate or direct muscular fatigue, brought 
about by the using up of muscle substance in the course of its activity, 
or, more exactly, due to the inhibiting action of the products of con
traction; and (2) what we may term “conductive” fatigue, the neurons, 
as such, not being worn out, but increased obstruction being established

1 New York University Bulletin of the Medical Sciences, 1:1901:133.
* Art. Fatigue, Richet’s Diet, dc Physiol., Paris, 1904.
3 Schaefer's Text-book of Physiology, 2:1900:831; and Journal of Physiology, 

34:1900:12.
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at the synapses, or, more broadly, at the sites at which the neurons come 
into closest communication.

Here, however, as regards the first of these, we must clearly distin
guish between two allied but distinct conditions: muscular exhaustion 
and the sense of /aligne. Through overwork, undoubtedly, the con
traction of the muscles becomes hindered by the products of metabo
lism. This can be demonstrated by repeated direct stimulation of a 
muscle until it fails to respond. If such a muscle be now washed out 
with blood, or even with salt solution, it very rapidly responds to further 
stimulation. In such cases the muscle is put out of action by the 
products of its own activity. On the other hand, the increasing diffi
culty in voluntarily repeating a given muscular act—the sense of fatigue 
—is of central origin, and due to the action of the products of muscular 
activity, whether directly or reflexly on the nervous system. As Mosso1 
has shown, if a dog be fatigued by a long run and his blood be trans
fused into another dog, that second animal exhibits all the phenomena 
of fatigue—dyspnœa, rapid heart action, etc. It is clear that the blood 
comes to contain substances having a deleterious effect on the nervous 
system and the tissues in general. Experiments by Zuntz, F. S. Lee, 
and others show that these products are largely of an acid nature— 
that sareolaetie acid, potassium monophosphate, and carbonic acid 
produce similar effects upon the isolated muscle and the organism in 
general; in other words, that the sense of fatigue is brought about by a 
mild form of acid intoxication. More particularly, it would seem that 
in muscular activity it is the glycogen of the fibres that is used up, and 
from this the sareolaetie acid and the carbonic acid would in the main 
uppear to be derived.

Absence of glycogen, as in the diabetes produced by phloridzin poison
ing and inhibition of further glycogen metabolism by the presence of 
products of muscle activity, leads to a like muscular weakness and 
exhaustion.

Conclusions. Thus far, then, it would seem that we must accept 
the following conclusions:

1. The nerve fibres as such are incapable of fatigue.
2. By direct repeated stimuli muscles can be made fatigued, their 

lessened response being due largely to the accumulation of the products 
of active function.

II. The progressive difficulty, in response to successive reflex stimuli, 
may, under certain conditions, not be due to exhaustion, but to increased 
resistance to the passage of stimuli from one neuron to another.

4. The sense of fatigue is due to the accumulation of the products of 
muscle activity in the circulating blood and the action of the same on 
the higher centres.

Can we accept unreservedly Joteyko’s observations that stimuli may 
pass through a nerve cell without leading to its exhaustion, to indicate 
that there is no such thing as nervous fatigue?

1 Verhandl. d. Internat, med. Congr., Berlin, 1890:2: Pt. 2:13.
20



402 BODILY STATES AS CAUSES OF DISEASE

Personal experience tells us that the mental activities are capable of 
being overworked ; not merely does attention become fagged (which 
might be ascribed to " * of the accessory muscles of eye, ear, and
other sense organs and not necessarily, therefore, to fatigue of the 
nerve centres themselves), but even in the domain of pure reason the 
philosopher also is apt to exhaust himself. Nor would this appear to 
be wholly a matter of synaptic resistance. The one definite series of 
observations we possess bearing on this nervous fatigue is that initiated 
by Ilodge,1 and expanded and confirmed by Vas,2 Gustav Mann,3 
Lugaro,4 and others. Histologically, that is, it can be shown that the 
nerve cells controlling the wing muscles of the bee present recognizable 
differences between their state in early morning, after the night’s rest, 
and at night, after hours of active flight. Like distinctions are to he 
made out between resting motor cells of higher animals and those that 
have been repeatedly stimulated to induce muscular activity. (See Fig.
11, P. 18.)

If, therefore, recognizable differences can be made out in the size and 
appearance of the cell body, the Nissl granules, and even the nucleus, it 
is difficult to believe that the nerve cell itself is incapable of fatigue, even 
if the nerve fibres are; there must be exhaustion of the cell and nuclear 
matter, which, beyond a certain point, makes itself felt.

As regards glandular and other organs, so little has been determined 
along these lines that, at most, we can apply by * v like conclusions.

CELL DISUSE AND LACK OF ACTIVITY AS A CAUSE OF DISEASE.

In an earlier chapter, discussing the states of cell activity, it was 
pointed out that cell disuse, equally with cell overwork, led to alterations 
in cell constitution. Here, it may be added that we have indications 
that this disuse predisposes to disease, just as it may be a direct cause of 
morbid conditions. We shall but call attention to these matters as briefly 
as possible.

Cell Disuse as a Direct Cause. -We have in the chapter just 
referred to pointed out that continued disuse of functional cells tends 
eventually to complete atrophy and death of the same. Such atrophy 
and death, if widespread, is apt to destroy the equilibrium between 
the different tissues of which the organism is composed. Atrophy of 
a part, in short, has the same effects as removal of that part, ami, in 
the ease of the organs supplying an internal secretion, induces identical 
metabolie disturbances.

The state of the cells in disuse atrophy approaches closely to that

1 American Journal of Psychiatry, 1:1888:479, and 2:1889:370, and Journal of 
Morphology, 7:1892:95.

1 Archiv f. mikroscop. Anatomic, 40:1892: 375.
1 Journal of Anatomy and Physiology, 29:1894:100.
* Lo Sperimcntale, Sez. bio!., 49:1895:159.
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seen in simple atrophy resulting from reduced Mood supply; indeed, 
it is difficult to say whether, in the atrophies of inanition, the reduction 
in the size and the number of the cells of different tissues Is to be attrib
uted primarily to impoverished nutrition, or, on the contrary, to lack 
of functional activity; for, while adequate blood > favors adequate 
nutrition, so also functional activity leads to improved circulation 
through a part, as also, within normal limits, it leads to a healthy state 
of the nourishing medium—the blood. It is, however, more particu
larly in these cases in which the nerve supply of a part is cut off, that 
we in the main encounter disuse atrophy. An organ, such as a muscle 
not stimulated by nervous influences, affords the most striking example 
—and commonest—of this type of lesion.

Disuse as a Predisposing Cause of Disease. The last word has 
still to be said regarding the means whereby disuse predisposes to disease. 
For a considerable period this was ascribed in the main to the action of 
want of action of trophic nerves, which were supposed to govern the 
general nutrition of the tissues. To this, for example, was attributed 
the inflammation of the cornea following section or paralysis of the fifth 
nerve. But no incontrovertible demonstration has been afforded of the 
existence of such trophic nerves; the above noted keratitis may more 
satisfactorily be ascribed to the resulting insensibility of the cornea, 
whereby irritant dust, etc., settling on its surface, is allowed to remain 
and is not reflexly swept off by the eyelids or by increased flow of the 
lacrymal fluid. Experimentally, it is found that where the eyelids are 
kept closed, or the surface of the eyeball is protected by covering over the 
orbit, with a watch glass, no keratitis results. In herpes zoster, which 
involves the area of distribution of particular cutaneous nerves, it is 
found that there is a lesion of particular posterior root ganglia. This 
association does not necessarily demand that we deal here with either 
irritation or paralysis of trophic nerves. Lack of coordination between 
nutrition, vascular supply, and cell activity under the influence of direct 
stimuli, together with the lowered condition of cell vitality, resulting 
from this want of coordination of the cells of a tissue cut off from central 
control, would appear sufficient to explain the liability for such tissues 
to become more easily subjected to inflammations and infections.

This lowered vitality from disuse, it must be laid down, appears 
effective in increasing the susceptibility to infection in parts also in 
which the nerve supply is intact. It may be pointed out that it is in 
those regions of the lungs which, from their position, are least in action, 
namely, the apices, that the tubercle bacillus most easily gains lodgement 
and growth.

1



CHAPTER XIV.
PHKDISPOSITION AND St SCKI’TIIUUTV.

All living matter depends upon its environment for its continued 
existence; upon the stimuli which act upon it from without, whether 
these he of a chemical or a physical nature, and from its constitution 
it is so adjusted to that environment that life is only possible within a 
comparatively narrow range of intensity of stimuli. If this lie increased 
beyond a certain point, it liecomes irritation, causing injury; beyond 
this, again, it renders life impossible, and ensues. Hut, in the
course of their development under varying environments the different 
forms of life have come to respond to different agencies in varying 
degrees- -a tcnijieruture, for example, which is a stimulant for one 
form, favoring increased metabolism and increased growth, may be 
fatal for another; and when we come to the metnliers of the same 
species, we note at times similar differences; in fact, it may be laid 
down that no two individuals respond identically to influences acting 
upon them from without, from the grosser chemical influences of food
stuffs absorbed to the intangible influences of psychical impressions. 
And even in the individual himself the different tissues present different 
grades of reaction to stimuli or irritants of one and the same order. 
Such heightened sensitiveness to stimuli or irritants above what is 
normal for the sjiecies, the tissue, etc., we speak of as susceptibility, or, 
more narrowly, as predisposition, by this last term indicating that, 
constitutionally, there is a liability to be more affected by particular 
influences than is usual; and, pathologically s|>eaking, whenever cither 
of these terms is employed, it indicates an abnormal liability to be so 
influenced that the development of morbid conditions is favored.

Such predisposition may be either (1) inherited, or (2) acquired. In 
our discussion of inheritance we have already referred to this (pp. ItiO 
and 210), and here need but briefly note that inherited predisposition 
may be: (a) Specific or ex-specie (e. </., cattle are peculiarly susceptible 
to contagious pleuropneumonia ; dogs to distemper; gonorrlura, typhoid, 
and the main exanthemata affect man alone). (6) Racial (r. </., those 
of Kuropean origin are susceptible to yellow fever, the Hebrew race, 
predisposed to diabetes, etc.), (e) Familial, as to scarlet fever, measles, 
tuberculosis, to particular neuroses, and weaknesses of individual tissues 
(Friedreich’s disease, pseudohypertrophie paralysis), etc., to metabolic 
disturbances, gout, etc.

We have so fully discussed the subject of heredity that here it is 
unnecessary to enter again into the principles involved. Hut we would 
in passing note that, as regards all these forms of inherited prédis-

1
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position, more particularly tliv susceptibility to infectious diseases, we 
have to weigh with some caution the evidence that is presented to us: 
the specific susceptibility may not be so marked as on the surface it 
appears to be. That there is such specific susceptibility, we do not 
for a moment pretend to question. Certain influences tell more upon 
the cells of one species and of one family than on those r, and
the “survival of the fittest” is fitted, to some extent, to explain how 
races long accustomed to liability to infection by one disease may 
eventually show but a small percentage of cases of infection, and those 
of a milder type. What we would more especially point out is that, 
where a disease is endemic in a region, it is that a certain
proportion of the inhabitants do not exhibit inherited, but acquired, 
immunity; that these inhabitants have suffered from transient, unrecog
nizable, or unrecognized, attacks of the specific disease, which have there
after protected them. They may not even have had definite “attacks.” 
As Meltzer has pointed out, if the wandering cells are constantly passing 
in from mucous surfaces, bearing with them individual bacteria, which 
bacteria tend to be destroyed, even if virulent, provided the number 
at one focus or place be not too great ; then immunity may be brought 
about, not by the supervention of a mild attack, but by accustomanee 
of the tissues to repeated minimal doses of the toxins of the specific 
microbes thus introduced. The negro, for example, may not owe his 
immunity to yellow fever entirely to heredity. Indeed, this has of 
late years been conclusively shown by Koeli and others in connection' 
with malaria, that the rent immunity of the Natives of malarial 
regions is explicable by the fact that the young children become exten
sively affected ; the malarial organism may abound in the blood without 
there being pronounced indications of an acute infection. To such a 
gradual process of immunization, without definite attack, Sir James 
Paget explained the freedom of the hardened frequenter of the post
mortem room from the blood poisoning which may overtake the infre
quent performer of autopsies. To it, also, we may add, is to be ascribed 
largely the immunity of the practitioner to epidemic disorders.

In this connection, certain observations of Hankin are, at least, sug
gestive. Hats as a species are refractory to anthrax; even young rats 
are little ’ need. Taking a brood of newly born rats and feeding 
one moiety with the ordinary mixed food of these animals, with rela
tively large amounts of meat, the other moiety with bread and milk, he 
found the former moiety relatively insusceptible, while all the members 
of the latter succumbed to the disease. Here we have the influence of 
diet upon the bactericidal properties of the tissues. It may w ‘II be that 
diet and state of nutrition are factors helping to explain the relative 
incidence of disease among various races.

(d) Individual. While many forms of individual predisposition are 
inherited (p. 210), it is not at all times easy to distinguish between these 
and acquired conditions. Here it will be more serviceable, not so much 
to seek to attempt to distinguish between these two orders, as to classify 
the different forms of individual predisposition.

5
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We note thus predisposition ueeonling to:
1. Sex. It need lint lie remarked that the sexual life of the female 

exposes her to the liability to contract a special series of disorders in 
connection with menstruation, childbirth, and the menopause.

2. Life Period. The liability to the incidence of particular dis
orders at different life periods may be briefly expressed in the following 
table, the brackets indicating the year or |>eriod at which the condition 
in < | nest ion is most fatal:

Infancy.—Disorders of maldevelopment and inanition (to the end of 
first year); athrepsia, various forms of enteritis with diar
rhoea; meningitis.

Childhood.—Rickets, measles, scarlatina, diphtheria.
Puberty and Adolescence. —Chlorosis (in female); acute rheumatism 

and rheumatic heart disease (ten to fifteen); typhoid; 
tulierculosis.

Adult. -Typhoid (twenty to twenty-five); tuberculosis (twenty to 
thirty).

Middle Age. fiout, I it Ida.sis, and chronic Bright’s disease (thirty-five 
onward); arteriosclerosis, aneurysms (thirty to fifty); 
cancer (forty to sixty).

Old Age. -The same continued along with atrophic conditions; 
cerebral apoplexy (fifty-five to seventy-five); low infections.

The immaturity of the cells and tissues, the fact that they have not 
become immunized, coupled with the fact also that particular tissues 
are undergoing either great strain or very rapid growth, would seem to 
explain to a very considerable extent the susceptibility of infants to 
digestive disturbances and meningitis. The weight of the brain is 
doubled in the first year of life (from 400 to <S00 grams).1 Like 
considerations would seem to explain the susceptibility of infants to 
digestive disturbance and of children to acute infections, the tissues 
being more vulnerable when first exposed to the toxic nee of 
fermented food, and to the influences of sundry specific microbes. 
There are, however, certain features in connection with the age 
incidence of infectious disease which must be pointed out. Both in 
animals and in man we observe that the newly born and the young 
are little affected by in fact, are immune to certain diseases which 
cause a high mortality in those of older years. Babies under three 
months old scarcely ever suffer from diphtheria, and this not because 
they are not exposed. The same is true with regard to young children 
and typhoid. While this is somewhat more common among the young 
than is usually supposed, it is almost unknown among infants, and in 
such young children as it attacks it causes in general a mild disease, 
< ompared with what we find in young adults. Many similar examples 
may be called to mind.

.1 priori, the more immature, the more unprepared the cells, the more 
vulnerable we should exjiect the tissues to be, but clearly this is not

1 K. W. Boiickv, l)ir AIttTiuli*/toHilion, Marburg, 1N70.
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always so. 'That certain tissues, liable especially to primary infection 
by the diseases in question, are more active and reactive in early life, 
while later they become exhausted and more susceptible, would not 
appear to aiford a complete explanation, though that this may be a 
partial factor cannot be neglected. There is yet another possibility 
indicated by the essential nature of toxicity and infection. For a 
substance to be toxic and injurious to a cell, it is necessary that, entering 
that cell, it sets up such a molecular disturbance as either to arrest or to 
stimulate excessively the metabolic processes of that cell, or otherwise 
it must enter into chemical relationship with the biophores. It is well 
within the bounds of possibility that, its suggested by Abbott, a diffusible 
substance which sets up excessive molecular and destructive disturbances 
in the fully developed cell may have but little effect upon the more inert 
protoplasm of the immature cell, and that if certain bacteria gain 
entrance into the tissues, the cell may digest and otherwise destroy them, 
their toxins not combining with the biophores, and, as a consequence, 
not arresting the cell functions.

3. Habit of Life at Different Life Periods. During infancy and 
early childhood the digestive organs are relatively most active, and, in 
order to bring about the absorption of food necessary for rapid growth, 
they are peculiarly liable to strain. The lack of power of locomotion 
prevents much mingling with others and the extensive exposure to 
“contagion” and the zymotic diseases which supervene with active 
locomotion and mingling with other children. With adolescence and 
the forsaking of an outdoor and active, for a more sedentary and 
confined existence in workshops and other places, where large bodies 
of men are collected and ventilation often defective, tuberculosis is 
liable to supervene. With increasing corpulence and inability to take 
exercise in middle age, constipation, gallstone formation, etc., tend to be 
favored. Other environmental influences, such as those of climate, 
clothing, and social influences, come under the same category.

4. Previous Infection. While many diseases, more particularly 
the acute exanthemata, are followed by immunity, there are others in 
which this immunity is but short-lived; others, again, like erysipelas, 
furunculosis, acute rheumatism, and, we may add, influenza or la 
grippe, in which one attack actually predisposes to a second. Whether 
in these cases, the germs of the disease are not all destroyed, but some 
linger in the system and exhibit themselves actively if anything lowers 
the vitality, or whether a new infection occurs, is not precisely deter
mined. It may be that either occurs.

What is even more noticeable is that an attack of one infectious dis
order is frequently followed by an infection of a different nature. The 
tissues are weakened by the one disease, and in this condition are more 
susceptible. Thus, the acute exanthemata may follow one another and 
tuberculosis supervene upon any of them, or upon typhoid.

5. Malnutrition. The terrible mortality from infectious diseases— 
typhus, relapsing fever, typhoid, septicemia which has followed in the 
wake of famine in Russia, India, Ireland, during the Inst century, is an
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adequate example of the effects of malnutrition in predisposing to dis
ease. Here may he included local malnutrition, such as that brought 
about by lessened functional activity, due to impaired nerve supply. 
Paresis and paralysis, with imperfect function, imperfect metabolism, 
and weakening of the tissues predisposes to local infections and suppu
rative disturbances. Impaired blood supply has similar effects. To 
these we shall refer more fully in a subsequent paragraph. The effects 
of overstrain in predisposing to disease have been discussed in the pre
vious chapter.

Tissue Susceptibility. Just as the general susceptibility of the 
organism as a whole is noted to be increased by the means just indi
cated, so we can increase tin* local susceptibility of the different tissues 
and favor the growth of microbes within them, or the development of 
functional disorders, by injury, by malnutrition (impaired blood supply 
or nerve supply), and by lessened functional activity. To these, indeed, 
we have already referred in passing. Hut apart from this, which we 
may term acquired tissue susceptibility, we have also to recognize an 
inherent susceptibility to disease on the part of various tissues.

It is a matter the significance of which is too little recognized, that 
very many pathogenic organisms show a predisposition to grow in 
special tissues; or, more correctly, that certain tissues exhibit a par
ticular predisposition to permit these to grow within them. As regards 
the primary focus of infection, we see that the channel of entrance in 
general affords a partial explanation why this should become the seat 
of growth, that inhaled germs should especially affect the respiratory 
system, ingested germs the digestive tract. But even here it has to be 
noted that the diploeoccus pneumonia*, for example, has little effect 
upon the pharyngeal mucous membrane, growing there as a harmless 
saprophyte, whereas the diphtheria bacillus causes intense disturbance.

When we pass beyond, to the secondary foci, this tissue predisposition 
is still more marked. The tubercle bacillus flourishes iu the lung, upon 
serous surfaces, in the different glandular organs, but rarely iu muscle; 
infrequently in the brain substance, as compared with the pia-arachnoid; 
infrequently in the stomach wall, ns compared with the small intes
tines; in the epiphyseal ends of bones, and in the joints of the young, 
but Jiot commonly in the same regions in those of mature years. If 
the colon bacillus be injected into the blood stream, it sets up more 
especially a condition of acute enteritis. In like manner, passing in 
review each separate infectious disease, this specific tissue suset 
can more or less definitely be pointed out.

This specific tissue susceptibility, then, is well marked; different 
pathogenic agents find in different tissues circumstances specially 
favoring their growth ; the cells of these tissues react less perfectly 
against these sjiecific bacteria. In certain individual cases explana
tions may Ik* suggested for this predisposition. In tuberculosis, for 
instance, the acid production of the muscle, stomach walls, and brain 
substance has been suggested as explaining why the bacillus in general 
does not thrive in these organs ' Kicker’s observations, that

9
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of all media the acid brain matter furnishes that upon which the tubercle 
bacillus flourishes most rapidly and abundantly, may well make us 
doubt this. In other cases, the nature of the circulation through the 
tissues a ted lias been invoked. Hut that does not satisfy the
fact that particular microbes may multiply in these particular tissues. 
In short, it is not possible to find one common basis of explanation for 
this selective action beyond this, that in each tissue there is a varying 
environment, ami certain environments are specially favorable for the 
growth of special bacteria.

It is the corollary to this condition of tissue susceptibility that deserves 
more recognition. If the typhoid bacillus is found growing in the spleen, 
liver, skin, and kidneys, and is difficult to isolate from other organs, it 
is obvious that to reach these particular organs it must have travelled 
through the blood stream, and have been liable to enter the
others. So, also, if in young children the ends of the bones become 
tuberculous, obviously the tubercle bacilli must have entered the blood 
stream and have been carried through the system generally before 
reaching these remote regions. We are thus bound to conclude either:
(1) that infectious microlies circulate passively through the various 
organs, in which they show no growth, causing no reaction until they 
reach a susceptible tissue, or (2) that, circulating thus, they tend to be 
destroyed in every other tissue of the body save those that are susceptible. 
The first alternative is not only eminently unlikely, but is negatived by 
experiments, which show that the vascular endothelium of organs like 
the liver, which later may exhibit no special foci of disease (/. r., an* not 
susceptible), actively takes up and destroys pathogenic bacteria. The 
second, thus, is the only adequate deduction from the facts at our dis
posal; and this leads us, further, to a very important conclusion, that in 
infection the body is never involved ns a whole. Coincidently with the 
growth of the s/weijic germs in individual organs, there tends to be a reac
tion to, and destruction of, the stone in other jHirts. The bearing of this 
upon the recovery from infection we shall point out later.

We may now sum up the various forms of predisposition; they are:
1. Inherited:

(1) S|H‘cific, characterizing the species.
(2) Racial.
(3) Familial.
(4) Individual, as regards

(а) sexual incidence;
(б) age incidence;
(c) tissue incidence.

2. Acquired, as a consequence of
(1) Social and environmental conditions.
(2) Injury.
(3) Malnutrition.
(4) Previous attacks of

(a) the same disease;
(/>) other infectious disease

(5) Exhaustion.

5
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Idiosyncrasy. This term is applied in the exhibition of extreme 
susceptibility on the part of the individual to the influence of substances 
which not only have no disturbing action upon the normal individual, 
but often are to him the source of distinct pleasure or benefit. It is an 
extreme form of susceptibility, and that manifested in unusual directions. 
Thus, some individuals are unable to eat sundry not unusual articles 
of diet (strawberries, porridge, certain shellfish, mackerel, or other fish) 
without a train of symptoms showing themselves, which seem to indicate 
a distinct grade of intoxication, manifested by urticaria and abnormal 
skin eruptions, headache, running at the eyes, abdominal disturbance, 
etc. One well-known Ixmdon physician of our acquaintance, recently 
deceased, dared not take the pudding or cream at dinner away from 
home, for fear it be flavored with ginger, the least trace of which gave 
him acute misery for the better part of the next twenty-four hours. 
Similarly, there are drug idiosyncrasies, often accompanied by skin 
eruptions—from quinine, potassium iodide, opium, iodoform, and so on. 
Some of the most remarkable are in relation to animals, most commonly 
with cats; the presence of a cat in the room, even if unknown to and 
unsuspected by anyone, and hidden from sight, being sufficient to 
cause intense discomfort, and even a state of nervous terror, that is 
painful to the individual and all around. This, ns Weir Mitchell1 has 
pointed out, can only be due to the action of some emanation from 
the animal upon the sensitive olfactory mechanism, even though, in 
most cases, the affected persons state that they perceive no special 
odor. It thus becomes allied to that other more common idiosyncrasy, 
hay fever, in which, again, no odor is necessarily perceived, but in which 
it has been fully proved that the fine, floating pollen of flowering 
plants and grasses is the irritative agent, the intense coryza and discom
fort making its ap|>enranee at the period when plants are in flower, and 
disappearing if the individual take a sea voyage or by any other means 
escapes to where little pollen is likely to be. The tendency nowadays 
is to regard some at least of these idiosyncrasies as anaphylactic phe
nomena. (See Section III. Chapter VIII.)

Trans. Assoc. Amor. Vliys., 20: 1906: I.



SECTION in.

THE MORBID AND REACTIVE PROCESSES.

INTRODUCTORY.

Having in the previous section discussed the causes of disease, we 
pass now to discuss how these causes act, and, doing so, observe that 
we can, from the * view of general pathology, approach our sub
ject from two directions; we can, that is, studying disease generally, 
recognize, underlying its various manifestations, certain common series 
of events, or morbid processes—processes which, it is true, vary in their 
details in individual cases; nevertheless, the broad features of groups 
of cases are alike, and once we establish that morbid conditions consti
tuting a particular group are allied and have a common basis, we can 
proceed to inquire what it is in any particular case that leads to what 
we may term divergence from type; or, on the other hand, rather than 
inquiring into the course of the different processes, we can make the 
tissues and the changes they undergo the main object of our inquiry, 
and classify thus the morbid changes affecting these tissues, rather than 
the morbid processes proper. It may well be urged that in the latter 
case we are dealing with the results of disease. All depends upon how 
we approach the treatment of the subject. If we seek purely to describe 
the histological alterations in the cells brought about by disease, then 
these conditions should not be dealt with in this section. If, on the 
other hand, we study the succession of changes leading ultimately to 
the different morbid states seen in the cells and tissues, then our study 
is that of processes. Further, it may lie propounded that, broadly 
speaking, the changes in an individual cell do not constitute disease (as 
generally accepted); that depends upon the cumulative effect of the 
combined cell disturbances, and more than that, upon the disturbances 
set up by the perverted activities of these cells upon other cells and 
organs not primarily involved. Seen in this light, morbid cell changes 
are factors in the production of particular results. It is, however, a 
minor matter under which heading we consider these conditions, pro
vided their nature Ik* recognized. In dealing with them we shall have 
to discuss the changes leading to the production of each individual form 
of cell disturbance, and at the same time to describe the resultant effect 
of these changes upon the individual cell ; conformably with usage, we

2
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class lItem with the imirhiil proivssrs. Wv take up the discussion of the 
same lietween that of the niorhid processes pro|a*r and that of the results 
of disease upon the tissues and the organism as a whole.

In the heading to this section we refer to the morb' " ; reactive
processes. It will lie seen that, with the exception of conditions of 
arrest of cell activity and cell death, ami the possible exception of neo
plasia, or of some neoplastic < ions, all morbid processes are at the 
same time reactive; they are the expression of the reaction on the part 
of the tissues to mixte of various orders.

Thus, to repeat : In the first part of this section the morbid anil 
reactive processes proper will lie discussed; in the second, the morbid 
cell changes.

8
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PART I.

THK MORBID AND REACTIVE PROCESSES 
PROPER.

CHAPTER I.
THK I.(K'XI. KK.UT1UN TO IXJlTtV: INFLAMMATION.

For tliv development of the sound pathologist, a full knowledge of 
the factors concerned in the inflammatory process and a right apprecia
tion of the doctrine of inflammation is as essential as to the orthodox 
theologian is a right attitude in respect to the doctrine of the Trinity. 
As regards the one, there have been hitter fights and wide divergences 
of opinion ; so with regard to the other and these divergences in both 
continue to exist, and with them a wide tolerance. Nevertheless, the 
leaders of the pathological world, though they may differ in non- 
essentials, are at the present time in substantial agreement regarding 
the subject of inflammation. There is an orthodox doctrine, and that 
doctrine we shall proceed to expound.

Definition. -The condition of local “flaming" inflammation- 
lias of necessity been recognized from the very beginning of medical 
studies; but so long as little was known concerning the causes of dis
ease and less regarding the processes, all that could be accomplished 
was to regard this as a state characterized by certain particular symp
toms, and the first attempt at a definition, that of Celsus, so regarded it. 
Inflammation, he laid down, was a condition characterized by “rubor, 
tumor, cal or, dolor" redness, swelling, heat, and pain—to which defi
nition later writers added a fifth cardinal symptom, that of “functio 
hesa" disturbed function. The great Ki " pathologist of the 
eighteenth century, John Hunter, said that it was something more, that 
it was a process rather than a condition—a process set up by injury, 
and tending toward counteraction of the same. Hut he was before his 
time. Three-quarters of a century elapsed before Cohnheim, employ
ing a microscope to study the changes ensuing in an injured area—the 
transparent web of the frog’s finit saw and first described with accuracy 
the changes that occur in the vessels of the injured part the dilatation 
of those vessels the eventual slowing of the current, and, it might be, 
stasis, or complete arrest—the exudation of fluid and migration from

4
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them of leukocytes; saw in these the full explanation of all the cardinal 
symptoms, and concluded that the vascular changes were the essential 
feature of the inflammatory process. And, undoubtedly, in tissues well 
supplied with vessels, these are the most striking feature, the feature 
dominating the whole field following upon injury, whether meehanieal 
or chemical (by caustics or bacterial poisoning) above a certain grade. 
But with a lower grade of injury, by it may be, identical noxie, these 
vascular changes are little noticeable, and are replaced by connective- 
tissue overgrowth ; then* is still injury, but the results differ, or rather 
correspond to those seen in the later stages of the process that follows 
injury of a severer grade; and secondly, a like order of end results is 
attained in tissues that are unprovided with vessels. It was these cir
cumstances that led Bunion Sanderson, in the “seventies,” to advance 
a broader definition, namely, that “inflammation is the succession of 
changes occurring in a part, as a result of injury, provided that that 
injury be not so excessive as to destroy the vitality of the part,” or, 
briefly, and better, that it is “die (local) reactkai^uiuiurv” (for some of 
the changes that occiiP Iw UH lllJUMfl-|Vrt, hemorrhages, etc., are not 
reactive, and play no direct part in the inflammatory process). In 
Germany, Marchand in the early “eighties” propounded similar views.

From this date onward there has been an increasing recognition of 
the fact that the various processes which together make up the picture 
of inflammation are not merely the passive and deleterious outcome of 
local injury, but, on the contrary, are factors which tend to counteract 
the .local effects of that injury; an increasing conviction that the dis
tinction so much insisted upon by the older writers between inflamma
tion and repair is non-existent, and several writers of this generation — 
Ix'ber,1 * Neumann,* Councilman,3 4 and others have advanced definitions 
containing a clause to the effect that the tendency of all those processes 
is in the direction of repair of the injury. We ourselves have elsewhere 
stated* that inflammation “is the series of changes constituting the local 
manifestation of the attempt at repair of actual or referred injury to a 
part;” or, briefly, is “die local attempt at repair of actual or referred 
injury-” Grawitz expresses the like idea in bis definition of inflamma
tion as the reaction of irritated and da mat fed tissues which still retain 
vitality

To Metehnikoff,1 through his most remarkable and long-continued 
studies upon the functions of the leukocytes in disease, and upon phago-

1 Ur her die Enintchunij iter Entziimlumj, Leipzig, 1891.
1 Ziegler's licitr, ft: 1889: :t45.
■ Article Inflammation, Dennis' System of Surgery. See also, in a similar 

sense, 11. Buchner, Fort sell ritte <1. Med., 10: 1892: 363; Marchand. \V unithciluny, 
Leipzig, 1000; Chantetnesse and Podwywoleky, Is* prnceiuim qintraui, 190ft: Bier, 
Itif Slonumj als licit in iltcl, 1004.

4 Article Inflammation, Alllmtt's System of Medicine, 1: 189(1.
1 hi pathiflofiir coin/torfa Je l'Inflammation, Paris, 1802. A work of the highest 

value, to which we shall frequently refer. It has been translated into Knglish by 
Starling, 1803.
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cytusis, both by leukocytes ami the fixed cells of the organism, we owe, 
more than to any other single individual, the recognition of these coun
teracting forces. Just as (olmheim, studying the vascular changes, 
saw in them the essential factors in the inflammatory process, so Meteh- 
nikotif, studying the leukocytes, would elevate them to an exclusive 
position in his definition, and would lay down that phagocytosis is 
inflammation. This involves too wholesale a neglect of other factors 
to be acceptable. “In studying the reactions of the organism to injury, 
we must be impressed by the multifariousness of natural processes; 
the end may be attained, not in one way only, but in many. It is not 
by cells of one order alone— by phagocytes or by leukocytes in general, 
and only leukocytes, or merely by the reaction on the part of the fixed 
cells of the tissues, or by vascular changes alone, or by altered tempera
ture, or solely by the chemical and mechanical action of the exudate, that 
repair is effected. All means are employed to antagonize the irritant 
and to effect healing . . . now the one, now the other more par
ticularly . . . but none exclusively.”1 2

Such processes must not, we would insist, be regarded as primarily 
purposeful ; they are adaptive. What we understand by adaptation we 
have already laid down on p. 117.3 * And considering them as adapta
tions, we arrive at a further simplification of our definition, namely, that 
inflammation is the succession of changes which constitute the local effort 
at adaptation to the changes initiated by actual or referred injury to a 
part ; or, in short, the local adaptive changea resulting from actual or 
referred injury.

More recently there has been a tendency to widen still further the scope 
of the inflammatory concept. It is seen that with local injury there are 
set up not merely local changes, but that tissues at a distance are also 
involved, and contribute toward counteracting the irritant and its effects ; 
that, for example, there may be fever, the lymph glands may become 
enlarged, the bone-marrow stimulated to activity, with resulting increase 
in the number of circulating leukocytes and in the amount of antitoxic 
and protective substances in the blood serum. Thus, Ribbert8 lays 
down that inflammation is “a vital manifestation on the part of the 
whole body, if primarily of the local tissues that have undergone injury, 
and is the sum of all the exalted vital processes,” and Aschoff, we find, 
teaches similarly. While we admit, and that most fully, that as a result 
of injury there may be this participation by the rest of the organism, we 
feel strongly that to introduce these further processes into our concej)- 
tion of inflammation brings about an immediate confusion between the' 
phenomena of inflammation and those of the general reaction to injury, 
and infection. As will be seen later, general reaction on the part of the 
organism as a whole, with or without marked primary local disturbances,

1 Adami, Montreal Mo«l. Jour., May, 189").
2 For the distinction between adaptation and purpose, sec Ailami, lnjUimtntUiun,

Macmillan, 1909:232.
1 Die DcdnUuny der Enlvlndumj, Bonn, 1905:11 and 45.
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is the distinguishing feature of “infection.” We would thus emphasize 
that, to prevent confusion, it is advisuhlv to restrict, as in the past, our 
conception of the inflammatory processes to those which are of local 
origin and occurrence.

THE COMPARATIVE PATHOLOGY OF INFLAMMATION.

We cannot Letter gain n grasp of the main features of the reaction to 
injury than by studying first the simplest cases, and gradually following 
up the processes seen in more and more advanced conditions. In other 
words, it is best to begin with the simple individual cell, with the uni
cellular organism, and train1 the reactions that occur as we advance from 
the unicellular to the simpler metazoan, or multicellular forms; from 
these to the higher metazoan forms, and mail himself. This we shall 
do rapidly, not taking up division after division, but noting merely 
those forms of life in which progressive evolution has led to the intro
duction of new factors in the reactive process.

Taking first the protozoa, we note that destruction of a portion of 
—provided this does not include the nucleus—is followed 

bv the closing together of the uninjured parts, lu other words, pro
vided the nucleus lie uninjured, the cell recovers; provided also, we 
may note, that not t«H> large a portion of the cytoplasm be destroyed 
or removed (p. 43). We note also other properties closely bearing 
upon the properties of the cells of higher forms of life, including man, 
namely: (1) The projierty of chemiotaxis of lieing attracted toward 
certain substances, of I icing repelled from others; (2) the projicrty 
of adaptation, whereby a negative may be changed into a positive 
chemiotaxis. It is found that by the gradual and careful addition to the 
fluid in which it lives a protozoan can be gradually accustomed to sub
stances from which at first it was rc|>ellcd, until eventually it will move 
actively toward stronger solutions of these substances;1 and (3) the 
property of phagocytosis, that, namely, of ingesting solid particles 
of eating them (^aystv, to eat). This, at least, is the primary meaning 
of the term. It is inevitable, although unfortunate, that, with the 
development of Metelmikoff's studies and the evolution of his “phago
cytic theory" into its present form, several other protective projierties 
lieyond that of ingestion and digestion have become attached to the 
conception of phagocytosis. Here we employ the term in its primary 
sense, and observe that one of three events may follow the ingestion of 
foreign particles by such a form as the ana elm : ( 1 ) The particle may 
prove assimilable, in which case, as shown by Miss (ireenwood and 
\m Dantec, it becomes surrounded by a vacuole containing digestive 
fluid, and undergoes solution, portions proving indigestible ladug subse
quently cast out from some region of the surface of the organism; (2) 
it may prove iinassimilahle, in which case, after a short sojourn within

1 Stahl, Flora, 70:1892:347.
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the cytoplasm, it is similarly discharged ; or (3) if a living organism, 
in some cases a symbiosis, or living together, is set up; the protozoan
host is not irritated by the parasite, and does not discharge it, and, on
its part, the parasite, living upon the material assimilated by the host, 
may multiply until its progeny so fill the cytoplasm of its host, that they 
exhaust the foodstuffs, and lead to death of the host, when they become 
lilierated into the surrounding medium. All these events, as we shall 
see, may likewise occur in the leukocytes and other cells of the multi
cellular organism.

Passing next to the lowest metazoan forms, we immediately observe 
a division of labor among the cells, the outer layer being more especially 
protective, the invaginated inner layer more particularly digestive. 
Between the epiderm and endoderm there develops a third set of cells,

The |ilii*in<xlium of fuwd mesodermal mil* 
wen in the previous ligure, higher mughificn- 
t ion ; nwl., nuclei of imliviiluiil veils. (After 
Metchnikoff.)

Larva of one of the minpleat metiumm 
forma (Ast rupee ten) to show ret., ectoderm; 
nut., emlodenn; met., wandering meso
dermal cells which at pi. have attached
themselves to a foreign body and formed 
a plasmodium around it.

the mesoderm, derived from the other two, which, as we advance, 
rapidly assumes great importance, forming the connective-tissue layer 
of all the tissues, the internal skeleton, the muscles, the heart, and, sub
sequently, the closed vascular system. Here, in the lowliest stages, it 
is represented by relatively few cells, with long, fine processes, which 
can lie retracted so that the cells are capable of floating about freely in 
the body cavity. These an*, in fact, the earliest representatives of the 
wandering cells, white corpuscles, or leukocytes of the higher animals. 
And already in these lowest forms we find them possessing protective 
functions, at the same time it must Ik* noted that they an* not
the only class of cells that react. If any of the living cells Ik* destroyed, 
those in the immediate neighborhood spread out by anurhoid move
ment to fill the gap temporarily, and subsequently multiply, thus 
bringing about regeneration (and the n*genemtive process of these

0
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lowest metazoan forms is nothing short of marvellous; a few cells 
may regenerate the whole animal). But if, as Metchnikofi has pointed 
out, foreign particles gain entry into the body cavity, it is the wandering 
cells that deal with them. If small, they may ingest them; if large, 
attaching themselves to and surrounding the objects, they fuse into a 
plasmodium, or multinucleated mass, thereby fixing it in position; if 
it l>e capable of digestion, forming a common stomach, as it were, and 
bringing about its dissolution; if inert and not digestible, then cutting 
it off from the body cavity. The power of forming a plasmodium 
around foreign bodies is possessed by leukocytes, from the lowest 
multicellular form up to man; one class of giant cells, those, for 
example, we see in tuberculosis, and those that form around foreign 
bodies introduced into the tissues arc plasmodia of this nature (Fig. 140).

u
Foreign-lwxly giant cells from in an; nt a the leukocytes form multinucleated plasmodia around 

foreign filtres (silk), at 6 the giant cells have broken away containing debris of the fibres. (Ribliert.)

Throughout the invertebrata we observe these two processes of 
regeneration and leukocytic activity, with little material addition; we 
note, indeed, that then- gradually appears in the erustacea, for 
example—more than one order of wandering cells, with different prop
erties; some are phagocytic; others, as, for instance, those that pass 
out on to the surfaces of certain invertebrates, are explosive, and appar
ently with their disintegration lil>erate digestive and (it may lie) 
bactericidal substances, whereby foreign organisms adhering to the cam- 
pace Itecome destroyed and the surface cleansed (Hardy and Alcock). 
But though then* is a heart, with rare exception there is no closed 
system of bloodvessels. The large vessels open into the laxly cavity, 
and the heart but serves to keep the laxly fluid circulating. Thus 
not until we reach the vertebrata, d<x*s a fully developed vascular 
system enter as a prominent factor into the reaction to injury. At most, 
ns in the arthropoda, the body fluid has extensive powers of dotting,1

1 See Ix-o Ixwh, Jour, of Med. Research, N. S., 2: 1002:145.
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so that when injury is such ns to cause communication lietween the 
body cavity and the external medium, the wound may gain a tempo
rary closure through the agency of the coagulated fluid.

Nevertheless, the different classes of invertebrata afford some most 
remarkable examples both of regeneration1 and of leukocytic activity. 
Of the latter, quite one of the most striking is that afforded by a 
parasitic disease of the Daphnia, or water flea, a minute crustacean, 
translucent, and just visible to the naked eye, and common in some 
fresh-water ponds and ditches. Metclmikoff, observ 
nias in his aquarium were liecoming opaque and evidently dying off, 
found that the disease was produced bv a blastomycete, or yeast, growing 
in the affected aquarium. This was an elongated form, termed by him 
Mon(»tpom, and characterized by producing long, slmrp-pointed spores. 
These spores, taken in by the daphnia, when they passed along the intes
tine were apt to penetrate the delicate wall, and so gain entrance into the 
surrounding body cavity. If those so entering were few in number, 
the leukocytes attached themselves to them, often several together, 
forming a plasmodium, and eroded ami destroyed them.

If, on the other hand, too many penetrated into the body cavity, the 
number of leukocytes was inadei to deal with all, and some not 
attacked germinated. Whereas the wandering cells freely attached 
themselves to the spores, they were seen to leave the germinated tombe 
severely alone, with the result that the body liecame filled with the 
yeast, became ie in consequence, ami death ensued.

With the vertebrate we find a fully developed and closed vascular 
system, distinct from the body cavity (lymphatic) system, though the 
latter receives its fluid from the blood, and yields its fluid back to it, so 
that there still exists a laxly cavity circulation, but that secondary to 
the main vascular system. And with this we find (1) that the vessels 
of an injured part lx*come directly concerned in the inflammatory 
process; (2) that here, in consequence, we have “flaming” as the 
result of injury, the vessels of the part undergoing dilatation, with its 
attendant results; (3) that the reaction shows itself more rapidly to the 
naked eye, and, indeed, has a more rapid course; and (4) that instead 
of the tardy and haphazard accumulation of leukocytes from the sur
rounding tissues and from the slowly circulating body cavity fluid, 
with the more rapid flow of bhxxl through the injured area, leukocytes 
are constantly being carried into the area, and once there, provided 
the irritant has not t<x> virulent properties, their chemiotactic activities 
lend them to make their way through the walls of the vessels toward the 
foreign body.

Undoubtedly, then, in the higher animals the vessels are a most 
important factor in the reaction to injury; they add greatly to the power
of the................in responding fully and promptly to hxid injury. It
has, however, to l»e noted that the difference they introduce is one of 
degree rather than of kind; we find the same underlying local princesses

1 For examples, see I lie chapter on Regeneration,
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nl work in (lu* invertebrate as in the vertebrate; we find them proceed
ing in lion-vascular areas in (lie vertebrates just as in the vascular. 
There is, thus, no essential difference introduced by the participation 
of the vessels in the reaction to injury; and that being so, to draw a 
sharp line of demarcation between the two sets of eases, to say that in 
the one set of eases we have inflammation, in another we have not, is 
to make a distinction where no fundamental difference exists. While 
all the vertebrates possess this closed vascular system, it is deserving of 
note that in the lowest forms the development is not nearly so perfect 
as in the higher the cm ries are not so abundant, nor is the vasomotor 
apparatus nearly so complete, whether nervous, controlled from the 
central nervous system, or idiomuscular, depending upon direct 
stimulation for the dilatation and contraction of individual vessels. 
Among the urodela, or tailed amphibians, it is very evident that the 
response to injury is slower, the dia|H*desis less, the part taken by the 
wandering cells already in the spaces more noticeable, than it
is in the a.

THE CAUSES OF INFLAMMATION

It follows from what we have said that anything which causes local 
injury to the tissues is a cause of inflammation, he it a mechanical 
trauma, a physical insult, as by heat, cold, or electricity, a disturbance 
brought about by altered metabolism and abnormal internal secre
tions. or bacterial or mierobic invasion and growth. This last is the 
commonest cause of acute reaction, and differs from the physical and 
mechanical causes (though not from metabolic disturbances) in that, 
as a cause, it is not of momentary duration, but of continued. It is not 
the mere physical entry of microbes into the tissues that induces inflam
mation, but the liberation by them of their products in growth or disinte
gration. And so long as those products an* being liberated, for so long 
is the cause in action. It differs from the metabolic causes in that the 
latter induce tissue irritation of a milder grade, and so do not induce 
acute, but rather chronic, reactions. Hut to sav, as some surgeon- 
pathologists insist, that because bacteria cause the acute inflamma
tion most commonly encountered and that which most frequently 
demands treatment, therefore inflammation is always the result of 
bacterial activity, and anything not caused by bacteria is not inflam
mation, convicts one, to put it in moderate language, of a certain lack 
of breadth of vision.1

We distinguish two grades not forms of inflammation, the acute 
and the chronic, < >f each, it is true, we recognize subgrades, and the 
one order of eases passes imperceptibly into the other, but for prac
tical purposes the division is useful. In the former we have a frank

1 I have discussed I lie heresy in the Mei lirai Itminf, Mart'll, 1S1HJ : Middleton- 
(iulil.smith lectures, ami the article Injhiiiimatinn, in Keen's System of Surgery.

7
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miction of rapid development and course; in (lie lutter, a reaction 
characterized by little evidence of the cardinal symptoms, and slow, 
progressive course. In the one, the condition unfolds itself in the 
course of ‘ or days; in the other, of weeks and months; and thus 
the salient features in typical eases show marked differences, even 
though, as we say, the study of intermediate stages convinces us that 
essentially the two an- grades of one and the same process. We shall 
take up the subject of chronic inflammation later. Here we shall, for 
the time, confine ourselves to the consideration of the acute type; and 
first, in order to have a mental picture of the sequence of events, it will 
Ik* well to describe with some little detail what can lie seen when we 
produce e\|>erimcntally such an acute inflammation, and follow the 
successive steps under the mierosco|>e.

THE STAGES OF ACUTE INFLAMMATION EXPERIMENTALLY 
PRODUCED.

As affording the more typical picture, it is liest to consider first what 
happens in a part well supplied with vessels. And two methods arc

Fm 111

HOI

liitliiinml imwiiliry of frog n. miir*iiinliiiii of li*iik«M\vlm in lIn* ililnhsl riiiiilliirirt; h, niigrn- 
tion Ilf leukiH > !«•>•; r, wn|w of ml vorgiiiwlw; if. iwi iiiiiiiIntiiMi of kukiwylw iHlUWe the rnpil- 
l.irui (AfUr llililwrt I

iipcii to us either to choose some region that is transparent, and 
injuring one simt in that region, to follow under the microscope the 
unfolding of the resulting disturbances. This was first done system-
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nticallv by ( 'olinheim, and there an* several suvli rvgions which may 
Ihi selected—the delicate web of the frog's fool, the frog’s tongue, which 
is attached in front only, and normally is directed backward; it can 
easily lx* pulled forward and out; or, selecting animals higher in the 
scale, the mesentery of the cat or one of the animals of the laboratory 
is admirably delicate and so sensitive to injury that exposure to the 
air alone suffices to set up pronounced disturbance. Or, on the other 
hand, we can cause injury, bacterial or otherwise, to some internal vas
cular tissue, and, removing and studying the injured area from a series 
of animals at successive periods, can in this way trace the successive 
steps. The advantages and disadvantages of the methods are obvious.

The first is particularly useful for 
Fiu-142 following the earliest stages, the

changes in the caliber of the vessels 
and the rate of blood flow; even 
the relative position and movement 
of certain cells can be well ob
served; but the intervening skin 
or endothelium, along with the 
absence of nuclear staining, renders 
a study of the finer cell changes 
impossible. The animal has to be 
immobilized by some drug, or by 
“pithing,” which may well lower 
the excitability of the tissues, and 
prolonged examination is virtu
ally impassible. The second gives 
permanent preparations, which can 
la- studied at leisure, and permits 
a very thorough study of individual 
cell forms, but often leaves us in 
doubt as to whence the cells come; 
to be carried out thoroughly re
quires the sacrifice of a large 
number of animals, and even then 
leaves us in doubt whether some 
important stage may not have been 

passed over; while, owii»/. to the mode of preparation, the vascular 
relationships and the blood contents of the part fail to be retained 
exactly as in life. The two combined afford us a very full picture.

Combining the results gained by these two methods, we gain the fol
lowing picture:

The first result of local injury is temporary contraction of the arteries 
of tin- part, leading to a brief period of lessened blood supply.

This is succeeded slowly by progressive arterial dilatation, so slow 
that it cannot be of reflex nervous origin; indeed, it shows itself where 
the nerves to the part have been severed, and, as a result, within an hour 
or so (in the frog's web, injured by the application of a caustic)

1, tiilhv'ion of Ivukoryte» lo I lie \ 
cii|iillnry in mi influmril iirvu; 2, imu'r 
lion of u iiolynui'leiir leukocyi*
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there is a greatly increased bitkhI flow through the part, the capillaries 
become tUntended, and many, previously empty and unreeognizahle, are 
now visible with the blood corpuscles hufrying through them.

(jradually— in the course of the next hour (in the frog)—the blotxl 
stream becomes slower. Whereas, at first, the individual corpuscle' in 
a capillary were unrecognizable, all that was visible being a darker 
central band, or current, with clearer fluid (blood plasma) on either 
side, now the band becomes broader, the side currents narrower and 
nar.ower, and with this, as the slowing continues, individual blotxl 
corpuscles can be distinguished. And, what is more, the two forms can 
be made out (this especially in the frog, in which the ml corpuscles are 
relatively much larger). And it is seen that the white corpuscles more 
particularly are carried along the outer part of the stream.

At this stage there is already manifest increased swelling of the part, 
and, as determined by placing a cannula in the main lymphatic of the 
leg of a dog whose foot has been inflamed by placing it in hot. water, 
there is, at what corresponds to this period, a greatly increased outflow 
of lymph. The swelling, that is, is due to increased exudation from the 
dilated vessels.

If the white corpuscles be studied, it is seen that they lag along, 
now adhering momentarily anil becoming elongated and pear-shaped, 
now becoming free. What is more, while the red corpuscles progress 
onward, the white corpuscles lag behind, in consequence of these 
temporary adhesions, until it is noted that, proportionally, there can 
be a remarkable number of white blood cells in the inflamed area. 
As the current becomes greatly slowed, there may be oscillation of 
the current, and the leukocytes move to and fro with it, until, finally, 
they become firmly adherent. This is the stage of margination of the 
leukocytes.

Eventually- but by no means necessarily in every case- the slowing 
of the current in some of the vessels may give place to complete stand
still, or slasis.

Next, it is to be observed that certain of the leukocytes are appearing 
at the outer side of the capillary wall, and, if in a favorable specimen the 
process be followed carefully, it is seen that it is brought about by a 
process pseudopodium— being extended or insinuated, which passes 
through the delicate wall, gradually gets larger on the outer side, and 
there often shows liner processes streaming away from the wall into the 
tissue or tissue spaces, until more of the cell is in the outer side than in 
the inner, and eventually the whole corpuscle comes to be external. To 
use an old illustration, the process closely resembles the trick of pass
ing a bladder three-quarters full of water through a keyhole. Thus is 
accomplished the diapcdcsis,1 or migration of the leukocytes.

1 Hamilton and some other authorities object to this use of the term diapcdcsis. 
They would confine it to the passive discharge of red corpuscles which may occur 
in very acute inflammation, or in greatly dilated capillaries that lack support, as 
in the lungs (hemorrhage “per diapedesin"). Nevertheless, the term diapcdcsis 
means primarily a “stepping through," not a “pushing through," and implies un 
acute process. Etymologically, the modern usage of the term is correct.
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As regards the particular orders of leukocytes that pass through, this 
is best studied by of specimens fixed rapidly, cut and
stained, when these cells can lie seen fixed in the process of passage. 
In an acute inflammation it is the polymorphonuclear* that r.specially 
mi (/rale, though it must he remembered that in special conditions the 
other forms the éosinophiles and the lymphocytes- are capable of

Miiirntimi of lymphocyte* through wall of capillary x; y y, nuclei of vessel wall cell*; /.me. lympho
cyte*; /, irregular shape of nucleus of lymphocyte in process of passage. (Muximow.)

migration, the latter more particularly in subacute and chronic inflam
mation (Kig. 143). This has recently been amply proved by Sehridde,1 
using his acetone method and differential stain.

This much for the earlier stages the stages of development. Study
ing them we gain an explanation of the redness, the heat (increased 
determination of the blood to the part), and the swelling. Itegarding 
the pain, we shall speak later.

1 Munch, moil. Woeli,, 62:1006:1862.
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These earlier .stages are essentially the same in all eases of acute 
inflammation. The later stages can only he studied fully liy the metluNl 
of section, and what hupiieus in an individual ease depends upon the 
nature of the injury. Tims, it will he most satisfactory to consider 
now the different grades and varieties of injury, beginning with the 
simplest and advancing to the more severe, in each case discussing the 
process of events.

INFLAMMATION RESULTING IN HEALING BY " FIRST 
INTENTION."

The simplest case is that in which, without bacteria gaining entry into 
a wound, there is section of the tissues, with destruction of a certain 
number of cells and injury to others not of necessity so serious as to 
destroy them, and in which either the wound is so small that the edges 
come together naturally, or, being larger, the edges are brought into 
apposition by one or other surgical means. Here, as a result of the 
first stages, there is an (sizing or exudation of "serum" into the wound, 
along with some leukocytes and with an inconsiderable amount of blood 
from divided capillaries. Even if there be no blood, the interaction 
of the leukocytes, as sundry of them break down and liberate their fibrin 
ferment, of the destroyed cells similarly undergoing disintegration, 
and of the serum, lead to coagulation of the latter, and on the surface 
and between the apposed edges fibrin is laid down, and this acts as a 
provisional cement substance. Within the first twenty-four hours, and 
without mitosis, the tissue cells bordering upon the wound enlarge and 
send out processes and undergo division; epithelial cells of the deeper 
layers may even, according to Ix*o IiOeb, exhibit a certain grade of 
anaeboid movement, with alteration in relative position, coming thus 
into immediate apposition with those on the opposite side. In this 
way there is a bridging over and interlacing of the cells of the two sides 
of the wound. Next, as we are now convinced, largely through the 
agency of the leukocytes, the debris of dead cells is carried away— 
eaten and removed absorbed. The same is the case with the fibrin; 
this, too, undergoes absorption. In three days or so sections show 
occasional mitoses in the cells on either side of the wound; the capil
laries in the two sides are seen to throw out bud-like processes, which 
unite across this gap, and repair is practically complete. For a few 
days longer there may continue some redness and slight tenderness 
along the wound, but this " rs, and the parts are practically 
in statu quo.

It is, or used to be, taught that every wound must leave its sear. 
That this is not the case everyone knows who shaves. We have tier- 
formed an autopsy on a case in which laparotomy had been performed 
within three months, in which close examination externally failed to 
deteet the operation wound, while internally it was only indicated by 
omental adhesions and the absence of important |ielvic viscera.

9518
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Essentially, a similar course follows contusions, whether .suhcutaneons 
or affecting dec|M*r viscera. 'I'here are the same preliminary stages, 
with redness, swelling, heat, and |>ain, though the condition is compli
cated generally by more extensive rupture of capillaries and greater 
escape of blood into the part. The Huid of such blood dm‘ns away 
by the s, as may, also, some of the corpuscles. The mass of
the corpuscles, Ix-ing out of place, degenerate; their hemoglobin dis
solves out and undergoes a series of reactive processes, characterized 
by the color changes familiar in the "black eye.” Eventually the 
leukocytes carry away the debris, and the jmrts, provided the tissue 
destruction has not been severe (as in laceration), return absolutely to 
the normal.

INFLAMMATION LEADING DIRECTLY TO THE FORMATION OF 
GRANULATION TISSUE

If there has been loss of tissue, whether in communication with the 
exterior or through some cause leading to local necrosis or tissue death 
in an internal organ, provided bacteria do not grow in the wound, we 
have the same preliminary stages, only here, the injury being more 
severe and extensive, there is a greater reaction. More fluid is apt to 
lit; exuded, and, attracted by the dead cells and the products of their 
disintegration, more leukocytes migrate into the area. As a result, in 
an open wound the exudation, mixed with leukocytes and escaped 
blood, coagulates and forms a scab, which, drying on the surface, is in 
itself protective against bacterial invasion; and, if the wound has been 
effected in a clean manner, and due precaution lie taken, the wound 
may remain sterile. Bacteria, it is true, may gain entrance from the 
wounded skin—for this is never sterile, and cannot be rendered germ- 
free- but under favorable conditions the phagocytic activity of the 
exuded leukocytes and the bactericidal properties of the exudate may 
destroy them before they have time to multiply and gain the upper 
hand. In an internal organ or part the dead tissues cannot lie imme
diately removed (e. */., an infarct, or limited area of blocked blood 
supply in an organ, or the various structures in dry gangrene); the exu
date infiltrates it, its cells in dying coagulate, and the infiltrate between 
those cells also coagulates (coagulation necrosis).

Following upon this stage, we find that the dead cell material becomes 
either eaten up (phagocytosis) or gradually dissolved ; it disappears. 
As shown by Ix-lx-r, aseptic collections of leukocytes and the fluid from 
the same have distinct digestive powers, but, in addition, we have come 
to recognize of late years the autolytic projwrties of the cells (p. d7U). 
Whichever process plays the greater part, already, in three days or so 
after such tissue destruction, more particularly at the edge between the 
dead and living cells, there is observable a marked relative diminution 
in the amount of debris, and with this the appearance of a clearer zone 
between the intact tissue and the scab or urea of coagulation necrosis, 
with its more closely packed migrated leukocytes.

8077



PLATE XV

ru 'K J •<l

•N E&$ •r*
/« <"

a: iSMg m . s-*,u l'.t,

yr «v*
Â< ’ I ^

Granulation Tissue. The Upper is towanl the Outer Surface. 
Muximow. )

*■»</.. capillary endothelium : new cap., endothelium of newly forming capillary: 
fb!.. fibroblasts : . . polynuclear leukocytes: *.. the polyblasts of Maximow tIncluding 
plasma c*lls : deb. debris of leukocytes : deg.. a degenerating " polyblast."





FORMATION OF GRANULATION TISSUE 427

The next stage observable is that, into this c learer zone new capillary 
hands project from the surrounding capillaries. This is the first stage, 
or almost the first stage, of organization, and deserves close study. We 
say almost the first, Icecauae, even liefore this shows itself, changes have 
lieen noticeable in the tissue evils I core bring on the wound. They are
...... cl markedly swollen, showing unusual processes directed toward the
urea of injury, may, as in the previous case, undergo direct division, and

Feci. 1M

Formation of new vnwls in granulation tissue: 1, from n Ziegler’# chamber (fonnetl of two 
rovenilip#) left in the peritoneal cavity of a rabbit for forty-eight tiny#; portion of lie'll Imiuuletl 
by two fully formed new capillaries; between them can be eeen the solid bud# and provenue# of 
developing new capillnrie#; 2, from a similar preparation to show fonnative cells, or librobliutti, 
in direct connection with the endothelial processes. (Ziegler.)

within twenty-four hours, according to some authorities, usu
ally the period is Inter, the more orderly form of indirect division may 
lx* exhibited.

There still remains doubt ns to the structure of the finest cnpilluries— 
whether they possess anything of the nature of the limiting membrane 
or whether they consist merely of a tube, or potential tula* of endo
thelial cells in immediate communication with the surrounding tissue
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evils. The changes they undergo in this process of organization would 
seem to indicate that the latter is the ease. It would seem natural 
that where a tula* under pressure passes from a region where it is sur
rounded and supported by tissues to a region where it is su|>erlieinl and 
unsupported, it should give way on the side toward that surface, and 
that so, new capillaries should arise, as local “givings wav," or projec
tions on the free aspect of preexisting capillaries, brought about by the 
internal blood pressure. But this is not seen to be the ease. At the 
most, in an exposed wound the preexisting capillaries tend to present 
general dilatation with curvature toward the wound surface. But, 
where a new capillary is to be formed, instead of a thinning of the wall, 
there is a thickening. The endothelial cell or cells at that point form 
a swelling, from which projects a primarily solid process. As this 
grows it Incomes hollowed out at its base and blood gains entrance 
into and distends it. Kither before this occurs, or later, it is to lie seen 
(in sections) that the thin filamentous end of the process has either 
come into contact with the wall of some other capillary, or has become 
connected with the delicate process of some fibroblast (growing con
nective-tissue cell), or with a similar process from some other capillary. 
In the latter case more particularly we encounter specimens showing 
that the process from either end becomes hollowed out, the “mother" 
endothelial cells of the buds multiply, and in this way is gained a new 
capillary identical in structure with the old.

It is in this way that granulation tissue is developed, by the formation 
of successive loops of new vessels. In this way the free surface of a 
wound l>ecomes covered with a granular or velvety surface of reddened, 
minute projections, individual sets of these new loops being surrounded 
by young lihroblasts, the products in the main of the multiplication of the 
preexisting connective-tissue cells bordering on the wound. Of late the 
view has once more gained support that some, at least, of these fibro
blasts are derived from one order of leukocytes, while very possibly 
the proliferating vascular endothelium may contribute some. The fact 
that new tissues never arise in isolated foci, but always in direct con
nection with preexisting tissue, is strong evidence against cells that have 
wandered in from elsewhere playing a primary part in this process of 
new connective-tissue formation.

The identical process is to be met with in internal organs and in the 
organization of coagulated blood thrombi- within the vessels, though 
here, there being no free surface, the orderly formation “ ' on loop is not 
so obvious; there is first removal of the dead matter by the agency of leuko
cytes, autolysis, and absorption. I nto the clear zone so formed the vascular 
loops project forward in an identical manner; these become clothed with 
fibroblasts, while farther forward there is simultaneously occurring the 
clearance of debris and the projection of new vascular processes.

Thus, in an orderly manner the dead tissue is removed and replaced 
and the free space tilled in.

As the fibroblasts become mature, from being at first rounded or oval 
and fairly stout, with relatively large nucleus, they become elongated

B2A
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According to the tissue involved, so may we find some variation in 
the process. Thus, the brain contains a relatively small amount of 
ordinary connective tissue, and its vessels, it would seem, do not easily 
form new capillaries. Hence, if there he a hemorrhage or other local 
tissue destruction, while there is congestion around the area and abundant 
passage in of leukocytes, which load themselves up with debris (G luge’s 
corpuscles),1 the formation of granulation tissue is very meagre; a cyst 
wall only may be formed, and, with the carriage away and absorption 
of the dead matter, as the brain, from its relationships, cannot fall in, it 
becomes replaced by serous fluid, so that a cyst develops. (See < r 
on Cysts.)

ACUTE FIBRINOUS INFLAMMATION OF SEROUS SURFACES.

What is but a variant of the above process is seen in the fibrinous 
inflammation of serous surfaces. Simple acute serons inflammation 
is a variant of the previous grade, characterized by abundant exudate 
from the greatly ingested vessels of the serous surface and relatively 
slight migration of leukocytes. With its arrest, the parts undergo 
restitutio ad integrum. In the fibrinous form, and the same is true of 
the serofibrinous, there is abundant migration of the leukocytes out 
of the surface vessels. The irritant—bacterial in this case—leads to 
widespread necrosis and casting otf of the outer endothelial layer, 
and, just as thrombosis in a vessel is induced by destruction of the 
vascular endothelium, the blood coagulating or eonglutinating over 
the site of injury, so here the leukocytic exudation, breaking down, 
coagulates upon the injured surface, with the result that a deposit of 
fibrin occurs—the homologue of the scab over an external wound. If 
the deposit be but slight, it is absorbed by $ " leukocytes, the
areas of serous endothelium that have not been destroyed exhibit pro
liferation, and new cells cover the surface. If it be more extensive, 
complete return to the normal does not occur; we encounter replace
ment of the dead fibrinous matter by granulation tissue. New vessels 
pass in from the serous surface, organization occurs around these, and, 
where the fibrinous exudate completely fills a cavity, or is adherent to 
both aspects, then the new vessels coming from opposite sides anasto
mose, and we have complete obliteration of the serous cavity (eoncreiio, 
or synechia), or the formation of bands and veil-like membranes of con
nective tissue passing from one side to the other {organized adhesions).

SUPPURATIVE INFLAMMATION.

The essential feature of this grade of inflammation is the profound 
attraction of leukocytes to the area of injury, followed by the death of 
a large proportion of the same, and this unaccompanied by the rapid

1 Frit* Marchand points out that these are largely glial cells, not leukocytes 
Ziegler’s Bejtr., -15:1909:101).
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disintegration and dissolution of the dead cells, which characterized the 
preceding grades. There is thus found a thick, more or less creamy 
and opaque fluid at the site of inflammation, and, on microscopic 
examination, this is found to he a suspension of leukocytes— the poly
morphonuclear form being in overwhelming majority in all acute cases. 
Some of them exhibit well-staining nuclei, some have intracellular 
foreign matter—bacteria in various stages of degeneration—fatty and 
other matters, the result of >cytio activity. These are cells pre
sumably still active at the time of the removal of the pus. Others, again, 
show badly staining, broken-up nuclei. These are, clearly, degen
erated and dead cells. Occasionally, notably in peritoneal inflamma
tions, cells of other type may be observed, along with abundant free 
bacteria. If the fluid in which the cells are suspended be filtered off, it 
is found to be thick and singularly rich in protein, the results of tissue 
destruction and leukocytic disintegration.

Such is pus, and, experimentally, it can be produced by many means
by the local injection of oil of turpentine, the local action of certain 

metals, such as mercury and copper and their salts; by the products 
of growth of certain bacteria, or by the bacteria themselves. Experi
mentally, that is, as Leber, Councilman, and others showed many years 
ago, it is possible to produce aseptic pus. This, however, is not the 
case in ordinary clinical practice; in man, suppurative inflammation, 
in nine hundred and ninety-nine cases out of a thousand, means the 
presence of bacteria. The abscesses that may folio., the mercurial 
intramuscular injections, which constitute one method of treatment 
of syphilis, may be aseptic, as also, it may be, that the suppuration 
following deep burns may not in all cases be wholly aserilmhle to 
mierobic agencies ; the destroyed cell matter, that is, tends to cause an 
active migration of leukocytes. But in these cases it is impossible to 
exclude the presence of surface bacteria, and so decision is difficult.

The course of such suppurative inflammation can easily be followed 
iu the lower animals by means of subcutaneous injection of pus- 
producing bacteria, thereby causing abscess formation away from the 
surface, and excluding the possible action of other agencies. The 
variation from the processes hitherto described consists in (1) the 
progressive growth of the pathogenic organsims at the site of inflam
mation; (2) the progressive destruction of the tissues; (3) the more 
pronounced migration of leukocytes to the area; and (4) the indica
tion of interaction between those leukocytes and the bacteria, and of 
the existence of yet other reactive processes, whereby the growth of the 
bacteria becomes limited and arrested, and their destruction brought 
about. Experimentally, that is, just as iu more natural conditions, 
there is a tendency for the abscess to come to a head, and following the 
successive stages, the most striking feature is that the bacteria grow 
freely and abundantly, and then the time comes when the indications of 
abundant growth are succeeded by those of arrest and disappearance.

There is, in short, a period of incubation, during which the bacteria 
multiply locally without setting up a very marked reaction. Soon there

8
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is such reaction; the cells of the part become swollen, the capillaries 
in the immediate neighborhood full of blood, but only after this does 
the migration of leukocytes become noticeable. In other words, some 
little time is necessary before the bacteria, growing, are able to dis
charge sufficient toxins, and for those toxins to diffuse in sufficient 
concentration to attract the leukocytes out of the surrounding capil
laries. From this time on the migration is the prominent feature— 
is so extensive that the leukocytes at the focus of bacterial growth com
pletely obi iterate the tissue cells and by their abundance and the increased 
exudate compress the surrounding tissues ; they take up the bacteria 
actively, remain in the centre of attraction, and whether by the toxins 
of the ingested microbes, or by the toxins of the still abundant bacteria 
that have remained uningested—undergo destruction and dissolution. 
For some days, therefore, the organism is unable to restrain the bacterial 
growth. Despite the abundant leukocytes, the area involved increases ; 
the tissues of this area aie killed and disintegrated, their place being 
taken by the abundant leukocytes, which continue to pour in from an 
increasing ring of surrounding dilated capillaries. Bacteria are to be 
detected outside the limits of the area, having grown there along the 
tissue spaces or been carried by the currents of the exudate.

And then, at last— after three or four days—the organism gets the 
upper hand, and we see our fully developed abscess. There is what 
liibbert describes as a dense wall of leukocytes (Wallbildung) around 
the area; immediately outside and merging into this is a zone of dilated 
capillaries, the pu<njrnic zone, or “membrane;” there are no longer any 
bacteria outside, and, while the outer zone of leukocytes stains well, 
the central mass of leukocytes stains poorly and shows signs of nuclear 
disintegration and of death. Bacteria are still present in the central 
pus, and still living, as may lie determined by making a culture, but 
tliei' number is diminishing.

In the chapters upon general reaction and immunity (see particu
larly ( liapter IX) we shall discuss more closely what has occurred to 
make the tissues more powerful.

Now, follow the stages of resolution of the abscess : The micro
cocci or other microbes become fewer and fewer, and as the production 
of toxins diminishes, and the attractive force is lessened, the unde
stroyed leukocytes pass away from the area into the lymph and blood
vessels there is absorption. If the abscess be of small extent, the 
area closes in; if larger, the destroyed tissue is replaced by granulation 
tissue, and a cicatrix results.

The process here described as occurring in abscess formation holds 
also for inflammatory ulceration, with the difference that the latter 
process originates in close connection with an epidermal or mucous 
surface, and results in destruction <>r these surface layers, so that there is 
produced a loss of continuity of the tissues and exposure of the deeper 
layers—covered by pus to the external medium. With resolution, 
there is healing bv a like process of formation of granulation tissue. 
The like process obtains also in wounds, whether open or closed, that
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have hecome infected. Intermediate between the abscess and the ulcer 
i. ; the fistulous inflammation, in which what was originally a deep-seated 
abscess, through the pressure of its exudate, “points” or undergoes 
extension in the direction of least resistance of the surrounding tissues. 
As a result the suppurative process extends along a tract which sooner 
or later makes its way to a surface, from which the pus becomes dis
charged, the communicating passage being known as a fistula or sinus.

In suppurative inflammations of serous surfaces, another factor may be 
introduced. We have already seen that irritation of such highly vascular 
regions is liable to result in a fibrinous exudate. Where pyogenic 
bacteria gain entrance locally to a serous cavity—in appendicitis, for 
example—their toxins, before they become too concentrated, lead, 
first, to a fibrinous exudate, whereby the viscera in the immediate 
neighborhood becomes cemented together; and, while at the region of 
entrance, the bacteria may multiply and induce pus formation, the 
surrounding fibrinous adhesions prevent the escape of these bacteria 
into the serous cavity in general, and, in virtue of the fibrinous adhesion, 
dense, and permitting very slow diffusion of toxins, with arrest of 
bacterial passage, a localized abscess results in place of widespread 
suppuration—an abscess whose circumference, in part, is formed of 
inert matter, and not of living tissue. The products of bacterial 
growth, it is true, can dissolve this fibrin; thus, such an abscess tends 
to increase in size, but as it grows, so in favorable cases the outer zone of 
irritation, through the diffused toxins, leads to more fibrin being laid 
down, and if with active reaction on the part of the tissues and 
quiescence of the viscera, such fibrin formation can be adequately 
procured, the inflammation remains local. Indeed, with the increase 
in size, the visceral layers forming the walls of such an abscess mav 
become eroded and the abscess discharge into the lumen of the intes
tines (for example) before the fibrinous adhesions give way ; we thus 
may have exogenous ulceration of viscera.' Where, on the other hand, 
the fibrin formation is inadequate from one or other cause, from lack 
of reactive powers or from amount and intensity of action of the entering 
bacteria, there the bacteria become spread through the serous cavity, 
and general or diffuse suppurative inflammation occurs.

It is, perhaps, serviceable to banish the term general, as applied to 
peritonitis, as being too vague, and to distinguish between universal 
and diffuse. When, for example, there is perforation or rupture of 
the bowel, there may be immediate infection of a considerable neigh
borhood, and a purulent condition set up too diffused and indefinite 
in its boundaries to be spoken of as a local abscess; nevertheless, all 
around the outer limits fibrin formation is seen to have occurred. In 
this way the whole pelvis or one segment of the abdominal cavity may 
be involved, the rest being free. On the other hand, there may be no 
fibrin formation, and suppuration everywhere throughout the cavity— 
universal peritonitis.

28
* See Adami, Montreal Med. Jour., 32:1903:401.
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A similar spreading suppurative condition may show itself in the 
solid tissues, where the “wall building” by the leukocytes is incom
plete, and the bacteria, as a consequence, proliferate and spread in the 
tissue spaces and along the lymph channels. In this way we have set 
up a cellulocutaneous inflammation, w th diffuse suppuration of a limb 
or subcutaneous tissues. Where the toxic properties of the bacteria are 
still more pronounced, the extensive tissue destruction which follows their 
spread becoming the most marked feature, we have a phlegmonous or 
gangrenous inflammation.

In all these latter cases in which the bacteria are not successfully 
retained in the locality of their primary manifestation, gaining entrance 
into the lymph and blood stream they may be carried to a distance, 
and there, being deposited and finding conditions favorable for growth, 
may set up similar reactions, causing metastatic or secondary abscesses.

Fibrinous exudate in lung alveoli; rase of acute lobar pneumom; , to show fibrinous network.
(After Hibbert.)

More particularly in acute bacterial inflammations, stasis is apt to occur 
in surrounding vessels. By this means they become plugged, and, as 
an abscess extends, it is noteworthy that despite erosion of the tissues 
hemorrhage is not liable to occur. Such plugs of coagulation may extend 
up a vein for some distance ( thrombophlebitis), and as an abscess extends, 
causative bacteria gaining entrance into them may grow along them, 
and so into the vessels. Growing, they soften the clot, and from it 
infect the vessel walls (pglephlebitis); portions of the disintegrated clot 
may become loosened, dislodged into the main vein beyond the point of 
arrested circulation, and carried by the blood to the lungs, liver, or 
other organ, and there become arrested in some smaller vessels, thus 
causing an infective embolus, or plug, and setting up an embolic abscess.

We have not as vet exhausted the varieties of acute inflammatory 
manifestations. In this progressive description of the different orders
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we have purposely left out some which were not of the direct line. 
These we may now note.

Hemorrhagic Inflammation. The exudate may contain not merely 
leukocytes, but also red blood corpuscles, under two conditions : ( 1) 
Where the causative agent is very toxic, setting up a greater dila
tation and thinning of the capillary walls, along with, it may well be, 
a direct degeneration of the capillary endothelium; and (2) where the 
abundant capillaries are unsupported, so that their dilatation is not 
limited by the pressure of surrounding tissues. In both these cases 
erythrocytes may be forced through spaces in the capillary walls and 
escape with the exudate. In some cases of intense inflammation the 
number of leukocytes in the exudate may, from negative chemiotaxis, 
be very few, and, per contra, in inflammation of moderate grade, a stray 
erythrocyte may be found outside the vessels which, possibly, has passed 
out through the channel made by the actively migrating white cell 
(Fig. 141). In those other cases it has to be recognized that lack of 
continuity of the < iry wall is not necessarily produced by this means.

Fio. 147

Svhematic representation of a diphtheritic inflammation of a mucous surface. Complete loss of 
epithelial layer, the necrosis extending into the subepithelial layer: f, fibrinous layer; am, suhmiieosa.

Such hemorrhagic inflammation often shows itself in connection with 
serous surfaces. The commonest site, however, is the lung substance, 
where the hemorrhagic exudate into the delicate walled alveoli is the 
distinguishing feature of acute pneumonia. Here once more we note 
that, so soon as the blood (for the exudate in these cases is blood to all 
intents and purposes) escapes from the vessels, it tends to coagulate. In 
tills way is produced acute fibrinous inflammation (Fig. 140).

Membranous Inflammation.—Similar acute fibrinous inflamma
tion may also a fleet mucous membranes, as of the throat and upper 
respiratory channels, but a distinction must be made between it and the 
membra nous or diphtheritic inflammation. In this latter form an irri
tant acting from without or from the surface brings about necrosis of 
the surface layers—there is profound engorgement of the superficial 
vessels with exudation—and the same process happens as we noted in 
connection with infarcts, namely, the exudate and the dead cells undergo 
a common coagulation, and surface exudate and surface cell layers

80
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together form a (false) membrane, which, in the earlier stages, is so 
intimately connected with the underlying living tissue that it cannot 
be detached, herein differing from the slighter fibrinous exudate. Such 
diphtheritic false membrane may occur not only in the throat, but in the 
intestines, bladder, and other mucous surfaces, and eve1.! on exposed 
wounds.

Later, the accumulation of leukocytes between the false membrane 
and the sounder tissues below leads to a digestion of the fibrinous con
nections and loosening of the membrane.

It is worthy of note in this connection that where there exists a well- 
formed basement membrane the diffusion inward of toxins is arrested 
to a considerable degree, only the surface epithelial layer undergoing 
necrosis and being cast off. This, at least, would seem to he the ana
tomical explanation of the firm! v adherent false membrane in the pharynx 
in diphtheria, the looser, detachable membrane in the trachea and 
bronchi.

The terminology here is misleading and unfortunate; it dates from 
a time when the real nature of diphtheria was unknown and two condi
tions were recognized croup and diphtheria, the former affording a 
detachable fibrinous membrane, the latter a more adherent membrane. 
Needless to say that nowadays we know no “ fibrinous croup,” but, as 
regards false membranes, we observe that a diphtheritic membrane is by 
no means always due to the diphtheria bacillus. Our own custom is to 
employ the term diphtheritic for all false membranes; the term diph
therial, when we wish to indicate that this is associated with the specific 
disease, diphtheria.

Schematic representation of n catarrhal inflammation: rpi. 1, columnar epithelium still in situ 
hut with increased number of goblet, cells discharging mucus; rpi. 2, epithelial cells liberated into 
exudate; rpi. 3, remaining vegetative epithelial cells.

Catarrhal Inflammation. A slighter grade of change, affecting 
mucous membranes, results in the catarrhal inflammation. Here, 
although we note that many of the epithelial cells are cast off, and can 
be recognized in the abundant exudate, the dominant feature is irrita
tion rather than necrosis. With the surface irritation there is pro
nounced congestion of the underlying vessels, abundant exudation of 
serum, and some leukocytes, but most marked of all, the columnar, 
epithelial cells are stimulated to excrete abundant mucus, and the

*
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copious mucus forms a laver over the inflamed surface, containing, 
also, leukocytes and cast-off epithelial cells. This discharge is regarded 
as, to a considerable extent, protective; not only are bacteria detained 
in it, but it is claimed to have a certain amount of bactericidal activity, 
and acids and other irritants diffuse through it with diffi ulty.

Inflammation in Non-vascular Areas. There are several such 
noil-vascular areas in the body -cartilage, the outer third (at least) of 
the cusps of the heart valves, the lens, and cornea. This last, more 
particularly, affords a favorable field for the study of the effects of local 
injury.

Mild grade of inflammation of cornea in man (keratitis e higophthtdmo), characterised by 
enlargement and direct division of the nuclei of the corneal corpuscles r, with hut slight invasion 
of polynuclear leukocytes p, and lymphocytes I. (Tooke.)

Here, as in vascular tissues, we may have various grades. The very 
slightest destruction of surface cells is followed merely bv swelling and 
overgrowth of the surrounding cells and replacement by these new 
cells. A little more severe injury is followed by attraction of leukocytes 
from the surrounding tissue spaces of the cornea and from the lacrymal 
fluid bathing the surface of the eye (this always contains a few leuko
cytes). These first fill the wound, then, as the surrounding corneal 
corpuscles multiply, they pass away and with them the debris of the 
dead cells is found to have gone also, and the part returns to the normal.

More severe injury is inflicted by injecting suppurative microbes, 
such as the Pyocinvus aurevs, into the corneal tissue. As in the case 
of the experimental abscess, we recognize a period of growth of the 
bacteria, with swelling, degeneration, and destruction of the cells at 
the focus of growth ; some extension of the bacteria along the surround
ing tissue spaces, the more peripheral corneal corpuscles becoming



THE LOCAL HE ACTION TO INJURYVAS

swollen, in their turn, and their processes more prominent. Only after 
many hours—it may he next day—do we see evidence that the toxins 
have diffused through the corneal lymph spaces and affected the circular 
marginal vein. This now becomes dilated and prominent, and micro
scopic examination at this stage shows margination of leukocytes and 
migration of the same toward the site of injury. lecher performed an 
admirable experiment to demonstrate that this migration is active, and 
that the mass of leukocytes is derived from the bloodvessels. lie 
injected cocci into the cornea at three different points around the centre, 
and found that there was no leukocytic accumulation toward the 
central aspect of these foci, but on the peripheral aspect each showed a 
more or less wedge-shaped radial accumulation.

From now on the process closely resembles that which we have 
described in connection with the abscess—or, more exactly, what hap
pens in the ulcer: progressive tissue destruction, with- in cases that 
end in healing—even more marked accumulation of leukocytes. And, 
to complete the similarity, the vessels become definitely involved. We 
mentioned in connection with granulation tissue that the formation of 
the buds or processes which become new vessels was difficult to explain, 
save as due to chemiotactic influences. It is impossible to resist a like 
conclusion here. From the i " vein processes are given off at
several points, directed toward the ulcer. If the nicer be not central, 
it is particularly on the side closest to the ulcer that these show them
selves. They are not developed on the side of the vein away from the 
cornea. And as these processes enlarge, they become canalized, become 
new vessels in the previously non-vascular cornea, passing to the region 
of ulceration. Once formed, they may be observed, in man, for years 
afterward, the indication of old corneal inflammation. Similar new 
vessels are formed in the inflamed hear* valves, and make their way into 
inflamed cartilage.

Whether, now, in the stages of healing, definite granulation tissue is 
formed at the site of the ulcer, or merely absorption takes place, with 
proliferation of the corneal corpuscles and filling in of the wound, 
depends upon the extent of the ulceration and the duration of tin- 
process. In all cases, however, the new tissue is imperfect, the cells 
more irregularly disposed than normal corneal tissue, the cicatrix 
fibrous, white, and opaque. Where the process is not duly arrested, 
the whole thickness of the cornea becomes eroded, the aqueous humor 
escapes, and the inflammation may become general, affecting the whole 
eye.

In the heart valves the like process is complicated by the fact that 
the ulcerated surface is exposed to the blood stream, and on it fibrin 
becomes deposited, forming “vegetations.” The causative organism 
may grow into these vegetations, and lead them to soften and become 
detached into the blood stream; if small, they may be completely 
absorbed by the agency of leukocytes; if not absorbed, the vasculari
zation of the ulcerated cusp extends into them, their fibrin becomes 
replaced by granulation tissue; they become organized and fibroid.

7663



CHAPTER IL
TH K LOCAL REACTION TO INJURY (Contini kd).

CHRONIC INFLAMMATION.

There is another group of cases in which (o) there is a long-continued 
process (b), accompanied l>v a few or none of the cardinal symptoms 
(r), in which the proliferative changes and formation of cicatricial 
fibrous tissue are more prominent than the vascular disturbances (d), 
more prominent also than are the evidences of leukocytic migration. 
And yet, studying these chronic conditions, we are convinced that they 
represent but another grade of the one process of inflammation. In the 
first place, they follow upon definite insult or injury to the tissue 
affected. Here, too, we have a series of intermediate cases passing 
imperceptibly from the most acute to the most chronic conditions, with 
no sharp line of distinction at any point; and, further, we recognize 
cases in which the beginning is of the acute type; others in which there 
are recurrent outbreaks of more acute disturbance, the changes pro
gressing slowly but steadily in between these.

The word chronic is apt to be used very loosely. It is customary, 
for example, to speak of indications of previous acute inflammation as 
chronic—of old pleural, pericardial, or peritoneal adhesions as chronic 
pleurisy, pericarditis, or peritonitis. This is both wrong and mislead
ing, and only permissible when—as often ns in chronic endo
carditis—the altered condition of the parts in itself leads to further 
progressive changes. We should make the distinction between old 
pleurisy, or pleuritic adhesion, and chronic pleurisy, using the latter 
term only where we recognize slowly progressive changes, due to the 
continuance of irritation.

Like the acute conditions, the chronic changes may be set up either 
by bacterial or by non-bacterial irritation; in the latter case we may 
have to deal either with the effects of repeated slight mechanical injuries, 
or, more often, with the effects of perverted metabolism and continued 
slight intoxications affecting particularly certain tissues.

The Infectious Granuloma. It is more instructive to begin with the 
study of cases which may verge on the subacute; for this purpose, the 
so-called infections granulomas afford the best examples.

The term “ infectious granuloma” is applied to the localized effects 
of the growth within the organism of a class of microbes which, while in 
particular weakly or very susceptible individuals they may induce a 
rapidly fatal disease, in general set up chronic disturbances, which 
induce no intense immediate reaction, but at the same time are not
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easily antagonized once they gain a foothold in the tissues. The process 
of the arrest of their activities is a slow one, and often incomplete, the 
microlxvs being cut oil' from the surrounding tissues, hut not of necessity 
killed. Often this process of arrest fails, and there is progressive 
extension of the condition. Each localized growth of the microbes in 
question sets up a localized reaction, resulting not in the formation of 
an abscess, but of a nodular tissue overgrowth and cell destruction 
a tubercle. Such microbes are those of tuberculosis, leprosy, syphilis, 
and actinomycosis, to mention the more important. Relatively inert 
foreign particles and the ova of certain larger parasites set up similar 
changes. The tubercle proper, caused by the tubercle bacillus, affords 
us the best example; its mode of formation has been studied more 
especially by Baumgarten and Borrvl.

When tubercle bacilli, injected into the circulation, come to rest 
within a capillary, they arc apt to be taken up by the endothelial cells

capillary within a few min
utes; or, if too many to be taken 
up, it is found that they become 
surrounded by large cells, which 
now we recognize are swollen and 
proliferated endothelial cells. Hie 
earliest reaction, thus, is on tin* 
part of the tissues, and is not a cell 
destruction, but cell growth. Along 
with these large so-called epitheloid 
cells a certain but relatively not 
large number of leukocytes also 
collect. These are first polynuclear, 
later lymphocytes to
the exclusion of the polynuelears.

mm
RN.t

Through this endothelial swell
ing and proliferation the capillary 
first involved becomes closed up, 
and later, the outer capillaries in

Schomalii! representation of n tulierrle: n, 
giant cell, with necrotic centre anil multiple 
nuclei more peripherally arranged; h, epithe
lioid cells; r, lymphocytes.

the neighborhood become similarly closed, so that the tubercle becomes 
strictly an extra vascular formation. During the first stages, then, 
cell growth around the bacilli continues to be the most marked feature. 
The large endothelial cells immediately surrounding the bacilli may fuse 
together, forming a (/tant cell, having the mass of bacilli in the centre. 
This is not always seen, but, when present, is very characteristic. Nor 
would it seem that the numerous nuclei of the giant cell are purely due 
to cell fusion ; as shown in the accompanying figures from Dr. Duval's* 
studies upon chronic glanders, the multiplication is in part by 
amitosis. As the bacilli multiply2—and also, it may be, as some of them

1 Duvnl ami White, Jour, of Kxp. Medicine, 9:1907: 352.
1 Vrudden and Hodenpyl have shown that the injection of dead tubercle bacilli 

will lead to these earlier stages, in which case the gradual diffusion out of the intra
cellular toxins can be the only explanation of the succession of changes induced.

4
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arv destroyed and their intracellular toxins liberated from acting in the 
less concentrated form as stimulants to cell proliferation, in the more 
concentrated form they act as intoxicants, and lead to the death of the 
cells in the immediate neighborhood. Thus, the typical giant cell comes 
to exhibit a central, badly staining, necrosed area, around which often 
more on one side than the other— other endothelial cells have fused, 
whereby it comes to pass that the typical tuberculous giant cell exhibits 
on section a peripheral circle, or crescent, of nuclei surrounding a more 
or less hyaline necrosed mass, the tuliercle bacilli being found more 
particularly at the edges of the necrosed area, although indications of 
broken-down bacilli may, with care, !>e detected throughout the central 
area. It must here be emphasized that the giant cell is not an essential 
component of the recent tubereh uses of miliary tuberculosis of the lung 
may be encountered in which the abundant isolated tubercles are wholly 
devoid of this order of cell.

Fin. I.'il

(Hunt i'1-l , ex|ierimentnlly imluml chronic glumicr*. In I. two of the nuclei show
n in H the multiplication in completely amitotic. (Duval ami White.)

The complete early tubercle shows, thus, either a more centrally dis
posed cluster of larger, more hyaline, epitheloid cells or a giant cell 
surrounded by cells of this order, and a certain number of interspersed 
lymphocytes—the typical “small round cells” of subacute and chronic 
inflammation—or, less frequently, of polynuclear leukocytes. Outside 
this there may be some dilatation of the surrounding capillaries, but it is 
not very marked.

As the bacilli continue to propagate, the area of cells destroyed 
increases, and we gain a larger and larger central area of necrosis of that 
tyjie known as education. The affected cells completely lose their 
power of staining, the cell bodies undergo fatty granular disintegration 
and lose their outlines—an opaque granular cheesy mass tills the centre. 
Now, around this there may be found several newly formed giant cells, 
and as the central area increases so does the peripheral ring of active 
cells increase in circumference until the mass may be clearly visible 
to the naked eye. After this stage it may be noted that the bacilli are
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not merely within the giant cells, hut interstitial also, lying between the 
cells in the central area.

Some, indeed, escape grow, or arc carried by leukocytes outside 
the bounds of the tubercle, and, coming to rest in the lymph spaces, 
there may form foci for the development of new young tubercles, whereby, 
in place of one, there may be a conglomeration of several small tubercles 
around a central necrotic area. These give origin to yet other tubercles, 
so that eventually a gross conglomerate mass of tubercles, with large 
central area of caseation, becomes developed. Such a mass, in its con
tinued growth, may come to involve a surface, or the wall of a large 
vessel, or a bronchus, and, causing the destruction of the superficial 
layers, may rupture and discharge the cheesy matter with its bacillary 
contents, causing thus a tuberculous ulcer, and favoring the spread 
of the bacilli to other regions. In such case there develops a pro
gressive tuberculosis. On the other hand, as the tissues become accus
tomed and adapted to the toxins (we shall discuss the means later), 
and as the development of the tubercle proceeds at a less rapid rate, 
time is given for the fixed connective-tissue cells of the periphery of 
the tubercle to develop from fibroblasts into definite connective-tissue 
cells. And so we may obtain the formation of a well-marked con
nective-tissue capsule surrounding the growth. With this there is 
arrested activity on the part of the bacilli—indeed, if the tubercles are 
small, they may undergo complete absorption; if, through fusion, larger 
caseous masses have been formed, there may be consolidation of the 
same, with calcification, and hence calcareous nodules, surrounded by 
a dense fibrous capsule (often seen at the apex of the lungs), come to 
represent the old tubercle. In such caseous and caseocalcareous 
nodules the bacilli may, it would seem, persist for years, for the matter 
is found capable of infecting guinea-pigs. If the health of the indi
vidual be greatly lessened, the indications at postmortem are that they 
may form foci for renewed growth of the bacilli, and, it may be, rapidly 
progressive extension of the disease.

There is now no doubt that tubercles may undergo complete absorp
tion. This has been demonstrated in dogs having experimental peri
toneal tuberculosis, and there are surgical records to the same effect. 
We have ourselves seen in the postmortem-room only a few larger 
caseous masses left in the abdominal cavity of a woman on whom opera
tion had been attempted some months before, and given up as hopeless 
on account of the universal peritoneal tuberculosis. The patient, after 
the attempted operation, had been treated with Rôntgen rays for some 
months, as a last resort, and died, not of tuberculosis, but of obstruc
tion of the bowel.

With variation, rather in detail than in principle, this description 
applies to the other infective granulomas. In syphilis the giant cells 
are not so frequent, and the necrosed centre matter becomes “gummy" 
rather than caseous; in actinomycosis the tendency is for the necrosis 
to be of a more suppurative type—leukocytes making their way into
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the dead area and causing dissolution. Still more marked liquefaction 
is seen in chronic glanders.

Around foreign particles, while there may he extensive giant-cell 
formation, there is little necrosis purely fibroblastic accumulation 
passing on to fibrosis, with subsequent hyaline degeneration, which must 
be regarded as a necrobiosis rather than a necrosis. The same is true 
regarding the eggs and larva* of parasitic worms and the inflammation 
around them.

Chronic Diffuse Inflammation. But tuberculosis and syphilis may 
also set up not these localized granulomas, but diffuse fibroid changes 
in organs. Such may be the after-results of multiple miliary granulomas. 
We have seen the transition from the one to the other well marked in the 
heart of a child with congenital syphilis. More often it would seem to 
be caused by the action of the toxins apart from the bacteria. Such 
fibrosis—cirrhosis—is common in the syphilitic liver, both of the con
genital and the acquired disease. French writers have called attention 
to its existence in the liver in tuberculosis. The fibroid changes of 
recurrent rheumatism, seen more particularly in the heart valves, are 
also, it would seem, primarily of bacterial origin.

There exists, further, a widespread group of conditions that we class 
as chronic—“itis” (the term “itis” attached to the name of an organ 
should always denote a state of inflammation)—chronic nephritis, hepa
titis, thyroiditis, and so on, in which, although in some cases the irritant 
may be of bacterial origin, faulty metabolism and imperfect nutrition 
appear to be the main causes. In these, so far as we can see, excessive 
or disturbed secretory activity leads to degeneration and atrophy of the 
specific secreting cells of the organism, and either with the reduction 
in the nobler elements, the less noble connective tissue undergoes pro
liferation, to replace the lost tissue—a process similar to what we see 
takes place in the formation of a cicatrix—or substances which act as 
irritants to more delicate and highly organized cells act as stimulants 
to the more lowly connective-tissue elements, and so, destroying the 
former, lead to the proliferation of the latter. It may be that both 
factors are at work. In all such cases we are apt to see proliferation 
accompanied by little vascular dilatation, and if leukocytes be present 
in any number, they are of the lymphocytic origin, and not poly
nuclear, and are most abundant around the larger vessels; nay, more, 
they have some tendency to assume the plasma-cell type, being present 
as relatively large polygonal and irregularly shaped cells with eccen
trically situated nuclei.

Other examples of injury leading almost entirely to proliferation of 
the connective elements we have already noted, namely, the fibroid 
capsular formation around relatively inert foreign bodies.

How far injury may lead to proliferation of the higher tissues we 
shall discuss in connection with neoplasia.
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THE MAIN DATA REGARDING INFLAMMATION.

In another place1 we have analyzed in some detail the various factors 
concerned in the process of inflammation. Apart from unwillingness 
to repeat ourselves unduly, we cannot here devote the same space to 
such analysis. It is, however, necessary that we should call attention 
to the conclusions that are to he deduced from the study of the different 
grades of the process, for certain facts stand out very prominently, and 
must be made the basis for our judgment regarding the essential nature 
of inflammation, and in so doing we can call attention to matters which 
could not easily be introduced in a straightforward description of the 
stages and different varieties of inflammatory manifestation.

1. The Cause of Inflammation. -First, then, all the grades we 
have described have followed upon injury of one or other nature, and 
even where the injury has been continued, in all we have evidence of 
reaction.

2. The Two Prominent Factors in the Process of Inflammation.
This reaction shows itself in many ways. Whether vessels be present or 
not, we observe two predominant factors coming into play : (a) Sooner 
or later, proliferation of the cells immediately around the injured area ; 
(l>) attraction of the wandering cells to the area of injury.

.‘i. Secondary Role of Vessels. The presence of vessels adds no 
new features to the process ; it does but reinforce processes already in 
action where vessels were absent, rendering the reaction more rapid 
and more complete. More particularly is this the case in respect to 
the migration of leukocytes and the conveyance of increased fluid 
(exudation) to the part.

4. Tissue Proliferation. -In the slightest grades, and again in 
microliie inflammation, where the toxins are not too concentrated, cell 
proliferation may show itself as the very beginning of the reaction. In 
severer grades it is only with resolution that it becomes marked. In 
intermediate grades cell destruction may be proceeding at the centre, 
while at the periphery, where the irritant is less intense, proliferation 
may be in evidence. It has been customary to draw a sharp line of 
distinction between inflammation and repair; this is irrational.

5. Capacity for Proliferation of Different Tissues. As regards 
the individual tissues, we note that it is the lowest, the most undiffer
entiated of all, namely, connective tissue, that is most apt to undergo 
proliferation. And here we may note, although we shall have to con
sider the matter further when considering regeneration, that the more 
highly differentiated a tissue, the less is its capacity to proliferate and 
exhibit reparative processes. As, also, that where a tissue under favor
able conditions can manifest proliferation and new-growth, that same 
tissue under conditions of acute or chronic inflammation may exhibit

1 Inflammation, an Introduction to the Stud// of Patholot/n, Macmillan, 4th edition, 
MMM.
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little tendency to reproduce itself. Where two tissues are proliferating 
together, the one actively and rapidly, the other at a slower rate, the 
former tends to hinder and arrest the growth of the other. Thus, in 
general in inflammation it is the connective tissue that tends to replace 
or supplant all other tissues, and on surfaces the simplest forms of epi
thelium or mucous membrane, and not the more elaborate glands, hair 
follicles, etc.

(). Leukocytes in Inflammation. Turning now to the leukocytes, 
a word must first be said regarding the varieties of the same. We now 
recognize three groups:

(a) That which we may term the “bone-marrow group,” because, 
although there are indications that these may also be produced else
where, it is in the bone-marrow more particularly that in the adult we 
encounter the mother cells from which these develop. The members of 
this group are more especially the polynuclear (finely granular oxyphile), 
the commonest form present in the blood, and the éosinophiles.

(b) The lymph-follicle group consists of the lymphocytes and the 
plasma cells; Schridde1 has recently confirmed the conclusions reached 
by Ribbert, Saxer, Marscludko, and Marchand, by demonstrating by a 
special method that both these cells possess identical granules.

(c) The endothelial and tissue-cell group, of which the large “hyaline” 
cells (Metchnikoff’s macrophages) are the representatives (see Plate XX'I). 
Kadi of these varieties may be encountered in one or other grade of the 
inflammatory process. In acute inflammation, it is the polynuclears 
that dominate the scene. It is these that are seen actively migrating 
and actively phagocytic for bacteria.

In acute inflammation, also, we observe that the éosinophiles are 
involved. Those that happen to be in the tissue are among the first to 
be found at the site of injury; in the very earliest stages several observers 
have found them relatively abundant. They are not, or scarcely at all, 
phagocytic. The part they play is in debate. In inflammation of the 
peritoneum, XX*. G. MacC'allum has found them massed in the capil
laries of the mesentery and omentum.

In the infectious granulomas the hyaline and endothelial cells play a 
prominent part, as again in inflammation of moderate intensity of the 
peritoneum and serous surfaces. These large, clear cells, with rela
tively pale-staining nuclei, are actively phagocytic for other cells and 
cell debris—as are all the tissue-cell group; as also for bacteria of 
medium grade of virulence (of the type of the tubercle and glanders 
bacilli), not so actively phagocytic for the microbes of suppuration.

It is in chronic inflammation also that we encounter the lymphocytes 
and plasma cells as prominent features, both more particularly clustered 
around the vessels. They are not markedly phagocytic. Several workers 
regard these as actively concerned in the production of specific anti
bodies.

7. Leukocytic Migration. There is a definite object in this accu
mulation of leukocytes at the site of injury and irritation. XX’e have

* Die Kornclungcn tier Plusmazcllcn, XVicsbaden, Bergman, 1905.
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noted that they are attracted by dead-evil matter, and that they remove 
the debris. (Experimentally, if a fine glass tube containing tissue 
extract be inserted in one of the large veins, the leukocytes from the 
circulating blood are found to accumulate in it.) We have seen, also, 
that they actively ingest pathogenic microbes, if these be not too viru
lent, and, when ingested, may digest and destroy them. And it is 
found that even where either the ingested bacteria are too virulent, and 
lead to the death of the leukocytes, or where the cells are destroyed by 
the bacterial toxins diffused in the medium, they still may be of service, 
for in their disintegration and dissolution they liberate antibacterial 
and antitoxic substances. It has been found, for instance, that if an 
acute aseptic inflammation be set up in the pleural cavity, by powdered 
glass, aleurone, etc., an exudate is given off containing abundant leuko
cytes. If these leukocytes be filtered oil', the filtrate is much more 
bactericidal than is the lymph or blood serum of the same animal, and 
this is traced to the breaking down and dissolution of many of the 
migrated leukocytes. How far, also, it is due to an active excretion 
from the living leukocytes is still a matter of debate. Hardy and 
Kanthack described very definitely the active discharge of the granules 
from eosinophilous leukocytes in the frog, comparing them with the 
discharge of secreting cells; nor is it difficult to repeat their experiments. 
Undoubtedly, the exudate conies to contain more bactericidal and anti
toxic substances than the circulating blood plasma.

S. Fate of Leukocytes. As to the fate of the leukocytes, it is 
various. Many, we have noted, undergo dissolution in situ; this, 
indeed, seems to be the fate of the majority; some become ingested by 
other leukocytes and by the proliferating tissue cells of the part, some 
pass back out of the area of inflammation into the lymph stream, or 
actually back into the capillaries.

The members of the bone-marrow and lymph-follicle groups never 
form tissue. It had been thought by Maximow and others that the 
plasma cells have this power. Schridde, by his method of granule 
staining, has shown that, though plasma cells may come to be retained 
in connective tissue, and even to take on a spindle-cell shape, lying 
between the fibres, they retain their particular granulation; in other 
words, never become typical fibroblasts. Of the tissue-cell group, 
some, at least, have the power of tissue formation as might, indeed, 
be expected.

fi. Fluid Exudate. Beyond favoring materially the carriage and 
migration of leukocytes into the inflamed area, the vessels, through 
their dilatation, are the direct cause of the increased exudation of fluid 
into the injured area. Possibly, this is not the correct way of stating 
the relationship. We know that there is a close interaction between the 
tissues and the blood; that when, for example, blood is drained from 
the body, the tissues rapidly give up fluid into the vessels. It may, 
thus, well be— nay, probably is—that physical changes in the tissues, 
due to cell irritation in the first place, act on the vessels, and call for 
increased flow of fluid from the vessels into the tissue spaces; that the
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dilatation of the vessels is the direct result of the tissue disturbances, 
and not primarily brought about by nervous influences. That this is so 
we have already indicated. But once the vessels have dilated, as indi
cated by the increased lymph flow from the parts, the exudation is in 
excess of the immediate needs of the tissues. We have developed, in 
short, a flushing process, serviceable so far as it dilutes the irritant, 
harmful so far as it carries the irritant out of the primary focus; service
able in bacterial inflammation in that it brings a constant supply of 
antibacterial serum to the part, harmful in the same.in that, also, it 
brings more foodstuffs for those bacteria; serviceable, lastly, as pointed 
out bv Hilton,1 by acting as a fluid splint, securing immobility, and 
harmful if too long continued, because it favors the formation of adhe
sions. rendering the part rigid.

10. Repair. Indeed, while we cannot but see throughout the whole 
study of inflammation that the tendency is toward an arrest and repair 
of the injury, at the same time it is constantly being impressed upon us 
that the reaction is not directly proportioned to the injury inflicted; it 
may, in some respects, be inadequate; in others excessive.

Of this, instances will occur to the reader. The leukocytes may be 
repelled instead of attracted; may take up bacteria that they cannot 
destroy; may carry them away to other parts, and so originate new 
foci of inflammation. The tissue proliferation may be wanting, or 
may be , leading to exuberant granulations, keloid, etc.
The fibrinous deposit on serous surfaces may be greatly lacking (as often 
happens in typhoidal perforations), so that there is no limitation of the 
inflammatory process ; or excessive, so that full absorption is impossible; 
the organization of the same may lead to constriction and kinking of the 
gut, or to the formation of bands, causing strangulation.

Inflammation is not repair; it is, as we have elsewhere expressed it, 
the attempt thereat. It is an adaptation on the part of the organism 
to unusual conditions, and as such, being outside the normal range of 
tissue reactions, it is almost inevitably less perfect than is the normal 
reaction to normal stimuli. As we have pointed out (p. 125), a 
tion is not an immediate process; while the cells can accomplish more 
than is normally demanded of them, it takes time for them to respond 
appropriately to stimuli that are beyond the normal, and in inflammation, 
before the cells have, as it were, learnt their lesson, such changes may 
have been produced that return to the normal is impossible—nay, more, 
before it has educated itself the organism may be overcome.

11 Participation of the Organism in Inflammation. This leads us 
to consider the further point : How is it that in microbic inflammations 
that are recovered from, the bacteria at first thrive, and then later are 
arrested in their growth? Is it purely due to local accustomance and 
adaptation of the leukocytes and tissue cells to the changed conditions, 
so that, becoming used at first (those that are not immediately destroyed )

1 Rrrt null F«iin, 1863:89 (a work that should be a “companion book " of every 
medical student).
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to small closes of the toxins, they eventually become able to neutralize 
much larger doses; or is there assistance from the rest of the organism? 
We must assume that both are in action (p. 415). Here attention must 
again be called to the fact that, whereas inflammation is, we hold, 
essentially a local process, it may be, and generally is, accompanied by 
general disturbances by a certain amount of fever and malaise, even 
by general leukocytosis, (’learlv, the products of cell destruction in 
any extensive injury, and, again, the toxins of bacteria, diffuse out, or 
are flushed out,.of the locrfl area into the lymph and blood, and so may 
tell upon the organism in general. It is not, let us repeat, only bacteria 
that cause fever and malaise; the development of an infarct or in 
internal hemorrhage is followed by a distinct rise of temperature and 
general discomfort. As Ilildebrandt and others have shown years ago, 
the injection of enzymes into the circulation, or tissue extracts, leads 
to the febrile state and when tissues break down such enzymes and dis
sociation products become liberated. Where there is leukocytosis 
increased number of leukocytes in the blood it is a clear indication that 
the inflammatory products circulating in the blood and carried to the 
bone-marrow, have there attracted the leukocytes from the tissue spaces 
into the vessels, if they have not directly stimulated the mother cells to 
increased proliferative activity. Such leukocytosis is clearly a means 
whereby the rest of the body may aid in arresting the inflammatory 
process.

12. The Nervous System in Inflammation. There is another and 
important means of relationship between the injured area and the 
organism in general, which now we must take into consideration, having 
thus far wholly neglected it, its mode of action not being observable by 
histological observations. We refer to the nervous system. Pain, in 
the first place, is one of the cardinal symptoms of the condition. It has 
been ' “ within the last few years to explain this as due in the
main to pressure of the exudate upon the delicate nerve-endings, to 
point out that where a tissue is loose and can accommodate itself to 
greater increase in size, there is no pain accompanying inflammation; 
where it is dense, and the exudate cannot escape, there pain is severe. 
We now see that this explanation is invalid when, as by Schleich's and 
other methods, the injection of fluids into a part is found to induce local 
anesthesia. We can, thus, only conclude that pain is the expression 
of irritation of the nerve-endings by the diffused toxins (using this term 
in its widest sense), and recognize that the slighter pain in loose tissues 
is due to the greater affusion of fluid and dilution of those toxins. In 
more severe cases the actual exposure of the nerves and destruction of 
their endings affords an adequate explanation. While, ordinarily, the 
early stages of the inflammatory process are the result of local influences 
and independent of stimuli or direction from the central nervous system, 
undoubtedly the higher centres can,and do, play a part at a later period

nay, they may actually initiate a process indistinguishable from true 
inflammation. As proving the capacity of the central nervous system 
to intervene, it will be best to consider-these cases first. There is ample

4442
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evidence that imagined injury to a part may be followed, and that 
rapidly, by all the essential symptoms of inflammation, save, it may be, 
the migration of leukocytes. As we can have grave inflammatory 
changes unaccompanied by this migration, the exception is not sufficient 
to warrant us in declaring that, therefore, these conditions must not be 
regarded as inflammation. Such nervous mimicry doubtless explains 
the spontaneous and apparently causeless inflammatory manifestations 
which may show themselves in hysterical subjects; explains also to a 
large extent localized, or sometimes widespread cutaneous and other 
acute congestions and inflammatory disturbances seen in eases of 
idiosyncrasy (p. 410). Its existence is best demonstrated in certain 
hypnotized subjects, in whom the suggestion of burning or other local 
injury may lead to the sensation of acute pain in the part, followed 
within a very short time by local vascular congestion, heat, swelling, 
and pronounced exudation. As an indication of the central origin, it 
has frequently been noted that these manifestations tend to be bilateral 
and symmetrical, although the supposed injury has been unilateral. 
The condition of herpes zoster, with its pronounced inflammatory 
manifestations and serous exudation " course of distribution of
certain cutaneous nerves, appears to come in this category, the obser
vations, more particularly of Head and Campbell,1 demonstrating that 
the primary lesion in these eases is in connection with the posterior 
ganglia of spinal nerves. It is from these considerations that we have 
been forced to include in our definition the <* to the effect that the 
process may follow referred injury.

Now, clearly this referred injury and its results are frequent factors 
in inflammatory manifestations. It is by this that we have to expia in the 
swollen, and reddened cheek and the earache, and, it may be, discharge 
from the ear in eases of abscesses of the root of a tooth, the extensive 
involvement and swelling of the surrounding tissues in eases of joint 
injury. The areas of the face, above noted, have a common inner
vation; the same is true of the individual joints and the cutaneous and 
other tissues surrounding them; or, more exactly, these parts are sup
plied from (lie same level of the spinal cord. Irritation of the nerve- 
endings in the injured area induces excessive stimulation of the nerve 
cells of the posterior horns, with irradiation of the stimuli not alone 
along the reflex area particularly involved, but to other associated cells 
in the immediate neighborhood, with, as a result, not only referred pain, 
but reflex vasomotor changes initiated in the areas controlled by these 
nerve cells.

That the vasomotor nerves play a part in modifying the inflam
matory process is well demonstrated in regions such as the rabbit’s 
ear, in which the course of the vasoconstrictors has been differentiated 
from that of the vasodilators. Where the former nerves are divided 
and the latter alone in action, the vascular dilatation and exudation are 
more pronounced, and the process of inflammation has a more rapid

29
1 Drain, 23:1900:353.

896^

96



TUE LOCAL REACTION TO INJURY4Ô0

course, than in the reverse condition of uncontrolled action of vaso
constriction.

13. Temperature Changes. Here, too, a word must he said regard
ing the increased heat of inflamed areas. In plants, by the use of delicate 
electrothermometric methods, it has been demonstrated that injury is 
followed by distinct, if small, load rise of temperature. There is here 
no circulation, and such rise can only be the expression of the increased 
metabolic activity of the surrounding cells. If such a rise occurs in 
animals, it is too small to be appreciated, and is wholly masked by the 
vascular changes, to which—to the increased pouring in of arterial blood

-must be ascribed the increased local heat. Just as it is a general law 
that within certain limits increased temperature leads to increased metab
olism, so have we evidence that the increased local temperature leads 
to a more rapid and complete evolution of the inflammatory process.

14. Adequacy of the Inflammatory Reaction.—For long years it 
has been the custom to regard inflammation as a harmful process. The 
above considerations show, as the great old surgeon, John Hunter, 
recognized long ago, that nothing could be farther from the truth. 
What is true is that, where it shows itself, it indicates that harm has been, 
or is being, done to the organism, and that the system is reacting and 
tending to counteract that harm. It is, thus, a danger signal, and if 
the surgeon can assist matters by removing the cause of the harm, such 
assistance is clearly indicated.

It is further evident that the reaction on the part of the tissues may 
be (a) inadequate, (b) adequate, or (c) excessive. The natural ten
dency, observing the grave local disturbances, is to regard the third of 
these as most usual, and to seek to mitigate the symptoms. This, 
again, is seen to be an error; most often the reaction is inadequate, 
and modern surgeons, like the late von Mikulicz, are increasing the 
leukocytosis prior to operation; or, like Bier, are favoring and increasing 
the hyperemia and exudation, and this with excellent results, when the 
process is carried to the proper limits.1

FIBROSIS AND ITS RELATIONSHIP TO INFLAMMATION.

In considering chronic inflammation, we have called attention to the 
constant, or almost constant, development of increased fibrous tissue— 
of fibrosis as a consequence of the process. Here it becomes neces
sary to inquire whether fibrosis, which is so widespread a condition, is 
always of inflammatory origin.

The answer to this question must be in the negative; there are condi
tions of fibrosis which, by no process of reasoning, we can include among

1 We have discussed more fully the rationale of these? methods in the article 
Inflammation in Keen’s System of Surgery. Webb and Williams have recently 
shown that induced passive hyperemia promotes lymphocytosis, as also (Trans. 
5th Ann. Meeting Nat. Assoc. Study and l’rev. of Tuberculosis) that high altitude 
increases the number of “mononuclears” in the blood. To this they ascribe the 
beneficial results of altitude upon tuberculosis,
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tlic results of inflammation—conditions in which we can recognize no 
preceding local injury as the primary cause. We have to acknowledge, 
that is, that stimulation within physiological limits, as well as grades 
of pathological irritation, may lead to the overgrowth of fibrous con
nective, as of other tissues. We have to recognize physiological strain 
as a cause of growth. We see this in the case of muscle in the increased 
growth dependent upon exercise, in bone in the greater size of the 
processes and ridges of insertion of muscles in those of active muscular, 
compared with those of poor muscular, devi " We must admit
the same for the connective tissues. What we regard as the best illus
tration is one afforded by Carrel and since repeated and confirmed by 
other workers, namely, if a length of artery, such as the common 
carotid of the cat, be removed and in its place there be transplanted a 
length of vein from the same animal of approximately the same dimen
sions, that vein at first, under the increased blood pressure to which it 
is subjected, shows some dilatation; but if after several weeks the 
animal be killed and the ' vein be examined, the only signs 
of inflammatory change to be recognized are in the immediate neigh
borhood of the points of junction. Away from these all the coats show 
an extraordinary connective-tissue overgrowth and thickening, more 
particularly the media and adventitia, and the dilatation is now little 
marked. This overgrowth is not of inflammatory type, and can only be 
ascribed to the increased strain to which the vein has been subjected, 
coupled with adequate, not to say improved, nutrition.

In our second volume (Chapter VIII) we demonstrate that the marked 
connective overgrowth of the intima in the arteriosclerotic artery is of 
the same order, due to the increased strain thrown on the intima through 
giving way of the inflamed or degenerated media.1

We observe a similar, though less marked, change in the walls of 
the veins in cases of prolonged, though not extreme, passive congestion. 
(In extreme cases the venous condition of the blood, and consequent 
lack of nourishment, leads to dilatation pure and simple.)
We ourselves and several other observers have called attention to its 
existence in some cases of passive congestion of the liver (nutmeg liver.) 
And in territories the same may occur. Mere obstruction
to the main lymphatic trunks from a part does not lead to complete 
stagnation of the ; on the contrary, there is a continual inter
change between it and the blood in the capillaries. Nevertheless, 
there may be set up continuous and prolonged distension of the parts, 
and this, similarly, is followed by fibrosis—-diffuse in this case. Such 
appears to be the explanation of the commonest form of elephantiasis, 
the fibrosis of macroglossia, and other cases of lymphatic obstruction, 
whether congenital or acquired.

Another condition of fibrosis, the development of multiple fibroid 
growths, where a true fibromatosis and not, as will be pointed out 
later, a state of neurinomatosis, would seem, from the specimens we

1 See also Adami, The Xattire 0/ the Arteriosclerotic Process, Amer. Jour. Med, 
Sci., October, 1009.
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have examined, to originate in a congenital fault of the lymph vessels 
of the affected parts. The condition differs from fibroma formation 
proper in that the overgrowths are not encapsulated, hut pass imper
ceptibly into the related normal connective tissue; early specimens 
show a well-marked lymphangiectasis, or obstructive dilatation of the j
lymph vessels and channels.

The jfibroma* proper, or neoplasms, ' of fibrous tissue, must
also be separated from the ’ ’ itorv fibrosis. As to their causation, 
we are still uncertain.

We thus are able to classify the fibroses as follows;
I. Of inflammatory origin.
1. Replacement filrrosrs, in which the fibrous tissue takes the place of 

other tissue that 1 as been destroyed (cicatricial fibrous tissue, including 
that of infara.i;. The “scleroses” of the central nervous system come 
under this heading, although in them neuroglia in the main, and not 
ordinary fibrous tissue, is usually concerned. Here, also, is to be 
included, in part, the fibrosis of chronic interstitial nephritis and hepatitis.

Section of the aorta from a case of nodose arteriosclerosis, to show the bulging and thinning 
of the media, prepared liy Or. Mathewson. H diameters. The section shows also the hyaline 
degeneration of the deeper layers of the overgrown intima, and the persistence of a line layer of 
less altered intima tissue immediately beneath the media. The media in this case showed evi
dences of calcareous degeneration in patches with some hyaline change.

2. Proliférât ire Fibroses. Here more particularly we have (a) the 
capsular fibroses of the infective granulomas, around inert bodies, etc., 
and (It) post in Ha m ma ton fibroses, in which the connective tissue con
tinues to grow, as in keloid, after the irritant has ceased to act.

3. Pontfibri turns fibrose a, if we may so term them. The new con
nective-tissue formations which replace (a) thrombosed blood within 
the vessels, and (It) fibrinous exudates on serous surfaces, adhesions, 
etc., occupy an intermediate position between the two; they are replace
ment-fibroses to the extent that they replace the fibrinous ion,
proliferative in that they are tissue where previously no tissue proper

II. Of non-inflammatory origin.
1. Due to strain: (a) arterial, (b) venous, and (c) " fibroses,

as above indicated.
2. Neoplastic.
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Tl IK SYSTEMIC H K ACTION TO MICROHIC INJl'RY, THE PROCESS 
OF INFECTION.

From this consideration of tin* local reaction to injury we must now 
pass on to that of general systemic reaction, and, continuing in due 
sequence, before considering any one particular order of reaction, 
should first analyze the various noxte causing general bodily disturbance, 
whether physical or chemical, endeavoring to recognize sundry broad 
groups, each of which sets up disturbance of a particular order. 
Attempting this, we could distinguish certain conditions set up in which 
blood changes are primary or predominant; others, nervous disturb
ances; others, in which certain glands are picked out to bear the brunt 
of the reaction, and should have to consider, in turn, the effects of 
disorders involving one or other system, upon the rest of the organism. 
This systematic survey of processes affecting the several systems and 
their results we shall take up at a later date. To enter into it now 

lead us to consider in series the progressive and regressive 
changes which may affect individual systems and organs before gaining 
an insight into progressive and regressive disturbances in general, and 
would thus lead to extensive repetition. It will be more serviceable to 
select for consideration the more common general processes, and that 
in the order of their frequency rather than of their relationship to one 
or other system. And, doing this, undoubtedly the first general process 
to be considered is the systemic reaction to microbic injury, or infection.

Definition. -Attention must be called to the double meaning of this 
term, as e * _ 1 by the hygienist and the pathologist. For the 
hygienist, water, air, and other media may Ik* infected, i. e., infection 
consists in the mere presence of potentially harmful microlies, and the 
mere act of their coming into contact with the animal organism. The 
hygienist distinguishes between (1) sporadic infections, isolated cases; 
(2) endemic, where a notable proportion of cases of a given microbic 
disease is met with year after year affecting the inhabitants of a given 
region ; and (3) epidemic, where a disease, of a sudden, affects a large 
number of inhabitants, the number of cases rapidly increasing and 
later decreasing. Diseases of animals may, similarly, be sporadic, enzo
otic, or epizootic {dr^io', the people; çatov, animal). For the pathologist, 
infection is a process; for him the mere presence of pathogenic bacteria 
in the mouth or the skin, in the digestive tract, does not constitute infec
tion; that is brought about by the growth of those bacteria, the diffusion 
of their products, and the reaction they induce in the organism is the 
essence of the process. For the pathologist, therefore, infection is the
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succession of changes induced in the organism general!g by the growth 
within it of microbes; or, in other words, it is the interaction between the 
organism and the microorganism. This interaction may, in the main, 
he local, and then the processes, occurring locally, constitute infective 
inflammation; the general disturbances which follow such local growth, 
or which are brought about by widespread proliferation of the microbes, 
constitute “general infection,” or, briefly, “infection.”

Causation. -We have already considered the mode of entrance of 
pathogenic organisms into the organism, as also, to some extent, the 
circumstances favoring their growth, and have considered also the sub
ject of susceptibility, of imperfect reactive powers, so that there is inade
quate destruction of microbes coming in contact with, or gaining entrance 
by any means into, the tissue. There is, however, another aspect of the 
subject. Bacteria may grow in the tissues, not because the tissues are 
weaker than normal, but because those bacteria possess a virulence 
over and above the power of the cells to counteract. We thus, to re
capitulate, may make the following table of circumstances leading to 
the growth of bacteria with the organism:

I. Imperfect reactive powers (susceptibility).
(/I) Individual susceptibility.

1. Inherited, whether as specific, racial, familial, individual.
2. Acquired.

As the result of previous attacks of disease set up by (a) the 
same, or (b) another species of microbe; as the result of 
injury, as the result of malnutrition, or as the result of 
exhaustion.

(Æ) Tissue susceptibility.
1. Inherent, the special susceptibility of certain tissues to become

the seat of growth of certain microorganisms.
2. Accpiired through injury, local malnutrition, impairment of

nerve supply, local exhaustion, or local disease.
II. Pathogenicity of microbes (virulence) due to simultaneous en

trance of either a small number of highly virulent microbes,
or a large number of lowly virulent microbes.

It is the interaction of I and 11 which determines the development 
of infection; microbes of low virulence are capable of infecting suscep
tible individuals, and are without effect on those of normal resisting 
powers when introduced in equal numbers in the two cases; microbes 
of high virulence, if they induce disease in those relatively refractory, 
do not induce so grave it disease as in those relatively susceptible. The 
influence of the amount of infecting material or number of infecting 
organisms has been well demonstrated in the recent studies upon acute 
anterior poliomyelitis, in which it has been clearly shown that the incu
bation period is materially lengthened when, by filtration, through a 
Berkefeld filter, the amount of infective material is reduced.
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THE COURSE OF INFECTION.

We have now to consider the results of bacterial growth, and how 
these results are brought about—the process of infection.

It will be well, in the first place, to sketch the course and features 
of some typical uncomplicated case of infectious disease; for such a 
purpose a case of typhoid fever affords a good example.

The patient has upon a given date taken, it may be, some milk coining 
from a farm where the hygienic arrangements have been imperfect, and 
where recently there has occurred one or more cases of the disease. 
For some days no ill effects are experienced, but then symptoms of 
malaise show themselves—slight but persistent headache, lassitude, 
some abdominal discomfort, with constipation, or, it may be, diarrhoea, 
pain in the back, and so on. These disturbances at first are so slight 
as to Ik* regarded as transient, and do not prevent the patient con
tinuing his daily duties; but they continue, and grow steadily worse, 
until, eight days or so after the contaminated milk had been drunk, the 
patient feels so weak and feverish that work is impossible, and he has 
to take to bed and call in a medical man.

We note, that is, a stage of incubation, during the latter part of which 
prodromal or premonitory symptoms show themselves, this incubative 
stage continuing until the onset of a definite febrile state. As a rule, 
for clinical purposes we date the illness from the first day of recognized

Not to dwell upon unessentials, the medical man, when called in, 
finds the following condition: heightened bodily temperature, general 
muscular weakness, alterations in (a) the nervous system, manifested 
either by irritability and excitement or by lassitude and dulness; (/>) in 
the circulatory system, shown by a rapid, full pulse, with evidences of 
vasomotor disturbance (flushing, dilatation of superficial vessels, etc.); 
(c) respiratory system—increased rapidity of respiration; (</) digestive 
system— dryness of the mouth (diminished salivary secretion), distaste 
for food (anorexia), obscure abdominal discomfort or pain, with con
stipation, giving place to looseness of the bowels and foul motions (or 
these may be present from the first).

Day by day, for a week or so, the temperature rises, until it may 
attain to 103° to 104° F., and, with this, all the other symptoms— 
mental, nervous, muscular, circulatory, respiratory, and abdominal— 
become more pronounced ; and in addition (r) disturbances of the uri
nary system show themselves, in the shape of diminution of the salts of 
the urine, notably of the chlorides, * increase in other constituents, 
notably the urates; while (/) a characteristic cutaneous eruption begins 
to show itself toward the end of the first week, in the shape of scattered 
“rose spots.” Examination of the blood shows that this, also, is modi
fied, for, while typhoid differs from the majority of infections, in there 
being little or no increase in the number of circulating leukocytes, in 
common with most, there is a definite diminution in the number of
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ml corpuscles per cubic millimeter, ami, as shown by (la* Griinbaum- 
Widal test, (la* serum gains ia*w properties, being able to cause the 
typhoid bacilli to become motionless aial adhere together, or agglu
tinate, even when it is diluted fifty times.

This is the stage of fcrvesccncc, or pyretogenie stage. Following upon 
it, for a fortnight or so, is the fastUjium, or stage of high fever, a period 
in which the febrile temperature is maintained at first at a constant 
high level; later, toward the end of the period, while toward the night 
it may reach the previous high level, it tends during the daytime to 
descend two or more degrees. Accompanying this febrile temperature, 
the other disturbances continue, and, as a consequence, the patient 
becomes increasingly weak and emaciated. In an uncomplicated ease, 
however, toward the end of the third week an improvement manifests

Course of typhoid fever. (Modified from Musser.)

itself. The temperature shows a distinct tendency to fall, and each 
twenty-four hours the maximum may be a degree or more lower than 
the maximum of the previous day; there is refreshing sleep, the mind 
becomes clearer, appetite and craving for food manifest themselves, 
pulse and respirations become more normal, the motions less foul. 
We reach, in short, the stage of defer voice nee, and in four to six days the 
normal temperature is again attained. Now follows the stage of con
valescence. The great emaciation and exhaustion of the tissues leaves 
the patient very weak, and attempts to move actively easily tell upon 
the circulation, etc., while any but the most easily digestible food tells 
upon the digestive system, and may easily favor a relapse. Gradually 
the patient returns to the sfafus quo ante. I need not here dwell upon 
sequelœ (morbid conditions which follow a disease, and are due to the 
action of tin* same original cause, e. </., in typhoid, the formation of
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abscesses in various parts, dur to the It. typhosus; inflammation of the 
gall-bladder, set up by the same, etc.); or com pi irai ions (morhid con
ditions of other causation, which may accompany the primary disease, 
c. (/., in typhoid, the development of acute pneumonia, due to the Diplo- 
eoceus pneumonia', and inflammatory disturbances, brought about by 
It. coli infection) all that we wish here is to give a fair picture of a 
typical infection resulting in recovery, so as to have a basis for the 
presentation of our subject.

The Period of Incubation. Once bacteria or other microbes begin 
to grow in the tissues, from that moment we have the beginning of 
the infective process. Itut, although it begins thus, we are not able to 
recognize it. If the entrance of the germs be local, there is, inevitably, 
a preliminary period of local growth, with absence of general disturb
ance. Strictly, this, and only this, should be regarded as the period of 
incubation; in practice we cannot carry out this idea. We have to 
determine upon some one easily recognizable symptom, from the onset 
of which we can date the onset of active disease, and the supervention of 
fever affords us this useful starting point. Whence it follows that the 
period of incubation, in the clinical acceptation of the term, is made 
up of two stages that of purely local growth of the microorganisms 
and local disturbance, and that of prodromal symptoms, in which the 
bacterial products, or even, in some cases, the bacteria themselves, 
have become to some extent generalized, and have originated dis
turbances in the system at large, but have not as yet caused a febrile 
reaction with other pronounced systemic disturbances. This period 
of incubation varies greatly in the different infections and in different 
individual cases. Certain bacteria are so virulent toward certain of the 
smaller animals of the laboratory that they cause death within four to 
six hours. In such cases there is not much time for the manifestation 
of an incubation period, but, even here, in cases in which to produce 
the most rapidly fatal results the infective germs are injected directly 
into the vessels, it has been shown by Ixmiaire1 that if we take that 
blood and make cultures from it at intervals of half an hour there is 
to be noted a preliminary period in which the number of circulating 
bacteria is greatly reduced—a period of reaction— of destruction of the 
bacteria and removal of them from the circulation; then, apparently, 
the cells of the body become exhausted, and there follows a second 
period of rapid proliferation and increase in the number of the circulatory 
bacteria. At the other extreme, the incubation period may last for 
weeks or months. The longest period has been noted in rabies. 
Ordinarily in this disease the period of incubation varies from a fort
night to a month; but there are certain well-authenticated eases, 
though these are exceptional, in which as much as six months have 
intervened between the entrance of the virus into the system and the 
development of symptoms.

The relationship between purely local growth and the diffusion of

1 Buxton lias recently con firmed and amplified these observations.
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(lu* bacterial products during tlic prodromal period is most variable, 
so that only in a certain class of eases is it possible to recognize this 
period of incubation with any definiteness; add to this that in certain 
diseases (e. g., cholera) actual fever may be largely wanting, and thus 
we have to accept other symptoms as indicating the commencement of 
the active stage of infection.

The infective microbes also vary greatly in the extent to which they 
proliferate before they, through their products, induce general disturb
ances. Thus, to give a few examples of the variations met with:

1. There may be a minute boil or furuncle on the face, due to the 
local growth of a streptococcus. Although this growth is so local, there 
nevertheless is rapidly induced a slight febrile condition, with general 
malaise. The germ remains local, and the infection is singularly local; 
nevertheless, the general disturbances set up by diffusion of the bacterial 
products is relatively profound out of all proportion to the extent of 
local disturbances. The development of the febrile state here is not 
coincident with any diffusion of the bacteria themselves. It even pre
cedes the period of maturation of the boil.

2. In tetanus there is a si r strictly local growth of the bacteria, 
and the same is the case in diphtheria. In both these cases there is a 
well-marked period of incubation, in both the supervention of the febrile 
state indicates only that the diffusion of the bacterial products has 
reached a point at which the amount of concentration of those products 
is sufficient to induce severe disturbances in certain tissues away from 
the period of local growth.

3. ( )n the other hand, in smallpox the development of the febrile state
coincides with the earliest appearance of the cutaneous papules. The 
presence of these s undoubtedly indicates that the virus has
entered the blood from the focus of primary local infection, and has 
been carried through the system, and so to the vessels of the skin, 
during the period of incubation. Here, also, it may be noted, the site 
of primary entrance and primary local growth remains still to be 
discovered.

4. Lastly, in disease like tuberculosis there is primary local growth, 
but that localized growth develops so gradually, the toxins are so 
gradually diffused, that it is difficult, if not impossible, to recognize 
any one period at which incubation develops into general infection. 
We can, at most, speak of a pretuberculous stage, during which the 
tuberculin reaction affords an indication of the presence of the tubercle 
bacilli within the tissues.

From these instances it is clear that what determines the development 
of symptoms of general infection is not the presence of the specific bacteria 
circulating throughout the body, or even the extent of the local injtam- 
matory disturbances set up by them, but is the toxicity of their products and 
the relative amount of the same. And the length of the incubation 
period in any given case is determined by several factors :

1. The toxicity of the products of a specific microbe.
2. The amount of toxic substances developed in a given time (this
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depending upon the number of germs gaining entrance, and (lie viru
lence of those germs).

3. 'I’lie neutralizing powers of the organism (whereby, in the same 
disease, the incubation period in different individuals is found to vary, 
often to the extent of several days).

4. A fourth factor is indicated by the researches of Roux and Yersin, 
and Sidney Martin, already noted (p. 315), namely, the time taken by 
the enzymes primarily excreted by the pathogenic organisms to act upon 
certain constituents of the fluids or tissues of the body and convert 
them into toxic albumoses, the direct agents in setting up the symptoms 
of generalized disturbance. This, however, is still a matter of debate.

Thus, to sum up: The period of incubation, as generally understood, 
consists of at least two stages, the first, of varying length, that of purely 
local growth and local disturbance, the second in which there are pro
dromal symptoms—general disturbances of a relatively mild type, due, 
not to the bacteria themselves, but essentially to the diffusion of their 
products of growth into the general circulation. These products of 
growth may not, in all cases, be themselves toxic', it is possible that they 
may by enzyme action convert certain of the body proteins into toxic bodies 
{albumoses).

Grades and Types of Infection. —As noted upon page 458, we 
can classify to some extent the pathogenic microorganisms according 
as to whether, in the main, their growth in the system is local or 
whether it is diffuse, setting up a bactcriemia. This distinction, useful or 
otherwise, is for the present purposes largely useless. In the first place, 
there are many intermediate grades, the typhoid bacillus, for instance, 
has mainly local growth, hut to be present in and produce the rose 
spots, must circulate in the blood; the sequelm of pneumonia convince us 
more and more that the pneumococcus, while it has its seat of election 
in the lungs, passes readily into the blood. Secondly, one and the 
same organism, like the Pyococcus aureus or the streptococcus, may 
in one individual have a purely local growth; in another, set up exten
sive septicemia; and in the two cases the symptoms vary in degree 
rather than in kind. While thirdly, in both orders the symptoms are 
brought about by one common cause, namely, the diffusible toxins. 
It is the nature and toxicity of those products that are the prime factors 
in the development of infections; they cause the characteristic dis
turbances of metabolism. According as to how these products tell upon 
the organism, and how the organism is capable of neutralizing or 
destroying them, so can we recognize the following types of infection. 
(1) Fulminating or malignant. (2) Acute. (3) Chronic (persisting 
subacute). (4) Subinfection.

1. Fulminating or Malignant Infection. - Occasionally we find in man, 
or in the lower animals, that an infection is from the first so rapid in 
its development that we are hopeless of obtaining a favorable issue; 
the organism appears to be incapable of adequate reaction. Some 
reaction there is in each case, but it is wholly ineffectual, and becomes 
less and less marked. The symptoms are those of a rapid intoxication,
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with depression of the functions. The heart heat and pulse become 
more and more rapid and frehlr, with great lowering of the hlood 
pressure; the respirations very rapid and shallow; there is pronounced 
“typhoid state,” with coma and depression of the higher mental centres, 
and no excitement ; tla- temperature may from the first rapidly sink, 
until it is far helow the normal; if the disease he one characterized 
under ordinary conditions hy well-marked leukocytosis, there is found 
pronounced and progressive leukopenia (or lack of leukocytes), and a 
condition of collapse and coma quickly gives place to death. All this 
may take place within a few hours. Experimentally, hy “passage,” 
we can so exalt the virulence of certain bacteria that we can kill the 
animals of the laboratory within six hours, and that with the minimal 
injections. But not with all bacteria ; no amount of passage will reduce 
the period of experimental tuberculosis to less than ten days. Differ
ence has to he acknowledged. In man, both exaltation of virulence 
and entrance of excessive numbers of bacteria at a time would seem 
to play a part. Such fulminant cases are more particularly seen in 
tropical countries in cases of cholera, yellow fever, the plague. Here 
both the general bodily health is lowered by the surroundings, and 
pathogenic organisms at the higher external temperature can proliferate 
and multiply outside the body and at the same time retain their virulence. 
But such cases are far from being unknown in temperate climates. We 
have ourselves obtained autopsies and gained pure cultures from a 
ease of Streptococcus peritonitis fatal within twelve hours from the 
onset of the first symptoms, and of epidemic cerebrospinal meningitis, 
fatal within six hours; malignant hemorrhagic cases of smallpox, 
scarlet fever, typhoid, fatal within twelve hours, are far from being 
unknown. These hemorrhagic conditions are indications that the 
circulatory toxins are sufficiently concentrated to act upon and cause 
degeneration of the epithelium of the capillaries, with weakening of the 
wall and subsequent rupture. With this often there is rapid destruction 
of the corpuscles and diffusion of their hemoglobin. We can, to some 
extent, reproduce this hemorrhagic state by injection of the sterile fluids 
of growth of virulent organisms into the vessels of lower animals.

In all these cases the slight, or absent, febrile reaction is especially 
noticeable. Indeed, it may be laid down as a general rule that if, in a 
case of infection, the temperature becomes rapidly subnormal, and the 
condition of the patient, with the lowering of the temperature, instead of 
improving, becomes worse, death may be expected in the course of a 
few hours. The cells of the body, instead of being stimulated, are 
paralyzed by the toxic substances; metabolism, and in consequence 
heat production, is arrested, and the fall of the temperature is an indi
cation of intense intoxication.

2. Acute Infection. This is the ordinary “type” infection already 
described, that characterized by a definite incubation period and a 
febrile stage or fastigium, which, according to the intensity of the process 
and the resisting powers of the system, either terminates in death or in 
defervescence and convalescence. The process of recovery may be 
interrupted by the recurrence of one or more relapses or remissions
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(repetitions of the symptoms and disturhanees eluiruetvristic of the 
primary disease), or by sequela or by complications. In most cases 
defervescence is gradual, a matter of some days; we speak then of 
recovery by lysis. In other cases (as often in acute lobar pneumonia) 
the temperature may fall to the neighborhood of the normal within 
twenty-four hours; we speak then of recovery by crisis.

In accordance with custom, and, we must admit, there is a certain con
venience in so doing, we shall devote a separate chapter to the febrile 
state and fever, i. c., to a consideration of the processes occurring in actual 
infection; and in that connection, also, it will be best to discuss the process 
of resolution and the cause of relapse, these being all allied subjects.

‘A. Chronic Infections. Another well-marked class of infections is char
acterized by insidious development, long continuance, with termination 
either in death after the disease had lasted for months, or it may be 
years, or gradual recovery. The whole process is prolonged, and may 
lack any sharp definition into successive stages. Examples of this class 
are to be seen in tuberculosis, syphilis, glanders, and actinomycosis.

In syphilis, a division into successive stages is more a matter of clinical 
convenience than of absolute fact at least, as between the secondary 
and tertiary stages, for so-called tertiary lesions may exist along with 
secondary, and, as between primary and secondary, the transition is 
variable, and may be very insidious.

In all of these it would appear that there exists a focus of primary 
infection; in some, as in syphilis, it is very obvious. For weeks, as in 
syphilis, or months, as in actinomycosis, or permanently, as in myce
toma pedis (a disease closely allied to actinomycosis, but in general 
only affecting a lower extremity), we have but to deal with the local 
growth of the microorganism originating the local disturbances, with 
more or less pronounced general disturbances of a febrile nature. Of 
the nature of this local growth we' have already spoken (p. 440).

A second subgroup is the chronic remittent, best represented by the 
rheumatic group of disorders, in the causation of which the indications 
at this present time are that more than one form of organism is con
cerned. Here we deal with conditions which may begin insidiously, 
but often acutely. In either ease the progressive nature of the disorders 
set up indicates that there is not with defervescence complete recovery 
or total destruction of the pathogenic organism, and, while the progress 
continues slowly to act upon the joints or the heart valves, from time to 
time the condition lights up again into an acute form.1

1 The more recent work upon this etiology of acute rheumatism, in connection 
with Poynton ami Paine's organism (Lancet, November 11, 1905:800 and 952) ami 
the Streptococcus pyogenes, is given by Heat tie, Journal of Medical Research, 14: 
1906: 599. We fail to see that anv etiological distinction can be drawn between 
acute and chronic remittent type ; indeed, in our laboratory at the Royal Victoria 
Hospital, from the disorganized hip-joint of a man who ha< suffered from such 
remittent rheumatism for twenty years, and was wholly crippled thereby, we gained 
abundant diplococci, which, cultivated by Dr. G. A. Charlton, exhibited all the 
characters of Poynton and Paine's organism.
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In all these cases it would seem that the mierolies, while developing 
their toxins at a relatively slow rate, are themselves distinctly resistant 
to the action of the tissues and bodily humors. On the other hand, 
growing and producing their toxins slowly, there is neither the same 
extent of intoxication nor the same well-marked reaction on the part of 
the system which we see in acute infections. There is, nevertheless, 
fever, though this tends to lie of a more remittent type than is seen in 
the majority of the acute infections, and there is progressive emaciation 
and weakness as the disease advances.

Subinfection. The appreciation of the fact that from the alimentary 
and respiratory tracts bacteria are constantly being taken into the 
system (p. 310), leads us to recognize the existence of yet another con
dition that in which those bacteria, pathogenic and lion-pathogenic 
instead of proliferating, are destroyed in the various tissues and organs 
to which they may be carried by the lymph and blood streams, a con
dition for which we have suggested the name smbivfeet ion.x Normally, 
as we have indicated, the taking in of bacteria is relatively slight, and 
the exercise of what are strictly the physiological functions of the cells 
in bringing about the destruction of the same leads, we may be assured, 
to no disturbance, either local or general. There are, however, conditions 
of congestion and chronic slight inflammation of the intestinal mucosa 
in which there is an accompanying great increase in the passage of leu
kocytes into the submucosa, and thence between the epithelial cells into 
the lumen of the bowel; and as a consequence both of the increased 
passage out of the leukocytes and of the increased proliferation of 
intestinal bacteria, which accompanies, if it does not cause, the inflam
mation in question, there is increased taking in of these bacteria.

We obtain evidence of this increase by examination of the mesenteric 
glands and liver cells. In cases of chronic intestinal irritation we find 
in them abundant minute granules, which, at first, one is liable to 
regard as pigment granules. Indeed, we acknowledge that it takes 
long study before one can rid himself of the conviction that this is not 
the case. Hut thorough study and careful focussing of the sections 
under a very high power a one-eighteenth inch immersion, for example

has convinced us that these granules are some of the final stages of 
bacterial destruction. They may be single; most often they are in pairs, 
resembling diploeocci; rarely in sets of three, or rows of four, and often 
a distinct halo, as of a digestive vacuole, can be seen around them. 
Some hours after injection of H. coli intravenously into the lower 
animals, identical appearances are to be seen in the liver cells, and 
we have noted that the first stage in the taking up of the bacilli by the 
endothelial cells of the hepatic capillaries is the conversion of those 
bacilli into similar though somewhat larger diplococcoid bodies and 
sets of three or four granules. Then these bodies disappear from the 
endothelium, and, we hold, are represented by those more reduced 
bodies in the liver cells and, it may be added, in the bile.

1 Journal of the American Medical Association, 33: 1899:1506 and 1572.
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The elfcets of such continued passage of considerahle numliers of 
baelerin into the system must he equivalent to the growth of the same 
within the tissues, and their destruction, if long continued and excessive, 
should bring on cell exhaustion. The frequency with which, in cases 
uf cirrhosis of the liver, we have been able to gain cultures of intestinal 
bacteria from the liver, as also from the ascitic fluid during life, has led 
us to suggest that these an- at least one factor in the production of that 
condition, and Weaver and Iicktocn have isolated a form allied to the 
1$. coli, with which they have .set up cirrhosis in guinea-pigs.1

We do not pretend that these are a constant factor in all cases of 
cirrhosis, even of I^aennec’s t.\j>e, or that in any one ease they are the 
only factor. Then- must first be intestinal irritation, whether by alcohol, 
by acid fermentation, or otherwise.
Hut we believe that they play an im
portant role in the etiology of a large 
proportion of cases.

The almost constant evidence of old 
gastritis, the known hemolytic powers 
of memliers of the eoli group, the ex
istence in abundance of similar dip- 
loeoccoid bodies in the liver cells, 
us to believe that in pernicious anemia 
some member of this group, or some 
other species of bacteria possessing 
strong hemolytic powers, is likewise 
involved. In support of this view,
Charlton,3 working in our laboratorv, 
as been able to produce not, it is true, rul,l,iVa liver ,.olltnining Ha,iii„a ,„i in 

a typical pernicious anemia, but a sin- various stages of degeneration, within 
guiarly grave anemia, accompanied hv îhirty,,r injection of *»>«

1 . • into the blood strewn. Cart only of the
X'VtOSIS aihl tilt- presence of nor- nucleus is shown in the section.

mohlasts, by successive inoculations of
a H. coli of low virulence into rabbits, the original strain having I teen 
obtained from the intestines of a healthy normal rabbit.

Nicholls,3 also, has demonstrated the existence of similar minute dip- 
loeoceoid bodies in the cells of the tubuli contorti and elsewhere in the 
kidneys, and concludes that they an- a factor in some eases of chronic 
interstitial nephritis.

It is but right to warn the n-ader that these observations and views 
have not as yet gained general acceptance. We mention them because

* Ah this work has been pawing through the press, Opie (Trans. Assoc. Aim-r. 
Physicians, 1910. about to Ik- published) has shown that while agents like chloro
form. which cause necrosis of the liver cells, given alone do not lead to cirrhosis 
in animals of the laboratory, and while inoculations of H. coli alone may give 
negative results, the combined action induces a well-marked typical cirrhosis.

’Journal of Medical Research, X. S., 3:1902:344.
1 Montreal Medical Journal, 28:1899:161.
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we arv (irmly convinced of their correctness, ami liecause wv believe 
that they throw light upon certain very ohseiire forms of disease.

Exogenous Bacterial Intoxication. From such conditions we pass 
next to what, in our classification of intoxications, wc speak of as 
exogenous intoxications of saprophytic origin. There is, it will la* 
seen, hut a slight step from the introduction of bacteria into the 
tissues, destruction of them forthwith, and liberation of their toxins, 
to the absorption of the toxins liberated by bacterial growth in the 
intestinal canal, the bacteria themselves not being to any extent taken 
into the system. Such conditions do not come within our definition of 
the process of infection. It is well, however, to call attention to the 
same in this place, the more so because Hunter1 and others have ascribed 
|H'rnieious anemia ami allied conditions to such absorption of toxins.

ria and cholera we have two pronounced infections which only 
just come within the terms of our definition, for tin* bacteria here only 
grow upon the surface of the mucous membranes and scarce enter the 
tissues. It is true that they destroy the surface layers, and this destruc
tion doubtless aids very materially the absorption of the toxins. Hut 
even when the surface layers an* not destroyed, it may well Ik* that 
extensive absorption occurs of bacterial toxins. Where fermented feces 
are retained we know that malaise and an actual febrile state may ensue. 
But in such eases it is impossible to analyze and distinguish between the 
absorption of bacterial toxins and that of the products of fecal disinte
gration, and, we may add, the entrance of bacteria into the tissues. At 
most, we can, it seems to us, admit the existence of this order of condition.

The various orders of infection proper pass the one into the other 
(save that a malignant ease does not become less acute), and there may 
be various intermediate stages. An acute infection may suddenly assume 
the malignant type, or may from the first tend toward malignancy. 
We have noted how an acute or subacute may recur and la* associated 
with chronic disturbance. A microorganism which ordinarily induces 
chronic infection (r. r/., the B. tuberculosis) may set up a disturbance 
that is distinctly acute, either by gaining entrance into the blood stream 
and consequent wide distribution and multiple foci of growth, or by 
attacking an individual of greatly lowered vitality, and, lastly, a study of 
“terminal infections'* would indicate that eventually subinfection is 
liable to give place to acute infection germs of low virulence, ordinarily 
destroyed by the cells coming to grow actively in the tissues when the 
resisting powers become lowered lieyond a certain minimum. The 
study of such terminal infections supports the dictum of Osier, that 
“persons rarely die of the disease with which they suffer."

Hnnicinux A will in, London, Griffin, 1901.
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('ll AFTER IV.
THE SYSTEMIC REACTION—(Continued).

THE FEBRILE STATE.

This study of the different types of infection prepares us to consider 
the nature of the reaction between the organism as a whole and the 
microorganism, of that chain of disturbances which, collectively, we 
speak of as fever; or, if it be objected that this term should be only 
e ' to indicate heightened temperature, as the febrile state.

Here, once again, we confront a difficulty, due to the prevailing 
laxity in the employment of terms. The oldest definition, that of 
( ialen, describes fever as color preeter naturam, and, if influenced by 
tradition alone, as such and such only should we consider the condition. 
But two very distinct orders of events, at least, bring about this valor 
prater naturam, namely, the diffusive microbic products and certain 
other substances, and traumatic and other inces of the nervous
system, regarding both of which, it is needless to say, Galen was in 
supreme ignorance. To retain the old definition demands that we 
persist in grouping together phenomena of unlike origin, in opposition 
to all right principles of classification. The more modern acceptation 
of the term is thus to be commended that which regards fever as a 
particular train of s and changes in the organism, associated
with heightened bodily temperature, constituting the infective reaction. 
We would even say that the phrase “associated with heightened tem
pe rature” is inserted in accordance with usage and clinical demands, 
and this because the same train of disturbances may present itself 
without materially heightened temperature. We must consider all 
these cases together, and thus, for convenience, lay down that:

1. The reaction to infection may be with or without rise of tempera
ture (may be “febrile” or “afebrile”).

2. That throughout, mere heightened bodily temperature, however 
produced, will be referred to as pyrexia.

This course is not absolutely logical, but it is tin; only one practical 
under the circumstances. The causation of pyrexia and the subject 
of thermogenesis in general will be discussed in a separate chapter.

In the febrile state, then, we observe increased bodily temperature, 
along with that series of disturbances of the circulatory, nervous, respira
tory, and digestive systems and the excretory organs which we have 
noted in our description of acute infection. Passing, now, to describe 
and analyze more fully these various changes in the different systems 
and organs, we shall be in a position to recognize more surely the nature 
of the fever.

30
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The Febrile Temperature Changes. The Stages of Fever. As
already noted, we can, in most acute infections, distinguish three stages :

1. The Pyretogenic- This may he short, with rapid rise in the course 
of an hour or two, as in ague, or, as in typhoid, may extend over several

2. The Fastigial. This, again, according to the nature of the process, 
may he brief, or may extend over several days.

3. The l)efervescent. This may he brief, the temperature diminishing 
rapidly by crisis, or gradual and prolonged—lysis.

In some fevers, as in typhoid, toward the conclusion of the fastigiuni, 
hut liefore defervescence occurs, the temperature, from having pre
viously shown hut slight daily oscillation, may present a daily variation 
of several degrees. It is then termed amphibolous. It must he kept in 
mind that during the fastigiuni the daily temperature variations are in 
general of the same order as those seen in health, with rise toward 
evening and fall in the early morning.

INTENMISAION

Intermittent fever Tertian ague. Oiagnun of temperature chart, to show relationship of the 
intermission to the stage of growth and maturation of the hemutozoon.

The Varieties of Fever. -According to the temperature changes, 
we can i "ih:

1. Continued Fever. In these, during the fastigiuni, the daily tem
perature changes, though occurring at a higher level, are little if at all 
greater than those seen in health ( typhoid, pneumonia, etc.).

2. Remittent Fever. Here the daily temperature changes may extend 
over several degrees and the temperature curve, while continuing above 
the normal, is very variable (pyemia, suppurative changes, tuberculosis 
accompanied by secondary infection).

3. Intermittent and Recurrent Fevers.—In intermittent fever there is a 
succession of febrile attacks, each characterized by pyretogenic, fas
tigial, and defervescent stages, and separated by intervals of twenty 
hours or more, the temperature during the interval being normal 
(malarial fever). A variety of the form, in which the interval is of

0557
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several « lays’ duration, is sometimes spoken of as recurrent (Relapsing 
fever proper, Malta or Mediterranean fever).

Stages of Pyrexia. Here it will Ik- useful to not#* the terms employed 
in describing and classifying the different grades of rise of liody tempera- 
ture occurring in febrile states. For in fevers we have every grade of 
rise of bodily temperature, and in the same infection different individuals 
react differently. In children, for example, a very slight disturbance 
is liable to cause a profound rise; in the aged, on the contrary, severe 
infection tnav be associated with relatively little increase. Wunder
lich's divisions are usiiallv followed.

Subfebrile, or high normal, from
Low febrile................................
Moderately febrile .
High febrile .

" “ morning, above
“ “ evening, about

Hyperpyrexial

37.5" to 38° ( ' . or tielow 100" I
38.0" to 38.5" ( or 100° to 101" I .
iis.f)" tff 39.5" t\, or 101" to 103" I'.
39.5° to 40.5" ( or 103" to 10'»' I .

40.5 " <
11 Of. arul over, or 105" I amt over.

Reversing the usual procedure, we shall not. now discuss the causation 
of this increased temperature, but will discuss the disturbances 
other than pyrexial that characterize the febrile state, believing 
that by this means it is po^ible to gain a more tlmrough grasp of the 
subject and to come more fully prepared to the discussion of pyretic 
phenomena.

THE ASSOCIATED FEBRILE DISTURBANCES

Nervous Disturbances. Chills. During the pyretogenie stage in 
very many fevers a marked feature is the supervention of one or a suc
cession of chills. The patient feels cold, the teeth chatter, the sensa
tions experienced are identical w ith those which follow exposure to cold 
with rapid cooling of the surface of the laxly. But now the- hand, and 
the thermometer, often indicate that the surface is distinctly hotter than 
normal, while, at the same time, the thermometer in the rectum shows 
there a yet greater rise of temperature. We are dealing c learly with a 
nervous phenomenon, and one that is not the direct effect of cooling 
upon the cutaneous nerve-endings. It is true that the surface phe
nomena, save for this freejuent increase in heat, are closely allied to 
what is seen in actual cooling; the extremities and the face may be 
pale and even livid; there b, obviously, localized arterial contraction. 
This view that we are dealing with a nervous phenomenon, incited from 
the central nervous system, is supported by the fact, that in those* of 
unstable nervous constitution identical chill- may occur without, 
exposure to cold and without infection. What the nervous change is, 
that is, at the root of these chills, it is difficult to sax. Marey1 has

rrumtlnn <IU Mf‘J, I'aHS, 1881.
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suggested (lint relative increase in the temperature of the central organs 
may produce the same results as relative decrease in surface tempera
ture, and that relative temperature possibly plays a part is suggested 
by Recklinghausen's1 observation that when the chills have passed and 
high fever has developed, they may be brought on again by exposing 
an extremity. With relapse, also, in the course of a fever they may 
show themselves. Mere local anemia of the surface vessels, which is 
common both in cooling and in chills, would not seem to be a satis
factory explanation, for the same may occur under other conditions 
without chills being produced.

lint, underlying these chills, we must see that the local anemia indi
cates that the blood is attracted to other organs, that there is a corre
sponding congestion elsewhere; as, also, that the relative cutaneous 
anemia indicates during this period a relative storage of heat in the 
system. Nor is this all; calomctric observations demonstrate that 
more rapid and marked increased production of heat occurs during the 
chills than at any other period of the febrile state. Why this is will be 
explained on the next page.

With the onset of the fastigium the surface vessels become congested, 
and now there is a sensation of general surface and body heat of I'cvcr-

Other Febrile Nervous Disturbances. These are but one of a series 
of nervous disturbances, which we may divide into two categories, 
namely, states of nervous irritation and of nervous depression. Among 
the former we must class headaches and mental irritability, photo
phobia, sleeplessness, hallucinations, and the graver conditions of 
active delirium, with confusion of intellect. This may pass on into 
the next state, that of exhaustion and depression. Other conditions of 
the second category are apathy, arrest of mental activity, prostration 
and involuntary passage of excreta, quiet muttering delirium, and 
complete coma and collapse.

While the different conditions are, to some extent, an index of the 
severity of the fever, mental and nervous exhaustion being matters of 
graver import than are irritability and active delirium, we have to 
recognize that in different forms of infection thçre is a wide variance 
in the extent of the nervous disturbance. While in some cases wc 
have to deal with active meningitis and presence of the specific organ
isms directly affecting the surface of the brain, and in others, it may 
be, with alterations in the circulation of the brain rather than with 
direct stimulation, in the main these nervous disturbances have to be 
ascribed to the action of the diffusible toxins circulating in the blood. 
They correspond with the nervous disturbances set up by other toxic 
agents, and, while they vary so greatly, we can reproduce one or other 
group by the intravenous injection of the sterile culture fluids or 
products of growth of specific pathogenic microlies. The most striking 
demonstration of this direct action of toxins upon nerve tissues has

1 Hilbch. d. allgein. Pathol. </<■« Kreislaufs, Stuttgart, 1883: 451.
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been afforded by Meyer and Ransom,1 in their studies of the course 
pursued by the tetanus toxin, in which they showed with absolute pre
cision that this toxin has a direct affinity to, and selective action upon, 
the nervous tissues, and passes up the peripheral nerves. l)i Vestea 
and Zagari2 had, some years previously, demonstrated the same remark
able passage in connection with rabies, but there it is still undetermined 
whether we deal with the passage of the toxin or of the infective agent. 
Recently, a like predilection has been demonstrated by Flexner and 
Lewis,3 and by Landsteincr,4 5 in connection with the virus of anterior 
poliomyelitis.

In diphtheria, which likewise is characterized by definite nervous 
symptoms, Rainy6 and others have shown that the toxins produce 
direct histological changes upon the motor cells of the cord in eases in 
which paresis was present during life. Sidney Martin had previously 
noted the destructive effects of those toxins upon the nerve fibres. Yet 
earlier, Charrin,0 by injection of culture fluids of the B. pyoeyaneus, 
had brought about in the rabbit the same spastic state of the hind 
limbs, with paralysis of the sphincters, etc., which are features of the 
blue pus disease in that animal, and, as Williams and Cameron,7 of 
Montreal, were among the first to point out, are features of the disease 
in the human infant. The evidence, therefore, that bacterial toxins 
are capable of acting directly upon the nervous system is very definite, 
and such action affords the simplest and most direct explanation of 
those nervous disturbances in infections generally which art* not 
obviously the result of exhaustion.

Muscular Disturbances. Rigors. Associated with chills are rigors
fine fibrillary contractions of the muscles of the face, trunk, and 

extremities, involuntary in nature. Like chills, they are common 
to exposure to cold and to the incipient stage of many fevers. They 
represent a reflex stimulation of the muscles whereby, through the 
frequent and rapid contraction of the individual fibres, no definite 
movements are induced; in fact, opposing muscles are synchronously 
affected. The most that is produced is what corresponds to an 
increased stiffening up of the muscles generally, well indicated by the 
term “rigor.” Every whit as much as the flapping of the arms of the 
chilled coachman, these rapid individual contractions mean work, and 
muscular work means the giving off of heat. Rigors, in short, are a 
mechanism whereby there is produced reflexly increased heat produc
tion, and, occurring simultaneously with the febrile chill, suggest 
strongly that they are the effective means of inducing increased heat

1 Schmiedeberg’s Arch., 49:1903. An excellent resume of this important article
is given by Archibald, Montreal Medical Journal, 34:1905:874.

3 Archiv p. 1. Scicnzc mediche, 9:1887.
3 Jour. Amer. Med. Assoc., 53: 1909: 1913, and 2095.
4 Landsteincr and Popper, Ztschr. f. Immunitatsforsch., (trig., 2: 1909: 377.
5 Journal of Pathology, G: 1900:444 (with good bibliography).
8 Lu maladie pi/wi/nnùiue, Paris.
7 Journal of Pathology, 3:1895: 344.
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production. Similarly, il lias lxvn shown that the muscular activity 
associated with the more rapid respirations of the febrile slate is aeconi- * 
panied by increased heat production.

Other Muscular Disturbances. Atrophy. It is apt to be forgotten that 
the normal muscle is not only working when it is undergoing active 
contraction, but works and produces heat in the apparently resting 
condition. The condition of tonus is a state of partial contraction, 
and it can be demonstrated by recording the finger or hand movements 
after active exercise, or, in cases of paralysis agitans, that the fine 
twit citings have a definite rate per second, the irregularity of the curves 
tending to be regular, and brought about by interference between the 
rates of stimuli passing to opposing groups of muscles. Increased 
contraction and tonus clearly play a part in the earliest stages of the 
febrile state; later, they give way to muscular relaxation and exhaustion, 
and the muscles of the body in general are noticed to diminish in size 
at a greater rate than is to be explained by the combined lack of exercise 
and diminished assimilation. This rapid “burning up" of the muscles 
is another indication of increased heat production.

Circulatory Disturbances. In certain cases, the so-called sthenic 
fevers, and, in certain stages of acute infections in general, we find the 
pulse full and bounding; in others the asthenic fevers it is weak and 
easily compressible. In all cases it and the heart beat are markedly 
increased in rate. While it may be laid down as a valuable rule for 
prognosis that strengthening of the pulse and lowering of the rate in 
any individual case of fever is a favorable sign, we have to confess that 
we know sadly little concerning the meaning and the causation of the 
febrile pulse; the factors possibly concerned in any given case are too 
many to permit a sure analysis. What these factors are we will briefly 
indicate.

1. Whenever the bed of the blood stream is widened in any consid
erable area without corresponding contraction of the bed in other 
areas, there is lessened resistance to the inflow of the blood, the pressure 
sinks, and the heart rate increases. The general lack of bodily tone 
and the actual vascular dilatation observed during the fastigium indi
cate that this factor is at work.

2. Increased temperature of the blood and organism generally has 
an identical action. If the frog’s—or the cat’s heart be removed from 
the body and kept beating by supplying it with blood, warming that 
blood leads to more rapid and less powerful heart action; as, again, 
warming the rabbit’s ear leads to obvious vascular dilatation and in
crease in stream bed.

3. The direct action of bacterial toxins upon (a) the peripheral ves
sels has also to be considered. And this action varies in the different 
infections. With diphtheria, Sharp1 found that the toxins applied 
direct to the heart muscles cause, first, a more powerful beat, followed 
by weakening, with less complete systole and more prolonged diastole,

1 Journal of Anatomy and Physiology, :tl : 1S97:199.
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until complete arrest ensued in the diastolic state. Wood head found 
that the same toxin leads directly to a condition of fatty degeneration. 
But, at the same time, we know that it has a specific action on the periph
eral nerves, and disintegration of the vagus has been determined in 
some cases of sudden death, which vagus degeneration would seem 
the most satisfactory explanation of this terrible sequel of diphtheria. 
A similar action upon the vagus has been determined for influenza 
toxins (la grippe). Arloing and (ourmont have found that the 
products of the Pyococcus aureus lead to capillary dilatation; those of 
the B. pyoeyaneus, according to Charrin and (ilev, lead to contraction 
of the arterioles, but these at the same time ( Mora and Dovon) act 
directly on the vagus, arresting its inhibitory action and causing 
increased rapidity of beat. These examples, afforded one and all by 
capable observers, will serve to indicate the intricacy of the subject and 
the need to study the vascular changes in each infection separately.

Tracings taken from successive stages of a paroxysm of ague (tertian malaria). Fig. ISO 
from the |ierio<l before an attack. Fig. 157. beginning of the attack (stage of shivering). I ig. 
158, in height of attack. Fig. 159, lieginning of the stage of defervescence (sweating stage). 
(Mannaberg.)

4. Yet another factor in affections such as cholera, which are accom
panied by profuse diarrhtva, is actual diminution in the amount of the 
blood; this, again, leads to rapidity of heart action and weak pulse. 
The results, so far as the heart is concerned, are the same as diminution 
of resistance to onward passage.

It follows, naturally, that the different stages of a fever afford different 
types of pulse and pulse tracings; that in the stage of contraction of 
the peripheral vessels the pulse is small and firm; in the fastigium it is 
of a fuller, softer type. It further is particularly liable to exhibit 
dierotism, an indication, as now generally accepted, of loss of tone of 
the walls of the larger arteries. On these, also, it would seem, 
toxins have a direct action. The accompanying tracings of the pulse 
in the a pyretic period and the period of chills (pyretogenic), heat 
(fastigium), and perspiration (defervescence) of two malarial paroxysms
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on successive days exhibits well the changes in type and rate of the 
pulse iu these different conditions.

Alterations in the Blood. We shall not attempt to describe 
minutely the blood changes in the different infections; they are very 
various, and are detailed fully in the many excellent works on hema
tology. We can but note the main features.

Red Corpuscles. It may be laid down that, even in those eases in 
which there is a severe drain of fluid from the organism, as in cholera, 
when, in consequence of the concentration of the formed elements, 
they appear to undergo a great increase, infection, even in mild grades, 
if continued for but a few days, leads to diminution in the number of 
the erythrocytes. Their destruction in the febrile state is greater than 
their reproduction. Certain microbes, streptococci, and many mem
bers of the B. coli group have, through their toxins, a distinct hemo
lytic action upon the corpuscles in the test-tube, and if a smear be made 
from the swollen spleen, in typhoid and other fevers, it is often possible 
to note that the large endothelial cells from the splenic sinuses contain 
more or less degenerated red corpuscles.

White Corpuscles. Here a very considerable variation exists in the 
different infections both as regards the total number of leukocytes 
found in the blood and the relative proportion of the different forms. 
In most cases there is a distinct increase, in some, as in pyemic condi
tions, streptococcic infections, pneumonia, the general increase is very 
marked; in others, notably in typhoid, not only is there no leukocy
tosis, but the number may be below the normal. Where, in a disease 
characterized by absence of leukocytosis, a sharp rise in the number of 
leukocytes is observed, we have indications of a second infection. In 
typhoid, for example, such leukocytosis should suggest the possible 
development of perforation, but it must la* kept in mind that a rapidly 
developing septic condition, particularly where the patient is already 
in a weak state, may be accompanied by no leukocytosis. Where, in 
infection characterized by leukocytosis, the number of leukocytes 
steadily, or even rapidly, increases during the fastigium, this need occa
sion no great concern; it is, if anything, an indication of good reactive 
powers; while, when the fever is at its height, and when the number 
shows a pronounced fall, or, throughout, the leukocytosis is deficient, 
we have a condition of serious, not to say grave, import an indication 
of deficient reaction and not improbable fatal ending. Where a mod
erate fall occurs in a ease that has proceeded in a natural manner for 
some period, we may have indications of approaching resolution; indeed, 
Kanthaek by this sign was able in a large number of cases to predict 
the oncoming crisis in pneumonia twenty-four hours before the tem
perature began to drop, or any other svmptom of the event had declared 
itself.

Regarding the different forms of leukocytes noticeable by their fre
quency in the different infections, it may be said that, in acute infections, 
the polynuelears are the predominating form ; in more chronic diseases, 
such as tuberculo is the lymphocytes are relatively frequent, without the
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other forms showing great increase in number. In the febrile con
ditions accompanying the presence of intestinal worms, as already 
noted (p. 319), there is a liability for a striking increase in the number 
of éosinophiles, with or without pyrexia.

Respiratory Disturbances. The increased rate of respiration is a 
cardinal symptom in the course of infection. Such increased rate is 
common to all conditions in which either the body is exposed to height
ened external temperature, or the bodily temperature itself is raised. 
It is one of the means of discharging and reducing the heat of the body, 
for, not merely is heat lost in the process of warming the inspired air, 
and more heat lost by inhaling and exhaling a large quantity of air in a 
given time, but also, by internal evaporation, the moistening of the air 
in the lungs, further loss of heat occurs.

Hut even when, as in a vapor bath, the external air is already both 
saturated and heated, the same increased rate of breathing is to be 
noted, rendering it doubtful whether loss of bodily heat is the main 
function of the increased rate. We must pass beyond the mere act of 
increase in rate to its cause, and lay down that anything which leads 
to increased temperature of the blood bathing the respiratory centre is 
accompanied by increased rate of respiration; this is very largely an 
automatic process, primarily resulting, it is true, in lessening the bodily 
temperature, and so that of the blood passing to the cord, but still 
occurring when the end cannot be obtained, or when the increased 
temperature is beneficial to the rest of the organism.

There is another cause of increased rate, acting also, we believe 
through the respiratory centre in the cord, which appears to have a 
more immediate bearing on the febrile state.' We would refer to this as 
oxygen-hunger, even though it acts through its results, namely, accu
mulation of carbonic acid gas in the blood. We know from abundant 
observations that increased temperature favors increased metabolism 
in the individual tissues, and heightened metabolism means increased 
using up of oxygen, and results in an increased discharge of carbonic 
acid. Under ordinary physiological conditions, if the body be exposed 
to heat, we note a tendency to combat this heightened metabolism; the 
individual indulges in a minimum of exercise, and little food is taken. 
In fevers we have the striking phenomenon that despite the anorexia, 
the bedridden condition, and complete lack of muscular exercise, the 
amount of oxygen absorbed in a given time continues to be greatly 
increased, as also does the amount of carbonic acid given off. And the 
higher the body temperature, the greater the absorption of the one and 
the discharge of the other. As Haldane has shown (p. 3X2), it is the 
increased C()2 tension in the circulating blood that is immediately con
cerned in acceleration of respiration. In one case of febrile chill,

1 The conflicting views of Hcring, Hreucr, and Head (whose studies on the vagus 
led them to conclude that respiration is largely a reflex act, determined by the 
condition in the alveoli of the lungs) are weighed and criticised by Pcmbroy in 
ltcccnt Advances in Physiology and Biochemistry, 1900: 503.
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1 deherinvister found llial I wo and a half times tin- usual amount of 
('(), was living given olï. I /eyden, from his observât ions, laid down 
that in general the increase is one and a half times the normal. It is 
this actual increase in (’(), production and discharge rather than the 
respiratory quotient that must lie taken into account. That quotient 
may, indeed, lie abnormally low.1 Herein is the primary cause of 
increased respiratory rate, and here, also, we have a striking demon
stration of what must be regarded as the prominent underlying feature 
of fever, namely, greatly increased metabolism, that metabolism leading 
to tin* increased temperature, to increased discharge of CO, into the 
blood, and to the increased rate of respiration. As with defervescence 
the temperature falls, the discharge of CO, returns to the normal.

Urinary Disturbances. Here, in general, we find that (I) the 
amount of urine passed per diem is diminished; (2) what is passed is 
concentrated and high-colored; (3) relatively more urea and nitrogenous 
constituents (kreatinin and the ammonium salts of organic acids) are 
passed per diem; (4) more potash salts; (5) the chlorides are noticeably 
deficient, as, again, are the phosphates. The data regarding uric acid 
are conflicting.

That the amount, i. e., the water, is diminished, is explicable by 
( I ) the lowered blood pressure (and rate of flow); (2) the increased 
discharge of water by the lungs, the skin, and, in some cases, the feces. 
The increased pigmentation is another evidence of that destruction of 
the red corpuscles already referred to; and this explains, also, to a large 
extent, the increase in potassium salts (for the red corpuscles are 
relatively rich in potassium). Most characteristic is the increase in 
nitrogenous constituents. The urea in a continued fever is increased 
from 70 to 100 per cent., sometimes threefold; the increase in uric- 
acid and kreatinin is more irregular. While the increase is not in all 
cases nearly parallel to the temperature variations, it is, nevertheless, a 
very constant phenomenon ; and while, again, the amount of nitrogen 
discharged per diem by a healthy person may, under certain circum
stances, exceed that shown by the febrile patient, the amount of urea 
passed by the latter is much greater than would be* passed by a healthy 
individual on the .same diet.

Thus the study of the urine affords one more convincing demonstra
tion that the febrile state is characterized by increased metabolism, 
increased breaking down of proteins. And these proteins cannot be 
food and reserve materials; they must be derived from the tissues. It 
is deserving of note that the evidences of increased metabolic processes 
and the rise of temperature do not go absolutely hand-in-hand. There 
may be indications of increased proteid destruction before the temper
ature begins to rise, and, per eontra, often after defervescence, especially 
when critical, the augmented elimination of nitrogenous bodies is found 
to continue several days after the temperature has returned to normal 
(“epicritical excretion of urea”). In pneumonia, and possibly in the

1 ItietlniH. Arch. f. exp. Pathol., 44:254,
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other conditions in which this is encountered, a possible explanation is 
the absorption and discharge of inflammatory products.

Regarding the diminution of the chlorides excreted, it cannot be said 
that as vet we possess a satisfactory explanation. That the dimin
ished consumption of food is responsible for a large proportion of the 
decrease must be regarded as well established, but this is not every
thing.1 Large quantities of sodium chloride may be given by the 
mouth and yet the excretion be deficient. Against this, it might be 
urged that absorption from the alimentary canal is greatly lessened, 
but such argument will not explain why, in fevers, the amount of the 
chlorides in the circulatory blood may not be found diminished. We 
are thus driven to conclude either that in fever there is an altered 
selective secretory activity on the part of the glomerular epithelium, or 
absorptive capacity on the part of the tubular epithelium (if the view 
lie accepted that constituents of fluid filtered through the glomeruli 
undergo renbsorption), or lastly, with Forster and Sol I man,2 that 
excretion or non-excretion of the chlorides is dependent upon the relative 
amounts free in the plasma or combined there with colloid materials. 
But, accepting this last view, there is no explanation why, in fever, 
there should be this increased combination with colloids. Leyden3 has 
urged that in the febrile state there is a retention of water in the organism; 
that often the main loss of weight is observed to take place, not during 
the acute stage, but during convalescence. Such retention of water 
might be held to explain the retention of sodium chloride. There has 
been not a little controversy regarding this view. On the whole, the 
evidence indicates that his observations are correct for febrile states ol 
some duration, such as typhoid, but are not substantiated for fevers of 
shorter length. As we shall point out in discussing the cell degenerations, 
active dissociative changes in the cell demand increased intracellular 
water to hold the increased number of molecules of simpler type in 
solution. Herein would seem to be the e> ion of the retention.

Yet another feature of febrile urine is worthy of note, namely, its 
toxicity. Although most observers in this field have failed to take into 
account the toxic actions of the increased potash contents, there can no 
longer be reasonable doubt that different toxic substances are dis
charged by the urine in different infections. The urine, in short, 
affords one means of removal of the toxins from the organism.

Lastly, in every febrile condition we are liable to find albumin in the 
urine, and, associated with this, we find cloudy swelling and a more or 
less well-marked grade of parenchymatous nephritis set up, it would 
seem, in the main by the elimination of toxins and the deleterious 
products of tissue disintegration. The congestion of the kidneys set 
up by altered blood pressure would not, that is, appear to afford an

1 Hatcher and Soliman, Amer. Jour. Physiol., 8:1903: 117.
2 Soliman has contributed a valuable series of paj)ers on this subject, Amer. Jour. 

Physiol., 8:1903:155, 9: 1903:425 and 454, 13: 1905: 241, 291.
2 Arch. f. kiln. Med., 5:360.
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adequate explanation for the pronounced parenchymatous nephritis 
frequently noted.

Other Metabolic Disturbances. Of these, the most noticeable is the 
rapid burning up of glycogen. This is found greatly diminished in the 
liver and muscles of the febrile animal. Although a factor, this con
sumption of glycogen is not the essential cause of the increased heat 
production, since that may show itself in starved and glycogen-free 
animals.

Digestive Disturbances. Anorexia. Distaste for food and loss of 
appetite is characteristic of all fevers in animals, as well as man. With 
this, as indicated by the mouth (for there is a marked sympathy between 
all parts of the intestinal canal), there is a marked diminution in the 
digestive secretion; as indicated also by the stomach by the frequent 
presence of masses of coagulated casein in those on milk diet, who 
have died from typhoid and other high fevers. In the less severe, 
continued febrile states, as indicated by tuberculosis, the anorexia 
and lessened absorptive powers do not necessarily go together; there 
forced overfet " " ' certainly to increased absorption and positive

To attempt to explain the anorexia and arrest of intestinal activities 
is at present to indulge in little beyond pure theory; i. #\, to conclude 
from the frequent discharge of mucus all along the stomach and intes
tines that the cells are engaged mainly in excretive processes, tending 
to discharge the toxins, and cannot, therefore, be equally active in 
absorptive processes; or, again, that it is a means whereby the cells 
of the tissues in general devote their energies to the elaboration of anti
toxins instead of to commonplace assimilation of foodstuffs. Briefly, 
we know nothing adequate to explain it, and can only note that it is one 
of tin- striking features of fever. At most, there are certain indications 
that bodies of the nature of complements exist in greater amounts in 
the blood of moderately starved than in that of full-fed animals; but 
these observations require to be materially extended before they can 
safely be built upon. The more recent observations by Rankin and 
Martin1 in our laboratory upon opsonins in starvation point in the 
opposite direction.

Into the changes occurring in the liver and accessory digestive glands 
we would not here enter at length, beyond stating that these tend to 
exhibit the same cloudy swelling and parenchymatous inflammation 
noted as occurring in the kidneys. Like changes may be produced in 
experimental hyperpyrexia, or bv subjecting small animals to greatly 
increased external warmth, but that the mere increase of temperature is 
not the essential cause is shown by the fact that pronounced disturb
ances of like nature may occur in diphtheria and in severe infection 
characterized by lack of pyrexia. Increased excretion of toxins and 
products of cell disintegration and physical change in the cells brought 
about by this excretion must be regarded as the cause.

1 l’roe. Sue. Exp. Biol, and Mod., 4: 11)07:SI.
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Cutaneous Disturbances. -Here, as in connection with the loss of 
bodi'y heat through the respiration, we note a want of evidence of 
accurate relationship between heat production and heat discharge. 
The rule of the organism under " " conditions is, that
increased bodily heat is accompanied by dilatation of the cutaneous 
vessels, favoring more rapid discharge of heat, and, in addition, by 
increased perspiration, which yet more materially, by the evaporation 
of the sweat, brings about loss of heat. As regards surface dilatation, 
while this is well marked in the fastigium, it is noticeably absent in 
the period of pyretogenesis. As regards perspiration, it is, to say the 
least, irregular. There is no constant relationship between it and the 
height of the fever. It is generally pronounced, not when the fever 
is rising, but when it is going down, in the stage of defervescence; it 
is most marked accompanying the rapid fall of temperature to the 
normal, and below (cold sweats), heralding the fatal event in malig
nant fevers; may occur locally, as in tuberculosis, or may be a feature 
throughout the disease, as in acute rheumatism. In short, like the 
respiratory changes, it is not primarily related to the temperature needs 
of the body; more extended observations than have as yet been made 
require to be undertaken to determine its relationship to the excretion 
of toxic matter from the system.

( >f the exanthematous manifestations, some, like the pocks in small
pox and syphilis, and the roseola* of typhoid, are directly infective, 
due to the presence and proliferation of the specific microbes in and 
around the cutaneous capillaries ; some, particularly those of hemor
rhagic type, are merely toxic, caused by circulating toxins. It is possible 
experimentally by the injection of sundry toxins to induce cutaneous 
pet eel ii;e and hemorrhages, indication that those toxins directly affect 
the walls of the vessels.

Emaciation. This further cardinal symptom of the continued 
febrile state may be far more marked than can be explained by lessened 
intake of food. Notably, there is a reduction of the fatty tissues a 
burning up of the fat and, with this, also of the muscles. Of fat, it 
must be noted that in its combustion it is capable of giving off more 
calories of heat than any other constituent of the body. There is in 
the febrile slate, to repeat, no mere retention of heat, bat a most evident 
increased production, and this whether the loss of heat is not propor
tionately increased, so that there is a rise in the body temperature, or 
whether it is proportionately increased so that there is no fever in the 
narrow sense of the term.
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CHAPTER V.
THIS SYSTEM It ' KK.UTION (Vontini ku).

THERMOOENESIS AND PYREXIA

Passim; in review the data afforded in the Iasi chapter, these eonclli
sions stand out prominent : (1) The febrile state is charaeterized by an 
increased metabolism altogether out of proportion to the amount of food 
and energy producing material taken in, the breaking down processes 
being greater than the building up; and (2) that with the increased heat 
production there is not in general a corresponding discharge of heat, 
so that the body temperature tends to rise. To this a third may be added, 
that there is evident lack of coordination between heal production and 
heat discharge. More correctly, this may exist as is indicated by the 
regularity of the temperature curve during the fastigium, but at a 
higher level than the normal, or, in other words, the bodily heat becomes 
regulated to maintain a higher temperature.

From the respect mingled with awe with which from childhood upward 
lie has seen the thermometer treated, and from the prominence given to 
the temperature charts in the wards, the student very naturally concludes 
that the temperature changes are the all-important factor in the febrile 
state. Let us here state emphatically that this is not the case. The 
temperature changes are but the expression and the outcome of other 
underlying conditions, and these it is that, so far as the organism is 
concerned, are all important. The temperature chart is important to 
the physician as indicating how these other conditions are telling upon 
the general state of the organism. While thus we would not dwell too 
long upon those temperature changes, there are other states besides 
infection in which there is rise of bodily temperature, and, in order to 
understand these and their relationship, it is necessary to recall what 
we know concerning thermogenesis and heat regulation. This knowl
edge should lie familiar; we shall, therefore, state the main data as 
succinctly as possible.

Heat Production. Heat is liberated in the organism under these 
conditions:

1. From the food, /'. r., from the recombination of dissociated food
stuffs (p. 101 ).

2. From tissue katabolisin, i. r., from the oxygenation of tissue 
products. All work performed by the cells leads to dissociation in 
the cell substances, and it is ultimately the union of these products of 
dissociation with oxygen that produces heat.

If, therefore, in febrile conditions there lie increased production of 
heat, despite lessened intake of foodstuffs, and despite a loss of heat
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that is not less than normal, that increase can only he line to tissue dis
integration and oxidation. The same is true of other conditions in 
which there is increased heat production irrespective of food taken. 
If, also, through nervous influences increased heat production he brought 
about, it is not the nervous centres themselves that develop heat ; it is 
the dissociative changes in the cells of sundry tissues set up by nervous 
stimulation that is the cause.

Heat Discharge. There tnav be loss of heat from the body through:
1. Surface radiation and conduction.
2. Surface convection or evaporation—of sweat and in the lungs.
3. The passage from the body of excreta.
The discharge may be increased and the temperature of the body 

lowered :
1. By dilatation of the surface vessels.
2. By increased pouring out of sweat.
3. By increased respiration, whereby more air is warmed in passage 

over the respiratory surfaces and greater evaporation takes place in the 
lungs. (It is by this increased respiration (panting), in the main, that 
the dog, unable to perspire, cools himself down.)

4. By increased excretion (a very minor factor).
It may be diminished by the opposite conditions contraction of sur

face vessels and arrest of perspiration, slower or shallower respiration.
According to Yierordt if the total income of available energy is 

2,500,000 calories (a calorie is the amount of heat necessary to raise 
1 gram of water 1° ('. at the normal atmospheric pressure), then:

1.8 per cent, is lost in the urine and feces . 27,500 calories.
3.5 per cent, is lost in the expired air .... 84,500 “
7.2 percent, is lost in the evaporation of water from

the lungs................................................................ 182,120 “
14.5 per cent, is lost in the evaporation of water from

the skin .......................................................... 304,120 “
73.0 per cent, is lost in the radiation and conduction

from the skin......................................................... 1,701,820 "

The lower the temperature of the external medium in immediate 
contact below that of the body, the greater, other things being equal, 
the loss of heat ; the more nearly these approach equality, the less the 
loss of heat ; and if the external temperature exceed that of the body, 
and at the same time, by saturation with moisture, evaporation is pre
vented, there is an actual gain of heat. Thus, for < , the body
immersed in a warm bath (over 104° F.) shows a very evident rise of 
temperature.

Despite the fact that at different periods, through muscular exercise 
and the taking of food, the heat production undergoes great changes, 
and through alteration in the external medium the heat discharge is 
similarly liable to vary greatly, the temperature of the warm-blooded 
keeps remarkably constant, herein differing from the cold-blooded 
animal, in which the bodily temperature rises and falls with the external 
temperature. The infant is intermediate, and its temperature is modified
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considerably I>y tlmt of its surroundings.1 2 Hut in the adult man, whether 
within the Arctic circle or in the Tropics, the mean temperature (rectal) 
is maintained in the near vicinity of 117.2° ( (VS.00° F.).3 * * * * Conditions of 
great heat, as already indicated, will raise it above this point ; of great 
cold and exposure, if forced exercise and food he not taken, will lower it. 
In cases of sunstroke the rectal temperature has been found as high as 
42.9° (\ (109.2° F.), but such temperatures are fatal, and it may be 
laid down that 42° ('. (107.5° F.) is the upper limit of temperature 
compatible with continued existence.3 (See also p. 285.)

Cases are on record in which, with a rectal temperature of 24° ('., 
those who have been so exposed have recovered, hut when the tempera
ture below tails 20° C. death is inevitable. Men thus are not “ frozen 
to death;” they «lie before reaching the frozen state.

In the conditions of health there is a daily variation of temperature, 
as might be expected, the minimum being during sleep when the muscles 
are relaxed and the respiratory change is lowest.'

Heat Regulating Mechanism. The existence of a heat regulating 
meehailium is thus evident ; of a mechanism which within very wide 
limits is marvellously exact and precise in action. As a matter of fact, 
we possess indications pointing definitely to the existence and site of 
portions of such a mechanism, although there is still debate as to the 
number and mode of action of the same. The very existence of two 
sets of sensory nerves, one for the sensation of heat, the other for that 
of cold, in itself indicates the existence of a controlling mechanism. 
Moth by clinical observation from the time of Brodie, in the beginning of 
the last century, onward, and by direct experiment it has been noted that 
injury or stimulation of certain areas of the brain or medulla have been 
followed by marked rise of bodily temperature, of others by lowering 
of the same.8

It is not difficult to understand that laceration or section of the spinal 
cord, high up, by paralyzing the muscles, leads to lowering of the tempera
ture, as also by paralysis of the vasomotor mechanism. It is this latter 
that mainly is effective by leading to dilatation of the cutaneous vessels, 
etc., for if in those cases the body be properly swathed the temperature 
rises to the normal. Cutting between the medulla ami pons was found, 
by Horatio Wood,” to lead occasionally to a considerable rise, which 
was also noted at times by Ilcidenhain.

1 The same, also, is true of warm-blooded animals in the state of hibernation.
2 ( >r in the mouth, 36.87° (’. (98.36° F.). These an* Pembrey’s figures.
3 Much higher temperature than this has been n*eorded of axillary, anal, and 

rectal temjiernturcs—even of 150° F. and over—and in those not seriously ill; but 
in so many of these careful detective work has shown the existence of some trick— 
placing the thermometer in the tea or hot water, pressing, etc.—that imposture 
must always be diagnosticated in these cases (see Professor Welch, discussion of
Dr. A. Jacobi's pa|H*r on Hypcrthermy, Trans. Assoc. Amer. Phys., 10: 1 895: 189).

* Vide Pembrey, Jour, of Physiol., 15:1894:401.
s For clinical cases see more particularly Hale White, Guy’s IIosp. Hep., 27:

1883-84:48, and Jour, of Physiol., 12:1891:233.
• Fever, Smithsonian Contributions to Knowledge, Washington, No. 357, 1880.
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These results have been opposed by others, but the reputation of both 
observers for careful, conscientious work is so great that the fact must 
be accepted. There is more abundant confirmation of the observation 
of Richet and of Aronsohn and Sachs, that puncture and electrical 
stimulation of an area in the corpus striatum or puncturing the mid
brain with a long needle leads to marked elevation of temperature, 
beginning several hours after the puncture and lasting for several days, 
and due not to lessened loss but increased production of heat.

It may be urged that we have no right to speak of these as heat- 
producing centres;1 * that there exist in the brain centres controlling 
tissues, such as the muscles and the liver, which, in activity, produce heat 
all must admit, and it is is such visceral centres that are stimulated. 
To a certain extent we agree with this objection. Heat can only be 
produced under these conditions by tissue metabolism. Indeed, it has 
been shown by Hirsch and Roily3 that, following midbrain puncture, 
the liver is the warmest organ in the body, and other observations3 indi
cate that, unlike the ordinary febrilestate, the increased metabolism in these 
cases is lion-nitrogenous rather than nitrogenous. This, however, does 
not prevent us from regarding centres which thus may lead to a rapid 
rise of heat as heat-producing centres. Similarly centres governing the 
sweat glands and cutaneous vasodilators become heat-discharging 
centres; and looking at the mechanism in this light we must, with Mac- 
Alister, predicate the existence of some central heat-controlling centre 
regulating the (various) heat-producing and heat-disclmrging apparatus 
—a centre which s the former and inhibits the latter in order
to raise the body temperature, and does the reverse in order to lower it. 
Without such it is difficult to see how regulation can occur. And we 
must regard this as being called into action (1) by reflex means; (2) by 
the temperature of the circulating blood telling directly upon its activity; 
and (3) by substances diffused in the circulating blood acting upon its 
constituent nerve cells. Here we trespass into a region of physiology 
that awaits fuller explanation. All that is sure is that within the brain 
and spinal card arc nerve cells which on stimulai ion lead, some of them, 
to increased production of heat bp the tissues, others to increased loss of 
heat from the body surfaces. The wonderful reputation of the bodily 
temperature under ordinary conditions is a strong indication that con
trolling flic production and flic loss is one pair or an intimately connected 
system of heat-regulating centres.

In fever this heat regulating mechanism is gravely ' *, and the
facts we have brought forward are in themselves adequate to prove that 
the disturbance is in the direction of increased heat production rather 
than of lessened discharge.

1 This is Mosso’s view, Arch. ital. tie Biol., 13:1890:459. Reichert, attaches 
more importance to centres in the spinal cortl (Univ. Med. Mag., I’hila., 5:1893:400 
andO: 1894:303).

1 Deutsch. Arch. f. klin. Med., 75:1905:307.
* Roily, ibid., 78: 1905:289, and Martin, Arch. f. exp. Pathol., 40: 1898:453.
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Calorimetric Observations. It must Ik* emphasize I that tlu* ther
mometer can only afford information regarding the balance or resultant 
at a given moment between the heat production and income on the one 
hand, and the heat loss and expenditure on the other, of a particular 
part; it gives no information regarding the actual amount of heat that 
is being developed by the body, or the extent of heat loss. To deter
mine these, observations of a totally different order have to be under
taken, namely, methods of indirect and direct calorimetry. We have, 
that is, to compare the heat-producing capacity of the ingested food, 
and of the oxygen absorbed in respiration, during a given period (after 
deducting the number of unused calories represented in the excreted 
and discharged matter from the organism during that period) with the 
contemporaneous amount of heat actually lost by the organism (from 
the skin, the " and in the excreta), in order to assure ourselves 
either that there is a relative increase or a decrease of heat production 
and of heat loss. The methods for determining these data are very 
elaborate, and many sources of error have to be guarded against. But 
to such a perfection have the two methods been brought that, in the 
normal animal, practically identical results are now gained bv the two 
methods. Naturally, it is more difficult to make calorimetric obser
vations upon the patient. It is not surprising, therefore, that there 
has been not a little divergence on the results obtained. Long and 
exact studies have been made by capable observers in many countries, by 
Liebermeister, Rosenthal, and Rubner in Germany, by Lavoisier and 
I)’Arsonval in France, by Ott, Horatio Wood, Reichert, and Atwater 
in America. The pioneer observer was ( ’rawford, of Edinburgh (1778). 
Some of the fullest and most exact calorimetric studies upon the febrile 
states are those of Wood.1 It may in general he said of acute fevers that 
( 1) during the initial period of fever there is increased production with 
some diminution of loss; (2) during the fastigium both heat production 
and heat loss are increased above the normal; (3) a daily temperature 
variation occurs parallel to that seen in health, but differing in being at 
a higher level ; (4) heat inhibition is not paralyzed, but the individual 
is not so responsive to those stimuli which in the normal individual 
stimulate heat loss when heat production rises above the normal level ; 
(5) in defervescence there is lowered heat production with definite 
increase in loss of heat.2 Certain annotations must be aflixed to these 
broad statements : (I) It is found that this increased heat production 
on the average amounts to from 20 to 30 per cent., and is greatest at

1 Farr, n Simla in MorbitI mul Stimuli Pnlholoiji/, Philadelphia, 1-S80, and Smith
sonian Contributions, Inc. cit,

2 For a general review of the subject of calorimetry and calorimetric methods 
the render may be referred to Reichert's article in the American Text-book of 
Physiology, 1:1003:407, and that by Kemp in Hack's Reference Handbook; the 
latter gives the more important bibliographical references. An excellent treatise, 
although dealing in the main with the calorimetric values of foodstuffs, is Atwater’s 
Methods mul HchiiIIk of Inirxliyalion* on the ('hanistri/ mul Economi/ of Food, 
United States Department of Agriculture, Rullelin 21, 1890.
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the onset of chills and rigors. (2) The increase is not marked in long 
continued fevers. In some few cases of high fever the rise of tempera
ture would seem to he due wholly to reduced discharge of heat. (3) In 
certain fevers, notably of the septic type, the rise and fall of temperature 
is wholly unrelated to the normal curve. ( )bservations upon tuberculous 
patients strongly suggest that varying rates of diffusion of the bacterial 
toxins from the foci of bacterial growth play an important part in these 
irregular accessions of temperature. (4) It is not a matter of partial 
paralysis of the heat-discharging centre; on the contrary, the cutaneous 
vessels in fever are seen to be more responsive to temperature changes 
than normal, while cold baths or sponging reduce the temperature more 
rapidly than in the normal individual. Rather there is stimulation of 
the (chemical) heat production, which now is not in the normal manner 
followed by an equivalent heat discharge. There is disturbed equilib
rium. What is the essential nature of this disturbance we do not know.

Lastly, before attempting to sum up, it will be well to classify the con
ditions in which we obtain the febrile state, i. a condition of increased 
bodily temperature with allied increased metabolism. Vp to this point 
we have purely considered the matter in relation to infection; evidently, 
from what has just been brought forward, the subject is a much wider one.

Causes of the Development of the Febrile Temperature. I. 
First and foremost, infection, the proliferation within the organism of 
pathogenic microbes, both bacterial and animal forms. Closely allied 
io these, and strictly belonging to the infective group of causes, must be 
included sundry disturbances set up by gross parasites, of which the 
trichina t ' "Is affords the best example.

2. The microbes act through their toxins; it is the diffusion of these 
toxins that produce the symptoms, as can be demonstrated experi
mentally by the injection of toxins apart from the microbes, when a like 
train of symptoms is set up. Absorption of toxins from the alimentary 
canal is, judging from the analogy of cholera and diphtheria, a probable 
cause of the subfebrile state which may accompany constipation.

The researches upon the bodies of the nature of toxins in their 
relationship to fever extend back over a space of fifty years. Rillroth 
and O. Weber independently observed that the inoculation of putre
factive material, whether of animal or vegetable origin, led to the 
production of a febrile state, reaching its maximum in from two to 
twenty-eight hours with preliminary pyretogenie stage and a fastigium, 
simulating typical infection, but their material obviously was impure, 
containing infective agents. Fannin, from putrefying solutions, extracted 
a body insoluble in alcohol, but soluble in water, of which 0.012 grains 
would kill a small dog, producing febrile disturbances and the symptoms 
of acute infection.

Hermann,1 whose most thorough work and recognition of the impor
tance of what we now term toxins is generally forgotten, concluded that

1 F.ri>rriiiinitelle Si ml ini iiher dir Wirkinni fmilnidcr Slnjfr anf dm tliicrisclicn 
Orijnnisiiius, 18(10.
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the body he gained, having like properties to that described by l’anuin 
was of proteid origin, that it worked as a ferment, and that there were 
specific differences in the essential toxins of the different infections.

In more recent years it has been noted that the products of growth 
of bacteria in various media induce febrile states simulating in 
their peculiar features the fevers produced by the individual patho
genic bacteria. But further extracts of the actual body substances, 
proteins, as Buchner termed them, or, as is more usual at the present 
moment, endotoxins, are found to cause pyrexia and the febrile state. 
Roussy first showed this in connection with yeast, Buchner proved it in 
the case of bacteria. Koch's tuberculin R. the juice expressed from 
the bodies of tubercle bacilli under high pressure—causes, when inocu
lated, a very definite fever, with an incubation period, /. <?., several hours 
elapse before any change is noted, then a sharp rise to a maximum, some 
twenty-four hours after inoculation is attained, followed by a sharp fall.

Pyrexia following thromlm.si.i in the course of typhoid fever. (T. McCruc.)

•k As Hildebrand! pointed out, many years ago, all enzymes and fer- 
ment-like bodies, when inoculated, lead, after a short preliminary period 
of definite lowering of the temperature, to an even more marked rise of 
the same. It is to he noted that a like temporary depression is observable 
after injecting most toxins. With pyocyaneus toxins we have found 
il well marked, lasting for an hour or two, and followed by a rapid rise. 
Ilildebrandt’s observations have been denied by some who urge that 
where pure ferments are employed no rise occurs. But “pure" ferments 
in our experience are very largely inactive ferments.

4. Jlvmorrhmjiv Products (hemolysis). A large internal hemorrhage, 
after a like period of depression, is always followed by pyrexia, which 
may last for some days, and this in the absence of any signs of sepsis. 
The subcutaneous injection or intravenous inoculation of the blood of 
another species when not immediately fatal has the same results, as has 
like ion of the blood of another individual of the same species.
Something clearly is liberated in the process of coagulation and breaking93
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down which leads to the rise. It lias been shown that tibrin ferment 
will cause these results, from which it would seem that in all the group 
of cases the common cause is liberation of fibrin ferment. If this Ik* so, 
then here we have but a special ease of the preceding group of causes. 
This, however, is still under debate.

5. The last ease suggests strongly that fibrin ferment alone is not the 
cause of the pyrexia in these cases, the hemolysis mainly affecting the 
red corpuscles. As a matter of fact, the sterile extrada or juices of 
tissues in general produce rise of temperature. This rise is well seen in 
the administration of thyroid extract. Such diffusion out of tissue juices, 
or of the contained enzymes of the same of one or other nature, affords 
the most satisfactory explanation of the ' rise in temperature in 
cases of infarct formation and of thrombosis, a rise so characteristic 
that we are justified in attributing * rises occurring in the course 
of acute endocarditis to the supervention of infarcts and necrosis, in 
the spleen, kidney, or other organ. Comparing the temperature chart 
in such eases with the lesions found, we have, on several occasions, 
been able to convince ourselves of this relationship. Allied to this is 
the pyrexia which may follow simple fracture of the large bones. In 
von Volkmann’s clinic, of fourteen eases of simple uncomplicated frac
ture of the femur without sign of septic infection, no less than eleven 
manifested a pronounced and persistent pyrexia ; in five the temperature 
remained for several days between 30° and 40° (’. The local hemor
rhage may be the main cause of this rise, or, again, the local tissue 
laceration and destruction. In short, it may be laid down as the result 
of experiment, that a large number of proteids, both simple and compli
cated, when injected induce fever. Krehl and Matthes and others have 
discussed whether the dissociated albumoses, so often found in the 
febrile urine, may not be an important factor in the rature rise, 
but admit that as they are not constantly present they cannot be a 
constant factor.

A definite febrile state may follow burns and scalds if at all extensive. 
The more recent observations of Bardeen, .1. Met>ae, and others 
attribute this not to the actual exposure to heat, for it may become 
noticeable only some hours after the injury, nor, again, to nervous shock, 
but, judging from the accompanying evidence of selective toxic disturb
ances, more particularly in the lymph glands and the kidneys, to the 
absorbed products of cell destruction. This form, therefore, should 
be included under our fifth heading.

(i. Water. Mort1 has recently directed renewed attention to the fact 
that the introduction of sterilized water into the circulation, in relatively 
small quantities, induces pyrexia. We know that water thus introduced 
“lakes” the erythrocytes, causing discharge of hemoglobin into the 
plasma. It may well affect the endothelial and other cells. Pre
sumably, therefore, we have here another example of discharged cell 
products causing rise of temperature.

1 Proc. Hoy. Soc., June 24, 1910.
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7. Certain ilruytt also induce pyrexia. < ). Weber first pointed this 

out in connection with sulphuretted hydrogen. Strychnine working on 
the muscles through the nerves may definitely raise the temperature. 
Hale White has shown that /î-tetrahydronajithalamin has very pro
nounced pyretogenie properties.

8. Subject ion to yrratly increased external temperature. This pro
duces not merely pyrexia, hut if that pyrexia he considerable or continued, 
it is associated with tissue degeneration, cloudy swelling, and parenchy
matous degeneration, disturbances closely simulating those which accom
pany infection; the increased internal temperature leads, that is, to in
creased metabolism and, it may be, perverted. Here, as throwing light 
upon or complicating? the problem before us, must be noted the 
fact that rise in the general body temperature in itself stimulates in
creased heat production, so that fever in itself, beyond a certain grade, is 
not merely a source of higher fever, but stimulates excessive cell dis
integration and degeneration. Years ago Ptitiger laid down that each 
rise of 1° ( '. in the temperature of the rabbit was followed by no less 
than (i per cent, of increase in heat production, and his conclusions have 
been substantially confirmed bv Li user and Schmidt1 in the human being. 
In infections, therefore, while bacterial toxins, etc., initiate the increased 
heat production, the resultant increased bodily temperature is in itself 
a potent factor in the continuance of the process. Herein is the danger 
of hyperpyrexia. As we have already emphasized, the heat-regulating 
centre is not out of action in the ordinary fever, but if through intense 
primary irritative action of the toxins or deficient discharge the tem
perature be permitted to rise above a certain point, there is the danger of 
the establishment of a vicious circle leading to a constantly augmenting 
temperature up to a point incompatible with life. In heat stroke, 
which we have discussed elsewhere (p. 289), it would seem that an 
external physical agency alone may bring about this vicious circle.

9. Xcréons Pyrexia.— lastly, we have those cases of pyrexia pro
duced by nervous influences purely and solely. It has already been 
noted that this can be produced experimentally (p. 481), and while in 
any given case it is necessary to be cautious in arriving at a conclusion, 
while, for example, the run of temperature following a cerebral hemor
rhage may be due to diffusion outward of products of the escaped blood, 
and while the extraordinary hyperthermy of some hysterical patients 
already noted may be due to some simple trickery, and the rise following 
upon convulsions may be due to muscular contractions, nevertheless 
there are undoubted cases of marked pyrexia accompanying brain 
tumors and other gross lesions of the central nervous system which can, 
by exclusion, be explained in no other way than by disturbances of the 
heat-regulating mechanism.

The occasional cases of high temperature supervening upon severe 
injury to the spinal cord, more especially in the cervical region, would 
seem to he due more to lack of regulation of the heat loss than to

1 IkMitHches Arch. f. klin. Mod.. 79:1901:514.
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increased heat-production. Men, and animals in these conditions, are 
apt, like cold-1 ilooded animals, to he poïkilothermie; raise the external 
temperature, and so reduce the heat loss, and the body temperature 
becomes raised above the normal ; reduce the external temperature, and 
the body heat becomes lowered.

Are we justified in classing all these different forms of pyrexia 
together? Certainly there are differences. In infection alone do we 
have the absolutely typical example of continued fever, incubation 
period, pyretogenic stage, fastigium, and defervescence, characterized 
by what we may express as universal metabolic disturbances. But 
with the products of bacterial growth toxins- with enzymes and tissue 
extracts, we approach very near to the typical condition, the only dif
ference being the absence of that portion of the incubation period 
dependent upon the proliferation of the microbes until such time as 
they produce sufficient toxic matter to affect the organism generally, 
and those differences produced in the continuance of the fever by the 
continued development of toxins. Vet in cases of gradual diffusion of 
tissue products and enzymes (internal hemorrhages, burns, etc.), there 
may be similar continuance, and in all of them we note the existence of 
a distinct period between the introduction or formation of the disturbing 
causes, and the development of pyrexia, a period the significance of 
which is indicated by the observations of Sidney Martin on diphtherial 
toxins (p. 315) and of Preston Kyes* on snake-venom lecithin, to which 
we shall refer shortly ( pp. 498 and 540). Toxins, as such, it would seem, 
gain full toxic powers only after forming certain combinations within the 
organism, and for this combination time is requisite. This period is 
wanting in the pyrexia induced by drugs, and in these the pyretogenic 
period is greatly shortened. In these, also, the evidence of widespread 
metabolic disturbances are, it may be, of a somewhat different order, even 
if histologically we can determine no points of essential difference in the 
processes observed.

Between the nervous pyrexia and the infective and toxic one striking 
difference has been observed, namely, as shown by Holly1 2 in the rabbit, 
whose midbrain has been punctured, the augmented heat production is 
almost wholly due to the burning up of glycogen and non-nitrogenous 
material, whereas in ordinary fever there is in addition a disintegration 
of the cell proteids. Where, as in the starving animal, there is no store 
of glycogen in the system, then puncture of the midbrain is followed 
by no pyrexia.

On the Site of Heat-production in Febrile States. —We recognize 
as a general principle that heat production has its main sources in the 
muscles and the liver. In Holly’s studies, above noted, where the other 
indications were that the increased metabolism of nervous pyrexia is 
non-nitrogenous, the liver was found to be the warmest organ in the body. 
In ordinary fever, experiments give somewhat divided results. Thus,

1 Bert. klin. Woch., 1903:957 and 982.
1 Deutsches Arch. f. klin. Med., 78: 1904:289.
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Ilcidvnhaiii and Kôrner. in a dog that had been given an injection of pus, 
found the Mood coining front the leg warmer than that in the right 
ventricle. The general consensus of more recent experiments is that 
the blood from the liver and even that from the kidney is warmer than 
that from the extremities. It must, however, be remembered that the 
blood returning from a limb is mixed, i. e., includes some that has been 
cooled by passage through the skin. It is thus safe to conclude that in 
ordinary fever both the muscles and the major glands contribute to the 
increased heat production.

THE ES NTIAL SIGNIFICANCE OF THE FEBRILE STATE.

Clearly the infective, enzyme, and tissue extract reactions form a well- 
defined group; they represent the development of a common process. 
Now it is noteworthy, as we shall point out in the succeeding chapters 
upon immunity, that in all of these the reaction results in the jrrodnetion 
of antibodies, of substances which neutralize the toxic causes. And 
recognizing this, we appear coincidently to gain insight into the 
essential nature of fever. Just as we saw that inflammation is the process 
of adaptation of the tissues to local injury, so is fever the process oj 
adaptation to such toxic agencies as can be neutralized by the develop- 
ment of antibodies.

In further support of this view it is to be noted that if an excessive 
dose of a toxin be injected one that is fatal within a few hours— 
instead of a rise of temperature there is a progressive fall, or, at most 
a transient rise is followed by a rapid fall, which continues until a point 
far below the normal is reached, when death ensues. The tissues, in 
short, are poisoned, and there is no adequate general reaction. And 
the same is to be noted in " nt fever, and in the fatal termination 
of acute fevers ; the fatal event is heralded by arrest of the febrile reaction 
and falling temperature. To this it is true, there are exceptions. We 
note cases, both experimental and clinical, in which, on the contrary, 
death occurs in hyperpyrexia. But studying these, we observe that 
they are instances in which the toxins have a markedly selective action— 
either on the nervous system, as in tetanus (there is a similar selective 
action on the nervous centres in sunstroke), or the lungs, as in pneumonia, 
or the lit art, as in acute rheumatism—so that evidently in these cases 
death is due to some one of the vital trinity becoming inactive while 
the general reaction is proceeding vigorously.

It may be in some cases the very intensity of the reaction defeats itself, 
and that death is directly caused by the hyperpyrexia. We are, however, 
inclined to believe that such cases art; primarily examples of selective 
action on the nerve centres; that, as indicated, in fever in general the 
heat regulating centres are still in action, although working at a higher 
level, and that in these particular cases of death in hyperpyrexia it is 
through the complete inhibition or intense stimulation— of the centres— 
that the hyperpyrexia is brought about.

06
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Regarding the drug pyrexias, if will lie interesting to determine—for 
such has not yet been done—whether as a hotly chemical substances 
which induce pyrexia lead, upon inoculation or absorption, to the develop
ment of a similar class of antibodies. In one member of (lie group, 
namely, strychnine, as Professor Meltzer has pointed out to me, the 
fact that there is no acquired tolerance for the drug is against such 
assumption.

THE RELATIONSHIP OF THE NERVOUS SYSTEM TO PYREXIA 
AND OTHER PROCESSES.

And finally, with nervous pyrexia and hyperpyrexia, here again we 
have the close parallelism with what we determined in connection with 
inflammation. Just as there we noted that without actual local injury 
the nerve centres could independently originate the succession of pro
cesses which ordinarily require to be initiated by actual injury, so here 
we have to acknowledge that, without the presence of what we may 
broadly refer to as “toxins,” the higher nervous centres can set going 
the series of general changes throughout the organism, which, with the 
nervous system in normal state, are only called into being by the presence 
of such toxins. Just as in neurotic inflammation we saw that the 
complete succession of manifestations was wanting, so here, while there 
is induced by the nervous centres increased metabolism and heat pro
duction, with its associated pyrexia, there are of necessity wanting the 
tissue changes leading to antitoxin formation (although what these are 
we do not surely know) and the actual production of antibodies.

Dangerous, us from the essential unlikeness of distinct phenomena all 
similes must be, occasionally we encounter one that is of more use than 
many paragraphs, and that because it impresses forcibly some impor
tant point, or basal relationship. There has been a long and some
times angry debate regarding the relative importance and activity of the 
nervous system and the tissue cells, respectively, in the performance of 
function, whether under physiological or pathological conditions. Some 
would see every little act of every individual cell under normal conditions 
initiated and governed by impulses proceeding from the nervous centres. 
For them nervous matter is the fountain and origin of all bodily activi
ties. Others see the cells as largely independent, stimulated in the main 
by alterations in their environment. For these the difficulty is to explain 
and harmonize cell activities undoubtedly set up by nervous stimulation; 
they would deny that processes of direct and nervous origin can in their 
sequence and results be identical. The parable of the coach, the coach
man, and the horses places the interrelationship in a right light. Those 
horses have been foaled, have learned to eat and to run and to perform 
the natural functions without any necessary supervision by the coachman, 
but when grown up he has had to train them to run together in harness 
and pull the coach. And, well trained, so accustomed have they become 
to the daily round that, without direction, they will fall into their appointed
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places, will go cautiously <lown the decline, or work harder, pulling the 
coach up hill, rndouhledly, the constant tension of the reins upon the 
hit and the variations in the same, guide and direct them. So also the 
whip will suddenly stimulate them to increased exertion, and that with
out any necessary knowledge on their part of why >.................?en made
upon them. The coachman may he excited and Hog them to a gallop 
downhill, where they have been trained to go cautiously, and they gallop; 
or he may he drunk, and lead them off the road, and hound they are to 
go where he guides. But such is their training, that if, being on the road 
with the coach running behind, he becomes incapacitated or falls off, 
they will keep to the road, will even manage the curves, will strain up hill, 
and proceed with caution down; nay, even will draw up at the accus
tomed halting place. Only their pace may be uncertain, and if some 
unaccustomed obstacle presents itself before them, then, lacking guid
ance, they may come to a standstill ; or, seized with panic and each acting 
for itself, may break the pole and tangle the harness ; or, dragging the 
coach hither and thither off the road, may bring it and themselves to 
destruction.1

The application of this parable to these states of nervous hyperpyrexia 
and their relationship to fever proper is obvious. Kept in mind, it 
time and again is of help in harmonizing apparently antagonistic data 
bearing upon the functional activity of the different tissues in relation
ship to the nervous system.

11 find that I Imvo been Ion-stalled in this simile by Wenkebacli (Die Arrhi/lhnne, 
2:1903:3) and very possibly by others. Wenkebacli compares the regularly beat
ing heart to a horse trotting.
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CHAPTER VI.
IMMUNIZATION AND IMMUNITY.

We have laid it down in the preceding chapter that in the course of 
infectious fevers and those set up by certain organic substances there 
are developed within the system certain “antibodies,” by means of 
which toxins become neutralized, so that the system becomes pro
tected, and, with this the febrile disturbance comes to an end. It is 
now in place to inquire more closely into these processes of immuni
zation, and into the steps whereby these antibodies are formed and 
immunity is acquired. Already we have regarded the subject from 
one aspect. We have seen that continued existence means continued 
adaptation, that an environment suitable for individuals of one species 
may be fatal for those of another, and that, consequently, if all species 
arc primarily of common origin, then during evolution the ancestors 
of the different existing species, subjected to different environments, 
have undergone adaptations in different directions, have become modi
fied, and, indeed, immune to influences which, without such modifica
tion, would have brought about cessation of activity and death. 
Speaking broadly, the individual must be regarded as having gained 
through inheritance a relative immunity, within certain limits, in 
respect to the action of all the agencies, physical, chemical, and organ
ized, which constitute its normal environment. This statement is, 
perhaps, too extreme; there are agencies with which living matter shows 
no interaction, in respect to which it is absolutely inert; it makes no 
combination with certain chemical substances, and is uninfluenced, for 
example, by alternating electric currents beyond a certain range of 
frequency; is not stimulated, likewise, by certain sound waves, or by 
light waves of more than a certain amplitude. As regards such agencies, 
we must recognize (1) an absolute immunity. For all the other 
agencies, however—and their number is practically infinite—which 
are capable of affecting the molecular arrangement of living matter 
we must recognize (2) a relative immunity—that living matter has 
gained the capacity to withstand the action of such up to a certain 
limit without being destroyed. We must recognize, further, as above 
implied, (3) that this relationship is quantitative, that there are limits 
beyond which the action of an agency becomes detrimental; and next, 
that as regards any particular agent, not only the different species, but 
the different individuals of the same species, whether through inheri
tance or acquirement, exhibit different grades of reaction. We must 
recognize, that is, f4) the existence of ex-specie and individual suscep
tibility or predisposition.
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With reference to the mechanism whereby inherited immunity is 
brought about, little can here be said; nothing, in fact, beyond what was 
stated in our discussion of inheritance in general (p. 102), and, with 
regard to acquired immunity, many acquirements are so gradual that 
our study becomes limited. Experimentally, that is, we can but inquire 
into those cases in which the development of this relative immunity 
is rapid, occurring within a few days or weeks; or, to be correct, it is 
these cases alone that have so far been studied, and that form the basis 
of our knowledge. Thus, to all intents and purposes, we are confined 
to the process of immunization with which is associated the develop
ment of fever, to a study of immunity produced through infection and 
toward toxins, enzymes, and tissue extracts.

Such has been the outburst of work during the last twenty years upon 
this subject, so great the accumulation of data of a wholly new order, 
so diverse the views of individual workers, and so appalling the array 
of new terms introduced, that, when in addition the solution is still 
unsettled, the unessential matter not having yet undergone precipita
tion, there is no branch of pathology more difficult to teach or that 
offers greater difficulties to the student to master. We shall have to 
touch upon many problems yet unsolved, and to note data which are 
apparently contradictory, along with others that must be regarded as 
established and of the very highest importance.

In these circumstances, the only satisfactory introduction to the 
subject is the historical, whereby, first and foremost, a proper per
spective is gained of the successive steps in advance in our knowledge 
of the subject.

That one attack of many of the infectious diseases protects the indi
vidual against subsequent attacks, or renders those subsequent attacks 
mild and harmless, has been known through the ages; nay, more, for 
centuries in India and the East advantage has been taken of this fact, 
and, to protect them against the severe disease, individuals chiefly 
children—have been purposely inoculated with matter taken from those 
suffering from a particular form of infection, or (and this not only in 
the East) have been made to sleep in the same bed, etc., it having been 
found that disease so communicated to those enjoying good health 
is apt to assume a mild form. In other words, infectious disease, 
under ordinary conditions, “selects” those of weakly constitution, or 
temporarily in ]K>or condition, and gains a stronger hold than it does 
when conveyed to those previously sound in health. Such a method 
of inoculating smallpox, then endemic throughout Europe, and terribly 
rife, was introduced into England from Constantinople by Lady Mary 
Wortley Montagu, and became extensively practised there and elsewhere 
in Europe and North America in the middle of the eighteenth century, 
until the danger of the process became so evident that it had to be 
given up. The very mildness of the inoculated disease led to careless
ness on the part of the patient and those around him, and, while the 
patient became immunized, his entourage became infected; the disease 
became more and more common as a consequence.
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'Flic next step, and this definitely in advance, must always be asso
ciated with the name of Edward Jenner; not that he was the first to 
note that cowpox conveyed to man protected against smallpox, or, 
indeed, to inoculate with cowpox to this end. One or two others 
had practised the method sporadically before him, but without fully 
testing the results or making them generally known. Jenner went 
into the matter as thoroughly as it was possible for him to do at that 
period, tested with .< "" irus those whom he had “vaccinated"
(raced, a cow), and found them resistant; and by the publication of 
liis methods and results before the Royal Society, in 171K», brought 
the matter to public knowledge and public use, and thereby converted 
what had been the greatest endemic scourge into a relatively rare dis
ease, capable of control. Thanks to the process of immunization 
properly carried out, smallpox is today non-existent in the German 
Empire, save for cases introduced over the borders, and affects other 
countries in inverse proportion to the rigor of their vaccination laws 
and the stringency with which these are enforced. The essence of 
Jenner’s advance was that, conveying a mild disease, harmless, lion- 
infective, save by direct contact, he protected against an often fatal 
and always disfiguring disease. Rut how these results were brought 
about he could not explain; he held that he was dealing with a modified 
form of smallpox, and in this we now know that he was right. In 
modern terms, he employed a germ attenuated by passage through 
another species t>f animal to set up a mild attack. One hundred 
and fourteen years have elapsed, and even today we are not positive 
what is the organism of smallpox.

With the next and greater epoch the name of Pasteur1 must ever be 
associated. lie it was who, first isolating the causative agent of an 
infection, found the means of attenuating it (1880), of making it so 
weak that, when inoculated, it set up a transient illness, after which 
the animal was found protected against the natural infection. The 
chickens around Paris were being decimated by a virulent diarrho-a 
(chicken cholera); Pasteur isolated the organism, a minute bacillus, and 
noted that old cultures did not kill the chickens inoculated; utilizing 
these chickens for subsequent inoculations with powerful fresh virus, 
he found that they did not succumb; and he possessed the genius to 
recognize the full significance of the observations; not that something 
had gone wrong with his experiments, but that by keeping, the culture 
had become attenuated, and that here he had at hand a means of con
ferring immunity by inoculation the chickens with attenuated virus.

That a plague of diarrhœa in a poultry yard, studied by a professor 
of chemistry, should be the seed from which has grown the vast devel
opment of iatter years is a strange fact, but fact, nevertheless. Armed 
with the knowledge gained from the study of chicken cholera, Pasteur 
and his lieutenants, Roux and Chamherland, attacked next the subject 
of anthrax, a disease enzootic in certain parts of France, and causing a

1 Compt. rend. île l’Acad, de Science, 90:1880:239.
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great annual loss to the farmers. The simple means of attenuation 
employed in the first ease was here of no use; old cultures were as 
virulent as were new, and this, it was found, because the bacilli were 
spore-producing, and the spores formed during the early days of 
growth, and remaining dormant in the culture fluid, when they devel
oped possessed all the properties of the bacilli in which they had been 
formed. Some method had to be found to lower their virulence. 
Toussaint, in 1880, had already published a method of attenuating 
the bacilli, namely, by heating the blood of an infected animal to 55° (’. 
for a few minutes. The bacilli in such blood, we now know, contain 
no spores. Chauveau, later, gained similar results Hy taking fresh 
cultures of the bacilli and heating them momentarily to 80°(\ Both 
these methods undoubtedly attenuated the bacilli; either continued 
for a little time would cause the * " of the organism. A variation
of a few seconds in the treatment would thus make a very material 
difference in the grade of attenuation; in fact, by neither could exacti
tude be obtained. To obtain practical results, exactitude in dosage was 
essential, and his training as a chemist led Pasteur to seek after exact 
reactions. Thus, after many trials, a way was found, namely: it was 
discovered that spores were not produced when the bacilli were culti
vated close to the maximum temperature limit of growth. Grown at 
between 42° (’. and 4!i°C., the bacilli became slowly attenuated, until, 
in thirty days, growth ceased altogether, through the weakening and 
death of the bacilli; between the eighth and the thirtieth day the loss of 
virulence was progressive, and, what is more, subcultures made from 
the original flasks of growth in the high temperature incubator, when 
kept at .‘17° ('., did not regain their original virulence, but maintained 
for generations the grade of attenuation impressed upon the original 
culture by growth for a certain ier of days at the high tem
perature.

Here, then, he possessed a method of accurate graduation, and now 
he was able to demonstrate that progressive inoculation of sheep and 
cattle, employing in each case first a weakened culture, then, some 
eight days later, when the reaction had subsided, inoculating with a 
more powerful one, gave immunity against large injections of the most 
powerful virus. His method was so precise that it was found of imme
diate benefit, and with its general adoption the reduction of the anthrax 
mortality in France was very remarkable. As a practical indication of 
its value (for at the time Koch vigorously criticised Pasteur's method, 
and even today many German text-hooks do not, in our opinion, 
appraise at its full value this great achievement), it may be stated that 
for some years French insurance companies refused to insure farms in 
the infected districts unless the sheep and cattle had been “vaccinated,” 
and even supplied their own veterinarians, to make sure that the treat
ment was properly carried out.

Still more remarkable was the genius displayed in dealing with 
rabies a condition in which, for the first time, Pasteur came to deal 
with disease in man. Even at the present moment we are doubtful as

5
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lu llu* causalivc agent, and Pasteur was literally working in the dark; 
notwithstanding, he succeeded in gaining virus of definite grades of 
intensity with which to inoculate. First, it was determined that the 
virus was constantly present in the * " of dogs affected with
the disease; that an emulsion of this nerve matter inoculated into the 
animals of the laboratory would set up the disease in them, and that 
the most rapid and sure method of inoculating the disease was by the 
subdural method, by trephining the animal and introducing the matter 
beneath the dura mater. Hut with matter obtained thus from different 
rabid animals, the period of inoculation in the inoculated animals was 
very variable, and often very long ; it was necessary to make it constant 
and, if possible, to shorten it. Now, Pasteur discovered that lie 
could intensify the virus, lie had, two years before, made certain 
remarkable observations upon “rouget du pore” (swine erysipelas), 
finding that by passage of a germ through a series of pigeons he increased 
its virulence for pigeons, through rabbits for rabbits, but that, 
whereas the virus rendered more virulent for pigeons was also more 
virulent for swine, with the rabbit virus the results were the contrary. 
Just as smallpox from man passed through a series of calves or monkeys' 
is rendered less virulent for man, so with the rabbit “ rouget” for swine. 
This was the first case in which this was definitely proved. Since 
then several like instances of exaltation or attenuation of virulence by 
pasxayc have been reported. He found that he could intensify his 
rabies virus by passage through rabbits until, after some two hundred 
passages, he had brought down the incubation period with remarkable 
regularity to six days; further passages reduced it farther, but slightly 
and very slowly. He now possessed a “virus fixe,” or sufficiently con
stant for purposes of obtaining attenuated material of definite grades 
of lessened virulence. We have said that the causative agent is un
known. Pasteur took the rabbit's cord, under strict aseptic precautions, 
and, falling back upon the chicken cholera experience, tested the effects 
of exposing it to the air for several days and drying it over caustic potash. 
As a matter of fact, he found that by this means it eventually lost all its 
virulence, and- not to enter into details he was able to elaborate the 
method of developing immunity in man and protection against the dis
ease bv daily inoculations of emulsions of such dried cord, beginning 
with tliat dried twelve days, and devoid of all virulence, and gradually 
ascending until the most virulent material was injected. The remarkable 
success of this method in a disease which in man has so long an incuba
tion period that preventive inoculations can be practised during that 
period, is known to all.

We have described these observations in a little detail, not to remind 
tin reader of the greatness of Pasteur’s genius, though that is worth 
the doing, nor, again, to impress the moral of the need in studies upon 
immunity to gain material of known and constant strength, though 
that is most important, but more particularly to impress the fact that

1 Vide ('openmn, Jour, of Path., 2:1804:407.
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each specific disease is a special entity, having characters of its own that 
have to he taken into consideration and dealt with along special lines.

The next great step forward was the determination !>y Salmon and 
Theobald Smith, in Washington, in 1880, that immunity against hog 
cholera is to he gained by the inoculation of products of growth of 
specific organisms observations which during the next few years were 
abundantly confirmed in connection with a large number of patho
genic organisms (tetanus by Brieger and Kitasato; diphtheria, by Roux 
and Yersin; Bacillus pyoeyaneus, by Chanteines.se and Charrin; and 
the list might be e> It was thus definitely established that
( I ) the symptoms of infectious disease are caused hy the diffusible products 
of bacterial activity, and (2) that immunity is more particularly the 
development of the capacity to neutralize those products. But it soon 
became obvious that here, again, the different pathogenic bacteria did 
not all possess like properties. With one group the filtered culture 
fluids were eminently active; with another group they were, if not 
wholly inactive in producing immunity, so weak as to be practi
cally of no value, although immunity in this latte- group could lie in 
duced by inoculating minute doses of the living culture. We owe 
more especially to Pfeiffer,1 in 1891, and to his studies upon the cholera 
spirillum, the recognition wherein the difference lies. In the latter cases 
immunity can also be induced by inoculating the killed bacilli. What
ever processes happen within the organism (ami we are still uncertain 
regarding these), in cultures outside the body the toxins are present but 
do not diffuse out of the haicterin into the culture. e now speak of 
these as endotoxins (p. 497).

As to the chemical constitution of these toxins the observations so 
far have led us, as already noted, to no sure conclusions. For this 
reason the recognition by Khrlich,1 that there exist vegetable toxins 
(phytotoxins) that can be isolated in a state of relative purity has been of 
distinct importance. Abrin (from Abrus precat or ins, the jenuirity bean), 
ricin (from the castor oil plant), robin, and crotin have all been found 
to |N»ssess toxic properties resembling those of toxins proper; and, what 
is more, as Khrlich showed, it is possible to immunize against them. 
Another class of albuminoid bodies, the snake venoms, were shown by 
(’almette, in the same year, 1894, to belong to this category.

('oincidcntly. while one series of observers were investigating the 
properties of the offensive toxins, another set was giving their attention 
more to the defensive mechanisms of the animal lasly. Trauhe, in 
1874, and Lister,1 in 1881, noted that blood to which putrefying matter 
was added, had, within certain limits, the power of remaining sweet, 
and dnluced that it had definite bactericidal properties. Metelmikolf, 
from 1884 onward, demonstrated with wonderful ingenuity the powers 
of the leukocytes to take up and destroy bacteria, and, what is more, to

• Zeiteck. f. Hygiene, It: 1892:303.
1 heutfM'li. mcd. Woch., 17:1891:976.
1 Trans. Inter. Med. Cong., 1/mduii, 1:1881.
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become adapted to and destroy bacteria from which, at first, they were 
repelled. Nuttall,1 * in Elugge's laboratory, was the first to demonstrate 
under the microscope and by cultural methods the destruction of bacilli 
by the fluids of the organism. The solution of bacteria, whether within 
the cells or in the fluids of the body, must clearly be a chemical 
process, and if the bacteria produce specific chemical substances, it 
would seem certain that the organism provides particular chemical 
substances to counteract them. To Hankin, of Cambridge, whose 
brilliant work has been arrested by routine departmental work in India, 
belongs the credit of first i; SXS) defensive bodies from the tis
sues, and showing that these neutralize the toxins. Independently, 
Buchner, a little later, made like observations, terming the bodies he 
isolated ale.vines. These two laid the foundation of our knowledge of 
the anti bodies.

More immediately, however, in the direct line of advance during the 
next few years were the observations of Richet and Hérieoiirt,* and of 
Babes and Lepp,3 that the blood serum of animals immunized against 
pyococci and rubies, respectively, conferred immunity on other animals. 
These observations led up to the great work of Behring and Kitasato4 
( 1800) upon tetanus and diphtheria, work which not merely showed 
that immunity could thus be conferred by the serum of immunized ani
mals, but that cure could be attained bv the inoculation of such serum 
into those already affected in tetanus, if the inoculations be made 
during the incubation period; in diphtheria, after the disease has defi
nitely showed it.ielf. With the development of the practical methods 
of employing diphtheria antitoxin Roux’s name must always be asso
ciated. These observations showed the existence of another form of 
immunity, termed by Ehrlich passive immunity, not brought about by 
the reacti n of the infected animal, but due to introduced antitoxic sub
stances, in contradistinction to the active immunity induced by such 
reaction.

Thus, in ISUO-fll, these men established the fundamental data of 
immunity. Since then there have been great advances in detail, in 
confirmation of the results here indicated, in further analysis and deter
mination of the nature and * of action of the bodies which we have 
grouped under the general terms of toxin and antitoxin. ( >f these, the 
greatest was first by Pfeiffer's work upon the cholera spirillum,
but its meaning was only comprehended through Bordet's able work 
upon the process of hemolysis5 and Ehrlich's" expansion of his “side- 
chain theory" to cover “cytolytic" phenomena in general. We refer to 
the recognition of immunity being dependent, in most cases, not upon

1 Nuttall, Zc-it. f. Hyg., 4:1888:253.
M'ompt. rend, de l’Acad. de Sci., 107:1888.
3 Ann. de I'lnsl. Pasteur, :i: 1889.
4 Dcutsch. med. W'ocli., 1890:49.
5 Ann. île I'Inst. Pasteur, 12:1898.
8 Wertbcstimmung des Diphtherieheilmrums, Jena, 1897.

33

7
45

^087



IMMUNIZATION AND IMMUNITYVAS

one, but upon two bodies, the one, “complement,” present in the nor
mal organism; the other, the “specific immune body,” developed in 
reaction to the presence of the toxins. Of. it may be, equal importance, 
is the discovery of Preston Kyes,1 * that a body of approximately known 
character and composition, lecithin, can take the place of the comple
ment (for thereby we come nearer to an exact chemical knowledge of 
the process of immunity), and, for the same reason, the earlier demon
stration by Martin and (’berry,3 confirmed by Brodie, that toxin and 
antitoxin combine to form a chemical compound, stands out as one of 
the landmarks of more recent advance.

At a relatively early period Ilildehrandt showed that immunity could 
be obtained against the action of various enzymes by progressive inoeti-

of the same. Ehrlich discovered the production of antitoxins 
against the plant poisons (phytotoxins); I’hisalix and Bertrand, Cal
mette, and Fraser, independently, antitoxins against snake venom ; 
Ehrlich and Bordet, the formation of evtolvsins, r., the de\ 
in the organism of substances which protected against and destroyed 
the cells of other species or of other individuals of the same species, 
these being developed as the result of progressive inoculation of the 
particular order of cells.

The widespread interest in these investigations, opening up,
as they have done, a new world, and the eager participation in the 
researches in all parts of the civilized world, is sufficiently indicated 
hv the names we have mentioned in this rapid sketch. French and 
( ierman, and Russian, English and American, Japanese and Australian, 
each and all are to be credited with one or other le advance. And 
as the discovery of the new world, while it rounded geographical science, 
doubled the data with which the student of geography had to become 
familiar, so these discoveries of pathogenic bacteria, the nature of their 
action, and of the reaction to them, while they have wonderfully rounded 
our whole conception of the processes of disease in general, have un
doubtedly doubled the data the medical student of today must master, 
as compared with the nt of a quarter of a century ago.

1 Itvrl. klin. Woch., lWKt: loi*, rit.
1 I‘rue. Hoy. Sic., IM: ISOS: ami Itrit. Mvil. Jour., ISOS: ii: 1120.
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(’HA PT EK VII.
IMMI N IZATh »N AND IMMUNITY—(Continued).

THE VARIOUS ORDERS OF IMMUNITY.

Havixu afforded this short account of the development of the study 
of immunity, it is unnecessary to continue in the strict chronological 
order; to discuss first what we know concerning toxins and antitoxins, 
and the development of immunity to infectious disorders. On the con
trary, it will, we think, he found more helpful to take into consideration, 
first, the data hearing upon what may lie termed non-specific immunity; 
next, the simpler cases of immunity to bodies of known constitution; 
next, those of sjiecific immunity, in which, if still we are not fully 
acquainted with the chemical composition of the agent against which 

is obtained, we, nevertheless, are able to isolate that agent, 
and can be assured that we are dealing with substances of constant 
value. Having done this, we can with greater security, consider the 
data associated with the more e icated cases, in which we deal with 
the reaction to bodies which so far we have been unable to isolate in a 
state of purity.

Non-specific Immunity. It is inevitable that the researches upon 
immunity have been almost wholly confined to the study of the specific 
antibodies, their development, and properties; in other words, selecting 
one or other agent, or antigen, the inevitable investigation has centred 
itself upon the particular antibody or antibodies devclo|>cd in the organ
ism whereby that particular antigen is counteracted and immunity is 

As a result the existence of what may be termed non-sjiecifie 
immunity has been very largely neglected. Nevertheless it is essential 
that this be continually kept in mind. In less this be done it is impos
sible to comprehend the phenomena of the infective process and the 
foundation is wn upon which to build up our conception of the 
nature of sjiecific immunity.

Reference has already been made to some of the more imjiortant 
observations bearing ujion this non-sjiecific immunity in the discussion 
upon the normal defences of the organism, (|)j>. 310 et seq.). It has 
been shown that even definitely jiathogenic bacteria are indifferently 
destroyed by the tissues if the * ier gaining entrance at one spot is 
lielow a certain minimum: that if pathogenic bacteria be introduced into 
the blood stream, although millions, not to say billions, be so introduced 
within an hour the blood may afford no cultures: that these bacteria are 
taken up by tin* endothelial cells in the liver, sjileen, etc., and that exami
nation of these organs shows that the bacteria undergo active phagocytic 
destruction; although, if the microbes be highly pathogenic or their
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huiuIkts Ik* such as to exhaust the bactericidal mechanism, some of the 
bacteria instead of lieing destroyed, themselves lead to the death of the 
cells that have ingested them, undergo proliferation and again enter the 
blood, so setting up a secondary bacteriemia. We recall these data 
because their relationship to the problem of immunity may not have 
lieen realized.

( )r let the matter Ik* regarded from another aspect, 'lake for example 
a case of malignant endocarditis. That condition in itself, we are now 
convinced, is the outcome of a bacteriemia. The streptococci or other 
causative agents have in the first place to be present in the blood in 
order to be arrested by the endothelial cells covering the heart valves, 
to proliferate within and destroy those cells and set up a focus of local
ized inflammation. ( )nce that focus is set up there is repeated discharge 
of the cocci or other microbes from the inflamed surface, and these 
microbes are carried by the blood stream to all parts of the IhmIv. They 
must, for example, find their way in abundance into the minute capil
laries of the muscles and the brain, and if in this disease spleen ami 
kidneys are the seats of election for infarcts, if, that is, gross vegetations 
from the affected valves are swept into these organs, a fortiori individual 
biteteria and groups of baeteria must find their way into the s
of these organs. And yet how rarely in a case of malignant strepto
coccus endocarditis do we encounter metastatic foci and miliary abscesses 
in the muscles, the brain, the spleen, or kidney!

Our only conclusion can Ik* that in an infection which passes on to a 
bacteriemia while there are foci in which the specific pathogenic bacteria 
find favorable conditions for growth, the site of these foci varying with 
the different pathogenic bacteria (see p. 4()S), coincidently the main 
mass of the tissues of the organism—or jH-rhaps more correctly the 
vessels supplying the main mass of the tissues being possessed of non
specific bactericidal properties are capable of destroying the baeteria. 
This is an indifferent or non-specific immunity. We can demonstrate 
its existence before time has lieen given for the production of specific 
bodies: we can demonstrate it in connection with microties like the 
exotic cholera spirillum against which the animal of the lalmratory 
cannot possibly have acquired a previous immunity.

At this juncture it must suffice to state (1) that in this indifferent 
immunity we have the first general reaction on the part of the organism 
to infection: (2) that herein we have the first participation on the part 
of the tissues away from the site of infection in the reactive process, 
such participation being all important in the arrest of infection (p. .421), 
and (4), that the existence of this indifferent immunity is the starting 
point from which specific becomes develop'd.

Possibly as throwing light upon this non-specific ' " _ and as the
first steps in the deve of specific immunity there should la*
noted certain recent and striking observations of Abderludden and his 
pupils.1 They show that if there Ik? injected subcutaneously into dogs

1 .Numerous paper* in Zeitsckr. f. Physiol. (.'hemic 03: 1UUU ami 05:101U.
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solutions of various proteins, within twenty-four hours the blood con
tains enzymes of tryptic type which peptonise and split up not merely 
the particular protein injected but various oilier proteins. The same 
occurs when carbohydrates arc sulx-utaneously injected. Only now 
there appears in the blood an indifferent glycolytic ferment acting lx>th 
on sugars and starches. The reaction is specific to the extent that it is 
a group reaction, non-specific in that it is not narrowly confined to the 
particular protein or carbohydrate employed for injection.

Participation of Leukocytes in Non-specific Immunity. It is interesting 
to note that contrary to what happens in the removed blood serum, 
within the vessels when bacteria are introduced then* is relatively little 
phagocytosis. The case is different when bacteria and leukocytes are 
extra vascular and here we have abundant evidence of the capacity of the 
leukocytes to take up indifferently pathogenic bacteria. Issaeff1 * * was the 
first to call active attention to this phenomenon. A peritoneal leuko
cytosis may be induced by various non-toxic agencies; Issaeff employed 
intra-alxlominal injections of saline solutions, serums, etc., and then 
twenty-four hours later when the leukocytosis was at its height gave 
what in the untreated animal would lx* lethal doses of sundry pathogenic 
spirilla. As a result either no ill results ensued or the course of the 
disease was materially prolonged. Durham* confirmed, showing that 
the leukocytosis set up lasted some four or five days, and that during 
this perhxl there was increased resistance not only to spirilla but also to 
B. typhosus and other microbes. It is clearly non-specific, disap|x*aring 
within a fortnight. These observations have been given practical 

"on. Vtilizing this “Issaeff resistance period” von Mikulicz 
and other surgeons have made intraperitoneal inoculations of nucleins, 
saline solutions, serum, etc., the day before undertaking any serious 
alxlominal operation, and thereby they have reduced the damages of 
subsequent infection. The leucocytes present in abundance in the 
alxlominal cavity take up and destroy any bacteria before they have 
time to multiply.

Immunity against Substances of Known Constitution. Beyond 
the fact that there exists such an immunity, the data so far gained from 
the study of immunization lead us, unfortunately, a very short distance. 
It is a matter of familiar.knowledge that there exist arsenic eaters in 
Styria who can accustom themselves in the course of a few years to the 
consumption of four times the ordinary fatal dose with no effect beyond 
a sensation of general well-being. If this be the case in man, and 
Ilausmann* has called it in doubt, no such definite immunity can lx* 
conferred upon the animals of the laboratory. Most observers have 
obtained nothing beyond merely negative results; have found rabbits 
and dogs to become increasingly susceptible. Even Besredka,4 though

1 Zeitsclir. f. Hygiene, 10:1894:287.
1 Journ. of Path. 4: 1N97 : 370.
1 Arch. f. PhamuikiNlynainie, 2:1003, and Deutsrh. mcil. Wooh., 1903.
* Ann. île VInet. Pasteur, 13: 1S99: 49, 209, ami 466.
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Ik* discovered the cause of this ill success, cnu only he said to have 
induced a trifling immunity. Nevertheless, his observations are of 
great interest.

The normal peritoneal fluid contains farly abundant leukocytes, 
in the proportion of (Mi per cent, of mononuclears to 33 per cent, of 
polymorphonuclears (in the rabbit). Inject an arsenical salt into the 
peritoneal cavity, whether in solution or in suspension, and if tin- dose 
lie fatal, there is an alinostfinunediate hy/w/cuk<tcylosis, the diminution 
especially affecting the polynuclears. Employing Mctclmikofl’s ter
minology, there is a negative ehemiotaxis. If the dose kills the rabbit 
in less than twenty-four hours, the reduction continues and becomes 
more and more marked. If the dose be below the fatal, there is, at most, 
a transitory hypoleukocylosis, followed by a hyperleukoeytosis and 
increase, particularly in the number of polynuclears, so that the peritoneal 
fluid may become"quite,milky. This leukocytosis, first seen in the peri
toneal fluid, subsequently affects the blood also.

If a sparingly soluble salt be exhibited, while in fatal cases it is 
untouched and found lying free on the peritoneal surface, in other 
cases it is taken up by the “polymorphs” and hyaline mononuclear 
leukocytes, and can be seen within them in the form of fine colored 
granules. If soluble salts be employed, the same process evidently 
occurs, for, if the blood be drawn with due precautions against clotting 
and be rapidly centrifugalized, the serum and red corpuscles afford 
no signs of the presence of arsenic; the layer of white corpuscles alone 
shows its presence.1 The nearer the dose is to the fatal limit the larger 
and more pronounced the stage of hyperleukoeytosis, and where a 
sparingly soluble suspension had been given, Besredka found that in 
the course of days the foreign granules in the leukocytes became finer, 
until at last none was to be recognized.

That there are also fixed phagocytes was further obvious; the liver 
in all cases contained arsenic in excess of other organs. Employing 
sparingly soluble salts, it would seem that the leukocytes break down 
or otherwise discharge their contents, which are taken up by the liver 
cells by absorption, from which they are slowly discharged into the 
bile. The poison is also slowly passed out from the kidneys. It appears 
to produce its fatal effects by action upon the nervous tissue, for one 
one-hundredth of the dose which produces] death when inoculated 
under the skin leads thereto when injected directly into the brain, and, 
injecteduhus, sets up all’the symptoms of acute arsenical poisoning.

Thescjare the basal facts. Now, as to the production of immunity. 
Besredka took advantage of the stage of hyperleukoeytosis. With a 
solution of arsenical salts of such a strength that 10 e.c. surely kills a 
rabbit of given weight in forty-eight hours, he found that, injecting

1 Tliis is an observation of some importance; it lias lieen freely taken for grantcil 
that leukocytes absorb soluble substances, like all other cells, ami possess the |tower 
of selective absorption. This, to our knowledge, is the first, positive demonstration 
of that selective absorption.
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2 e.e. of this under tile skin at night, ami then giving the fatal dose 
( 10 e.e. ) subcutaneously the next morning, no ill results ensued. Arsenic 
is very slowly eliminated; the animal had in its system more than the 
fatal (lose; 12 e.e. usually caused death in twenty-four hours or less, 
and yet animals so treated recovered. Examining into the matter, it 
was found that the preliminary dose had caused a pronounced poly
morphonuclear hyperleukocytosis. The consequence is that, absorbing 
the poison, these leukocytes remove it from the blood and body fluids, 
and so prevent it from reaching the nervous system in sufficient con
centration to set up fatal effect.

This, so far, is not immunity of the classic order; it is in line with the 
phenomena of Issaeff’s “resistance period” (p. ’>01). At most, a grade 
of positive protection is given.

But there is more to be said. If immunity of this order be produced 
in a rabbit, and the animal be bled six or eight days later and the serum 
taken, that blood serum is found to have acquired new properties. 
Whereas the serum of an ordinary rabbit is absolutely without effect 
when injected into an animal, which has received a fatal dose, S e.e. 
of the serum of a treated rabbit injected into a fresh ai either at the 
same time as, or antecedent to, a minimal fatal dose of arsenic, acts as 
a preventive, and the animal recovers from the poisoning.

This latter is what we term passive immuniti/ ; a substance not elabo
rated by the animal under experiment, when introduced into its organ
ism, acts as an antidote aids the system in neutralizing or destroying 
the poison.

It is obvious that the serum of a rabbit that is actively immunized 
against arsenic comes to contain something not present in recognizable 
amount in the serum of the normal rabbit.

What is this something? That we do not know. We only know 
that it is not arsenic-containing, is not a combination of the arsenic 
given to the first animal with its cell substance; for if the serum be 
obtained with all due care, despite the fact that the methods at our 
disposal indicate the presence of extraordinarily minute traces of arsenic, 
the serum may give absolutely negative reaction; and yet that same 
serum exhibits these protective properties when injected into a second 
animal.

We incline to the belief that these are examples of non-specific immu
nity, but mention these observations because Besredka is a worker of 
distinction, and, if true, we have here indications that as the organism 
becomes accustomed to the presence of toxic substances of known com
position its cells elaborate something which discharged into the hody- 
fluids, is capable of neutralizing that toxic substance. But Khrlich and 
his pupils have entirely failed to confirm Besredka’s observations, 
Khrlich himself laying down that such antibodies can only be produced 
by the reaction to substances which are capable of direct assimilation, 
and enter into synthetic union, with the cell substance. lie draws the 
distinction between alkaloids, glucosides, and other drugs, that these, 
while entering the cell substance and acting upon it, do not become

8
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fixed by the cytoplasm, but can be dissolved out, whereas, the whole 
group of toxins, to he presently noted, do become assimilated and fixed 
(p. 470). It is interesting to note that Ehrlich himself has supplied a 
striking example of acquirement of inherited insusceptibility to arsenic 
salts, in his observations upon trypanosomes subjected to the action of 
trypanroth, etc. How this is brought about is still a r of debate.
Ford,1 however, has recently obtained a definite experimentally induced 
immunity against a gin coside isolated by him from the poisonous mush
room, Amanita phalloiden.

To these observations, also, Ehrlich has objected that Ford was not 
dealing with pure substances. Since then, employing pure material 
furnished by Professor Abel, Ford has repeated and confirmed his re
sults.2 It is at least suggestive that, as regards arsenic (and antimony), 
we have evidence from other directions of fixation of these elements by 
certain orders of cells (liver cells, etc.), and, as regards the glueosides, 
that there is a glucoside-like compound present in nucleic acid, 
rendering it not impossible that the cells may thus show an affinity 
toward bodies of this nature. In other words, it is possible that Ehrlich 
draws too sharp a distinction; there may be intermediary cases.

With regard to morphine, Faust’s3 observations are of importance. 
When injected subcutaneously into the ordinary dog, the greater part 
of the morphine is discharged through the bowels. By gradually 
increasing the amount injected, a point was reached at which at last 
the excretion through the intestine ceased. Analysis of the tissues in 
such animals showed that it was not retained within them. The only 
conclusion is that the organism gradually, under increasing doses, gains 
the power to dissociate the morphine. Where this happens, and what 
the process is, demands further investigation. There are indications 
that similar dissociations, or destructions, are developed in the process 
of immunization to alcohol, strychnine (?), and cocaine. In none of 
these cases, however, has so far any sure evidence been obtained of 
antitoxin production. The cases that have been recorded ail to 
criticism.

It may be that in all this group there are developed processes of 
another nature. Ransom, for example, has shown that cholesterin, 
which is a common constituent or by-product of the tissues, neutralizes 
saponin, and several observers have noted that the loosely combined 
sulphur of the organism can neutralize highly poisonous nitrites up

1 Jour, of Infer. Diseases, 3:1006:191; Jour, of Exp. Med., 8: 1006:437; and 
Jour, of Itiol. Chemistry, 2: 1907: 273.

* Jour, of Infer. Dis., 5:1908:116. He fit»Is that the poison of this mushroom 
contains two principles, the one toxic, the other hemolytic. It is the latter that is 
of glurosidr nature, and employing it in protcid-frre condition, lie was aide to gain 
an active antihemolytic serum, operative in a dilution of 1 to .5000. For analysis 
of this glucoside, see Ahel and l ord, Arch. f. F.xp. Path. u. l'liarm., Suppl. ltd. 
(SrhmiedflHTtj Fi-slurhr.), 1908:8.

1 Arch. f. F.xp. Path. u. I'harm., 44:1900:217. This has hern confirmed by 
(loetta, ibid., 60:1903:463.
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to a certain point l»v converting them into more harmless rhoilan com
pounds. If we regard the antitoxins as more particularly albuminoid 
com|M)Ulids, split off from the cell molecule, it may he that in these 
other cases there is induced an increased production of non-albuminous 
bodies, capable of neutralizing one or other poison. But it may also be 
that more exact research and the employment of other methods show 
eventually that the processes are of the same nature as those obtained 
with the bodies we shall next study, and that Ehrlich’s distinction, 
useful as it has been, is not absolute.

Immunization against Albuminoid Vegetable Poisons: Phytotoxins.
There are, as already indicated, certain vegetable poisons of a 

proteid nature, as distinct from the more usual alkaloids and gluco- 
sides, and these are extremely toxic. Ahrin, ricin, robin, and erotin 
are the best-known members of the group. The seeds of the prayer 
bead, or jequiritv, and of the castor oil plant both yield when suitably 
treated bodies of this proteid nature. They are, it may be, conjugated 
proteins. Thus, the former, ahrin, has been resolved into an allm- 
mose and a globulin, destroyed at different temperatures, both pro
ducing similar symptoms. It is still a matter of debate whether the 
toxic properties arc due to the actual g ohulin or albumose, or whether 
each has associated with it a third substance, which is the actual toxin. 
Nay, more, it has been suggested that the toxin is not so much an actual 
substance as a property; that the albumose and globulin have a force 
inseparable from them, comparable to the conferment of magnetism 
upon previously non-magnetized iron—a suggestion in line with that 
we have noted in connection with ferments (pp. 71 et seep).

As the result of a very full study of ricin, Cushny1 came, to the con
clusion that the poison is itself a protein, a globulin, or is so bound to a 
protein that the usual methods will not bring about separation. Heating 
to 51° ('. leads after a considerable period to coagulation, with loss of its 
toxic properties. It is so powerful that 0.04 mmg. per kilo, kills a rab
bit; or, according to Ehrlich, 1 gram is adequate to kill a million and 
a half guinea-pigs, with symptoms of acute cedema, inflammation, and 
necrosis of the tissues in the region of the injection. It is to be noted 
that there is a period of incubation before the symptoms make their 
appearance, in this resembling what we are familiar with in connection 
with the bacterial poisons. After seeming to be quite well for four or five 
days following upon inoculation, the rabbits suddenly show symptoms, 
and die in the course of a very short period. This, it is true, strongly 
suggests the action of a ferment and the accumulation in the system

1 Arch. f. Exp. Path., 41:1898:439. Jacoby (ibid., 40:1901:28), by digesting 
the seeds, claims to have isolated a strongly toxic substance with no proteid 
properties; but Osborne and Mendel (Amer. Jour, of Physiol., 10: 1904: xxxvi) 
confirm Cushing, gaining an intensely toxic body, which they found inseparably 
associated with an albuminous body. We shall n-fer later (p. 540) to Lielier- 
mann’s observations that certain non-proteid dissociation products of ricin jsissess 
hemolytic properties.
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of some second substance able to directly combine with or act upon the 
cell substance. But ('uslmy could obtain no signs of aceumiilatiou 
of poison in the blood, nor of the presence of any new toxic substance 
possessing properties differing from those of tin- ricin injected.

Khrlich was the first to call attention to the fact that, if mice or other 
animals be fed upon slowly increasing doses of ricin, they gain immunity 
such that they can take one hundred times the fatal dose with impunity. 
To immunize by subcutaneous inoculation, very much smaller doses 
have to be employed, and care has to be taken that the animal recovers 
from any signs of local or general disturbances before a second dose 
be given. But the immunity can be carried to such an extent that 
these animals will now stand Jive thousand time* the lethal done. In 
other words, it is possible to obtain an extreme grade of active immunity.

If the serum of animals thus highly immunized be mixed with ricin 
outside the body, it is found that the poison is rendered inert, and the 
mixture inoculated into another animal in large amounts is without 
any serious effects. The indications point to the fact that there is 
thus brought about a union between the poison and a substance formed 
by the body and present in the blood, and this union appears to resemble 
the formation of a double salt (p. 511).

Striving to analyze what happens in poisoning with ricin, and in the 
production of immunity to the same, we are met with a series of very 
curious facts. In the first place, the ricin is seen to have two properties 
which are separable. In toxic doses it causes agglutination of the 
blood corpuscles, and this agglutination can be well brought about 
outside the body, a mixture of a sufficiency of the poison with defi- 
brinated blood causing the corpuscles to clump together and to be pre
cipitated, the supernatant fluid becoming quite clear and limpid. And 
this agglutinating power marches hand-in-hand with the toxic prop
erties of the substance, so that the extent of agglutination has been 
used by various observers as an index of toxicity. But, as Flexner has 

. the agglutination and the consequent thrombosis and blocking 
of the vessels is not the esential cause of the lethal action of ricin. The 
essential poisonous properties are shown in the extensive focal necroses 
in the liver and other organs. Indeed, as Mtiller has pointed out, under 
the action of pepsin and hydrochloric acid, the a<j(/luti native action in 
d entra y ml irithont the toxicity beiny dimininhed.

Are we dealing here with a mixture of two substances or with one 
very complex molecule, which is capable of undergoing sligh chemical 
change without all its specific functions being destroyed ? In this 
connection there an* observations of very considerable interest. If 
ricin be heated to 100° ( ’. for two hours, it undergoes ion and
is rendered wholly inert, so that large doses may be injected without 
any toxic effects showing themselves, and yet animals treated with 
this modified toxin are found to become immunized.1 The modified

1 Such modified toxins Khrlich terms toxoid*. We shall meet with them again in 
discussing bacterial poisons.

1
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ricin Av no longer jHiisonous, but is .still able to set up tbn.se changes in. 
the organism which result in fin• production of an antibody.

In this connection we limy refer to rohin, the active principle of the 
seeds of llobinia pscuducaciu. This is a proteid body ot the same 
order as ricin, but much weaker in its effects ; yet the blood of animals 
immunized against it becomes strongly antitoxic to ricin. As Ehrlich 
suggests, robin may be a toxoid of ricin. In this relationship there is 
no < | nest ion regarding duality of the active substance. We have to 
regard the molecule of the poison as becoming so modified by heat 
that it cannot enter into harmful combinations with the cell substance 
of the animal inoculated, but not sufficiently modified to prevent it 
reacting, to a certain extent, with that cell substance, and thereby stimu
lating the production of antitox ns.

Yet another remarkable fact has been noted. If sufficient ricin be 
added to the serum of immunized animals, with its contained anti- 
riein, so as to make a neutral and inert mixture, which, upon inocula
tion, produces no toxic effects, that mixture is still capable of producing 
active immunity when injected into the species of animals which yielded 
the antiricin. It is clear, therefore, that in this combination between 
toxin and antitoxin the toxin is not destroyed ; it continues to exist as 
such in the combination, and is able to stimulate to production of anti- 
riein by the organism, although it is unable to cause toxic effects.

Little is known regarding the process whereby the antiricin is developed 
—regarding the cells which give rise to it. During the incubation 
period there has been noted an increase in the leukocytes, but the 
general opinion is that the leukocytes play here but little part of the 
process of immunization. That the stroma of the red blood corpuscles 
with which the agglutinin becomes connected plays any part is extremely 
doubtful. We shall refer later to Homer's suggestive observations on the 
site of production of antiabrin (p. 510).

Obviously, the presence of the ricin in the system leads to the active 
production by the tissues and passage into the blood of a substance 
which is able to neutralize large amounts of ricin. Is this directly 
derived from ricin? Is it a substance normally present in the tissues 
which is developed and poured out in increased quantities under the 
stimulus of the ricin? Or, on the other hand, is it a product new to the 
organism?

Once an animal is immunized against ricin it may be bled and re-bled, 
and still its blood continues to be antitoxic; its tissues hare acquired 
the habit of discharging antitoxin, a fact which scarce favors the view 
that this antiricin is directly derived from the ricin injected. According 
to Bashford, the most careful studies fail to reveal that the blood serum 
of the normal rabbit or guinea-pig has the faintest sign of the presence 
of an antiricin present under normal conditions. II e are here dealing, 
it would seem, with the development of a substance wholly new to the 
organism—a fact of considerable importance in connection with the 
theory of adaptation. Something wholly beyond any principle of 
“survival of the fittest" is requisite to explain this new development.
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Immunization against Substances of Unknown Constitution. 
Enzymes and Anti-enzymes. The toxins in their properties so closely 
resemble ferments that it might be expected that, at least as regards 
unusual ferments or ferments out of place, a series of facts would be 
ascertained closely parallel to what has been determined in regard to 
the former set of substances. And this is so, though with certain dif
ferences, which, in our opinion, form the only serious data—as dis
tinguished from hypotheses of mode of action upon which he found a 
distinction between the two orders of bodies. Hildebrandt1 showed, 
in 1893, that repeated injections of emulsin lead to a tolerance of the 
same, due to the development of an antiferment. The development of 
such antiferments was confirmed by von Dungern2 as regards the pro
teolytic enzymes of bacteria, and more especially by Morgenroth8 as 
regards the rennet ferment. Morgenroth demonstrated that, as the 
result of the repeated injections of goats with rennet, their serum became 
able to neutralize that rennet; and, further, that this reaction is quanti
tative, a given amount of serum rendering inactive a fixed amount of 
rennet solution of known strength, lint just as an animal immunized 
against a specific microorganism is not rendered immune to microbes 
which, morphologically and in cultural characters, are evidently closely 
allied, so such immunization of an animal with animal rennet will not 
protect against rennet ferments obtained from plants (#*. </., evnarase, 
gained from the Cynara card uncut us); or, more exactly, the blood 
serum will not prevent the latter from coagulating milk.4 In like 
manner, Sachs6 has demonstrated the development of an antipepsin; 
Gessard," of an antityrosinase; Moll,7 of an antiurease (urea-splitting 
enzyme); Schiitzc,8 of an antisteapsin (fat-splitting enzyme), and of an 
antilactase (enzymes which split milk sugar), etc.

An important distinction between the immunization against these 
enzymes, or, at least, against enzymes which normally are in relationship 
to the organism, and that against bacteria and their toxins, is that the 
development of anti-enzymes is limited, and does not become extreme.11 
This, it may be, has its explanation in a surplus of such anti-enzymes, 
disturbing normal metabolism and absorption of foodstuffs, and so 
stimulating sundry cells to produce anti-anti-enzymes, whereby a 
regulating mechanism is set up preventing the anti-enzymes from 
accumulating in the organism beyond a certain point. Another expln-

J!

* Virchow's Arch., 1211:1893:5.
2 Munch, moil. Woch., 1898, and Cent rail >1. f. Hakt., Abt. 1:24: 1898.
* CentralM. f. Hakt ., Abt. 1:26:99, Now. 11 ami 12, and 27, 1900.
* Itriot, ThiW do Haris, 1900. 1 lortsehr. <1. Med., 20:1902:42».
* Ann. do I’lnst. Pasteur, 15:1901. 1 llofmeister’s Beitr., 2:1902.
* Zeitschr. f. Hygiene, 48: 1904: 457, and I lent.sell. mod. VVoch., 30:1904, 308.
* S> far, to our knowledge, there are no adequate studies upon the up|x*r limit of 

development of antibodies in relationship to enzymes which, in their activities, 
are foreign to the animal body (as are the toxins).
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nation is afforded l>y certain remarkable observations of Beitzke and 
Nauberg.1 * *

According to these observers, the serum of animals immunized 
against emulsin possesses the property of synthesizing glucose and 
galactose into lactose; it combines, that is, the products of the ferment 
action. The process, it is true, is a slow one, and may be, after all, but 
a special case of reversibility of enzyme action, but, if confirmed, it 
would suggest that between enzymes and anti-enzymes a self-limiting 
cycle is developed.

It is worthy of note, also, that bodies of the nature of antiferments 
to the normal enzymes of the organism are normally present in the 
organism ; an antirennin, or antirennins, have been isolated from 
normal blood, and of particular interest is the discovery of Weinland* 
that the cells of the gastric mucosa contain antipepsin, amplified by 
Pollack’s8 determination that pancreatic extract similarly contains an 
antiferment against the digestive action of the pancreas. Here we 
have gained at last the needed e> ‘ n why the digestive organs
do not digest themselves.

So, also, it has to be noted that there are certain common enzymes 
of the organism against which, so far, observers, by injection of these 
ferments, have been unable to obtain antiferments. If fibrin ferment, 
for example, be inoculated into an animal, no antifibrin ferment is 
produced—only precipitins; although Bon let has brought forward 
evidence that the inoculation of fibrin-containing blood into another 
species of animal stimulates the production of an antibody. No anti
pepsin or antidiastase, so far, has been developed. It may be that 
here some principle is in action, as already suggested, inhibiting the 
development of antibodies to ferments which are widely distributed 
throughout the organism; for peptic and dinstatic ferments, it must be 
remembered, are not developed bv the gastric and salivary glands 
alone, but, as shown by the results of autolysis, are producible by the 
cells of all organs, and the same is true of fibrin ferment, as indicated 
by the process of coagulation necrosis; that just as in normal assimi
lation tlic cells arc not stimulated to produce antipeptones and anti- 
carbohydrates, so the normal cell enzymes, when absorbed and pre
sented to the cell, set up no antagonistic reaction. The general principle 
would seem to be that molecules which afford particular side-chains 
are not stimulated to produce these in excess in the presence of free 
side-chains of the same order; still less does that presence stimulate 
them to produce antibodies to their normal side-chains. We thus are 
not inclined to lay great weight ii|m>ii the distinction between normal 
ferments and toxins, more particularly when we recall that, as in tuber
culosis, a similar lack of reaction, or imperfect reaction, may present 
itself toward bacterial products.

1 Verhandl. <1. ilcutsch. pathol. Geaullsch., 1905:10U.
1 Zcituch. f. Biol., 44: 1902.
J llofmcibter’d Beitr., t>: 1904.
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To this matter of the parallelism or identity between enzymes and 
toxins we shall return Inter, when we have noted the data hearing upon 
the production of antitoxic bodies proper. We shall leave until then 
the discussion of the action of enterokiliases, etc.

Toxins and Antitoxins. That certain bacteria produce diffusible, 
poisonous substances, or toxins, was noted very early in the study of 
bacteriology; indml, even before specific forms of bacteria were dis
tinguished, it was observed that putrefying material afforded substances 
like Panum's sepsin, which were intensely toxic; and when Koch intro
duced the method of growing pathogenic bacteria upon solid media, 
and the solution of gelatin was found by Kermi and others to be due to 
proteolytic enzymes, it was natural that observers should conclude that 
the toxic action of bacteria in the body was due to a similar excretion or 
diffusion out from the bodies of bacteria of ferment-like substances.

We know that, in vitro at least, and probably, also, in the body, 
this diffusion out of toxins by living pathogenic bacteria is the exception 
and not the rule. Nevertheless, a very important step forward was 
made when Itoux and Yersin studied the diffusible toxins (ectotoxins) 
of the diphtheria bacillus, and Brieger (though less thoroughly) those 
of the tetanus bacillus. The toxins of both of these organisms were 
discovered to be of extraordinary virulence, or to have intense toxicity. 
By no means could they be gained in a pure state. Nevertheless, the 
impure precipitate gained, for example, by > " out, or precipitation 
by phosphates, and present in only minute amounts, was found so 
powerful that with the diphtheria toxin 0.0002 mg. would kill a guinea- 
pig of 2A0 grams within three days.

At a relatively early date ( IXX7) it was shown (by Salmon and Smith) 
that such diffusible toxins inoculated into animals would produce 
immunity, but the most notable advance was made when, in I NIK t, 
Behring, with his colleagues, Kitasato and Wernicke, demonstrated 
that when such immunity was produced, the blood serum of the 
immunized animals contained substances which would neutralize the 
diffusible toxins, and so discoverd the antitoxins, proving, further, 
that such immuin1 strum injeeted into animals sufferimj from either 
trtan us or ili/dit her ia irouhl in them neutralize the toxins anil i nil nee a 
condition of /tussive immunifi/. The more intimate studies upon the 
development of protective substances by the organism date from this 
discovery. It became necessary, in the first place, to determine with as 
great an accuracy as possible what was the advisable dose of antitoxin 
to be administered in order to neutralize the toxin ; to do this a standard 
toxin had to be developed. What should constitute the minimal lethal 
dose had to be agreed upon the smallest amount which would surely 
kill a given animal (guinea-pig) of normal size (250 grams) within a 
given time (four days). We owe to K.hrlich the fullest studies upon this 
subject and the most important deductions from the data obtained in 
these studies.
I* Behring had noted that outside the body in the test-tube the anti
toxin acted upon and neutralized the toxin. (Like observations had

5
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also been made hv Kanthaek,1 for snake venom and its antitoxin, 
and by Denys and Van der Velde2 * for leukocidin the leukocyte- 
destroying substance obtained from cultures of pyococci- and by 
Khrlich for ricin and antiricin.) Now, Khrlich established clearly that 
this action in vitro follows the laws regulating the formation of double 
salts: (1) If an amount, .r, of a particular antitoxin solution neutralizes 
an amount, //, of a particular toxin in a given time, then 3j? is requisite 
to exactly neutralize 3//; (2) the higher the temperature (below the 
limits beyond which the antitoxin became inert) the more rapid the 
reaction; and (3) the reaction proceeds more rapidly in concentrated 
than in dilute solution. Obviously, while the formation of antitoxins 
is a vital process, the reaction between these and the toxins is purely 
chemical, occurring outside as well as within the organism. These 
conclusions were confirmed when Martin and Cherry and Brodie 
demonstrated, by their filtration experiments, that, whereas toxin alone 
will pass, as the latter showed, through porcelain filters impregnated 
with gelatin under high pressure, there is no passage when they have 
been acted upon bv antitoxins, /. r., they have undergone combinations 
with the same. This doctrine of Khrlich, namely, that toxin and anti
toxin, or, stated broadly, antigen8 and antibody, in their combination 
conform with the law of multiple proportions must, we think, be accepted 
for simple cases. There are some curious apparent divergences from 
the law when, instead of equivalent portions being brought together, 
less of the antibody is added than is necessary to effect neutralization. 
These and other considerations have led Arrhenius and Madsen to con
clude, in opposition to Khrlich, that instead of antigen and antibody 
acting like strong acids and strong bases and conforming with the 
law of multiple proportions, they act like weak acids and weak bases, 
and follow more nearly the law of “mass action” of <iuldherg and 
Waage, doing which they are apt to exhibit reversible action. From 
this it would follow that the union is unstable and easily dissociated. 
To'diter into a full account of this controversy would carry us too far 
afield.4 * * Here it can only be said that the matter is not yet settled one 
way or the other, nor is it likely that a sure decision can be given until 
further advances have been established in our knowledge of the chem
istry of colloid bodies. BiltzV’ endeavor to employ the data at our dis
posal regarding that chemistry to a solution of the problem is suggestive 
but not absolutely convincing. At present our decision must be the 
wise one of old Sir Roger de < ’overlcy “ that much may lie said on both 
sides.” (See also p. 522.)

1 Jour, of Physiol., 13:1892:272.
1 U Cellule, 11: 1*90:359.
1 The term antigen (</m, against, ylyv«, I produce) has of lute come into general 

use to signify any body against which, when injected into the organism, an antibody 
is developed.

4 An impartial account is afforded by Kmery in his Immunity mul S/nri/ir Ther
apy (London, Lewis, 1909).

1 Zeitschr. f. Physiol. Chcmic, 18: 1904: 615.
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Toxins. Wliat, then, art* toxins? Unfortunately, no précisé defini
tion would appear to lie possible. To describe them, as is often done, 
as poisons, against which it is possible to gain immunity bv means of 
antibodies, is to include under this term a very large number of different 
substances bacterial products, venoms of various animals, animal 
cell substan«*es, sundry vegetable poisons and enzymes as a body, 
whether of animal or vegetable origin. It seems difficult, however, to 
approach any clearer definition, and, for practical purposes, this is 
adequate. If we attempt to characterize them more closely, we note: 
(I ) that they are, one and all, the products of cell metabolism; (2) that 
they act in most minute doses; (!l) that they diffuse with difficulty; 
(4 ) that hitherto not one of them has surely been obtained in a state of

We are accustomed to regard all these bodies, if not as proteins 
proper, nevertheless as closely allied thereto. It must be remembered 
that the evidence here is presumptive and far irom being positive. 
Like proteins, they are of colloid nature, as indicated by their low 
diffusibility. Mut as a body they are not absolutely lion-diffusible. 
Nothing like a splitting-off of amido-aeids can be determined, as with 
proteins proper. Nor, again, when obtained in a state of relative 
purity, do they necessarily afford those two characteristic reactions of 
proteids, namely, the biuret reaction and Milton's test. Mill, on the 
other hand, they act in such extraordinarily small amounts, that to 
gain from them recognizable amounts of amido-aeids would be beyond 
the scope of the chemist, and the same is true of the two reactions 
above noted. For these tests a certain minimum of material must 
be present; with the toxins, it may well be that we are below that 
minimum.

( >n the whole, although we have to admit that the evidence is far 
from complete, it is most satisfactory to regard the toxins, and par
ticularly the bacterial eelotoxins, as cleavage products of protein metabo
lism, and as approximating in their nature to primary, lion-polymerized, 
protein molecules. In favor of this view are the observations of 
Arrhenius and Madsen upon the rate of diffusion of toxins compared 
with salts and (definitely proteid) antitoxins, in which it was found that 
the former occupy a position between the latter two; their molecules 
are thus evidently larger than those of crystallizable salts, but smaller 
than those of the ordinary proteins.

Mut Arrhenius and Madsen* were dealing only with rctoiojrhiM 
diffusible toxins; their observations do not apply to the less diffusible 
niilolosin*. And here we encounter identically the same problem 
regarding chemical constitution that we noted with the diffusible extra
cellular and the lion-diffusible intracellular ferments, so that, taking 
merely bacterial toxins as a body, it is extremely doubtful if we an* justi
fied in regarding them all as cleavage products. It appears to be a 
sounder course not to speak of loxiim, as a w hole, as a specialized group

1 Ftulachr, z. Fru[)nunij </. Si rum hwlitul*, l\<i|x-iiliugvii, 1902,



To.\ISS: Tin:lit SWTVHH :>i:j

of chemical substances, hut of toxin fiction, mul tin* capacity to elicit 
the production of antitoxins as a property of the protein molecule and 
of sundry of its dissociation products. Toxin action, that is, may he 
regarded as a form of enzyme action which may manifest itself either in 
connection with large and e icated protein moleeules or with mole- 
eules dissociated from the cell, so few in nuinher and so small ( relatively 
to the complete protein molecule) as to render chemical detection 
difficult. Nay, it may well he that the almost constant association of 
“ toxins" with alhiiminous matter is an indication that the toxin action 
is a property of this albuminous matter which may still he retained by 
certain molecules, the products of dissociation of the same, when an 
attempt is made to separate toxin from albumin.

It is our duty to point out that this is not the usually accepted view ; 
it is almost universal to regard toxins as a particular class of chemical 
substances and to neglect the consideration of toxin action as a •physical 
property of matter, having a particular molecular arrangement. The 
view here enunciated leads to the consideration of the phenomena of 
immunity as of an order intimately allied to those of enzyme action. 
'I’llis we admit, while admitting at the same time that "toxins" and 
"enzymes" are not wholly identical. They have many points of iden
tity: Thus, to epitomize from Kmery: 11 ) Both are produced by living 
animal or vegetable cells and belong to the two orders either extra
cellular (free enzymes, ectotoxins) or intercellular and attached (intra
cellular enzymes, endotoxins). (2) Both begin their action by forming 
a combination with the substratum, c. </., fibrin placed in gastric juice at 
0° (’., taken out and repeatedly washed in the cold from all traces of 
enzyme, will undergo digestion when raised to the body temperature. 
The fluid of growth of the tetanus bacillus contains a toxin ( tetanoivsin ) 
which dissolves the red corpuscles. If ml corpuscles be placed in such 
fluid at (1° <\ and then be ccutifugaliz.nl and thoroughly washed in the 
cold, when raised to a temperature of ."I7°< they undergo hemolysis) (see 
also later), (d) As shown by the above examples, both enzymes aial 
toxins demand suitable temperature for the development of their activity. 
(5) Similarly in both, combination and the exercise of specific activity 
are separate functions.

The one important distinction between the two is that toxins do not 
demonstrate to the same extent as do the enzymes the capacity for a 
minimal <|iiantity eventually to disstieiate a maximal i.mouut of the sub
strate. It is difficult to prove or disprove this with toxins proper in the 
living body; indeed, it may with some justice lie urged that toxins acting 
in a living system induce the formation o' antitoxins which eventually 
arrest their activities; whereas, the characteristic enzyme action in dint 
proceeds without any such anti-enzyme development. But with the 
closely allied lieu olysii s it can be surely demonstrated that there is an 
exact <|uantitalive relationship between the amount of hemolysin present 
and the volume or number of ml corpuscles dissolved.

Not to confuse the reader, we will continue to speak of toxins and 
describe their properties in the accepted way. In the succeeding 
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while similarly showing no nervous effects upon inoculation, is fourni to 
have the toxin hound in certain organs, hut mit in the narre mutter, and 
in it successive inoculations lew I to abundant antitoxins appearing in 
the MihhI. Ford1 has, hy other methods, demonstrated that antitoxin 
production only occurs in individuals whose cells have the specific power 
of binding the toxin.

For xpeeijic antitoxin* tit he produced, there mnxt Jirxt hare Item a direct 
union with, and art ion a/ton, the eell xuhxtanee on the jtart of the toxin. 
As F.hrlieh points out, alkaloids only enter into the looser combination, 
and to this is to be attributed the non-formation of anti-alkaloids. 
With Wassermann, we can in this respect compare^alkaloids and toxins 
to saccharin and sugar. Both act on sundry eells^nnd give the sensa
tion of sweetness; the latter only undergoes assimilation.

The observations of Metchnikoff demonstrated clearly that to stimu
late the production of antitoxins it is not necessary that the toxins so 
act' upon the cells as to set np the symptoms of disease. Khrlich has, 
indeed, shown that by subjection to heat and other methods the diph
theria toxin can be so modified that its toxic action is greatly lowered 
or entirely lost; it may be rendered quite harmless, and yet, inoculated, 
such modified toxin leads to the development of antitoxins. The 
existence of these modified toxins, or toxoidx, and their capacity to 
induce immunity afford proof that the toxin molecule consists of at 
least two subordinate groups one that anchors the toxin on to the cell 
substance, the hnptophorie group of Khrlich's terminology; the other, 
the toxophore, which, when present, so influences the cell activities as 
to set up toxic disturbances.

A further proof of the existence of thest two constituents has bmi 
afforded by MorgenroUi.2 lie took three frogs and injected tetanus 
toxin into them without obvious effect, for at ordinary temperature 
these cold-blooded animals are unsusceptible to tetanus. '1 liese he 
kept for three, four, and five days to some weeks in the cold. Had 
the toxin lavn still circulating in the I>I«mmI the subsequent injection of 
tetanus antitoxin would have neutralized it; had it been excreted, 
again no symptom would have developed. But now, upon warming 
these frogs, symptoms of tetanus appeared. The only possible explana
tion is that the toxins had Ixvome anchored to the nerve cells, etc., 
and, being so combined, could not unite with the circulating antitoxins. 
But, if so, then the ha/itopliorie constituentx mnxt unite with the cell xnh- 
idonee in the eold, and the toxophorie eonxtituentx only become act ire when 
the temperature in mixed.

Khrlich has brought forward evidence of the existence, more par
ticularly in old toxin solutions, of a series of modifications of the toxins: 
protoxoids, syntoxoids, cpitoxoids, and las lies which have little affinity 
to antitoxins. These last lie has termed toxonet. The active toxins 
themselves may also exhibit variations in their avidity to combine with

1 Zeithch. f. Hygiene, 40: IWti: Mti.
1 Arch. Internat. <le l'lmrmako-tly munie, HWU.
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antitoxins, and in this way he has distinguished between proto-, deutero-, 
and tritotoxins.

The Antitoxins Proper. Mode of Development. It is evident from 
the above that the toxins enter into combination with the veil substance, 
and as we find that when this combination occurs the toxin becomes 
neutralized, it becomes most probable that the particular cells in which 
the toxins become anchored are those which eventually discharge into 
the blood the substances—antitoxins—which are capable of neutralizing 
them. The conclusive proof of this local development of antitoxins has 
been afforded by Homer, not, it is true, with bacterial toxins, but with 
abrin. This, it has long been known, has a peculiarly powerful effect 
upon the conjunctiva. By the exhibition of increasing strengths of abrin

in the right conjunctiva of a rabbit, 
Homer* gained a local immunity, so 
that the conjunctiva was no longer 
sensitive; then, at the beginning of 
the third week, before this should 
affect the organism in general, he 
killed the rabbit, took the ct 
tiviv, and triturated each separately 
with a fatal dose of abrin. The 
injection of the emulsion from the 
right (immunized) conjunctiva was 
without effect; the like injection 
from the left was fatal. Thus, 
clearly, the cells which had absorbed 
the abrin had developed and 
contained anti-abrin in sufficient 
amounts to neutralize the poison. 
And, while there is evidence that 
certain leukocytes Metelmikoff's 

macrophages play an active part in this dm , it is obvious
that they are far from being the only cells involved.

How, then, is the antitoxin develops!? It used to be thought that 
there was a direct conversion of the toxin into antitoxin. This certainly 
is not the ease, for the amount of antitoxin is altogether out of propor
tion to the amount of toxin injected. We have exactly the same con
tinued production of the antitoxins as noted in the ease of anti-abrin 
(p. ô<Ni). Knorr2 has shown that a toxin unit in a horse (immunized 
against tetanus) leads to the production of about l(N).tNN) antitoxin 
units, and Me Ini 1 has made similar observations. While the toxins 
stimulait- the nils in tin- first /dace, it is thr relis which assimilate the 
necessary constituents anil build ujt and discharge the antitoxins.

The Side-chain Theory How are we best to picture the manner in 
which this is brought about? 11ère Khrlieh's conception of the process

1 Areli. f. < >|ililli»lmntogiv, Mini.
1 Text-tsHtk of HorhrioltHjn. I hint edition.

Mimrli. mvd. Wovlt., IMPS: and dti'J.

3

5

55



Tilh: SIDE ('ll.MS THEORY 517

is llit* only one which seems to lie satisfactory. We have already noted 
that the cell substance enters into relatively firm combination with the 
toxin, just as it combines with constituents of the foodstuffs in order to 
assimilate them. We have seen, also, that the toxin possesses a hap- 
tophorous constituent which unites with the cell substance, and this 
whether the toxin is actively toxic or not ; or, in Khrlich's terminology, 
whether it possesses an active toxophorous constituent or not. Now, 
if * e predicate these constituents for the minute toxin molecules, the 
specific matter of the relatively large cell molecule must be very much 
more complex. If the toxin molecule has its liaptophore, whereby it 
anchors itself onto the cell substance, so we must imagine that the cell 
molecule has not one, but several orders of “anchors," whereby it 
attracts and combines with itself all the various orders of foodstuffs. 
The cell molecule, that is, also possesses haptophores, which, in this 
case, Khrlich terms rcrcftlors; and 
it is to some special order of 
anchor that the liaptophore of 
the toxin molecule omîmes at
tached. These receptors, it will 
be seen from what we have said 
regarding the constitution of 
the proteidogenous or biophorie 
molecule, are siilr-vhiiiiijt (p. ti7); 
and certain orders of unsatisfied 
side-chains must be regarded as 
having affinity for, attracting and 
combining themselves with the 
toxin molecules. Nay, more, it 
is with one particular portion of 
tin* toxin molecules (the k 
phoruus) that the combination is 
effected; these may or may not have a toxophorous moiety. That is 
not concerned in the act of combination, but, when present, after the 
combination has taken place, it may so effect the total constitution of 
the molecule as to lead to grave cell disturbances.

This is the groundwork of Khrlich's now celebrated “side-chain 
theory," and up to this point we think our readers will agree with us 
that the theory is well grounded upon experimental data, and is strictly 
in harmony with our general conception of cell activity. Hut this 
simply carries us to the point at which the toxin has become associated 
with the cell substance. We have simply reached the point at which 
the toxin, unless too strong for the cell, or unless too many toxins have 
become joined on to the receptors of a given cell, is neutralized. We 
nuiy speak of such neutralizing receptors as intracellular antitoxins. 
Now we have to explain how there is set up a discharge of free 
antitoxins into the blood, and here it is that, while forced to accept it, 
we cannot but feel that the theory is deductive, and on less secure 
ground.

KhrllrliN conception of the cell molecule. 
Molecule» with vurioiM receptor» or haptophorou* 
group» of the liret order (a) adapted to comliiimtio i 
with the hnptophorou» groupe (6) of various chemi- 
c-ul compounds brought to them It will lie noted 
thut there i» no mechanism by which the toxophorous 
elements of the roui|iouiids (r) ran lie directly 
attached to the cell. (McFarland, after Khrlich.)5
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Tin* wry fact, jin pointed out by < 'obbetf,1 dial tin* M<nnI serum of 
human livings who haw nevvr sulfvrvd from diphtheria contains a 
recognizable amount of diphtheria antitoxin would f suggest that anti
toxins are not primarily specific; in other words, that the cells of the 
body normally discharge substances capable of combining with and 
neutralizing diphtheria toxins. To this it may be objected that human 
beings may be subject to what we have termed “subinfection” with 
diphtheria. But die same is true also of horses' blood serum (Wasser
mann2); and when, as von Dungern3 has shown, rabbits’ blood serum 
contains an'^antitoxin against the poison of starfish eggs, our point 
becomes established. There is, that is, a normal discharge into the 
blood plasma of a large number of jHttential antitoxins, of bodies having 
affinities for one or other toxin, and it is only when these toxins gain 
entrance into the system lliatjhe particular antitoxins become developed 
in relatively enormous quantities.

If, with Khrlieh, we regard these as discharged cell receptors or side- 
chains of particular orders, then we have to assume that the very act of 
combination of the toxin molecules with the receptors stimulates the 
cell substance to reproduce more of these particular receptors than are 
necessary, and that the overproduction is discharged out of the cell. 
This assumption, it is true, appears to accord strictly with the facts 
of the ease; but we find it difficult to picture the process whereby 
this overproduction is brought about. Khrlieh bases himself upon 
Weigert’s law of inertia the law, namely, that once a cell is stimulated 
to perform a certain act, it continues to perform that act for some time 
after the stimulus has ceased to act. But this production of antitoxins 
continues for a longer period than was contemplated by Weigert, and 
that law does not explain why the anchoring of the toxin by a particular 
side-chain acts as a stimulus to the production of new side-chains of the 
same order.

While offering these criticisms, it must not be thought that we are 
opposed to Ehrlich’s theory; on the contrary, we accept it almost in 
its entirety; only at this one point it seems to us that the chain of events 
depicted has some weak links. Khrlieh throughout purposefully speaks 
in most general terms of the constitution of the cell, and draws no 
distinction between cytoplasm, paraplasm, and nucleoplasm. He, in 
fact, leaves it an open matter which portion of the cell is the seat of 
the changes demanded by his theory. The conception we have given 
of the cell structure (p. lôti) leads us to consider that a poison can only 
interfere seriously with cell activities when either mediately or imme
diately it tells upon the nuclear biophores. H e icould regard a toxin 
molecule diffused into or absorbed bg the cytoplasm not, V'ith Khrlieh, as 
becoming fixed to the biophori, but rather as detracting and dissociating 
a side-chain frtnn the biophorie molecule. The next stage would depend

1 rentralhl. f. ltakt.,26:1899.
1 Zoitsrh. f. Ilyg., 19:189f>: 408.
* Zrilsrli. f. Allg. Physiol., I: 1901.
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upon |Im* iiuiiiIht of toxin molecules gaining entrance to the it'll, anil, 
il max la*, ii)ion tlifir ffrnifiit-likf activity. An excessive mmilicr 
would Irai I lo mh Ii a dissociation of iln< molecule* as to entail
liiojiliorir dissolution ami eell ilealli. The I'noicn fwin reyard iny .lie 
extnumlinary minute, unmeasurable aaantities of toxin capable of 
causiny death of rclntircly Inrye animain leads ns to believe that ferment 
action muni play a part; namely, that the toxin moleen'e, ha rim/ disso
ciated one side-chain. Itérâmes liberated from this amt free to dissociate 
another side-chain, until, dissoeiatiny the biopliore more rapidly than 
that ran Imild itself up, it causes dissolution of the same, and eell death. 
Along these lines the ilifferenre between toxins ami alkaloiils, ami other 
eell poisons which can reatlily lie tljssolvetl out of the eell, is that the 
latter, if they set up eell ilistnrlianees, tin this by a single act of union 
ami ilissociation, the latter by the repeateil enzyme-like attraction and 
dissociation of side-chains from the cell molecules. So far as they 
go, the histological appear
ances of the nuclei- of the 
brain cells, for example, in 
eases of tetanus are in favor 
of such nuclear dissolution.

Where, on tin* contrary, 
the action is not so intense, 
the dissociation of a side- 
chain by a toxin molecule is 
followed by the building up 
or assimilation by the hio- 
pliore of another to replace 
it. Here, also, to explain
subsequent events, the toxin th.'w"neutraltwd und rmo%«I t.y "the toxin mutfculre. 
molecule must be regarded as
endowed with enzyme-like properties. The loss of a single side-chain 
cannot, no more than any other momentary stimulus, set up the habit 
of manufacturing side-chains in excess of the needs of the individual 
cell; but if for some little period that molecule is dissociating side- 
chains of a particular order, but these an* reformed more actively and 
in excess of the rate of destruction, it appears to us possible to realize 
the gradual devt " of a habit of production and casting loose of
these side-chains which shall continue long after the primary stimulus 
has ceased to act. That toxins in a potentially active state may remain 
in the cells for weeks is demonstrated by Morgenrotli's observations 
upon the tetanotoxins in frogs, to which we have already referred1

1 Along tins lines here indicated Morgenrotli’s observations are ea|mble of expla
nation, not so much ns evidence of the existence of haptophores and toxophores 
(though they afford this also), as of persistence of the active poison within I lie 
cells, which poison is only able to manifest its results when, by abnormal tcni|iera
ture conditions, the cell metabolism and side-chain production is hi lowered that 
now the toxin gets the up|ier hand

I .hrl irli's roiiccplii tu uf thr regfiicniliiiii of I In* rill 
iiilulihuri'*. or rvrriili.i to lot IIm-IiihniiI
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(p .115). The diagram opposite gives more fully our conception of the 
way in which the toxin acts in this respect.

It is, we would emphasize, the continued existence of the toxins for 
some little time within the cell, hut not ns n port and parcel of the biophoric 
molecules, flint best satisfies the conditions of the ease, i. e., the develop
ment of the liahit of side-chain, receptor, or antitoxin production. 
And these, developed in excess of the needs of the cell, become discharged 
into the circulating medium.

On the Nature of the Union of Toxin with Antitoxin. We have 
already referred to Martin and Cherry’s evidence that toxin and anti
toxin unite to form a distinct compound. The union, we now know, is 
not immediate. This explains the contrary evidence brought forward 
by Calmette, Wassermann, and others; they did not wait long enough 
to permit the complete combination. The antivenin to snake venom 
is rendered inert by subjection to a temperature of (iS° ( whereas the 
venom itself is uninfluenced by a temperature of N()° < V ( almette found 
that the venom-antivenin mixture becomes toxic again if subjected to a 
heat of 70° <’. Wassermann came to similar conclusions with regard 
to the pyocyanciis toxin-antitoxin mixture. It has since been found that 
by allowing the mixture to ‘ for a few hours these results are not 
obtained. Khrlich further has shown that the mixture follows the law 
of true chemical combination in that the union is accelerated by heat 
and takes place more quickly in concentrated than in dilute solutions. 
Admitting this, there are certain data which are not immediately recon
cilable. Thus, for example, it is found that a combination of toxin 
and antitoxin which is absolutely neutral for individuals of one species 
is fatal for those of another.

This has been explained by Weigert as due to the presence in the 
blood of the second animal of substances having a stronger affinity for 
the antitoxin moiety, in consequence of which the toxin becomes set 
free. Aschoff affords the alternative explanation, that in the first 
animal (the mouse, for example, treateil with a tetanotoxin-antitoxiu 
mixture) tissues other than the nerve cells can combine with the toxin, 
as, indeed, has been shown to be the ease, and that so, with subcutaneous 
inoculation of what for the mouse is found to be a neutral mixture, 
there is, nevertheless, an excess of free toxin. If, now, this same mix
ture be inoculutnl into a guinea-pig, whose other tissues have not this 
afiinity for the toxin, such free toxin is capable of exercising its full 
effects on the nerve cells.

( >f late years several obvious departures from the simple law of the 
formation of double salts have been noted in the reaction between toxin 
and antitoxin exceptions which it is difficult to explain adequately. 
We shall not here mention all, but would refer to Kmery’s conscientious 
discussion of the subject. < >f these, the most renin " is Danijsrz's

1 Hut, as a general rule, it must lie not ml that toxins are more sensitive to heat 
than an* antitoxins; heating llirh more sensitive toxins, they are apparently con
verted to toxoids, which still remain attached to the antitoxins.

5

77



The author's conception of aidr-rhlin and antitoxin production. I. Ihe Idophurir molecule 
situated within the cell, and possessing side-chains of various orders. A, H. /> Mode of 
formation of aide-chain*. Free molecules (X. »') diffuse into the cell (or are produced within 
the cell l*y dissociation of more complex molecules, also almorlied): these are attracted by an 
unsatisfied affinity of the l.iophore, and are built up by it to form the side-chain A. Such 
side-clmin. when formed, may become satisfied by attracting to it other (foodstuff) molecules 
such :i* E, having the right order of haptnphorous grouping It is conceivable (but not shown 
in the diagram) that molecules of the K order may not merely satisfy the side-chain, but detach 
it so that the compound A-E tweomei» free in the cytoplasm, or discharged from the cell (active 
kntnbolism). it. A toxin molecule E. diffusing into the cytoplasm has a stronger affinity for 
the side-chain A than has the biophore. combines with it and detaches it. Hut when detached 
and free in the cytoplasm other molecules (M) present in the cytoplasm have now a stronger 
affinity for the .1 moiety of the compound A-E and combine with it. lilierating the toxin moiety 
E. which again l«écornés free in the cytoplasm and capable of dissociating another aide-chain .1. 
Ur the compound (S-A may liecome discharged from the cell (circulating antitoxin), and then in 
the altered surroundings the extracellular toxin molecules E may exert the greater affinity and 
joining with the .4 moiety become neutralised. It is the U-A compound, and not the side-chain 
.1 alone, that constitutes the extracellular antitoxin. I In the presence of abundant X and Y 
molecules the side-chains A become built up in series, and this whether attached to the biophore 
or free in the cytoplasm; the more there are freed by the action of the toxin, the greater under 
these conditions will tie the production of antitoxins. Thus, the presence of the toxin molecule 
E stimulates the •«•ell to the production of increased numbers of flic molecules of I he particular 
side-chain order upon which it exerts s|iecitic action.
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phriionirnnn, first noted with ricin, and later found to obtain with a 
great nuinhcr of toxins by von Dungmi* and Sachs.1 2 3 If the amount 
of toxin has been accurately determined which, added to a given 
amount of antitoxin serum, completely neutralizes it, and if, now, 
half the amount of the toxin only he added, then if, at a later period, 
the other half he added, the result is not a neutral, hut a poisonous, 
mixture. More antitoxin has now to he added to bring about neu
tralization.

A possible explanation of this phenomenon is to he found in Ehrlich's 
recognition of multiple toxins and toxoids. It is not unlikely that in a 
toxin solution, besides the active toxin proper, having the greatest avidity 
for antitoxins, there are present toxoids with less affini v, which, when 
the amount sufficient for complete neutralization is added, do not 
combat with the antitoxin; when only a fraction of that amount is 
addl'd, are taken up hv the unsatisfied antitoxin molecules. By this 
means, when further toxin si " m is added, the molecules cannot find 
adequate antitoxin molecules with which to unite. But Bordet’s argu
ment that the union of toxin and antitoxin partakes more of the nature 
of the absorption of a dye by a colorable substance cannot be neglected. 
That absorption is what is now ter red an “adsorption” phenomenon. 
The t substance can take up I, 2, 3 volumes, etc., of the dye,
and fix these, without obviously forming thereby a succession of distinct 
chemical substances. Now colloids (and such presumably are toxins 
and antitoxins) as a group manifest adsorption phenomena. Hence 
these anomalies in the combining volumes of toxin and antitoxin may 
possibly find an explanation without calling into existence Ehrlich’s long 
series of toxoid bodies.

An enzyme-like action on the part of the toxins would also explain 
the phenomenon. We freely admit that, observing in general the 
remarkable obedience of toxin- * mixtures, to the law of multiple
proportions, it would at first sight appear that toxins do not act like 
ordinary ferments. Nevertheless, as we have already shown, from 
Morgenroth’s observations, in relationship to antibodies, ferments do 
obey this law ; a given amount of antirennet serum renders inactive 
a fixed amount of rennet solution. More suggestive of enzyme action is 
Behring’s3 observations that if a mixture of tetanus toxin and anti
toxin be taken in which the toxin is in excess, there is a marked increase 
in toxicity when the mixture is diluted with water. This, as Jacobi 
indicates, suggests hydrolytic dissociation.

In general the law of multiple proportions is strongly in evidence, 
i. c., if 1(1 volumes of antitoxin neutralize l(M) of a toxin solution, 1(10 
volumes of antitoxin are found to neutralize 10(H) of the same toxin. 
The combination, however, is not immediate; while it is relatively 
rapid with diphtheria, in tetanus preparations it is slow, requiring often

1 Deutsch. med. Woch., 1904:275: and WO.
2 Vent rail >1. f. Httkt., 37: loot.
3 Heitr. z. Expcr. Thérapie, 1901: 7.
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some hours; (lie age of (lie antitoxin prcps>\: lions also introduces varia
tions in rate.

On the Action of Antitoxin upon Toon within the Organism.
We cannot leave this subject without dis; • a. g the mode in which 
antitoxins introduced into the organism bring bout the cure of infec
tion. Experimentally, we find that the smallest amount of antitoxin 
is required, and the least evident disturbance of the organism occurs, 
when toxin and antitoxin are introduced simultaneously; and here, 
again, least of all when the two have been in contact for some period.1

When symptoms are already present, much larger quantities are 
required, and when the disease has been active for some days, no 
amount of antitoxin will arrest the fatal result. Hut, as just stated, 
the antitoxin can, under certain conditions, arrest the disease, even 
when symptoms are present, and when clearly the toxins have already 
gained entrance into the cells. These, indeed, are the conditions under 
which diphtheria antitoxin is most often employed in practice, with 
brilliant results. It is evident, therefore, that the antitoxins can act 
upon toxins which already have become bound in the ceil, but that, 
just as with the lapse of time the toxin in vitro becomes more and more 
firmly bound to the antitoxins, so in the cell in vivo there is a similar 
increasingly firm anchoring of the toxin to the receptors, until e\ 
the free antitoxins introduced from without are unable to loosen the 
union. That this is so is confirmed by several observers of the phe
nomena of so-called “cure in vitro,” as observed in connection with 
hemolytic agents. For a certain period it is found that the addition 
of an antihemolytic se:um to blood corpuscles which have absorbed 
hemolysins will remove and neutralize these “toxins,” but with longer 
interaction the “antitoxin” is without effect.

This very fact that foreign antitoxins entering the cell can in the early 
stage arrest the infective process appears to us to support our contention 
that the toxins, at a time when they are already setting up active cell 
disturbances, are not in direct combination with the biophorcs, but are 
acting upon them from without—in the cytoplasm. We would conceive 
antitoxins introduced into the system as: (1) neutralizing any free toxin 
molecules in the circulating fluids of the body, and so preventing their 
action upon the cells, and (2) as gaining entrance into the cells, and 
there not so much acting directly upon the toxin molecules present (for 
those are already combined) as affording to the *es that excess
of side-chains necessary to build them up again and to neutralize the 
toxin molecules should fthey become temporarily free—as, in short, 
affording to the cell physiological rest, together with the particular 
assimilable matter which has been used up by the activity of the toxin.

1 Thus, as Wassermann has demonstrated, if a fresh neutral tetanus toxin-antitoxin 
mixture he introduced subcutaneously, symptoms of the disease will, nevertheless, 
manifest themselves if the animal has, beforehand, been treated with adrenal 
extract. That, by contracting the arteries, prevents the absorption of the antitoxin 
by means of the circulation, and the toxin is still able to make its wray to the higher 
centres along the nerves. If the two have been in contact for two hours previously, 
no symptoms show themselves.
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If diffusible enzymes and the diffusible products of bacterial growth 
cause reaction and, under certain conditions, the development of anti 
bodies which neutralize their acti m, it becomes probable that other 
diffusible cell products, and more particularly those of an essentially 
organic nature and protcid type, will be found to have the same proper
ties. And this, as a matter , has been fourni to be the case.

PRECIPITINS.

The first discovery of these bodies was, it is true, not the simplest 
example. If, as pointed out by Kraus,1 in 1897, one inoculates 
with final cultures of typhoid, cholera, or plague bacilli, and then, after 
some days, gains some of the blood serum of that animal and adds 
a little to the germ-free culture fluid, a specific precipitate appears 
in the mixture. Slowly the fluid, which has been clear, becomes hazy, 
then turbid, then the suspended particles aggregate into fine tioeeuli, 
or, to employ a term employed in a parallel process, undergo aggluti
nation; and next the flocculi fall to the bottom as a precipitate. The 
same results appear when the filial of growth minus the microorganisms 
is used for inoculation. We know that it is the proteid substances 
present in the broth which cause the reaction, whether these become 
modified in particular directions, by the growth therein of the particular 
bacteria, and in part, perhaps, have been excreted by those organisms, 
or whether they are unaltered, for simple broth will bring about a like 
result. Through the inoculation of these constituents of the broth anti
bodies are developed and appear in the blood, which, combining with 
tin* bodies present in the culture fluid, cause a precipitate. Such anti
bodies, first known us coagulins, are now grouped together as precipitin*, 
and of them a large number have been developed by treating (injecting) 
animals with protein-containing fluids of various orders, and these not 
merely of animal, but alsoof vegetable origin- milk, horse serum, eel serum 
( Bordet2 and Tsehistovitsch), egg albumin (Meyer), globulin from sheep 
and ox blood, peptones (Wassermann), human blood serum (Uhlenhuth), 
albuminous urine, pleural exudate, etc. (Mertens, Leclainche and

1 Wiener kiin. Wocli., 1897:736.
2 Ann. de I’Inst. Pasteur, 13: 1X99. A full study of the literature is afforded 

by Nul tall, Journal of Hygiene, 1:1901:367, and of the whole subject of blood 
précipitât ion, in his Hlotnl Immunity, anti lllnml /{< Intiimshi’/», Cambridge, 1904.
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N’allé, and others), muscle albumin (Schiitze), serum albumin, ])seudo- 
globulin (Ide), casein, and milk albumin (Hamburger) vegetable albu
mins (St blitz), wheat, rye, and barley albuinosts (Kovvarski).

And these are to a large extent specific; thus, to give simple examples, 
the blood serum of an animal treated with wheat alhumose will cause 
a precipitate in a solution of wheat alhumose, but none in solutions of 
rve or barley albumoses, and, as Bordet showed, the serum of rabbits 
treated with cow’s milk will cause a precipitate of cow’s, but not in goat's 
milk,1 and several others have shown that the serum of rabbits injected 
with human blood will cause a heavy precipitate in human blood serum, 
but none in goat’s or dog's blood serum. Here, indeed, we possess an 
excellent medicolegal method for detecting the presence of human blood. 
Certain precautions, however, as pointed out by Nut tall, have to be 
taken into account. The specificity, as, indeed, might be expected, is 
not complete; the more nearly allied two animals are the greater the 
probability that their proteins of one or other order will be of closely 
similar constitution and lead to the production of allied antibodies, and 
this is found to be the case, (minimum has shown that the precipitins 
developed by injecting into other species of animals the blood of the 
gorilla, chimpanzee, and ourang-outang will each of them cause precipi
tates in the blood serum of all three species of ape and in that of man, 
although they are without effect upon the blood sera of lower animals. 
Conversely, as indicated by Nuttall, if a given precipitin leads to pre
cipitation in a series of bloods from different animals, it is an evidence 
that they are “of the same blood” and genetically closely allied, and 
these data of Griinbaum are to be accepted as new and convincing 
evidence of the consulship between man and the higher apes. A like 
common reaction is found in the blood sera of different species of birds, 
amphibia, reptiles, etc.

While this is the case, it has to be emphasized that the précipitât ion 
is mont marked with the homologous serum, /. e., with the serum of the 
species against which the proof animal was inoculated, and if this pre
cipitin-containing serum be diluted, a point will be reached at which it 
will still react in a given time with the homologous serum, but not with 
others. And, indeed, as showing that there are even differences in the 
constitution of the proteins of individuals of the same species it has 
been repeatedly noted that the reaction is most complete with the blood 
or other protein-containing fluid of the individual animal that has 
afforded the material for inoculating the proof animal.

We see, also, another order of allied phenomena, indicating that 
the different proteins of the one individual have certain constituents in 
common, so that the precipitin developed by inoculating the one protein 
is capable of associating itself with, or acting upon, other proteins, 
although, again, not to the same extent as it acts upon its specific pro
tein. Thus Besredka has found that the serum gained by injecting

1 As pointed out by Mom, Wiener klin. Wocli., 1901: 1074, the specificity here is 
not complete.
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animals with ccll-frcc hlm ni scrum will, added to Idixnl, cause hcmolysis, 
I. c., will act on erythrocytes, lilierating their henioglohiii. So, also, 
the serum of rahhits, injected with human muscle alhumin, is intensely 
hemolytic. And, we may add, this action upon the red corpuscles is 
extremely common on the part of the sera of animals injected with cells 
of various orders.

The Nature of the Precipitate. When we come to impure what 
are these preeipitins, and what the substances precipitated by them, 
we meet with difficulties. We know so little regarding the inner con
stitution of protein bodies. Thus, to take the latter ipiestion first, it 
is generally held that the prcclpitablc .substance is the main proteid 
constituent of the fluid used for purposes of injection; the result
ing precipitate is so large the amount of casein precipitated, for in
stance, when milk has been used to develop the precipitin, is very con
siderable; and when we use what we regard as a simple protein, egg 
albumin, or globulin from the blood, as antigen, the precipitin acts 
specifically upon that substance. Thus, what we limy term the common- 
sense view is that these particular proteins are specifically acted upon. 
The critical, or hypercritical, view is that we know next to nothing about 
the constitution of proteins, and that there may be an intermediary 
tertiurn <juiil produced which, in its fall, brings down with it the bulk 
of the protein.

Jacobi instances as a parallel the case of ricin, which, added to 
blood, precipitates the corpuscles, so that the fluid becomes <|tiite clear, 
the ricin having no action upon the hemoglobin, but upon the stroma 
of the red blood corpuscles. The illustration appears to us far-fetched; 
we fail to see how, under the circumstances, the ricin, if it acts upon 
the stroma of these corpuscular elements, could do anything else. Welsh 
and ( hapman's1 2 argument is more weighty: that it is not the test pro
tein that supplies the main bulk of the precipitate, but the antiserum. 
Quantities of the test protein many times too minute to yield an appre
ciable prccipitum with ordinary proteid précipitants may yield distinct 
precipitates with the specific antiserum.

Let us admit that in the fall of the main protein other substances, 
including other proteid bodies, are apt also to be brought down;* 
whether linked to the précipitable substance, or directly acted upon 
by the precipitin, or as a purely mechanical matter, we cannot, in most 
instances, state with sureness. The sensible view, undoubtedly, is 
that the precipitin acts directly upon the main constituent of the pre
cipitation. This view demands, it is true, that we admit the existence 
of an enormous number of proteid bodies; that, for example, the globu
lins in the blood of different species are distinct bodies, for otherwise 
the specific action of the precipitin on one particular scrum becomes

1 l‘roc. Hoy. Sue., Biol., 78: l«.MHi:297.
2 Thus, I hillin' ami Hamburger have shown I Imt a precipitin <levelo|icd against 

horse serum will, if willed to the serum of ahorse immunized against toxins, bring 
down the antitoxins along with the serum pmteids.
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inexplicable. But this we arc already prepared to admit; the widely 
different percentage composition in (',II,N,(), etc., gaineil by the various 
observers who have analyzed hemoglobin, has already shown us that 
this must be the ease. What is true of hemoglobin is likely to be true 
of other proteins.

As regards the precipitin*, these resemble, in properties, the other 
antibodies producible in blood serum; they can be precipitated by 
various reagents ; can be isolated from the bulk of proteins present in 
that serum by fractional precipitation, /. e., by adding successive incre
ments of ammonium sulphate ami filtering off the successive precipitates 
that show themselves, the precipitins living brought down along with 
certain globulins within certain narrow limits; can lie redissolved 
along with these globulins, and so on. Here a like (piestion presents 
itself: Are these particular cuglobulins, or pseudoglobtilins, the 
precipitin; in other words, is the precipitating property a function 
of the modified globulin (for the two cannot Ik* separated), or are we 
to regard the precipitin as a distinct chemical entity, brought down 
at the same time as the globulin? The fact above noted, that the two 
cannot be separated, again renders the former the mon* direct and 
practical view, the one that should, provisionally, be acceptai. But 
here, also, the indications an* that we must admit the existence of a 
multiplicity of these modified globulins, and that even in the one blood 
serum more than one protein may be developed possessing these powers 
of precipitating.1 These globulins appearing in the blood serum of 
the inoculated animals, it must always be kept in mind, appear there 
as the result of cellular reaction and activity, and, if different orders of 
cells coincidently take up the inoculated material, there is nothing im
probable in their reactions varying and in their discharging into the 
blood bodies precipitins showing some variation in constitution.

Lastly, we may note the existence or possibility of development of 
prccipitoid* corresponding in properties to the toxoids, and of anti- 
precipitins.

AGGLUTININS AND AGGLUTINATION.

timber and Durham2 were the first to make a special study of the 
phenomenon of agglutination, which has previously been noted cursorily 
by Metchnikoff,1 Charrin and Iloger,4 Pfeiffer,’ and several others who 
had made growths of bacteria in the serum of immunized animals. 
In June, IS!Ml, Widal published his paper, in which he showed that, 
during the course of an attack of typhoid, the blood serum of the

1 This Ims I wen conclusively demonstrated by Pick, Beitr. zur. Chem. Physiol, u. 
Pathol., 1: 1901:351 and 44.1, and coincides witli Durham's observations ti|ion 
agglutinins, to lie presently noted.

2 Münch. med. Wocli., 43:1X96:2X5. 3 Ann. de I'Inst. Pasteur, .1: 1X91: 473.
4 Vompt. rend. Sic. de Biol., 18X9: 667.
5 Pfeiffer and Issaeff, Zeitsch. f. Hyg., 17:1X94:355,
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patient acquires llu- power of clumping typhoid Imeilli to which it is 
added. Already, in Man’ll of the same year, (minimum, working 
under (ïruher, had observed this phenomenon, and Imt for an unfor
tunate delay in the publication of his paper, for which he was not to 
blame, what is now known as the Widal reaction would have been 
known by his name. As it was Gruber had already, some months 
prior to Widal's publication, announced the general principles of the 
method. The test should, therefore, be known as the Grubcr-Widal 
or the Griinbaum-Widal.

Agglutination consists in the aggregation into clumps of free bacteria 
suspended in physiological salt solution, or broth, when there is added 
to the same some of the homologous serum, i. c., serum of an animal 
which has been inoculated with bacteria of the same species. With 
this clumping, the bacteria, if previously motile, become motionless. 
The reaction is obtained with almost all species of bacteria, although 
the extent of the reaction varies with different species. It obtains with 
noil-motile as well as motile, with dead as well as with living bacteria. 
It obtains also where cells arc used as antigens washed1 erythrocytes, 
leukocytes, and body cells of various orders.. It is specific to this ex
tent, that, with relatively high dilutions of the homologous serum, the 
sperijie antigen bodies alone exhibit clumping; non-specific, to the ex
tent that, with more concentrated serum, bodies of allied species may 
also exhibit agglutination. Such specific agglutinins may be present 
in the blood serum, not merely during an infection, but for month- 
and even years, after, though the statement is made that, unlike anti
toxins, as a result of removal bv bleeding they are not readily reproduced. 
The reaction may be followed under the microscope, but it is more easy 
to follow by the naked eye, by observation of the gradual flocculus 
formation and sedimentation, whether in pipettes, long tubes, or watch- 
glasses. This flocculus formation is of the same order as that seen 
under the action of precipitins. Only with concentrated solution is it of 
rapid development; toward the upper limit of dilution it shows itself 
slowly. Most English and Continental observers recommend the use 
of the unaltered homologous serum, as permitting more exact dilution. 
For purposes of diagnosis at a distance, the dry method elaborated by 
our late colleague, Wyatt .Johnston,2 after Widal had shown that the 
agglutinins are unaltered by drying, has, throughout North America, 
been found to give equally accurate results.

The Properties of Agglutinins. Here it is not our purpose to 
enter into the fine details of the process of agglutination; these will be 
found carefully recorded by Ewing, Cabot, and other writers upon 
the blood and its properties. Our object is to note the main facts 
hearing on the agglutinins in their relationship to immunity, and to the

1 Washed, in order to remove any accompanying serum and to prevent the devel
opment of a eomplieatii g and similar precipitin formation.

2 Centralhl. f. Hakt., 21 : IS971523; Writ. Med. Jour., 1896: ii: 1629, and Johnston 
and McTaggart, Montreal Medical Journal, 25:1897: 709,
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other ! K «lies now under discussion. They tire relatively highly resistant 
bodies; v drying for many months, even when freely
exposed to the air; are little affected by light or putrefaction; the 
majority, in a moist condition, can be heated to 02° (’. without loss 
of properties, some (e. g., tulierculosis agglutinins) are ren
dered inactive at 50° ('. Like the antitoxins, they may be present in 
normal serum. Thus, normal human serum has been found, when 

, to cause agglutination of many bacteria- B. coli, B. typhi, 
lb pyocyaneus, Spp. choleric, and danubiens, and pyococci. Even 
when diluted thirty times, it may clump the typhoid bacilli; or, one 
hundred times, the Pyococcus aureus. And the same is true of animal 
sera. In general, fœtal blood, and, indeed, that of healthy children, 
under seven years, has very feeble agglutinating powers, a fact which 
would suggest that processes of subinfection play some part in the 
development of these normal agglutinating powers. As shown by 
Staubli,1 the sixteenth part of an agar culture of the typhoid bacilli 
suffices, when injected, to cause the appearance of relatively abundant 
agglutinins, and .1. Mc(’rae,3 in our laboratory, was able to obtain their 
production even when tin* bacilli were enclosed in celloidin capsules. 
Other observers have gained agglutinins by feeding animals with the 
homologous bacteria, without setting up obvious infection. By inocula
tion of cultures, the agglutinating power of the serum can be so increased 
that, in dilutions of 1 in 1,000,000, Van tier Veldt3 gained clumping of 
B. typhosus; and with 1 in 2,000,000, Durham4 was able to “clump” 
the B. coli.

In general, agglutinins show evidence of development in from three to 
six days after the first injection; after this they increase with considerable 
rapidity. M< ( rae found that after r< ' of the celloidin capsules they 
rapidly disappeared from the blood, and it may well be that the eases 
which have been noted, particularly with typhoid, in which they have 
been present a year or more after injection, are eases of latency of the 
bacilli within the organism, for the existence of “typhoid carriers” is 
now well established. Their mode of disappearance is not wholly under
stood. They have r< been determined in the milk of nursing
mothers, and have been detected in the tears. This would point to their 
excretion; there is a certain amount of evidence that they undergo de
struction in the liver and spleen, but the observations upon their presence 
in the urine are very discordant.

As to where the agglutinins are formed observations are curiously 
conflicting. According to some authorities, of whom the latest is Meek, 
extracts of the leukocytes of animals injected with one or other microbe 
afford no agglutinins. Van Anden found in certain cases only, that the

• Central!)!, f. ltakt., Abt. 1 : 36: Nr. 2.
2 Jour, of Exp. Med., 5:1901:635. The same has been noted by d’Espino and 

Mallet, Revue Mod. de la Suisse Romande, 1907.
3 Hull, de VA cad. Roy. de Med., Brussels, April, 1897.
4 Lancet, (bond.), 1898: i : 15.
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spleen, hone-marrow, and lymph glands contained more agglutinins 
than did the blood, while others have determined that removal 
of the spleen has no effect in the production of these bodies, and several 
observers have throughout found less agglutinins in the organs than in 
the blood, while I'igari and others have brought forward evidence to 
show that in the intravascular blood t plasma ) agglutinins are wholly 
absent, only appearing with coagulation and in the serum, and yet others 
have suggested that in the circulating blood there occur free agglutinins, 
which gain full activity under the influence of the oxygen of the air. 
From this it will be seen that despite very numerous observations, we 
are still in complete ignorance.

Group Reactions. Of late years, a very extensive literature has 
made its appearance upon the specificity of the agglutinins. With regard 
to Pfeiffer’s phenomenon (p. f>4d), the Merlin school had demonstrated 
that this was remarkably specific, and at first it appeared that this was 
true with regard to agglutinins and the < iruber-Widal reaction. Very 
soon, however, it was found that a serum that would agglutinate the 
typhoid bacillus would agglutinate also the B. eoli to a less extent, it is 
true, but, nevertheless, definitely. At first this was ascribed to the 
existence in the serum employed of normal agglutinins, and the com
plication, it was thought, would be overcome by employing high dilutions. 
To this day there are those like Paltauf, who, save in connection with the 
B. eoli group, would ascribe all aberrant results to the presence of these 
normal agglutinins. They base themselves upon the strong specificity 
of the reaction with the different allied species of spirilla and the clear 
results gained with the plague bacillus.

But when one has personally dealt with sera which will agglutinate 
two distinct species when diluted in the one case to I in I (Hit), in the 
other to 1 in dlMMf,1 dilutions far beyond the limits of normal agglutinins, 
it is impossible to accept this explanation. 'Flic conclusion is inevitable 
that both the typhoid and the colon bacilli and their allies exhibit what 
are termed group reactions.

The most satisfactory explanation of this “group agglutination” has 
been afforded by Durham,2 in his study of the B. enteritidis. According 
to him, a given bacillus introduced into the system may cause the devel
opment not of one, but of several different agglutinins, and some of these 
may, likewise, be developed when bacteria of other species are intro
duced. We may regard the agglutinins as antibodies to tin* proteins 
of which the cell, bacterial or otherwise, is composed, and as these pro
teins are multiple, and some of them only specific to the particular cell, 
so some of the antibodies will be specific, others common to several orders 
of cells, or bacteria. If bacillus X possesses the agglutinogens a, b, 
c, d, e, stimulating the production of agglutinins A, B, (’, 1 >, E, and 
bacillus V has similarly agglutinogens d, e, f, g, h, causing the produc
tion of agglutinins I), K, F, (i, H, then, if bacillus X be introduced into

1 Adami mid Chopin, Jour, of Med. Research, X. S., 0: 1904:409.
* Brit. Mud. Jour., 1UU0, and Jour, of Exp. Mud., 5:1901 : it53.
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its homologous serum, there will he the strongest reaction, hut hacillus 
V will also show a reaction with the same serum, although not so perfect, 
for although agglutinins A, B, (’ are unahle to influence it, agglutinins 
I) and K can.

We arrive, thus, at the conception of “idio-agglulinins," or specific 
agglutinins proper, developed bv each species, and common, or group 
agglutinins which are able to act upon more than one species. In short, 
agglutinins come into line with what has been noted regarding precipitins.

Relationship of the Agglutinins. As will he pointed out shortly, the 
injection of bacteria or cells into the body of an animal leads to the pro
duction of bacteriolysins or cvtolvsins of antibodies which cause the 
dissolution of the particular antigen. Are agglutination and lytic action 
stages of one and the same process, or are they distinct*processes? 
They are distinct bodies. Moth, it is true, are thermostable and both 
become attached to the bacterial substance, both occur in the blood 
serum, and are to be found there for some time after infection, but as 
shown by Pfeiffer and Kolle,* bacteriolysis may occur without a sign of 
agglutination, and after inducing immunity, the blood serum, months 
later, may still be strongly bactericidal when it has completely lost the 
power of agglutinating.

There is, further, as well shown by Kvans,1 2 no relationship between 
the agglutinative and protective powers of a given blood; the blood of 
a typhoid convalescent agglutinated at I to .">(H) had a bactericidal 
value of ô units, whereas another, which only agglutinated at I to 2(1, 
had a bactericidal value of .jlH),(HH) units. And lastly, as pointed out 
by Khrlich and Morgen rot h, bacteriolytic action is arrested by sub
jecting the serum to a heat of 56° whereas agglutinins are unaf
fected by this temperature. It will be shown later that for 
bacteriolysis and eytolysis the interaction of two bodies is necessary 
amboceptor and complement and that a heat of f>(i° (’. destrovs the 
latter. Nor, although they have many features in common, are the 
agglutinins identical with the precipitins. Bordet has shown that 
agglutination can occur without any sign of precipitation.

The Nature of the Agglutination Process. Of the many views 
regarding the nature of the agglutination process, that of Bordet is the 
most acceptable. As the result of the action of the agglutinins, he pos
tulates an alteration in the molecular attraction or tension between the 
bacteria and the fluid medium. In the first phase of the process there is 
a junction of the agglutinins with the constituents of the bacterial cell; 
the second is purely physical, the salts in the medium playing a part in 
the process. It is, in short, a process of the same nature as the gathering 
of red corpuscles into rouleaux; in fact, a series of observations upon 
the agglutination of red corpuscles and other cells has been made which 
in many respects parallel those observed in connection with bacteria. 
As Sir Lauder Brunton* has shown, if matches (to represent bacilli) or

1 Centrait»!, f. Bakt., 20:1896: 129.
* Ibid., 7: 19oo;

* Jour, of Path., 9:1903:12.
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disks of cork (lu represent erythrocytes) he covered with hard soap and 
thrown into water, they float about free and isolated until that water 
is slightly acidulated, when they immediately draw into < i. Render 
the water faintly alkaline, and the clumps, if broken up, will not form 
again. More recently, Albrecht1 has demonstrated that red corpuscles, 
as a matter of fact, possess such a fatty (lecithin) containing surface 
layer as is demanded in Brunton’s experiment, and, in ignorance of the 
latter, lie comes to a like conclusion regarding the mechanism of agglu
tination. Through alteration in the physical condition of the environ
ment he concludes that the surface of corpuscles (and bacteria) becomes 
so modified as to lead to the physical attraction and adhesion of the 
bodies. Whatever the process, it would seem to be of the same order 
as that occurring under the action of précipitais, namely, a change in the 
colloidal state favoring fioccular formation.

IMMUNIZATION AGAINST CELLS. CYTOLYSIS AND THE 
CYTOLYSINS.

It has long been known that the inoculation of a foreign blood is likely 
to set up grave if not fatal disturbances, and even the inoculation of tin- 
blood of another animal of the same species has been found so danger
ous that, recommended in man for a time incases of grave wasting < I isease, 
experience has led to its being almost wholly given up. Experiment
ally we find that it may lead to dissolution of the red corpuscles of tin- 
host and to intravascular coagulation. We owe to Bordet and his bril
liant observations a fuller knowledge of this process of he mol if ms or 
solution of the corpuscles, observations that can easily be confirmed and 
that have led to abundant studies upon the destruction of cells of other 
nature by the organism; so that now there is a rich literature upon the 
wider subject of ci/tolyais, and incidentally not a little light has been 
thrown upon the subject of cell destruction in general within the organism. 
Bordet showed that if an animal, A, be inoculated with successive small 
amounts of the blood corpuscles of an animal ot another species, B, 
within a few days (not immediately), upon bleeding A and obtaining 
some of its blood serum, that serum added to the blood or blood cor
puscles of B, outside the body, will cause the dissolution of B’s red 
corpuscles, so that the fluid becomes “hiked," or, if inoculated into the 
vessels of any animal of B’s species, will cause an extensive intravascular 
destruction of the erythrocytes. The inoculation of the corpuscles leads 
to the appearance in the serum of a n/totoxin, or cytolyxiu.

In rapid succession, by a long series of observers, similar evtolysins 
or cy tot ox ins were demonstrated as being developed when cells of various 
organs were injected into an animal of another species. From their 
free condition spermatozoa soon suggested themselves for such experi
ments, and MetehnikolV and Lands!einer independently demonstrated

1 Vc-rlmndl. <1. Deutsch. put hoi. Gescllsch., 5:1903:7.
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tlie existence of upermatoxins (the spermatozoa of bulls being injected 
into rabbits), leukocytes were similarly suitable objects, and Meteh- 
nikoff, by inoculating polynuclear and mononuclear leukocytes respec
tively, gained eytotoxins acting specifically on one or other form. These 
Iciikotoxins are also known as leukoeidius. Ciliated epithelium was 
shown to have its cytotoxin (Irichotoxin), as have kidney cells (nephro- 
foxin), liver cells (hepatotoxin), pancreatic, adrenal, and, in fact, every 
form of animal cell that has been tested. Not only do the sera so gained 
act on the particular form of cell in the test-tube, but inoculated into the 
vascular system of animals of the species affording the original cells, 
the subjects of eytolysis, the eytotoxins act preeminently on the organs 
containing these particular cells, setting up grave degenerations of the 
same. ( narrin has gone so far as to demonstrate that a hepatotoxin 
acting specifically upon the liver cells of the goat will pass through 
the placenta and lead to degeneration and atrophy of the liver of the 
fœtal kid.

The exhibition of such eytotoxins is most effective when an animal 
is inoculated with the cells of a widely different species, but, as shown by 
Ehrlich and Morgenroth, if the red corpuscles of one goat be injected 
into another, its serum is capable of hiking the blood of other goats, a 
fact which might perhaps be expected from the clinical observation 
that tin1 serum of one patient (even without inoculation) may lake the 
blood of another. There are thus isoli/.nnsas well as hctrrolyains (lysitis 
active in another species). Hut it is impossible to develop experi
mentally autolynins, that is, to bring about cell destruction by any 
method of reintroducing into the organism the separated cells of the one 
individual, a fact which is parallel perhaps to what was noted regarding 
the impossibility of gaining anti-enzymes to the common enzymes of 
the organisms. There are, however, indications that in disease, as, for 
example, in cases of cancerous and other new-growths, a form of auto
lysis manifetss itself, reaction being set up not by the products of normal 
cell activity, but by the abnormal disintegration products of the tumor

Also, it has to be observed that while these eytotoxins are specific to 
the extent that they act most powerfully upon the one particular cell form 
through which they were derived, they are liable to have some action 
on other forms of cells. This is not wholly surprising when we remember 
that all the cells of the organism have a common origin, and are likely 
thus to have certain constituents in common. Particularly the liability 
of eytotoxins in general to induce hemolysis has been often noted.

Here, again, by the cautious inoculation of an animal of the susceptible 
species with progressive small doses of eytolysins, anticijtolyains can be 
developed and serum obtained which will neutralize the action of the 
cytolytic serum.

Bacterial y ttins.—Wv have until now been silent regarding what is quite 
the most important of this series of eytolysins. Just as inoculation of 
animal cells leads to the production of bodies causing the destruction 
of those cells, so has the inoculation of vegetable cells a like result;
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bacteriolysis ami lliv bactericidal activity ni" t lu* blood son un is of the 
same order as the evtolvsis here described.

The existence of this bacteriolysis was known years before the other 
eases; but although Bordet's observations upon the cholera spirillum 
demonstrated the nature of the process, it is through his later observa
tions upon hemolysis and through the researches of Ehrlich and his 
pupils on cytolytic phenomena in general that we have gained our grasp

such as it is—of the phenomena of bacteriolysis in particular. We 
believe that the student will gain a clearer understanding, if we detail 
first the main facts regarding the evtolvsis of animal cells and then pass 
on to bacteriolysis.

The Mechanism of Cytolysis. To repeat Bordet’s fundamental ex
periment : The serum of guinea-pigs’ blood has normally very little effect 
upon rabbits’ blood and blood corpuscles; but if a guinea-pig has injected 
into it rabbits’ blood corpuscles its serum becomes in a few days extremely 
active (such serum is termed immune). If now a suspension of rabbits’ 
red corpuscles be taken and have a little of this serum added to it, 
there results extensive dissolution of the corpuscles, with escape of the 
hemoglobin and “hiking.” So as to obviate any complicating appear
ance of preeipitins, we now inoculate the centrifugalized and mashed red 
corpuscles and use a suspension of such washed corpuscles for the test.

But if we warm the ( i. 1*. serum to f>f)° to (>0° ( '., the hemolytic action 
is wholly arrested. It is usual to speak of such warmed serum as inac
tivated serum.

Now to this mixture of washed corpuscles and inactivated serum add 
a little blood serum from a normal, untreated guinea-pig or rabbit, and 
immediately the hemolysis takes place.

Or, briefly:
Normal non-imnmneti. I*, scrum + washed R.erythrocytes. . = No hemolysis 
Active (unheated) immune <}.1*. serum + washed It. erythrocytes . - Hemolysis 
Inactivated (heated) immune Q. P. scrum + washed erythrocytes . - No hemolysis 
Inactivated immune (1. I*, serum
Normal G. 1*. or H. serum and .............................................. = Hemolysis
Washed It. erythrocytes \

It is obvious that heating the treated guinea-pigs’ scrum has destroyed 
something which is restored by adding normal blood serum, or otherwise 
that there is something present both in indicated immunized guinea- 
pigs’ serum, and in normal guinea-pigs’ serum which is a necessary 
factor in tin* process of hemolysis.

But this is not the only factor, for noil-immune («. 1\ serum is without 
effect in the corpuscles. There must, therefore, be a second body present 
and developed in the serum of the immunized guinea-pig which is equally 
essential; and it is the combined action of these two which leads to the 
hemolysis.

The existence and combined action of these tmo factors can similarly 
be demonstrated in every ease of cytolysis.

We speak of the body developed in the serum of the immunized animal
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as the illumine hod//. We shall also refer to it, for reasons presently to 
he given, as the intermediate hod// or amboceptor. The laxly present 
both in the normal and the immune serum, which is indeed a normal 
constituent of all healthy sera, is, most commonly, referred to as the 
nnnpleinent. The term is not wholly fortunate, for while admittedly 
this body is necessary for the completion of the process, the term tends 
to suggest that it is accessory rather than, as we now regard it, the essen
tial agent in the cell destruction. Many altogether too many alter
native names have been given to these two bodies, to recite which at this 
point would only cause confusion ; we will tabulate them at a Inter period.

We can demonstrate that both are present in the cytolytic serum in the 
following manner. Take the cytolytic serum in two parts:

1. Heat the one part to 55° to (i()° ( This, as already noted, destroys 
the complement and leaves the immune body unaltered, that being only 
destroyed by a heat of 70° (’. or over.

2. Cool the cytolytic serum to 0° ('. ; add to it the washed cells,
upon which it has a specific action, these having also been carefully 
cooled down to 0° ('. At this temperature cyto
lytic action is arrested, lint, while this is the case, 
as first demonstrated by Khrlich and Morgen rot h, 
the immune body attaches itself to the washed 
cells, and now, by carefully filtering it at zero, a 
complement ~('ont aininy serum can lie (/(lined free 
from the immune hod//. And if now the cells in 
the filter be washed so as to remove all traces of 
the serum with contained « , the cells
may be suspended in physiological salt solution 
and brought to room temperature without showing 
the least trace of cytolysis. Hut, if the filtrate of

• ensues; or, if
again, this filtrate be cautiously added to ( I ) and 
to the mixture the particular cells be added, then 
the reaction occurs, although, in this case, it is not 
always perfect. Through the action of heat, as 
we now know, the complement may be converted 
into eomplementoids, which combine with the im
mune body, and while unable to disintegrate the cells, nevertheless, to a 
greater or less extent, prevent the active complement added later from 
combining and completing the reaction. In general, however, as shown 
by Sachs, the complement has a greater affinity to the immune body 
than have these complementoids.

These observations—and they have been repeatedlv confirmed 
indicate very clearly that for cytolysis to (x-cur there must first be com
bination between the immune body and the cell, and that then the addi
tional combination of the complement brings about the cell disintegra
tion, the immune body alone having no disintegrating action. They 
do not, it is true, exclude the possibility of the immune body and com
plement being in a state of loose combination in the serum, but even if

(2) be now added, cytolysis rapidly
Combination of cell a, 

amboceptor b, «ml comple
ment r. The amboceptor 
may unite with the cell, 
but cannot affect it alone. 
The complement cannot 
unite with the cell except 
through the amboceptor, 
having no adaptation to 
the cell directly.

7^5752
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so, it must Ik* through the immune body that such a combination attaches 
itself to or acts upon the cell. It is for this reason that the immune 
hotly is also referred to as the intermediate hotly, or ambocejitor,' it being 
regarded as capable of a double attachment, seizing on to both cell and 
complement. That such combination between complement and im
mune laxly actually takes place has been shown by Preston Kyes in 
his observations upon cobra poison, to which we shall refer later, in 
which he showed clearly that lecithin acts as a ' ment, the cobra 
poison acting as the immune body in the ties!ruction of the red cor
puscles, anti poison anti lecithin becoming combined to form a most 
active anti rapid hemolytic agent. The existence of such compounds 
strongly supports Ehrlich’s view of the intermediary nature of the im
mune body, as against Bordet’s that the immune body first acts directly 
on the cell anti then, also directly, the complement.

The Immune or Intermediate Body i Amboceptor). There have 
been very numerous observations made upon these two constituents, 
immune ImmIv anti complement. The more important results must 
here be indicated, for largely through methods introduced by Ehrlich, 
the reactions obtainable approach the procedures of the chemist in their 
exactitude. We are dealing with bodies having well-defined properties; 
a precise amount of the complement-containing normal serum must be 
added to a particular quantity of the inactivated serum (containing 
immune body) to act completely on a given mass of cells; anything more 
or less leads to an imperfect reaction.

Multiplicity of Amboceptors. Regarding the properties of immune 
bodies, it must in the first place be recognized that these are multiple. 
It is found, for instance, that goats’ blood serum will dissolve both 
guinea-pigs’ and rabbits' red corpuscles. If the proper amount be 
taken to heinolyze G. 1\ corpuscles, the serum still contains amboceptors 
capable of attaching themselves to rabbits’ corpuscles and (with the 
complement) causing their dissolution, or otherwise, the goats’ serum 
contains one set of immune bodies having immunity for the guinea-pigs’ 
corpuscles, another for the rabbits’ (Ehrlich). In like manner, Neisser 
has shown that when a serum is at the same time hemolytic and bacte
riolytic for certain bacteria, the bacteriolytic power may be removed by 
letting it act upon the bacteria, and it still retains its hemolytic powers. 
We shall show that the same is true for the immune bodies or ambo
ceptors which are developed to act against specific bacteria, li e hare 
to acknowledge then a pronounced multi pi icily of immune bodies.

Multiplicity of Receptors. But, as a corollary, it must be equally 
admitted that the cells hare multiple affinities, or, as Ehrlich terms them, 
receptors. The very fact that red corpuscles are capable of being acted 
upon by so large a group of diverse substances as the phytotoxins (ricin, 
etc.), snake venom, spider and scorpion venom, bacterial products, 
and hemolysins proper can only be explained on the supposition that the 
corpuscles have manifold affinities. The alternative that there is some

1 A mint, hut li ; cajrio, I seize.
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common atom group in nil these different lysins having an affinity for 
a special atom group in the red corpuscles is shown to he wrong, or at 
least inadequate to explain the whole series, because, as regards hemo
lysis alone, the same hemolytic serum will not act on the red corpuscles 
of all members of one species. Inoculate a goat with the corpuscles of 
another goat, and the serum developed will not hemolyze the corpuscles 
of all goats indifferently; it will act on some specimens, but not on others. 
As Aschoff expresses it, employing Durham's illustration regarding 
agglutination, if we regard the goats' corpuscles as capable of possessing 
a possible full series of receptors a, b, c, d, e, f, then if we treat a goat 
with corpuscles possessing only the receptors a, b, e, its serum will 
come to contain amboceptors for a, b, e, and not for d, e, f. Such 
serum coming into action with the goats’ corpuscles possessing nrep- 
tors a, b, c, will actively destroy them ; possessing only a and c, will 
destroy them, but not so actively; possessing receptors d, e, f, will have 
no action.

While this is the case, it is also evident that certain amboceptors ap
pearing in the serum of different species, if not throughout identical, 
may, nevertheless, be so closely allied structurally that, as regards any 
particular reaction, they may replace each other, their molecular con
stitution, in certain respects, causing them to have like affinities.

Amboceptoids. Whether amboceptors can undergo modification; 
whether, for example, bodies can be developed which will combine 
with the complement but not with the cell, is still a matter of some 
debate. Weehsberg,1 it may be, encountered such amboceptoids in 
dogs’ blood, in which he gained “( 'omplemcntahlenkung" (diversion of 
complement), but found that there was no action on the cell. In 
Ehrlich’s terminology the body or bodies in question possessed a eotn- 
plementophile group, but no cytophile.

Anti-amboceptors. Regarding these, i. r., the production of anti
bodies by inoculating a third animal with the immune bodies developed 
in the second, it has to be noted that so far they have not been surely 
determined in connection with hemolysins. Pfeiffer and Fried berger,2 
Bordet,3 and Ehrlich and Sachs have, however, produced these against 
other cytolytic agents. The first of these produced them by inoculating 
cholera immune serum into animals, and made the interesting obser
vation that the anti-immune body so developed hindered the action of 
typhoid immune serum also. On the other hand, the anti-immune 
bodies developed from the amboceptors produced in immunity against 
the different snake venoms are strictly specific in their action.

Seat of Development of Immune Bodies. This we shall discuss when 
dealing later with the origin of antibodies in general (see also p. 514).

Complements. There has been and continues to be discussion 
as to whether in a given blood one or more complements exist. It will

1 Wiener klin. Woch., 15:1902: 337.
1 Centralbl. f. llakt., 34-1903 aiul 37:19M.
1 Ann. do l’Inst. Pasteur, 13:1904.
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I>v seen that the evidence is in favor of then* being a multiplicity/ of 
complement». Hordel morv particularly has championed thv Unitarian 
theory. A given complement-containing serum, lie showed, will, when 
added to inactivated immune hemolytic serum, activate it and cause 
hemolysis. Similarly, added to inactivated immune bacteriolytic serum, 
it causes bacteriolysis, lint if now such complement-containing serum, 
after acting upon the blood corpuscles, lie tested with inactivated bac
teriolytic scrum it has no effect, and vice verm. This, he cone luded, indi
cated the existence of one complement active in both processes, and used 
up in the first. And Ryes’ observations upon the hemolytic action of 
snake venom appear at first and up to a certain point to favor this 
contention. Ryes found that if a watery solution of cobra poison be 

shaken up with a solution of lecithin in 
i in. urn ether, the neurotoxic element in the venom

remained in the watery solution; the 
hemolytic combined with the lecithin and 
could now be gained as a definite com
pound of lecithin a lecithide insoluble 
in ether and so distinct from lecithin 
proper and possessing intense hemolytic 
powers. He showed, further, that in all 
respects such ieeithin acts as a o ' > 
incut, and that not merely for cobra 
venom, but for other snake poisons; that 
where cobra poison injected alone causes 
hemolysis, the action is to be explained 
by the preexistence of lecithin as a con
stituent of the corpuscles; that the mere 
existence of lecithin is not sufficient; all 
erythrocytes contain lecithin, but not all 
arc hiked by cobra poison; therefore the 
lecithin, to act, must be in a free or dis
posable state.

To this extent lecithin, a body capable 
of crystallization, and therefore a definite 
chemical compound, is a complement com
mon for a large number, at least, of hemo

lytic snake venoms. Hut, if this be so, everything indicates that lecithin 
is able to form a large number of compounds, or, more exactly, to become 
attached to and an intimate portion of various cell substances. In the 
organism, at least, the lecithin may be very variously combined; and 
we arc justified in supposing that under intravascular conditions the 
complement action of lecithin is not necessarily exerted by it as a free 
substance; but that, combined, it is capable of uniting the cobra poison, 
provided that in the combination the particular affinity for the poison is 
unsatisfied.

A like chain of reasoning would seem to harmonize Hon let’s ohser-

Seheinn of neutruliciiiK action of .1. 
anti-amboceptor, and H. anti-comple
ment*, reaped ively. In .1. the anibo- 
ccptor cannot combine with the cell 
receptor h becutiw of the junction of 
the nnti-nmhoeeptor an. In H, the 
umlioeeptor can unite with the cell 
receptor, but cannot be activated 
beeaune of the junction of the anti- 
compleiiient nr with the complement. 
(After Levaditi.)

1
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valions with those wv arc about to note.* If, as shown by Ehrlich and 
Morgenroth, goats' or horses’ blood serum be filtered (through Pu kail's 
filter), two complements are obtained, the one passing through with dif
ficulty, the other under certain conditions coming through the filter 
alone; the former acting upon the immune bodies from rabbits' blood, 
the latter on those of guinea-pigs’ blood. Neisser and 1 )ohring were able 
to make a similar separation in human blood serum. Further, it has 
been noted that in some cases the complement is thermostable, in others 
thermolabile. From these and other observations, Ehrlich and 
Morgenroth concluded that (1) in every normal serum there exists a 
series of complements, and again that (2) in different animals there exist a 
eertain number of identical eomplements either absolutely identical or 
identical so far as regards their haptophore groups (/. e., having identical 
affinities toward the cell, but not being throughout of the same composi
tion). As above suggested, one common type of substance nmv be the 
basis of complements of all orders, but the modifications and accretions 
this gains in different species and different indiv ‘s may determine 
whether there be association with particular immune bodies or not. 
As Aschoff points out, this variation in the properties of the complements 
has a practical bearing upon the relative benefit gained by different 
individuals from the injection of protective sera.

Variation in Amount of Complement. And, we may add, the amount 
of complement present is also a factor. There are numerous observa
tions indicating that, in the course of disease and by experimental 
methods (Abbott and others), the amount may become greatly reduced, 
and that through their relative absence protective sera may fail to antag
onize the bacteria." On the other hand, it may be increased bv the 
injection of indifferent substances, blood plasma, broth, etc., and such 
increase may, in part, explain the results of Issaeff’s method.

Complementoids and Anticomplements. If a serum which has been 
heated up to the point at which it is inactivated and the complement as 
such destroyed, the existence in it of complementoids is demonstrated 
from the fact that anticomplements become developed in the serum of 
the inoculated animal, just as toxoids (p. ”>06) will induce antitoxin 
formation. Such anticomplements when added to an active serum 
arrest its activity.

Structure of the Complement. The existence of these complementoids, 
together with the considerations previously detailed, indicate that
the complement is formed of two essential parts, the haptophoric portion, 
whereby it attaches itself to the immune body; the toxophorie or xymo-

1 Jacobi, loc. dt., p. (IS, brings together other convincing proof in favor of the 
plurivalent hypothesis, notably Ehrlich and Marshall’s observations upon an anti- 
complement found present by chance in a specimen of human ascites fluid and its 
capacity to inhibit the lytic complement in some cases and not in others.

2 Vide Ehrlich and Morgenroth, Hurl. klin. Woeli., 31: 1900 (phosphorus |>oison- 
ing): MetelmikolT (chronic suppurations), Ann. de l*Inst. Pasteur, 14:1900:577; 
Bent i vegan and Corini (hunger), Lo S périment ale, 5: 1900: 490.
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phoric or cytotoxic, which is the essential agent in bringing about cell 
destruction. This hitter may be destroyed or modified (eomplementoid), 
whereby, although the altered complement combines with the immune 
body, no cytolytic results ensue, and active complement is prevented 
from uniting. A like absence of the cytotoxic moiety must be predicated 
for the anticomplement. The former also may be modified so that the 
complement is unable to join on to one or other amboceptor.

On the Nature of Amboceptor and Complement. While it is useful to 
form an hypothesis regarding the nature of the process of cytolysis, and 
by means of Ehrlich's diagrams to visualize what we imagine to be the 
steps of that process, we must keep in mind that essentially we are dealing 
with chemical reactions, and that until we have established the nature of 
those reactions we are upon insecure ground. Have we, it may be 
asked, any definite chemical data which will help us to understand these 
reactions? We deal, in the first place, with colloid bodies, and admit
tedly are but at the beginning of a knowledge of the chemistry of colloids. 
Nevertheless, these are data which, to say the least, are most suggestive.

The first step along the road was afforded by Preston Kyes when he 
demonstrated that in the hemolytic action of cobra poison a constituent 
of the venom acts as amboceptor, while lecithin acts as complement. 
There have, it is true, been discussions regarding Kves* cobra lecithide. 
What we know as lecithin is a notably unstable body; it is practically 
impossible to obtain it in a pun* state, there being always fatty acids 
(oleic) and soaps present, the result of dissociation. We shall revert to 
this instability later, here merely stating that the very bulk of the “leci
thide" obtainable by Kyes' method strongly favors the view that it is a 
phosphatide compound, while the fact that it is hemolytic after treat
ment with ether, in which it is insoluble, indicates that the action is not 
due to any free fatty acid, for that would be removed by the ether.

'Plie next important observations were those of Noguchi.1 Making 
alcoholic extracts of blood and various tissues, and then treating these 
with ether, he obtained a precipitate soluble in water, having, in short, 
the properties of soaps. Dissolved in normal salt solution these soaps 
are strongly hemolytic. He next turned his attention to the salts of the 
fatty acids, and found that all the soluble soaps, but notably those of 
oleic acid, have the same properties. He found, further, that, like his 
extracted soup, these pun* soluble oleates mixed irith serum an* (1) ren
dered inactive by heating to "><>° ('. for half an hour; (2) they are in
active also at 0° (\; (3) acids and alkalies render them inactive; (4) the 
addition of veast, kidney, and other cells also render them inactive. 
These scrum-soap compounds, in short, are, as Noguchi describes them, 
“artificial complements.” Independently, von Liebcrmann,2 studying 
the nature of the hemolysis induced by ricin, came to practically iden
tical conclusions. Ilis observations led him to conclude that the com
plements of the blood are to be sought for in the soaps of the serum, 
that these soaps are inactivated through the serum albumin present, and

1 I’roc. Sue. Exp. Biol, and Mud., 4:1907:107, and Biochcm. Ztsclir., (i: 1007.
1 Biochcm. Ztschr., 4:1007, and (with Fenyvcssy) ibid., 5:1907.
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thaï the action of the illumine I mm lies is, in the first place, to free the 
soaps from their combination with serum albumin, when they become 
the active hemolytic agents. Ricin, for example, he found to possess 
an acid constituent having (as he held ) this capacity, and, proceeding 
farther, he found that oleic acid might net as an immune body, or ambo
ceptor. Thus, a little oleic acid added to an inactive soap-protein 
combination, rendered it actively hemolytic. A mixture of sodium 
oleate (0.5 gram) and serum albumin (1.2 grams) is inactive as a hemo
lytic agent. Add oleic acid (0.5 grain), and it is rendered actively hemo
lytic. lie concludes that in such a mixture the oleic acid plays the part 
of amboceptor, the albumin and soap compound that of con 
lie and Fenyvessy have shown that such a mixture of soap, serum, and 
oleic acid exhibits the Khrlieh-Morgenroth phenomenon, brought into 
contact with washed erythrocytes at 0° no hemolysis occurs, but 
the oleic acid becomes fixed to the corpuscles and removed from the 
mixture. And now both the corpuscles and the separated fluid are 
inactive, when brought together at body temperature active
hemolysis occurs.

The resemblance between these reactions, between the soap-serum 
combinations and complements, and oleic acid and amboceptor is cer
tainly very striking, and most suggestive. They suggest, for example, 
that the amboceptor-complement action is much more than a mere 
linkage, that the amboceptor, on the one hand, has an affinity to certain 
constituents of the cell or bacterial body, on the other, acts upon the 
complement separating its constituents, separation enabling one of these 
constituents to become active in dissociating constituents of the cell 
body; that thus it is not the mere act of linkage of the complement that 
causes hemolysis, eytolysis, etc., but tin* dissociation of the complement 
and liberation from it of substances which actively combine with and 
dissociate the cell substance. At last thus we obtain a reasonable con
ception of how linkage of amboceptor and complement to the cell mole
cule may bring about cell disintegration. To harmonize with Kyes’ 
data we must hold that in the action of cobra lecithide, the venom 
moiety of the coi acting as immune body has affinities which
allow the compound to be taken into the erythrocytes; that so soon as 
this becomes fixed in the cell the lecithin moiety (like the albumin 
soap) undergoes dissociation, giving rise similarly to the oleic acid soap1 
which is the active agent in the hemolysis.

We must, however, freely admit that several objections lnv e been 
brought against these observations of Noguchi and von Liebermann. 
While they fit in well with the admitted paucity of ci " *nu ntal bodies, 
it is difficult to harmonize them with the known abundance of specific 
immune bodies; those immune I todies as a class cannot be simple 
lipoids like oleic acid; they must in nature be much more complex. It

1 Possibly a choline oleate, which we have fourni may be formed when choline and 
oleic acid (decomposition products of lecithin) are brought together (Adami and 
Aschoff, 1‘roc. Hoy. Sue., June. 190ti).
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has been noUnl that, likv bile salts, these artificial hemolysins completely 
dissolve the corpuscles, whereas ordinary hemolysins simply dissolve out 
the hemoglobin, leaving the stroma undissolved. Nevertheless, the 
points of resemblance between the properties of these artificial comple
ments and the natural are so many and so striking that we look for very 
material advance during the next few years in our knowledge of the 
chemistry of immunity along these or parallel lines.1

BACTERIOLYSIS AND BACTERIOLYSINS.

While the essential data bearing upon the destruction of bacteria 
and the production of bacteriolysins are identical with those of cytolysis 
in general, it has seemed better to treat the subject separately, so as to 
present it to the reader in a clearer light when he is more fully prepared 
to grasp the main details.

Already, thirty years ago, Traube2 concluded that the blood was able 
to destroy bacteria. In 1881 Lister noted that extravascular blood 
kept sweet despite the addition of small amounts of putrefying mate
rial, e„ that within certain limits it arrests the activities of putre
factive microbes; in 1884 (irolminniv1 published confirmatory results; 
v. Fodor4 5 followed the course of the destruction in intravascular blood, 
noting a preliminary destruction followed by increased proliferation: 
facts which were confirmed by Flügge and carried yet farther by Xuttall ’ 
working in his laboratory, who found that the destruction could occur 
in fluids containing few leukocytes such as the aqueous humor and 
pericardial fluid, and that so the destruction was not, as Metehnikoff 
had laid down, essentially intracellular, lie made the further important 
observation that a heat of ô(>° ('. destroyed the bactericidal activity of 
sera and other body fluids. From these observations we pass to the 
more definite studies of Hankins and of Buchner and his school upon 
the nature of the essential bactericidal substance- Buchner's alexineB—

1 Altlimigli this does not directly hear upon complements and amboceptors, the 
chemical observations made with regard to the inhibiting action of cholesterin may 
here be noted.

Ransom has observed that this body inhibits hemolysis by saponin; Sachs and 
Kyes. that it inhibits the activation of cobra venom by lecithin. Preti has noted 
that while lecithin increases the hemolytic activity of extracts from the an- 
ehylostomum, cholesterin depresses it, and allied to these observations Reicher, who, 
with Morgenroth, had found that by feeding rabbits with cholesterin it was 
possible to arrest the anemia due to treatment with cobra lecithide, reports later 
that he has obtained favorable results from treating anemic patients with chol
esterin (Iierl. klin. Woch., 1907, No. 48). And lastly, Kurt Meyer has observed 
that the resistance of the red corpuscles to saponin hemolysis corresponds to the 
amount of cholesterin they contain compared with the lecithin.

1 .lalir. d. Soldes, (les., 1N74. 3 Inaug. Diss., 1884.
4 Meut. mod. Woch., 188(1: til7, and 1887:745.
5 Zeitsch. f. Hygiene, 4:1888:258.
" There is an unfortunate and confusing tendency nowadays to employ this term 

as synonymous with complement,
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while here must be noted the important observation of Vaughan, Novy, 
and McClintock,1 confirmed by A. Kossel,2 that the nuclei of leukocytes 
contain nucleic acid, which in itself is a definitely bactericidal sub
stance. Here also must be mentioned, what we must discuss in more 
detail later, Metclmikoff’s observations upon phagocytosis, the deter
mination more particularly by Buchner and his pupils that leukocytes 
afforded the main source of the alexines found in the body fluids and the 
objections that have been raised to these conclusions.

The next great step forward was undoubtedly the observation by 
Pfeiffer that the cholera spirillum (and the same was quickly shown 
to be the case with the majority of pathogenic bacteria) contains what 
we now term endotoxins in contradistinction to the diffusible toxins of 
the diphtheria bacillus, and that immunity against these bacteria is, 
therefore, produced by means other than the neutralization of diffusible 
toxins, which had already been shown to occur by von Behring. These 
observations led to the demonstration by Pfeiffer and Bordet of the 

x nature of the bactericidal process; in short, to the demonstration 
of the existence of complements in normal sera and the development 
of immune bodies or amboceptors in the immunized animal.

Further, it was noted that forms which, like the diphtheria bacillus 
and the B. pyoevaneus, affords diffusible toxins contain at the same time 
endotoxins, and that the process leading to the destruction of such bac
teria by the organism (as distinct from the neutralization of their toxins) 
is identical with that occurring in eytolvsis.

Pfeiffer's Reaction. The basal methods for studying bacteriolysis 
have been afforded by Pfeiffer and Bordet. Pfeiffer has described 
two methods of gaining his reaction which in principle are, however, 
identical.

I. Take a guinea-pig that by successive inoculations has been rendered 
highly immune to virulent cholera spirilla and introduce into its peri
toneal cavity five to ten times the ordinary fatal dose of an agar culture 
of the cholera spirillum.

L\ Or, inject into the normal guinea-pig a like dose of the spirillum 
mixed with an excess of cholera immune serum from another guinea-pig.

In either case, by removing with a pipette some of the peritoneal fluid 
from time to time, it is seen that the injected bacteria undergo destruc
tion, and this apart from any phagocytosis and in a remarkable manner. 
They become motionless, swell, become rounded and like micrococci; 
therewith (more particularly in the peritoneum, not so clearly in vitro) 
they become progressively smaller, their substance undergoing solution, 
as Pfeiffer described it. like sugar in water. Radziewski3 has carefully 
followed the reaction with tip. cholera, B. pyoevaneus, B. typhi, B. pneu
monia*, Streptococcus pyogenes, B. nnthracis.

Metclmikoff and Bordet showed that the identical process occurred

1 Medical News, 02: 1890 : filtli.
• Well i Physiol. 1893 164

Zeit. f. Hygiene, 37:1901 i.
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in vitro, and that the bacteriolysis could he brought about by taking 
definite proportions of bacilli, inactivated (heated) immune serum, and 
normal serum, the former containing the amboceptors, the latter the 
complement (although they use different terms for the two, which to 
avoid confusion we do not mention). Not to repeat ourselves unduly, 
we may sum up in brief sentences the main facts that have been ascer
tained regarding bacteriolysis and mutatis mutandis for all the different 
forms of eytolysis.

I. Bacteriolysis is brought about by the interaction of amboceptors 
and complements upon the bacterial body.

Antibodies, including both amboceptors and complements, may 
In* found present in the blood of normal animals, and this not only in the 
serum, as (îengou has urged, but in the plasma (von Dungern and 
others). These are not, that is, entirely derived from the dissolution 
of leukocytes at the time of the removal of the blood. The amount of 
amboceptors is small, however, compared to what may be developed by 
specific inoculation.

3. The amboceptors are multiple; an animal immunized against both 
cholera and typhoid provides a serum which after destroying the cholera 
spirilla will, added to typhoid bacilli suspended in normal serum, destroy 
these also.

4. By immunization of animals against a specific* microbe specific 
immune bodies are developed acting (specifically) upon the species of 
microorganisms employed for inoculation.

5. This specificity, while, as Pfeiffer has shown with the cholera spirilla 
and strains of the same, it may be very strongly marked and practically 
absolute, may in other cases he more diffuse; thus I. îeffler and Abel1 
found that typhoid immune scrum had a slight bacteriolytic action upon 
some strains of B. eoli and 1 Minschmamrthat quarter evil (ltauschhrand), 
serum could act on the bacillus of malignant oedema. Such “group 
reaction” on the part of amboceptors is but slight compared with what 
is seen in the case of agglutinins (see p. ">30).

ft. It is possible to develop temporarily non-specific protective powers 
on the part of the organism. Such increased resistance against patho
genic bacteria in general may lie developed at the height of inflammation, 
or, as Issaeff has shown, by preliminary inoculation of various fluids 
(sterile broth, urine, physiological salt solution, etc.). Such increased 
protection is temporary -Issaeff's resistance period and has no effect 
on the blood serum; it disappears in ten to fourteen days. Ilis observa
tions indicate that it is associated with increased leukocytic activity. 
We must recognize, that is, that the organism employs more than one 
means to protect itself (see p. 499).

7. The antibacterial amboceptors as a class are unaffected by heating 
for several hours to <>0°, but are destroyed at 70°.

<S. They are not immediately produced upon inoculating animals

1 Centralbl, f. Itakt., 19:1*96:51.
• Ann. de 1’Inst. Pasteur, 8:1894:403.



It ACT E It 10 L )SIS \ XI) It. 1 C'Tl'AU OL f .S'/.V.S' -VI.')

willi Imcleria; usually three or more days elapse lieforc they are rccog- 
nizalile in the blood.

0. Onee developed by tin* organism, they are to Ik* recognized in the 
Mood serum for a considerable period, varying with the different species, 
but extending in some eases to a year and more.

10. If they disappear from the blood serum, a relatively very slight 
inoculation of the specific microorganism will result in their reappearance 
in abundance.

11. They may be developed either bv progressive inoculations of the 
living microbes, by larger doses of die killed microbes, or by a com
bination. Such inoculai ions (Ilaffkinc, Wright, etc.) may be employed 
to produce immunity in man against cholera, plague, typhoid, strepto
coccus infections, etc.

I-. The complements of different animals are not necessarily identical, 
and for this reason the immune serum developed by one species will 
not necessarily protect another; thus, anthrax immune serum will protect 
one species and not another (Sobernheiin). Vibrio Mctelmikovi immune 
serum gained from the rabbit will protect rabbits, but not pigeons; 
i. r., while the ' s produced to combine with the bacteria will
so combine whether they encounter the bacteria in rabbits' or in pigeons’ 
blood, in the second case the complements afforded by the pigeons’ 
blood, being different, will not combine with the amlnx-cplor, and the 
bacteria are not destroyed.

13. So also there may be more than one order of complement; in the 
same blood there may be those of more than one order. Normal rabbits’ 
serum heated to 0(1° loses its power of activating cholera and typhoid 
immune serum, but can still net upon anthrax bacilli.1 2

14. Virulent bacteria possibly possess more specific receptors than 
non-virulent, a larger amount of the amboceptor-containing immune 
serum being required to neutralize and destroy them. An alternative 
view is that virulent bacteria produces more antibodies of the nature of 
aggressins (p. f>">7) which antagonize the action of the ambweptors.3

1 •">. AntMimbiHritlor* which can readily be obtained in hemolytic 
studies are not so easily gained against bacteriolytic agencies. The 
haptophorie constituents of the amboceptors tally with the corresponding 
bacterial receptors, and it is unlikely that these amboceptors inoculated 
into normal animals (to develop anti-amboceptors in their blood) will 
find in the organism of those animals receptors which correspond with 
those of the bacteria; unless such receptors be present the anti-ambo
ceptors cannot be ’ ' 11 (Friedbcrger).

Nevertheless, occasionally such have been found, as Pfeiffer and Fricd- 
berger1 chanced to gain anti-immune sera which neutralized the pro
tective action of goat typhoid and • holera immune sera in guinea-pigs, 
by inoculating rabbits with a goat typhoid and goat cholera immune 
sera respectively (/. e., the sera of immunized goats).

1 Mail, Ccntrnlbl. f. Makt., 27:1000:10 and f>l7.
2 Weehsberg, Zvit. f. Hygiene, 39:1902:171.

35
3 fieri, kiln. Woch., 1002:204.
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Hi. Diversion of Complement. Lastly, a word must he said regarding 
a peculiar phenomenon first noted by Neisser and Weehsherg.1 If a 
suspension of bacteria be taken in a normal serum containing sufficient 
complement to cause bacteriolysis when a known amount, of inactivated 
scrum is added (/. e., containing .r amboceptors), then if, say, 10 x ambo
ceptors be added, instead of the solution of the bacteria being hastened, 
the opposite occurs; it may be wholly arrested. There is evidently a 
diversion of the complements, the excess unattached amboceptors have a 
greater avidity or attraction for the complement molecules than have 
those that have become partially satisfied by attachment to the bacteria, 
or, conversely, it may be that the avidity of the bacterial receptors is 
greater for amboceptors pure and simple than for the combined ambo
ceptors plus complement.

The phenomenon has been variously explained. Thus, Metelmikolf 
suggests agglutination of the bacteria by the excess of inactivated serum, 

or the presence in the excess serum of 
sufficient anticomplements to take the 
place of the complements, (iruber also 
has suggested anti-complements already 
present and made active by the addition 
of large doses of inactivated serum. To 
ns the simplest explanation appears to he 
afforded by the diagram ( Fig. 107), namely : 
an amboceptor which is within the sphere 
of influence of a complement, and is 
being attracted by it, is less likely to suc
cumb to the attraction of the cell receptor 
than is an amboceptor not subjected to 
such influence, and so the receptors be
come satisfied by unlinked amboceptors.2 
In favor of this view are certain observa

tions of our colleague. Dr. Mcakins.3 Employing erythroevtes that had 
been repeatedly lean lied In remove every trace of serum, lie found that no 
hemolysis occurred if he added to these a relatively large amount of 
heated hemolytic serum ami a normal amount of normal serum. Cen- 
trifugalizing the corpuscles, lie found that the amboceptors had become 
attached, for now the addition of fresh normal serum was followed by 
hemolysis. In other words, the corpuscles take up the unattached am
boceptors in preference to those which had already in the serum become 
attracted to the complement.

This diversion of complement is a matter of practical importance in 
immunization, namely, the amount of immune scrum injected, in order 
to he effective, should be within certain limits. Loeffler and Abel' report,

1 \ erhaiull. «I. Internal. ('ong. if. Hygiene, Brussels, 1901:097, an<l Munch, med. 
Woch., 1901, No. IS.

2 Buxton, .lour, of Med. Research, X. S., S: 1905:4:11.
3 Johns Hopkins Hasp. Bull., 1907:259. Tentralhl. f. Bakt., ( frig., 19: p. 51,

Diversion of complement : when 
there is excess of amboceptors 1, 
those which have not combined with 
the complement molecules V are sup
posed to enter more readily into com
bination with the bacterial receptors 
H than do the compound amboceptor- 
complement molecules.
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for example, that obtaining a serum whirl) protected against B. eoli, and 
giving animals a lethal dose of the organism, injections of more than 0.25 
cm. of the serum did not prevent the fatal result. The protective dose 
lay Between 0.02 and 0.25 cm. of the serum.

17. From the practical point of view, that of establishing passive 
immunity by inoculating immune serum, it is of importance to recall 
what has already been said regarding the variation in the amount of 
complements in the individual and the reduction these may undergo in 
the course of the disease, as also the fact that the complements in the blood 
of one animal do not necessarily correspond with those of another, and 
arc not so active in the blood of that other animal as are the comple
ments proper thereto. Thus, passive immunity and the destruction of 
bacteria are not always complete. Mixed immune sera are thus some
times found more satisfactory than the immune serum of a single animal 
or species; or it might be suggested that, as a final result, normal human 
serum is most likely to afford the right order of complements for human 
patients, a relatively small amount of serum containing it is found, 
sufficient complement to satisfy a large bulk of amboceptors.

Fixation of Complement. The Bonlet-dengon Phenomenon. Certain 
allied phenomena noted independently by Bordet and ( iengou have led 
to the development of what has already become a valuable diagnostic 
method, even if opinions an* still largely at variance as to the exact nature 
of those phenomena. To Boulet we owe the observation that if sen
sitized red corpuscles (/. <*., corpuscles which placed in immune serum 
have taken up amboceptors) be placed in normal unheated serum they 
take up all the complement (as he held), or all the complements (accord
ing to Ehrlich), present in that serum, so that now this serum becomes 
wholly inactive for bacteriolytic or other cytolytic purposes. Similarly, 
if bacteria be sensitized, they absorb or fix all the complemental sub
stance present in normal serum subsequently added. Accepting Ehr
lich's view that there exists a (limited) multiplicity of complements, it is 
evident that the amboceptor-laden cells absorb or render inactive much 
more than the amount of complement necessary for the cytolytic process, 
and absorb indifferently all orders of complement.

(iengou showed that a like “fixation of complement" takes place 
under conditions in which complement plays no part in the main process. 
Thus, if to an immune precipitin serum a trace of the protein employed 
as antigen be added, even although the precipitate caused be so minute 
as to be invisible, the complemental bodies present in the serum become 
fixed and the serum subsequently cannot be employed to activate sensi
tized erythrocytes, etc. It is found, for example, that when toxin joins 
with antitoxin there is a like coincident fixation of complement. In 
short, any serum in which antigen and antibody undergo union is, as 
regards the function of its complements, rendered inactive. As already 
stated, w hat is the explanation of these processes is still debated. Along 
the line of certain most interesting observations by Gay,1 it may be sug-

1 Centralbl. f. Makt. Orig., :tV: 1005: 172 and 6011. and 40: 1000: 005. See also 
Moreschi, fieri, klin. Woch., 42:1005:1181.
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gested that in all these eases in the production of the immune serum there 
is the coincident production of prceipitins, and that as a consequence, 
when the antigen is added to the mixture, with it some serum is also 
added, leading to the formation of a precipitate, which, separating out, 
absorbs and carries down the complement. That certain proteins of 
the serum are responsible for the fixation would seem indicated by 
Noguchi's observations, to be presently noted.

The Wassermann Reaction. These observations upon fixation of com
plement render it possible to determine the presence of either antigen or 
antibody in a given fluid. Put briefly, if either be present, then the addi
tion of the other in the presence of complement-containing serum leads 
to the fixation of that complement. If the fluid under examination con
tains antigen or antibody, respectively, then by this fixation the serum is 
rendered inactive, and will not, for example, activate sensitized erythro
cytes and bring about hemolysis. If it is devoid of the specific antigen 
(or untilxxly), the complement does not undergo fixation, and as a result 
hemolysis occurs.

This is the rationale of the now well-known Wassermann reaction. 
Wassermann proceeded on the assumption that if he could obtain a 
syphilitic antigen he could along these lines determine the presence or 
absence of a syphilitic antibody in the serum of those suspected of 
syphilis, and could thus diagnosticate the existence of the disease. As 
antigen he selected the liver of a syphilitic feet us (or other fœtal tissue 
rich in spirochetes) and made an extract of the same. To a given 
amount of this antigen extract (1 ) there is added:

2. The serum to be tested, diluted with normal saline solution ami 
heated to destroy its complement.

3. Normal indicated guinea-pig serum (containing complement). 
The mixture or mixtures, containing varying proportions of these three 
ingredients, are placed in tlu» incubator for one hour. If the serum to 
be tested contains the syphilitic antibody, then in its union with tin* anti
gen the complement will undergo fixation. Coineidently there has been 
prepared a mixture of

1. Washed erythrocytes of man, sheep, or other animal.
"). Heated immune serum from a rabbit which had been injected with 

the erythrocytes in question, or (5a) instead, the sensitized erythrocytes 
may be employed (/. r., erythrocytes already treated with heated immune 
serum).

if, now, either the mixture of 4 and 5, or 5a, be added to the previous 
mixture, if the serum to be tested is negative, the complement will not 
have been fixed, but will be free to activate the sensitized erythrocytes, 
hemolysis being the result. A positive diagnosis is afforded when no 
hemolysis ensues. Needless to say, as control the mixture of 3,4 and 5, 
should afford hemolysis.

The results of this method of diagnosis have, on the whole (with cer
tain reservations), been satisfactory.

The majority of known cases of syphilis afford the reaction (1HI per 
cent, of untreated primary and secondary cases, and the majorité of
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tertiary eases). It has liven of distinct service in demonstrating that 
almost every ease of general paralysis (well over 00 per cent.) affords 
tlu* reaction.1 In locomotor ataxia (labcx dnmilitt) a smaller proportion 
react. But certain authorities have found diseases due to animal micro- 
parasites afford frequently the reaction, and that scarlet fever cases 
more particularly may yield positive results.

But interesting, not to say valuable, as are the proved results of the 
method, we now know that the reaction is of an order distinct from the 
Bordet-Gengou phenomenon proper. Equally valuable, and, in fact 
(by the use of Noguchi’s method), more delicate, reactions can be ob
tained if Wasscrmatin's syphilis antigen la* wholly dispensed with and 
in its place: (1) an extract of a normal organ,2 (2) soluble soaps,3
(d) lecithin,4 or (4) bile salts5 be employed. This enumeration will 
vividly recall the description given (p. 540) of the bodies concerned in 
artificial hemolysis. It is evident that we deal with another lipoid 
reaction.

In conformity with these other observations, we are led to conclude 
that the blood serum of syphilitics differs from normal blood serum in 
the relationship existing between its proteins and the lipoid bodies, and 
this to a certain extent has been proved. As shown by KIausneru and 
Noguchi,7 syphilitic blood serum differs from the normal in the relative 

< it contains; indeed,Klausnvr*has recommended the 
globulin reaction as a test for s\ In conformity with Noguchi and
von Liebermann’s observations (p. 540). I would suggest that lipoids 
added to > serum combine with these abundant globulins to form
complement-like bodies, which, now joining with the immune bodies 
present in this process, eoincidently bind the natural complements of the 
guinea-pig’s blood present in the mixture. We have to deal with a non
specific or generalized Bordet-Gengou phenomenon.

Saying this, attention must be called to the pitiable confusion that has 
resulted from this group of lipoids concerned in the modified Wassermann 
reaction being popularly referred to as “syphilitic antigens.” They are 
nothing of the kind. Not one of them inoculated into an animal will 
lead to the production of specific " dies against syphilis. All the 
true antigens known thus far are nitrogen-containing bodies. I do not 
say that it is not possible that there exist carbohydrates and fatty bodies 
which ? " " the development of antibodies to specific carbohydrates

1 This, coupled v * fact that such general paralytics are found immune to 
reinfection with syphilis, confirms the deductions already made l*y clinicians that 
this disease is the outcome of, in general, mild and incompletely cured syphilis.

2 l.andsteiner, Midler, and Pltitze, Wien. klin. Woch., 2(1:1907:1121 and lf>0.r>.
3 Sachs and Altmann, Perl. klin. Woch., 4f>: 190K: ,'149.
4 Purges and Meier, Wiener klin. Woch., 21:1908:240.
8 Sodium glycochocolate and sodium tnurochocolate, J.ovaditi and Yamanouehi, 

Comptes rendus Soc. de Biol., 02:1907:740, and 04: UNIS: :!lî>. They fourni cholin 
and protagou to have a similar action.

1 Wien. klin. Woch., 21:19(IS:214 and 303.
7 Jour. Exp. Med., 11:1909:84.
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a mi fnts; but these earbohydrates and fats are not syphilis. Rather, 
it would seem that these lipoids, if not themselves < "fluents, are 
if so barbarous a term be permitted eomplementogens, and that the 
active agent in the reaction is, in the first place, the globulin or globulins 
of the syphilitic blood serum. It is through the agency of these globulins 
that the lipoids are brought into relationship with the amboceptors of 
the syphilitic serum.

ANIMAL VENOMS.

We have already more than once called attention to the toxic action 
of animal venoms the venom of snakes, scorpions, certain spiders, 
etc. and should in strict order have considered them after the toxins, 
but, as we shall point out, in some respects they are more nearly allied 
in their mode of action to the cytolvsins and occupy thus an aberrant 
position. Here it may be briefly noted that, by cautious repeated injec
tions, whether of minute s, or, better, of the modified toxin,
into the lower animals, antitoxins antivenins—can be obtained to all 
the animal venoms. Snell antivenins were first obtained against cobra 
poison by Phisalix and Bertrand,1 * * Calmette,8 and Fraser8 by different 
methods of procedure. Calmette’s antivenin from the horse has been 
produced extensively, and has been found of service in cases of actual 
snake bite in human beings. It was with such antivenom that Kan- 
tliuek4 * * first demonstrated the neutralization of toxin and antitoxin in 
vitro. Since then there have been produced experimentally the following: 
antiscorpion venom (Calmette), anti-araehnolvsin (against the poison 
of the spider, E'prim diadrma, Sachs)/* antiphrvnolysin (against toad 
poison [Bombinator bufo] Proscher),” antisalamander poison (Phisalix), 
anti-eel poison, antifish poison, etc.

Needless to say, it is snake venom that has attracted the greatest atten- 
tioi and that has materially contributed to our knowledge of toxic 
actions, and here Kves,7 Flexner and Noguchi,8 and others have demon
strated that the raw poison contains several separate toxins a hemolysin, 
a neurotoxin, a nephrotoxin, an endotheliotoxin, etc. Nor have all of 
these the same mode of action. The majority act directly, but others, 
like the hemolysin, require the intermediation of complement. We 
seem, indeed, with these venom hemolysins to have a series of bodies 
intermediate between or at least indicating the relationship between 
the toxins which act directly on the cell and those which for their action 
require the intermediation of a complement. Both spider ami toad

1 Compt. rend. Soc. de Biol., 1894.
3 Brit. Med. Jour., 1895: ii: 410.
6 llofmeister's Beitr., 2:19U2.
1 Berl. klin. Woch., 1902: Noe. 38 and Oil.

413.
8 Jour, of Exp. Med., G: 1901-05:278.

1 Ibid., 1894.
4 Jour, of Physiol., 3:1893.
8 Ibid., 1:1901.

Also in Ehrlich’s (les. Ahhandl., 1901
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poison act directly, indeed rapidly, upon the red corpuscles and give 
rise to I km lies having all the characters of antitoxins, Cobra venom acts 
immediately on the red corpuscles of some animals (c. #/., the guinea-pig), 
has no action on others (ox, sheep, goat), hut can he activated in the 
latter eases by the addition of the IiIcmmI serum of another animal (c. g., 
guinea-pig). That added blood serum must contain the complement ; 
and in the case of the susceptible animals we can only conclude that 
the erythrocytes already possess an cndoeomplcmcnt. As a matter of 
fact, as already noted (p. 53-S), Kyes demonstrated that if lecithin does 
not constitute this endoe “nient, at least it can act as a complement 
and so bring about the hemolysis.

OPSONINS.

For the recognition of another, and important factor in the inter
action between the body cells and bacteria, we are indebted to Sir A. H. 
Wright1 not that he was the lirst to call attention to the phenomenon. 
That the presence of serum aids phagocytosis by the leukocytes had been 
observed by certain workers2 before he, with Douglas, published the 
first of his studies upon this subject (1003). But to Wright is due the 
credit of devising a precise metlasl of determining quantitatively the 
influence of the serum upon the leukocytes and of recognizing the sig
nificance of these observations upon the arrest of active disease, and 
of the establishment of “vaccine therapy” upon a firm basis. Wright 
and Douglas employing Irishman's method of observing phagocytosis 
by leukocytes outside the body and under the microscope,3 have made out 
that, under ordinary conditions, the polymorphonuclear leukocytes do 
not freely take up and digest bacteria unless certain substances be present 
in the serum, which, in consequence of their auxiliary action, they term 
opsonins,4 and to the presence or relative absence of these substances they 
attribute to a large extent the eventual destruction of bacteria by f*yigo- 
evtie activity or their continued multiplication within the orgahism. 
They find, for example, that the leukocytes from a person suffering from 
chronic furunculosis or other pyocoeeie or streptococcic diseases are able 
to take up abundant cocci if removed from the patient's IiIcmmI serum by 
centrifugation and placed in the serum of a normal healthy individual. 
In fifteen minutes, kept at 37° such leukocytes may each have taken 
fifteen to thirty cocci added to their suspension, whereas under the same 
conditions the leukocytes in the patient's own serum may have been 
almost inert. And contrariwise, the leukocytes from a healthy individual 
placed in the IiIcmmI serum of the patient may also show scarcely a in
activity. Phagocytic activity is, therefore, not merely a matter of leuko
cytic activity, but is favored and stimulated by the action of some

1 See his 8tudie8 in Immunization. London, Constable, 1909.
2 Denys and Leclef (La Cellule, 11:1895:175), and Markl (1903).
’ Brit. Med. Jour., 1902: i: 73. 4 From “o/awno,” 1 cater for.
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substance in the blood scrum. How this acts is still a matter of some 
debate.1

Independently, but later, Neuf eld and ltimpau2 described the same 
bodies as cytotropic substances. They found that the serum of animals 
immunized against streptococci, pneumococci, and erythrocytes contains 
substances which act upon the bacterial cells or erythrocytes in such a 
way as to favor their ingestion by leukocytes. Like Wright, Neufeld 
further noted that they are thermostable, that they can be heated to 
59° ('. for half an hour without being destroyed, and that they become 
fixed by the microbes, but not by the leukocytes.3

To obtain Wright's phenomenon certain precautions are necessary: 
(1) The bacteria employed must be in an emulsion, so made that the 
individual microbes are separate and not massed into clusters. (2) 
The emulsion must not be too thick, i. e., too great an abundance of 
bacteria by overlying the leukocytes in the preparation gives false ideas 
regarding the extent of the phagocytosis. (3) The observer must have 
considerable training so as to reduce or render constant the personal 
factor in the bacterial counts. It is better that the counter should not 
know beforehand the history of the preparation lie is engaged upon. 
(4) The same pipettes should be c for the same stages of the
process, so as to insure accurate mensuration and mixture. (5) The 
greater the number of leukocytes counted the less the possibility of 
error. These are but some of the more obvious precautions; there are 
abundant minute details of technique as developed by Wright, all making 
for accuracy, but with the greatest perfection of technique, it has to be 
admitted, that the limit of experimental error remains high.4 Never
theless, as the accompanying examples show,6 in the hands of a careful 
worker closely accordant results are obtainable.

Experiment 1.—Rabbits’ serum mixed with emulsion of staphylococci 
and human leukocytes (from seven persons) in the proportion of 3: 1:3. 
Phagocytic count obtained by counting the number of cocci in 35 poly
morph leukocytes and then calculating tin* number per leukocyte.

1. Babbits’ scrum 4 cocci 4 corpuscles of W. B. (normal male)

Cocci per 
leukocyte.

« 9.8
2. .. .. + «« + « F. T. - 9.3
3. " “ 4 “ 4 O. fi. = 9.7
4. “ “ 4 44 4 R. I). - 9.0
5. .. .« + «• + •« C. H. - 9.0
9. “ “ 4 44 4 11. M. (an anemic female) - 9.9

.. .. + •• + S. M. (male, facial acnc) - 9.0

1 Wright and Douglas, Proc. Boy. Soc., 72:: 1903:357; 73:1904:125, and 74:1904 :
159. See also Bulloch, Practitioner, November, 1905.

1 Deut. med. Woch., 40:1904:1458.
1 Oentralbl. f. Bakt., 38:1905.
4 Vide Fitzgerald, Whiteman, and Strangeways, Bull, of Comm, for Study of 

Special Diseases, 1:1907:115; and Hurt, Brit. Med. Jour., 1900: i: Fell. 13.
6 Bulloch and Atkin, Proc. Boy. Soc. Txmd., 7-1:1905:381.
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II» iv il will Iiv swn (liai, using (liv saine* svriun, luit «lilïvrviil h'iikoeytes, 
tlie* counts an* practically identical; differences lietwwn '.Ml ami 9.V 
do not excel*»] the limits of error of observation. In Experiment II the 
sera are <liffen*nt, lint tin* Ieuk»K*ytes of one individual are employed 
throughout.

Ex/nriineut 11. Various human sera + cocci one kind of leuko
cyte (from a normal male individual):

leukwyte.
1. Scrum of W. II. -f cocci + corpuscles of W. 11. 21.3
2. " F.T. t " 4 20.3
3. - 0.0. > ** 4 •• 21.1
4. “ It. 1>. f “ + ** 20.0
5. ** C. 11. * “ + “ “ 19.8
0. II. M. 15.5
7. •• S. M. f 14.0

Hen* it will In* seen that there are more diffemars; not much between 
the sera of tin* healthy males, but that of the anemic II. M. stimulates 
to a distinctly lessened phagocytosis, while the slightest of all is indue»*»! 
by S. M., who suffered from a disease, acne, due to growth of a par
ticular miemhe, tin* pyococcus.

These observations of Sir A. K. Wright have thus far been abundantly 
confirme»l in numerous laboratories. It has bwn demonstrati*»! that:

1. In a large number of infections protective substances (opsonins) 
exist in the bliiod serum.

2. 'I'here is a multiplicity of these bodies, which may be dividetl into 
two main groups: The natural opsonins present in normal serum are in 
the main thermolabile; the serum containing them is inactivated, if 
heated to 5(1° ('. for a few minutes. Others apjiearing in the serum 
during the course of tuberculosis ( Wright), and after strong immuniza
tion to such bacteria as those of typhoid and dysentery, are them lost aide, 
unatfeetc»! by heating to (ill0 ('. for ten minutes.1

3. A certain grade of specificity can be recognized. A given serum 
may l>e active in promoting tin* phagocytosis of one species of bacteria 
(e. »/., pyococci), inactive in connection with another spwies (<\ »/., tubercle 
bacilli). It is suggeste»l (Hcktoen and others) that there is a common 
opsonin (thermolabile) in normal serum, and that aft»*r vaccination 
specific opsonins are developed, some of which, only, are thermolabile.

4. The opsonins act upon the bacteria, so that the latter can subse
quently Ih* ingested by the leukocytes.

5. When different bloods are compared, the variable factor is the 
serum, and not the leukocytes. This is not the same as stating that 
leukocytes of different individuals <io not vary in their phagocytic 
activity. In certain tliseases of the hemopoietic system, as shown by

* See Hose now, Jour. Inf. Dis., 3: 190»»: 683 ; Hcktoen, ibi»l., 5: 1908; 249; Muir
ami Martin, Brit. Me»l. Jour., 1906: ii: 178; Dean, ibid., 1907: ii (with bibliography).
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Ledingham,1 apart from changes in the opsonic content of the serum, 
these may vary greatly in their phagocytic power, and this variation 
may explain occasional aberrant results. But, as a rule, the variations 
in the cells are so slight compared with the-range of variation of opsonic 
power of sera that it may be neglected. So also the matter is not affected 
by the fact, brought out in Metclmikoff's laboratory, that some 
ingestion of bacteria is seen to take place by leukocytes suspended in 
normal saline solution and in the absence of serum and opsonin. Such 
observations do not indicate that opsonins do not exist. In a normal 
serum at body temperature within fifteen minutes normal polymorphs 
take up abundant bacteria, not an occasional coccus, but from thirty to 
fifty may be counted in a single leukocyte. This difference between the 
effects of a normal serum and of an inactivated serum or 
solution is very striking.

(i. The specific opsonin is used up when bacteria are added in suffi
cient quantity to a serum, so that on removing the bacteria the serum 
lists! with a second portion of the same emulsion is inactive. In general, 
also, the serum is rendered inactive toward bacteria of other species.

7. The opsonins become combined or at least absorbed, by the bac
teria, so that these bacteria removed after treatment and placed in an 
inactivated serum are freely taken up by leukocytes mixed with the same.

S. That there is a definite combination is suggested by the fact that, 
whereas the opsonin in serum is destroyed by a heat of 00° (’., the mixture 
of serum and bacteria that has undergone opsonization may be ‘ d 
to 00° ( '. for long periods without abolition of the opsonic effect ( Bulloch 
and Atkin).2

0. By careful vaccination with measured small quantities of dead 
cultures of various pathogenic microbes (Pyococcus aureus, gonococcus, 
B. coli, B. tuberculosis, etc.), it is possible to increase markedly the 
opsonizing power of the serum of the individual. Such vaccination is 
followed by what Wright terms the “negative phase,” during which the 
specific opsonin becomes reduced in amount ; if the vaccinations succeed 
each other too rapidly there may be a summation of the negative phases 
and great lowering of opsonic content of the serum; secondly, there is a 
positive phase of increased opsonic power of the blood serum.

10. Regarding phagocytosis as the main process by which bacteria 
are destroyed within the organism, and the opsonins as the means 
whereby the bacteria are prepared for ingestion, Wright has concluded 
that the relative amount of opsonins in a given serum gives an indication 
of the defensive powers of the individual; for this purpose he has estab
lished an “opsonic index.” This is the ratio between the average 
number of bacteria found within 20 to 40 polymorphonuclear leukocytes 
of an emulsion made with the patient’s serum and the number found in 
the same number of like leukocytes in an emulsion made with normal

1 Lancet, London, June 10, 1U00. See also Shat took and Dudgeon, Proe. Hoy. 
Soc. of Medicine, 1:1908: Medical sect., 101).

2 Proe. Hoy. Soc., Biol., 7-1: 11)05: 371).

1
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serum, the latter being taken ns 1.0. For greater sureness a “pooled 
normal serum” may be employed, i. r., a combination of the sera of five 
or more apparently normal individuals.

In most infections the index is found to be below 1.0. With carefully 
measured subcutaneous injections of dead specific bacteria there results 
a rise of the opsonic index, and this rise corresponds to an obvious 
improvement in the general condition of the patient and the local mani
festations of the disease. By carefully watching the index it is 
by successive vaccinations to bring up the index in successive steps, until 
it reaches and exceeds the normal, and eoineidcntly in these diseases a 
very material improvement is to be recognized, if not complete arrest 
of the morbid process. This is particularly the case with conditions 
due to the Pyococcus aureus. Good results are also obtainable in cer
tain cases of gonorrluea, B. eoli infections, tuberculosis, etc., although 
in the latter disease it cannot be said that the opsonic index affords 
clear indications.

There are admittedly difficulties in connection with Wright’s mode of 
determining the opsonic index. ( >ne of these we have already noted, 
namely, the factor of error; another is the > ness of the scale and 
slight difference in the end reaction; a difference of a few tenths of a 
degree, say from 0.8 to 1.0, may be due to the personal equation of the 
observer, or may mean a very material alteration in the opsonic contents 
of the serum. Simon lias recommended that using a moderately thin 
emulsion of bacteria, a large number of leukocytes be counted and the 
percentage of those which have taken up bacteria be estimated and com
pared with a control. This method gives results which tally closely with 
those obtained by Wright. A more serious objection is that neither of 
these methods give an estimation of the opsonic contents of the same 
order as those gained in the determination of the agglutinating and bac
tericidal powers. We determine the agglutinating powers, for example, 
by the process of dilution, by finding the limits of dilution beyond which 
the bacteria no longer undergo clumping. There is no reason why a 
similar method should not be einploved for the opsonins, and, as pointed 
out by Xeufeld and I lime,1 Klien,2 and Meakins,3 such a method gives 
us a greatly expanded scale, reduces the personal error and demon
strates features in the reaction which are not revealed by the older 
method. As unit is taken the average number of bacteria per leukocyte 
in a control made with salt solution. When the serum has been diluted 
to such an extent that the leukocytes now only present the like average 
number of bacteria, it is seen that the |>oint has been reached at which 
the opsonins cease to be active. It is found that frequently this point is 
not reached until (as happens with some agglutinating sera) a dilution 
of 1000 and more is reached. As with agglutinins, the count of opsonic 
activity differs with different species, dilutions of 1100 to 1500 being

1 Arb. a. <t. k. (jesundhcitsamte, 25:1907:104.
1 Johns Hopkins liosp. Bull., 18:1907:245.
•Jour, of Kxp. Med., 11:1909:100.
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effective with animsils immunized against tuberculosis, of .'itMM) after 
inoculation with Streptococcus pyogenes. The method demonstrates, as 
does Wright’s, the existence of a negative phase; demonstrates, further, 
that bactericidal agglutination and opsonic powers, while often showing 
a coincident rise or fall, may nevertheless vary independently. V < 
has noted the curious fact that occasionally in the " state a
normal serum causes greater phagocytosis than an immune serum, yet the 
latter may show a much greater power when both are diluted a hundred 
times or more.

The want of certainty in the readings has, indeed, rendered many very 
skeptical regrading the full carrying out of Sir A. K. Wright's technique; 
it has to be admitted that all do not react similarly to successive vacci
nations, and that even in his own practice Wright encounters not a few 
obstinate eases which do not react satisfactorily to his vaccinations.

On the Nature of Opsonins. Are we here dealing with a series of 
bodies »ui generis, or with a particular function of antibodies already 
known to us? The general < * lyment of Wright’s method for their
estimation has obscured matters. A comparison of that and Xeufeld’s 
method shows that the extent of phagocytosis is not an index of the 
amount of opsonins develop'd, and the latter method shows clearly that 
with immunization the amount of opsonins present rises very much in the 
same manner as do the agglutinins and bacteriolytic substances. Hut, 
as already noted, there is not an exact parallelism between opsonins and 
either the one or the other order of these substances.

I’ndoubtedly, the way in which the opsonins unite with the bacterial 
or cell bodies suggests that they are of the nature of amboceptors. Hut 
here comes the difficulty. The liatura' opsonins are thermolabile, de
stroyed by heating for half an hour to o(>° (’. Amboceptors are charac
teristically thermostable. Rather, therefore, these natural opsonins are 
of the character of complements; like them, they are present in the 
normal blood; and, as Muir has pointed out, substances which remove 
or fix the complements remove also the thermolabile opsonins. Hut if 
we are to regard them as complements, then we have to assume that 
complements undergo absorption by bacteria, and so sensitize them. 
This we admit is possible, although contrary to our usual conception of 
their action.

The induced opsonins, on the contrary, are many of them thermo
stable; they make their appearance in increasing amounts during the 
course of immunity; they unite with the antigen ; they are largely spe
cific; they agree in type with the amboceptors.1

We are thus confronted with the dilemma that both bodies of the type 
of complements, and others of the type of amboceptors, function as 
opsonins. Our previous studies have scarce prepared us to find com
plements and amboceptors performing similar or interchangeable 
functions.

1 Demi, Proc. liny. Soc., Rio)., 70: 1907: IMM); see also Chapin mwl Vowir, Jour. 
Med. Research, 17: 1908: '2Id,
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I lore in this ojmmi state the problem lies at present. As possihlv 
pointing to a solution, it may he recalled that Liehermumi found oleic 
acid acting as a hemolytic amboceptor, and serum-soaps as complement ; 
found that it is a common main constituent (oleic acid) acting in both 
orders of bodies; as, again, that several observers have detected thermo
stable opsonins present, if in small quantities, in normal serum, and 
thermolabile opsonins in immune sera; as also that heated immune 
serum plus normal serum, leads to more extensive phagocytosis than 
either serum _ s separately, (’an it be that after all we deal with 
one phase or aspect of complement-amixiceptor activity?

AGGRESSINS.

As pointed out some years ago bv Ainlev Walker,1 * as also by Welch, 
in his Huxley lecture,1 if the cells of multicellular organisms coming 
into relationship with bacteria and their products are stimulated to 
produce antibodies, we may premise that bacteria, as living cells, en
countering the cells of the organism and their products, are, under 
favorable circumstances, stimulated to produce reciprocal antibodies, 
and to produce them in increasing amounts. It is in this way that we best 
explain those phenomena which we group together under the term “ex
altation of virulence” by passage of bacteria through a succession of 
animals of one species. Now, the virulence of an organism is not merely 
dependent upon the production of toxins in the strict sense. This is 
immediately evident when we consider the case of the cholera spirillum, 
the anthrax bacillus, and other microbes which produce endotoxins 
almost exclusively. We have not a particle of evidence that, when these 
become more virulent, the production of ectotoxins undergoes increase; 
the filtered culture fluid from a twenty-four hour culture of the most 
virulent strain produces as few symptoms as does that from the most 
attenuated strain. Nevertheless, inject the attenuated bacilli into the 
organism, and phagocytosis is immediate; inject the virulent, and there 
is no phagocytosis. In other words, the indications are that the living 
virulent microbes excrete or discharge substances which are not toxins 
proper, but which, nevertheless, have an inhibitive or “anti” action 
upon the cells of the organism, substances which are not necessarily 
taken up by the body cells leading to their destruction, but which either 
neutralize the action of the opsonins or directly repel the body cells, the 
repulsion being greater than the attraction exerted by the other bacterial 
substances.

Of late, certain interesting observations have been made by Hail3 

and others which demonstrate the existence of bodies of this order. 
Inoculating cholera and typhoid bacilli into the pleural and peritoneal

1 Jour, of Pathol., 8:1902:34. * Prit. Mod. Jour., 1002: ii: 1105.
1 Arch. f. Hygiene, 52:1005: Heft 3 and 4. See also Wassermann and Citron,

Ik'utsch. med. Woch., 1005:1101,
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cavities, Bail set up local infection, Taking the inflaimnatory Huit! con
taining the bacteria, he removed the latter by centrifugal i/at ion and 
killed the few remaining organisms in the decanted supernatant fluid 
by antiseptics, or bv heat at 44° C. This clear fluid has no toxic prop
erties; it may be inoculated with impunity into animals of the same 
species. When, however, it is inoculated into an animal along with a 
sublet liai dose of the particular (homologous) microbe, an acute lethal 
result follows. His associates, Kikuchi, Weil, and Hoke, report like 
results with dysentery, chicken cholera, and pneupionia organisms. 
Instead of the bacteria of a sublethal dose undergoing destruction, they 
multiply. There is something in the inflammatory exudate that has 
paralyzed the protective agencies of the body. The production of these 
aggressins is the more active the greater the resistance to the bacteria. 
They are produced in greater quantities during the strife between the 
bacteria and the body cells, while little is produced in the test-tube. 
Some, however, are so produced; they are, that is to say, normal products 
of bacterial activity. Thus, Kolle found that when bacteria are grown 
in pleural fluid or blood serum in the test-tube, or even in distilled water, 
then develops a substance which, when the sterile culture fluid is inocu
lated along with a sublethal dose of the bacteria, leads to fatal results.

An immunity may be developed against the sterile aggressin-eontaining 
fluids, and this immunity may be transferred from one animal to the 
other by inoculation of its immune serum.

Bail regards these aggressins as new undescribed substances; others 
regard them as free bacterial receptors, holding that these discharged 
receptors combine with the amboceptors, producing, as it were, a diver
sion of the amboceptor, so that the bacteria themselves are not attacked, 
and thus continue to proliferate. But even granting this, it is obvious 
that these receptors are not of the nature of endotoxins or of ectotoxins, 
for the fluid containing them is devoid of toxic effects. At the most, 
if of the nature of receptors, they are haptophorous and devoid of a tox- 
ophorous moiety.

The existence of these aggressins very probably explains certain obser
vations of Wright,1 Douglas and Reid,2 which have been confirmed by 
Opie,3 namely, that exudates produced by the local growth of a given 
pathogenic microbe contain no opsonins. More correctly it maybe, that 
there is not an absence of opsonins under these conditions, but a neutrali
zation of the same by the bacterial aggressins. It may, indeed, be sug
gested that the aggressins are to the bacterial organism what the opsonins 
are to the animal.

, 77: 1900: 101.1 Proc. Roy.Hoc. Loml., 74:1904:147. 
3 Jour, of Exp. Med., 9:1907:515.

1 Ibid.,
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ANAPHYLAXIS

Yet another order of phenomena deserves notice in this connection. 
From the early days of the employment of antidiphtheritic serum, 
occasional cases have been reported of sudden death following upon 
the inoculation of the serum. In 1905 von Pinpiet1 2 * 4 published the first 
full study on this subject; in 1900 Kosenau and Anderson* were able 
to collect nineteen such cases out of the literature. The symptoms may 
come on within five minutes of the treatment, with collapse, uncon
sciousness and convulsions; milder cases, of urticarial rashes with some 
nausea, are comparatively common, and it has been clearly proved that 
they are induced not bv the toxins or antitoxins, but by the serum, 
horse serum producing identical effects. Along with these cases of serum 
sickness, attention may be called to the fatal effects which have followed 
the transfusion of the blood of sheep and other animals into man, in cases 
of grave anemia. Such transfusion led to after-effects so severe—high 
fever, hemorrhages, and intravascular clotting and was so often fatal, 
that it was rapidly given up. Some cases, not so severe, showed merely 
urticaria with fever.

Kxperimental observations upon these phenomena have led to some 
very remarkable results. If a moderately large dose of a foreign serum 
be injected into an animal, either subcutaneously or into the peritoneum, 
no immediate effects are produced, and the animal in a few days becomes 
immunized to that serum. Ihit, if instead of a dose of 5 c.c. of foreign 
serum, a guinea-pig be given a little, as 0.0025 c.c., and now in 
twelve ilays a second injection of 5 c.c. be given, the guinea-pig is apt 
to die, it may be, within a few minutes, or at most a few hours ( Theobald 
Smith's phenomenon). Instead of being rendered immune, the very 
opposite result has been brought about ; the animal has been “sensitized,” 
rendered much more susceptible to the foreign serum. This process of 
sensitization has received the name of anaphylaxis* This hypersensi
tiveness may be induced, nthough more slowly, by the injection of repeated 
large doses (in themselves non-toxic) of an otherwise harmless serum. 
It then shows itself by the development of iedematous and necrotic 
changes in the region of the later inoculations, followed by progressive 
cachexia and death after many weeks {Art Inis' phenomenon).

It has been found that in herbivorous animals the same results may 
be gained by feeding with the foreign serum, (iav and Southard* 
and others have shown that the subjects of anaphylaxis exhibit hemor
rhages in the stomach, cecum, lungs, spleen, heart, and adrenals; these 
appear to be associated with a definite fatty degeneration

1 Pirquet and Schick, Z>t> Smonkninkheil, Leipzig and Vienna, I . Deuticke, WO").
2 I’. S. Hygienic I.almrutury Bulletin, No. "JO. Washington, 1906.
* By Richet, as opposed to . von Pirquet has given to it the name

(illergia, by which it is still referred to by some (lerman writers.
4 Jour, of Med. Research, 10: 1907: 143.
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endothelium. Further, the blood of the sensitized animals comes to 
eontain a substance which, when the blood is injected into other guinea- 
pigs, sensitizes them. In man and omnivorous animals a single dose 
has sometimes the effect that the two doses possess in rabbits and guinea- 
P»gs.

Such sensitization is so wholly opposed at first sight to all our experi
ence in experimental immunity, that a totally different explanation would 
seem necessary. Nevertheless, for long years we have been familiar 
with what would evidently seem to be a phase of the same process. We 
refer to the tuberculin reaction, the intense local congestion of the tissues 
around a visible tuberculous focus that follows the inoculation of a 
minute quantity of tuberculin at a distance. Possibly the accelerated 
appearance of the vaccine erythema and eruption in those already vac
cinated is a process of the same order. Various theories have been 
adduced, none of which is wholly satisfactory. In our first edition we 
pointed out that Vaughan’s1 remarkable studies upon the bacterial and 
other proteins seemed to furnish a clue. In a long series of papers, 
from 1901 until the present time, he has shown that the bacterial proteins 
may be split up into two portions- the one poisonous, the other noil- 
poisonous and now, taking what is apparently the most innocuous of 
proteins, namely, egg white, he has determined that the same is true of 
this also. One may inject the white of three liens’ eggs into the peri
toneal cavity of a rabbit, with no untoward effects. Nevertheless, by 
extraction of the purified egg albumin with 2 per cent, sodium hydroxide 
in absolute alcohol, two bodies are obtained one poisonous, soluble in 
absolute alcohol, the other lion-poisonous, and insoluble. This poison
ous moiety, apparently of proteid nature, kills just as promptly as that 
obtained from the proteins of the colon or t> ; the minimum
fatal dose for the guinea-pig ranges from S or It) up to 101) mg., according 
to the grade of purification.

Vaughan and Wheeler find that animals may be sensitized to egg 
albumin either with unaltered egg white, or with flic non-poisonous 
moiety, hut not with the poisonous moiety. What is more, the non-poison- 
ous moiety does not sensitize to itself, but only to the unbroken egg white.

These facts can only be satisfactorily explained on the supposition 
that, under the conditions of these experiments, when a small dose of a 
foreign protein is introduced into the organism, for it to be assimilated 
the cell substance has affinity for the lion-poisonous moiety. The 
same results ensue, it is seen, whether the whole egg white or only its 
noil-poisonous residue be exhibited. The cells become habituated to 
attract themselves to the lion-poisonous moiety alone, and to form and 
discharge a series of receptors which combine with this. When, there
fore, after this habituation or immunity has become established (in ten 
or twelve days), the unbroken egg white is again exhibited, the cells 
and these receptors actively attract this iion-poisonofts moiety, liber-

1 Vaughan and Wheeler, Jour, of Ini'. Dis., I: 1907:470, give a full bibliography 
of the publications from the University of Michigan bearing upon the subject,
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iiling tin* poisonous moiety, which now, free in the hotly fluids, enters the 
blood, circulates to the brain, and there sets up those disturbances, more 
particularly in the respiratory centre, which lead to ■ Vaughan
and \\ heeler show very clearly that the second dose must contain enough 
egg white to furnish a fatal dose when split up in the animal body. 
Wells,1 however, is of the opinion that the amount of serum necessary to 
sensitize the cells is so extraordinarily small that this dissociation process 
cannot be invoked, lint certain observations of Bcsredka2 and of Auer 
and Lewis3 indicate that the fatal action of anaphylactic substances is 
peculiarly localized. The former showed (confirmed by V 
the toxic action is cerebral in type, and that under the influence of anes
thetic doses of ether anaphylaxis does not show itself; the latter have 
demonstrated that the fatal result in guinea-pigs is due to a spasm of 
the bronchial muscles, with inhibition of respiration—in short, to what 
may be regarded as acute asthma, with striking insufflation of the lungs. 
Incidentally, as pointed out by Meltzer, their experiments throw a 
strong light upon the anaphylactic nature of at least an important 
group of cases of asthma, as also, it may be suggested, of hay fever. 
The reaction, however, is not the same in all species of animals: in the 
dog the chief demonstrable disturbance is a sharp fall in blood pressure* 
resembling that of shock, brought about, as shown by Pearce and 
Kisenbrev, by loss of tone, or paralysis, of the smooth muscle of the 
splanchnic veins. As they point out, disturbance of the functions of 
non-striated muscle is the feature common to both orders of cases.

1 Proc. Sue. Kxp. Biol, ami Med., 0: 1909.
• Ann. de l'Inet. Pasteur, 21: 1907:117 and ONI.
3 Jour. Amor. Med. Akhoc., 53: 1909:458.
* Biedl and Kraus, Wiener klin. Woch., 22: 1909:383, and Pearce and Kisen- 

lirey, Proc. Hoc. Exp. Biol, and Med., 7: 1910:30.
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CHAPTER IX.
IMM IN ITY—(Contixvku).

THEORIES OF IMMUNITY.

'I'd master and to keep level with the vast numher of individual obser
vations that are now being poured out upon this one subject of immunity 
is in itself a life’s work. Appalling as must be the mass of data con
tained in the last two chapters, to the reader who approaches the subject 
for the first time, these represent but a selection of the more important 
and generally accepted observations, and such conclusions as we have 
already drawn represent a sifting of opinions often very widely at vari
ance. To have indicated and discussed the divergent views would 
have expanded those two chapters into two volumes. As it is, we have 
detailed but one theory that of Ehrlich and have not carried that 
to its conclusion. Now, it is for us to sum up, so far as is possible, the 
reasonable deductions that, we think, may be drawn from the data 
afforded, treating immunity and the process of immunization not as 
a subject apart, but as a branch of pathology, and indeed of general 
biology, so that our conclusions harmonize with those that are to be 
gained from the study of other vital reactions.

We note, in the first place, that all the antigens, namely, all those 
bodies which, gaining entrance into the system, lead to the forma
tion of “antibodies,” are themselves either cell substances, or the 
products of cell activity, and that the antibodies are likewise the prod
ucts of cell activity. The two groups, in fact, are seen to lie curiously 
similar in very many properties reflections one of the other. A little 
consideration shows that this is not surprising; were we bacteria, we 
would regard the animal antibodies as toxins and our own toxins as 
protective antibodies, or, at least, as preparatory digestive ferments. 
It may well be that the bacterial toxins, being developed by organisms 
extremely low down in the scale of living beings, are of simpler consti
tution than the antitoxins developed by warm-blooded animals, but 
when we ascend to the venoms of vertebrate animals, we find that the 
cobra discharges a hemolytic toxin, which in its properties and mode of 
action is identical with the hemolysin formed as an antitoxin in the 
serum of warm-blooded animals consequent upon inoculation with 
erythrocytes. Here clearly, whether we regard the hemolysin as a toxin 
or an antitoxin, depends wholly upon the point of view. So far does 
this parallelism or reflection proceed, that as Welch suggested in his well- 
known Iluxley lecture, where two living organisms, the animal and the 
microbe, are pitted against each other, the increase in virulence which
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may he acquired by die latter may he the expression of the development 
hy it of antibodies (which form the point of view of the microbe are 
simple antitoxins) corresponding to the development of antitoxins by 
the warm-blooded organism, and tending to neutralize the same.

We arc dealing, it will In* seen, throughout this whole study, with 
the methods in which the living matter, whether animal or vegetable, 
reacts toward other living matter, whether animal or vegetable, and the 
products of the same which come into contact with it, and although the 
statement may at first encounter appear to be both novel and extreme, 
further thought will confirm it; the problems of immunity narrow 
themselves down to special problems bearing upon the assimilation and 
digestion of unusual protcid matter, or, at least, of the primary products 
of cell metabolism.

Metehnikotr, indeed, would regard immunity as a matter of digestion 
and adaptation to the same by one order of cells, the phagocytes, free 
and fixed, and it w ill be well before proceeding farther to note his main 
observations and arguments, for they have had an extraordinary influ
ence in stimulating work upon this subject, and, as we shall see, his 
conclusions do not, in their essentials, oppose the more generally accepted 
theory of Khrlieh; they are the expression of the same views regarded 
from another aspect, in some respects wider, in others narrower;1 wider 
in that throughout it keeps prominently in the foreground that immunity, 
like all other vital processes, is a matter of cellular activity, whereas the 
study of sera and their properties which constitutes the main method of 
the Khrlieh school is apt to cause neglect of this fact ; narrower in that 
it is essentially morphological, and thus largely overlooks the fact that 
chemical processes underlie morphological phenomena, and again, 
that it would refer every important reaction to one order of cells, the 
leukocytes, and other potential phagocytes, and somewhat obstinately 
is unwilling to credit other cells and tissues with any part in the process 
of immunization.

The Phagocytosis Theory. We have already, on several occa
sions, called attention to the basal facts regarding phagocytosis, and 
have shown that the unicellular organism and sundry cells in the multi
cellular organism have the power of actively taking up foreign particles, 
organized and living, organic and inorganic, and that this process of 
phagocytosis is primarily nutritional a means whereby the individual 
cell gains food material; that particles so taken up, if unfitted for 
assimilation, are discharged; if capable of affording food material, 
stimulate the formation of a digestive vacuole around them, in which 
vacuoles we have indications of the presence of digestive ferments, and 
lying thus in the fluid the foreign matter is seen to undergo solution,

1 M. Metehnikoff has detailed his theory in his work *' I.'immunitc tltni* 1rs malotiirs 
inf(‘dieitsrs," Paris, Masson, KMIl, of which an English translation has appeared. 
We would, however, recommend the student for practice in t rench to rend it in Un
original, for it is of sustained interest and great value. A digest of his views is given 
hy him in Cierman in the fourth volume of Ixollc and Wassermnnn’s Bactériologie.
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until all that remains are a few granules of unassimilahle debris which 
become eventually cast out.

Among such foreign bodies these phagocytic cells arc able to take up 
the various microbes, animals and vegetable. They can, indeed, as 
abundantly proved by Metclmikoff, take them up in a living condition, 
and, observing what happens, whether in the unicellular organism, 
like the amœha, or in the free leukocytes, cells of higher animals, we 
observe that there is the same formation of digestive vacuoles and 
destruction of the microbes by digestive processes. This under favorable 
conditions. And, as a matter of fact, the more carefully we study under 
the microscope the processes occurring within the organism during the 
course of infection, the more we become convinced that phagocytosis, 
whether by leukocytes or by endothelial cells, or by the newly developed 
“embryonic” fixed tissue cells, is extraordinarily common, and is obvi

ously a most important factor in the 
Fmj. lus destruction of pathogenic organisms

and in the cure of infectious disease. 
There is, indeed, not a single dis
ease due to known animal or vege
table microbes, where there is definite 
reaction on the part of the organism, 
in which at one period or other of 
its course phagocytosis, and that 
often very extensive, has not been 
observed. One has but to inject 
into the peritoneal cavity of one of 
the animals of the laboratory a little 
of the fluid culture of some mildly 
pathogenic microbe and examine a 
drop of the peritoneal fluid, or make 
a smear from the surface of the 
omentum in the course of a few min
utes to a few hours (the time varying 
according to the virulence of the 

microbe), to find abundant leukocytes containing the bacteria in different 
stages of digestion. Or, more instructive still, take, after Leishman’s 
method, a few drops of human blood from the finger, dilute, centrifu
gal ize, pipette off tlie layer of white corpuscles and suspend these in the 
serum, add to the suspension a small platinum loopful of a suspension 
of some pathogenic microbe the Pyococcus aureus, for example and 
place the mixture for a quarter of an hour in the incubator at 37° ( '. 
I pon examining a drop of the mixture under the microscope, the num
ber of bacteria seen within the leukocytes and that have been taken up 
in this short time is very remarkable.

There can then be no question regarding the importance of phagocy
tosis as a factor in the destruction of microbes that gain entrance into 
the system. There may be a question, however, whether it is the one 
supreme method of destruction of microorganisms and what is its rela-

Moile of de#truction <»i n bacillus < H. antlira- 
cis) l»y a cell. A digestive vacuole lias formed 
around one portion of the Imcillus, and that 
portion has lost its power of staining. (After 
Metclmikoff.)
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tionship to the development of continued immunity. For the wandering 
cells of the organism, we know, have lmt a short life period, and if they 
gain the power of destroying bacteria they do not convey it to their 
descendants, for such descendants normally, we believe, do not exist. 
Before answering these questions there are other properties of the 
phagocytes which we must recall.

In the first place, with very virulent microbes no phagocytosis may show 
itself; there is a negative eliemiota.ris, or, perhaps more accurately, a 
lack of positive eheiniotaxis; the leukocytes are not attracted, and 
those in the neighborhood, acted upon by the strong toxins, undergo 
dissolution. In the second we observe that in a typical localized in
fection, such as the abscess we described (p. 431) or in the pneumonic 
lung, for a considerable period the phagocytosis, if in evidence, is insuffi
cient to destroy the microbes; the mere act of taking up living bacteria 
does not necessitate their destruction, and tin* number taken up may 
not correspond to the rate of proliferation. Only at a later period, if the 
infection results in healing, does the phagocytosis become adequate. 
To explain these phenomena, Metchnikoff invokes the property of 
adaptation. By aeeustomanee, by dealing at first with small amounts 
of less concentrated toxins the leukocytes gain the power of withstanding 
and neutralizing larger amounts until a negative eheiniotaxis or a weak 
positive becomes converted into an active positive eheiniotaxis; anti 
whereas at first the digestion was feeble, now it becomes powerful and 
rapid inaction. These conclusions we cannot but accept ; we.have in 
Metehnikoff’s remarkable studies the most convincing examples of 
the development of the individual cell adaptation.

All these considerations, however, throw no light (1) upon the obser
vations made, from ISSN onward, by Nuttall and others upon the 
destruction of bacteria within the tinmes without the intervention of 
leukocytes; (2) upon the destruction of bacteria in vitro, by serum and 
other body fluids devoid of cell contents; (3) upon immunization against 
soluble bacterial eetotoxins and the development of antitoxins, and, in 
fact, upon the development of antibodies against ferments, phytotoxins, 
and soluble “toxins” of all orders. How are all these phenomena 
brought within the terms of the theory?

As to the first, that such destruction takes place cannot be contro
verted; it is most obvious in Pfeiffer's original method of gaining his 
reaction in the peritoneal cavity of the guinea-pig immunized against 
cholera or typhoid; the peritoneal fluid is found to contain relatively 
few leukocytes and abundant swollen and globular bacteria undergoing 
destruction. Metchnikoff ascribes this extracellular destruction to a pre
liminary pla.wwlyxix or leulcolysix, to a destruction of leukocytes, whereby 
their digestive ferments become liberated into the plasma and able to act 
upon the bacteria in an extracellular manner. This view, that it is the 
leukocytes that in the main afford the bacteriolytic substance, is sup
ported by the observations of Denys and his pupils and of Buchner and 
his pupils, that if a “sterile” suppurative inflammation be induced, as 
by the introduction into the pleural cavity of finely powdered glass or
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uleiimnc (a vegetable protein), tin* exudate, rich in leukocytes, possesses 
distinctly more pronounced bactericidal properties than does tlu* blood 
plasma and other body fluids, or even the blood scrum of the same ani
mal. Metchnikoff admits fully that the amboceptors (his ji.ratcarx) pass 
out and become free in the ordinary plasma. These he regards as dis
charged by the leukocytes, but lie is unwilling to accept or suggest 
excretion by the living leukocytes as an explanation of the presence of 
the complement (his ci/faxe),1 and he adduces certain important obser
vations made by his pupil, (iengou,2 in support of his contentions and 
as a proof that the plasma, even of an immunized animal, contains no 
complements. (iengou's statements are certainly most positive. If, 
employing Freund's method, the blood of an animal be received direct 
into paraffined test-tubes, there is no destruction of leukocytes and no 
clotting. Such blood centrifugalized yields according to ( iengou a 
plasma wholly devoid of complements. Therefore concludes Metch- 
nikoff the complement (cytnse) present in ordinary scrum has been de
rived from the dissolution of leukocytes they act normally as intracellu
lar enzymes and the theory of phagocytosis becomes expanded to this 
extent, that destruction of bacteria is recognized as being brought about 
either intracellularly by the digestive action of the leukocytes, or extra- 
cellularly by the enzyme-like action of the cytase, or con " , work
ing through the intermediation of the fixateur, or amboceptor. But 
within the infected organism such liberation is infrequent, and through
out, it is cells which arc potentially phagocytic that give origin to the 
antibodies.

Further, to complete the outline of Metelmikoff’s theory, it has to be 
noted that he recognizes two broad groups of phagocytes, each having 
the power of acting more particularly upon one set of substances; the 
microphagcx (polymorphonuclear leukocytes, éosinophiles, etc.), and the 
macrophages (hyaline leukocytes, endothelial cells, and fixed phago
cytes); the former he finds more particularly active in opposing the bac
teria of acute disease, the latter those of chronic disease, as also acting 
upon cells. Instead of a multiplicity of complements, as demanded by

1 Hvre it may lie well to afford a table of the various terms employed by different
observers to indicate these two bodies, the amboceptor or immune body and the 
complement respectively :

A tnboce i>tnr.
Intermediate body.
Immune body (II. Pfeiffer). 
Fixateur (Metchnikoff). 
Sensitizer or
Substance sensibilatriee (Bordet), 
Preparator (Midler), j

Com i&ement.
Addimcnt (Ehrlich's first name). 
Cytase (Metchnikoff and Bordet). 
Mexine ( Buchner).

Copula. ' Not now employed.
Desmon. I

2 Ann. Pasteur, 15: 1901 : f»K and 232. See also l.evaditi, ibid., 15; 1901: 894, and 
Hi: 1902.
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Ehrlich, lie recognizes only two mar ronfla sc developed by die macro
phages and mirrori/laur hv tin* mierophages. The immune bodies lie 
regards as derived also from the leukocytes.

His grounds for this are the following* In immunizing an animal 
against erythrocytes, spermatozoa, and other cells it is seen that the 
foreign cells are taken up by one order of cells, the macrophages. It is 
these cells alone that are directly involved, and thus, in the process of 
digesting, the cells must develop the antibodies. Of these, the ambo
ceptors (fixateurs) are excreted, the complement (macrocytase) remains 
within the cell.

If, finally, these are the deductions to be drawn from eases in which 
we are able to follow the fate of discrete bodies, such as bacteria and 
various cells, where we can see that within the organism it is the phago
cytic cells that act upon them, and where we can determine that these 
phagocytes afford the antibodies, then it is justifiable to assume a like 
activity on the part of the potentially phagocytic cells in the case of 
soluble toxins.

These latter conclusions are far from having been accepted in their 
entirety, and we must briefly note some of the more important contra
dictory observations. As regards plasmolijsi.s affording an adequate 
explanation for the liberation of the complement in Pfeiffer’s reaction, 
Durham and timber have pointed out that the destruction of leukocytes 
in the peritoneum is only apparent. Following upon the introduction 
of the bacterial culture, the leukocytes are not destroyed; they become 
clumped or balled upon the surface of the omentum and mesentery 
(these observations, however, do not exclude wholly the dissolution of 
a certain number of the leukocytes). Pfeiffer has pointed out that the 
presence of increased complements in connection with Buchner's aleu- 
rone experiment does not necessarily indicate that these are derived 
from broken-down leukocytes, and shows that if leukocytes so gained 
be centrifugalized and carefully washed they afford not a trace of com
plement. (To this Metehnikoff objects that the repeated washing has 
artificially removed the evtase- but if they pass out with such ease under 
these conditions, may they not also diffuse out freely in the living organ
ism?) Several observers also have given the “lie direct” to (iengou’s 
observations. The majority, however, have not employed his method, 
using other means (oxalate, leech extract, etc.) to arrest the coagulation 
of the blood methods which possibly lead to alteration in the leukocytes 
and liberation of the complements. But Lainhotte,1 employing the same 
paraffined test-tubes, detected the definite presence of complements in 
the centrifugated plasma (not, so far as we can see, in the same amounts 
as when clotting has occurred and certain leukocytes have undergone 
dissolution).

Nor is it possible, in the light of Ehrlich’s observations, to accept 
Metclmikoff’s dictum that there are only two evtascs (complements); 
and lastly it is, in our opinion, impossible to harmonize Metchnikoff's

Ventralhl. f. Hukt., Aht. 1, 34:1903:453.
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theory with the observations of Wassermann, Hansom, and others 
that tetanus and other toxins are absorbed by the nervous tissues and 
there neutralized. In connection with hemolysis Metehnikoff lays 
down very precisely that it is the cells which absorb the “toxin” 
that furnish the antibody. The same process of reasoning would 
lead us to conclude that the nerve cells which neutralize the tetanotoxin 
are capable of furnishing the antitoxin. Homer's striking observa
tions, already noticed (p. 5Hi), upon the local production of anti-abrin 
in the conjunctiva of the rabbit are absolutely opposed to this nar
rower view.

On the other hand, as regards hemolysis in general, we would accept 
Metchnikotf's view rather than that of Ehrlich regarding the production 
of the hemolysins. These, by the supporters of the sale-chain theory, 
arc regarded as being developed by the red corpuscles, according to the 
general law above noted. Hut when foreign erythrocytes are injected 
into the body they are taken up by the macrophages; it is these cells in 
the spleen and elsewhere that more probably provide both hemolysins 
and antihemolysins. If, that is, a hemolysin be developed by inoculation 
of erythrocytes of another species, that hemolysin, it is true, inoculated 
into animals of that other species acts directly upon the red blood cor
puscles and leads to the liberation of their hemoglobin; but in the organ
ism the stromata of the destroyed blood cells are taken up by endothelial 
and other cells, and these living persistent cells it must be that produce 
the antibodies. The same must be true in connection with the develop
ment of the hemolysin in the first place. The brief existence of the ery
throcyte, its incapacity to reproduce itself and convey acquired properties 
to its descendants, are also against the supposition that these cells actively 
produce antibodies. We have, indeed, the observations of Calmette1 
ami Jacobi2 that the red corpuscles of animals rendered highly immune 
to such hemolytic agents as cobra venom and ricin still remain highly 
susceptible to the hemolytic action of these poisons, and Ehrlich3 himself 
has regarded an apparent exception, recorded by Kossel in the case of 
the rabbit immunized against eels' blood, as due not to the acquirement 
of antibodies by the corpuscles, but to the loss or exhaustion of the 
susceptible receptors. It is, in short, contrary to experience that a 
noil-nucleated cell should exhibit the highest forms of hiophoric activity, 
and as such must be regarded the |>ower of multiplying its specific re
ceptors and to this extent of undergoing growth. This does not prevent 
us from accepting Ehrlich’s view that the red corpuscles are provided 
with relatively abundant receptors of weak combining powers, so that 
they readily give up, to the more avid receptors of cells proper, sub
stances which have entered into combination with them, and act as the 
great common carriers of the economy.

The observations of Wright, also, upon opsonins, abundantly con
firmed as they have been by numerous observers, and slighted but not

1 Compt. rend. Acad, dus Sciences, 134:1902: No. 24.
2 Ilofmeistur's Beitr., 2:1902. 31,oc. pit., 509.
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contradicted by Lcvaditi,1 indicate that the phagocytes while playing an 
all-important part in the destruction of bacteria possess an adjuvant in 
the surrounding fluid. There is, indeed, one striking demonstration 
that they are not the main source, as again, that the leukocytes alone 
are not to !>e invoked as the essential factor in immunity. While, as 
Metelmikolf has pointed out, the higher the grade of immunity induced 
the more extensive the phagocytosis, this is not a proof that the leuko
cytes have acquired increased phagocytic properties. My colleague, 
Dr. Meakins, points out to me that if two animals be taken, the one 
highly immunized the other as control, and the leukocytes of the two 
be taken after Irishman’s method, no difference is to be recognized 
in their phagocytic activities when they are placed with pyococci in 
normal serum. The difference lies not in the cells, but in the prop
erties of the serums. Where this adjuvant is developed we do not as 
yet know; the fact cited bv Lcvaditi that in the absence of the serum, 
leukocytes suspended in an inert fluid can, very slowly, take up bacteria, 
suggest that the opsonins also may be developed by the leukocytes, but 
certainly does not prove that these form the only or the main source.

Conclusions. A careful balancing of all the facts appears, therefore, 
to lead to the following conclusions:

1. Phagocytosis proper (t. r., the ingestion and digestion of bacteria) 
is a great factor in the destruction of microbes entering the system.

2. With accustoinance and adaptation to the products of bacterial 
growth and other toxins, leukocytes, and certain fixed cells, exhibit 
increased phagocytic activity. This, however, is not primarily due to 
increased digestive capacity on their part, but to increase in bodies of 
the nature of opsonins in the body fluids, preparing the bacteria for 
ingestion,

3. The cells which Metchnikoff regards as phagocytes and potential
phagocytes, while they are the most commonly ’ to neutralize
bacteria and bacterial and other toxins, are not the only cells of the 
organism possessing these powers.

4. With the exception of the red corpuscles (which are not cells proper), 
the rule would appear to be that those cells which take up microbes 
and mierobie and other toxins are the cells which provide the anti-

5. Antibodies, whether present in the normal organism or developed
in response to the introduction of particulate or dissolved toxins, are the 
products of cell activity, and their presence in the blood is a secondary 
process, either a true secretion (in this re; glandular secretion
proper) or to some extent, where there is cell destruction, the result of 
that cytolysis and of the freeing of substances previously bound in the 
cells. '

(). Produced within the cells these antibodies can act within the cell 
and then bring about a condition undistinguishable from ordinary 
intracellular digestion, though their strikingly specific powers suggest

1 Ann. do VI. Pasteur, 1905.
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thus lliait intracellular digestion, instead of living a simple single process, 
may be made to vary to an almost infinite extent, according to the 
nature of the substance entering the cell.

7. They can net also outside the cell, and in this ease clearly neutralize 
the toxin by entering into combination with it.

S. Whether, therefore, we regard and study the processes associated 
with the development of immunity as occurring within the cell or apart 
from it, eventually we arrive at a common underlying chemical and physi
cal groundwork for all the phenomena, and as we approach this point, 
although differences exist in respect to details, fundamentally the phago
cytic and the side-chain theories are not contradictory; they merely view 
the one set of phenomena from different aspects.

The Side-chain Theory of Immunity. Antibodies and the Side- 
chain Theory. Rather than summing up in epitome the data acquired 
regarding the antibodies and their mode of action, it will be well to 
gather together and discuss the various data recorded in the previous 
< rs, and this first along the lines of Ehrlich's side-chain theory.

We have indicated the groundwork of that theory so far as it refers 
to simple toxins (p. 516); since then, discussing the eytolysins, we have 
become acquainted with a new order of phenomena, with the whole group 
of cases in which there is not a simple union between the protoplasmic 
molecule of the cell, whether of the organism or the microorganism and 
the toxin —or the complement—but combination brought ‘ I by the 
intervention of an intermediate body.

Here, before going farther, it will be useful to draw up. in a tabular 
form, the various forms of toxins and antibodies which we have had 
under consideration :
KneymcH........................ leading to the production of Antienrymes
Phytotoxins Anti (phyto) toxins
Bacterial ectoloxins Antitoxins
„ . . 1 animal 1Proteins 1 vegetal ilc 1 Precipitin»
Bacterial proteins (?) Agglutinins
Bnctcriul aggression (?) < Ipsonins
Animal venoms (simple) 
Animal venoms (com-

Antivenins

plex. requiring inter
mediation of comple
ment for action)

Antihemolysins, etc

Foreign complements Anticomplements
foreign amboceptors Anti-amboceptors

Vegetable cells (bacteria) 
Animal cells of various ^

Bacteriolysins

Hemolysins 
Leukotoxins 
llepatolysins, etc.

Requiring in
ternet ion of 

| 1 amboceptor 
(specific),

! - complement 
I (non-specific).

Studying this table, it will be we advance from (presumably)
simpler to recognizably very complex substances. To quote Ehrlich 
and Morgenroth:1 “If relatively simple bodies have to be assimilated

1 Zur Tlnnrie <lrr Li/xinirirkitug, Khrlich, (ipsammt. Ahhamil., 10(14:15.
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Iiv Hit* side-chains, the presence of a single binding group is adequate, 
and, obviously, it is side-chains of such simple structure that attach the 
toxins. The conditions are, however, quite different in dealing with 
giant molecules (protein molecules). In this ease, with fixation of the 
molecule for purposes of cell nourishment, only the preliminary stage 
is a matter of concern. ( liant molecules are, as such, useless for the cell, 
and can only be rendered serviceable when they become dissociated and 
broken up into smaller parts by fermentative processes. Such disso
ciation would fittingly be gained if the ‘seizing arm* (Fangarm) of the 
protoplasm, carrying simultaneously a fermentative group, brought 
this latter into immediate relationship with the booty that needed diges
tion and assimilation. We find an identical tendency for the seizing 
apparatus to be, at the same time, provided with digestive action in the 
whole series of the insectivorous plants, and this in the most varied 
forms. The tentacles of the Drosera, for instance, are secreting and 
digestive ‘fang arms’ in the broadest sense; they cover the object seized 
with a juice having powerful digestive properties.

“ When we note that lytic action occurs not in association with toxins, 
but where cell contents, whether of bacteria or blood cells, have to be 
absorbed, the simplest explanation is that here we are dealing with 
proteins of high molecular composition which are of much more compli
cated structure than cell secretions, for such we must regard eetotoxins. 
We must conclude that to combine with these and other highly compli
cated bodies the cell molecule possesses side-chains of a special order, 
which, in addition to the seizing complex, possess another complex 
capable of fixing the particular ferment, and so bringing about the 
digestion of the seized molecule. If, through immunization, there is 
developed an excessive production of side-chains, then the whole of this 
side-chain with its two complexes will be generated and discharged into 
the blood as an immune body. The remarkable process whereby, as 
a result of introducing bacteria into the system, a matter is generated 
which leads to the dissolution of the bacteria receives in this way a 
simple and natural explanation. We deal once more with the reproduc
tion of one of the processes of normal cell activity.”

Ehrlich’s Three Orders of Receptors. Continuing along these lines, 
Hhrlich distinguishes three orders of receptors in the cell, whether for 
the assimilation of food or for seizing of toxin molecules. (1) The rela
tively simple toxins and ferments are anchored by a receptor of the 
first order (Fig. KiO), I, a), a side-chain possessing simply a haptophorous 
complex r, to which the toxin b becomes anchored by its haptophore r. 
(2) For (compound) protein molecules he holds that more complex 
receptors are requisite. In the first place, it is evident that the cell in 
the process of assimilating ordinary protein food molecules by its fer
mentative activities dissociates them, and the same would appear to 
be true regarding agglutinins and precipitins. The side-chains which 
anchor molecules of this order must possess both a haptophore and a 
zymophore (corresponding to the toxophorous moiety of the simple toxin 
molecule). This form of receptor is indicated in Fig. 1(>9, II, in which
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c represents the haptophore, </ the zymophore. It will lie seen that this 
is the converse of the first ease: the liuptine or free molecule or side- 
chain b of Fig. 109, I, is identical in properties with the attached re
ceptor of Fig. 109, II. (3) For the cell to act upon the yet more com
plicated substance of bacterial and animal cells it has to anchor not 
only the cell molecule, but also the complement. This type of receptor 
is indicated in Fig. 109, III. There the complement k is represented 
as possessing a lmptopliore, h, and a zymophorous or, more accurately, 
zymotoxie moiety, z, while / represents the cell molecule that is acted 
upon.

When these receptors are produced in excess and become discharged, 
they are termed by Fhrlich haptines. They possess the same projierties 
of attachment ns they do when existing as fixed side-chains of the

The three orilerit of *ide-ehain.i. nceordiiiR to I'.hrlivh.

protoplasmic molecule. Thus, there are recognized haptines of three 
orders those possessing a single haptophore group, those like the toxin 
molecule above noted, with a haptophore and zymophore group (these 
two are both regardai as uniceptors), and those with two haptoplioric 
affinities, the amboceptors or immune bodies proper. Of these fret? 
receptors or haptines, F.hrlich, as a result of a consideration of their 
properties, lays down that :

Haptines of the first order include antitoxin and anti-enzymes.
Haptines of the second order include agglutinins and preeipitins.
Haptines of the third order include cytolysins and bacteriolysins 

(amboceptors).
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It will lie observed that in this scheme no note is taken of, or, at 
least, no stress is laid upon, the group of original attachment of the 
haptine to the protoplasmic molecule. Nevertheless, there must here 
be an unsatisfied affinity.

We cordially accept Ehrlich's scheme in its general bearings, and 
cordially admit, as must everyone who has followed the development 
of this department since first the theory was enunciated, that from the 
results obtained by working along the lines of the theory it has more than 
justified itself. As by MendeljefTs theory the chemists and physicists 
have been able to predict and discover new elements, so, by this theory, 
Ehrlich and his fellow-investigators have been able to predict with 
confidence the existence and properties of a series of antibodies. When 
such a statement can be made regarding any theory it is obvious that, if 
not complete, it approximates to the truth. Nevertheless, as indicated 
in our discussion of the toxins, in certain of its aspects in matters which 
are of some importance although not fundamental we are not quite 
satisfied that the theory perfectly represents the relationships between 
the toxins and the cell molecule. Just as we doubt whether primarily, 
at least, the bacterial toxins become directly anchored on to the cell 
molecules or biophores, so in cvtolysis we doubt whether, under any 
circumstances, there is direct union between the biophores of the animal 
cell and the bacterial or animal cell introduced into the system, even 
when that foreign cell is ingested by a phagocyte. We doubt, that is, 
the correctness of Ehrlich’s diagram which we have reproduced. That, 
it is true, is merely a diagram a graphic simile and, like similes in 
general, must not be tested too severely. It expresses, however, a rela
tionship which we are convinced does not exist. As indicated by what 
occurs in ordinary gastric and tryptic digestion, as indicated also by 
the formation of digestive vacuoles around particles of foodstuff ingested 
by the phagocytic cell, the dissolution of foreign protein molecules 'is 
mediate and not immediate; it is always by free side-chains, or haptines, 
and it is the loss of these side-chains, the condition of partial unsatis
faction thereby produced, and not the direct stimulus of direct contact and 
combination of the foreign matter into the protoplasmic molecule, that 
affords the stimulus for the production of new side-chains and so the active 
development of immunity.

Constantly in striving to comprehend the processes which are con
cerned in the destruction of bacteria and their products, the neutraliza
tion of cell products, and development of immunity, we find ourselves 
brought back to the fundamental fact that these constitute but special 
eases of the dissociation of foodstuffs, of assimilation and digestion. 
The processes which occur when a cell destroys an ingested microbe 
must be identical with those which occur when it digests any other 
foreign matter, and bacteriolysis in the body fluids must be brought 
about by procedures of the same order as occur when fibrin is digested 
in the gastric juice. If we admit that enzyme action is throughout oper
ative in the one case, we must accept its operation in the other. That 
there may be—nay, that there are—different grades and orders of enzyme
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action must lie freely acknowledged; the mode of action of ptyalin upon 
starches, which appears to lie direct, is different from that of enterokinase 
upon proteins, which requires the intermediation of trypsin to render it 
complete.1 It follows, therefore, that we must regard all these processes 
as examples of one or other stage of enzyme action, that we must con
clude that toxins and cytolysins are enzymes, and that the data we have 
acquired regarding these and their mode of action reciprocally gain 
their explanation from what we know concerning the laws of enzyme 
action, and advance our knowledge of these laws.

This, it may he said, is proceeding farther than many are prepared 
to advance at the present time. There is, indeed, a remarkable nervous
ness exhibited toward the proposition that toxins arc ferments, which is 
to be explained, in the first place, as due to the fact that we do not know 
the composition and structure of either the one or the other, and in the 
second, to the extreme specialization of modern science, so that we have 
at the present time three distinct groups, distinct in methods and distinct 
in aims, working at this very subject, each, with the best of good-will, 
recognizing with difficulty what for the other two groups are the points 
of fundamental importance. The chemists are interested in bringing 
enzyme action into line with tin* catalysis of inorganic matter, and at 
the present time the trend of their observations upon the latter is to indi
cate that it is of the nature of a physical contact action, and not of a true 
chemical combination, however temporary; they deny also that enzyme 
action is chemical, and, so, logically, when it is demonstrated that toxin 
combines with antitoxin, they are bound to deny that the toxin is an 
enzyme. The physiologists are torn asunder between their attempts 
to render physiological chemistry an exact science and to follow the 
guidance of the pure inorganic chemists on the one hand, and their 
affinities with the pathologists and bacteriologists on the other; the 
pathologists and bacteriologists by methods widely different from those 
employed by the chemists, although at the same time exact and of a 
subtlety unapproached by chemical tests, have accumulated a vast mass 
of important data on enzymes, toxins, cytolysins and so on, and their 
powers of combination, and as these hang together and do not har
monize with the deductions drawn by the chemists as to enzyme action 
from the study of inorganic compounds, they are content to group their 
data as a class apart and to continue gathering more facts and applying 
the same.2

1 It is usual to express this reaction in the reverse manner. The observations of 
Bayliss am I Starling show clearly, as opposed to Delezenne, that the activating 
substance is the kinase, which has properties corresponding to those of the bodies 
we recognize as ferments.

2 The present confused state is well exemplified by Benjamin Moore’s always 
suggestive- but it seems to us not always wholly logical recent article (Hirnil 
Ailraiutk in Mi/n/i>/<></</, edited by Leonard Hill, UM)ô). Moore concludes that "it 
is most probable that the influence of the enzyme as an energy transformer is one 
of a physical character; at any rate, the formation of chemical compounds must 
be taken as unproved.” At the same time, he accepts the fact that in all cases the
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We, on lin* other hand, cannot hut see, in all the evidence that has hcen 
brought forward regarding enzyme action, the aptness of E. Fischer's 
conclusions in his studies upon fermentative glycolysis, namely, that the 
enzyme must he regarded as fitting into the molecule group it dissociates 
as does a key into a lock, and see here not the evidence of contact action, 
hut of chemical combination, and see this same striking specific action 
in connection with toxins and antitoxins. We admit that the specificity 
is, as regards the substratum as a whole, not absolute. The same 
enzyme may act upon two different bodies, or two different enzymes can 
dissociate one substance, as, for example, both invertase from yeast and 
amvgdalase from the bitter almond will act on tin* glucoside, amygdalin. 
But what is specific in all these cases is that for common action there 
must be present identical molecule goups to be acted upon. We need 
not adduce instances in which this is demonstrated to be the case in 
connection with toxins and antitoxins.

In short, the remarkable "mi between the toxins and the
enzymes, the proved existence of toxoids and zvinoids, of antitoxins 
and anti-enzymes, of natural and experimentally acquired anti-enzymes 
(Bayliss), and other natural and acquired antitoxins, of complements 
and kinases, the evidence that a minimal amount of enzyme or toxin 
will, under favorable conditions, in the one case convert a maximum 
amount of the substrate, in the other case so induce a dissociation of 
the substance of certain cells that death ensues, whereas under unfavor
able conditions both enzyme action and toxic action can be arrested; 
the arrest of action of both by the products of dissociation; the exact 
quantitative neutralization of enzyme by anti-enzyme, toxin by antitoxin 
-all these facts indicate that we are dealing with one common group of

products of reaction of an enzyme exercise a protective action against rise in 
teni|H*rntun\ t.r., us Vernon has pointed out (Jour, of Physiol., 27:1001:288), 
whereas an active trypsin in nearly pure state is destroyed by a temperature of 
3K°(\; if protein on which it can act be present, a much higher temperature is 
necessary to render it inactive. There is no adequate explanation for such a 
phenomenon save the formation of a compound between the enzyme and either 
the protein or its dissociation products. And elsewhere, discussing Adrian Brown’s 
observations, which indicate that the enzyme forms a compound which persists 
for an appreciable time, all that he can suggest is that the “time interval of com
bination be regarded as constant in all cases," i.e., he admits here that combina
tion does occur. The combination of toxin with antitoxin he does not take into 
consideration.

It is interesting to note that Moore, in his very full study of the properties of 
catalyser», lavs down that there is a clear distinction between inorganic catalysts 
and organic enzymes. He lays down that, while similar in not being altered by 
the reaction they set up, the enzymes differ in that they require external energy 
in order to do their work; instead of causing energy to be given out by the 
chemical system, they cause the system to take up energy, and, lastly, they cause 
a movement away and not towanl the equilibrium |>oint. lie admits that all arc 
not prepared to accept all these conclusions.

0612
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substances and with a group that act not by physical contact, but bv 
chemical combination.1

Not knowing the structure of either class of enzymes or toxins, we 
must be content for the time to employ symbols to indicate the different 
stages of the process, after the manner introduced by Ehrlich. The 
molecule endowed with enzyme or toxic properties we must indicate 
as possessing.surface (or cell complex) accurately adjustable to a cor
responding surface on the fermentescible substance- Ehrlich's hapto- 
phore. We must admit with Ehrlich, also, the existence of a zymoph- 
orous or toxophorous moiety, and our study of enzyme action in general 
suggests how this acts. A chemical study of the stubstrnte or fermen
tescible substance and the products of action demonstrates to us that 
enzyme action as a general rule—proceeding in the one direction acts 
by hydrolysis, proceeding in the other results in the union of two mole
cules with the liberation of a molecule of water. A familiar example 
of this first process is the following:

('„»„( >„ + Ii,() - CgH,/), +
1 molecule of dextrose + II2() = 2 molecules of glucose.

< fhviously the molecule of maltose cannot be split into two equal 
portions; either that molecule is really a multiple formed of repetitions 
or polymerization of Ct2II,2On to some power of 2, or. if single, it becomes 
divided into 2 unequal portions. The simplest case of such unequal 
division under the action of an enzyme is:

c„Hnon = c;hhos + oh - (;h„o, 
c,h„o« + h - e.ih.o,

namely, that the enzyme splits the dextrose molecule into two moieties, 
one of which has positive, the other negative affinities, which when 
separated attract, the one a basic hydroxyl ion, the other an acid hydrogen 
ion. <)ur conception of the enzyme molecule must, therefore, be that 
it acts, whether as a base or as an acid, attracting and detaching one 
moiety of the fermentescible molecule. Take, Ibr example, that it acts 
as an acid, then it detaches the complex C'B1 !,,< )M; but so soon as it 
accomplishes this, an II ion free in the solution, which could not act on 
the complete molecule, exhibits a greater affinity for the moiety than 
does the ferment, replaces this, and so the enzyme is free to act upon a 
second molecule of the substrate. Following Ehrlich’s method, we can 
express reactions of this order as in Fig. 170.

Or otherwise even in the simplest enzyme action we must recognize 
the cooperation of three factors: (1) the enzyme, (2) the fermentescible 
substance, and (3) the recipient. The existence of zymoids shows 
that the body or zvinophorous portion of the enzyme may be so altered

1 Hut il may he said the action of toxin on antitoxin is quite ditïcrrnt from that 
of enzyme on its substrate. Certainly it is. It is nut here that the parallelism 
comes in. \\ |ifp. js comparable is the relationship between enzyme and anti-enzyme
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that whereas the haptophoric portion still is able to he attracted to and 
attach itself to the fermentescible molecule, the zymoid molecule as a 
whole is unable to split the latter, which, being already satisfied, cannot 
now be acted upon by other and active enzyme molecules.

In the more complicated enzyme action, such as has been demonstrated 
to occur in tryptic (proteolytic) digestion, following Bayliss and Starling 
we must regard the kinase, or, perhaps, more strictly the kinase plus 
the trypsin, as playing the part of the enzyme; the trypsin alone cannot 
spilt up the protein molecule and detach a peptone group; it has to be 
reinforced by the kinase, which, in its turn, cannot directly associate 
itself with the protein, its haptophoric group not corresponding to any 
of the ' iphoric groups of the proteid.

Simple enzyme ml ion: F, I he enzyme molecule, him affinity for ami detacher* .1, a side-chain 
of a protein molecule, forming a temporary combination with it. When A-F is free the recipient (V 
has a greater affinity for the side-chain moiety A-F and combines with it, the enzyme molecule F 
becoming detached and ready to dissociate a second similar side-chain.

The difficulty experienced—and this we would emphasize— in 
ideas gained from the study of enzymes to toxins and antitoxins is that 
we are continually apt to confuse the latter with the fermentescible sub
stances. The tiro (ire distinct, as will easily be recognized when wc recall 
that the rennet ferment acts upon the easeinogen of milk, converting it 
into casein, but is completely arrested in its action by antircnnin (“anti- 
lab”). In the one case the enzyme molecule acts as a carrier, as indi
cated in our diagram, in the other it becomes fixed and exercises no 
dissociative effects. Applying Ehrlich’s terminology, the fermentescible 
and the anti-enzyme molecules possess identical haptophorous groups; 
the enzymes can become attached to both, but in the first place the affini
ties between enzyme and anti-enzyme are the greater, so that when both 
anti-enzyme and fermentescible molecules are present in a solution the 
enzyme is attracted to the former and not to the latter, and in the second 
place, when so attracted it is fixed and, what is more, is unable to disso
ciate the anti-enzyme molecule. The process of junction between fer-
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nient and antiferinent and between toxin and antitoxin is associative 
and self-limiting; that between ferment and fermentescible substances 
dissociative and recurrent, only arrested by the accumulation of the 
products of the reaction.

It is this distinction which is not clearly drawn by Professor Khrlieh,1 
and to us it appears to be of the very highest importance. If toxins are 
bodies of the same order as enzymes (and we have indicated that we 
< conclude otherwise), it follows that the antitoxic side-chains
developed in reaction to the presence of toxins are not identical with those 
dissociated It// the toxins, whose dissociation leads to the symptoms of 
disease. Or, otherwise, something in addition to the mere proliferation 
and overreplacement of the side-< < attacked by the toxin molecules 
is necessary to explain immunity.

Fia. 171

fV-.l (the aide-chain .1 combined with the recipient <»'). when discharged from the cell into the 
surrounding fluid a.- an antitoxin molecule, is dissociated by the enzyme or toxin molecule /•', 
which thus joining with .1 becomes neutralized.

We would tentatively suggest that but a slight although important 
modification of Professor Khrlieh\s conception will meet the case. As 
we have noted in passing (p. 573), Professor Khrlieh in his conception 
of the junction of toxins and antibodies takes no note either in toxin or 
antibody of the group of junction with the original protoplasmic molecule. 
We would suggest that when dissociated, there must be in this position 
of the side-chains complex an unsatisfied or unsatisfiable affinity. If, now, 
we regard the toxin molecule when it gains entrance into the cell not as 
becoming attached to the biophoric or protoplasmic molecule by means

1 It is lua right to state that throughout Professor Khrlieh is extremely reserved 
in Ins judgment regarding the relationship of toxins to enzymes. Wherever he 
approaches the subject he is most careful to leave the question an open one. As 
we have indicated in several places, M. Metchnikoff is very definite in his conclusions 
that the complements (cytases) are enzymes and that the whole process is one allied 
to the digestive processes.

4

6



ANTITOXINS AND THE SIDE-CHAIN THEORY 579

of one of the side-chains of same, hut, on the contrary, as detaching 
that side-chain, we can solve the difficulty. Namely, we can regard it as 
in this relationship, within the cell, acting as an enzyme, delivering over 
the detached side-chain to a recipient which has greater affinities for it, 
and itself becoming free to act upon another side-chain.

It is this side-chain pins recipient which now becomes the antitoxin. 
In the cell itself it cannot act, the toxin having greater affinities for the 
still adherent similar side-chains of the protoplasmic molecules, unless 
the point is reached when equilibrium is established bv the accumu
lation of products of the enzyme action, and by the overproduction and 
discharge of side-chains of the particular order into the cytoplasm or 
paraplasm. Hut when the excess of such side-chains plus recipients is 
discharged into the blood stream, then any circulating toxins, not having 
the greater attraction of the adherent side-chains of the cells they specifi
cally influence, join with these antitoxins and become neutralized and 
are not attracted to and taken up by the cells.

Along these lines, and by considerations of this order, we most simply 
indicate the relationship between enzyme and enzyme-antienzyme action, 
toxic and toxin-antitoxin action. We regard the same orders of cell 
groups as being involved in both cases, we call in no external factor save 
the “recipient" which is demanded by any chemical theory of enzyme 
action, which recipient must be some simple but active ion present in all 
solutions in which the enzyme or toxin is able to act.

We might very considerably expand the considerations here brought 
forward, but to do so would render our treatment of this subject out of 
all proportion to the rest of the work. It is only necessary to point out 
that the same considerations can be applied to the case of cvtolysis, save 
that we are not as yet fully prepared to grasp the relationship of the 
lipoid bodies to the processes of hemolysis, fixation of complement, etc. 
The indications are that in all other respects the data which have been 
brought forward in support of Professor Ehrlich’s theory can, so far as 
we can see, be applied to this modification of the same.1

1 Works if Référé nn Among the more important and authoritative works upon the 
subject of immunity an* the various articles by the leading German workers on the 
subject, and by Mctchnikoff, in the fourth volume of Kolle and Wassermann's 
” llnntlbiicli (1er itathoyenen Mikroorijiinisniin” (1904); MetchnikofT's “L’Immunité 
lions lis MoImlits /nfectieuses," Paris, Masson, 1901, translated into Knglish by 
Minnie, Cambridge University Press, 1905; Aschoff, “Die Seitenketteidheorie,” Jena, 
1901; von Dungern, “ Die .4 iilikor/nr,” Jena, 1901; Jacobi, “ Iminunitat," Heidel
berg, 1900. In Knglish, Molduan has published a clearly written “Immune Sera,” 
New York, Wiley, 1907, and has translated most serviceably Khrlieh's “ Collecleil 
Studies upon Immunity," New York, Wiley, 1907. Arrhenius’ lectures upon 
“Immuno-Chemistr//.” delivered in San Francisco (Macmillan, 1908), have been 
painfully translated, and while full of important matter, are scarcely to lie recom
mended to the beginner. Another excellent account of the main phenomena of 
immunity is afforded (by the late Dr. Picketts) in a series of articles contributed 
to the Journal of the American Medical Association from January to July, 1905, 
and republished in separate form at a very moderate price. Emery’s “ Immunity 
mut S/tecific Therapy,” Lewis, London, 1909, is the fullest and most recent 
English work on the subject.



CHAPTER X.
SYNCOPE, SHOCK, COLLAPSE.

SYNCOPE.

With the reactions to injury must be considered a series of conditions 
of another order, conditions which are most often brought about by 
injury, which, nevertheless, just as we saw happened in the case of 
inflammation, may he wholly initiated by the higher nervous centres 
without any local tissue disturbance being at fault. These conditions 
are syncope, shock, and collapse. Some writers include the last two 
as synonymous; the symptoms are almost identical, but, following 
Cohbett,1 we shall make some distinction between them. Admittedly, 
however, we have not a full grasp of the etiology of these states; much 
has still to be determined, even if, of late, material advance has been 
made.

Syncope, or fainting, is the slightest of the three conditions. The 
face suddenly becomes blanched, the pulse small, rapid, and at times 
almost imperceptible; a brief period of giddiness is followed by complete 
unconsciousness, the individual falling in a lax heap, often without time 
to hold on to a support or make any preparation. The condition is of 
relatively short duration.

In one series of cases we note nothing beyond the mechanical filling of 
the abdominal vessels, as when fainting supervenes upon emptying the 
distended bladder. Evidently closely allied to this is the syncope which 
at times follows the sudden change from to the supine to the erect jmsition 
In another, injury to or strong stimulation of sensory nerves is the 
exciting cause—pain of various degrees. Numerous cases are of purely 
emotional origin, and that not only in the weaker sex or in those of 
weak health. I recall vividly a football match years ago, and the 
scattered, dropping, like pole-axed steers, of close upon half a score of 
the undergraduate onlookers, consequent upon the sharp loud snap of 
a leg bone of one of the players and the sight of his fall helpless to the 
ground.

SHOCK AND COLLAPSE.

In shock and collapse we have severer states. In extreme cases 
death ensues, and this in the case of shook with absolute suddenness. 
Sir Lauder Brunton cites the case of a mock trial conducted by certain 
Aberdeen students upon an obnoxious janitor, who, having been led to

1 A lit mtt's System uf Medicine, 3:1898: 320.
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tlu* Mock and there struck on the neck with a wet towel, was taken up 
dead. In less extreme cases there is recovery, hut this after hours and 
days, instead of minutes. There is in hotli conditions blanching, with 
rapid, feeble, and, it may be, imperceptible pulse; the eyes become 
sunken, the checks also, the cheek bones prominent (fades hippocratica). 
There is complete muscular laxity; the breathing is irregular and 
oppressed, the breath cold; the external temperature of the body is very 
noticeably lowered. The pupils are dilated; retching and vomiting 
are frequently prominent. The patient lies limp and regardless of his 
surroundings. Unlike syncope, neither in shock nor collapse is there 
complete unconsciousness. Upon rousing the patient, the answers, 
if slow and obtained with difficulty, are quite rational; but all volition is 
abolished. In short, there is a marked general depression of function.

Etiology. If we attempt to classify the conditions under which this 
syndrome presents itself, we find the following:

1. Operations, or wounds, associated with injuries to nerves. These 
may be: (a) Peripheral, affecting the nerve terminations, as in the 
shock that follows extensive burns, sharp blows upon the testicle, 
operative exposure and irritation of the peritoneum, irritation of the 
periosteum, as in amputation of the thigh (it has been found that the 
bone substance, as such, is comparatively insensitive, the periosteum 
very sensitive), (b) In continuity, as after severance of a large nerve, 
such as the sciatic, (c) Central, as after operations upon the brain and 
removal of cerebral substance. According to Howell,1 the last of these 
(in the dog) is the most effective in producing this train of symptoms. 
With regard to all these it may be noted that pain is not essential. Shock 
may follow operation conducted under anesthesia sufficient to abolish 
all sensation.2

2. Pain.- Relatively intense irritation, without gross injury to periph
eral nerves, may induce not merely syncope, but the more profound state 
here described. Closely allied is:

3. Emotional Disturbance. -To this we have already referred.
4. Severe hemorrhage, whether (a) external, or (b) internal into the 

cavities of the body, induces a similar train of symptoms, as does
5. Loss of fluid from the blood through (a) persistent vomiting (as 

in hyperemesis gravidarum), or (b) excessive diarrhoea (as in cholera).
It is these last two conditions that we distinguish as collapse; all the 

former we include under the term shock. The only gross clinical dif
ference between the two is that collapse in general is of relatively gradual 
development, whereas shock is of rapid onset. We shall point out shortly 
another partial distinction.

Studying these three states, we find one feature common to all, namely, 
a combination of cardiovascular disturbance, with grave arrest of cerebral

1 Contributions to Medical Research, dedicated to Victor C. Vaughan.
1 For full studies upon the relative liability to shock following operations upon 

different regions and viscera, the student is referred to Crile's “Surgical Shock,” 
Lippincott, 1899, and “ Rlood Pressure in Surgery,” ibid., 1903.
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activity. Evidently the cardiovascular disturhance may he primary, as 
where fainting supervenes upon emptying the Madder, or the sudden 
assumption of the erect posture, or, in cases of collapse, where there is 
great lo.ss of blood or of its fluid constituents. In the majority of eases, 
however, the indications are those of primary irritation or disturbance 
of the higher centres, whether direct or reflex.

The primary vascular disturbance is easily understood. We know 
that the vessels of the splanchnic area are ni " ‘ of holding all, and 
more than all, the blood of the organism. The vessels of the liver alone 
are so distensible that they can contain all the circulating blood. That 
they do not is due (1) to the tone of the abdominal walls, whereby the 
viscera arc definitely compressed, and (2) to the vascular tone, whereby 
under normal conditions, the arteries more particularly, but also, as 
Goltz has shown, the veins, are in a state of partial contraction. Sudden 
removal of fluid from the alxloininal cavity may so lessen the pressure 
upon the visceral veins that these may undergo rapid dilatation, the 
blood pouring into them to fill the void, and this to such an extent that, 
more especially when the individual is in an erect posture, the blood is

Srheiiiu of cardiac conditions in the “Klnpfversuch” experiment on the frog: a, normal atate 
of tilling of inferior vena cava and heart; b, dilatation of splanchnic veins (erect position), heart 
in consequence empty; r, heart tilled and circulation restored when the animal is placed on it* 
buck. (Sir Lauder Brunton.)

drained out of the vessels of the upper half of the body, so that little or 
none enters the right side of the heart. The result is not merely greatly 
lowered blood pressure in the radial and other arteries, but the brain is 
profoundly affected; the intracranial pressure is lowered, not merely by 
drainage away of the venous blood, but by lack of arterial blood supply, 
and this lack of intracranial pressure, coupled with the anemia and lack 
of blood supply, is adequate to induce the unconsciousness seen in faint
ing. One can, indeed, produce temporary insensibility by compressing 
both carotids.

This is the simplest case; in other cases of syncope, brought on by 
nervous influences, it is evident that a similar disturbance of the circu
lation is brought about by nervous stimulation. We can, indeed, ns 
in (ioltz’s well-known “ Klopfversueh,” induce reflexly this syncopal 
condition. It is but necessary, as (ioltz showed, to tap a frog over 
the intestines to induce an arrest of the circulation, and, as he showed, 
the arrest is accompanied bv an accumulation of the blood of the body 
in the abdominal veins. Hold the animal erect, and the exposed heart 
is seen to be still beating, but devoid of blood; place it on its back, or

2
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with tin* hva<l lowered, and the heart and the arteries heroine tilled 
and circulation is resumed. Here I may note that the late Pro
fessor Hoy and I1 observed time and again how rapidly and extensively 
the arterial blood pressure could be raised by temporary compression 
the abdominal area, whereby the blood becomes driven out of the ab
dominal veins into the right heart. It is a matter of familiar knowledge 
that recovery from a faint is best brought about bv placing the individual 
in a recumbent position. It is not usual to reinforce this by steady 
pressure, applied to the region of the waist, although our experiments 
indicated that this procedure is likely to be even more effective.

As Sir Lauder Rrunton2 points out, a fuller study of the Klopfversueh 
indicates that, reHexly, by a tap on the abdomen, one, or both, of two 
effects may be produced namely, inhibition of the splanchnic vaso
constrictor centres (whereby the abdominal veins become dilated), or 
stimulation of the cardiac inhibitory centre (vagus), whereby the beat 
of the heart is arrested. There are indications that in man either of 
these events may lead to syncope—and to sudden death. In deaths 
during operation under chloroform, which appear to come under this 
category,3 it would seem that either or both of these events may be 
responsible; at times death is sudden, through arrest of heart action; 
at others, the heart continues to beat feebly for some time after the 
pulse has become imperceptible (vasodilatation).

What, then, is the difference between temporary syncope and more 
prolonged shock? In both we have indications of local splanchnic 
vascular dilatation and of cerebral disturbance, but the one condition is 
temporary, the other of long duration; the one is accompanied In
complete unconsciousness, the other by depression merely of cerebral 
functions. It may be that we are not yet prepared to give the full 
answer. There are, it appears to me, sundry suggestive observations 
pointing to the solution of this question. We have already referred to 
the striking depression of all functions seen in shock. There is no 
perverted metabolism; the blood, it has been noted, is not toxic. Hut 
it is found that easily soluble drugs, such as alcohol, ether, strychnine 
( Roger), produce little effect ; nay, more, they are not absorbed by the 
cells, and, with recovery from the state of shock, such drugs given in 
excess have then produced their physiological symptoms, and have 
even caused death. As pointed out by Wesley Mills* in connection 
with surgical shock, food may remain the whole day in the stomach

1 On Waixl licit* a ml Stay*, National Review, 1889.
2 Practitioner, 11:1873: 246. Collected Pa [tern on Circulation and Renpiralion,

1908:402.
3 Such deaths, it has been noted by several observers, are apt to occur where in 

trivial operations the patient is not brought fully under the influence of the drug 
when the vagus centre is still capable of reflex irritation, hut anesthesia has pro
ceeded sufficiently far to arrest the splanchnic vasomotor constriction which nor
mally follows severe stimulation of a sensory nerve; normally, these antagonize 
each other.

* Brit. Med. Jotirn., 1910: ii.
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undigested. The mere net of dilatation of the vessels must favor 
rather than arrest the diffusion of soluble drugs; that they do not 
act would seem to indicate an actual inhibition of the tissue cells 
and arrest of cellular activities. Even in syncope, as first noted by 
John Hunter, the venous blood may become arterial in hue, but, as Sir 
Lauder Brunton explains, this is seen also in other cases, in which there 
is dilatation of the arterioles; it is not necessarily a sign of arrested 
cell activities in the capillary areas.

Yandell Henderson* ascribes the sequence of changes in the blood 
pressure, the filling of the splanchnic veins, the tachycardia and weakened 
heart beat not to primary vasomotor influences, but to acapnia, or the 
effects of diminished (X)2 in the blood. Exposure of the viscera, he 
shows, is accompanied by exhalation of ( ’()2, and this and mere aeration 
of the abdominal cavity afford the anatomical and clinical picture of 
shock. Bathing the exposed viscera with salt solution saturated with 
C02 prevents the same. We must, however, hold that shock is more 
than acapnia, even if this explains the main symptoms. The dominant 
feature is arrest of I km lily function from profound nervous disturbance. 
Mere i huic vasodilatation and cerebral anemia may easily Ik* 
recovered from; such, and such only, occur in syncope. In shock, if in 
many cases the splanchnic dilatation is secondary to lessened COa, and 
in other cases (as in the klopfversuch) is reflex, the underlying change 
is something more; it is a general inhibition or arrest of the activity of 
the higher nerve centres.

It would seem that we have evidence of this nervous inhibition in the 
“spinal shock” of the lower warm-blooded animals. Divide the spinal 
cord in the dog in the lower thoracic or lumbar region and the reflexes 
of this area below the region of section disappear. The same is true in 
man. but, unlike what happens in man, gradually these reflexes in the 
dog again make their appearance—although the cord still remains 
divided. For a time the centres do not react to stimuli. We have, 
that is, a profound inhibition of centres other than the vasomotor, 
which is, in turn, recovered from. In man the spinal centres are so 
largely under control of those in the brain that, with central stimuli cut 
off, there is no assumption of automatic independent action.

Admitting this, it must also be admitted that the circulatory changes, 
if secondary, are the most prominent features in shock. And here it is 
not merely the diversion of blood into the splanchnic area, and the weak 
heart action that accompanies it, but, as shown by lloy and Vobbett,2 
this diversion leads to changes in the blood itself ami in the tissues. 

By the most ingenious device of simultaneous testing of the specific 
gravity of the blood and tissues these observers demonstrated that in 
the course of shock the specific gravity of the blood becomes reduced, 
while that of the tissues increases. This can only be interpreted to 
mean that during the course of shock the volume of the blood is increased,

» Amer. Journ. of Physiol., 21:1907:126, 23:1908-09:345 ami 24:1909:66.
* Allhutt’s System of Medicine, toe. cit.
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and that at the expense of the tissue fluids. This is in harmony with 
the observations made by Sherrington and others upon the specific 
gravity of the blood following on hemorrhage- loss of blood is followed 
by a rapid fall in the specific gravity of that still remaining in circula
tion, and a similar rise in the specific gravity of the tissues. In other 
words, actual or relative loss of blood in a great part leads to a protective 
passage of laxly fluid into the bloodvessels, tending to preserve the 
circulation. This loss of fluid on the part of the tissues explains the 
development of the facies Hippocratiea, the hollow orbits, the sinking in 
of the cheeks.

In collapse due to hemorrhage there is a similar reduction in the 
specific gravity of the remaining blood; in that due to profuse diarrhoea 
or vomiting, while the specific gravity of the tissues becomes raised, 
that of the blood becomes raised also. The loss of fluid from the tissues 
into the vessels is not sufficient to counterbalance the loss of fluid constit
uents from the blood into the intestinal tract.

Collapse thus differs from shwk in mode of causation, rate of onset, 
and (in some cases only) in the specific gravity of the blood. If the 
main symptoms are identical, and if we ascribe shock to widespread 
cerebral depression, then a like cerebral depression must be present in 
collapse. This we firmly believe to be the case; only, while in shock 
■ice regard the nervous disturbance as initiating the depression, in collapse 
we sec that the depression of the higher centres is secondary to the con
tinued cerebral anemia. We confess, however, that we are not inclined 
to draw too sharp a line of demarcation between these two states, while, 
further, we cannot but recognize that there arc states in which shock 
and the blood changes characteristic of collapse are capable of being 
combined. Thus, as ('rile has pointed out, one of the most sensitive 
tissues in the organism is the parietal peritoneum; severe handling of 
this in laparotomies is apt to bring on rapidly the syndrome already 
described. Nevertheless, Cobbett points out that prolonged exposure 
of the abdominal cavity and of the peritoneum is followed by rise in the 
specific gravity of the blood; there is evidently developed not merely a 
congestion, but a discharge of fluid from the vessels of the affected area.

Lastly, a word must be said regarding the condition of “shock with 
excitement,” rather than depression; this, accepted as an allied form 
by the writers of last century, is apt to be dismissed by more recent 
writers as a bastard due to coincident stimulation of the cerebral centres 
by bacterial products. This we doubt. We have known it develop 
rapidly after a moderately extensive burn of the second degree affecting 
the front of the neck and upper part of the chest, the patient dying 
after six days, with symptoms of cardiac failure. A condition of almost 
maniacal, uncontrollable excitement supervened within an hour. The 
patient in this case presented a history of long-continued mental insta
bility. We would only point out the familiar fact that sensory stimuli, 
which in one series of cases lead to inhibition of sundry centres, in 
another series of cases may produce, on the contrary, irritation of those 
same centres.





PART IL

THE TISSEE CHANGES.

CHAPTER XI.
THE PHOGKEHSIVE TISSVE CHANGES: HYPERTROPHY.

Thus fur we have regarded morbid processes essentially from the 
aspect of their causation, discussing the changes brought about in the 
tissues by one or other order of disturbances. Hut these processes 
may be regarded from another point of view—one which, for an ordi
nary grasp of the subject, is most important—that, namely, of distin
guishing and classifying these processes according to the alterations they 
produce in the tissues themselves. Or, briefly, while up to the present 
we have regarded these processes from the point of view of the irritant, 
from now on we shall regard these from the point of view of the tissues.

For any tissue, and for the cells of that tissue, there is a certain normal 
condition; within the limits of that condition we have the healthy state; 
outside of these limits, disease. Studying what are the factors deter
mining this state of health, we recognize that these are two in number: 
(1) the nutrition of the cell, and (2) the functioning or activity of the 
cell. These are closely dependent the one upon the other. The more 
we study the more we realize this interdependence.

It is obvious, in the first place, that for the cells to remain healthy and 
active they must have nourishment; otherwise the destructive processes 
associated with life will exceed the constructive, and atrophy will ensue, 
and eventual death. Further, this nourishment is not a mere passive 
process. Absorption is active; the food taken in before it can be used 
up in the manifestation of the various forms of energy and of con
struction, must become part of the protoplasm of the cell.

'I'lie mere presence of a food molecule within the cell neither yields up 
energy nor increases the amount of living matter. It has to undergo 
dissociation, and some portions of the molecule, whether temporarily 
or more permanently, must become directly bound up with the living 
matter of the cell. And here, while discussing nourishment, it has to be 
remembered that quality as well as quantity of the absorbed material 
has to be taken into account. Molecules of one order may supply 
energy to the cell *?x, whether active or latent (bound up in 
the assimilated material); of another order, may so act upon the cell24
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substance ns to withdraw energy or inhibit molecular activities, acting 
as toxic agents.

As regards function we recognize that up to a certain point the more 
active the cell the more extensive are the chemical changes proceeding 
in the protoplasm of the cell, and, with this, the more active the absorp
tion of new material. Within certain limits, that is, increased activity 
becomes associated with increased assimilation. Contrariwise, dimin
ished cellular activity demands diminished nourishment. Thus, the 
condition of the cell, healthy or otherwise, depends directly upon the 
functioning of that cell—a law applicable not only to the unit cell, but 
to the organism or individual as a whole.

As we have pointed out (p. 101), cell and organismal growth is inti
mately connected with the interaction of these two factors. Having 
already so fully discussed this subject of growth, we shall not enter into 
the matter in detail. We would, however, emphasize here the fact 
that a grasp of the factors influencing growth is essential for a proper 
understanding of the conditions we are about to discuss. That we 
possess a full knowledge of the factors underlying cell growth and cell 
shrinkage in all their aspects we do not in the least pretend to suggest; 
there is much that still remains to be determined. We do not know 
what it is that permits one cell, like the bird’s ovum, to accumulate an 
enormous store of food material, and another, though bathed in nutri
tious fluid, like the bird’s leukocyte, to remain small. We do not know 
what is the normal inhibitory force preventing a cell from developing, 
it may be for months or years, or the force which suddenly stimulates 
that cell to undertake active growth and proliferation. At most, 
obscurely, we see a progressive , as it were, of environmental
conditions, which modify the forces acting upon that cell from without. 
We are still debating, without having arrived at any sure conclusions, 
what are the forces which permit the regeneration of a part to proceed 
until the new development may reach, but does not exceed, the size of the 
lost organ. / There are, however, certain general principles which we 
can recognize as being in action : that inadequate nutrition or lack of 
exercise of function, either of them, may lead to inanition and shrinkage 
of the cell unit to such a point that function is wholly arrested, and 
death may ensue;lthat excessive activity may lead to such using up of 
the cell substance that the absorption cannot keep pace with the disin
tegration, from which cause, also, cell death may ensue; that there 
develops an equilibrium between assimilative and functional disinte
gration such that the normal fully developed cell may remain for long 
in slain (jun; that stimulation and functional activity somewhat above 
the normal, accompanied by adequate nutrition, may lead to growth, 
until again an equilibrium is reached (p. 109); that, also, an equilibrium 
tends to become established between cell mass and cell surface, nuclear 
mass and nuclear surface of such an order that the accumulation of 
living matter within cell and nucleus is beyond a ceratin point self- 
inhibitory (p. 30), or is apt to be followed by cellular and nuclear pro
liferation (p. Ill); that storage of energy, which is implied by growth
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and accumulation of cell material, and dissipation of energy, which 
inevitably accompanies functional activity, are opposed processes, 
which can only occur simultaneously within narrow limits (p. 103); 
that specialization of the cell through and for the performance of func
tion in itself limits growth and proliferative capacity (p. 140); so that we 
find that the highly differentiated cell, as such, does not proliferate, and 
that the actively growing vegetable cells of the organism are either 
those which have never undergone specific differentiation to any degree, 
or, having been differentiated, have reverted to the undifferentiated, 
vegetative type. These are general conclusions which it is well to keep 
in mind. Here, as bearing directly upon the causation of pathological 
overgrowth, it is necessary to call attention to a controversy which dates 
back for its origin close upon twenty years, and which is still smoulder
ing, upon the primary cause of that growth. We confess that we do 
so with some impatience. It seems to us that it is an outcome of over- 
specialization; that greater breadth of view, in the first place, and 
comparison with physiological growth in the lower and particularly 
the unicellular organisms would have indicated that the position on 
the one side was untenable. Nevertheless, the debate has had the good 
result of leading to many valuable observations.

In 1<S8!) Weigert1 laid down as the result of general consideration of 
the relationship .of functional and vegetative activity, that pathological 
tissue growth “only occurs when, from any cause, there is disturbance 
of the reciprocal normal equilibrium of the tissue and tissue elements, 
and when the physiological restraint is removed which one tissue element 
exercises upon another.” 'I'llere cannot, that is, be a direct stimulus 
of growth outside the cell; the tendency to grow is within the cell, 
and this is restrained by environmental conditions; these environmental 
conditions must be removed, the resistance diminished, and then pro
liferative changes show themselves. So great was Weigert’s ability 
and authority, that his dictum was for a considerable time generally 
accepted, and conditions which, prima facie, appeared to lie examples 
of growth due to stimulation were by lunik or crook explained accord
ing to his hypothesis, even to the extent of explaining the giant cell as 
primarily due to defect in the cytoplasm, whereby the restraint was 
removed from the nucleus, so that now this proceeded to undergo direct 
division.

Ribbert2 has expanded this hypothesis; he acknowledges that many 
factors bring about restraint of growth, not alone cell pressure, but 
relationship to the vessels and nerves, and differentiation for func
tional purposes; in short new-growth on the part of the cell is regarded 
as being initiated by one and all the disturbances in function or cell 
relationship which disturb the equilibrium between the cells forming a 
tissue, lie, too, it will be seen, denies that direct stimuli from without 
can initiate growth.

1 Fortsch. d. Med., 1889 : No. 10. This, it may lie added, ia in op|io8ition to 
Virchow.

* Virch. Arch., 160:1897:891.
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But what is the cause of growth in unicellular organisms? Is it not 
obvious that when an anarlm ingests a food particle it does so in con
sequence of a stimulus from without, that such stimulus precedes assimi
lation, and it is the assimilation that is the first step in growth and pro
liferation? Studying also these lower forms, animal and vegetable, 
we observe that physical and chemical agencies, acting from without, 
are capable of stimulating growth; that increased temperature renders 
it more rapid; that, as Jacques Loch has shown, alteration of the sur
rounding medium will initiate the nuclear and proliferative changes in 
the ovum of lower forms of life, even in the absence of fertilization. 
And if thus clearly direct external stimuli can initiate growth in the 
lower unicellular organisms, what reasons are to be adduced against 
their doing so in the multicellular organisms? As a matter of fact, there 
are numerous instances of increased proliferative activity in the warm
blooded animal that can only be explained as brought about by direct 
stimulus. These have been well summed up by Levin1 and by 
Marchand.2

How, as Marchand points out, are we to explain the regeneration of 
the red corpuscles and the appearance of nucleated erythroblasts in the 
red marrow, following upon extensive hemorrhage, by the Weigert 
hypothesis? There has been no alteration of the surrounding cells. 
Or how explain the hypertrophy and hyperplasia, the overgrowth in 
cases of exercise and increased work work hypertrophy? As we have 
already noted, and as we shall note again in discussing work hyper
trophy, we are compelled to recognize that, within certain limits, 
increased function and the stimulus thereto is followed by growth; 
that, though beyond those limits cell work leads to a greater dissocia
tion than assimilation, within those limits it favors growth. Thus, 
increased strain leads to growth. There may be, similarly, what Mar
chand terms a tactile stimulus, instancing the thickening of the epithe
lium upon exposed surfaces, and, as well shown bv Bizzozero and IVnzo’s* 
experiments, increased temperature favors increased growth.

They showed that if one ear of a young rabbit be kept at 12° to 15°, 
the other at 37° to 39° ('. for a fortnight, the latter might become 1 cm. 
longer than the former, and skin, hair bulbs, and glands showed pro
nounced proliferation.4 So, also, that if they caused symmetrical frac
tures of a metacarpal bone, warmed one extremity and cooled the other, 
in forty-eight hours in the region of the one fracture the periosteum 
showed abundant mitoses, while around the other there was none.

There are, also, the instances of chemical stimulation. How, for 
example, is the endothelial swelling and proliferation in the vessels in 
cases of inflammation to be accounted for by the Weigert hy|X)thesis, 
or the marked swelling and proliferation of the endothelium of the 
lymph glands throughout the body, so abundantly demonstrated by

1 Journ. Mini. Hvnearch. (I: 1901:14A.
1 Din Wiindheilung, IxMpzic, 1001 : SO. 3 (iaz. Med. di Torino, 42:1891:242.
4 Saeenlotti, by similar means, obtained increased growth in length of one lower 

extremity as compared with the other.
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Mallory in cases of typhoid and by J. McCrae in cases of burns? This 
we can only ascribe to the circulating toxins. We can induce similar 
proliferation by the inoculation of toxins. I low explain the growth of 
the mainline in pregnancy? There is here no removal of cell restraint 
(p. 303). How, lastly, by this hypothesis, are we to account for tin- 
fact that free cells remain small that the different forms of leukocytes, 
for example, circulating in the blood do not actually proliferate, and 
that when we excise a part of the brain, for example, although restraint 
is removed, the nerve cells show no sign of proliferation?

We are forced to admit that there can come into action an external stim
ula* to act ice cell grouih. This, however, by no means necessarily means 
that tissue tension is not a factor in arresting growth, or that the inter
relationship of the different components of a tissue is not of influence; 
only, for example, so long as the eti pies develop or dilate at the same 
rate as the specific cells of a gland can those cells continue to prolif
erate. With Ribhert, we must acknowledge that these are factors; 
only, over and above these restraining influences, there may be a direct 
stimulus which at times is sufficiently powerful to neutralize that restraint.

It follows from the above considerations that there is a relatively large 
number of combinations of conditions which may lead either to cell 
overgrowth or to cell shrinkage and degeneration. Leaving out of 
account those conditions in which there is equilibrium between func
tional activity and nutritional supply, we may have : ,

1. Normal functional activity of the cells, with increased nutrition,/
2. Increased functional activity of the cells, with increased nutrition 

and assimilation.
3. Reduction in the external forces inhibiting cell growth; diminished 

tissue tension.
4. Normal functional activity, with reduced nutrition.
">. Normal functional activity, with perverted nutrition.
(». Increased stimulation and functional activity of the cells, with rela

tively insufficient nutrition (including here overstimulation of the cells).
7. Arrest of function of the cells.
5. Increase in the external forces arresting cell growth.
These conditions, it will be seen, fall into two groups, which we may 

entitle the progressive and the régressif cell and tissue changes. A 
third group is to be noted in which we have to deal, not so obviously 
with changes in the living cell matter of the cell as with alteration in 
the paraplasmic matters stored within the cell. Such alteration, either 
of excess or defect, we find to be either due to, or to lead to, regressive 
changes in the cell substance proj>er; it is thus usual to include them 
among the regressive changes.

Lastly, there is the important series of cases in which we observe 
excessive cell overgrowth without our being able as yet to state with 
precision what is the primary cause. These we include, naturally, 
among the progressive changes, but with this admission.

Of these progressive changes we meet with several forms; these we 
will consider in order.

6
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OVERGROWTH.

pse ml oh y pert rophy must here 
no overgrowth in flit* specific

The overgrowth of a tissue in which the individual elements retain 
their physiological relationships and functions may be manifested either 
by an increase in the size of the individual elements simple hyper
trophy or by an increase in the number of those elements —hyperplasia 
(or as some would term it numerical hypertrophy) or in the two com
bined. Vet another condition of increase in the size of organs

be i“ jshed. In this we have 
elements ; but, on the contrary, an 

atrophy of the same, with replace
ment in excess by another tissue. 
Thus, in pseudohypertrophie par
alysis, the great size of the muscles 
is seen to be brought about by an 
excessive interstitial deposit of fat 
cells, with accompanying degenera
tion, and, in the main, diminution in 
the number and in the size of most 
of the muscle fibres. “Hypertrophic 
cirrhosis" is, in almost every re
spect, an unfortunate and mislead
ing term; the condition most often 
indicated by this term is truly a 
pseudohypertrophy of the liver or 
a hyperplastic cirrhosis or fibrosis 
of the organ.

In other words, in speaking of 
the hypertrophy (or hyperplasia) of 
an organ, it is, for the sake of clear
ness, necessary to regard the sjiecitie 
elements of that organ, and refer to 
them only. In the liver, for ex
ample, while connective tissue is a 

normal constituent of this or every other organ, it is but the framework 
the liver cells are the important specific constituents.
Once again we have to deal with imperfection of our pathological 

terms. “Hypertrophy" is employed loosely and commonly to desig
nate all forms of overgrowth in which the elements retain their physio
logical relationships and functions no matter whether there is increase 
in size or number of the same. Even if we overlook this, the term is 
in itself indefensible; its etymological meaning is “overnutrition;" 
thus, in itself, it is false, for overnutrition is, we now see, not the essen
tial cause of the condition it connotes. The term is, however, so gen
erally employed that we cannot cast it off, but must continue to employ 
it, regardless of its primary significance.

Such overgrowth may be either inherited or acquired. We have

l.ongiluilinnl Mpi’lion through mumle of rulf 
of Ipg in pMpiuh>h.v|H»rtropliic paralysis. The 
in uncle fibre* exhibit atrophy, the im-reaMe in 
hulk is iluc to the excessive development of fat 
veils. (Orth.)
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already considéré» 1 the first group, the general or local giantisms, as 
also llie inherited overgrowth of individual tissues, when discussing 
anomalies (p. 227). The considerations then brought forward throw 
some light upon certain aspects of the acquired condition, which, first, 
we will pass in rapid review, and later discuss as regards the causes 
which have been in action leading to this development.

Acquired Overgrowths. Of these the majority appear, as we shall 
point out, to come under the heading of functional or v'ork !:>jpcr- 
trophirn, increased demands upon the tissue and increased activity, 
coupled with adequate nutrition, being the feature noticeable their 
production; and in these we pass from examples purely physiological 
to those wholly pathological. Thus, at one end of the series must be 
placed the pregnant uterus.

1. Physiological Hypertrophy.— The overgrowth, both hypertrophic 
and hyperplastic, of the uterine musculature during pregnancy is most 
remarkable. The plain muscle fibres, according to Kolliker, become 
seven to eleven times as long and four times as broad as in the resting 
normal uterus. Associated with it we note: (1) Increasing distension of 
the cavity of the womb by the growing embryo, with pressure upon the 
walls; (2) greatly increased blood ? y; (3) initiation of muscular 
contraction (from a very early period in pregnancy palpation shows that 
the muscle undergoes slow periodic contraction).

Other causes of distension of the uterus—fibroids, retained menses 
which are unaccompanied by any pronounced increase in vascularity, 
result also in hypertrophy. The increased nutrition, therefore, cannot 
be regarded as the primary cause of overgrowth.

Next, we have a series of cases in the borderland between the physio
logical and the pathological: the blacksmith’s arm and the excessive 
development of muscle by exercise—a development which may 
approach the abnormal.

Here there can be no question concerning increased functional ac
tivity, coupled, we may add, with corresponding increase in nutrition, 
for, as is well known, coincident with more active contraction of the 
muscles there is increased circulation through them.

Nor is muscle the only tissue that undergoes growth as a result of 
increased work. The strain brought to bear on the bones leads to 
increased growth of the tissue, showing itself more especially along the 
ridges and tuberosities of muscular attachment and muscular “pull.” 
And, as we noted in discussing fibrosis (p. 451), the remarkable over
growth of connective tissue following tqton lymphatic obstruction, or in 
the walls of the bloodvessels following upon increased blood pressure 
and increased tension (when not extreme) comes in the same category.

2. Adaptive Hypertrophies.- Allied to the above conditions, and clear 
examples of functional hypertrophies, are what we would term the 
adaptive hypertrophies. When there is obstruction to outflow, the 
muscular walls of hollow viscera are apt to undergo great hypertrophy.

Knlargement of the prostate, with obstruction to the passage of 
urine, or, again, stricture of the urethra, leads to great hypertrophy 

38
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of tin* bladder, ilu» individual muscle fibres being found twice as broad 
as normal ; this, again, when the obstruction is not extreme; where it 
is, hypertrophy gives place to dilatation of the viscus and thinning of the 
walls. In like manner, stenosis of the (esophagus induces hypertrophy 
of I lie upper (esophageal muscular coat ; of the pylorus leads to hyper
trophy of the stomach ; narrowing of the rectum or of the bowel at any 
point to hypertrophy above that |>oint. Quite the most common and 
characteristic example of this class is afforded by the hypertrophy of the 
heart which follows upon narrowing of the valvular outlets or obstruction 
to the arterial circulation. As Bollinger showed in the case of the 
Munich “beer heart," a like hypertrophy follows an increased load, 
Z. r., a larger amount of fluid to be propelled through the vessels.

.1 n

I. normal heart of ralihil ; H. hy|ierlro|»hivil heart of rnhliit due to re|tcaled inoeulatioii* with 
Ninall doM'M of adrenalin extending over neveral week». The adrenalin enuae# eontraetion of the 
nrteriolea, heightened hlooil prewure. and inerea*ed heart work. ( From specimen* hy I'rof. Klot* 
in the Mi-dill Medical Maseiun. Natural size.)

The increased work leads to a very rapid overgrowth, both of the size 
and the number of the muscular elements. The organ, which, normally, 
in man weighs from 250 to .‘{(H) grains, may come to weigh as much as 
11)80 grams. (Stokes’ ease). Here it must be noted that the hypertrophy 
is relatively much greater when brought about in the young individual, 
in whom the thickness of the right ventricle may come to equal four 
times the normal.

Closely allied is the overgrowth of the middle coat of the muscular 
arteries (as in the kidneys) in eases of increased blood pressure. In 
every one of these cases the increased work is of the nature of increased 
strain or tension acting on the individual cells of the tissue.

It. Compensatory Overgrowth. Such muscular overgrowth is fre
quently referred to as compensatory, as, indeed, to a certain extent, it 
is. We prefer, however, to distinguish it as adaptive, and to employ 
the term compensatory for another series of eases, in which there is
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overgrowth of tissue to make up for Am of tissue of the same order. 
Of such, many examples may he cited. If parts of several organs he 
removed, the cells of the remaining parts become enlarged (simple hyper
trophy) and undergo proliferation (hyperplasia), and, as in the thyroid, 
collections of cells which had been in a latent or persistent embryonic 
condition develop into fully formed active constituents. Thus, as 
Politick showed, if three-quarters of a rabbit's liver be removed, the 
remainder may hypertrophy in this way until it attains the size of the 

organ. < )r, again, if one of a pair of organs be (a) congeni
tally lacking in development, (A) destroyed by disease, or (c) removed

No**

R Kidney

L Kidney

<'oiiipciuMitory hypertrophy : It. Kidneu. ••ougrniinl h.vin>|i1nitin; /.. Kulnru, compensatory 
hyiiertmphy (length. 14.5 cm ); A'nrm,, a normal adult kidney (length. 11.0 cm.). (Outlines 
drawn to scale from specimens in the McGill Medical Museum.)

experimentally or surgically, the other in a very short time shows 
enlargement, until it approximates toward the size and the weight of 
the original pair combined. And even, as has been demonstrated in 
the case of the thyroid and the kidney, if, after such hypertrophy of the 
remaining single organ, half of that be removed, the remaining quarter 
will still show great overgrowth. When, for example, one lung, or the 
kidney, through some intra-uterine disturbance, fails to undergo develop
ment. the other half is found greatly enlarged; the same is true where one 
kidney or one testicle is the seat of destructive disease or injury to its 
blood supply, or where the kidney or testicle is removed by operation.

It may, indeed, be laid down that in all the paired organs of the body

21
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one member of the pair is eapahle of undertaking the work of both, 
and in doing this undergoes hypertrophy. Indeed, in the brain there 
are indications that, as regards several centres, one is active and the 
other largely latent, so much so that through disuse it may later, if 
called upon to work by the destruction of tin* active member of the 
pair, be unable to respond wholly. This, however, is not the ease in 
intra-uterine or early life, when, in addition to the hypertrophy, it would 
seem that hyperplasia can also occur in the nerve cells, though Inter this 
latter becomes impossible.

It may be laid down that in all I hr /tairai or (/ans of the bod/y one mem
ber of flic Imir in capable of undertaking the irork of both, and, doing 
increased irork, undergoes hgperlrophg.

Certain limitations have to be made to this statement. One has 
already been indicated in the case of the brain centres. A more correct 
statement is that primarily one member of a pair has this capacity. 
In general, it may be laid down that, while hypertrophy occurs thus, 
complete compensation only shows itself in intra-uterine life. The es
tent of the compensation is modified by the age of the tissues, as, 
is the rate of compensation. The younger a tissue the greater its 
capacity for growth; the older, the less. It is in cases of congenital and 
youthful valvular disease of the heart that we encounter the greatest 
cardial hypertrophy and hyperplasia; in eases of congenital absence 
of one kidney, that the other shows the greatest overgrowth. Only in 
these eases do we find one kidney attaining the volume and weight 
normal for the pair of organs. With removal or destruction late in life 
the compensation is much less complete, and, being slowly established, 
death may be brought about by disturbance of function.

11ypertrophy versus Regeneration. A distinction must in these cases 
be drawn between hypertrophy and regeneration. It is not, it is true, 
perfect, because wherever hyperplasia occurs, there we have a regen
erative process, and, in addition, a most typical regeneration often 
to some extent accompanies the hypertrophy where there has been 
loss of a portion of an organ. The feature, however, of hypertrophy 
is that, in an organ made up of cell complexes, the number of these 
complexes is not increased. There is no increase, for instance, in the 
number of liver lobules in the hypertrophying liver, or of glomeruli in the 
kidney undergoing compensatory hypertrophy (save in very early life); 
the complexes enlarge and become more cellular larger liver
lobules, larger glomeruli; increase, not in number, but in length, of the 
renal tubules. In regeneration, on the other hand, new cell complexes 
become budded off from the old. As might be expected, the more com
plicated the structure of an organ, and the greater the " cr of tissues 
entering into its eoni|M>sition, the less is there of orderly regeneration, 
the more pronounced is the hypertrophy. But even in the liver, part 
of which has been destroyed by removal or disease, as in tin*
kidney, we gain evidence of an imperfect regeneration.

4. Vicarious Overgrowth. In yet another series of cases the com
pensation is more indirect; where one organ fails, there is overgrowth
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affecting organs of another on 1er, though apparently of ailin' 
these organs vicariously work of the diseased, destroyed,
or overworke<l tissues. One of the clearest examples of these eases 
has been a Honied by Rogowiez and Boyce and Beadles,1 who have 
pointed out that where the thyroid gland is atrophied or removed, 
the pituitary " undergoes definite enlargement. There is a certain 
amount of evidence of similar relationship Between the thyroid and 
the thymus, while, acconiing to some observers, atrophy of the pancreas 
is accompanied by enlargement of Brunner’s glands in the duodenum. 
Where the spleen has been removed, the bone marrow and certain 
lymph nodes appear to take on some, at least, of its functions, becoming 
enlarged, more particularly the hemolymph glands;2 while the enlarge
ment of the spleen occurring in certain cases of anemia and the changes 
then recognizable in the same are regarded by I,cube and others as 
vicarious to this extent, that normally the spleen is a blood-building 
organ during foetal life only; now, when the bone-marrow, the main 
source of ml corpuscles during adult life, is inadequate to supply these in 
sufficient quantity, the spleen comes into activity and shows hypertrophy.

f). Irritative Overgrowth. I have already dwelt upon the fact that 
substances which, in larger amounts and greater concentration, are 
toxic, leading to degeneration of the tissues or arrest of function, often, 
in smaller amounts, act as direct stimuli to the cells and one of the 
effects of this stimulation of the cells to increased activity may be in
creased growth—this not, of necessity, secondary to tissue destruc
tion as in many inflammatory lesions, but primarily, as has been proved 
more especially by Wegner's observations on the increased growth of 
bone when minute doses of phosphorus are given,3 and those of Ziegler 
and Obolonsky ujam the influence of arsenic and phosphorus on the 
liver and kidneys.4 It will be remembered that a study of the develop
ment of tubercles (see p. 440) proves that, under the action of bacterial 
toxins, there may be a similar local tissue overgrowth induced, and that 
we have evidence that some, at least, of the productive fibrosis met with 
in various organs is probably of a like origin.

Mechanical stimuli, or irritation, of moderate grade may result in 
similar overgrowth. Years ago the late Sir James Paget pointed out 
that, whereas constant pressure, by cutting off the c$ "" ry blood supply 
of parts, leads to atrophy, recurrent intermittent pressure has the reverse 
effect (as in “corns").

(». Nutritional Hypertrophies. It may, however, well be asked whether 
in these cases of toxic irritation leading to cell growth we are not deal
ing -as Virchow held—with increased nutrition, due to hyperemia;

1 See also (ami for bibliography) Herring, Q. Journ. Exp. Physiol.. 1: 1908: 281.
2 l or these, see more particularly Swale Vincent, Proc. Physiol. Soc., 1898: xl, and 

Warthin, Contrib. In Metl. Rcxenrch (Vaughan Pestschr.), Ann Arbor, 1903: 216. 
Meek, however (Q. Journ. of Med., July, 1910), brings evidence to show that the 
hemolymph nodes are not distinct organs, but lymph nodes with, it may be, only 
temporary alteration of circulation.

3 Virchow's Arch., 55:1872: 11. 4 Ziegler’s Beitriigc, 2:1888:291.
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whether the presence of the toxin in the cell does not lent I to increased 
nhsorption and assimilation on its partY This may well lie, Imt the 
entrance of the toxin is the primary event, and acts as the stimulant. 
If, however, we regard toxins, like other assimilated bodies, as potential 
foodstuffs, then we, perhaps, solve a long-standing difficulty. We refer 
to the following:

Mere lu/pereniia, alone, line lo increased arterial Idood jxissimj to a 
jtarl does noI lead lo hypertrophy. Or, otherwise, the mere abundant 
bathing of the cell with its ordinary nutritive fluid, without coincident 
call upon that cell to increased activity, does not cause it to grow. This 
fact is difficult to explain, nor do we know that we can offer an adequate 
explanation, there being one apparent exception that is classical. We 
refer to John Hunter’s experiment of grafting the cock's spur on to the 
cock's comb, when, within a few weeks, the spur grows to a relatively 
enormous size. And the experiment has been confirmed by more than 
one modern observer. Here the point that immediately strikes one is, 
that the spur comes from a relatively lion-vascular region and is implanted 
in most vascular erectile tissue. The increased hyperemia appears to 
lie an essential factor in the overgrowth. There is this difficulty, how
ever, that a few weeks later the spur begins to shrink and atrophy, and 
ultimately drops off. What relationship has this to the hyperemia ? 
In speaking of implantation we shall meet with similar examples of 
preliminary overgrowth followed by atrophy. Not, by any means, all 
tissues exhibit the phenomenon when transplanted, nor even all embry
onic actively vegetative tissues. It is not the mere hyperemia of the 
region of implantation, therefore, that induces the overgrowth. Some 
additional factor has to be invoked, and the only factor that can be 
•suggested is that the blood, even the arterial blood, as it passes through 
different regions, becomes modified here it has more oxygen, there 
less; here there diffuse into it, even into the smaller arteries, certain 
substances, there others have been absorbed from it that, in short, 
the transplanted tissue receives a different pabulum from the normal, 
and that in some eases this in itself acts as a stimulant to active assimi
lation and growth. The mere diffusion of fluid into and through a cell, 
if the matter contained in that fluid is not taken up by the cytoplasm, 
does not favor growth. Assimilation is an active, we might say cheniio- 
taetie, process, depending upon the state of the cell at the time and the 
nature of the substance presented to the cell. Where a cell is not, by 
nervous or other mechanisms, stimulated to activity from without, and 
is in a state of equilibrium, it requires some abnormal constituent of the 
absorbed fluid to disturb that equilibrium and favor either increased 
building up, or increased breaking down of the cell substance.

If these views be correct, then there may be a nutritional hyper
trophy, just as there may be^a toxic degeneration of the cells, and John 
Hunter's experiment ami the cell growth set up by dilute toxins fall 
into a common group.

In this group there are to be included also the tissue growths occur
ring in tnyxmlema, acromegaly, and osteo-arthropathy. In the first
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two of these we observe that there is an intimate r< ‘ etweeii
the symptoms in general anil disturhanee of the internal secretions; 
the third in its general characters exhibits so strong a family likeness 
to the other two that we must associate it with them.

Myxadnna is brought about bv atrophic disease, arrested function, 
or removal of the thyroid gland, and its main symptoms appear to be 
brought about by absence of the internal secretion of that organ and 
accumulation of products in the fluids of the body which arc normally 
neutralized by that internal secretion, for if thyroid extract be exhibited 
the symptoms disappear. It has been noted that in the earlier stages 
of the disease there is increased interstitial mucin in the subcutaneous 
connective tissues; later, this gives place to an hypertrophic fibrosis.

Similarly, ammeyaly, in which there is a remarkable overgrowth of 
the bones of the head and extremities, has frequently been found to be 
associated with extensive disease of the pituitary laxly. That this con- 

is of the same order as, and allied to, myxmlema was strongly 
suggested by a case in the wards of my colleague, Professor James 
Stewart, in which tumor of the pituitary laxly was diagnosticated, but in 
which a inyxmlematous condition of the ‘ " < replaced any bony
enlargement. At autopsy we discovered a large endothelioniatous tumor 
of the pituitary.

The main feature of ost co-arthropathy is bony overgrowth of the 
extremities developing in adult life, secondary to chronic disease else
where. Marie, who first described the condition, regarded it as essen
tially secondary to chronic lung disease, and gave it the to|>-hcavy name 
of "osteo-arthropathic hypertmphiante pneumonique.” Cases have since 
been described in which the lungs have not been found involved.

Yet another class of cases is jxissihly to be included here. We refer 
to the so-called nymjmthctic overgrowths. These are largely physio
logical; the most marked example is the development of the breasts 
during pregnancy. We have no evidence that the nervous system is 
the exciting cause in these cases. The serves, it is true, as in the case 
of muscles, may, by stimulating to increased function and dissociative 
activity, secondarily induce overgrowth, but in the cases under considera
tion the growing cells are not, so far as we can sec, functionally active, 
and the tendency is to regard the effective stimulus as of an internal secre
tory nature, the increased assimilation and cell growth and proliferation 
being induced by ji ts circulating in the bhxxl. This view has 
recently received striking confirmation from certain experiments by l.ane- 
('laypoll and Starling,1 in which it was shown that, by iiuxidating non
pregnant animals with an extract of fœtal tissues, enlargement of the 
mamma* is brought about (see p. 3(13).

If we regard this subject of nutritional hypertrophy in its broadest 
aspects, we see, as a matter of fact, that abundant nourishment has not 
led to the development of individuals of fullest growth. As ‘ s 
and strawberries, so with races of men, the best developed are found

1 Proc. Hoy. Sue. Hi,,I., 77: HMfi: .W>.
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near (lie limits of lolvralilv existence. Not in the Impies, lint in the 
upper ' rate zone, do we find the races of men of the highest stature 
and best bodily development. The intestinal parasites bathed in food 
already partly digested are degenerates compared with the non-pa ra- 
sitie members of the same orders. Where food is easily obtainable, 
that very ease reduces the need of active exercise, and want of use leads 
to diminished development. Activity and function in the cell, as in the 
individual, mean more active metabolism, better excretion of waste 
products, and better conditions of growth.

Passing beyond the limit in which active exercise assures good food 
to within the arctic circle we come again on small races of men. There 
is a certain mean between nutrition and activity of the tissues that is 
favorable. Abundant nutrition, with active exercise, seem to
alford the conditions. We have iudicatixl that in some cases
it may be that increased nutrition, when it is of such an onler as to lead 
to increased anabolism, may thus lie the stimulus to increased activity 
on the part of the cell, but in the Majority of instances the reverse obtains; 
increased functional activity precedes and leads tit overynnvth. We would 
again recall what we have already emphasized, namely, that excessive 
functional activity has the very opposite result. There may be disso
ciation of the cell substance and liberation of energy beyond the com
pensatory assimilative capacity of the cell.

Simulated Hypertrophy. Finally, we must note some cases, usu
ally included among the hyjiertrophies, which externally appear to 
present some of the most marked examples, which, however, are not 
hypertrophies at all. We refer to cases in which parts persist owing 
to lack of attrition. 'The most market! examples occur in connection 
with the teeth of certain animals. Normally, in these animals, teeth 
that are opposed are undergoing constant and fairly rapid attrition, 
and to compensate for this there is constant growth. If, now, the 
opposed tooth be destroyed, the growth of that which is left proceeds 
without attrition, and the organ may ‘ enormous dimensions. Hats' 
teeth, for example, have been known in their growth upward from the 
lower jaw to curve inward into the orbit or pierce the roof of the skull.
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Loss of substance, however produced, provided it he not excessive, 
and that it does not affect certain “vital areas,” so causing immediate 
death, tends, in all living organisms, to he remedied hv either regenera
tion of the lost tissues, or, as we have already indicated, hv compensatory 
overgrowth of other parts and increase in their functions.

The extent to which regeneration occurs varies greatly in the different 
forms of life. Broadly, it may he laid down, with many exceptions, 
that the simpler ami lower tlir farm, the greater ami mitre complete the 
ea par it g for régénérât ion.

The mere fact, however, that a form is low in the scale of living beings 
does not necessarily have associated with it the capacity for regenera
tion. We find some curious exceptions, in which members of allied 

k species vary greatly in their regenerative capacity. Thus, a more 
accurate statement is, that among simpler forms of life we find the 
greater capacity for regeneration; the lower in the scale, the greater is its

The illustrations of this principle are trite and familiar, the study 
passing back to the observations of Abbe Trembley, in 1740, upon 
the Hydra viridis. His were the first demonstrations that the power 
of parts to grow into the whole organism was a property of animal 
forms as well as of plants. He cut his hydras longitudinally into two 
and four parts, when each became a whole animal, some of which he 
preserved as long as two years; split them along one side when they 
grew together again, bisected the head and gained thus two-headed 
hydras; bisected these again, and gained many-headed hydras. Another 
abbé, Spallanzani, in 17BN, made further advance, obtaining the regen
eration of the head and tail segments of earth-worms when these had 
been cut off. In one experiment he obtained a new head five times 
in the one animal. He showed that in the salamander the tail was 
regenerated, even lost vertebra* being replaced, and that regeneration, 
as of the tad|M>le\s tail, or the limbs of the salamander, is more complete 
the you agir the animal.

The abundant observations of late years have amply confirmed these 
earlier observations. Regeneration has been studied by timber and 
others in the protozoa, in which the sections containing the nucleus 
develop into the complete individual, while noil-nucleated portions 
fail to regenerate,1 in sponges, eoelenterates, eehinoderms, the various

1 The observations of (iruher (Biol. Centralbl., 1904:717, and 1905: 137) and of 
M Xussbaum (Arch. f. inikr. Anat., 2fi: ISKfi: 485) are of special importance in 
establishing this fundamental importance of the nucleus in cell regeneration.
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onlers of worms, crustaceans, arthro|>ods, vertebrates in fact, through 
practically the whole animal kingdom.

It is found that the extent of growth in the normal individual is 
largely a function of relative position and relationship to neigh
boring cells. Remove the obstacle to continued growth by removing 
these neiglilMiring cells, and in the hydra, for example, orally, mouth 
organs and tentacles develop; ahorally, toward the f<Mit, the newlv 
proliferated cells take on the arrangement of the cells forming the foot.

Fig. 17(1

mm
• 1. Hydra split in two. hanging vertically downward; later, the linlxes separated eompletely; 

H. two iNiNierinr end* united by oral surfaces ; IV, hi une, it regenerated two heads, each roin|M»sed
of part* of ImiiIi pit....■<; IV. alworption of one piece leading to a later Heparation of halves; (', two
posterior ends united by oblii|ue surfaces; Inter, one piece partially cut off, an indicated by line; 
C. later still, two heads develo|»ed; I), similar experiment in which only one head develo|*ed; K. 
five pieces united as shown by arrows; four heads regenerated, one Iteing composed of parts of 
two pieces. ( King. )

But the mere inter-relationship of the cells is not the only factor; 
external influences, also, determine the nature of the growth. Thus, 
as shown by Jaetjiies Idieh,1 ycotropiitin may lie a factor. Take a 
tubularian (a form allied to the hydra), cut off the head and foot ends, 
and invert it; place it upside down in the sand of the atpiariiim, and 
now a new head develops from what was the foot end, a new foot from 
the original lieatl end. Indeed, so sensitive are these organisms to 
posit it mi that, if the jMisition of the whole animal in the water be 
reversed, the foot end, even though uninjured, becomes converted

Amer. Jour, of Physiol., 4: PNNI; (in.
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into a head. We dwell on these facts Iavalise certain observers, study
ing regeneration in higher animals only, deny this influence of external 
agencies to stimulate growth. The ultimate function of a cell and its 
capacity to proliferate are functions (1) of it* jxmition relative to other 
veils, and (2) of the action upon it of externaI physical and chemical 
ayeucies, as well as (3) of its primary constitution.

A very full consideration of regeneration throughout the animal 
kingdom is afforded by Morgan's work upon Regeneration,' which well 
deserves perusal. Some of the most interesting and valuable recent 
studies have been upon the vermes, notably upon the flat-worms ( Trem- 
atodcs), by Morgan, Flexner,z and others. Thus, as indicating the

Km. 177

lleteroimirplinnis: regeneration of an antenna In replace an eye in the ennttaeenn Pnlinurut. 
(Herlwt.)

influence of one tissue upon the other, it has been planarian
head only undergoes perfect regeneration when the ventral nerve gan
glion has not been destroyed. Similar observations have been 
in the earth-worm. Alliisl to this is the remarkable phenomenon of 
heteromorphosis.1 * 3 In certain crustaceans, for example, if one eye be 
removed, there develops in its place, not a new eve, but an antenna-like 
organ, unless the yanylion cells connected with the eye hare hern left be
hind, in which case an eye is redeveloped. From these facts it would 
appear that, while the nerve cells do not initiate the rcycncrativr process, 
they may injlurnee the ultimate cell relationships and functions.

1 New York, Macmillan, l!Ml.r>; sec also his studies upon regeneration of l’lanurians, 
Arch. f. Kntwickelungsineeh., 7:1898:304.

1 Jour, of Morphol., 14:1898:337.
,1 This is also described as hcIvrnjiUma, hut this latter term is also used to indicate 

a somewhat different phenomenon (see p. (ill).
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( )hvimis|\ , il is nut the active functioning of (lie cells dial initiates die 

regenerative process, for, in die earliest stages of a regenerating eye or 
limli of an arthropod, die new parts are, obviously, of
functioning.

In the higher vertebrates and in man this capacity to reproduce lost 
/xirls and lost organs is wholly wanting. At most, we recognize the 
capacity to reproduce lost tissues, but this only within certain limits.

1. If an organ he com/tliivly removed or destroyed it cannot regenerate. 
Where portions have been destroyed or removed, the remaining parts 
may proliferate and bring about regeneration. With development, 
that is, the cells forming the anlagen of the different organs become so 
speeializnl that other cells cannot take their place. Remove a whole 
hone, and it is not replaced; leave what we have termed the cambium 
layer the periosteum and this may reproduce the lost substance.

2. The higher anti more special iztd the tissue the less its ea/meity for 
regeneration. Portions of nerve cells, nerve fibres, may grow again 
after destruction, but not the whole neuron. Muscular reproduction 
is very imperfect, as is that of most glands. When we consider that 
the regeneration of an organ means that not one but several tissues 
must undergo coordinate development, the higher specific cells of 
the organ, the connective-tissue framework, the vessels, and the nerves 
all assuming particular relationships, it becomes marvellous that so 
elalforate a part as the limb of a crustacean can In- reproduced, and 
not difficult to realize that, in man, organs like the liver, while they 
may hypertrophy, do not regenerate. It is only simple glands, like 
the salivary glands and, to some extent, the thyroid, that actively re
generate, and that by a process of budding fron the preexisting ducts, 
and even then the regeneration is imperfect, and as the new-formed 
connective tissue contracts, the new acini are apt to atrophy.

Morgan, in his Harvey lecture, New York, 1IHM», comes to the same 
conclusion, as an explanation of the lack of regeneration of parts in the 
higher animals. The tendency on the part of the newly formed eon- 
neclivc tissue to contract, and so induce atrophy of other cells, is, in our 
opinion, the main hindrance to adequate regeneration.

In the liver, after the removal of a part, the surrounding bile ducts may 
give off cell processes, but, again, the new connective tissue arrests 
development into acini proper. The only cases in the liver in which 
true regeneration occurs an* those of acute atrophy, with complete 
destruction of the specific cells. In these the framework is retained, 
and here, from both cells and bile ducts, regeneration may occur 
regeneration, that is, of the old lobules (Ribliert). In the kidney, as 
pointed out by <ialeotti and Santa,1 true regeneration occurs in very 
young animals, the organ showing an increased number of glomeruli 
(and, therefore, of tubules); in older animals, there is purely hyper
trophy. We here have the working of Spallanzani's law, that regener
ation i< more complete in the younger individual. In the skin, the hairs,

1 Ziegler's Iteitr., HI ; I'HIJ: 121.
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sweat ami sudoriparous glands do not regenerate, though in in neons 
membranes there is more or less imperfect reproduction of the follicles. 
Kven with the lowest forms of tissue connective tisue—as we have 
already noted (p. 429), the regenerated areas are apt to he of imperfect 
development.

So, also, in a given tissue, where the cells of one order exhibit different 
degrees of specialization and differentiation, it is the less differentiated 
cells which most easily regenerate: in glands, for example, the neck and 
duct cells more than the actively secreting cells.

4. Lastly, to express what has already been indicated in a somewhat 
different form, where an organ contains two or more tissues of different 
proliferative capacities, in the regenerative process the more actively pro
liferative arrests the growth of the less active tissue, and leads to imper
fect reproduction of the lost part. ( >f all tissues, the ordinary connective 
tissue has the greatest proliferative capacity, and, in the processes of 
healing, we observe that this overwhelms the other regenerating tissues.

In the study of regeneration we frequently observe that the more 
specialized tissues are not without the power of regeneration. Muscle 
cells, for example at the cut end of a muscle show what are clearly the 
first stages of regeneration; but the process is a slow one, and too often 
before it is nearly complete the developing cells atrophy, as a conse
quence, it would seem, of the disturbance of nutrition mmI pressure 
exerted by the already developed fibroblasts and full r u d « onneetivc

REGENERATION OF THE VARIOUS TISSUES IN MAN

Connective Tissue. White Fibrous Connective Tissue. It is un
necessary here to repeat in detail the successive stages of observations 
and opinions based thereon whereby we have attained to our present 
state of it must be confessed some uncertainty regarding the dcvel- 

nt of new connective tissue, interesting though that history is. 
This may be admitted, that connective tissue falls into line with other 
tissues, and is, in the main, if not entirely, produced by proliferation 
from preexisting connective tissue. Ziegler, who was, for a time, the 
great upholder of the view that leukocytes are the main source of new 
connective tissue, was also, with his pupils, the main influence in con
troverting that view. Nevertheless, during the last few years the pen
dulum has shown a tendency to swing back. Metclmikoff has pointed 
out that in lower vertebrates wandering cells can be seen to assume 
the characters of fibroblasts within the tissues; and MaximowV very 
full studies u|mhi what he terms “polyblasts" would indicate that one 
of the fates of these wandering cells is to come to rest in the newly 
forming tissue and assume all the characters of a connective tissue. 
These poly blasts he regards as lymphocytes, modified by sojourn in

*

1 Ziegler's Beitr., .Supplemental Heft 5, 1903.
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the tissues. 'I'lie ment observations of Sell ruble1 throw doulit upon 
these emivlusioiis. Hy the employment of a slain which differentiates 
the veil granulations in sections, Schridde points out that, while it is 
true that in form these cells are identical with the fibroblasts, their 
granulation remains distinct, and, as a consequence, they do not become 

identical, while it is justifiable to assume 
that their properties remain different.

This much may lie stated with definite* 
ness, that I hr fHilifmf.rphon urlrar lenko- 
eiftex, the commonest of the infiltrating 
leukocytes, nnrr heeome eaimrteil into 
eonnertiee fix*lie; also, that the main 
mans of Jilirohlaxtn are fieri eat ires from 
the iinr.ri.stintf eon m eti ir-tixxue eell.s. As 
regards cells of the lymphocytic and endo
thelial type, opinions remain divided. 
We ourselves are inclined to see an ex
tremely close relationship between the 
vascular and lymphatic endothelium and 
the connective tissue, and cannot recog
nize any distinguishing marks between 
the cells and their processes, given off as 
buds from the new capillary loops, and 
the fibroblasts and their processes, with 
which they enter into connection. We 
would, indeed, include such endothelial 
derivatives along with the eonneetive- 
tissue derivatives. Hut this view is not 
generally accepted.

The undoubted authority of Mis has led 
most pathologists to accept his conclusions 
that the vascular endothelium is a special 
derivative of the mcscnchyma, derived 

1 ..... ,7 from an order of cells that is distinct frommm'i inimevtmn with llio «•mlolm-hnl ,
i.nnwM-„ (Zir*ivr > the coiiiii-elive tissues. Hut, granting that

this i> so, they are but later developments 
from the common mesoderm, from which connective tissue, and mesen- 
chyma, an» derived. They are closely related. And we have the obser
vations of practically all recent students of the organization of thrombus 
( Waldeyer.t ornil and Kunvier,Thiersch, Haiuugarteii, Itaab, Itiedel, etc. ) 
that there the new connective tissue is almost, if not entirely, derivnl 
from the endothelial cells. We do not see how this testimony can be 
refuted, and, if the process occurs in one region, we fail to see why it 
should be denied in another. Nevertheless Tlionin3 and I leaking are 
the only ones who have boldly laid down that endothelial proliferation

1 Miinclienrr nii'il. Wot'li., I'.HMl, Xu. I. Zivglvr’s Hiitr HI; 1M*|; 1 11.
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precedes fibroblastic development, and is tin» main origin of tlir fibro
blasts, though not a few others tend toward this conclusion.

'I'd the view of Leo Loci»1 * * and others, that epithelial cells may assume 
a lihrohlastie tv|>c, we shall revert in discussing metaplasia (p. (i4<S). 
It is unnecessary to r<»peat here the various stages whereby the vegetative 
young connective-tissue cell, oval and stout, Iteeomes successively stel
late, then spiudlc-sha|>cd, then surrounded by fine fibrils, and eventually 
but the skeleton, as it were, of a cell, with long, thin, greatly compressed 
nucleus and scarce any I tody substance (see p. 42(i); or to discuss the 
relationship of the primary mucinous matrix to the eventual connective 
fibrils (p. dît). We would only emphasize that throughout the body it 
is this tissue which is most active in regenerating, replacing in tIn- 
process tissues of higher development.

Elastic Connective Tissue. This is not only able to exhibit over
growth, but may be definitely regenerated, appearing in areas of new 
tissue. Thus it may ap|>ear in abundance in areas of new connective 
tissue; in the intima of the arteries, for example, and in interstitial new 
tissue, or in some eases of cirrhosis of the liver. No distinction has as 
yet been made out lietween the cells connected with its development 
and the fibroblasts and connective-tissue cells proper; indeed, the 
nature of its development is still unsettled.

According to latisel* ( 1897) the elastic fibres of the ligameiitum 
nucha* originate within the cell, either as a peripheral sheath, or as a 
fine process at either end. In regeneration Knderlen” and .lores4 note 
that they develop from preexisting fibres, according to the latter as 
fine granules lying in series in the spaces lietween connective-tissue 
fibrils and cells, or in other cases as fibres which at first do not take on 
the speefie elastic-tissue stain ( Weigert*s orcein). Development is slow, 
and for long a cicatrix may show no elastic tissue save at its edges.

Fatty Tissue. It is doubtful whether we can truly speak of the regen
eration of fatty tissue, for it is still an open question whether fatty tissue 
exists as a distinct entity, or whether it is to be regarded as a local modi
fication of connective tissue. We are inclined to regard it as the latter. 
There are, however, certain regions i:i which, in the adult, fat is con
stantly present under normal conditions, r. #/., the subcutaneous tissue, 
the appendices tien», and the auriculoventriciilar grooves.

There is still some uncertainty regarding the normal process of 
development of the fat cell. The generally accepted view is that cer
tain somewhat large endothelioid cells in the immediate neighborhood 
of capillaries undergo multiplication, and in their relatively abundant 
cytoplasm fat gradually becomes stored in the form of larger and larger 
droplets, until, by fusion of the same, the cell becomes distended by a 
homogeneous spherule of fat, the protoplasm coming to form a mere 
peripheral ring, being collected in rather greater amount around the

1 .IuIiiim IlnpkiiiH lliisp. Hull . It; Is*is 157.
1 Quoted by M. Ilviilvtthain, 1‘lnnmn uml Xtllv, IN. I; 1007; ;I7.
1 Zvitsvh. f. t’liir., 45: 1807:453. • Zivglvr’e Heitr., 27: 1000: 381.
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nucleus, 11 iv evil assuming thus a signvl-ring shape. The view of 
(irawitz1 and his pupils, (hat thv fat evil arises from the fusion of several 
veils, whose nuclei, with one exception, fade into those of “slumber 
veils,” is generally discredited. For ourselves, we cannot accept the 
slumber-cell theory. We an- impressed, however, with the fact that 
the development by fusion of several cells has not been refuted, and, 
recalling how constantly degeneration is a reflection of development, 
the fact that the degenerating fat cells afford multiple cells is in our 
opinion very significant. In the degenerating muscle fibre, which is 
generally accepted as being developed from a cell-complex, we get a 
very similar appearance. We have repeatedly noted the appearance 
of characteristic polygonal cells, with transparent bodies and fine vacu

oles, in cases of inflammation and 
Fiu ire in degenerating areas of lipomas

occupying the space of a previous 
fat cell, which remains clearly indi
cated by its persistent membrane 
cells which are wholly unlike any 
surrounding leukocytes. Neverthe
less, not a few observers have re
garded them as of leukocytic origin; 
most modern observers ((’rajewiez, 
Flemming, (ornil and llanvier, 
Marchand) agree that these are 
derived from the original fat cell. 
Sometimes, in a like position, a 
multinucleated mass is found, while 
Marchand ligures definite mitotic 
figures in the cells. Kventually the 
membrane is absorbed, or gives way 
and the cells may appear irregularly 
distributed.

In cases of inflammation passing 
oil to healing in a wound (as of the 

abdominal wall ) in which cicatrization is already well developed, cell 
masses like those above described may still be seen lying within a more 
or less perfect membrane of the old fat cell. We are apt to regard these 
as >lill in the process of degeneration, but it appears to be as permissible 
to suppose that here the reverse process is gradually developing with 
fusion and loss of nuclei until a single large vacuolated cell is left.

It i> most difficult to arrive at a conclusion regarding the appearances 
seen, for. as noted, some of the cells are free, and these may show indi
cations of increased size. In inclining in part to the (irawitz view, 
we wish to indicate that we cannot consider the matter definitely settled, 
nor that we are satisfied that it is correct.

In the appendices epiploic iv and in the atrophying thymus there

Itrgriimilinii »f a fal i-ell in mi area nf in - 
lliiiiimiitiiin. At it i*nn lie hccii tin* main 
iiiii-Iimui »f tin* ful 1*1*11; at /• ami r ulher nUriel 
with Niirriiiiiiiliii* rytoplaam i ii-ganli-il liy 
Maxiiimw a» ili**i'iirrali*il imlyliliuilN). The 
liiiiiiiigriiriiiii* fal glnliiilt- him ilimi|i|iean*il 
from tin* i-i'll. luil line fully ilni|ili*l* are 
lirweui in the rylu|ilimm I Maximow l

1 S<*v more particularly Schmidt, II., Yirch. Arch , 128: lStl'J; OS.
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appears to lie an inverse relationship between the development and 
increase in the fatty tissue and the stroma of lymphoid tissue (each 
appendix epiploica contains a minute lymph nodule). This has been 
noted bv more than one observer, but the nature of the relationship has 
not been surely determined. There is also a marked tendency for 
atrophied acini of the pancreas to lie replaced by fat cells, which are 
wholly absent from normal pancreatic tissue.

Cartilage. As noted by all observers, the regeneration of cartilage 
is a very slow process, so slow in some cases that certain observers 
have denied its occurrence, but it is well established that two distinct 
processes are possible: ( 1 ) perichondria! regeneration, and (2) regenera
tion from the cartilage proper.

1. In the former the perichondrium is detached, swollen, and inflamed, 
the space between it and the injured cartilage filled with fibrin. The 
inner aspect of the perichondrium becomes intensely cellular, and 
gradually these cells replace the fibrin, projecting into the area of injury 
and loss of substance. The cells, like those of the inner aspect of the 
perichondrium, at first closely resemble ordinary connective-tissue 
corpuscles and spindle cells. Those that are oldest and farthest from 
the perichondrium become rounded or polygonal, and are seen to lie 
in a transparent matrix; they have the characters of young cartilage 
cells. More commonly, however, the matrix is not transparent, but 
fibrillar. If, for example, a cut has been made into the costal cartilage 
of a young animal, resulting in a wedge-shaped wound, this becomes 
filled with a wedge-shaped, fibrillar mass, and, on making sections, the 
fibrils nre found to originate from the injuml aspect of the cartilage, 
or to lie attached there in bundles which cross the wound. Mere and 
there between the bundles are cartilage cells, at first without definite 
capsule, later enclosed and multiple, lying in a clear space; later again, 
judging from the statements of several observers, the fibrils disappear 
or become transparent, and a hyaline, completely formed cartilage

2. The process of regeneration from the cartilage pro|>er is, in gen
eral, imperfect. To a slight extent it may be found accompanying 
the process just noted. In the immediate neighborhood of the wound 
the matrix undergoes softening, the “capsules" surrounding individual 
cartilage cells become larger, the cells divide, so that clusters of daughter 
cells replace single cells. There is, thus, proliferation and, after more 
or less proliferation of the specific cells, each would seem to govern the 
formation of a new surrounding matrix, either hyaline or more or less 
fibrillar. According to Tizzoni,1 tin* fibrillar modification may extend 
into the uninjured surroundings, and previously hyaline, cartilage. It 
was clearly stages in this process that Retlfern1 described in that 
remarkable series of experiments which constitutes the first satis
factory microscopic study of the process of inflammation and repair.

1 Arch, per le soi. mud., 2: 1878:27.
1 Monthly Journal of Medical Science, March I8Ô0: September, 1851.
:w
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Bone. We have noted in the preceding section that the cells in 
the earliest stages of periehondrini proliferation are undislingiiishuhlc 
from fibroblasts. Cartilage must, indeed, lie regarded as lint a modi
fied form of eonneetive tissue, and the same applies to Imiiic. The 
character of periosteum very closely resembles those of perichondrium. 
Cartilage may, we need scarce remark, liecome converted into laine, 
and, what is more, under certain conditions periosteum may give origin 
to fibrous tissue to a fibrous, instead of an osseous, union between 
the fractured ends of a long bone. Therefore, although we distinguish 
two forms of bone, according to the mode of normal development, the 
chondriform and the inenihruniform, the one passing through a car
tilaginous fore-stage, the other not, it must lie realized that in Iwith we 
are dealing with modified connective tissue, and lie prepared to find 
that in regeneration no distinction is to lie drawn between the two, 
as, also, that in its essence, regeneration from the medulla is of the 
same on 1er as from the periosteum.

Periosteal Regeneration. It used to be held that when once periosteum 
becomes stripped from the bone that inevitably undergoes neemsis. 
We now realize that this is by no means necessary. Periosteum call 
regenerate, and Marchand and others have published eases in which 
an area, deprived of its periosteum has become eventually coverts I with 
a new layer. < >nly when there is suppuration and infiltration of the 
outer table of the bone by the suppurative microorganisms, and de
struction of the bone cells, does necrosis liecome inevitable. Accord
ing to Man-hand's description, the new jieriosteuin is firmly attached 
to the bone and separated fnitn the overlying connective tissue; the 
old |ieriostcum at its edge shows thickening and its film's, instead of 
being arranged longitudinally in the direction of the long axis of the 
bone, exhibit a radial " , suggesting definitely that growth,
in the main, has been inward from the periphery. There may be a 
definite osteoblastic layer on its inner surface.

Osseous Regeneration. Hone is constantly undergoing regeneration. 
One has but to study a longitudinal section of a long Imue, such as the 
femur, to be convinced that the lamella* are laid down along the lines 
of strain. The adaptation, indent the economical use of a minimum 
of material to support a maximum load as indicated, in the first place, 
by the tubular nature of the bone; in the second, by the arrangement 
of the lamella' is most wonderful. Hut at different periods of life the 
load to be borne and the dim-lion of the strain varies, and the old 
lamellae become absorbed and replaced by new; or, more correctly, 
can be seen to be undergoing absorption along one as|iect while new 
material i> deposited upon the other, so that the |Misition of an individual 
lamellai becomes shifted. Howship’s lacunae, in normal bone, are 
areals in which the osteoclasts are thus absorbing the old Imiiic, and 
a microscopic section of such normal bone exhibits layers of bone, 
evidently of different ages.

Such regeneration is wholly apart from the periosteum, though at 
the same time, in the process of growth there is steady addition to the
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a mount of I nine, with increase in diameter, due to periosteal activity. 
As thus, normally, there is Im>th internal and medullary, as well a 
periosteal regeneration, so after injury and fracture, both play a part 
in the regenerative process.

Regeneration of Membraniform Bone. In the following description 
we follow Marchand,1 and the statements apply both to what is seen 
in the mnlullary spaces of an implanted portion of one of the holies of 
the skull and in the medullary spaces of a ' ‘«me after injury. The 
lirst change to be observed is the development of a mass of young 
spindle cells, identical with ordinary fibroblasts. These, which become 
the eventual osteoblasts, give origin, first, to Hbrilhe in increasing amount. 
In the meshes of the fibrillary network the cells are seen as irregular, 
angular, and rounded or elongated bodies, now free in the spaces of the 
network, now lying oil the walls. At this peril»I they have no processes. 
The nuclei are large, rounded, and with large nucleolus. The cells are 
not distinguishable from the layer of osteoblasts beneath the periosteum.

Next, the fibrillary substance becomes more homogeneous, previous 
to its forming the new bone substance, and the cells alnive described 
become included, and shrinking and becoming stellate, form the bone 
corpuscles; whereas the free osteoblasts and these cells in their earlier 
stages exhibit mitosis, as bone corpuscles this is wholly wanting. The 
successive stages from the osteoblast to the bone corpuscle are difficult 
to follow, but the successive processes closely resemble those observed 
in the development of hyaline cartilage from perichondrium; there is 
the same preliminary fibrillation, but while in that this eventually 
becomes homogeneous, here there is not so much as impregnation as 
an intimate organic binding of the calcareous salts into the matrix.

Regeneration of Chondriform Bone. Where there is a preliminary lay
ing down of cartilage either of two processes may lie noted ; (1) The 
cartilage is at first relatively lion-vascular. Now, vascular loops make 
their way into the cartilage, which becomes absorbed before them, and 
upon the cartilaginous remains, again, through the agency of osteo
blasts, layers of young bone are deposited; or (2) the cartilage cells 
lieeome converted into bone cells, and the surrounding matrix becomes 
converted into osseous matter. The two processes may occur simul
taneously. The latter is often well marked in the conversion of car
tilaginous into bony callus.

Regeneration of the Medulla. There have been many recent studies 
upon the regeneration of the bone-marrow, of which the more notable 
are those of Knderlen2 3 and Haasler.1 The appearances vary largely, 
according to the age and condition of the individual, whether we deal 
with the ml marrow of youth and certain anemic conditions, white fatty 
marrow, or the later gelatinous serous atrophy. These marrow cells

1 Du II unlhiituiuj, I.eip/ig, 1001, Till* fullest rerent wurk upon the regeneration 
of tissues.

1 I tout sell. Zeitseh. f. Chirurg., 52: 1890:208.
3 Arch. f. kiln. Chirurg., 50:1805: 75.
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form the .specific constituents of the marrow, hut with them, it is un
necessary to say, are abundant vessels, connective tissue, and cells of 
osteoblastic type. According to the different observers, these can 
readily be distinguished. According to Knderlcn, the degenerative 
changes in the marrow cells, which show themselves during the first 
twenty-four hours after injury and hemorrhage, give place within 
forty-eight hours to active mitosis and proliferation, while similar 
proliferation occurs in the connective tissues around the capillaries at 
the margin of the injured areas, and fibroblasts make their way into 
the hemorrhagic area. In seventy-two hours there is definite formation 
of new capillaries; on the fourth day a network of new fibrillar tissue 
has invaded the area of injury, and in the network are new marrow 

cells, with, in addition, foreign-body 
giant cells around splinters of the 
injured bone; and y the
young marrow cells, which at first 
had been rare, become 
more particularly at the periphery. 
Here, on the sixth day, hematoblasts 
can be distinguished, and, more 
deeply, developing fat cells. Cer
tain cells with giant and often lobu- 
lated nuclei (distinct from the niul- 
tinucleated osteoblasts) arc evidently 
modifitsl myelocytes (marrow cells).

Beyond the proliferation of the 
vessels it is deserving of note that 
in these cases of injury of the mar
row there is little evidence of reac
tive inflammation; there is, for ex
ample, no migration of polynuclear 
leukocytes into the injured area.

The Healing of Fractures. This subject is so fully treated in works 
u|mhi surgery that it is unnecessary to recall here but the outlines of the

lliiigriim «if early -l age uf régénéra I inn of 
lmum» i r , repair of fraeture of a long Unie; 
a, external rallie*, b. ineilullnry mllie*, r, 
region of fraeture; if. meiliilla; r, ah aft; /, 
|M-rii»teiun. I l*erh.)

process.
I. The variation in the process uf healing depends primarily upon 

two factors: (w) the ap|H>sition of the fragments; (6) the nutrition of 
both fragments. The more |>erfect the apposition, and the more per
fectly ap|M>sitioii is maintained, the less is the amount of exudate and 
subsequent callus, and thé more rapid the ki ' together; the greater 
the amount of riding of one fragment on the other, the greater is the 
irritation, exudation, and callus; while, further, if one fragment be 
without due blood supply, the reaction on its part is imperfivt, and 
union i** delayed or completely arrested.

Both periosteum and medulla take part in the process. To this 
we have already referred.

•I. I he formation of the callus exhibits the follow ing stages:
(«I First, hemorrhage and some exudation from the surrounding 

vessels, with coagulation.
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(It) Invasion of the congiiluin by cells |>olvmorplioiiiielear from the 
surrounding tissues, librubhistie from the periosteum ami marrow.

(c) Organization of the clot from periosteum and marrow, with 
absorption of the fibrin and replacement by tissue.

(d) Conversion of the cells derived from the periosteum into carti
lage cells and formation of a cartilaginous callus. This is not a 
necessary stage, but it is seen where the callus is extensive.

(#*) Conversion of the cartilaginous into osteoid callus, i. #\, modi- 
lieation of the cartilage cells into lame corpuscles. Here two stages 
are described by some rs: (I) A vascularization of the cartilage 
from the periosteum and marrow, with conversion of the cartilage 
into lame cells, without, at first, any deposit or combination of cal
careous salts in the matrix. This soft tissue is regarded as nstntid 
tissue proper. When, later, the salts become deposited, but the tissue 
has still not the perfn-t features of lame, some still speak of this as 
osteoid tissue, others as oxxmux or Ism y I is sur, as distinct from perfect 
lame. The distinction is unnecessary. (2) Absorption of the imper
fect lame originally deposited, whether through fibrillar or cartilaginous 
development, and replacement by lamellar bone, the lamella* being laid 
down along the lines of strain.

This absorption is a very gradual process, exit over years
where there is extensive callus or grave displacement. The medullary 
cavity is, in general, completely closed by new I a my growth; this in 
time becomes absorbed, the ends of overriding fragments become 
rounded off; and, eventually, whereas at first there had been an excess 
of imperfect bone, there remains only sufficient properly formed lame 
to secure perfect solidity of the part.

Lymphadenoid Tissue. It is, perhaps, difficult to speak of regen
eration affecting a tissue, which, as regards its s|Hs*ifie element, the 
lymphocytes, is always, normally, regenerating. There are indi
cations, however, that these are not of the same origin as the frame
work, and that the lymphocytes and the " rk, with the
large endothelial cells (macrophages) of the " ‘ spaces are of dif
ferent origin.1 The observations of (lulland show that the lymph cells

1 I have to confess that my conceptions of the of the different
orders of leukocyte# (wee “ Inflammation *' 4th edition Macmillan, UK Ml, page# 
<l"> St) have liven not a little disturbed liy the observations of Professor llowney, 
of Minneapolis (folia luematologica, 8: UK Ml: 41), upon the leukocytes of that 
very early form of fish: Pn/yod/m K/sit hula (the “ spoonbill " of the Mississippi). 
These ganoid fishes have a cartilaginous skeleton and therefore no Imne and no 
hone marrow. The main sent of leukocyte formation is in the kidneys, and here, 
as Professor llowney has demonstrated to me, all type# of lymphocytic and 
granule cells arc developed. They are so intimately intermixed that it is diffi
cult to lielieve that all have not a common origin. It may, however, he reason
ably urged that conditions found in the lowly ganoids do not obtain in the higher 
mammals, that with evolution there has Intcome a progressive differentiation, 
whereby the mother cells of the lymphocytes have become distinct from those of 
the “ polymorphs ” and granule cells. This ls*st tits in with what we observed 
in the higher animals.
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wander into certain areas, and these, in the connective-tissue frame
work, form germ centres, and it would seem established that in the 
embryo the system of lymph spaces is developed before any leukocytes 
show themselves in the blood.

Heard, confirming an older observation of Kolliker, finds that the 
earliest leukocytes originate in the thymus by a remarkable conversion 
of the ffiiltlanlie cells of the follicles; and his observations have been 
corroborated by others. What form of leukocyte originates thus is 
left undetermined a matter of some importance when we regard the 
lymphocytes and the |Nilyniorphomielears as wholly distinct ty|M\s. 
More recent observers find leukocytes in the blood before there is any 
sign of change in the thymus.

1'nder certain conditions new lymph nodes develop in various situa
tions, in the suhperitoiicul tissue, the liver, etc., where, normally, these 
are unrecognizable. It is possible that lymphadenoid tissue is “latent" 
in these |H»sitioiis. Such latent or potential tissue is present in the 
sheaths of veins, though here, again, we note that the lymphocytes 
arc capable of migrating from the lumen into the perivascular lymph 
spaces. The generally accepted view is that this latter process is the 
usual course, namely, that lymphocytes come to rest in these positions, 
and then, proliferating, lead to a modification of the inclosing tissue.

When a lymph node is injured, according to Hihhcrt, proliferative 
changes, with nexv-growth, arc to lie observed, affecting all the elements 
of the follicle reticulum, endothelium of lymph spaces, bloodvessels, 
and germ centres in the immediate neighborhood of the injury.

Leukocytes. We have noted that the lymphocytes undergo active 
development in the lymph nodules, which contain accumulations of 
“mother cells," the germ centres. As regards the leukocytes projwr 
(of some authorities), namely, the polymorphonuclear leukocytes (in
cluding the éosinophiles), these, in postnatal life, and under normal 
conditions, arc developed (along with the ervthroeytes) more particu
larly in the bone marrow, where there can be no ouest ion that they 
originate directly from the myelocytes (Khrlieh). The opinion enun
ciated by < itillund and l "skolf, that they arc an older mature form of the 
lymphocyte, would not seem to be tenable. In pathological conditions 
the spleen, the liver, and other organs may exhibit myelocytes and be, 
therefore, a scat of formation. Mitotic forms have been observed in 
the normal blood, but very rarely ; more abundantly in pathological 
conditions (<•. #/., leukemia).

It must be noted that the sudden exhibition of an increased number 
of leukocytes in the blood is not a necessary indication of regeneration, 
but may I e merely evidence of attraction of the cells out of the bone 
marrow, lymph glands, etc. To such wandering out is to be ascribed 
the physiological leukocytosis that follows a meal. At the same time 
it must be remembered that there is a constant normal destruction of 
leukocytes and constant new development.

Blood-vascular Tissue. I hiring the stage of growth time methods 
of vascular formation have been distinguished ; ( 1 ) A remarkable pro-
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cess of evil ca citation, certain cells (of the vascular area in the chick, 
for example) becoming hollowed out, and during the process giving 
rise to lilood corpuscles in their interior, the cavities of ap|>osed cells 
fusing in series, so as to form tithes, which eventually become con
nected with vessels containing circulating Mood. (2) A process of 
canalization, the Mood making its way between rows of cells, which 
cells become converted into the endothelial lining of the capillary chan
nels thus formed. It is now regarded as doubtful whether this method 
of formation occurs in the developing organism. (5) A process of bud
ding. Certain cells of the endothelium of capillaries already formed 
give off buds or long protoplasmic processes, at first noil-nucleated ; the 
process from one capillary fuses with that from another, and the solid 
strand thus formed becomes hollowed out, thus giving passage to the 
blood from one capillary to the other, while eventually, by mitosis, 
nuclei pass into the walls of the tube, which becomes converted into a 
capillary with endothelial walls.

Tlioma, who has made |ieeiiliarly full and painstaking observations 
upon vessel formation, wholly denies the existence of the first process, 
lie holds that all new vascular formation is truly inter- and not intru- 
eelltllar. In the vascular area of the chick he describes the mesohlastic 
cells as becoming arranged in strands; rounded spaces appear between 
the cells, these spaces become filled with clear substance, probably 
fluid, o|M‘ii into one another, and thus form the first capillaries, the 
surrounding cells, primarily |N»lygonal, becoming gradually transformed 
into pavement endothelium. Following upon this stage, further new 
capillaries are formed by the third or budding process. It will be seen 
that lie regards the canalization as primary and indc|>cndcnt of any 
blood pressure.1

In regeneration, the first of the processes nlHive described has never 
been observed. The nearest approach to the second is seen in the 
somewhat rare eases of complete dissecting aneurysm.

In this condition, owing to disease of the inner wall of the aorta, 
sudden exertion and sudden rise of blood pressure lead to rupture of 
the intima, and now the blood forces its way between the fibres of the 
middle coat. If nothing further hnp|ieiis, then the blood thus leaving 
the vessel coagulates, forming a solid clot; at times, however, dissecting 
a passage for itself, it reenters the aorta or one of its branches at some 
|Niint lower flown. As a result, the blood exjielled from the heart finds 
its way flow'll the dissected, as well as down the natural passage, anil 
the aorta apjiears to be doubled. Where the current is free but little 
coagulation occurs along the walls of the artificial passage, and, if death 
occurs a week or more after the rupture, what coagulum is formed is 
found to be covered by a distinct endothelial coat.

In granulation tissue, whether sii|>erfieial or internal, the third process 
is that encountered. This we have already described (p. 42.N).

Red Corpuscles. After great loss of blood, ami in profound anemias,

Tlioma, I'nlholiHjii, Knglfoh edition. Translated hy \. Itruce, t: istM'r 171
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tliv ml marrow of the hours becomes markedly in Teased in amount, 
and the spleen is fm|in .illy found enlarged. In tin* ml marrow, as 
Neumann first pointed out, then* an* normally present nucleated cells 
having hemoglobin in their cell substance. In anemia, and after loss 
of blood, coincident with the increase in red marrow, nucleated n*d 
corpuscles an* to be detected in the circulating blood. Further, iit
emised mitosis of these linnatoblasts is to be observed in the bone 
marrow. '1’his is an indication that there is an increased production 
and discharge of hemoglobin-containing cells from the bone marrow. 
As Howell has more especially pointed out (in this confirming Bizzozero 
and Salvioli), similar hematoblasts are recognizable in the spleen under 
similar conditions.

We therefore conclude that the ml bone marrow and the spleen 
an* preeminently the seats of regeneration of ml corpuscles. The 
hemolymph nodes of the alnlominal area, organs intermediate in 
histological structure between the lymph glands and the spleen, which 
have of late been studied by Swale Vincent, Warthin, and others, would 
seem also to be concerned in this production. Regarding these nodes, 
the recent studies of Meek demonstrate that they are not structures sui 
yviieris, but lymph nodules which undergo modification in function in 
particular conditions of the circulation. Wherefore, we conclude that 
lymph nodules, like the spleen, may be the seat of red corpuscle 
formation.

It is when we collie to determine the origin of these hematoblasts, 
and, again, the method whereby the nucleated hematoblasts give rise 
to the noil-nucleated red corpuscles, that doubts arise. We are not 
certain how far hematoblasts arise from preexisting hematoblasts, or 
from less differentiated “ mother cells.” l.owit, indeed, has described 
certain small, colorless, nucleated cells in the bone marrow “erythro- 
blasts” -which he regards as the precursors of the hematoblasts, and 
upon a priori grounds, arguing from what occurs in the embryo, where 
colorless mesohlastic cells give rise to the nucleated hematoblasts, this 
may well be the case; while, again, it is not impossible that the 
endothelial cells of certain areas may, by division, give off, as in the 
embryo, such hematoblasts. According to Bizzozero, the hematoblasts 
are not in the lymph spaces, but at y within the capillaries of the 
bone marrow.

We must accept that the non-nucleated red corpuscle arises from the 
hematohlast, not by a process of budding (the hemoglobin containing 
moiety of the cell substance dividing off from the perfect cell, which then 
is capable of elaborating more " " -containing cell substance,
and giving rise to a second, or a series of red corpuscles), but, as noted 
by Macallum, by a process of discharge of material from the nucleus 
which undergoes eventual disintegration.

Epithelia. There is no known exception to the rule that, in regen
eration, epithelial elements develop from preexisting epithelium. The 
apparent exceptions, i. r., where an Hand of new epithelium begins to 
develop in the middle of an area of granulating tissue, an*, judging from

1
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transplantation experiments, explnidtle hy accidenta I transph tai >n 
of living epithelial cells on to the granulating surface, or, in some ea- 
hy the persistence of epithelial elements upon the eroded surface lit 
deeper parts of hair follicles, or skin glands, which, proliferating, tai. 
on simpler epithelial characters.

A rather remarkable example of this persistence has been met with 
in connection with the lens, which, it need scarce he said, is of epithelial 
origin. Occasionally it has been noted that, after complete extirpation 
of this organ in cataract operation, a new lens has developed. Experi
ments upon the rahhit1 show that, where this occurs in mammals, 
portions of the posterior ligament or capsule have been left behind, 
in close connection with which is the “cambium” layer, from which 
throughout life new lens cells have been developed. It is from this, 
after removal of the main mass of 
the organ, that regeneration takes F,<1-181
place. In certain of the lower ani
mals the new lens has a different 
origin; to this reference will be made 
in discussing metaplasia (p. (>43).

An apparent exception to this 
statement has been noted by Saxer 
and others in certain gliomas.
Here there is a tendency to the 
formation of cysts containing serous 
fluid, and in some cases these cysts, 
which are clearly secondary develop
ments, are found to possess a more 
or less regular lining of fairly colum
nar cells; they gain, that is, an epi
thelium which evidently is derived 
from the glial cell of the body of the 
tumor. While this is clearly the 
ease, we gravely doubt if this can be 
spoken of as a true < in. It
must be remembered that the neu
roglia is itself of epiblastic origin, so that, were a true ej: found,
it would not he an example of conversion of cells of one order into those 
of a wholly different type. Hut specimens which we have seen, and 
Saxer’s figures, show that no basement membrane is formed; the lining 
cells pass imperceptibly without demarcation into the underlying cellular

Along with the vascular endothelium and endothelia in general, the 
epithelia of the body stand preeminent in their capacity for complete 
regeneration, and, what is more, offer particularly favorable conditions

V - V -.'. y-:i- -

' 'l*neudo-epitheliumor secondary epithe
lium without basement membrane lining a 
cyst in a glioma, formed by modification of 
the superficial layer of glioma cells. (Saxer. I

1 Vide R. Randolph, Welch Fentsrhrift (Johns Hopkins ITosp. Repts.), 10: 1000: 
237, whe- gives full reference to earlier literature.

* Ziegler's Reitr., 38:1904.
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for a study of the process, which thus has been investigated liy a large 
nuinher of observers.1

lien* we may rapidly note the data which may be regarded as well 
established. Within two hours of the removal or destruction of epider
mis, whether of the outer skin, the tongue, or of mucous membrane, 
in warm-blooded animals, as also in amphibians, the cells of the deeper 
layers, and even columnar epithelium, exhibit translation. Keratinized 
cells an* degenerated and inert, but prickle cells and those of the lower 
layers an* seen to alter their shajH*. to become pyriform, and gliding one 
over the other, while still retaining connection, there is thus early ex
hibited a tendency for the uninjured cells to close over the defet t. Within 
twenty-four hours the epithelium surrounding a wound is distinctly 
thinned, composed of fewer layers, while, at its edge, a * layer of 
flattened cells covers over the wound. l)in*ct division of the cells is 
frequently noted, so that many cells contain two nuclei.

Cellular masses may be seen extending between the layers of the 
fibrinous scab which by now covers the wound, but more es)H*cially 
they extend along the surface of the injured tissue and into depressions 
on that surface. Occasionally, it would seem, small collections of these 
cells may, by movement, become detached, and form islands of growth 
on a granulating surface. Within forty-eight hours mitoses may lie 
observed in the Malpighian layer of the surrounding less altered epi
dermis and prickle-eel I layer, as also in those cells which have spread 
over the surface. Briefly, by this combination of translation and cell 
multiplication the denuded surface tends to be covered, at first, by a 
single or irregular Inver of flattened cells encroaching from the edge of 
the wound.

At first these an* relatively loosely attached to the underlying surface 
and granulation tissue, but at a comparatively early date the formation 
of a Itanemeul membrane is observable, apparently by the fusion of 
fibrils passing from the underlying connective tissue, upon which the 
overlying cells become sessile. The exact relationship to this basement 
membrane is still undetermined. At first there is free passage out of 
leukocytes between the cells and their communicating bridges, and a 
fairly extensive phagocytosis has also been observed, the young < 
cells evidently utilizing the leukocytes as one source of nutrition, loiter, 
both these processes become restricted; the proliferation leads to the 
formation of several cell layers, of which the outer layer, at first, shows 
irregular keratinization ( Vnna), without an underlying granular layer.

1 See, mon* especially. May/el (who first established that epithelium arises from 
preexisting epithelium), Sitiher. der Warsehauer Anti, (lesell. (April, 1X74); Hof. 
Yireh.-llirsch Jahreslier., 1 ; 1X7X; 3, and Arlteitcn a. <1. l,ah. d. Med. Kao., Warsehaw, 
pt. 4: W. Hemming (on Mitoses), Arch. f. inikr. Anal., 19:1X80:347; and ibid,, 
24:1XX5; S. Carton (On the Arrangement of the Intercellular Bridges in Regener
ation), Arch, f Anat. u. Physiol., I’hvsiol. Alith., 1X95: 401 ; l.co I,och (on the migra
tion movements of epithelial cells), Hull. Johns Hopkins Hasp., 9: 1X9X: lf>7; Itnn- 
vier (Regeneration of Conjunctiva), Compt. rend. A end. de Soi., 123: 1X90:122X; 
Spider (Regeneration of Hairs), Verhandl. A nat(lesell., 1X99: 17.
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Eventually, a granular layer shows itself, and a complete simple epidermis 
becomes developed, with all the normal layers, from the Malpighian 
upward.

Hairs, sweat and sebaceous glands are not reproduced, unit.«s the 
original injury had not been deep enough to destroy the deeper lying 
portions of their structure, in which case they may develop anew. In 
this case it is interesting to note, as regards the glands, that there is a 
definite down-growth of solid processes of the overlying epithelium to 
meet them, which is difficult to explain save on the theory of reciprocal 
attraction or chemiotaxis between cells of like nature.

In eases " " ulceration, tuberculous and syphilitic, we observe 
at the edges of the ulcer a marked tendency for the* epithelium to grow 
downward into the underlying tissue in the form of processes. These 
may become snared off, and develop into epithelial pearls; or, if thin, 
may become infiltrated by, or themselves infiltrate, the surrounding 
tissue, in which case isolated epithelial cells, or small clusters of such, 
with no exact demarcation, are encountered in the dermis. Where this 
is the case it is ofttimes practically impossible to determine whether 
we are dealing with mere chronic inflammation or with the earlier 
stage of epithelioma. As a matter of fact, chronic inflammation may 
be succeeded by definite epithelioma, and this not merely of surface 
tissues; but where fistulous tracts occur leading down to bone, for 
example, owing to this spreading property of epithelium, the epidermal 
cells may spread down the fistula into the bony cavity, and there be a 
cause of apparently primary cancer of bone. Of hairs, it may be 
repeated that they only regenerate when the root beds have not been 
destroyed. Where, as in certain parasitic inflammations and anemic 
conditions of the scalp, there is destruction or death of the root-bed, 
permanent baldness is the result.

The same is, in general, true of the nails. The nail-bed passes 
farther back than is generally imagined, and this would seem to explain 
how it is that after removal of a terminal phalanx an imperfect nail 
occasionally shows itself at the end of the finger. In forming the flap, 
a portion of the nail-bed has been retained. There are, however, several 
cases on record in which this explanation is not adequate—in which, 
after removal of two phalanges, an apology for a nail ultimately develops 
at the end of the remaining part. We have to accept, it appears to 
us —however unwillingly—that environmental conditions may stimulate 
a metaplasia of the ordinary skin into nail-producing matrix.

Regeneration of Mucous Membranes. The same general process 
described for the epidermis is fourni to apply in connection with the 
mucous membranes. At the edge of a wound even the fully formed 
columnar cells lose their cilia, become more cubical, and ultimately 
rounded and flattened, and undergo a translation over the exposed 
surface, with relatively considerable rapidity. Later, proliferating, 
they form again a columnar epithelium identical in its character with 
the normal. Unlike what occurs upon the skin surface, the simple 
gland follicles become reproduced, the reproduction being hastened

1708
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if the lower parts of the primary follicles have not licen entirely 
destroyed.

Sneli regeneration of mneons membrane takes place in the uterus, 
to some extent, after every menstrual period, and very extensively 
at the placental attachment after pregnancy and delivery.

There has been some discussion as to the cells from which this puer
peral regeneration originates. Certain giant cells arc to be met with 
in the upper layers of the museularis which disappear later, and some 
observers jam regarded them as latent remains of the mucous glands. 
Aschoff doubts that this is their origin, and points out that throughout 
pregnancy, below the placental site, recognizable remains of the mucous 
glands are to be made out. It is more natural to accept these as the site 
of origin of the new mucosa.

Endothélia. In the regeneration of e there is observed
the same tendency toward translation and proliferation by both direct 
and indirect nuclear division, so as to cover a denuded surface, as is 
seen in the case of cpithelia, and the surface may be covered with 
extreme rapidity. Such endothelium may form a covering not only 
over the tissue proper of the part, but over fibrin, as, again, over new- 
growths which, as is sometimes seen in the peritoneum, have clearly 
originated by surface transplantation. The generally accepted view is 
that such endothelium arises from preexisting superficial endothelial 
cells, and provisionally, until this is surely determined, this is the safer 
view to accept. But, as already noted, the relationship of endothelial 
cells to fibroblasts and connective-tissue cells has not been wholly set
tled, and if, as Baumgarten maintains, and claims he has demonstrated, 
this vascular endothelium can, by proliferation, give rise to underlying 
fibrous tissue, the reverse process ' so be regarded as possible.

Regeneration of the Glandular Tissue. It is impossible to read the 
more recent studies upon the results of wounds or excisions of g 
organs without being impressed by the singularly small amount of 
regeneration that is found in most cases. In saying this, as we shall 
point out in our remarks on hypertrophy, a distinction must be drawn 
between that condition and regeneration proper. But the develop
ment of new glandular tubules, or acini, is wholly wanting, or slight 
and of little or no functional value until we study the simplest glands, 
such as the Lieberkühnian follicles of the intestines, the uterine glands, 
or the salivary glands. These may undergo extensive regeneration, 
though, in the case of salivary glands, the newly budded-off outgrowths 
from the ducts, which develop into acini proper, are apt to be sur
rounded bv a new connective-tissue growth which is not normal, and 
subsequently, with contraction of the same, to undergo more or less 
atrophy.

Liver. According to Podwyssozky,1 the changes here vary accord
ing to the animal employed. In guinea-pigs and rabbits there may 
be a certain amount of regeneration following upon excision of the

Ziegler's Hcitr., 1:188(i.
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part. Already, two days after the injury, the epithelium of the Idle 
duets in the neighborhood exhibits mitoses, and processes are formed 
of new bile duets, forming a network in the newly developed cicatricial 
connective tissue, while some of them at their termination develop into 
liver cells, the result is very incomplete, and the regeneration bears no 
proportion in the amount excised. In cats and rats, the liver cells show 
active proliferation, but in many this stops short of cellular multiplica
tion, and cells with double nuclei result. The process here is one of 
hypertrophy and enlargement of the preexisting lobules, without regen
eration, in the true sense of the term. In his studies upon experimental 
cirrhosis Opie1 2 has demonstrated clearly the co-existence of the two pro
cesses of budding from the bile ducts and proliferations of the liver cells 
with formation of pseudo-bile ducts.

Kidney. In this organ the fairly numerous studies that have now 
been made in man, after injury or operative excision, afford no evidence 
of new formation of tubules, although in certain of the lower animals, 
more particularly from the medullary collecting tubules, new tubules 
may make their way into the region of the wound; but, in the adult 
animal at least, these have no glomerulus formed at their upper end, are 
small, imperfect, and cannot function.

There is evidence, however, that in quite young animals, not so 
much in an injured kidney, as accompanying the hypertrophy of the 
opposite kidney, new glomeruli and tubules are capable of arising, for 
the number of these is found greater than in the normal kidney, and 
certain cell accumulations have been detected in the growing organ, 
more particularly in the outermost portion of the cortex, which are now 
accepted as latent glomerular anlagen.

A study of cases of acute parenchymatous nephritis brings to light 
abundant evidence that there exists regeneration of the epithelium to 
replace that cast off in the course of the inflammatory process. Neigh
boring cells become multiuucleated and flattened, spreading over the 
area of denudation, so that a single multiuucleated cell may at times 
encircle the tubule. Later, cell division takes place with enlargement 
of the individual cells to the normal size."

Thyroid. In the thyroid, also, Will Her3 drew attention some years 
ago to similar cell masses, which he likewise regarded as latent anlagen, 
and, after partial destruction of the organ, he recognized active growth 
in these with development into the typical follicles. We have recog
nized Wolfler’s clusters in several cases of thyroid disease. Whether 
they are persistent anlagen, or reversions through atrophy, it is difficult 
to say, but transitions may be recognized from these cell masses to 
others having a small lumen, and so to typical follicles. Where, as by 
Halsted and others, portions of the thyroid have been removed, the

1 Trans. Assoc. Am. Phys., 25:1910.
2 For study and bibliography, sue Oertel, I'wbl. Russell Sage Inst, of Pathol., 

No. 1, 1909.
•1 Pie Entmrkeluny utul tier Huit tier Kro/ifts, Berlin, 1X83.
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regeneration, which is here not inconsiderable, is by a process of budding 
and separation of new follicles from the old.

Pancreas. The observations here are practically unanimous tha.* 
no regeneration takes place.

Spleen. Here, also, the balance of evidence is to the effect that, 
while there may be hypertrophy, and compensatory (or vicarious) 
hypertrophy of the hemolymph glands,1 which may take on the char
acters of splenic tissue, at the edge of a wound in the spleen no true 
regeneration occurs.

Testicle, -(îriffini2 found that there might in the frog be regen
eration of the tubules bv budding and growths from the ducts, though 
Maximow,3 who, in part, confirms the observation, denies that this is 
a perfect regeneration. In higher animals, although there may lie a 
marked overgrowth of the characteristic interstitial cells, the tubules 
do not regenerate.

Ovary. It is generally accepted that this organ also is incapable 
of regeneration. I’ugnet’s4 observation, that after removal of one- 
half of the rabbit's ovary the wound becomes covered by germinal 
epithelium, which then gives origin to abundant ova, has not been 
confirmed.

Muscle. Plain Muscle Fibres. After injury in their neighborhood, 
as shown by observations upon the stomach wall, muscularis mucosa*, 
and uterus, these may, in from two to five days, exhibit abundant 
mitoses, and in the newt (Stilling and Vfitzner6) there may be formation 
of new fibres as a result; but in the rabbit (Ritchie") it is followed by 
no proper new formation of fibres; the cicatrix in the uterus and else
where is formed entirely of connective tissue.

Striated Muscle. -The regeneration of striated muscle after injury 
is a slow and most often an incomplete process, for where there has 
been any extensive laceration and separation of the fibres, these, in the 
first place, contract apart, and, in the second, we find the rule in oper
ation already noted, namely, that the more rapidly regenerating con
nective-tissue elements usurp the place and hinder the development of 
the higher tissue. Thus most often a fibrous cicatrix unites the two 
ends of a wounded muscle. Rut this is not always the case. Wlvre a 
wound or cut has been, in the main, longitudinal, or where the cut 
edges can lie kept apposed, there may, in a few months, be found very 
little indication of fibrous cicatrix. Or where, as happens in connec
tion with Zenker's degeneration of muscle in typhoid, and may occur 
in contusions, the substance of the fibre is gravely injured without the 
surcolemma sheath being destroyed, there the regeneration may lie 
complete. The series of changes in the two orders of cases exhibits

1 See Dock and Wartliin, Am. Jour. Med. Sei., 1901, and for full literature, Weitlen- 
rcich, Arch. f. Mikros. Anat., 1905.

2 Arch, per le sci. liv'd., 5: INK? : 11.
* Compt. rend. Sue. de Biol., 1900.
8 Vircli. Arch., 109:1887:507.

;i Ziegler’s Bcitr., 20:1899:2.
1 Arch. f. mikr. Anat., 28:1886.
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certain differences. Needless to say, the two may he combined to a 
greater or less extent. ( I ) The latter series of eases offers the simpler 
picture, i. c., where the sarcolemma remains intact. Here, first the 
separated fragments of the muscle substance proper contract into 
broad, swollen masses. All the muscle nuclei are not destroyed, and 
it is from them and the undifferentiated zone of protoplasm around 
them that the regeneration proceeds. They multiply with relative 

, and become abundant, each surrounded by an increasing

*
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Successive singes in (lie regeneration of voluntary muscle : .1. formation of Inal of cytoplasm 
with loss of striation ami multiplication of muscle nuclei; H. the nuclei acquire cytoplasmic ter
ritories ami cells, uninucleate ami inultinucleate, separate from the hud (surcohlasts); n. unaltered 
end of muscle fibre; h, surcohlasts; c, multinuclear surcohlasts, one nucleus at </ showing mitosis;

early stage of new muscle fibre, inultinucleate anil exhibiting longitudinal striation, becoming 
fused with the original fibre; I). regeneration complete but irregular, the original fibre being con
tinued into three processes. (After Volkmunn.)

zone of cytoplasm, and forming masses or clumps from which separate 
individual mononuclcated cells, or multinuclear. As they grow in 
size they cause erosion in the now homogeneous glassy masses of the 

striated matter, or make their way between these and the 
sarcolemma. It is obvious that they absorb this old material, em
ploying it as a foodstuff, until little of it is left. In the meantime some 
of these new cells become elongated and obscurely spindle-shaped, 
irregular in size, others still remaining small and These
larger forms exhibit, first, a longitudinal fibrillation; later, the nucleus

1
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or nuclei become lateral, and away from it, or them, the first signs of 
transverse striation show themselves. With this the old sarcolemtna 
sheath becomes absorbed, and the new muscle elements, of very irreg
ular size, lie free. Some (the smaller cells) migrate or disappear, just 
as in the tadpole’s tail MetchnikotV showed that like elements from the 
degenerating muscle could become wandering cells; the others gain a 
sarcolemma from the surrounding connective tissue, though the stages 
of this process are not clearly understood. The nuclei are now promi
nently lateral, and the breadth of the fibres markedly increased, although 
still smaller than the normal. It will be seen that in this process, when 
uncomplicated, small-celled infiltration and fibroblastic overgrowth play 
no part.

2. When the muscle fibres are ruptured, as by a cut or laceration, 
the abundant capillary network is also ruptured, ynd hemorrhages, 
fibrin formation, inflammation, and fibroblastic regeneration compli
cate the picture. As regards the ruptured fibres themselves, again 
the separated portions contract into clumps, which largely lose their 
striation. Within twenty-four hours the muscle nuclei show a remark
ably active direct division, giving rise to chains, sometimes of thirty to 
forty members, and these collect more particularly in the homogeneous 
unstrinted clumped end of the fibre. Sometimes collections of the 
nuclei in a homogeneous protoplasm form lateral buds at the side of the 
injured fibre. More often they are terminal, and the fibre may divide 
into two or more parts, each terminating in one of these nucleated 
dumps or buds. The process, it will be seen, is a modification of that 
described above, and here, also, at times, individual nuclei, with sur
rounding cytoplasm, or multinucleated masses, separate themselves off, 
though, owing to the accompanying leukocytosis, the nature of the cells 
seen cannot always surely be made out.

The buds elongate, extending between the fibrils of new connective 
tissue derived from the growing intermuscular tissue, and in favorable 
cases, and in the course of weeks, the number of nuclei becomes reduced, 
longitudinal fibration and transverse striation show themselves, and 
the new-formed extension of the fibre becomes indistinguishable from 
the old, save that its direction may be irregular. More often the would- 
be fibre is strangled by the cicatricial tissue, and after development up 
to a certain point, atrophy and absorption occur.1

Nerves. In discussing the regeneration of nervous tissue, three 
component parts have to be considered the neuroglia, the neurons, or 
nerve cells, and the nerve fibres, or peripheral portions of the neurons. 
In addition, it has to be kept in mind that there is yet another element, 
both in the central nervous system and the peripheral nerves, namely,

1 The more important papers on this subject are by Zenker, Reynurutiun tie« 
t/in ryeslreif Its M uxkrlyeirehes, Leipzig, 1804; Waldeyer, Virch. Arch., 34:1865:473; 
K. Neumann, Arch. f. mikr. Anat., 4:1808; 323: It. Yolkmann, Ziegler's Beitr,, 
12: 1802: 233; Stendel, Diss. Tubingen, 1887; Askannzy, Virch. Arch., 125:1801: 520; 
Nauwcrck, Vcbcr Muskelregcneration, Jena, 1800,
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ordinary connective tissue, not only of the pin mater and of the endo- 
nenrinm and perineuritiin, l>nt also within the substance of the brain 
and cord accompanying the vessels, and this plays an important, and, 
as usual, a disturbing part in arresting regeneration of the specific 
elements proper.

Neuroglia. -The glial cells originate, like the nerve cells proper, from 
the lining of the medullary groove, and form, it must be remembered, 
a connective tissue of epiblastic origin. In the early stages it is impos
sible to differentiate between tin* glial and the eventual nerve cells, and 
it would appear possible that, after atrophy of certain cells of the cord 
in the growing human fœtus, either latent neuroblasts or glial cells can 
undergo development and replace the atrophied cells.1 In the amphibia, 
where the terminal portion of the spinal cord has been removed, there 
is a partial regeneration of the nervous elements, proceeding from the 
epithelial cells lining the central canal, and giving rise to glial cells, along 
with other cells provided with fibres, and so of the neuron type, though 
imperfect.2 * In the adult there is no sign of this transformation. But 
there is abundant evidence that these glial cells in the human adult 
retain their proliferative capacity. Not only can they form tumors (see 
later), but in wounds of the brain and cord they exhibit abundant mitoses 
and subsequent proliferation. Their proliferative capacity is, however, 
hindered by the greater activity of the fibroblasts, and eventually, in a 
wound, they form a relatively narrow, dense zone, within or underlying 
the connective-tissue cicatrix.

Nerve Cells. Where the whole neuron or itn eell body undergoes de
nt r net ion, there in no regeneration in man or the higher animals. This 
must be regarded as definitely settled. At most, mitoses have been 
observed in the neurons following injury, but, as Sanarelli8 points out, 
these are imperfect, nor is there any indication that they lead to subse
quent cell division and proliferation. Certnin observers have described 
new-growths—true neuromas containing nerve cells, and from this have 
concluded that presence of the latter indicated abnormal proliferation 
of neurons. (See Chapter XIX.) This conclusion is regarded as most 
doubtful; such neurons are either inclusions in the tumors (Solokoff), 
or are of the nature of cell rests, portions of nerve tissue isolated during 
the course of development and incapable of coordinated function.

There is no regeneration of gray matter of the brain or of the coni. 
The same is true, also, of the sympathetic or spinal ganglia.4

Peripheral Nerves: Nerve Fibres. The essential portion of a peripheral 
nerve fibril, that establishing the communication between the nerve 
body and the peripheral organ or other neuron, is the axis cylinder. 
The older, well-established view is that this is a direct outgrowth ami 
portion of the neuron. For a time the view gained credence that it 
is formed bv relays that the cells of the sheath of Schwann practically

1 Adami, Jacobi Frxtwhrifl, 1900. 2 Sec Vaporaeo, Ziegler’s Reitr., 5:1889: 07.
3 Acad, dci Lincei Ser., 4: 7:1890 (Ref. Centralbl. f. Rath., 2:1891: 429).
4 Monte and Ficschi, Arch. ital. de Biol., 24:1895:401 ; Tirelli, ibid., 23:1895: 301,
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govern the development of successive sections, and many authorities saw 
in the facts of regeneration a considerable amount of support for this 
view.1 Fortunately, this may he laid down with precision, that any new 
development of an axis cylinder always originates from a preexisting axis 
cylinder, and, u'hat is more, from such axis cylinder in organic connection 
with a neuron. Solution of continuity of a nerve fibre or of its axis 
cylinder leads to degeneration distal ward of the distal portions separ
ated from the cell body, and of the proximal and still connected por
tions upward as far as the next node of Kanvier, or, in some eases, a 
node or two higher.

There are not a few debatable points regarding this Wallerian degen
eration and its extent that are of great importance; they are, however, 
not immediately germane to our present inquiry, and we must forbear 
to dwell upon them. Such, for example, are the questions of arrest 
of degeneration in the peripheral section of a cut nerve, by maintaining 
the tone of the muscle to which it runs, the question of the existence 
of peripheral nerve cells, and peripheral regeneration.2

Regeneration occurs, provided (1) that the shock (as in tearing out 
whole nerves) has not been too severe and the destruction has not led 
to complete arrest of function of the nerve cell ; (2) that the organ or 
part innervated has not been destroyed or does not become atrophied 
and degenerated in consequence of the severance of its nerve supply; 
and (3) that the path of tiie regenerating fibres does not become blocked 
by cicatricial tissue.

In regard to the second of these conditions it is to be noted (and 
the same applies to the third) that regeneration of an imperfect order 
may show itself in these eases; it may commence, but is unable to effect 
any 'factory result. This is well seen in the amputation neuroma, 
so < d, in which the axis-cylinder processes grow out from the end 
of e severed nerve, but become wound and twisted in all directions 
i lie connective-tissue overgrowth of the perineurium and endo- 

riuni, a nodular mass resulting. We call attention to the degener- 
• i ion of the organ innervated in consequence of certain important 

observations of our colleague, Dr. Shirres,3 that if, by massage and 
electrical stimulation, the healthy conditions of the muscles which are 
supplied bv the severed nerves be preserved, even in the spinal cord 
there are indications that the axis-cylinder processes are capable of some 
regeneration, a result which previous observers had failed to attain 
apparently because this preservation of the innervated parts has not been 
sought after and so had denied its possibility. Forsmann4 would 
seem to have approached this point in his recognition, as the results of 
many experiments, of a form of “eheniiotropism,” or positive neuro-

1 (luleotti, nnil Levi, Ziegler's licitr.. 17:1895: Kennedy, Phil. Trans. Itoy. 
Sue. Mini., 1ÎS77 : INN; Wieting (under Marchand), Ziegler’s Heitr., 2d: I NOD: 42.

2 I'phcld by He the, Altijvin. A mil. u. Physiol. </. Xerrenxyxteiiix, Leipzig, 1903, 
and by Stewart and Hallance, The I lea I in) of Serve*, London, Macmillan, 1901.

3 Montreal Med. Jour., 34:1905:239. 4 Ziegler’s Heitr., 24:1898: 56.
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tmpism, attracting the newly formed axis cylinders downward to join the 
distal portion of the nerve. Apparently, that is, the condition of the 
muscle has some influence upon the distal, severed portion of the nerve 
in connection with it.

With reference to the third condition, as we noted in connection 
with muscle, so here, regeneration is most complete when there is not 
complete section, hut only contusion and destruction of the axis cylinder 
by any means, without rupture of the sheaths of Schwann.

There is, indeed, an interesting parallelism between the muscle and 
the medullated nerve fibre in this, that both are compound structures 
provided with a sheath (the sarcolennna and neurilemma, respectively) 
closely applied to which in normal development are the specific muscle 
nuclei in the one case, the nuclei controlling the myelin sheath in the

Considering this third, simpler ease first, the stages in connection with 
regeneration are the following:

The first result of injury in the course of a fibre is traumatic degen
eration. This is apt to show itself first in the medulla, the myelin 
dividing up into irregular masses and globules; it is followed by fibril
lation, imperfect staining, and disintegration of the axis cylinder. The 
fragments of the myelin sheath become smaller and more numerous, 
and by the second day these conditions are very pronounced, the disin
tegrated axis cylinder becoming wholly unrecognizable.

But by the second or third day there is already noticeable a distinct 
proliferation of the nuclei of the sheath of Schwann. They multiply 
by direct division, no longer lie immediately beneath the neurilemma, 
but pass between the myelin globules, and, like the future sarcoblastic 
nuclei under similar conditions, it is to be observed that they gain a 
surrounding cytoplasm, increasing in amount. Mitoses, with further 
multiplication, may become evident on the third and fourth day, and, 
as with hyaline, degenerated muscle masses, so here, the myelin 
droplets diminish as these cells grow and enlarge, t )f these remarkable 
cells,1 while some degenerate and disappear, others become elongated and 
spindle-shaped. As to their further development, there is still some 
debate. It is generally admitted that they give origin to the new sheath 
of Schwann and to myelin. It is in regard to their connection with the 
new axis cylinder that there has been difference of opinion. We see that 
the new axis cylinder originates from the central end of the damaged 
nerve, not necessarily from the last node of Ranvier; some of the fine 
young processes may be traced to an origin higher up the nerve. We see, 
also, that there has been merely crushing, without destruction of the 
sheath, the axis cylinders, often multiple, or, more correct I v, with fine 
aberrant tibrilhe, proceed down the old sheath surrounded by the myelin 
cells, and, doing this, pass eventually beyond the region of injury into 
the distal undamaged part of the nerve.

1 Now recognized us being like the glial cells, of epildustic origin (Verocav. 
Ziegler’s tieitr., 48:1910).
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Recent studies, more particularly those of Marinesco1 and Ross Har
rison, throw light upon the positive neurotropism of Forsmaim above 
mentioned. It is seen that the end of regenerating axis cylinder is not 
filiform, but formed of a nodular mass of protoplasm possessing a most 
remarkable power of apparently pseudopodial motion. Following the 
development of the axones in removed portions of the primitive nerve 
tube of the larval frog, Ross Harrison, of Johns Hopkins, has shown 
that this nodular mass creeps forward, in this way lengthening the 
axone behind it, and this at the rate of about 1 micromillimeter in two 
minutes. The regenerating axone creeps thus across the area of 
destruction and along the lines of the old sheaths of Schwann until it 
enters the nerve bundle beyond. Not all necessarily reach this; some 
become diverted and arrested in the damaged area, but eventually a 
certain number of the swollen ends can, by appropriate staining methods, 
be detected in the distal nerve bundle. Presumably these fuse with 
the still intact axones of this distal portion: the exact mode of fusion 
has not been followed (Figs. 183 and 184).

Regeneration after Section or Rupture. Vnlike what occurs in Un
divided muscle fibre, there is, so far as we can see, no marked difference 
in the behavior of the myelin nuclei (or nuclei of the sheath of Schwann) 
when the nerve fibres have been divided, from what occurs when they 
remain intact, save this, that they wander out of the sheath, and, wan
dering in various directions, the axis-cylinder processes also are apt 
to curve and be distributed very irregularly, some wandering directly 
backward instead of forward. Whether, under these conditions, com
plete functional regeneration occurs, depends upon whether any con
siderable proportion of the new fibres find their way to the tract of the 
distal portion of the nerve, and is governed largely by two conditions, 
namely, ( 1 ) the distance apart of the two ends of the severed nerve, and 
(2) the extent of the cicatricial formation between these two ends.

For complete restoration of function many months may be necessarv, 
and experiments show that the wider apart are the two ends of tIn
nerve the longer is the time necessary (ceteris paribus). Beyond a 
certain distance no results are obtainable. Vaulair, in the dog, had 
negative results when a length of 4 cm. of the vagus was excised, though 
where a tubular-bone suture, or canal, was placed between the two ends, 
Huber obtained regeneration after excision of fi cm. of the ulnar nerve 
of a dog (see also Tiedcmann’s results below). Regeneration, indeed, 
is materially aided by affording a path along which the new fibres un
directed, whether a hollow bone (Vaulair), a small artery from some 
other animal ( Blinger), a bundle of catgut threads (Assaky, filuek, 
etc.), a lappet or slip from the nerve bundle itself turned over to join 
the severed ends (Létiévant), a length of nerve from another animal, 
etc. Where suppurative inflammation and leukocytic infiltration

1 Marinesco ami Minou, Revista StUntelor Med., Bucharest, 1005, No. 5. For a 
fuller description of recent studies see Halliburton, Science Progress, 2: 1908: 413, and 
Mott, Trans. Roy. Soc. of Medicine. Path. Sect., 1909-10.



llegenernting nerve fibres. These are of 
varying thicknesses (.1, U, C), and each is 
provided with a terminal swelling. The figure 
also shows the marked tendency un the part of 
a certain proportion of the regenerating fibres 
to take a spiral course (A/). (Marinesco.)

Longitudinal section of nerve from dog 
twenty-one days after division: .1. central 
end. H, cicatrix of union in which the nerves 
take a very irregular course. Many regener
ating fibres with club-like ends; m"', rn>. /«» 
have already penetrated into C. the peripheral 
end of the divided nerve. Some, like m", have 
liecome so diverted in the cicatrix as to be 
turning directly backward. Others, m' and 
m growing from above, have not yet reached 
the cicatrix. (Marinesco.)
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occur, il will readily lie understood that there is subsequent dense 
cicatrization, forming a barrier preventing union. There are, however, 
some exceptional eases on reeord in , eventually, regeneration
has taken place. Of these, one of the most remarkable is that of 
Tiedemann, in which, after excision of from 10 to 12 cm. from the 
brachial plexus of a dog, almost suddenly, at the end of two years, 
there was complete restoration of function in the limb. In fact, 
many of the negative observations upon this subject of regeneration by 
one or other means of favoring the passage of the fibrils downward 
appear to have allowed too short an interval before making the record.1

1 Other important papers on this subject of the regeneration of peripheral nerves 
are: Howell ami Huber, Jour, of Phys., 13 and 14: 1892, 1H93; Huber, Jour, of 
Morphol., II : 1895: 029 (a elassieal study of the subject); Stroebe, Ziegler’s licitr., 
13: KM I, and (’entralhl. f. Pathol.. 0: 1898 (a useful review of this literature); Vaulair, 
Arch, de Biol., 3: 1882: 379, and Arch, de Physiol., 8:188(1; Willard (nerve suturing), 
Internat. Med. Mag., April, 1894; Assaky, Arch. gen. de niéd., 1880.

0



CHAPTER XIII.
mtxmxr. on transplantation.

IIkhk, as there is a tendency to use terms somewhat loosely, it may 
Ik* well to lay down that under ini plantation we include all processes of 
inserting solid matter into the tissues of a living animal, whether living 
or dead tissue, or inert material of animal origin, whereas transplantation, 
or grafting, refers only to the one order of eases of insertion of living 
tissue. Such transplantation is spoken of as autoplastic when it is 
sought to graft tissue from the same individual; luleroplanlic, where 
the tissues of another animal are employed. Replantation, the replace
ment of an organ or tissue after removal (c. </., tooth, end of nose, etc.), 
explains itself.

Such grafting is a common operation in gardening and arboriculture, 
and there it has been known for centuries that not only is it possible to 
mate and gain perfect organic autoplastic or heteroplastic union, but 
that successful grafts can be made upon a stock of wholly different species. 
It generally is found that the more nearly allied the species the greater 
the measure of success attained. Nevertheless, the growth of the para
sitic mistletoe upon the apple and other trees shows how widely apart 
may be stock and graft.

There is now no doubt, more especially from the observations of 
Joest1 upon earth-worms and of Born2 upon amphibian larva*, that in 
lower animals transplantation is possible to an extraordinary extent. 
Thus, the latter was able to join together larva*, or parts of larva*, of dif
ferent species, and, taking individuals of one species and cutting out 
portions of their bodies, lie could replace these with like portions of the 
bodies of other individuals, and found that, if parts were accurately 
applied, corresponding parts of such organs, as the heart, the intestine, 
and nerves would fuse neatly together, and that growth continued with 
functional unity.

When, however, we come to study warm-blooded animals, we find 
that the capacity no longer obtains to anything like the same extent. 
Ribbert,3 Lubarseh,4 and many others have conducted full and most 
careful studies upon the effects of transplantation of very many tissues 
with eventually little more than negative results. Transplantation of 
the tissues of animals of another species is practically wholly ineffective.

1 Arch. f. Entwickelungsmcchanik, 5: 1897: 419. 2 Ibid., 4:1890.
3 Ibid., 0:1898: 131, etc.
* Zur Lettre it. Oeschwiilitte, Wiesbaden, 1899. The observations of Paul Pert,

lie In (trvffr animale, Paris, 1863, call for mention ; they were performed on the rat. 
and were very extensive and more successful than those of later observers.
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In (lie heteroplastic transplantation various portions of various glands 
of the animals of the laboratory into regions well with blood
—into the liver (Lubarsch) or the abdominal lymph glands (Kibbert) 
—it is found that for a time there is complete healing in, and complete 
union, eventually absorption and disappearance of the transplanted 
tissue, takes place, a fibrous cicatrix alone remaining.

r—^

Heteroplastic transplantation in the earth-worm: A, of tail end of another individual of the 
same species (Allolobophora terr.); B, intercalation of mid-body region of another individual; C, 
lateral grafting of anterior half of another individual. (Joest.)

There has, it is true, been evidence of primary growth ; thus, the 
duets of glands, especially, have shown mitosis and active proliferation, 
and the appearance of the tissue has shown what we elsewhere speak of 
as reversion, or reversionary degeneration, the cells assuming a simpler,

^'MEflSSB
Transplantation in an oblique plane lie tween two distinct species of earth-worm, I.umbricus 

rubellus and A. terrestris. (Joest.)

more embryonic type, and with this the parts which, developmental!)', 
are found to exhibit most active growth now show the same properties. 
In bone transplanted into a lymph gland, also, the periosteum may 
remain active, and there may even be new development of either cartilage

9456
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or hone. But within a few weeks or months all the specific cells of the 
transplanted tissue atrophy and disappear. This has been the experi
ence with such tissues as liver, kidney, and testis.

Embryonic Tissues. What at first appear to be satisfactory results 
are gained by grafting embryonic tissues into the fully grown animal. 
Knowing the active vegetative capacities of the embryonic cells, this is 
readily . Such observations have been carried out more
particularly by Kibbcrt,1 Birch-IIirschfeld,2 and Fere.3 The latter ob
server, planting portions of forty-eight-hour chick embryos under the 
skin of young chickens, gained, rarely, progressive growth, the growth 
persisting and being recognizable in one case for five months, in another 
for thirty-three months. In one ease, by the end of two months, small 
black feathers appeared on the graft, in another, simple epithelium. 
As a rule, the “tumors" were composed of mesodermal elements, vessels, 
plain muscular tissues, etc., with, in one case, cartilage. But in the 
majority of the eases, by the end of two months, the grafts began 
to diminish and undergo absorption. The same was true in Ribbert 
and Birch-IIirschfeld\s cases, carried out more particularly with pieces 
of rabbit embryos. In these there was found a greater persistence 
of cartilage than of other tissues, and this at times formed masses of 
considerable size, which, however, eventually underwent regressive 
changes and atrophy. This growth of perichondrium and cartilage 
has been noted by several observers.

Hunter’s famous experiment4 upon transplanting the cock’s spur 
into the cock’s comb shows, in general, the same phenomena. There 
is a primary, most active growth, and the spur with its bony centre may 
attain the length of some inches. Such spurs have been reported as 
still being present at the end of two years. More often, after a few weeks 
or months, they undergo atrophy and fall off.

Thyroid. More satisfactory results follow transplantation of the thy
roid. Von Eiselsherg5 * first transplanted one-half of the cat’s thyroid into 
the animal’s abdominal wall, and when this was healed and appeared to 
have united, he transplanted the other half into the abdominal wall or 
cavity. The animals so treated bore the operation well and showed no 
i >, but so soon as the trail.1 * ions were removed they
r with the symptoms of tetany which follow extirpation of this
gland in the cat. Munk," Enderlen,7 and Sultan8 have confirmed these 
observations, and have proved that both in the cat and tin1 dog the cen
tral parts of the body undergo necrosis, the peripheral follicles remaining

1 Loc. cit. 3 Ziegler’s Beitr., 20:1890:132.
3 Conipt. rend, de la Soc. de Biol., 1895 and 1897 (several papers) ; also Arch. d'Anat.

microscop., 1:1897:193 and 417.
4 This experiment, however, it must be noted, was the repetition of un experiment 

by Aldrovandi in the sixteenth century, confirmed by Worm in 1685 and by Duhamel
in 1746.

* Wiener klin. Woch., 1892:5.
7 Mitth. a. d. Grenzgch., etc., 3:1898.

• Virch. Arch., 150:1897:271. 
8 Centralbl. f. Path., 9:1898.

16273539

A+/^D8903
1893



0.34 ORA FTIXfi OR TRW S PL.W TA T K) S

unaffected, while as granulation tissue, derived from surrounding parts, 
passes in between these into the central necrotic area, there is an actual 
growth of the thyroid-gland tissue, in the shape of solid cell processes 
or buds given off from the persisting follicular epithelium. These be
come separated off, and eventually, with secretion of colloid, may gain 
a lumen and become quite typical. LubarsclV transplanted thyroid 
tissue into the kidney, found the new-growth imperfect, and eventually, 
within six months, becoming atrophied and absorbed. Transplanting 
into the abdominal cavity, other observers have gained more successful 
results. Thus Knderlen, grafting the dog’s thyroid into its abdominal 
cavity, found that, at the end of five and a half months, the tissue there 
was of the normal type, and Christiani,1 2 making autoplastic grafts of 
the cat’s thyroid into the abdomen, found the graft throughout glandular, 
very vascular, and the follicles full of colloid at the end of two years; 
and was justified thus in concluding that the organ can function in its 
new position during the whole course of the animal’s existence.

Mammary Glands. Ribbert's observations indicate that the mam- 
mar if (/lands of young individuals, if grafted subcutaneously, are capable 
of growing permanently in this new position. Taking a guinea-pig a few 
days old, he grafted the mammary glands below the ears ; the skill did 
not heal over them completely, and when, five months later, the animal 
became pregnant, the glands underwent enlargement and secreted milk, 
while at the same time new mammary glands showed themselves in the 
normal position, apparently from regeneration of portions left behind.

Ovaries. There remain to be mentioned those more important in
stances in which, in the higher animals, transplantation would seem to 
be attended by continued growth and vitality of the transplanted tissue, 
namely, the transplantation of the ovaries and of the skin and of the 
periosteum.

As pointed out by Kminer3 and by ( irigorieff,4 if both ovaries of a 
rabbit be transplanted to other regions of the peritoneum, it is found 
that while the central portions of these organs necrose, the other portions 
remain normal, exhibiting normal Graafian follicles, and successive 
corpora lutea and the follicles still produce ova. Three of < 1 rigorieff\s 
animals became pregnant after the operation, and Knailer notes the 
birth of young sixteen months after the transplantation. The trans
plantation would, therefore, seem to be perfectly successful, although 
further experiments are necessary to determine tin* exact length of time 
during which the ovaries continue to perform these functions. Like 
observations were conducted, some years earlier, in the human female 
by IL T. Morris,5 in one case, in a girl, aged twenty years, who had never 
menstruated. Menstruation followed the grafting of part of the ovary 
of another woman into the uterine wall; in another, after the removal 
of both ovaries and tubes, he grafted a portion of one of the removed

1 Loc. cit., p. 251.
3 (VntrnIM. f. (iyniik., 22:1808:201.
1 New York Mod. Jour., 02:1805:430.

2 Arch, do Physiol., 7:1805: 05. 
4 Ibid., 21:1807:003.
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ovaries upon tlu* stump of the right tul»e. Pregnancy followed later, 
ending in abortion at the end of the third month. Knowledge of the 
data gained regarding cytolytic phenomena will prepare the reader to 
realize that the surest success is gained with autoplastic transplantation; 
that just as the blood serum of one animal of a species may be hemolytic 
for tiie corpuscles of another member of that same species, so there may 
be antagonism between the tissues of the host and the graft leading to 
eytolysis and absorption of the cells of the latter. It is demonstrated 
clearly from these and allied experiments that the continued growth of 
the graft is intimately dependent upon functional activity. Remove 
only one ovary and the likelihood is that the grafted ovary undergoes 
early absorption; remove both, and even a heteroplastic ovary not merely 
gains perfect union, but continues to perform function.

Skin Grafting. The facts in connection with transplantation of 
the skin are so well known that here we need but summarize the results 
obtained :

(«) The deepest layer of the epidermis the Malpighian layer most 
surely undergoes proliferation when skin is transplanted; thus, for 
successful operation, the grafts must pass down well into the papillary 
layer of the cutis. It is true that, as McLeod has pointed out, these 
deeper cells can be obtained by blistering and employing the* blister 
serum, but the surest results are obtained by Thiersch's or by Krause's 
methods, in which the papillary layer or even a large portion of the cutis 
is removed with the graft.

(6) In all cases the greater part of the graft dies, but as the vessels 
of the underlying granulation tissue make their way through the cutis 
and reach the under surface of the grafted epidermis, the cells of the 
Malpighian layer exhibit mitosis (generally about the third day) and now 
undergo active multiplication, spreading out in centrifugal manner. 
As pointed out by Loeb,1 these new cells have amcehoid properties.

(c) In this way the denuded area becomes gradually covered with 
a new epithelium, which, however, is unprovided with hair follicles 
or sweat glands; the more differentiated portions of the skin are not 
reproduced.

In some eases, at least, this new transplanted epithelium is quite 
permanent, although Loeb’s interesting results, obtained by transplanting 
pigmented skin (in guinea-pigs) into unpigmented areas, and vice versa, 
would show that unpigmented skin so transplanted gradually becomes 
pigmented ; that there is a definite migration of pigment cells into the 
surrounding epidermis; that in albinos pigmented grafts become, 
eventually, colorless; and they raise a doubt as to whether, after all, 
there may not be a gradual replacement of the graft, piecemeal, by cells 
derived from the epithelium of the “host,” and whether the continued 
vitality of the graft is not more apparent than real.

Certain remarkable results have been obtained by Allen2 and others, 
by the employment of the skin of frogs and other animals for the purposes

2 Lancet, London, 1884: ii: 87f>.1 Medicine, Chicago. March, 1808.
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of grafting. For a time* much attention was called to experiments and 
the surgical employment of grafts of this nature. We may sum up 
the results of a fuller study by stating that in no rn.se is the shin of another 
species found to be successfully grafted in man; in all eases the cells 
undergo necrosis. At the same time, there are indications that the 
existence of epithelial cells on the healthy surface of a wound, even 
when not those of the same species, have a stimulating effect upon the 
epithelium of the host, causing it to spread more rapidly over the de
nuded surface. It is difficult to explain the observations to this effect, 
save on the basis of the existence of a homotropism, an attraction of 
cells to others of like order, to the possible existence of which we have 
more than once referred (e. </., pp. 615, 619, and 627).

Mucous Membranes. Mucous membranes show a like capacity for 
transplantation. Thus, several observers have, with greater or less cos
metic success, grafted the mucous membranes of the lips and mouth upon 
the conjunctiva and eyelids.

Teeth and Bone. The grafting of teeth and bone are frequently 
cited as examples of successful transplantation. In reality, they belong 
to a different order of phenomena, being examples of implantation.

It appears to have been known for some centuries in India, that after 
removal of a relatively sound tooth, a similar tooth removed from another 
man and placed in its socket becomes perfectly united, and healed in, 
and in the time of the Roman Empire there are indications that some
thing was known of the implantation of artificial teeth formed of bone, 
while, following upon Ambroise Fare, the employment of freshly drawn 
teeth from one individual to replace those of another seems to have 
been somewhat frequently practised in France and England, until the 
conveyance of syphilis, in several instances, threw the procedure into 
discredit.

Here it need only lie noted that equally good results are gained, whether 
an entirely fresh and healthy, newly drawn tooth is employed, a tooth that 
has had its pulp removed, one that has been thoroughly sterilized so as 
to kill off any living cells, or one that has been out of the body for years. 
There is not, that is to say, organic union in the strict sense. Vessels, 
and even nerves, may penetrate into the pulp cavity, and osteoblasts 
also passing in, it may eventually become filled with bone and so become 
firmly fixed ; but in all cases even those in which the recently drawn 
tooth retains active alveolar periosteum, which can become grafted on 
to the alveolar periosteum of the jaw, and so cause firm fixation of the 
cement substances the tooth proper is an inert substance whose scanty 
cells do not persist. And, while in some eases the implantation is suc
cessful, in a considerable proportion the roots become absorbed, and 
the tooth loosens and eventually falls out.

We observe very largely the same order of events in connection with 
bone. The implantation of dead, sterilized bone, or particles of such, 
whether of man or the rabbit, or even, following Semi's method, of decal
cified bones, gives every bit as good results in some respects better 
results—than does the living or recently removed bone of the individual
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grafted upon. Employing this latter, !.e Ixme corpuscles examined a 
few days later are found dead and non-staining. Such bone, in fact, 
forms, like any other porous material, a framework into which may 
penetrate the cells and vessels from the surrounding periosteum and 
living tissues. It acts, in short, very much as does the fibrin and blood- 
clot found in a wound under natural conditions, with the additional 
advantage that it is rigid and is so more likely to preserve the natural 
contour of the part.

Periosteum. With periosteum, as again with perichondrium, the case 
is very different. The autoplastic transplantation of both is most success
ful and most often the heteroplastic (/. e., from one individual to another 
of llie same species), although here the younger the animal that affords 
the graft, the greater the measure of success. SaltykoffV observations 
indicate that in the days following the operation the greater number 
of the periosteal cells undergo necrosis; a certain proportion of them, in 
the inner osteoblastic or cambium aver, remains alive, and bv the third 
day shows mitoses; in five days the proliferation of these cells is abun
dant and they form into rows of osteoblasts, which give rise to new bone. 
It is the inner layer of the periosteum that is active in this bone for
mation. There may be a preliminary formation of hyaline cartilage 
followed by the development of the bone. In general, it is to be noted 
that transplantation into the bloodvessels (Cohnheim and Maas2 *) or 
into the soft tissues does not lead to such perfect results as when the 
transplantation occurs over old bone or in the area of previous bone. 
In the first of these cases there is eventual absorption, in the last the 
formation of apparently normal bone, even to the development of a 
medullary cavity.

With regard to bone marrow the results of different observers have 
been contradictory, but by the autoplastic grafting of red marrow under 
the skin Bruns8 gained the formation of cartilage, osteoid tissue, and, 
after twenty-two to twenty-four days, of true bone, results which were 
confirmed by Kolliker1 as regards transplantation into the anterior 
chamber of the eye and the abdominal cavity.

Carrel’s Experiments. The above was the state of our knowledge 
on this subject until within the last few years, when certain remarkable 
observations of Carrel5 have materially altered our point of view. With 
great surgical ingenuity, Carrel has developed the method of vascular 
anastomosis and union, and of the accurate adaptation of nerves, ducts 
(like the ureter), etc.; and by this method he has proved convincingly 
that, provided the circulation hr restored fully, not merely can arteries 
and other vessels from one animal be transferred into another, remaining 
functional and apparently healthy for long weeks, but that this may 
even happen when the graft is taken from an animal of a different species,

1 Arch. f. Kntwiekclmech., 9:1900. 2 Yirch. Arch., 70:1877:101.
8 Arch. f. kiln. Chir., 20. 4 Centralbl. f. ( "hirurg., 1881:577.
5 Fro.. Soc. Exp. Med., 4:1907; Carrel and Guthrie, Science, 22:1905:473, and

23: 1900:394.
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and even when the organ to he grafted has been preserved for a day or 
more in the ice chest ; further, that organs of very considerable size, 
such as the kidney, may be transplanted from one animal to another of 
the same species and exhibit evidences of normal function.1 lie has 
recorded eases in which he has transplanted the whole limb from one 
animal into another, with indications of at least temporary success. 
It is but right to sound the warning that these successes are extraor
dinary in a double sense. It is no disparagement of Carrel’s wonderful 
skill to point out that results of this order are the exception rather than 
the rule where heteroplastic transplantation of organs is attempted. It 
is to his credit that he has demonstrated that this is possible. Nor 
should the surgeon who has not thoroughly familiarized himself with the 
teelmi(|tie of vascular union even dream of performing similar operations 
upon man.

Conclusions. We reach, therefore, the following conclusions:
1. In lower animals (as in plants), transplantation and grafting is 

possible to a remarkable extent, but in the higher warm-blooded animals 
it is possible to but a very limited extent, unless there be gained an 
accurate adaptation and anastomosis of the nutrient vessels.

2. In the latter, without such anastomosis, there may be temporary 
success, the grafted part gaining complete union and showing cell multi
plication; but, with relatively few exceptions (epidermis, mucous mem
branes, periosteum, perichondrium, thyroid, and ovaries), the cells of 
the graft sooner or later undergo atrophy and absorption.

Ik Autoplastic grafting is more successful than heteroplastic, and this, 
again, than grafting with tissues of a different species. In vertebrates 
the latter is only possible where immediate vascular anastomosis is 
brought about between the vessels of the host and of the graft.

4. The more vascular the site of transplantation, the greater the 
likelihood of obtaining (temporary) union.

5. The younger and more actively proliferating the tissue composing 
the graft, the greater the likelihood.

(I. The more the graft is in position to satisfy the needs of the organism 
and to actively function, the longer, in general, would its cells appear to 
retain their vitality, r. r/., portions of liver grafted into other organs when 
the liver as a whole is still functioning rapidly degenerate; the thyroid 
or both ovaries removed from their natural site and transplanted else
where retain their functions. The skin transplanted on to a superficies 
forms a perfect graft.*

1 Jour, of Exp. Mod.. 10:1908:98.
1 Quito the most thorough study of this subject of transplantation and implanta

tion will bo found in the work to which wo have already more than once referred, 
Man-hand's Die Wutulheilung. The literature is there given very fully.



CHAPTER XIV.
METAPLASIA AND IIETEltOPLAHlA.

METAPLASIA.

Ik an eye that through traumatism has liven rendered fimetionless 
he removed some years later, it is, in general, found that from the choroid 
eout there has developed a layer or deposit of true hone. In one ease, 
studied in our laboratory at the Royal Victoria Hospital, by Dr. Mathew- 
son, not only the choroid, but also the lens was definitely implicated 
in this honv formation. To account for this remarkable development 
in a region where, normally, bone is wholly wanting, three theories may 
be adduced: (1) That in the process of formation of the eye, a few cells 
destined to form bone become accidentally carried into the eye, along 
with the invaginating membranes, and remain latent and inactive so 
long as the organ performs its functions, but when by accident it becomes 
funetionless, then the altered conditions are such as to favor the active 
growth of the cells and the eventual formation of true bone; (2) that 
the bone formation is due to modified function and nutrition of certain 
choroidal (connective tissue) cells. Normally, in the uninjured eye, the 
choroidal cells have definite duties, and their activity appears to bear 
a direct relationship to the light-receiving function of the eye. When 
either the anterior or posterior chamber of the eye is injured, the func
tional activity of these cells is arrested ; the vascularity of the choroid 
undergoes modification, and now certain of the choroidal cells become 
modified in their action and form bone; (3) the third theory, that of 
Ribbert, of conveyance of bone-forming cells to the part by the blood, 
we will discuss later (p. (i47).

The first of these theories must, 1 think, be discredited. If we came 
across this choroidal bone formation only exceptionally, it might well 
be urged, but the eventual formation of this bone in the useless eve is 
the rule, not the exception. Holding to this theory, we should have to 
hold that the inclusion of aberrant tissue or “mother cells” in the develop
ing eye and in other developing organs is a matter of constant occur
rence. As we shall proceed to show later, while we must admit the occur
rence of these “cell-rests,” and admit that they are not uncommon, we 
cannot believe that eel I-rests of osteoblasts are practically constant in 
the coats of the eye. We have absolutely no ground for such an assump
tion. In studying normal tissues under the microscope, it is only verv 
exceptionally that we encounter appearances which we can ascribe to 
the persistence of cell inclusions. I n other words, metaplasia, or the post
natal production of specialized tissues from cells, which normally produce
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tissues of other orders, affords a more satisfuetory explanation of the 
appearances above described than does the theory of cell-rests.

We are apt to forget that metaplasia is a constant physiological process. 
The conversion of ordinary connective-tissue corpuscles into fat cells 
is a typical example of metaplasia, and in early natal life, as again as 
the result of regeneration, it is now clearly established that cartilage 
cells and cartilaginous tissue may undergo direct transformation into 
lame cells and bony tissue.

Before proceeding to enumerate what arc to be regarded as examples 
of true metaplasia, it is necessary, with Schridde and Orth,1 to note the 
conditions which cannot be included under this term.

;«*/•••

InI.'iikI of siiuimmiiH t piilulium in cervix of uteri of newlmni infant (? developmental metaplasia 
or inclusion). (It. Meyer.)

Heterotopia, congenital or ae<|iiired, is the abnormal snaring of cells 
of an organ or tissue with subsequent growth out of place. To the 
congenital form belong the various “cell-rests” of Colmheim, aberrant 
adrenal nodules, accessory spleens, etc.; to the acquired, traumatic sub
cutaneous epidermal cysts (“see Cysts”), periosteal and bony growths 
from displaced periosteum, etc. In none of these eases is there tissue 
transformation, but continued growth and cell differentiation 
ordained lintC. A variety that may be mistaken for metaplasia is 
brought about by the invasion of one tissue into the territory of another 
as the result of trauma or inflammation. Thus,after tracheotomy, the 
epidermis may not only cover the wound but grow some little distance 
down the trachea, supplanting its columnar celled epithelium, or in 
inflammation of the cervix uteri the squamous epithelium of the os may 
spread upward toward the uterine cavity.

Sixteenth International Congress of Medicine, Lisbon, 4 Ü, Section,

9^45
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Heteroplasia. -We owe the clear recognition of this condition to 
Schridde.1 Careful examination shows that in practically every oesopha
gus examined, about the middle there are to lie detected one or more 
small islands of columnar epithelium resembling that of the gastric 
mucosa. Now the " " gives origin in the main to a columnar 
celled epithelium (respiratory passages, alimentary canal and its append
ages from the stomach downward), but in the oesophagus the lining layer 
becomes converted into a squamous epithelium with cell bridges and 
fibrils wholly like those of the (epiblastic) skin. There is in these islands 
no conversion of the one type of epithelium into the other, but a persist
ence of developmental tendencies. A similar explanation has been 
afforded for the occasional islands of squamous epithelium encountered 
in the respiratory passages, stomach, gall-bladder, and cervix uteri in 
cases in which there is no sign of inflammatory or other disturbance 
which might account for the change. It cannot be neglected, however, 
that under the influence of chronic irritation, somewhat similar areas 
of squamous epithelium in the above regions may be examples of true 
metaplasia.

Anaplasia or Reversionary Atrophy ( Entdifferenzierung).- The mere 
loss of differential characters bv cells subjected to abnormal conditions 
is not metaplasia, e. g., the ion of the cells lining the con
voluted tubules in cases of granular contracted kidney, or the reversion 
of the cells of the pulmonary alveoli to a large, more or less cubical 
form, in cases of chronic interstitial pneumonia with fibrosis and con
traction of the interstitial tissue.

In this category must be placed the development of mucoid tissue in 
adult life. For mucoid tissue developmental!)' is always found as an 
intermediate stage in the growth of some other mesoblastic tissue. 
IIow such retrogressive change may be associated with active growth 
will be pointed out in discussing neoplasia, when also the subject of 
anaplasia will be seen to have an important bearing. C’osely allied to 
this is what Orth terms allomorphism, simple morphological change 
of cells due to mechanical action, e. y., the flattening of a cubical or 
cylindrical epithelium lining a cyst, due to the distension and pressure 
of the contents of the same; as again is Schridde’s prosoplasia, the further 
differentiation under modified environment of a tissue already per
forming a particular function, as, for example, the eornitieafion of the 
epithelium of the prolapsed vagina.2 Metaplasia comprises both mor
phological and functional change.

Physiologically and pathologically, we are forced to recognize that 
there are certain narrow limits bounding metaplasia, at least afterbirth. 
Epithelial (epiblastic ami hypohlastic') tissues can only be concerted 
into other forms of epithelial tissue, one form of mesoblastic into another 
form of mesoblastic. Fpithelium and gland cells, for example, never

1 Varela. Arch., 101:1W)N: 178.
7 While of squamous type, the normal epithelium of the vagina, as of the mouth 

and oesophagus, exhibits no keratinous change.
41
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heroine converted into hone or curtilage, or rice versa, while, again, 
it may he laid down that among < “ * " and hy|>ohlastie tissues, on
the one hand, and mesohlastie tissues, on the other, there is no new 
development or * >ia of the most highly specialized tissues from
less specialized tissues; a simple epithelium cannot in the vertebrate give 
rise to the more complex glandular tissue, or to nerve cells; in regeneration 
of epithelium there is no new formation of hair roots or cutaneous glands. 
The cells of white fibrous connective tissue have not been seen to form 
striated or even lion-striated muscle. Within these relatively narrow 
limits numerous examples of pathological metaplasia present them-

Mi'liililasia from a awe of ectopia of the lilailtler: tile ordinary squamous epithelium 
liecoinee replaced l>y a columnar epithelium. (After Kmlerlen.)

Epithelial. The mucous membrane of the uterus is a columnar 
epithelium; if the organ be everted so that it projects from the vagina, 
forming a pear-shaped mass, exposed to the air, the mucosa covering it 
becomes eventually smooth and dry, and now, upon examination, in 
place of the columnar there is found a stratified squamous epithelium, 
of which the outer layers may show very definite keratinous or horny 
change, as in the true skin. Similarly, as the result of chronic irritation 
the columnar, ciliated epithelium which covers the greater part of the 
larynx may here and there show thickening, and, on microscopic exami
nation, these thickenings are found to be forints! of a squamous epithe
lium of many layers of flattened cells Dr. Long, working in our labor
atory, has recently encountered two cases of multiple osteoid growths in the 
submucosa of the trachea over which the conversion of the columnar 
cells into a squamous epithelium with true prickle cells was admirably 
demonstrated. In the gall-bladder also similar transformation of the 
columnar mucosa has been observed following chronic catarrh.

8262
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In thv bladder there may be changes of two orders. This organ is 
lined bv a distinct, but loose, pavement epithelium in several layers. 
As a result of chronic inflammation, either there may develop areas of 
wholly typical squamous epiderm, with prickle cells (this over the en
larged prostate), or overgrowth of a papillomatous type may be initiated, 
when in place of the squamous epithelium there is developed an 
epithelium of the columnar type. 'I'llis is often noted in cases of ectopia 
vesica*, and here even simple glandular crypts inav show themselves 
(Fig. 188).

0£o°oo0

Ktugrs in the inetiiplnsUc regeneration or formation of it new lens front the iris, in the larval 
newt: I. nlgp of iris hemming swollen; 2, 3, 4, progressive overgrowth of the edge; 5, separation 
of the hypertrophied mass of veils to form the lens. (Fisehel.)

The Lens. One of the most remarkable examples of 
regeneration has been studied by (i. Wolff1 and Fisehel.2 The lens in 
vertebrates is formed by an invagination of the surface epithelium of the 
head into the primary optic vesicle, which in its turn is formed by a similar 
invagination from the forebrain. The inner wall of this primary vesicle 
forms eventually the retina and iris. If, now, in the larval newt or salaman
der the lens be extirpated, in a short time a new lens is developed from the 
iris. Further observations have shown that the retina itself can produce

1 Biol. Ccntralbl., 14:181)4.
1 Ahluuull. (I. Deutsch. putlml. Gesell., 1902. For a discussion of the cases see 

Schwalbe, Morplwl. tier Minslnltlungen, Jena, 1906, 1’t. 1:88.
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lens-like bodies, and that if the old lens he not removed but simply 
pushed to one side, the iris will form a new one. There can be no more 
remarkable example of cells of one tissue taking on the functions and 
properties of another. But it must be kept clearly in mind that the 
normal lens and the iris, even if of widely different origin, are both 
epiblastic. The case comes clearly within the limits noted by us, that 
epihlast can only produce epiblast; mesoblast, mesohlast. The same is 
true in Saxer’s case of the development of an epithelium lining the cysts 
in gliomas (p. 505). While, as we have noted, we do not regard this as 
a proper epithelium, the cells in question, like the glia cells, are of epi
blastic origin. In regenerating planarian worms, as Flexner1 has pointed 
out, epithelium can even give rise to distinct nervous elements. Braun2 
has shown that the same occurs in the larval frog.

Mesoblastic. The most marked examples are afforded by the meta
plastic formation of bone. This may be:

1. Front cartilage, as in the ossification of the laryngeal and tracheal
cartilages in advancing age, in which it is to be , as in all these
true metaplasias, there is merely conversion of one tissue into another 
replacement and not new-growth. There may, however, be some 
admixture of replacement and growth. Occasionally the smaller 
bronchi are found converted into rigid bony tubes. It is a question 
here whether we have to deal with metaplasia of the small cartilaginous 
plates in the bronchial walls alone, with subsequent slight growth and 
fusion, or with * da affecting both the cartilage and the inter
vening connective tissue. The replacement of cartilage by bone in 
callus after fracture is an example of the same process.

2. Osseous metaplasia of connective tissue. In the lungs we may 
encounter small irregular spieulated masses of true bone, best explained 
as originating in this manner, while relatively large plates of true bone 
are to be met with in old pleural and pericardial adhesions, where the 
inflammation has been prolonged and the formation of new tissue exces
sive. Both bone and cartilage are occasionally met with in the arterial 
wall in arteriosclerosis, as also in the fibroid valve of chronic endocar
ditis. Professor J. J. MacKenzie3 and W. Harvey,4 of Toronto, and 
others have noted the liability for bone to form in the walls of arteries 
of rabbits that have been experimentally injured.

•5. Osseous metaplasia of tendons. Occasionally the tendons of 
origin or insertion of a muscle are found replaced by true bone, forming 
large bony prominences. 'I'liis may be the first stage of a remarkable 
and rare < , to which the mistaken designation of myositis
ossificans has been given.

There is no certain evidence that we have to deal with an inflammatory

1 Jour, uf Morphology, 14:1898: 837.
2 Juhrcahor. <1. A nut. u. F.ntwick,, 19113 and 1904.
3 Brit. Mod. Assoc., Toronto, 19011,
4 Jour, of Mod. Iles., N. S., 12:1907:25. For curtilage similarly produced see 

Trachtenberg, Cent mild, f. Path., 17:1906; 014.
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process, nor is i( certain that the muscle fibres are primarily involved. 
In this condition, in the course of years, the muscle tendons and the 
bodies of one set of muscles after the other become replaced by bone, 
until at last the patient is unable to move his limbs, or to rotate the head 
or bend the back bone. Further and fuller studies are needed into the 
essential nature of this very remarkable condition.

Cartilage. The most marked example of cartilaginous metaplasia 
(except forms that are observed in connective tissue tumors) is seen in 
the development of the provisional callus of long bones after fracture 
(see j). (ill). In connection with new-growths derived from the con
nective tissues (osteomas, fibromas, sarcomas, lipomas, myomas), 
islands of cartilage are frequently observable. In mixed tumors of cer-

Osseous metaplasia in the wall of a bronchus (so-called •‘osteoma”): a, mucosa; li. submucosa; 
c, mucous glands; </, cartilage; t, connective tissue; / /, masses of bone in subinucosa; t/, fat 
cells. (Dennig.)

lain organs, such ns the parotid and testis, it is usual to ascribe this 
cartilaginous formation to the existence of cell-rests. A consideration 
of cartilage development in general leads us to consider that we have 
in. adequate ground for separating these from other cases of metaplasia. 
The development of cartilaginous tumors, not uncommon in the mam- 
mar}- gland of the bitch (and very rare in that of the human being), 
must equally, we think, be regarded as originating from a primary 
metaplasia of the connective tissue of this gland. This, however, is 
not the prevalent view.

Of the metaplasia of fibrous tissue into cartilage and of cartilage into 
bone, the most striking instance that we have encountered is in the 
cases of osteoid development in the trachea already referred to. The 
cartilaginous rings of the trachea are developed from the inner aspect



METAPLASIA AND II ETEROPLA SI A040

of the fibrous perichondrium. The specimens demonstrate with absolute 
precision that occasional cartilage cells may develop within the layers 
of the perichondrium, and that here and there, without any obvious 
covering layer of fibrous tissue, plates of true fibrocartilage form from 
the outer aspect of the fibrous perichondrial layer. In these in several 
places the cartilage cells can be observed becoming separated, more or 
less stellate, and surrounded by an osteoid matrix. In this way nodular 
projections become developed of laminated osteoid material possessing 
large marrow canals, with vessels and relatively abundant fat cells.'

Fibrous Tissue.-As might be expected, we meet with frequent ex
amples of the conversion of more specialized mesoblastic tissues into 
the simpler fibrous connective-tissue type. As Thoma well points out, 
one of the clearest examples is met with as the result of immobilization 
of a joint by surrounding adhesions, etc., when the cartilages covering 
the opposed surfaces disappear, being replaced by connective and mucoid 
tissue. There is, it is true, a primary neoplastic development of vessels 
in the part, but the appearance of the fibrous and mucous tissue must 
be regarded not as a degenerative change (for inactivity of the joint 
would lead to atrophy), but as directly due to change of function. Immo
bility of the joint does away with the condition which necessitated joint 
and cartilage, and slowly a new-formed tissue develops. Whether the 
more highly differentiated mesoblastic tissues can undergo metaplasia 
whether for example, the plain muscle cells in a uterine myoma undergo 
conversion into fibroblasts, or whether they undergo atrophy and replace
ment— is still a moot point.

Such metaplasia is in all cases to he regarded as an adaptation on the 
jxirt of the cells to altered environment, not of necessity and primarily 
to altered function. One can, for example, recognize no change of 
function in the laryngeal and other cartilages with advancing life, but can 
recognize alterations in nutrition leading to absorption here and there, 
entrance of bloodvessels and conversion into hone, of the same order 
as, to employ an instance afforded by Lulmrsch,1 2 is the conversion of 
spherical unicellular organisms, like the Micrococcus prodigiosus, into 
bacillary or even spirillar forms under the influence of acid added to 
the medium of growth; and in the lower multicellular forms of animal 
life the modification thus brought about may affect not merely the cells 
and groups of cells, but entire organs, when instead of metaplasia we 
speak of heteromorphosis. To this we have already referred (p. (>03) and 
quoted the example of the regeneration of an antenna in place of an 
eye noted by Herbst3 in Palinurus and other crabs (Fig. 173). Another 
remarkable example, noted first by Spallanzani in the eighteenth cen
tury, and confirmed by Morgan, is that occasionally the earth-worm,

1 Aschoff points out tlmt this is not the universal form of tracheal “osteopathy;” 
in some cases the bony nodules develop in the submucosa unrelated to the peri
chondrium. Alistr. Centralbl. f. nllg. Path., 21:1910; 442.

* Alltjemeiue. PulhnUtgie, Wiesbaden, 1905: 53.
3 Arch. f. Entwickclungsmcch., 9:1X99:200 and Id: 1002:430.



OPPOSING VIEWS 047

whose head end has been removed, regenerates not a head, hut a tail. 
Very similar in character are the eases to which Loch first applied the 
term heteromorphosis. The hydra, the tiihularia, and the anemone 
Ccriauthua all possess a simple digestive cul-de-sac, the mouth opening 
into a digestive pouch. If in any of these an opening he made through 
the body wall into the digestive sac, so that fluid so soon as it flows 
through the mouth flows out through this opening, it is found that 
the opening, in a short time, becomes provided with a ring of tentacles 
and comes to resemble, and function as, a true mouth.

The cells here through primary alteration in environment are capable 
of taking on altered function—and so it is in the more restricted condition 
of metaplasia. To deny or to minimize metaplasia almost to the vanish
ing point, as is the tendency of certain pathologists at the present day, 
appears unwarranted ; on the other hand, we are not prepared to pro
ceed to the other extreme and recognize that in the developed individual 
the cells of hypoblastie and epiblastic origin can take on mesoblastic 
functions.

One of the strongest opponents of the frequent occurrence of meta
plasia is Hibbert.1 lie admits the existence of physiological metaplasia, 
but criticises, with scarce an exception, the examples here brought 
forward. Metaplasia, he holds, is an “extraordinarily much rarer occur
rence” than is usually held. Where in phthisis bulbi, or in the vessel 
walls or lungs, or in sites of old calcification there occurs devt " cut 
of bone, what happens, according to him, is the appearance of a richly 
cellular tissue which either is directly converted into bone owing to the 
development between the cells of a homogeneous ground substance, 
which undergoes further modification (as may occur in callus), or rows 
of osteoblasts are to be seen as in normal ossification. But, says Hibbert, 
this is no metaplasia. These cells and the marrow cells, which subse
quently form, may have been derived from the blood and indirectly 
thus from the marrow of bones elsewhere.

This possibility has to be admitted, but is it the greater probability ? 
We think not. I low does bone arise first in the fœtus? From meso
blastic cells; and even in the periosteum of the adult the future bone 
corpuscles pass through a stage in which they are indistinguishable from 
fibroblasts, and in delayed union and in osteogenesis imperfecta2 they 
may actually be converted into connective-tissue corpuscles.

It is the environment and relationship to the vessels and other influ
ences acting upon them that lead certain mesenchyme cells in embryonic 
life to become osteoblasts and marrow cells. No satisfactory reason 
exists for denying that this may be in action later, just as all through life 
osteoblasts, which have never functioned as such hitherto, become con
verted into bone corpuscles. Similarly, he would explain the replace
ment of columnar by squamous epithelium as most often due to the 
existence of included islands of squamous epithelium, as due to hetero- 
plasia, in Schridde’s sense, followed by an invasive heterotopia. This,

(Ivxvhu'illstlchre, Bonn, 1904:5. 2 VideKlotz, Journ. of Path., 13:1909:407.
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however, does not explain the reverse condition seen in ectopic bladders, 
where the columnar epithelium makes its appearance. He admits that 
the development of a many-layered epithelium of squamous type may 
replace a single columnar duct epithelium, under conditions in which 
this explanation cannot hold, as in the extensive alteratian which he has 
himself figured as occurring in the submaxillary duct of the rabbit, after 
ligature of the same. This he explains as an “innate tendency” on the 
part of this epithelium, a derivative of the squamous epithelium of the 
mouth, to form squamous epithelium, a tendency which under ordinary 
conditions has not the opportunity to show itself and admits the same 
for like changes in the urinary passages under altered states. So he 
concludes that only tissues that, while externally different, possess, never
theless, the same histogenetic capacities can undergo metaplasia one into 
the other. But this is what all pathologists will admit. The histogenetic 
capacities of a cell are brought out by its surroundings; all we would 
urge is that they are not so narrow as liihhert would make them out to be.

The cases we are not prepared at present to accept are such as those 
placed on record by Leo Loeb, and confirmed, we may add, by other 
observers, in which in the course of <.......... regeneration certain epi
thelial cells have been noted to pass into the underlying tissues and 
assume the appearance of fibroblasts. While we admit that the process 
occurs, we would urge that the fate of these cells has still to be determined. 
As shown by Schridde, the mere fact that a cell of the plasma-cell type 
comes to simulate in size and shape the connective-tissue corpuscle of 
connective tissue does not make it into a connective-tissue corpuscle. 
It has still to be shown that the fibroblast-like cells of epithelial origin 
function as fibroblasts and become fully formed connective-tissue cells. 
While it is true that in tin1 * past too great a stress has been laid upon the 
tendency of epiblast and hypoblast to form what we have termed lining 
membrane or lepidic tissues, and too little attention to the fact that each 
of the primary cell layers can form tissues of both orders (matters to 
which we shall revert in discussing neoplasia1), epiblastic connective 
tissue (e. y., the neuroglia) exhibits constant differences from the meso- 
hlastic connective tissue, and for the present we must continue to lay 
down that while there may be conversion of one epiblastic or hypoblastic 
tissue into another epiblastic or h ypoblastic tissue, and of one mcsoblastic 
form of cell into another mcsoblastic form, this conversion is of a limited 
extent; metaplasia of mcsoblastic tissue into epiblastic or hypoblastic and 
vice versa does not occur.

Lastly, we recognize the difficulty that presents itself in the con
ception of fully formed cells of one order becoming directly converted 
into cells of a different type. But this, I believe, never happens. As I 
pointed out some years ago,3 “metaplasia is never direct, but is only

1 See page 700.
1 On Growth and Overgrowth awl on the Relationship between Cell Differentiation 

awl Proliferative Capacity, Jacobi Festschrift, 1900, and Med. Chron., Manchester,
June, 1900.
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brought about by preliminary reversion to a more embryonic type, or 
where mother cells are present, bv the modified development of cells 
derived from the mother cells, the influence of environment altering the 
character of those cells during the period of growth.”

The nearest approach to such direct conversion is to be seen in the 
conversion of cartilage into bone cells. The former cells are histologically 
so simple in type that it is difficult to recognize any change in them. 
Rut functional change there must be, since the matrix which they govern 
exhibits a preliminary retrogressive modification.

More recently Sehridde has emphasized the same general principle. 
Thus, in the corporeal, as in the spiritual world, to undergo “conversion” 
it is seen to be necessary to “become like little children,” if not to be “ born 
again,” or, as Orth expresses it, “In the majority of cases at least, it is 
not mature cells that change themselves, but it is youthful, not yet 
completely differentiated cells that take on the new character.”1

1 He similarly quotes bony metaplasia as presenting difficulties in formulating an 
absolute rule.



CHAPTER XV.
TH K N K< (PLASMS; TERATOMAS AND TKRATOHLASTOMAS.

Whatkvkh brandi of biological science we make the subject of our 
study, the more deeply we enter into it, the more do we realize that 
classification, which is the goal and outcome of our knowledge—so far 
as it concerns the knowledge in itself is not the sorting of data into 
sharply defined departments; such departments do not exist. Rather, 
it is the arrangement of our data in progressive order in such a way that 
we most satisfactorily gain a comprehension of their relationships and 
the place they occupy in one harmonious scheme. The classes of living 
objects and of vital phenomena are not distinct; classes as such have no 
absolute existence; they pass imperceptibly one into the other by many 
transitional forms. While this is so, classification is nevertheless neces
sary. To measure the grade we have to set up posts at convenient 
intervals; to grasp the progression of forms we have to select types here 
and there at suitable points, group the forms most nearly allied around 
these, and so constitute c lasses. Nowhere do these considerations gain 
a better illustration than in this study of the different forms of neoplasms.

Terminology. We speak familiarly, and rightly, of any unusual 
swelling recognizable in any part of the organism as a tumor, for "swell
ing” is the root-meaning of that term. I'm 1er this heading we may 
include (1) examples of dislocation of parts, (2) abnormal collections 
of fluid or gas, whether sharply encapsulated, as in cysts, or, though 
localized, more diffuse, as in inflammatory and hemorrhagic conditions, 
and along with these, (3) actual tissue growths, whether («) physiological 
(as in the ease of the pregnant uterus), or (6) hypertrophic, or (c) due 
to localized abnormal growths of part of a tissue or organ, or within an 
organ. Save for gross descriptive purposes, unless preceded by a «nulli
fying adjective, the term tumor has no value. If, therefore, we wish 
to classify and distinguish from other forms of tumor a series of solid 
overgrowths which are included under some of the conditions hitherto 
studied, namely, the class which Tlioma has, we think, appropriately 
termed the autonomoux tumor.v (?". <*., those which are, or which possess, a 
law unto themselves), we have to select some more definite term, and 
for some years it has been usual to speak of ncoplaxmx (literally, new- 
growths) and of nroplaxia, the process of new-growth. Rut, as Klebs 
justly points out, these terms are applicable also to conditions of regenera
tion, hyperplasia, and all forms of new or renewed growth of tissues. 
Conventionally, however, when we speak of neoplasms we only take 
into consideration the autonomous tumors we are now about to discuss. 
When* accuracy of description is mpiired we distinguish two distinct
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orders of these neoplasms proper, the teratomas and the Ida stomas, and, 
as l1 have pointed out, it is serviceable to recognize a third intermediate 
order, the icratoblastomas. What we understand by these terms will 
be made clear in the following pages.

The termination oma following the ( Ireek root for tissue of one or other 
nature, or even of some descriptive adjective, conventionally indicates 
an overgrowth of the types about to be considered.

Here, again, owing to the evolution of our science, exceptions are to 
be noted. Before it became possible to make clear distinctions between 
the different forms of neoplasia, the termination oma was employed 
indifferently to indicate swellings of any order. We thus still refer to 
sulieutaneous collections of blood as hematomas,1 and use it when 
referring to specific inflammatory overgrowths- tuberculoma, syphiloma, 
condyloma, etc. These conditions are, however, not autonomous, and 
we no longer include them under the neoplasms proper.

It is this autonomy, this growth independent of function and of either 
present or future needs of the organism in which they occur and from 
which they gain their nourishment, independent also of obvious stimu
lation from without, that distinguishes the neoplasms proper from all 
other forms of tissue growth. And it is this also that renders it difficult 
to define them in terms a[ to other vital processes. In seeking
for such a definition the natural course to follow would be to consider 
processes apparently most nearly allied, and carefully to analyze the 
points of likeness and of difference. Now ? •ocesses exist ; there are 
overgrowths the result of inflammation, and others of the nature of 
congenital hypertrophies, in which it is almost if not wholly impossible 
to state where the division comes between inflammatory disturbances or 
hypertrophy on the one hand, and blastomatosis on the other. But these 
we shall consider later, when discussing the blastomas, for it is in connec
tion with that order of tumors that these difficulties arise. In order to pre
sent as clear a picture as possible, we shall at first consider autonomous 
neoplasia in general, define that, and then take into consideration the 
different orders and their relationships.

Definition. Too often have theories as to the causation of these 
autonomous neoplasms entered into the definitions. Thus, Cohnheim 
defined them as “circumscribed atypical productions of tissue from a 
matrix of superabundant or erratic deposit of embryonic elements.” 
Here we have introduced the untenable theory that all autonomous 
neoplasms arise from embryonic tissue which has remained latent. We 
are still uncertain as to the causation of these growths, and so etiology 
must not enter into our definition. Thus, Ziegler’s definition is more

1 Adami, Montreal Med. Jour., July, 1908.
1 When words so formed were new and foreign, it was correct to employ the Greek 

form of plural, and to sfienk of sarcomata, osteomata, etc. Hut these words have now 
become so familiar a part of every-day language that they may be regarded as natu
ralized and given the ordinary Knglish plural. We shall use the two forms of plural 
indifferently.
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.satisfactory: “A tumor is a new formation of tissue possessing an atyp
ical structure, not exercising any function of service to the laxly, and 
presenting no typical limit of growth." The use and limitations of the 
term “atypical structure" require here a little e> ' m, add to which, 
the pure teratomas to be presently described do present a limit of growth; 
and so we prefer ('. 1\ White's statement that “rz tumor ftroper is a mass 
of cells, tissues, or organs resembling those normally present, but arranged 
atypically. It grows at the expense of the organism without at the same 
time subserving any useful function.” Yon Rindfleiscli characterizes them 
as zi “localized degenerative excess of growth;" i. e., the very excess of 
growth is regarded as in itself a degeneration; Birch-IIirschfeld, as origi
nating spontaneously, becoming separate from the physiological tissues in 
their physiological and functional relationships, as developing from the 
cells of the body, and possessing progressive growth; llibbert, as “self- 
confined, dependent upon the organism for their nourishment, but 
otherwise largely, if not quite independent, corresponding more or less 
but never absolutely with the tissues of the natural body, and presenting 
no definite limit to their growth.” Lubarsch's definition is closely 
allied: “Under tumor proper we have to understand those growths 
of apparently independent origin which histologically correspond in 
structure more or less completely with the matrix from which they origi
nate, but in form are atypical ; which further, in spite of their organic 
connection with that matrix, and in subjection apparently to laws of 
their own, pursue an independent existence which is not, or only excep
tionally, of advantage to the organism as a whole.”

I low next can we classify the growths possessing these characters? 
As indicated by the definition we have selected, these net ■> are com
posed of cells, tissues, or organs resembling those normally present in 
the body; in fact, we cannot but conclude that they have a like origin. 
It would seem to follow, therefore, that classification is possible according 
to the type of cellular tissue present, just as we are able to classify the 
cells and tissues of the normal organism. But before proceeding to do 
this, it is well to take into account the variation noted in the definition 
(White’s), namely, that some of the tumors are composed of cells of 
one particular type, others show a tendency toward arrangement of those 
cells in definite order with intervening stroma, such as we can see in 
normal tissues; a third group shows cells derived evidently from more 
than one type of tissue—the mixed tumors; a fourth shows even greater 
variation in the type of cells with tendency to the development and 
presence not merely of irregular cell collections, but of such fully formed 
organs as brain, teeth, masses of bone, skin, sebaceous and other glands.

We will consider these last first.

TERATOMAS.

All monstrosities are tcrafa, and such terata we have discussed in 
an earlier period of this work, pointing out the successive grades, from 
the dichorial and monochorial twins, through the symmetrical double
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monster to the asymmetrical parasitic monster, such as we see in the 
fœtal inclusion. The study of that series has demonstrated that we 
there dealt with, in the simplest eases (the dichorial twins), the de
velopment of two ova side by side in the uterus, in the next with the 
formation of two separate (twin) individuals from a common ovum, 
until, reaching the fœtal inclusion, we find that, of two individuals so 
developing from a common ovum, one, the feebler, became during early 
embryonic development infolded into the other and that it gains its 
blood supply from that other stronger fœtus, becoming ingrafted into it. 
Now, such a fœtal inclusion, an imperfect grafted individual, we may 
regard as our type of teratoma. It is not an independent individual; it 
is incomplete; it is nourished from its host; but it has begun existence 
as a separate individual, its tissues have developed from an independent 
primitive streak. Even if, as in our earlier < r we pointed out, both 
parasite and host originated primarily from a single ovum by a single 
act of fertilization, nevertheless, at an early period, that single ovum 
came to exhibit two independent centres of growth, and it is the auton
omous growth of one of these that has given rise to the mass of tissues 
constituting the parasite.

If, then, we take this as our type, we may define the teratoma as an 
autonomous (/roieth, the product of the continued development within <nie 
individual of another individual of the same species. We place an em
phasis upon th<‘ “continued devt" ’’ in order to exclude the
normal fœtus, which possesses only a temporary development of this 
order, and then through its placenta, which penetrates into the maternal

There are several different types of tumor which fulfil this definition, 
but before describing them it will be well for the purposes of orderly 
classification if we consider what cells in the organism in its different 
stages are capable of giving origin to all the orders of cells which consti
tute the individual. ( )ur first inclination is to lay down that the fertilized 
ovum alone can do this; a little consideration shows that the potentiality 
is more extensive. Every totipotent cell, to employ the terminology of 
the embryologist Harfurth, must be regarded as capable of giving origin 
to an individual, every cell, that is, possessing the power of giving origin 
to cells of every order.

Of such totipotent cells, in addition to the fertilized ovum, we recog
nize the following:

I. The primordial blastomeres. We know from abundant experi
ments that these, even among the vertebrates (the frog, Itoux, Morgan), 
can lie broken apart and each give origin to a complete dwarfed indi
vidual.

II. The primitive germinal area cells.
III. The “growing point” cells of the germinal area (p. 238), which 

give origin to the successive mother cells for the various tissues. The 
powers of these cells, it is true, is more restricted; they are not, like the 
blastomeres, yolk-containing, anil can only give origin to the embryo 
so long as they are in connection with the body of the ovum.

4
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IN'. The germinal hlastomeres. These from the very earliest period of 
segmentation of the ovum appear to he set apart, becoming eventually 
lodged iu the generative glands, and there give origin to the eventual ova 
or spermatozoa. There is a succession of generations from the primordial 
germinal blastomere down to the mother cells of the ova and spermatoza, 
all retaining and conveying onward totipotential characters. Here 
we do not include the ova and spermatozoa as such, the results of a 
reduction process affecting the mother germ cells (see p. 150),

V. The fertilized ovum.
1. As already noted (p. 22N), separation of the primordial hlastomeres 

can only he regarded as giving rise to diehorial twins, not to teratomas.
2. Monochorial twins would seem to originate at a rather later date, 

and then not so much from a single primitive blastomere (although this 
cannot he wholly excluded) as from an early division or dichotomy of 
the cells set apart to form the germinal area, cells which, it is true, arc 
totipotential. From this same order of cells we must regard the indi
viduals as originating which become the eventual filial inclusions.

3. Excess production of growing point cells affords the most satis
factory explanation, as already noted (p 239), of those remarkable 
forms of teratoma, Epignatlius (at the superior pole) and Congenital 
Sacral Teratoma (at the inferior). They may be regarded as examples 
of polar or serial deduplication.

4. The germinal hlastomeres. (a) It has been noted by several 
embryologists who have followed the germinal hlastomeres from the 
earliest stages of development, that these undergoing multiplication do 
not necessarily, in every individual, all find their way into the ovary or 
test is. Certain of them may come to be included in other organs and 
regions in the cranium, the gill clefts, thoracic cavity, etc. To the later 
development of these misplaced germinal hlastomeres have been ascribed 
the cmbrijomas showing themselves in different regions, (b) But if 
this be so, a similar origin from germinal hlastomeres, or more clearly 
from the mother cells capable of giving origin to ova or spermatozoa, 
most satisfactorily explains the much more common development in 
the ovaries and testes of complicated tumors containing tissues derived 
from all three cell layers (epiblast, inesoblast, and hypoblast), the ovarian 
and testicular embrgomas (terms less confusing than the older ovarian 
and testicular “dermoids”).

These, then, we regard as the teratomas.
Elsewhere1 we have proposed that they should be classified into:
1. Twin teratomas (when host and parasite are of eiptal age).
2. Filial teratomas (in which the teratoma is the product of one of 

the germ cells of the host); and have subdivided these last into:
(a) Parthenogenetic, from germ cells multiplying without previous 

fertilization, and
(/>) (iamogenetie, the product of growth of a fertilized germ cell.
Further consideration has made us a little doubtful as to the expedi-

1 The Classification of Tumors, Jour, of Path., 4:1902:233.
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ency of this clussificHtioii; while we believe that the conception of twin 
and filial teratomas is a useful one, we would replace the term germ cell 
by totipotent cell, to include growths of the epignathus type. So, also, 
we have noted that using the term “ parthenogenetie," it has been assumed 
that what we meant was that teratomas of this order (ovarian and testic
ular emhryomas) originate from the mature ova or spermatozoa. This 
is not our belief. Lastly, while formerly we were inclined to classify 
placental moles and that remarkable form of growth, the chorio-epitheli- 
oma malignum, both derived from cells of the fertilized ovum, among 
the teratomas proper a position for which much may be said we are 
now of the opinion that as such growths do not represent the individual, 
but only the aberrant growth of one set of cells belonging to the individual, 
it is better to discuss them as a class apart—of Teratogenous blast omas.

Here the classification of Wilms' deserves attention:
1. lents of two anlagen on one germinal vesicle with partial 

fusion : Double monsters.
(«) With equal growth : Duplicia sjpnmetros.
(b) With early arrest (lagging behind) of growth of one: Duplicia 

asymmetros.
(e) With parasitic inclusion: Fœtal inclusion.
2. Developments from one milage on the germinal vesicle producing 

excess blastomeres which become included in the growing individual.
(a) The included blastomere undergoes development at a very early 

age, the growth being relatively elaborate: inclusions recognizable at birth.
(b) The included blastomere lies latent within the organism for

some period, and starts active growth only at a later period (often in 
the fully de\ individual) as a result of some altered conditions
( ( ielcgenheitsursaehe) : most cases of abdominal inclusions, embryomas 
of the genital glands, and embryoid (mixed) tumorsr

Accepting for the time being the view that the tumors of class 2 arc 
derived from aberrant blastomeres, it is difficult to suggest a term 
which will succinctly indicate them. Wilms first labelled them embry- 
omas, in the belief that they were derived, parthcnogenetieally, from fully 
formed germ cells, and were, in short, of the same rank as the embryo. 
Similarly we have classed them as filial teratomas. If for “blastomeres” 
we employ, as suggested, the term “totipotent cells,” then Wilms' classi
fication and that here adopted become practically identical.

Fœtal Inclusions. The inclusions may be incomplete or incomplete 
and projecting (Fig. 04). Our conception of such as a weaker and 
smaller embryo carried into the body of the more fully developed em
bryo, during the process of closure of the great anterior fissure,1 2 3 makes it

1 Wilms, Die Mischgcsrhwulste, Leipzig, fîeorgi, 1899, 250. This is the locus 
classions for the forms here under consideration, and is a masterpiece of clarity. 
Si sir urn ties!

2 This, as Wilms states, does not pretend to he a full classification of the double 
monsters.

3 I he existence end early development of the amnion surrounding the embryo on 
its lateral and dorsal aspects prevents such inclusion anywhere save at this fissure.

5
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essential that those cmbryomas only can l>e regarded as fœtal inclusions 
which are in relationship to that fissure, i. e., whose situation is (1) 
median, (2) ventral, (3) thoracic or abdominal. We cannot, that is, con
ceive inclusion as occurring in any other region. Teratomas, for * , 
having a retroperitoneal and more dorsal alxlominal position, posterior 
mediastinal, or cranial cannot be explained on this supposition.

Epignathus and Congenital Sacral Teratomas. For a description 
of the mode of origin of these forms see p. 23<S.

Schwalbe distinguishes four groups :
1. There is inserted into the roof of the mouth of the one fœtus the 

umbilical cord of a second, which can be more or less well developed 
(very rare and cases poorly described).

In Haart de la Faille's case there was a large epignathus of the type 
of group 3, attached to which were the umbilical cords of two aeephalie 
acardiae fœtuses indications, that is,of three terata. This case in itself 
makes it impossible to regard the monstrosities of this type as of 
bigeminal origin with inclusion, and would seem to favor the theory of 
liberation of totipotential cells from the superior growing point. We 
are not, however, prepared to make definite pronouncement regarding the 
mode of origin of this very remarkable and rare order of monstrosity.

2. A mass of tissue presenting definitely formed organs (lower 
extremities, sexual organs, etc.) projects out of the mouth of the host.

3. A mass of tissue having its root at the base of the skull in the mid- 
pharyngeal region projects out of the mouth of the host, but this presents 
no definite organs, only an irregular mass of tissues skin, connective 
tissue, cysts formed by epithelium both of epiblastic and hypoblastic 
type, cartilage, etc. This is the common form.

4. A larger or smaller tumor of the palate or oral cavity composed of 
a mixture of tissues of simpler type than the above (not from all three 
cell layers).

The indications are that not all of these are of median origin and attach
ment, and that they come under the teratoblastomas to be described 
later, rather than the epiguathi proper. We must recall the difficulty in 
classification already referred to (p. 050). It is evident that in the same 
growing point region at a later period aberrant multipotential, rather 
than totipotential cells may lie produced, giving rise to a less complicated 
form of tumor.

Sporadic Embryomas. As above indicated, we occasionally en
counter tei t of the same type as, but not conforming in
position to, the preceding forms, bearing no relationship to the fissures 
or the poles of the body, nor again to the generative glands, and these 
we can only, per exelmioncm, regard as due to the independent develop
ment of aberrant germinal blast omeres, blastomeres which, instead 
of finding their way into ovary or testis, have become displaced and 
arrested in one or other region of the developing organism. Such 
blastomeres may take on growth and the production of a mass of various 
tissues (epiblastic, mesoblastie, and hypoblastic) either during fœtal 
life or, lying latent, only during postnatal existence. In this way we
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best explain (lie organoid tumors of (lie deep thoracic and abdominal 
regions, of the cranium (independent of the sella turcica), neck (often in 
close association with the thyroid), anterior mediastinum (often asso
ciated with and apparently originating in the thymus), etc.

The careful study of these various teratomas made during the last 
few years has shown conclusively that by far the greater number con
tain tissues derived from all three germinal layers, although character
istically these do not present themselves in the proportions seen in the 
normal individual; one or other (notably nervous tissue) may be present 
in marked excess, and there is wanting in a very striking manner the 
orderly relationship of these tissues one to another: they are “ jumbled” 
together. With this two orders of tumor may be distinguished, which, 
employing the terminology employed for the blast ornas (p. 668), we may 
speak of as the typical and the atypical. Among the sporadic teratomas 
the former is the rarer class; in it the tissues are of the adult, fully formed 
type, and growth is characteristically limited. The indications are that 
development has been pari paxm with that of the host. The latter is 
the more frequent class; while they may show themselves in early life, 
more often they are just noted at or after puberty, and they grow with 
relative rapidity, and, what is more, tend to afford metastatic new- 
growths in distant organs, also composed of a mixture of cell elements. 
The cells are of imperfectly differentiated type, hence they are known 
as embryonal teratomas. We have here orders comparable with the 
benign and malignant blastomas to be presently studied. In other 
eases one or other of the component tissues of a typical teratoma may 
take on excessive growth, affording métastasés of the one cell type. 
This formation of a "tumor in tuinore” we shall take up later. (See 
p. 667).

Ovarian Teratomas. Hut quite the commonest seat of teratomas 
is in the ovary. Here similarly we encounter two forms: (1) The large- 
eysted teratoma, or ovarian dermoid, and (2) the solid or small-eysted 
teratoma. The former is much the commoner. It presents itself as a 
cyst occupying the situation of an ovary, which may attain the size of 
an orange, a child's head, or larger; the contents are characteristically 
fatty debris with long hairs. It is lined with squamous epithelium pro
vided with sebaceous and sudoriparous glands, and often bony masses 
are to lie detected in the walls. Examination generally reveals what 
Rokitansky described as the “ insular protuberance,” a region which we 
now recognize as the representative of the head. From it arises the 
tuft of long hairs, and around a depression to one side there projects one 
or several teeth, frequently embedded in an amorphous bone which may 
be taken to represent a jaw. Serial sections demonstrate that into 
this depression opens a tube, which proximally has the characters of 
a trachea, distally takes on the structure of the digestive canal with 
muscular sheaths. Sections through the protuberance exhibit the 
presence of five layers: ( I ) The skin and siibeutis; (2) central nervous 
system elements (glial cells, neurons, occasionally pigment cells) and the 
meninges; (6) hypoblastie tissues (tracheobronchial, gastro-intestinal);
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(4) sympathetic nerve cells and their processes ; and (5) the remains of 
the ovarian cortex.

While recognized most commonly in adult life, operation or post
mortem may reveal the presence of the form of tumor in the young 
child, and it is to be noted that the cells of the various tissues are as 
fully formed as are those of the host; we deal with a typical teratoma. 
Very rarely—only four cases are on record (Axel Key, Repin, Askanazy, 
and Shattoek)—some proportion and relationship of parts is preserved, 
with development of extremities and genital parts, so that a definite 
fœtus may be inferred.

The solid ovarian teratoma is " "v uncommon. It has all the 
characters of the atypical sporadic teratoma already described.

Interior view of rntomu (“dermoid cyst"), allowing Rokitansky's island 
with d, teeth surrounding. (Schwalbe.)

Testicular Teratomas. Here the relative frequency is reversed: the 
solid small-cysted form is the usual type, whereas examples of a large 
solitary epithelial cyst or dermoid are few in number. To this solid 
form would seem to belong the greater number of the malignant mixed 
tumors of the testicle of relatively late but rapid development that used 
to be regarded as chondrosarcoma or sarcoma careinomatodes. Study 
of all parts of such a tumor in general reveals elements derived from all 
three germ layers, although in contradistinction to the ovarian growths 
the ectodermal elements are in a minority. This, with the one excep
tion of the chorio-epithelium, to be referred to later (p. 606).

0597



THEORIES OF ORIGIN (159

THEORIES OF ORIGIN OF OVARIAN AND TESTICULAR TERATOMAS.

Needless to say there have been very numerous theories regarding 
the origin of these tumors: (1) That they are due to inclusions in the 
ovary or testis of portions of all three layers during the course of growth. 
Against this the frequent bilateral nature of the growth was seen to 
militate. (2) That they are the product of fertilized polar bodies 
(Marchand). But no less than five separate embryomas have been noted 
in the one ovary (Wilms), and the ovum in preparation for fertilization 
only easts out three polar bodies. (3) That they are due to partheno
genesis, a mature germ cell, ovum, or spermatozoon, under certain 
unknown conditions, taking upon itself to start growing and segmenting 
without throwing off the polar bodies, and without fertilization. This 
very lack of normal stimulus, and the abnormal site in which growths 
occur, is held to explain the aberrant nature of that growth. Partheno
genesis, we know, is common among the lower forms of life, and even the 
virgin chick has been known to lay eggs which may exhibit an apology for 
a germinal area, and rarely, later stages of aberrant development. The 
grounds taken by Bonnet,1 denying the possibility of such parthenogenetic 
development, do not appear to us absolutely convincing. What, however, 
is strongly against such a theory is that experimentally we know that 
for a cell to proliferate, the nucleus must lie surrounded by a certain 
not inconsiderable quantity of c> on. The spermatozoon, as such, 
exhibits much less than what we regard as that minimum, and nothing 
of the nature of yolk to support the growth during the early stages of 
segmentation. It is against all we know regarding the conditions favor
ing cell multiplication that the adult spermatozoon should give rise to an 
embryo, or an embryoma. And if the testicular embryoma cannot 
thus lie a parthenogenetic development, the identical ovarian growth 
is unlikely to be of that nature. (4) That they are due to the aberrant 
development of cells of the theca interna of the Graafian follicle. For 
this suggestion absolutely no evidence of any weight has been advanced.

There remain, so far as we can see, only two other possibilities: (5) 
That they are derived not from ova or spermatozoa matured for fertiliza
tion, which have undergone the reduction process, but from oocytes or 
spermatocytes, or even the forerunners of the same; this we may term 
the modified parthenogenetic or germ cell theory; or (6) that they spring 
from dislocated blastomeres. This last is the theory at present in vogue. 
It supposes that in the early embryonic stage certain blastomeres capable 
of producing all three cell layers become dislocated with some arrest of 
their proliferative activity, and carried into the anlage of the future 
ovary or testis, when sooner or later they may take on growth.

Bonnet, who first propounded this theory, based it upon the facts 
to which we have already referred, that in many of the lower animals, 
the early segmenting ovum can have its cells shaken or otherwise broken

1 Ergebnisse der Anatomic und Kntwickclungsgcsch., 9:1899.
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apart, when each is capable of developing into a complete if small indi
vidual, and that the segmentation and mitosis in mammalian eggs is 
known to he most irregular.

We confess that this theory does not appeal to us. The very fact 
which Wilms, who supports it, urges, in er connection, that he has 
found five separate emhryonms in one ovary, would suggest altogether 
too extensive a dislocation and carriage of the not too numerous hlasto- 
meres into one particular locality to he within the hounds of probability. 
We, ourselves, must accept the germ cell theory, and this, for several 
considerations. We know that these germ cells from the first are dedi
cated to eventual reproduction, or, to he exact, to the devt " of
cells which shall reproduce all the tissues seen in the parent. We know, 
as pointed out by Heard and other zoologists, that there is an actual 
dislocation of many of these cells in the process of development. The 
total number of germinal blastomeres (already specialized and recog
nizable at a significantly early stage in the segmenting ovum) does not 
find its way into the ovum or testis. Here, in short, we have the cells 
which will fulfil all the needs of the case.

These germinal blastomeres, as distinct from Bonnet’s primitive blasto
meres of any order, we know may be carried to various parts of the 
developing organism. This carriage and deposition afford an ade
quate explanation for the development of three-layered teratomas in 
the abdominal and thoracic cavities and in other regions, teratomas 
of the same type as those in the ovary and testis. The sporadic tera
tomas outside the ovary and testis obtain their simplest explanation 
in an origin from such aberrant germinal blastomeres. Within these 
organs it does not seem to be necessary to postulate, however, that the 
emhryonms arise from germinal blastomeres that have lain intact al> 
initia. The function of the germinal blastomere is to give rise to cells 
having like properties, and thus we note that it is probable that any cell 
along the direct line between the primitive germinal blastomere and the 
mature and red need ovum or spermatozoon (these last being excepted) 
may potentially give origin to an embryonal.

What is the cause of such cell taking on aberrant growth will be dis
cussed when we come to deal with the theories of neoplasia (p. 835).1

TERATOBLASTOMAS.

This is the proper place to consider another order of growths, growths 
which arc not true emhryonms, because all three germinal layers are not 
represented by the tissues found present. I "nder this heading we include 
the most striking examples of what are known as the “mixed tumors.”

1 The most masterly survey of the present status of our knowledge regarding tera
tomas is afforded l>y Askana/.y (Verhandl. Dent sell. Pathol, (lesellsehaft, 11107, 
11:100S::{()). With his conclusions I find myself largely in agreement. The suc
ceeding article by Horst gives valuable bibliographical references.

1
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Certain of these “ Misehgeschwiilste” are of another type (sec p. 705), 
but the most characteristic examples come under this head.

1. Renal Teratoblastomas. The type example of this form of 
growth is found in certain remarkable tumors of the kidney present, it 
may be, at birth, or developing during infancy or early childhood. We 
deal with relatively large localized growths of the body or the pelvis of 
this organ; soft and sarcoma-like, with great tendency to internal hemor
rhages and necrosis. These on section show a more or less spindle- 
celled, sarcoma-like matrix, but in them we encounter epithelial elements 
of the nature of gland tubules recalling, but different from, the typical 
renal tubules, fat and cartilage cells, plain muscle fibres, striated muscle 
fibres, fibrous and elastic tissue, all in no apparent order. The tumors 
have been recorded under very different names adenosarcoma, carci
noma sarcomatodes, rhabdomyoma, spindle-celled sarcoma, according 
to the tissue most in evidence.

ffldvl

Section of 11 "mixed tumor” of the kidney, showing gland tuhulcs with surrounding 
aarcoina-like cells of the plain muscle type, fat cells, etc. (Kibbert.)

They arc to be explained as follows (Wilms): The mesoderm of the 
kidney, or primitive kidney (“Urniere,” or Wolffian body) region, gives 
rise, first, to the myotome (primitive segment), later gives off the nephro- 
tome, or matrix for the future kidney tissues. From the myotome is given 
off also the sclerotome, whence develop the mesenchymatous elements of 
this region of the body (striated muscle, vertebra1, etc.). A tumor con
taining all these tissues- namely, kidney tissue proper, striated muscle, 
and différent connective tissues—can only have originated from cells 
themselves capable of originating all these forms. ( )r otherwise to explain 
this particular form we are forced to the conclusion that in the course of 
development of this region certain of the primitive mesoderm cells, 
potentially capable of originating both sclerotome and nephrotome, 
are carried in a latent condition into the area of the future kidney, and 
growing later, give rise to all the tissues in question. Such is ii one
layered embryonal, i. <*., all the contained tissues are of mesoblastic origin.

Muus, from Marchands laboratory at Marburg, in one such tumor, 
from a child, aged eighteen months, found definite epidermal inclusions
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exhibiting strata muvosimi et graniilosum, and stratum eorneiim. For 
the explanation of such we must pass hack to a still earlier date, to the 
inclusion of an epiblastic cell over the future kidney region, a cell capable 
of giving rise to both epiblastic and niesoblastic structures, and must 
regard this as a two-layered or diphyllie embryoma.1

2. Mixed Tumors of the Parotid. —The mixed tumors of the paro
tid are apt to be even more complicated, for here, not rarely but fre
quently, extensive epithelial overgrowth is present, both squamous 
epithelium (Hinsburg points out that many of the larger scattered cells 
regarded as endothelial, or even connective-tissue cells, are of epithelial 
nature and origin), cubical, and cylindrical epithelium. Adult goblet 
cells, elastic fibrils, cartilage, mucoid interstitial tissue, osteoid tissue 
and even true bone and spindle-celled, actively growing connective tissue, 
may all be present in these tumors.

3. Submaxillary Gland. -More rarely similar mixed growths are 
found in connection with the submaxillar y gland.

The cells which originate such tumors we must ascribe to a develop
mental period when they were capable of giving rise to both squamous 
epithelium (of the mouth) and parotid glandular tissue, that is, to a period 
before the mouth proper had become differentiated. So also for the 
mesenchymatous elements, the cells of origin must have been capable of 

' connective tissue, cartilage, and bone. There is greater power 
of transformation (metaplasia) between connective-tissue elements; 
nevertheless, proceeding on the same lines as we followed in connection 
with the kidney tumors, we must conclude that cells of the primitive 
epihlast have become displaced at a period when they had not as yet 
undergone differentiation and had thrown off the mesenchymatous 
elements, so that, passing into the parotid area, they there eventually 
give origin to all these forms of tissue.

4. Of the Vagina (in children).—Such exhibit round and spindle- 
celled sarcoma elements and striated muscle fibres; due, it would seem, 
to misplaced mesoderm of the inferior region of the body, misplaced 
during the growth of the Wolffian duct, which in the female, as Gartner's 
duct, is present in early foetal life opening into the vaginal area.

5. Of the Cervix Uteri.—Similar sarcomatous elements with plain 
and striped muscle, and sometimes cartilage, may be found in mixed 
tumors of the cervix. These occur later in life. Wilms suggests for 
them also displacement along the course of Gartner’s duct, traces of 
which may also be found in the cervix.

(>. Mammary Glands. -Cystofibrosarcomatous growths with, in 
parts, squamous epithelial tissues present in this region may be ascribed 
a like origin.

7. Lacrimal Glands, Cheeks, and Gums. Here also are rarely 
found mixed tumors allied to the parotid and submaxillary tumors.

In conclusion, we would repeat the axiom laid down by Wilms, that

1 While most of the primitive mesoblast cells are derived from the hypoblast, 
some are given off from the epiblast.
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“the mixed tumors always correspond wholly in structure with the 
normal processes of differentiation, occurring in the particular region 
of the body in which they originate.” This, it may be repeated, is not 
the only, although it is the most characteristic, form of “mixed tumor.” 
We shall have occasion to refer to other types.

TERATOOENOUS BLASTOMAS.

Placental Moles and Chorio-epithelioma Malignum. The devel
oping ovum consists of two parts, the fœtus and its membranes, in
cluding the fœtal placenta—an organ developed primarily from the 
chorionic villi, which, at first wholly epihlastic, come, with the develop
ment of the allantois, to gain a vascular and mesodermal core. As 
first demonstrated by Peters,1 in his study of a singularly early human 
embryo, and since repeatedly confirmed, long before the development 
of the placenta the outer cell layers of the chorion show active erosive 
properties, for already his ovum was practically buried in the uterine 
mucosa. The outer layer of the villi has, in fact, intensely active phago
cytic properties, and as the placenta forms, by their rapid growth and 
erosive powers, the villi penetrate through the mucous membrane into 
the underlying venous sinuses, where, by selective absorption, they gain 
nourishment for themselves and the fœtal organs.

Under normal conditions, with the maturation of the fœtus, these 
villi withdraw; their outer layer of fused cells, the syncytium, has long 
previously undergone extensive atrophy, so that only here and there 
small remnants are to be detected; the layer beneath, Langhans’ layer, 
also undergoes degeneration, and so the attachment between fœtus 
and mother is loosened in preparation for birth. But this does not 
always happen completely. More particularly, in cases of abortion 
(in which the fœtus is discharged before these placental changes are com
plete), and in some cases of blighted ovum in which there is no fœtus 
which by its metabolism must regulate the placental changes, the 
villi, or some of them, may persist in intimate contact with the maternal 
tissues and maternal blood, and may continue to grow after the normal 
period of gestation has been attained. According to the nature and the 
rate of this growth, so do we obtain two orders of tumor—the placental 
mole and the chorio-epithelioma malignum.

The Placental Mole. We occasionally encounter cases in which 
the placenta and membranes are the sole produet of conception, the 
fœtus either being absent or dying and undergoing absorption at a very 
early age. In these cases the placenta, growing within the uterine 
cavity, tends to become converted into an irregular flashy mass, the 
Jleshy mole, often infiltrated and surrounded by much recent and coagu
lated blood (hemorrhagic mole), while secondary to the hemorrhage and

1 Die Einbeltung des mcnschlichen Eies, Leipsic and Vienna (Deuticke), 1899.
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arrest of Mood supply, putrefaction may ensue (put rcjact ire mole), 
with or without eventual infection of the maternal organism.

More particularly in cases of premature birth the portion or portions 
of the placenta remaining attached may exhibit a series of remarkable 
modifications of the chorionic villi. Continuing to be nourished by the 
maternal blood and to absorb fluid, they may hypertrophy and become 
distended by an (edematous mucoid infiltration so as to form a relatively 
huge mass of series of small, clear, grape-like vesicles of varying size, 
distending the uterus to even a greater extent than does a full-term fœtus. 
Such is the hydatid mole. In the majority of eases there is no sign of an 
associated fœtus; in some there is the history of abortion; in others a 

dead fœtus at some period of arrested 
1,1 growth has been found. In a very

few cases the hydatid formation has 
affected one portion only of the pla
centa, and the fœtus, nourished by the 
remaining portion has been born alive. 
As the hydatid mole develops, there 
may be frequent hemorrhages until 
finally it is extruded,

Careful examination of an otherwise 
healthy placenta occasionally shows 
here and there a rare cyst in its sub
stance. Such cysts of the fœtal pla
centa are caused by a similar <edema 
of portions of an individual villus in 
which circulation has been arrested.

Chorioepithelioma. In the above 
cases the growth remains within its 
normal limits, but this is not always 
so. There are cases in which such 
a mole, continuing to grow, may also 
fill the maternal uterine sinuses with 
polypoid masses (destructive placental 
polypi), and thus we have transition to 

a yet more remarkable condition, recognized only within the last 
few years, the fatal form of new-growth which after several changes 
of name- deeiduoma, syneytioma— is now usually termed “chorio
epithelioma malignum.”1 This occurs within the uterine wall, but 
may, indeed, first show itself quite outside the uterus, in the vaginal 
wall, etc. The outer surface of the villi, as we have said, consists of the 
layers of fœtal epiderm, the most external, or syncytium, formed of cells 
which stain deeply, showing, as the name implies, a fusion of the cell 
bodies, so that they appear as large, multinueleated, protoplasmic 
masses covering the surface of the villi, the more internal Langhans’ cells

A small portion of an hydatid mole; 
natural size.

1 For fuller description, see Marchand, Monatsschr. f. («el». u. (îyn., 1; 1895:419 
and and Ztsehr. f. deb. u. dyn., 39:1S9S; 173.
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living of fair size, lint individual, not fused, and not staining so deeply. 
It is the former that possess the intense erosive and phagocytic properties 
whereby the villi penetrate and come to lie within the maternal blood 
sinuses of the uterus. As Sclnnorl pointed out in his study of eclampsia,1 
certain of those cells are apt to be swept away by the blood current and 
deposited in the capillaries of the lungs and other organs. It may 
well be that this is a not infrequent occurrence in the course of pregnancy, 
although usually these cells become destroyed by the counteraction of 
the endothelium of the capillaries in which they become lodged. In 
cases of abortion, more particularly where the normal course of placental 
development and involution is interrupted, either (a) within the uterine 
sinuses, these cells, both the syncytial and those of Langhuns, take on an

Chorio-cpithelionui growing within uterus: V, wall of uterine sinus; Sun., mwltinuclcuto 
cells of syncytial type; L.c., cells of Langhuns' type. (Teacher.)

abnormal proliferation, or (/>) this proliferation shows itself, not locally, 
but in some of the cells transplanted to another region, and that not 
necessarily immediately, but it may be after a considerable period.

There thus develops a tumor, that is:
1. Cellular, formed entirely of large cells of embryonic type.
2. Entirely within the vessels.
3. Provided with no vessels of its own, and exhibiting no sign of 

structure save at times an obscure development into finger-like processes 
(although this would seem to be largely due to its mode of growth along 
the maternal vessels).

4. 1 "nprovided with a capsule or any definite limitation; and so,
!). Extensively infiltrating the uterus or other organ involved.
b. Peculiarly liable to form secondary growths by detachment of some 

of its cells, and proliferation of the same in vessels at a distance.

1 Verhandl. Deutscli. Pathol. Gcscllsch., S: 1002:39.
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7. Liable to induce hemorrhages by erosion of the walls of the vessel 
it distends.

■< Rapidly fatal.
Most often in sections of such tumors the characteristic deeply staining, 

multinucleated masses of syncytium are to be recognized in the growth. 
Occasionally cases are met with in which these are absent. It may be 
that the cells forming tumors in these cases date their origin from a rela
tively late period of pregnancy.

The angry debate waged for some years as to the nature of these 
tumors was based upon the denial by many leading " ’ gists of the 
fœtal origin of these cells, and this notwithstanding that it had already 
been well established by Hubreeht and other embryologists that the 

syncytium was of fœtal epiblastic de
velopment. It was held to be decid
ual, i. <*., of maternal origin. If we 
are not mistaken, Young,1 of Man
chester, was the first member of the 
medical profession to grasp the true 
nature of these tumors.

As bearing upon the latency of cells 
h destined to give rise to malignant 

growths, it is instructive to note that 
n several cases of chorio-epithelioma 

malignum are now on record in which 
the growth has developed several 
years after abortion, no subsequent 
pregnancy having occurred.

More recent studies have demon
strated that cell masses of this type 
may develop not as the outcome of 

n; the fertilized ovum and of uterine 
in pregnancy, but also as the result of 

teratomatous or embryomatous 
growth. They have, for example, 

been found in the male, in connection with testicular embryoinas; have 
been described in connection with mediastinal and cranial teratomas. 
The origin in all cases must be regarded as the same. The included 
potential individual in its growth must develop or tend to develop a 
chorion, and primarily its nourishment must be gained through this 
chorion, with its cell masses invading the veins of the host. As in the 
case of the fertilized ovum, so here these chorionic cells may take an 
aberrant excessive growth.

It may be questioned how are we to classify this form of tumor. If 
we define the teratoma as the product of the aberrant growth of cells 
from one individual within the tissues of another, then the destructive 
placental mole and the chorio-epithelioma are teratomas. Histologically,

1 Manchester Medical Chronicle, 1892.

h c

Cells of a chorio-epithelioma nmlig; 
higher magnification : a, syncytial cell i: 
h, cells of Langlians’ type; c, brokcn-t 
erythrocytes. (Von Franque.)
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however, they do not represent the embryo, but only the sac in which 
that is developed ; they represent only one tissue; they are formed of cells 
which under no conditions are capable of giving rise to the individual, 
cells which are unipotential, not totipotential. It makes for clearness 
to regard the teratomas as essentially developed from totipotential cells, 
and as these tumors are derived from unipotential cells it is best to regard 
them as blastomas, as teratogenous or hcteroehthone blastomas. Here 
also must be grouped those cases in which there eventually develops a 
malignant sarcoma, epithelioma, or gland cancer from one element of a 
typical teratoma, ovarian, testicular, or sporadic. Regarding them thus, 
we gain material help in our comprehension of the common autoch- 
thone blastomas, the ordinary tumors composed of one type of cell, 
tumors which, as we shall point out, originate from the aberrant growth 
of unipotential cells of the individual.

Thus, to sum up, we may make the following broad divisions of the 
neoplasms proper:

I. Teratoma. Tumors derived from cells capable of giving rise to
all the tissues of the individual (totipotential cells).

1. Twin teratoma (geniinal or heterochthonous).
Example. Fœtal inclusion.

2. Filial teratoma (or autochthonous), due to the segregation and
subsequent growth of totipotential cells of the individual.

(1) From non-germinal blastomeres.
Example. Epignuthus, congenital sacral teratoma.

(2) From germinal cells.
(a) From aberrant germinal blastomeres.

Example. Sporadic teratoma of cranium, etc.
(J)) From unreduced ovarian and testicular germ cells.

Example. Ovarian and testicular teratomas.
Members of this second class may be:

i. Complete, exhibiting derivatives of all three germ layers, or
ii. Reduced, derivatives of one germ layer failing to develop.

They may also be (i) typical or (ii) atypical.
II. Teratoblastoma.- Tumors (autochthonous) derived from pluri

potent ial cells of the individual: mixed tumors.
L Diphyllic, containing derivatives of two germinal layers.

Example. Certain parotid and renal mixed tumors.
2. Monophyllic, containing derivatives from one germinal layer.

Example. Most renal mixed tumors.
III. Blastoma.—Tumors derived from unipotential cells.

1. Heterochthonous or teratogenous, the cells being derived from
another individual.

Examples. Destructive placental mole and chorio-epithelioma
malignum; epithelioma derived from an ovarian dermoid.

2. Autochthonous, from the independent growth of unipotential
cells of the host individual.

Examples. All other tumors composed of cells of one order.
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From these tumors, which are obviously the products of the growth 
of the cells of one individual within the other, even if those cells he only 
unipotential, we pass on to the main mass of neoplasms formed by the 
overgrowth of a single type of tissue, and derived evidently from the 
aberrant, autonomous growth of tissue cells of the individual or host. 
That this is their origin must for the moment be taken upon trust; the 
data to be afforded in the study of the individual forms will amply con
firm this view. We have now to deal with the autochthonous blastomas.

Before attempting to classify them it will be well to gain a general 
grasp of their characters. We here include, as has been stated, all 
tumors, not teratogenons, exhibiting an independent localized growth 
of tissue cells of one order. To this statement a qualification must be 
added; all normal tissues possess a stroma or framework of connective 
tissues in which run the s and lymphatic channels, and so we
find in these blastomas that save where we are dealing with tumors 
formed or developed from the simplest form of connective tissue, similar 
to that constituting the stroma of organs, a stroma is also present, and 
we shall see this may vary in amount and importance. With this 
qualification these neoplasms exhibit the localized growth of one order 
of tissue. We thus recognize a large number of different forms of tumors 
— fibromas, composed of fibrous tissue; chondromas, of cartilaginous; 
osteomas, of bony; odontomas, of tooth ; myelomas, of bone-marrow cells; 
myomas, of muscle fibres; neuromas, of nerve cells, gliomas, of neuroglia 
cells; epitheliomas,' of squamous epithelium; adenomas, of glandular 
tissue; and the list might be very considerably extended. For there are 

more forms of blastomas than there are forms of individual tissue; 
and this because the cells composing a tumor, while originating from 
a mother cell of a particular type, may not present the characters of the 
fully differentiated tissue. It may, indeed, be laid down that they never 
present complete differentiation; taking the very simplest form, the 
densest fibroma always contains more cells and larger than does fully 
formed connective tissue. Nevertheless, in one series of tumors the 
cell characters are strikingly like those of the normal adult tissue, and 
with this reservation we speak of them as typical. On ,1
a great number of blastomas depart very far from type. Whether from

1 This term should he employed with caution, so many meanings having been 
given to it. Thus, French writers include all glandular tumors of a malignant type 
under it.
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certain properties or certain relationships of the component cells, or it 
may he only from the region of primary growth and comparison with 
other tumors of like properties which in some of their parts afford the 
necessary clue, we are most often (hut not always) able to recognize 
the tissue from which they originated. The component cells are.only 
partially differentiated or it may he purely of the mother cell or vegetative 
type. These we speak of as atypical neoplasms.

And, as a general rule, the more we study, what appear at first sight 
to he exceptions are more and more found not to he such, and it may he 
laid down that the properties of these two groups, the typical and the 
atypical, manifest well-marked differences.

Benign Tumors. The typical Ida stoma is composed of cells which in 
their characters approximate to those of some adult tissue. It is circum
scribed and slow growing. The slowness of its growth permits a reaction 
on the part of the surrounding tissue, so that it is, in general, encapsulated 
and sharply defined, capable of being shelled out in its entirety from the 
tissue in which it grows (in some tissues, as in the brain, and to some 
extent in the hone, in which the capacity for fibrous overgrowth is slight,
the capsule formation may.............. Growth, indeed, may for a time
he arrested and then slowly proceed again. Save when situated in some 
position in which it comes to press upon some vital part, or when it gradu- 

\ ally attains a size so great that it compresses the other organs in its neigh
borhood and disturbs their proper functions, the growth is harmless so 
long as it retains the characters here indicated. The shape of the mass 
varies according to position; embodied within a tissue and subjected to 
like pressure on all sides, it tends to be globular; situated on or near a 
surface, so that the pressure on one aspect is less than on another, it may 
spread laterally or become lohate, or nodular, or, as in the case of some 
epithelial outgrowths, cauliflower-like or “* $e.

Such a tumor we speak of as benign, /. r., harmless in itself. It may 
grow slowly during the course of long years; may never attain any great 
size, or if it does, as in the case of some abdominal lipomas (or fatty 
tumors), which have been recorded as attaining a weight of GO pounds 
and more, even then it is not an immediate, but at most an indirect 
cause of death through mechanical disturbance of other functions.

Yet another feature of the typical blastema is the character of its 
growth. This occurs not merely at the periphery, but throughout the 
mass, in the central parts as well as toward and at the periphery. Such 
a mode of growth in a mass that is already spherical tends merely to 
result in the production of a larger sphere, it is spoken of as the central 
or expansive type of growth. As distinct from the peripheral, we may 
refer to it as universal, " " ‘ neither of these expressions is quite
happy.

Not all typical blastomas present this form; a chondroma, for example, 
grows only at the surface of its lobules, and so exhibits what is strictly 
a peripheral growth. That growth, however, from the inner aspect 
of its perichondrium, is, if we may so express it, centripetal rather than 
centrifugal.

16929^
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Malignant Tumors. The atypical blastomas, on the other hand, are 
formed of imperfectly differentiated tissue, and, as we have repeatedly 
had occasion to note (p. 103 and elsewhere), with lack of functional differ
entiation there is a corresponding manifestation of increased vegetative 
and proliferative capacity on the part of the cells. As a matter of fact, 
in these tumors the cells are characterized by active proliferation. There 
is relatively rapid growth, increase in the number of cells, and increase 
in size. The rapidity of this growth and expansion of the mass prevents 
an adequate reaction on the part of surrounding tissue; there is little or no 
sign of encapsulement; the tumor is thus not precisely circumscribed. 
It may appear so to the naked eye, but examination of sections of 
the removed material under the microscope shows proliferating cells 
extending between the fibres of the surrounding tissue, and by their 
active growth, if by no other means, causing the compression and atrophy 
of the specific cells of that tissue, leaving eventually a framework of 
connective tissue and vessels which becomes the stroma of the advancing 
growth; or otherwise, the atypical blastoma possesses the power of infil
tration. What is more, in this expansive growth, either by extension 
along the lymph channels, or by erosion and rupture of a surface mem
brane or of the walls of a vessel, certain of these actively growing cells 
may become detached from their fellows and, becoming conveyed to a 
distance either by the lymph stream or by the lymph or other fluid 
bathing a surface, or by the blood stream, may become arrested in some 
locality where conditions favor, or do not prevent, their continued growth, 
and there multiplying, they develop new tumors of the type of the parent 
growth. Such new-growths are termed métastases.

Tumors manifesting these properties are known ns malignant. Histo
logically, we recognize two main types, the sarcomas, or atypical cellular 
tumors of the connective-tissue type, and the carcinomas, or cancers of a 
more glandular type. We shall later inquire more fully into other 
conditions associated with malignancy. To note them here would 
perhaps raise the false impression that all atypical blastomas exhibited 
them. That is not the case. We must, indeed, emphasize that the 
properties above recorded are those of the “type” atypical blastoma. 
There are, indeed all transitions, from the typical to the atypical form. 
A tumor may for years have been slowly growing and then in one portion 
take an active growth ; in such cases it may as a whole he surrounded by 
a capsule, but in one or more areas the examination of sections shows 
that that capsule is becoming infiltrated; tumors of perfectly benign 
type—well-formed and typical chondromas and even myomas—are on 
record as giving rise to métastasés; on the other hand, definitely malignant 
growths rapidly growing and rapidly fatal may exhibit no métastasés. 
Ehrlich,1 for example, has recently noted that this is the case with his 
experimental and intensely malignant mouse cancer. After subcuta
neous inoculation, there may be métastasés in the lungs, but although 
the primary transplanted growth attains a huge size, these métastasés

Zcit. f. AcrztI. Fortbild., No. 7:190G.
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are so small as to he recognizable with difficulty and only by careful 
microscopic search. More than the mere escape of cells from the region 
of primary growth is necessary to cause metastatic growth.

We shall discuss these variations in properties later. In the meantime 
it is well to gain, at the outset, a general grasp of these relationships 
between tumor-cell differentiation and benignancy, on the one hand, 
and proliferation and vegetative type of cell and malignancy on the 
other. And that for practical purposes; because it is on these characters 
and their relationship that we base our diagnosis and prognosis; from 
them we determine whether a given tumor may be left in the organism, 
or must be removed, if not already too far developed to render removal 
in vain. We would only add the warning that for prognosis everything 
depends upon what is the adult type of the cell in the ease of any par
ticular tumor; the tumor cells may appear to be of a distinctly vegetative 
type, as in the so-called giant-celled sarcomas (myeloma), and yet the 
tumor not be malignant to any marked degree, this vegetative appearance 
being characteristic of the adult marrow cells from which the tumor 
has originated; on the contrary, the melanoma which appears to be 
composed of more highly differentiated spindle-like cells than is the 
giant-celled myeloma is intensely malignant; no tumor shows more 
abundant and widespread métastasés. From these examples it is 
obvious that while the general rules that we have laid down are capable 
of application and are of distinct use for the grouping of phenomena, 
nevertheless, for the purposes of safe prognosis, it is essential to have an 
intimate acquaintance with the life history of each individual form of 
neoplasm. It must be realized, in short, that what has just been stated 
regarding the characteristics of benign and malignant tumors is of the 
nature of a “rule of thumb” rather than an exact generalization. There 
are cases to be noted which it is difficult to harmonize.

MALIGNANCY.

Here it is appropriate to consider what constitutes this state of malig
nancy which is so striking and important a feature of the atypical tumors. 
We have already indicated some of the conditions which are factors in its 
development. These are, briefly :

1. Vegetative (embryonic) character of the tumor cells.
2. Rapidity of growth.
3. Peripheral extension, lack of capsule and infiltration of the sur

rounding tissues.
4. Tendency to develop métastases.
These, it will be seen, are all related ; th v are the expression of an 

inherent augmented vegetative and proliferative activity of the cells 
constituting the tumor, over and beyond that possessed by the sur
rounding tissues. There are, however, other associated features which 
must be noted.

5. Tendency to central degenerative changes. The activity of the cell
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multiplication in a mass which cannot freely expand owing to the 
pressure of surrounding parts must, it will he seen upon consideration, 
lead to some compression of the vessels supplying the mass as the volume 
of the cells increases; there must, that is, with growth he increased 
internal pressure, and, as a matter of fact, we find in all malignant 
tumors that the peripheral cells exhibit evidences of active growth and 
mitosis; they are in the best position to gain nourishment from without; 
the central mass of the tumor shows tendencies toward degeneration and 
atrophic changes, and this to such an extent that in some large cancer 
masses we may find the cells in the centre completely absorbed (through 
autolysis), and a central cavity containing serous fluid. Similarly, 
where the tumor is superficial, the parts farthest from the blood supply,

f., the most su|H*rficial parts, are liable to undergo necrosis, ulcera
tion being the result.

Certain authorities regard this liability of malignant tumor cells to 
degenerate as an indication of low vitality on their part. The very 
reverse would seem to be the case, as we shall point out later. It is the 
anarchical growth of the tumor cells that brings about the central 
degeneration.

(». Liability In Recurrence after Removal.- This is a property associated 
with the infiltrating character of these growths. Although not noticeable 
to the naked eye, the tumor may spread along the lymphatics for a long 
distance away from the main mass, and this not by detachment of individ
ual cells and groups of cells, but, as indicated more particularly by studies 
of mammary cancer, by continuous growth of the cells in series along 
these channels. Such cells, extending far beyond the obvious border 
of the tumor, may not be excised, and may subsequently, by prolifera
tion, develop into nodules of new-growth. It is this wide extension and 
danger of recurrence that is the basis of the modern radical and most 
extensive operations for the removal of cancers.

7. Cache jria. By cachexia we imply a lowered impoverished state 
of the system, indicated especially by a wasting of the tissues coupled 
with an abnormal complexion. Several chronic wasting diseases induce 
a cachexia. The malignant cachexia is more particularly characterized 
by the extreme degree of wasting which may ensue (it is not always 
present), by the fact that while the tissues atrophy the tumor continues 
to grow, and by a peculiar sallowness of the skin. It is difficult, if not 
impossible, to describe this sallowness; the healthy color disappears and 
is replaced by an anemic yellowish-grav appearance, which once seen 
is easily recognized.

S. Anemia. Anemia is a constant accompaniment of malignancy, and, 
indeed, this altered condition of the blood must be held to underlie the 
cachexia. In extreme eases this is indistinguishable upon blood exami
nation from idiopathic pernicious anemia (which, indeed, is accompanied 
by an allied although distinct cachexia). These latter conditions suggest 
immediately that the actively growing tumor absorbs the nutritive ele
ments of the circulating blood and thereby starves the rest of the system. 
This may—doubtfully be a factor. We find, however, that the cachexia
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is not proportional either to the size or rate of growth of the tumor. 
It differs also according to the nature of the growth; there may be 
a marked cachexia associated with a small carcinoma or atypical gland
ular neoplasm, and little or none with a relatively large sarcoma 
or atypical connective-tissue growth. There are, it is true, in some 
eases of extreme cachexia and wasting, complications which are evidently 
in part responsible; thus certain tumors of the alimentary tract, notably 
of the (esophagus and stomach, may so narrow the lumen of the affected 
part as to arrest the passage of food and lead to starvation. Other 
superficial malignant growths undergo extensive ulceration, and by the 
absorption of the foul products from their surfaces and by low forms 
of infection the general bodily condition may be greatly lowered. But 
even when these cases are excluded we still encounter cachectic and 
anemic states associated with malignant growths.

If the tumor cells are not functional, they, nevertheless, in their growth
and it may be more particularly in their degeneration—discharge 

certain soluble substances into the lymph and blood. The more marked 
cachexia which accompanies malignant tumors of a glandular type- 
tumors that are derived from cells which normally secrete'bodies of the 
nature of enzymes is at least, as Borst points out, suggestive. It has 
been noted by more than one observer that even the metastatic growths, 
outside the liver, of primary liver-cell tumors, secrete bile, and, as we 
pointed out some little time ago, the remarkable alternation in the mental 
and other conditions which may follow the removal of adenomatous or 
glandular tumors of the thyroid is difficult to explain, save in the assump
tion that the tumor supplies an internal secretion which has a direct 
influence upon the nervous and other systems.1 2 More recently, Waring3 

and M. B. Schmidt3 have called attention to this active secretion of 
products by cancer, and Buxton4 and his associates have investigated 
the enzymes obtainable from malignant growths, while several observers 
have called attention to the hemolytic activities, more particularly of 
extracts and products of autolysis of cancers of glandular type. It is 
probable, then, that the malignant cachexia is primarily the outcome of 
deleterious products discharged or diffused from the malignant growth, 
both active modified secretions and the products of autolysis.

While the above conditions in ycncral accompany malignancy, this is 
not, it must be remembered, equivalent to stating that all are essential

1 Triennial Congress of Amer. Surg, and Phys., 4:1897:103. It is, however, 
debatable whether the ordinary localized colloid goitres should be classed as blast o- 
mas proper.

2 Jour, of Aunt, and Physiol., 28:142.
3 Virchow's Arch., 148:1897 (on secretory processes in secondary growths of a 

thyroid cancer in the liver).
4 dour, of Med. Research, 9:190:1:856, and Buxton and Shaffer, ibid., 18:1905:543; 

see also Macfudyen and Harden, Lancet, bond., 1903:ii:224. Proteolytic enzymes 
amylase, oxidase, lipase, and other enyztnes have been detected, but somewhat 
irregularly and independent of the character of malignancy of the growths, and 
similar to those fourni in other cellular tissues. *
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accompaniment#. Thus a highly differentiated tumor may afford métas
tasés and, on the contrary, an infiltrating and destructive tumor, such 
as is characteristically the rodent ulcer, may form none; if imperfectly 
removed, a benign, well-encapsulated tumor may recur; if removed at an 
early period, and sufficiently thoroughly, a growth of malignant type will

Active vegetative and peripheral, as distinct from universal, growth 
with accompanying infiltration would seem to be the essential features 
of malignancy; the other features may or may not be added, although 
most often they are present. Or, with von Hansemann, we can concisely 
express it, that the essential distinguishing marks of a benign growth are 
that it does not infiltrate and destroy and does not form métastasés. 
To this we would add that the benign neoplasm shows not merely periph
eral, but universally diffused growth, if slow, throughout its substance. 
Our position, in short, with regard to malignancy is very much that of the 
astronomers with regard to the solar path. Recognizing certain general 
laws, they can calculate the sun’s position on a given date in relation to 
the stars in general with very fair accuracy. But always there is a 
certain error or correction to be made to the figures gained by working 
out the law. The value of that error or correction, it is true, has been 
determined by the astronomers; it represents some unknown influence 
or force acting upon the sun and deflecting it from its path in space ; 
we have not arrived at this point. Here there would seem to be some 
other factor not as yet clearly determined acting in addition to those 
we have noted, and causing a tumor to behave otherwise than we would 
infer it should behave from its structure and relationship.

In his “Geschwiilstlehre,” Ribbert lays stress upon the non-existence of 
malignant tumor cells per sc. There are, he says, no malignant cells. 
Without discussing the reasons which led him to this conclusion, we 
will frankly say that this view is untenable, and this with all due deference 
to Ribbert's great authority, and recognition of the much we owe to him 
in advancing in many directions our knowledge of neoplasia. As well, 
it appears to us, one deny the existence of virulent bacteria.
Apart from mere general considerations, one fact alone, it
is true, since his work was published, demonstrates the incorrectness 
of this dictum. We refer to Ehrlich’s demonstration1 that, by passage 
through mice, mouse cancer can be rendered more and more malig
nant, until it will surely “take” in close upon 100 percent, of the animals, 
instead of, as in the first transplantation, from f> to 35 per cent. ; and 
grows so rapidly that in seven or eight days the minute portion of tissue 
transplanted has reached the size of an almond, which, compared 
with the size of a mouse, is something enormous.

It is difficult to state the exact figures of “takes” at first transplanta
tion. The figures here given are excessive. They are gained from 
Ehrlich’s statements regarding the forms which from the first were of 
the more virulent type, and were used for the purposes of passage.

1 Zcitschr. f. Aerztl. Forthild., loc. cit.
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With 21 tumors of the same adenocarcinomatous type, taken in suc
cession, some more typical and adenomatous than others, inoculating 
282 mice, he only gained 2 positive results. In such cases, in which 
the resisting powers of the tissue of the animals inoculated remain 
constant, and the vegetative powers of the inoculated cells undergo 
increase, to deny that we have evidence of increased malignancy on 
the part of the latter is to juggle with words. It is the grade of vege
tative power of the cells which determines their malignancy, though, 
as we shall point old (pp. 082 and 686), the malignancy of a given tumor 
in a given tissue of a given animal is the expression of the interaction 
between the cell malignancy and the resisting powers of that tissue toward 
the growth of that particular type of cell.

The above are the characteristics of malignancy proper. There 
are, however, two other conditions, to which, unfortunately, too often 
the same term is c ' ’ 5 use of distinguishing adjectives—
conditions which are, it is true, malignant in the sense that they tend 
to a fatal termination, but in which the chain of events is of a different 
order. These are:

Malignancy in Virtue of Site, or Malignancy of the Second Order.—A
slowly growing tumor of any order which, developing elsewhere, would 
be perfectly harmless, may, by pressure upon vital organs, arrest their 
function, and so induce death. A relatively minute gliomatous or 
fibroid tumor of the brain, or its membranes, by pressing upon the 
medulla, for example, may cause death, and so may be termed malig
nant. A lipoma of the skin may grow to enormous dimensions, and 
cause little disturbance; a small lipoma of the intestinal mucosa, by 
blocking the lumen or causing torsion of the gut, may soon be fatal. 
Allied to these conditions, when tumors attain great size, they may 
eventually so press upon surrounding organs as to lead to their atrophy 
and to the obstruction of their ducts, and so attain to malignancy of 
this order; and it is noticeable that, attaining great size, they may also 
induce a cachectic condition. Rut in all these cases it will be seen 
that we are dealing with another order of affairs.

Malignancy of Recurrence.- Local Malignancy. Certain tumors, again, 
slowly growing and of a typical rather than of atypical, cellular type, 
are malignant in so far that, after apparent extirpation, they tend to 
recur. They may be allowed to grow slowly for years without exhibit
ing any tendency to invade the surrounding tissues or to form métastasés 
elsewhere, but, if extirpated, a second tumor of the same nature is 
peculiarly liable to develop in the same neighborhood; and what is 
more, the recurrent tumor tends to be more cellular, to grow more 
rapidly, to invade the surrounding tissues, and to be definitely malig
nant of the first order. The cause of this malignancy of recurrence 
is either (1) that the extirpation has not been complete, and certain 
of the tumor cells left behind are incited to active proliferation by the 
hyperemia and the lessened pressure in their neighborhood after re
moval of the main mass; or (2) that the tissues of the part have a pre
disposition toward tumor formation, and that after complete removal

450629382^



Tll H .WTOCIITIIOXOUH ULASTOMAS(>7b

of (lu* primary growth the two factors nhove mentioned favor the active 
proliferation of the neighboring cells, or foci of cells of the same order. 
For the present it must he left an open question whether we have to 
deal with one or both of these processes. Fibroid and mucoid tumors 
(e. (/., nasal polyps) more especially present this liability to local re
currence and the eventual taking on of true malignant properties. 
It is usual, nowadays, to state that these tumors are from the first sar
comatous; my experience leads me to hold that this is not always so, 
that certain so-called recurrent fibroids may at first show absolutely 
no signs of sarcomatous nature, but belong to the blastomatoid group, 
to be presently noted (p. 714).

Before leaving this subject of malignancy, it is necessary to point 
out that a tumor which has for long been benign in its properties may 
eventually assume malignant characters (of the first order). The 
preceding pages indicate that true malignancy is a function of the rate 
and extent of cellular proliferation. From causes not as yet classified 
and fully studied, cells which at first undergo slow proliferation and 
complete differentiation may assume rapid growth, and, with this, all 
the characteristics of true malignancy may be developed.1 From a 
prognostic point of view, this is a matter to be continually kept in mind.

METASTASES AND THEIR PROPERTIES.

We saw that in infective ' ’ m, in pyemia, or in tuberculosis,
for example, the specific organisms might be carried from the primary 
lesion, and, becoming arrested in some more or less distant organ, 
might there set up new foci of inflammation, leading to, it might be, 
abscess formation, or new formation of infective granulomata.

These metastatic inflammations have, by many, been compared with 
the neoplastic métastasés, and the similarity of the two processes has 
been made an argument by those who uphold the parasitic origin of 
tumors. It must, however, be kept in mind that these two processes of 
metastasis are ", distinct. In infection, the bacteria which are
carried to distant parts set up a local reaction, and it is the cells of the 
part, together with migrating leukocytes, which are the factors in the 
local tissue disturbance, so that the so-called infective granuloma is 
composed of new tissue derived from the region affected; no matter 
what part or organ is the seat of the process, the results are the same, 
namely, the production of more or less well-developed fibrous tissue, 
infiltrated with migrating leukocytes.

In the neoplastic métastasés the local reaction is purely secondary; 
the nnr-yroirth is a dccclopmcnt of cells which have been carried to the 
part from the primary tumor, and these cells give rise to a tumor tissue,

1 Despite overwhelming clinical evidence, there are still those who, holding fast to 
the belief that the vegetative powers of the cell cannot undergo augmentation, 
strenuously deny this conversion.
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wliieli varies in its ehnraeter in strict accordance with the characters 
of the primary tumor. It is not the local cells which form the tumor 
metastasis, hnt derivatives from the original tumor. Here, indeed, 
the migrating cells are the parasites.

It is a general impression that the metastasis faithfully reproduces 
the parent growth. This, while most common, is not universally the 
ease. It may hut reproduce the general type of the parent growth. 
There is, indeed, a tendency often noted for the metastasis to he more 
actively growing, to he of a more vegetative type, the cells reverting

Fro. ioi>

9

Typical cell», drawn to scale from a tumor of the adrenal cortex and its métastasés: 4, from the 
normal adrenal cortex; 2, 3, from the tumor in the adrenal cortex ; 1, 5, 7, from a metastasis in 
the lung; 8. 0. from metastasis in the brain ; 0, a polynuclear leukocyte for comparison. (Woolley.)

to a yet simpler condition. An extreme example of this variation was 
studied in our laboratory by Woolley,1 in a ease of a tumor of the adrenal 
cortex, in which every transition was found, from the primary cancer- 
like mesotheliomatous growth to pure round-celled, sarcoma-like 
métastasés, .lores2 3 and Meakins8 have published similar cases. This 
variation has been treated fully by Beneke and von Ilanseinann.4 *

1 ' irch. Arch., 172:19011:30, and Trans. Assoc. Amer. Phys., 17:1902:627.
1 Deut.sell. mcd. Wochenschr., 1894:208.
3 Proc. New York Path. Soc., X. S., 9:1909:19.
« Die Sprzijizihit, , lr„ <tcr Zrllrn, Berlin, 1893. See also l,.»w and Lnml, .lour.

Med. He.seareh, 7:1902.
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In such cases a microscopic study of all the métastasés demonstrates 
clearly, from the various transitions found, that what is here stated is true, 
and that they are derivatives from the original growth. Occasionally, 
indeed, the original growth is comparatively insignificant, while the 
secondary growths obtain an enormous size and expansion. There 
may, for example, he a small, insignificant ulcer of the stomach, in the 
walls of which we may detect evidences of the existence of fibrous or 
scirrhous cancer or gland tumor, while in the liver the growth may be 
several inches in diameter, the organ being enormously enlarged. A 
study of the characters of the two growths points to the conclusion 
that the insignificant stomach ulcer is older and earlier, and is the 
point of origin of the metastasis. Or, again, in metastatic sarcoma 
(chromatophoroma) of cutaneous origin, the primary growth in a 
congenital pigmented mole may be no larger than a pea, and yet in

Extension of a small round-celled sarcoma (5) beneath the endothelium (E) of u vein; at / 
the sarcoma cells are infiltrating the middle coat (A/) of the vessel. (Martin.)

numerous tissues we may find metastatic nodules the size of a cherry, 
and larger. These cases are the exception rather than the rule; in 
general, the primary growth is larger than any individual metastasis.

Mode of Origin.—Such métastasés, as distinct from local infiltration, 
may originate in four ways:

1. The cells of the neoplasm, infiltrating between the tissue cells of 
the part, penetrate into the lymph spaces, and from these certain cells 
become carried into lymph vessels, and so the new-growths recur, in 
the first place, along the course of the lymphatic system. Often, in 
the more immediate neighborhood of the tumor, what appear to be 
separate métastasés are found to be in direct continuity with the original 
tumor, solid strands of tumor cells, injecting the lymph vessels, passing 
from the primary tumor, and then at one or other point, where the 
conditions are favorable, more active growth of the cells has taken
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place, forming definite little tumor masses. As shown by Stiles, in 
mammary and other cancers such growths of the tumor cells along the 
lymph channels beyond the main mass may he demonstrated by treating 
the fresh excised surrounding tissue with nitric acid, the cells of epithelial 
type affording the xanthoproteic reaction, and standing out an opaque 
yellow.

2. The tumor in its growth may erode a vein, and certain of the 
cells may thus pass directly into the blood stream, and by that be carried 
to different portions of the body. Or, again, the tumor may originate 
in immediate connection with the vessel walls, and tumor cells, as 
in the case of some malignant atypical connective-tissue growths (sar
comata), may replace to a very large extent, or entirely, the normal 
endothelium lining the vessels both preexisting and newly formed in

Harcoinutous transplantation. Abdominal lymphosarcoma; section through two of the close-set 
small growths: T T, covering the surface of the liver O'. These have gained a covering layer of 
endothelium. (Martin.)

the tumor. More often they are found lying immediately beneath 
the endothelium. In such cases these tumor cells, by the result of 
slight injury to the tumor, or merely from the very character of the 
growth, may become free in the vessels. When either of these events 
happens, and the cells are carried along the veins, they may occasionally 
be arrested in the heart and multiply there. In general, however, it 
may be laid down that they are liable to be arrested in the first system 
of capillaries to which they are carried by the blood stream. Thus, 
sarcomas occurring along the branches of the portal system are pecu
liarly apt to form secondary growths in the liver; those occurring along 
the main venous system are peculiarly apt to form secondary growths 
in the lungs. Rarely, as pointed out by Zahn,1 in cases of small-celled 
tumors in which growth is on the venous side of the heart, with no

Virch. Arch., 117:1889:1.
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secondary growth in the lungs, multiple métastases may he present in 
distant organs, and can only lie explained by passage of individual 
cells or minute cell masses through the lung capillaries without arrest, 
the foramen ovale being found closed.

Such passage must not he regarded as impossible. Along with 
other observers, inoculating the relatively large cells scraped from a 
rabbit’s liver into a vein in another rabbit, we have found these cells 
in the renal vessels and those of the renal capsule.

It has further to be remembered that where extension is mainly 
along the s, eventually the cancer cells from the lymphatic
secondary growths may find their way into the thoracic duet, and so 
from this into the main circulation, and thus eventually, in these eases 
also, there may be extension and metastatic growth by means of the 
main circulatory system.

3. A third means is but a modification of the first. The various 
serous cavities of the body are essentially large lymph spaces. If a 
tumor penetrates and affects the lining membrane of one of the serous 
cavities, certain of its cells may become free, and thus pass to one or 
other region of the serous cavity. This is especially well seen in con
nection with the peritoneal cavity; the cells may become arrested here 
or there upon the surface, grow, and so there may be formed numerous 
métastasés, scattered all over the serous surface of such a cavity. This 
method of extension is spoken of as Iransplantation.

Nor may this be wholly confined to the lymphatic system. There are 
cases in which cancer of the oral cavity has been found accompanied 
bv secondary growths in the stomach, or of the stomach in the intestines.
The first and most natural explanation in such eases is that of surface 
transplantation, and possibly in some cases this is the correct expla
nation. But careful study in others (more particularly as between 
stomach and intestines) has demonstrated marked lymphatic involve
ment, implicating the (retroperitoneal) glands, and thence extending 
to a distance. This possibility must always be carefully excluded 
before the decision is reached that a ease is one of true transplantation.

4. Somewhat allied to this last form is Iran splantat ion by apposition.
Cases are recorded in which (a) where one lip has been the seat of 
cancerous growth, the other has become, later, involved at a corre
sponding point, (b) where the skin of an arm, coming into contact
with an ulcerated, cancerous breast, has become involved, or (r) where »
the parietes opposite to a viscus presenting superficial malignant growth, 
without showing adhesions, becomes the seat of growth. Here, clearly, 
cells become transplanted upon another surface, which, presumably by 
attrition or other cause, has lost its protective covering. Such trans
plantation does not, by any means, necessarily ensue.

Retrograde Metastasis. It deserves note that, while the general 
rule is that tumor cells are carried in the direction of the normal blood 
or lymph current, and secondary growths occur in conformity there
with, we may encounter paradoxical cases in which the opposite is the 
case, or in which, at first sight, there appears to be no relationship

l

8977



UETlUHiltADH MHT. 1 STASES (iKI

between the .site of the secondary growth and the hlood and lymph flow 
from the primarily affected organ. Thus, in cancer of the breast, it 
is by no means infrequent to find the head of the humerus of the same 
side infiltrated with the growth. Such cancer extends in the main by 
the lymphatic system. Now, the lymphatics from the head of the 

rus and shoulder region pass toward, and not away from, the 
axillary glands. ( )r a primary malignant growth of the kidney or of the 
heart region may show extensive secondary growths in the liver, and 
that with little evidence of growth in the lungs. The kidneys have no 
relationship with the portal veins. In such cases we have to fall back 
upon the retrograde passage of cells along vessels. In the first case

Svhemn of retrograde embolism to illustrate mode of retrograde metastasis: T. may lie taken 
to represent a tumor mass in one of the hranehes of the inferior vena cuva, part of whieh liecomes 
liberated at .1 and carried upward toward the heart. By temporary stasis mid back pressure 
the mass may pass into the renal or hepatic vein and become lodged there. (After I.ubarsch).

we have to suppose that the extension of cancer into the axillary glands 
blocks the normal channels, so that its lymph has to find a collateral 
or roundabout circulation whereby it and its contained cells may pass 
along certain channels in the reverse direction.

Another possibility in these cases has to be borne in mind,
and excluded, is that of direct, continuous growth along the lymphatics 
from this axillary gland. This, however, will not explain all the cases. 
Thus, Belin1 has called attention to the relative frequency of left supra
clavicular nodules iu cases of visceral cancer, best explained by variation 
in pressure in the thoracic duet at its junction with the jugular vein, 
leading to reflux of cancer cells into the neighboring glands.

1 Thttec de Paris, 1SS8.
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In the second case, we conclude that when there occurs a negative 
pressure in the inferior vena cava, cells may he actually drawn back 
from the right auricle, or fall back from the inferior vena cava into the 
hepatic veins, until they become arrested in some of the smaller vessels 
of the liver, and there, growing, cause the development of metastatic 
tumors.

Tissue of Predilection. There is a feature characterizing metas
tatic tumors which has been little dwelt upon, which, nevertheless, 
is of high importance, as throwing light upon one important factor 
determining tumor growth in general. It is a feature parallel with 
what is seen in infective conditions. It is notable, for example, that 
in pyemia, where there may be a development of multiple abscesses, 
this devt* does not take place indifferently in all the tissues
and organs of the body. They may be numerous in the lungs and 
kidneys, and yet in the same case scarce an abscess may show itself in 
the liver and spleen, and none at all in the muscles of the body. And, 
as was pointed out in discussing tissue predisposition (p. 408), to explain 
the distribution of these abscesses, we are forced to recognize that the 
resistance or reaction of the tissues plays a part in determining the fate of 
the bacteria.

Now, the same is true with regard to neoplastic metastasis. We 
find, for example, that melanotic tumors are especially liable to form 
new-growths in the liver; malignant glandular tumors of the thyroid 
are peculiarly liable to form secondary growths in bone; only rarely 
do we come across metastatic growths of any order developing in the 
muscles. Numerous other examples might be given, but this curious 
distribution renders it evident that the escaping cells of malignant 
tumors gaining entrance into the blood stream, and becoming carried 
to various organs, do not by any means necessarily proliferate; only 
under certain special local conditions is proliferation in general possible; 
or, otherwise, in many reyions of the body the preexisting eells react 
against the invading cells, and lead to their destruction or the urrest of 
their growth. Only in this way is it possible to explain the remarkable 
distribution we occasionally meet with in connection with these metas
tatic growths.

Recklinghausen first called attention to the predilection of prostatic 
cancer to form métastasés in bone, a predilection so marked that we 
have made the diagnosis of prostatic cancer from the existence of exten
sive involvement of the pubic bones. Leuzinger* noted that while 
osseous métastasés occur to the extent of 2.3 to 3.5 per cent, in cases of 
uterine cancer, they are 14 per cent, in cancer of the breast, and 20 to 25 
per cent, in thyroid cancer. Menetrier1 2 and Ilandford3 note a liability 
to muscular métastasés in cases of primary lung cancer. Kolleston and 
others, to bone métastasés in the part of adrenal cortical tumors.

1 Inaug. I)iss., Zurich, 1886.
1 Art. Neoplasie, Bouchard's Pathologic Génér., vol. ii.
3Trans. Path. Soc.. London, 39:1888:48.
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Indeed, considering all the facts at our disposal with regard to metas
tasis, we are forced to recognize that it is not the mere escape of cells 
from a primary tumor which determines the development of these 
secondary growths, but that the fact of prime importance is the pro
liferative capacity of these cells as compared with the reactive powers 
of the tissue in which they find themselves arrested. Taking into 
consideration what we know regarding the attempts at transplantation 
of normal tissues, we are, I think, forced to conclude that the same 
conditions are in existence here in connection with the tumors. It 
is only when tumor cells have peculiarly active vegetative powers that, 
being carried into regions and surroundings widely different from 
their original habitat, they are capable of continued proliferation. 
Or, conversely, it is eminently probable that tumor cells are liable to 
escape, not merely from malignant, but also from benign growths; 
but, when they esca|x* from benign growths, their vegetative activity 
is not in general sufficient for them to grow in altered surroundings, 
and so it comes to puss that no métastasés are formed, and, even escaping 
from malignant growths, it is only in particular localities that they 
can grow. Nay, more, as with pyemia we have to recognize that the 
resisting power of the laxly and of the individual tissues may vary 
during the progress of the condition. The abundant studies of late 
years upon the transplantation of tumors in the lower animals have 
indeed demonstrated the existence of three period.-, in connection with 
such growths: (1) A preliminary, succeeding the primary transplantation, 
in which further transplants may be made with success; (2) a reactive, 
in which, as a result of the general reaction set up through the system 
by the growth of the tumor, further transplantation has negative results, 
the “graft" undergoing necrosis and absorption; and (3) a terminal, 
in which métastasés show themselves, and further transplantation is 
successful; in which, evidently, the products of the growing primary 
tumor have exhausted or inhibited the antagonistic mechanisms of the 
system. Depression of the resisting powers on the part of the tissues 
may ensue whereby metastatic growths eventually can occur within 
them.

We met with a striking demonstration of this fact some few years ago 
in the case of an elderly woman, in which the following history was 
obtained: There had been noticed in the left breast, for some years, 
a small, dense, scirrhous cancer, which, as sometimes happens, had 
remained practically stationary. Some months before her death this 
patient had fallen on some steps and had hurt her back so severely that 
she was confined to her bed for several days, and, following upon this, 
it was her lumbar symptoms that most troubled her. At the autopsy 
a dense, and mainly fibrous scirrhous cancer was found in the breast 
(which had shown no increase during the eight months she was under 
observation), with involvement of the axillary and supra- and infra- 
clavicular glands; but most marked was the extensive infiltration of the 
lumbar vertebrae, more cellular, it is true, than that of the breast, but 
clearly of the same type. It was impossible to resist the conclusion
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that licit* Iraiinia had lowered (lie tissue resistance, so that now cancer 
cells, brought to the Imne, had found conditions favorable for growth.

This matter of tissue resistance, or relative insusceptibility, has, as 
we shall later show, a most important bearing upon the etiology of 
blastomas and upon the arrest and cure of the same.

The Production of Métastasés by Tumors of a Benign Type.— 
Lastly, before summing up, attention has to lie called to the fact that 
certain tumors of a benign type are liable to produce métastases. The 
chondromas, or tumors formed of cartilage, afford frequent examples 
of this, both in man and the lower animals. I have come across more 
than one example of localized and well-defined chondroma of the 
mammary glands in the bitch (a not infrequent e " ion) showing 
multiple small secondary cartilaginous nodules in the lungs. It cannot 
be 1 that fully formed cartilage cells invade the bloodvessels
or lymphatics, become detached, and are then brought to rest in the 
pulmonary capillaries, and continue to grow there. A more rational 
explanation is afforded by the mode of growth of this particular form 
of tumor. Vnlikc the majority of benign neoplasms, the chondroma 
grows essentially by peripheral cell multiplication, .lust as normal 
cartilage grows from the perichondrium, so at the periphery of a nodular 
chondroma there is a vascular zone containing actively proliferating 
cells—elmndroblasts small, actively vegetative cells, of "embryonic” 
types, and these it is which gain entrance into the circulation and, 
carried elsewhere, set up métastases. The same procedure, 1 would 
add, explains the development of osteonuitous or osteosarcomatous 
métastasés. An arm, removed by mv colleague, Dr. James Bell, for 
osteosarcoma of the upper end of the humerus, and studied by Dr. 
Keenan, showed the axillary glands converted into nodules of solid 
bone. Here it was not the adult bone cells that had found their way 
into the lymph stream, but proliferating osteoblasts, which, arrested 
in the glands, and undergoing further growth, had fulfilled their normal 
function and had given rise to true bony tissue. Similarly there are 
eases on record of secondary osteosarcomatous growths in the lung. 
Krisehe,' in INS!), from ( frill's laboratory, described multiple métastasés 
of a Hbromyoina of the uterus, of a form of tumor, that is, which, while 
most common, is characterized, by its slow growth and benign pro|>- 
erties. Cases of this nature are exceptional; nevertheless, since that 
date some half-dozen others have been placed on record.

A condition more difficult to name and classify is that seen in eases 
of so-called malignant adenoma*. 'The adenoma is a tumor differing 
from the glandular cancer in that it is formed of an excessive growth 
of glandular elements, tubules, and acini, which still retain a typical 
glandular structure. It is in connection with the liver and with its 
ducts that we are apt to meet with tumors of this type. In connection 
with cirrhosis numerous eases are on record—on this continent bv 
Finley and myself, Fussell and others in which multiple tumors have

lining. Miss., (iuttingen, INS!).
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dcvelojied Ionnvil of masses of proliferated liver cells. It is most 
difficult to draw the line lietween compensatory hy|xTtmpliy, iH-eiirring 
in the lobules of the liver secondary to cirrhosis, simple adenoma com
plicating cirrhosis, and adenocarcinoma; but, certainly, in the advanced 
cases métastasés may form in other organs; and what is interesting 
is that both in the primary nodules and in these métastasés there may 
be a formation of bile. The cells, that is, still retain certain of their 
functions. In connection with the bile ducts there may be a develop
ment of tumors formed of tubes relating in their structure the normal 
bile duets, and these, again, may give rise to métastasés.

Kijiially, if not more remarkable tumors art* met with in connection 
with the thyroid gland; indeed, the tumors of this organ and they 
are common and very varied in character present many aberrant 
features. In this connection I would |x»iiit out that not only do well- 
marked infiltrating cancers of this gland very frequently exhibit still 
the tendency toward the formation of colloid within the newly formed 
but irregular acini, but that we encounter, rarely, it is true, remarkable 
glandular masses growing within the bones of the skeleton which repro
duce in structure, and in the presence of true colloid material within 
the alveoli, the young or growing thyroid tissues. These tumors are 
structurally, therefore, thyroid adenomas, and. what is most remark
able, is that in more than one ease careful study of the thyroid gland 
proper has failed to reveal evidence of any primary tumor there. Struc
turally, these tumors are of benign type; clinically, they are found to 
grow extensively, replacing the bone, and manifesting definitely malig
nant properties.

In short, all these malignant adenomas exhibit the same want of 
correspondence lietween structure and properties. In some, at least, 
namely, those of the liver, a cause of this development of métastasés has 
been determined; the normal liver cells are in very close relationship 
to the bloodvessels, lying immediately beneath the capillary endo
thelium, and it has been observed that in their growth the tumor masses 
project into, distend, and grow along the hepatic vessels; thus, |>or- 
tions of these finger-like masses an* liable to be detached and carried 
to the pulmonary capillaries, etc., where, coming to rest, they produce 
métastasés. The same course of events may take place in other in
stances. In the thyroid, in the production of these adenomata within 
the bones, another process would seem to Ik* at work. In the first 
place, the bones affected may be at such a distance from the organ that 
the theory of fœtal inclusion cannot, in reason, be advanced, by which 1 
mean it is unreasonable to sup|>ose that we are dealing with eases in 
which, during development, portions of thy mid tissue have become 
detached and included in the growing bones, to lie dormant for years, 
and eventually take an active growth. Rather, it would seem, that 
here we have a state of affairs similar to that noted in connection with 
enchondroniatn. The thyroid, structurally, is |>eculinr in this, that 
even during adult life there can be detected in it small accumulations 
of indifferent cells, which, as Wolflcr has pointed out, are truly “mother
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cells,” and, under certain conditions, are capable of active proliferation 
and the production of new acini. As we have pointed out (p. 680) 
in connection with the subject of cell emboli, it is probable that even 
cells of considerable size, like liver cells, not infrequently become liber
ated into the circulation, and so become carried to different parts of 
the organism. Dialer ordinary conditions these cells become destroyed. 
There appears, in fact, to be normally in the system a very definite 
intercellular antagonism, so that cells out of place are acted upon and 
destroyed by those with which they come into contact. As I have 
already noted in connection with transplantation, embryonic and 
actively proliferating cells art* not so surely destroyed as are adult 
and functioning cells. The simplest explanation of these intra-osseous 
adenomas is that, during the course of the devt* nt of new acini 
in the thyroid (at a time, that is, when these areas of small vegetative 
mother cells become richly vascular), certain of these cells become 
detached into the lymph or blood stream, and, gaining entrance thus 
into the circulation, if they happen to be carried into a bone, there find 
conditions favorable to continued growth. No other explanation 
appears adequate to meet all the circumstances.1 *

The facts and observations here recited are ample to prove that a 
classification based upon the existence or non-existence of malignant 
properties cannot Ik* satisfactory. If malignancy itself has different 
meanings according to circumstances, if a tumor, l>enign in one region, 
is malignant in another, in virtue of its position; if tumors, structurally 
similar, like the adenomas or the chondromas, can indifferently assume 
either benign or malignant pro|>erties, it is hojieless to seek to arrange 
neoplasms according to this one feature, however important it be from 
a clinical standpoint. Some other basis for classification has, therefore, 
to be sought.

Latency in Relationship to Métastasés. It is a significant fact 
that tumor cells conveyed to other regions may not immediately begin 
to grow and develop into a metastatic neoplasm, but may remain latent 
and inactive for months, and, indeed, for years, and then only take an 
active growth. The proof of this statement is afforded by the fact that 
a tumor of malignant type may be removed surgically with apparently 
jierfect success, and then months or years later a progressive enlarge
ment is noted in some lymph gland or other organ which, on removal, 
is seen to present growth of the type of the original tumor. In this way 
our colleague, Dr. Shepherd, removed a cancerous cervical gland from 
a woman on whom, eight years previously, he had performed total 
excision of the breast for cancer. Iteeekel and Yerneuil have reported 
recurrences after twenty-nine and thirty years, respectively.3 In con-

1 Several eases are on record of " struma thyroidea ovarii,” in part associated with 
teratomatous masses, in part solitary. Doubt still exists as to whether these Inst 
are truly thyroid tissue or follicular adenomas of the ovary. (See Horst, Yerhandl.*
Dentsch. Pathol. Gesellseh.. 11: 1008- OS; with literature.)

1 For literature, see Hircher, Centralld. f. Chirurg., 1907: No. 20.
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nection with melanotic sarcoma of the choroid of the eye, some few 
cases are on record in which, after total extirpation of the affected eye, 
growth of similar characteristically pigmented tumors have shown 
themselves after long intervals in the liver and elsewhere. The longest 
period of such latency after operation removal that we have found 
recorded is twenty-one years.1 Allied to these observations is that of 
Ehrlich,2 that, whereas in general a mouse chondroma transplanted 
into other mice grows almost immediately, and with great vigor, in 
two cases four months elapsed before any sign could be made out of 
(subcutaneous) development.

On the other hand, transplanting cancerous and adenomatous tumors, 
of 04 such tumors, of each of which portions were transplanted into 
20 to 30 mice, only II showed signs of growth, and this usually in but 
1 to 3 of the animals inoculated; rarely in 6 or 7. In the great majority 
of the cases the transplanted material underwent atrophy and absorption. 
As we have pointed out already, when normal tissues are transplanted, 
the same is most often the case. When, as in cases of mammary cancer, 
we find secondary growth only in a single distant organ, such as the 
liver, we can only conclude that this same destruction has overtaken 
cancer cells transplanted into other organs. And so it is evident that one 
of three things may happen to the transplanted cells of neoplasms : 
( 1) Immediate growth in the area in which they become arrested; (2) 
latency for long periods, with or without eventual multiplication; and 
(3) degeneration and absorption.

The demonstration of this capacity for tumor cells to lie latent has 
aii important bearing upon what is known as the “cell-rest” theory 
of tumor formation, to which we shall refer later. And from these 
same data another most important deduction may lie drawn: If cells 
of like order, transported to various areas in the one organism gain 
growth in some, lie latent in some, and undergo absorption in others, 
and if, again, portions of the same tumor transplanted into the same 
tissues in different animals of the same species shows a like succession 
of results, it is obvious that, whether new-growth occurs or not, is not 
merely dependent upon the inherent vegetative powers of the trans
planted cells, but is also governed by conditions obtaining in the tissue 
which receives these cells; that, in short, tissue remittance and the extent 
of the .same in a factor in detnmining blastomattmx. To this we have 
already referred.

The Nature of the Stroma. There are certain other data and 
considerations regarding the characters of the blastomas which must 
lie noted: first and foremost, the nature of the organic relationship 
between these growths and the organism in which they develop. The 
blastomas gain their nutrition from the organism of the host, and possess 
both a blood and lymph . The capsule of the typical blastomas,
as we have pointed out, is formed by the tissues of the host, and not

1 Olshauaen, Ztsclir. f. (_leb. u. (jyn., 48: 1903.
* Ztschr. f. Aerztl. Fortbildung, 190(5: No. 7.
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only that, lint tin* stroma of nil such tumors must also lx* regarded as 
afforded l>y the host. We must conceive, in short, the tumor as originat
ing by overgrowth of a cell, or cluster of cells, which, as they proliferate, 
make their way between the connective tissue of the region. Kven 
in what become benign, well-encii ' " tumors, showing expan
sive or diffuse growth, as suggested by Kibbert's observations upon 
what appear to be early stages of benign kidney tumors, there appears 
to be this primary infiltration. Such primary stroma may now, as 
the tumor expands, exhibit a growth /xiri /nixxii with that of the specific 
tissue elements of the tumor; this in cases of benign neoplasms. In

V V\«v

Traiif*|iliiuli‘i| rarrinumii of iimiiihc I'imt Hhigi'.s of formation of xtriuna liy lionf. Site of 
tnuix|ilantation after llirw «lays: </, growth w ith mitomw of «•mirer «■«•ll-; /». ih‘grnt>ratioii of inlro- 
■ luri'il xlromii Twro xoiipm in surroiiniling l'oniieotivc tiwinv r, aiuiloxin in oulvr xonv. </. niito'i* 
of miiiwtive-liMMiie corpunrtee next the tumor. X ( Hn*lifor«l.)

atypical infiltrative tumors the stroma is eontinualb I icing adtletl to 
as the tumor advances into the surrounding tissue, causing degeneration 
and absorption of the specific cells of the tissue, but leaving the con
nective-tissue stroma to be the framework of the growing tumor, as 
has been well demonstrated by llashford in experimental mouse cancer. 
Imminently we encounter indications of the same order as those observed 
in connection with chronic inflammation and tissue regeneration. A 
tumor which is infiltrating destroys the more highly differentiated 
cells of a region, while coineideiitlv it may stimulate the more lowly

9697



STRUMA, VESSELS, AND NERVES 089

connective-tissue cells to increased proliferative activity, and this at 
times, to such an extent that, as seen in certain cancers of a scirrhous 
type, the abundant stroma that is developed actually chokes or strangles 
the contained masses of tumor cells.

It is somewhat more difficult to understand the relationship in an atypi
cal connective-tissue tumor (sarcoma). Here evidently a double process 
occurs ; the stroma itself multiplies, and again, as the surrounding tissue 
is infiltrated, its stroma also becomes part of the stroma of the growth.

Blood and Lymph Vessels. -Such stroma of the host is equivalent to the 
tissue in which run the vessels and lymph channels. The bloodvessels 
and lymph channels of the host are retained by the growing tumor; and 
thus it is that the tumor gains nourishment and discharge of its products.

As the tumor grows there may even be a certain amount of vascular 
growth, this especially in neoplasms of sarcomatous type. Such vessels 
never pass beyond flic capillarp type; they may become distended to great 
size (and this is true of persisting capillaries), but there is never formation 
of muscular wall.4, of arteries and veins proper; nay, more, it is remark
able that what we must regard as arteries and veins enclosed in the grow
ing tumor become simplified and lose their characters. Even at the 
outer part of an infiltrating growth it is noticeable how few arteries and 
veins proper are to be detected. So far as we can see, a blasloma has no 
power of regulating ils blot* I supply.

Nerves. -The host supplies no nerves to the blastoma. Careful study 
may show a few filaments passing into the peripheral parts of an infil
trating tumor,1 but these are evidently the nerves of the persisting tissue 
of the part, and undergo degeneration, for the deeper parts of a blastoma 
are wholly nerveless. There is, thus, no nervous control, whether vaso
motor, or trophic, or of any order on the part of the organism. The 
activities, vegetative anil otherwise, of the neoplasm cannot be influenced 
by the organism, save through the composition of the blood and fluids 
supplied by it, and by alterations in the resisting powers of the surrounding 
tissues. The control, such as it is, is indirect.

Degenerative Changes. This lack on the part of the tumor to control 
its own nutrition, and on the part of the organism to govern the tumor 
cells, renders it not surprising that Ida stomas are peculiarly apt to exhibit 
degenerative changes, and, as favoring these, another factor comes in, 
namely, the absence of any secreting or discharging passage proper 
over and above the imperfect change afforded by the blood and lymph. 
The products of the more outwardly placed <vlls may diffuse into the 
surrounding tissues; the internal cells are apt to “stew in their own 
juice,” and to be subjected to a form of auto-intoxication. Practically, 
any of the forms of cell degeneration to be noted in a later section may 
present themselves, notably necrotic changes, cell death, and absorption. 
And, favoring these, and favored by them, in all those forms of growth 
in which degeneration is most liable to occur, we are apt to have hemor
rhages, the thin-walled, dilated vessels giving way.

1 Young, H. II., Jour, of Exp. Med., 2: 18U7 : 1.
44
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Nuclear Changea. -Associated with these degenerntimis we meet with 
nuclear changes. Whereas, the cells of an actively growing tumor, and 
jiarticularly those of the peripheral portions of actively infiltrating atypi
cal tumors, are noticeable for their relatively large nuclei, with abundant

n 7
Irrt'giilitr mitiuie* in rimvrr r«*IU I. It> i»» Imiimilii iinto*>i~; J, noyiniiiplrii' militai*. tIn* tt|>|N‘r 

tltiiighlpr nui'lt'iix hyiirrt'hrtttiitilir; .1 In 7, vnrinuit fiinim of inulti|iuliir iiiitiw». UiitlpoUi.)

chromatin, so that in the stained section there is a very pronounced 
(lilîerenee between them and the nuclei of the surrounding tissue; the 
nuclei of the more central jsirts of such tumors arc pale, and poor in 
chromatin (ehromntolysis); often they are vesicular; at other times, 
shrunken and wrinkled looking; and, when degeneration is extensive,
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the nuclei of the dead cells do not take the stain at all, while the degen
erating cells hordering on such necrotic areas exhibit nuclear fragmenta
tion (karyorrhexis).

These are not the only changes. The more aberrant the growth, the 
more do we encounter (in freshly removed sections suitably stained) 
irregular mitoses, and these of a very remarkable order. We owe to von 
Ihmsetnann,1 * more particularly, a study of the same in connection with 
tumors. We may encounter forms with lippoc lira mafic mitoses (reduced 
number of chromosomes below the number normal for the species), 
asymmetric mitoses (one daughter cell receiving more chromosomes than 
the other), hi/pcrchromatic mitoses (the number of chromosomes in ex
cess, sometimes greatly, of that normal for the species), multipolar mitoses 
(there being more than two centrosomes, each attracting chromosomes,

Fio.

$ #* I

9 /

I, mitoMiH (liilinotype) in ordinary winiatir roll, allowing usual form of I'liromomiiiii'; 2. Iictere
type mitosis in germ eell; ■'<. irregular heterotype mitosis, with “ring" rlimmnsomrs in a cancer 
cell : at tile lower pole alwrrant chromosomes passing into the cytoplasm. (Misire.)

so that there may be developed three, four, six, or, according to Ilanse- 
lnann, as many as twelve to twenty daughter nuclei). Again, we may 
have scattered chromosomes, some becoming free in the cytoplasm, as 
though by rupture of some of the achromatic spindle elements. It must, 
however, be remembered that these mitotic irregularities are not peculiar 
to atypical malignant growths. They may be experimentally produced 
in various tissues in a variety of ways.* They indicate, however, that the 
cells are subjected to abnormal influences.

Farmer, Moore, and Walker3 have called attention to the existence 
of" heterotype mitosis" in cancer cells similar to those found, almost 
specifically, in the stage of maturation of germ cells, and have suggested 
tliat in the existence of this type of mitosis and cell is to be found the 
explanation of the vegetative properties of the blastomata. We believe

1 />/. Mi krone, liingimse il. Immirlitjr (iisclitnïlxlr, Merlin, IS! 17.
1 (iuleotti, Ziegl. Itvitr., 20: 1890, ami Lubainch, Allgem. Path., 1005: 44 vt su<|.
3 Proc. Hoy. Sue., 72:1003:400. See also liashford and Murray, ibid., 73: 1004: (Hi.
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we are correct in saying that further study has demonstrated that these 
are found to he only one of a series of mitotic aberrations; that they hear 
no relationship to the malignancy of the tumor; are not, that is, necessa
rily present in highly malignant growths and that these observers are not 
now inclined to lay any stress either upon these appearances,1 or on the 
other appearances recorded of nuclear migration and conjugation.

Retrogression and Healing. These degenerative changes lead to the 
consideration of the absorption and disappearance of tumors, and from 
this to the data hearing u|m>ii the active healing of the same. Such 
absorption and disappearance is the rare exception. A blastoma, once it 
becomes recognizable, even of the most benign type, may remain sta
tionary, but most often grows; rarely does it recede and undergo natural 
absorption. And yet every surgeon of large experience can recall one or 
more cases which he can only explain by such recession. Too often 
the cases are imperfect and unsatisfactory as evidence; there has been 
no histological examination of the growth when in its prime, to establish 
its exact nature. There are, however, cases on record about which there 
can be no doubt.2 Thus, Nasse and Starek have each recorded cases of 
the spontaneous " a ranee of multiple exostoses; Kaposi, of a 
lymphosarcoma of the upper jaw; Keichel, of a spindle-celled sarcoma 
of the temple; Nitze, of a papilloma of the bladder; Hotter, of a malig
nant adenoma of the rectum, involving the vaginal wall, which, after 
repeated removal and recrudescence, eventually disappeared spontane
ously. Shepherd has recorded a case of cervical sarcoma with similar 
history, and even that most malignant form of growth, the chorio-epithe- 
lioma malignum, has been seen to recede by two observers (von Pratiqué 
and Meisclmiann).

If, thus, there can be natural absorption of tumors even of the most 
malignant type, sooner or later we must penetrate the secret, and find how, 
by medical or surgical procedures, re, i. r., the degener
ation, death, and subsequent absorption of the tumor cells. Vndoubt- 
edly this has been already secured in a number of instances, and that by 
very varied procedures but the results so far have been very uncertain 
and most often incomplete. Hither all the tumor cells have not been 
destroyed (and this by the recurrence of the original growth appears to be 
the most frequent event), or the tendency on the part of the organism to 
produce new-growths has not been arrested. Probably a more correct 
statement, which will include both these cases, is that the resisting powers 
of the organism have not sufficiently exalted to arrest the aberrant cell 
proliferation. To this matter of resisting power and vegetative power we 
shall again revert when dealing with the theory of blastomatosis.

( )f those methods, apart from operative interference, which have been 
employed with more or less success, may be mentioned the exhibition of 
arsenic, Coley's method of inoculation of sterilized culture fluid of mixed 
streptococcus and B. prodigiosus growths (based on the old experience

1 Cf. Rashfonl ami Murray, Pmc. Roy. Soe. Biol., 77: 1906: 326.
1 Wc hero in the main produce those selected hy Rihbcrt, who gives the references.
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that intercurrent erysipelas may lead to the absorption of malignant 
growths), Beatson’s method of removal of the ovaries to bring about 
absorption of mammary cancer, the absorption of uterine myomas fol
lowing upon electropuncture, and, more recently, the employment of 
ultraviolet light and the Kontgen rays to cause the disappearance of 
superficial growths.

Unicentric, Pluricentric, and Multiple Primary Growths. lastly, before 
taking up the subject of the different forms of blastoma, a word must be 
said regarding the foci of origin.

The majority of primary blastomas are single, and, what is more, ap
pear to originate from a ' focus, either a single cell or small collection 
of cells, separated from the rest of the tissue in which they find them
selves. It will be understood that this point cannot be determined. We 
cannot recognize in the normal tissues a single cell which is destined to 
give rise to a tumor. By analogy with what occurs in the transplantation 
of tumors, it would seem that several cells coincidently manifest the 
aberrant growth. Tumors which appear to grow from a single fonts 
are spoken of as unicentric. Some growths are clearly pluricentric, or 
multicentric. This would appear to be most often the case in mammary 
cancer, as has been beautifully demonstrated by Petersen.1 Whereas, in 
a i* section of such a growth the masses of cancer cells in the alveoli 
appear to be all separate, this is really not the case. By studying serial 
sections it can be seen that the cell groups form a branching mass, all 
directly continuous, springing from common centres, the real foci of 
growth. By making wax models of successive layers, cutting away the 
parts representing the stroma, and building the successive layers 
together, Petersen was able to show that the alveoli, or, more correctly, 
the cell groups, originate from several separate centres.

In the adrenal tumor studied by Woolley, to which we have already 
referred, it was possible to see that cells, clearly belonging to different 
strands or cell collections of the cortex, were undergoing the cancerous 
change.* The cells were larger, the nuclei richer in chromatin, so as to 
stand out in marked contrast to the unaffected cells next to them. There 
could be no question in this case regarding fœtal cell-rests; it was the 
cells of the developed tissue that were undergoing the change. We have 
recently had a second case of the same nature (Fig. 203). Van Ileukelom, 
Horst Oertel, and others have noted a like series of transitions of liver 
cells into cancer cells in cases of carcinomatosis of the liver (p. 836).

Occasionally we meet not with single or pluricentric single tumors, 
but what we can only regard as multiple " endent primary growths. 
The commonest example of this is seen in uterine myomas. We may 
find two, five, ten, to twenty or more isolated muscular tumors in the 
uterus. In the ovaries, also, cases are on record of as many as five sepa
rate dermoids (teratomas) in an ovary, and it is relatively common to find

1 Virch. Arch., 104: 1901:570.
1 Jores had previously recorded a similar observation, Deutsch. ined. Woch., 

20: 1894:208.
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coincident dermoids, one in each ovary. With such tumors there can he 
no fjiiestion of the one being a secondary, metastatic growth, derived 
from the other. Hut the same is true, also, of glandular (adenomatous 
and evstadenomatous) growths of the ovaries; these show a curious 
tendency to he bilateral. Here, the growths being of simpler type, it is 
not always possible to draw a definite conclusion. < >ne might be metas
tatic from the other, due to tissue predilection. Were it the latter, then

From th«* iflge of a email nodule of new- 
grnwtli in the adrenal cortex, allowing every 
transition from <i. celle umlistinguinlialile from 
the aiirnnimling cells of the cortex to am all 
celle w ith deeply ataining nuclei id sareomatoua

I

Similar couvera ion or miHlitication of vor- 
tic.ol cells of adrenal into tumor cella. 
(Woolley.)

occurring in the same tissue, it should be identical. As a matter of fact, 
we often find differences in the two growths, which suggest strongly that 
both arc primary. Similarly, multiple fibromas, osteomas, and chondro
mas arc not uncommon, and we approach thus close to a condition 
which we shall treat separately, that, namely, in which a particular tissue 
in all parts of the body shows a peculiar tendency toward overgrowth.

Passing a stage farther, there have now been a considerable number 
of cases reported of multiple primary growths in the one individual of 
different orders; uterine myomas with uterine or breast cancer; differ
ent forms of growth along the digestive tract, and this apart from the 
transitions which may be found from benign mm to carcinoma. 
'The largest collection of these for this literature has been by Walter.1 * 

Wool lev* has analyzed the eases in the literature up to I‘.Hid, and Nicholls3

1 Arch. f. klin. Chir., 53: 1H9G: 1.
1 Host on Mi'il. nml Surg. .lour., 14«S: 194)3: I.
5 Montreal Med. Jour., 32: 1903: 320. See also Wells, Jour, of Pathol., 7: I9ii| ; 

357, and Warlhin, Jour, of the Amer. Med. \ssoe., 32: 1S99: 903.
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has collected quite » series from our autopsies in Montreal. In one of 
Walter’s cases there was an angiosarcoma of the stomach, a sarcoma of 
the gall-hholder, an aberrant tumor, a lipoma of the kidney, and
an vnchondroma of the right pleura.

Such cases have been taken by the upholders of the cell-rest theory of 
blastomatosis to indicate a vice in development whereby several cells or 
masses of cells become segregated, and liable thus to for sub
sequent overgrowth. But segregation alone does not explain blastoma
tosis. A more likely explanation is the lowering not merely of tissue, but 
of general bodily resistance, so that, simultaneously, cells in various 
parts find conditions possible for active and independent proliferation.1

1 Of general works upon tumors the fullest and most recent is that by Horst. 
Dir. Lrhrc. von den Clexchwiilxten, 2 vols., Wiesbaden, 1902. Ribbort’s Die 
(leackwiistlehre, Ronn, 1904, is not so detailed but gives fully the author’s much 
discussed theory. Luharsch and others give im|K>rtnnt studies of the recent liter
ature of different orders of tumors in the successive volumes of Luharsch and Oster- 
tag's invaluable Ergebnisae. It cannot be said that there is any authoritative 
book on the subject of tumors in our language. Seim's work, valuable from a surgeial 
point of view, is hurried and ill-digested in its pathology. More important is Hland- 
Sutton’s Tumors, Innocent atul Malignant, which is individual and replete with 
matter difficult to encounter elsewhere, but its| logy is gross rather than 
minute. 8

C8D
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CHAPTER XVII.
THK AUTOCHTHONOUS BLASTOMAS -((WriNi M*).

CLASSIFICATION OF THE AUTOCHTHONOUS BLASTOMAS

In what order are we to treat the individual forms of tumors? IIow 
are we, that is, to classify them so as to bring together those which are 
most nearly related, and by its position in the scale gain a grasp of the 
properties of any particular form?

We have already discussed at length the one main division which for 
practical purposes is most important, that into typical and atypical 
blastomas, and the conclusion gained from the study can only be, that 
while most useful this is not wholly satisfactory because of the existence 
of (1) transitional forms between the two groups, and (2) apparent or 
real exceptions to the laws we have noted as, in the main governing either 
group.

Two courses are open to us: Hither, studying these exceptional cases 
and noting the variation in properties of different forms, we may assume 
the agnostic position may say that, despite the enormous amount of 
material collected, we still have not sufficient data to permit us to make a 
pronouncement, and, doing this, fall back upon a purely histological and 
admittedly provisional arrangement based almost entirely upon the 
characters of the cells constituting the tumors, with no regard to the prop
erties of the individual forms save that which follows from a coincident 
separation of the typical from the atypical forms. ( )r, on the other hand, 
we can start from the basis that the properties of any given form of cell 
are an inheritance; have been impressed upon that cell by the successive 
forces to which its ancestry have been subjected; that these inherited 
properties, along with the forces acting upon the cell itself, determine its 
characters; so that if we can surely determine the derivation of the dif
ferent forms of tumors, then an emhryogenetic classification must lie a 
natural classification.

The first of these courses is that which from Hamilton1 (1889) onward 
has been increasingly adopted, and nowadays it is that e * red by von 
Ilansemaim 2 Luharsch, Menetrier, Prudden, and the writers of the two 
most important recent treatises on the subject, Kibbcrt and Horst. Hanse- 
mann goes so far as to state that the only logical course is to take each 
organ in turn and describe separately the primary tumors which may 
originate from its component cells, or, in other words, to make as many 
classes as there are different tumors of different organs or tissues. Hut 
this is to construct a Chinese ‘ ' it.

* Die b<>*nrtige Geerhwulsle, Berlin, 1897: 22.1 Text-book of Pathology.
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Horst's classification is:
1. Connective-tissue tumors of maturer tissue (so-called henign con

nective-tissue tumors).
(a) Connective-tissue tumors proper.

Fibroma, myxoma, lipoma, chondroma, osteoma, angioma.
(/>) Tumors of the muscle and nervous systems.

Myoma, neuroma, glioma.
L\ Endothelial tumors.

Lymphangio-endothelioma, hemangio-endotlielioma, and peri
thelioma, cylindroma, psammoma, cholesteatoma.

3. Connective-tissue tumors of immature tissue (sarcoma).
(a) Sarcomas of simplest type.
(a) Round-celled, spindle-celled, giant-celled.
(b) The more highly developed sarcoma^

Mixed sarcomas (fibroma sarcomatosum, osteoma sarcomato
sum, etc.), melanosarcoma, chloroma, lymphoma sarco
matosum, myeloma multiplex, angioma sarcomatosum, 
myoma, neuroma, glioma sarcomatosum.

4. Epithelial tumors.
(a) ( )f mature type.

Papilloma, adenoma, eystadenomn.
(It) ( )f immature cell type (carcinoma).

( >f skin, sepia mous epithelioma ; of mucous membrane, eylin- 
drical-ccllcd cancer; of glands, carcinoma adenomatosum. 

Ajipcndix. Adrenal tumors: Chorionic tumors.
4. Mixed tumors.

(ei) Cystic mixed tumors.
Dermoid cysts of skin, testes, ovaries, branchiogenic cysts, 

ciliated epithelial cysts of brain, enterocysts.
(It) Mixed tumors in the narrower sense.

Of kidneys, vagina, bladder, testes, mamma, face.
(c) Teratoids and teratomata.

( >f testes and ovaries; of anterior and posterior ends of body 
axis; bigerminal sacral teratoma, monogerminal sacral 
teratoid, teratoids and teratomas of the body cavities, 
teratoids and teratomas of neck, cranium, and ventricles.

If we analyze this we find that it is constructed on the principle of 
recognizing three groups of tissues, the connective, the endothelial, and 
the epithelial, of which the first two afford atypical tumors of like order 
(sarcoma); the last affords the carcinoma. It is interesting to see howr 
close a carefully thought-out classification constructed purely on these 
histological principles brings us to the embryogenetic classification to be 
presently noted. There are it will he seen certain “jumble" departments; 
the myoma and the glioma have little in common; the adrenal tumors 
and the chorionic tumors have to be treated as an appendix, an admission 
of doubt as to their exact place in the scheme; simple epithelial cysts and 
the complicated ovarian and testicular teratomas come into the same 
section. Hut, on the whole, the teratomas and the teratoblastomas
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(mixed tumors) range Uii‘msvlv<is very much according to the elassifiea- 
tion w<‘ have »l ready adfordcd from cinhryogcuctic considerations.

In this eonneetion may he mentioned a suggestive grouping of tumors 
proposed hy l.uharseh, who would primarily divide them into three 
main groups:

1. Those departing hut slightly from the type of mother tissue a ml 
showing little or hut temporary growth (teratoma, congenital nevus, 
congenital adenoma, myoma, lipoma, osteoma, chondroma). In all of 
these eases we have probably to deal with a local transposition of tissue.

2. Those which while showing autonomy still comply with the ordi
nary rules of life and respect physiological limits (the larger myomas, 
adenomas, angiomas, etc.; these may for long remain in a resting state, 
with periodical accessions of growth and absorption).

('mu*-*«■<•!ion of u liiinmn riiihryo of I.M mm : rk. i‘pihliv«l («‘vtoderm); rn. hyp>>M:i-t («•iiilmlenni ; 
•nr, iiii-miIiIiwI (mewHlmn); /. ilumul furrow, giving origin to nerve vont ami liruin; rh, region of 
hyiKililimt that given rim* to the notoehonl; [/. junetion of the extrn-einhryonii- Momatie menohlaat 
(•f.) anil spluiichuii- inenohlaet (i//.); p. In-ginning of the einhryonie m-loin. (< iraf von S|N>e.)

3. 'rumors fully emanei|mte<l from physittlogieal laws (malignant 
tumors proper, sarcoma, and carcinoma).

While this division is suggestive, anti valuable as calling our attention 
to the properties of different orders of tumors, it is not a classification of 
the different forms of tumors in the proper sense. Growths of the same 
type occur in more than one class; an adenoma may belong to all three 
groups; a congenital mole may assume malignant properties ami pass 
from the first to the third group; a tumor due to local transposition of 
tissue, for instance, the aberrant suprarenal growths in the kidney, may, 
while congenital, lie fully emancipated from physiological laws and show 
malignancy even before birth.

Embryogentic Classification ( Wahlever). With the development of 
the science of embryology it was noted that from the primitive germ layers
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different tissues were derived; that (lie connective tissues of the laxly, 
including hone, curtilage, and muscle, were of mcsohlastic origin, while 
broadly (and, as I shall point out later, incorrectly) the specific cells of 
the epithelia and the acini of glands were seen to lie derived from either 
epihlast or hypoblast; and as neoplasms originate from preexisting tis
sues or their precursors, Waldeyer intnxluml the division of tumors into 
those of cpihlu'tic or hypoblastie and those of mcsohlastic origin, sub
dividing according to the nature of the tissue, and again according as to 
whether the arrangement of the component cells was typical or atypical. 
A further class had to be made for the mixed tumors, those, namely, con
taining overgrowths of both epi- (or hypo-) hlastic and mesohlustie 
elements.

It is unnecessary that we here give the full classification according to 
this scheme. Such classification was popular during the last quarter of 
last century, but even those who used it recognized its defects. ( )f these, 
the greatest was that it ignored the fact that the mcsohlast also gives rise 
to definite glandular organs; another, that it se|xi rated the gliomas 
(tumors derived from the neuroglia and so of epihlastic origin) from the 
sarcomas or atypical connective-tissue tumors, of mcsohlastic origin, 
although histologically the growths art* closely related, the glioma showing 
no close relationship to the carcinomas or atypical glandular and 
epithelial tumors. These were grave defects, and their recognition it 
was that led to the reaction indicated by the present attitude of mo«f 
modern writers.

Histogenetic Classification. Now, the principle umlerlyii • du a1 

attempt at classification was a right one. Just as the form and stmetim 
of the individual of any species is the outcome of the phytogeny of dial 
species, is the resultant of the special conditions to which that individual 
and its progenitors have been exposed in the course of countless genera
tions, so the component tissues of the individual with their s|xviul char
acters are the resultant of both past and present fon*es.

A given cell of the embryo in a given relationship to the rest of the 
embryo has inherent tendencies to give origin to cells of a particular order. 
The weakness of Waldeyer's classification lay in this, that it was based 
upon an inadequate embryology. It does not follow that a fuller and 
more accurate knowledge of histogenesis will not afford us valuable aid. 
Kadi tissue has a definite origin and nuxle of development, and if neo
plasms are derived from definite tissues, and their component cells repre- 
sent stages in the development or degeneration of these tissues, then it is 
possible to establish a rational classification of tumors upon histogenetic 
lines.1 We have to start from the very earliest stage of the developing 
ovum to gain a proper grasp. The earliest stage to lie recognized in the 
development of the fertilized ovum, once it has proceeded to segment, is 
the morula, in which the hlastomercs or cells form a cluster or group of 
cells of the same order with almost mmplete lack of differentiation.

1 I lien* follow very largely niy artiele /'/**» tin t 'liutsljirnlimi Tumor*, .lour, 
of Pathology, 4:ltNti:m
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Itapidly this gives place to a second stage, in which these cells arrange 
themselves into two layers, into the primordial layers of epihlaat and 
hypoblast. In this way at a singularly early stage the future epiderm and 
endoderm become recognizable. The next stage to lie noted is that the 
hypoblast, or more internal of the two primitive layers, gives rise by 
proliferation of its cells to a group or mass of cells showing no definite 
arrangement among themselves and not forming a true layer. This is 
the vicsohhisl and Anlatjr1 of the organs derived from that layer. The 
hypoblast, while it in the main gives origin to these cells, still remains as 
a distinct layer or membrane. The epiblast participates to a less extent. 
Waldeyer went so far as to recognize these three layers, but there he 
stopped.

The reader must dispel as erroneous the old deeply rooted idea that 
connective tissues, and connective tissues only, arise from mesoblast; 
cpithclia and glandular tissues and nerves, and these alone, from epiblast 
and hypoblast.

From the epiblast, whose cells in general are from the earliest period 
arranged in regular order so as to form a definite layer, there is developed, 
along the dorsal groove, a marked proliferation of the cells, those away 
from the surface being no longer arranged in strata. Indeed, it is legiti
mate to compare this development of the iinirnhla.it or milage of the ner
vous system with the earlier development of the mesoblast. With the 
further infolding of the dorsal groove this portion of the original epiblast 
becomes cut oil' from the rest, the only portion recalling the original epi
blast being the ependymal cell layer immediately around die central 
canal, the cells or descendants of cells which have originally been the 
outer layers of the dorsal epiblast. A very similar ingrowth of cells, 
irregularly arranged, occurs from the hypoblast to form the basis of the 
lint or hunt.

The mesoblast in its turn undergoes changes: with the development of 
the primitive body cavity, or ctelom, those cells abutting in that cavity 
become arranged as one orderly layer, the mr*nthrliuin, the remaining 
portion of this “layer" not thus arranged constituting the mr.michynic. 
From the mésothélium again, by a process of active growth and heaping 
lip of cells, art* developed localized masses of cells on either side, which we 
may compare with the neuroblast and notochord; these are the myn~ 
toniix, the anlaijni of the future striated muscles of the body, and Inter 
from the im.inirliymr a filial true layer is developed, the nnlntlnlhnn, 
lining the vascular cavities, both blood and lymph vascular.

We thus find that the embryo comes to exhibit cell collections of two 
orders, which may lie termed "lining membranes" and (for lack of a 
more expressive word ) “pulps," the lining membranes being the per
sistent epiblastic, liypi«Mastic, mésothélial, and endothelial layers, the 
“pulps” being the main mass of the neuroblast (of epiblastic origin), 
the notochord (of hypoblastic), and the mesenchyme (of mesoblast ic).

1 We have no word equivalent to tho (iermnn .1 nhige—hence must employ it to 
indicate the primordial source, or developmental origin of any organ or tissue.
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And now, following up the further development of these different cell 
collections, we observe that the adult tissues derived from these two series 
exhibit well-marked differences, so that we can divide adult tissues into 
two great groups, the " ' Àtzt;, /.ixtno;, a rind, skin, or mem
brane) and the hylic crude undifferentiated material).

I l<i. 2U«i

mêèSSê'- *$ m ■■ wM
mmn

mmmm■...............................•-

lliagrnmmntic repmwntation of section through vertebrate body to show ontogenetic relation 
whip of the various order of tissue*. .4. Of lepidie type: I. epiderni ami its glands (epiblastic); 
■J. mucous membrane of digestive canal and its glands, liver, etc ihy|Mihln»tir i; 3, endothelium 
lining serous cavities i inesoblasticl and glands like renal cortex of mésothélial origin ; I, vascular 
endothelium of late mesoblaslic origin H Of hylic type .1, spinal cord, brain, and nerves iepi
blastic); fl, notochord (hypoblastici; 7. connective tissues of the Iwaly (mesenchymatousi; 8, myo
tonies. striated muscle of body mésothélial). C. Cavities: It. lumen of digestive tulie; 10, Imdy

'l’lie characteristic of the lepidie tissues is that the specific cells which 
give them their main features are arranged either in layers or clusters 
in direct apposition; they arc not separatist by lymph spaces or by b/ood- 
eesscls; the) possess, nevertheless, a supporting framework or stroma of 
livlic tissue in which rim the nutrient vessels. < >f hylic tissues the features 
are the opposite: sejmratiny the cells there is a matrix of intercellular

10683212
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substance rillirr homogeneous or Hhrillatcd, while lymph s/Ktees anti blootl 
cap i liar ir* lenil In separate ami run between the intiiehiual cells. If in the 
lepitlie tissues there is a stroma of hylic tissues, so here in the hylic there 
always enters lepidic tissue in the shape of the living endothelium of the 
hlood and lymph vessels. In either ease the elements of the other order 
occupy a subordinate position. While some pathologists, like < ). Israel1 
anil Buxton,2 have already noticed this distinction, the histologists and 
embryologists have laid little stress upon it. The more we study tumors 
the more we realize this importance of the distinction.

Oil this basis we obtain the following classification of normal tissues:

I. I.IMMi MKMMKANK OH I.KIMDK TIH8VKH, 

in tell icli I lie bltssl vessels tin not fie net rale the t/rnups nf s/teeijie cells ami 
in which there is an absence nf ilejinite strnina between the imliriiluul cells, 
allliniiifh such strnina, nf iiicscnchijmatniis or it/in, mai/ lie present between 
the t/rnups nf cells.

1. Kpiblastie:
Kpidermix Kpidermal appendages nf hair, nails, enamel of 

teeth, etc. Kpidermal glands. Kpithelimn of the mouth 
and salivary glands. Kpithelimn and glands of nasal tract 
and associated spaces. Kpidermal (anterior) portion of 
hypophysis cerebri. I amis of eye. Kpithelimn of mem
branous labyrinth of ear, anus, male urethra (except pros- 
tatie portion),

2. Hypohlastic:
Kpithelimn of digestive tract and glands connected with it. 

S|Mieifie cells of liver, pancreas, tonsils, thymus, thyroid. 
Kpithelimn of trachea, lungs, bladder, female urethra, male 
urethra (pmstatie portion).

Mésothélial:
Lining cells of pleura*, pericardium, peritoneum. Specific cells 

of supraremiK. kidneys, testes, ovaries (Graafian follicles). 
Kpithelimn and glands of Fallopian tidies, uterus, vagina, 
va sa deferentiu, vesieulu* séminales, etc.

I. Kndotlielial :
Killing endothelium of bloodvessels and lymphatics.

II. IIYI.U OH I'RIMITIVK IM'I.I* TlHHt KM.

(Irt/ans ami tissues in which llit s/iecial characteristic is that the specific 
cells lie in, ami are sc/mrutiil In/, a ilejinite strnina, hnnint/eneniis nr Jihril
ia r, in which there nun/ nr mai/ lint be hlootl ami li/niph irssels.

1. Kpiblastie: •
Nerve cells, neuroglia.

2. Ilypobliistic
Notochord.

1 Iferl. kliii. Worli., ;17: IImmmümi, lil t, unit IHI7
> Jour. Cut(in. amt (iviiito-urin. Ui»., New Yurk, Ivhruury mid April, 1UUI.
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Filtrons connective tissues, curtilage, Imhic, reticnlnin of lymph 

glands, I tone marrow, fat cells, involuntary muscle tissue, 
spleen, IiI<nh1 vessels, Mood corpuscles.

4. Mésothélial:
Striated muscle, including cardiac muscle.

Following this scheme of classification of the normal tissues, we may 
now divide the tumors arising from the specific constituent cells of the 
various tissues into two main genera the Irpiilic tumors, or lepidoma*, 
originating front the above “lining membrane" tissues and the hylic 
tumors {hyltmwt), originating from tissues derived from the embryonic 
“pulp.” We can further distinguish two broad groups of lepidie tumors, 
the primary, those whose cells arc derived in direct descent from Un
original epiblast and hypoblast; and m'oudary, or traimilional, whose 
cells arc derived in indirect descent from the same, r., have, in the 
course of development, passed through a niesohlastic or inesonehymntous 
stage before coming to form portions of a lining membrane. We shall 
explain the use of the term traimitioaal later.

I. I.KIMIMC, on HIM) It MOHS.

(.1) Lepidomas of the First Order.
1. Of epiblastic origin.

Tumors whose characteristic constituents arc overgrowths of 
tissues derived directly from the epiblastic lining membranes, 
or cpidcrm.

(<i) Typical. Papilloma, epidermal adenomas (of sweat, sali
vary, sebaceous, and mammary glands, etc.).

(/>) Atypical. Squamous epithelioma, carcinoma of glands of 
epiblastic origin.

2. Of hypoblastic origin.
(a) Typical. Adenoma and papilloma of digestive and respira

tory tracts, thyroid, pancreas, liver, bladder, etc.
(/;) Atypical. Carcinoma developing in the same organs and 

regions.

IH) Lepidomas of the Second Order, or Transitional Lepidomas.
d. Of mésothélial origin.

Tumors (mesotheliomas) whose characteristic constituents are cells 
derived in direct descent from the persistent mésothélium 
of the embryo.

(«) Typical. Adenoma of kidney, testicle, ovary, urogenital 
ducts; adenoma of uterus and prostate; adenomas origi
nating from the serous membranes, “mesothelioma" of 
pleura*, peritoneum, etc.

(/;) Atypical. Cancer of the above-mentioned organs; squamous 
endothelioma, so called, of scrolls surfaces, epithelioma 
of vagina; adrenal mesotheliomas, “hypernephromas."
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4. Endothelial Lepidomaa.
Tumors originating from tin* endothelium of the I flood and lymph 

vessels; lympliangio-endotlielioma, hemangio-endothelioma, 
perithelioma, the eommoner forms of eylindromn, psammoma, 
cholesteatoma of brain (but not of ear).

II. HYLIC, OR “ PULP” TUMORS.

1. Of epiblastic origin.
'rumors whose characteristic constituents arc overgrowths of 

tissues derived from the embryonic pulp of epiblastic origin.
(a) Typical. True neuroma, glioma.
(/>) Atypical. ( dio,sarcoma, sympathetic neurocytoma.

L\ Of hypoblastic origin.
'l’umors derived similarly from embryonic pulp of hypoblastic 

origin.
Chordoma.

d. Of mesenchymal origin.
(.1) McHCHchymal llylomax. Derived from tissues originating 

from the persistent inesoblastic pulp, or mesenchyme.
( n ) Typical. Fibroma, lipoma, chondroma, osteoma, myxoma, 

leiomyoma, angioma, myeloma.
(/») Atypical. Sarcoma(derivn‘ ' senchymatoustissues),

with its various > lisions, fibrosarcoma, spindle-celled 
sarcoma, oat-shaped-eel led sarcoma, chondrosarcoma, 
osteosarcoma, myxosarcoma, lymphosarcoma, chloroma, 
angiosarcoma; of origin still debated, mclanosarconia.

(It) Mi .snl In liai llyhmas. rumors which arc overgrowths sim
ilarly of tissues derived from embryonic pulp of definitely 
incsi................. Rhabdomyoma.

If this classification be studied, it will be seen that we have done away 
with that deficiency in the earlier embryological classifications, whereby 
tumors of unlike orders and histological appearances were grouped 
together, and those of like characters separated. Chômas, for example, 
come to be placed close to the niesenchymatous tissues; the gland- 
like tumors of inesoblastic origin become grouped along with those of 
epil ‘ " and hypoblastic origin, while tumors of the same type, from
whichever layer they may originate, are grouped together.

Have we, in accomplishing this, introduced any new difficulties? 
One objection will undoubtedly present itself, namely, that among 
the lepidomas of mésothélial origin we have grouped together tumors 
some of which arc of a strongly epithelial or glandular type; for example, 
the cancers of the uterus, with others like the hypernephromas, tend to 
take a definitely sarcomatous character. I fully admit this difference 
in properties.

Two possibilities exist ; either the neoplastic properties of the different 
portions of a given germ layer become differentiated, according to the 
ultimate function assumed by those portions to admit which is, we

2
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confess, tantamount to acknowledge that little weight can In* attached 
to emliryogenetic considerations; or that the epithelium lining certain 
organs in which we find tumors not of the characteristic transitional type, 
is not mésothélial; that, for example, whereas primarily the vagina, 
uterus, and Fallopian tidies originated from Müller’s duct, and so were of 
mésothélial origin, in the course of development the eloaeal hypoblast has 
overgrown and replaced the original mésothélial lining of uterus and 
tubes, theepiderm from without has grown into and replaced the mésothé
lium of the vagina and cervix uteri. This has indeed been suggested 
by more than one embryologist. ( ertainly the characters of the vaginal 
epithelium are unlike those of any other mésothélial structure, and primary 
vaginal tumors are of an epihlastic, and not a mésothélial, character; 
while, similarly, the mucous membrane of uterus and tidies strongly 
recalls that of the alimentary tract, as do the tumors arising from the

I munition from lulvnoiiiiitoue to wwomaUius ty|w of growth in it mini mvwithelioiiiB.
( Itirch-lliracliff Id. )

With this admission, and, it may lie, only apparent exception, the 
striking re of these secondary lepidie tumors, as a class, in Ihrir 
liability to prisait traunitioaal cbaravtvrn and this in the lack of ms igni
tion of the undvrly ing cause has created an appalling amount of con
fusion. A tumor of the adrenal, a “hypernephroma" of the kidney, 
a testicular neoplasm or ovarian growth, and the same is true of the 
whole class of eiidotheliomata, may, if of slow growth, present all the 
characters of a cancer a glandular tumor if actively vegetative lie 
indistinguishable from a sarcoma; and frequently in this group we meet 
with intermediate types, in which one part of a growth shows the can
cerous, lining membrane type of structure, and other parts have taken on 
the hylic, sarcomatous type. Such tumors form an im|iortunt proportion 

45
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of tliv cum*# of so-called carcinoma sarannatodc,». Nay, niorv, in such a 
tumor, as Woolley,1 from our laboratory, has |>ointnl out : using Mallory’s 
connective-tissue stain, so as to follow accurately the ramilieations of the 
stroma, the transition from the lepidie to the hylic type is found to he not 
apparent, hut actual; certain cell clusters, as in cancer proper, lie wholly 
free from any intervening stroma; others, on the contrary, are separated 
and isolated by a matrix, which contains connective-tissue fibrils, a 
stroma pro|H*r, such as we find in sarcoma.'

And, what appears to be all adequate reason for this difference in 
properties, suggests itself. As we have emphasized more than once, 
ftro/wrlicH ichich arc of oldest acquirement arc tho.se which arc last to 
In- lost-, those of later acquirement are yielded up with greater ease.

iS-riimi nf i-iiri'iiiiiiiin »ini|ilc* limiwl. 
in iilvil »uli Mallory'* pomntÜvv-I issue stain. 
In ilviiiuiiMlnili' » rulii|ilrtr lll»welirc nf |m**:iK<' 
nf iiileirelluliir liliril* Ini with flu* imlix iiliml 
nii-inlient of l lu* nlveolnr itII timuiw. 
(WlH.lllX.I

Sit I ii hi nf mi riiiliillii'liniiiii iinilmlv Irinliil. 
Tin» nlvniliiR livliiw rwii'li* iiliiinnt win illy like 
mi p|illlip|inl puiippr, I lint iilmvp pxliiliif ~ 
liiterppllulnr vnmi«Tllvpii-wu« liliril*. liko n 
Mirpuiiiii. i M nnllpy i

t

The primary lepidie tumors are derived in direct descent from cells 
which, from the earliest embryonic period, have taken on lepidie, or 
lining-membrane characters; whereas, these transitional tumors one, 
and all, are derived from cells which, from being lepidie (in hypoblast 
or epiblast), have become hylic, and only at a later embryonic period 
have again taken on lepidie characters. Such cells in new-growth revert

1 Johns Hopkins 11 « *f*| lit ni Bulletin, 14: llMKt'JI.
1 This haw wince liven confirmed aw between sarcoma ami carcinoma by lluruso- 

Ixurii ( Vcrhumll. I >. pallet Jewell., lit : ItHMl; llsfii wlm limlw I liai I lie lattice (“(Jitter”) 
tibrilw of the stroma revealed by Marcwcli’w silver method i|o not invade the 
clusters of cancer cell*.
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morv easily to llic* livlic, sarcomatous type, than do the cells of the 
primary lepidie tumors. Here, indeed, liistogenelie considerations 
show themselves of singular value in clearing up one of the enigmas 
and great difficulties in the study of tumors.1 *

In laying this down I do not coincidently imply that primary lepidie 
tumors, under these conditions, never manifest the same tendency to rever
sion or conversion to a hylic type. It is, I know, the general impression 
and the common teaching that epihlastie and hypoblastie “ rind" tumors, 
squamous epitheliomas, glandular cancers of the mamma and digestive 
tract, for instance, are always typically cancerous. This is not so; one 
has Imt to study the advancing nlge of a highly malignant, rapidly grow
ing epithelioma to see that here and there individual cells, of epithelial 
type, become surrounded by (or probably directly make their way into) 
the connective tissue; while still farther out from the main mass of the 
growth it is impossible to say whether the largest cells seen are of epithelial 
or connective-tissue origin. And more recent studies of what Kroiit- 
pecht r has termed “ bnsnl-eelled" cancers, have established, it would seem 
beyond any doubt, that cells of epidermal, origin can give
origin to tumors indistinguishable from connective-tissue sarcomas in 
histological structure. What we would say is, that such re centum in so 
frenuent as In he a dixtinyuishiiHj feature of the secondary lepidie tumors; it 
is the exception in the case of the primary.

I am strongly adverse to the coinage of new terms in our subject, 
but, at times, when a new idea or new relationship has to lie expressed, 
such coinage becomes essential, and this was the case when I suggested 
lepidie and lepidoina, hylic and liyIonia, respectively. They were 
necessary for the expression of my conception of tumor relationships. 
Whether others will find them so useful, not to say essential, as I have 
found them, time must tell. At present I regard them as a framework 
around which to group ideas, and do not suggest their employment 
in fact personally never employ them for daily clinic: ! purposes. For 
such, the names of the different typical tumors and the tenus carcinoma, 
sarcoma, and endothelioma arc adequate. As will have been gathered, 
it is obvious that the terms carcinoma and sarcoma must lie given a 
purely morpholoi/ical siyuijicanee. It is iui|>ossihlc nowadays to attach 
to them any histogenetie significance, once we recognize that tumors 
of identical type, hylic or lepidie, may originate from any of the germ 
layers. Here we find ourselves wholly in accord with Lulmrseli,3 and 
strongly urge that his recommendation be put into general practice: 
“So I come back to this, dial a combination of morphological and 
histogenetie mode of nomenclature is necessary. The chief word must be 
determined by the morphological structure; if we can with certainty give

1 Wv <lo not «’laim credit, save in establishing this as a general principle explaining
the feature of secondary lepidie tumors as a body, for l). Israel had already recog
nized fully this same dependence of the characters of the endotheliomas upon the 
cmhryogeny of the mother tissues.

3 Krgelmisse, 11: lUUdilMW,
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the genesis, then indicate that by an adjective, us, for example, endothelial 
adenoma, epithelial adenoma, etc.” To these examples we would add, 
as further indications of the method, osteosarcoma, cutaneous melanoma, 
choroidal sarcoma, mésothélial cancer. For practical purposes, the 
binomial and trinomial method is essential; there are marked differences 
in the malignancy of endothelial and epithelial growths; thus, to label 
both cancer is to afford no information, or to mislead the surgeon or 
clinician.

This, it may well Ik* repeated, we note in all tumors, that the more 
rapid the growth, and the more the cells depart from their normal 
and mature environment, the more do we observe that those features 
of the tumor cells which are specific for one or other tissue tend to 

r. In the most rapidly growing and most aberrant tumors 
the Individual cells.afford us little or no clue to the tissue of origin. It is 
the general arrangement of the cells that aids us in making our diagnosis,

Fio. 210

" I’wudo-epithcliuiu," or wwidury epithelium without liunpim-nt mi'inhriuie lining u rynt in a 
glioma formed by modifient ion of the HUperfieinl layer of gliomn eelU. (Snxer.)

and even then the general arrangement is not so much that peculiar 
to the fully formed tissue as that common to connective tissue in general, 
or to glandular and lepidie tissues in general. We recognize a reversion 
to an earlier, simpler, or, as it is often expressed, a more embryonic ly|>e. 
The essential feature of the cell of the atypical tumor is the more or less 
complete replacement of film tional by vegetative or proliferative activity, 
and the consequent loss of those features directly associated with the 
performance of function.

Lastly, as bearing upon the subject of classification, it may be asked, 
Can cells which, with neoplastic proliferation, have lost sjieeifie func
tional properties regain them? The answer to this must be that 
everything indicates that the power of reacquirement is minimal. A 
hylic tumor cannot take on lepidie characters. At most, modified rela
tionships may bring about modification in pro|>erties, but this must Ik; 
regarded as an adaptation, an assumption of new properties, not, it seems
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to us, nil awakening into activity of properties which we would regard not 
as merely dormant, but actually lost. Here we may he mistaken, but 
it is thus we would explain Saxer's1 case of the eventual clothing of 
degeneration cysts in gliomas with an imperfect layer of glial cells taking 
on epithelial characters; those cells do not form a true epithelium, and 
become cut oli from their fellows; no basement membrane is formed, and 
we find every transition from the typical glioma cell to cells which, lying in 
apposition to the fluid of the cyst, take on a more epithelioid type; now 
there is a single layer of such cells, now two or three layers. As Marcha ml 
has pointed out, the difference between an embryonic cell proper and a 
vegetative tumor cell is that the former has the potentiality, given favor
able environment, to undergo full differentiation in a particular direc
tion; the latter in becoming a tumor cell has lost that potentiality : under 
the most favorable conditions it can only develop up to a certain stage. 
This, indeed, is the m< g of von Hansetnann's term anaplasia, a 
reversion or loss of power of full development. At most, some of the 
powers of a tumor cell may lie latent. Thus, Khrlich and Apolant have 
noted that an adenocarcinoma of the mouse which in the course of 
numerous transplantations had taken on a more and more atypical and 
cancerous appearance, in some later passages tended to revert to the 
less atypical and more adenntmtous appearance. Nevertheless, it still 
possessed all the earmarks of a malignant tumor.

1 Ziegler's Beitr., 38: 19U6.
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CHAPTER XVIII.
TYPICAL HYLIC TVMOltS OK MKSKNCH YMATOVS OIIICIN.

BENIGN “CONNECTIVE-TISSUE” TUMORS

It would, perhaps, seem natural to discuss now the causation of 
neoplasia or hlastomatosis. But, without a knowledge of the mode 
of recurrence and properties of the different forms of growth, it is diffi
cult to treat this most difficult subject in a satisfactory manner, or to 
grasp the relative importance of the different arguments brought for
ward. To prevent undue digression and repetition, it is better first to 
pass in review the various forms, thereby forming a basis for our treat
ment of causation. In so doing it will be better, also, not to follow 
slavishly the order of the classification just given, but to consider first 
the simpler hylic or connective-tissue tumors, and later the more compli
cated lepidie and glandular forms. And here, following the example of 
descriptive biologists, it will be well to describe type forms first; as, also, 
to call attention to certain departures from type—certain impure blas- 
tomas, if we may so describe them—forms which do not conform in all 
respects with the definition of blastemas in general, and, indeed, possess 
different properties. It would be better to consider these as a class 
apart, and this we may be able to do in the future; at present it is so much 
the custom to include them under the same heading, that to divorce them 
absolutely would confuse the student consulting other works on the sub
ject. Thus, where necessary, we shall call attention to these examples of 
blasUmato'ul growth. Indeed, the frequent notes of the existence of 
these conditions may be of more service to calling attention to the differ
ence than would a special section devoted to the subject.

FIBROMA.

As its name implies, the fibroma is a tumor composed of fibrous 
connective tissue, and as such connective tissue is peculiarly widely 
distributed, so tumors of this nature may be met with in all regions of 
the body, although, as will be pointed out, there are certain regions 
and tissues in which these tumors are especially apt to develop. And 
as ordinary connective tissue varies in its composition, being in some 
regions loose and areolar, with loose bundles of fibrils and relatively 
frequent cells, being in others dense and firm, with abundant fibrillar 
substance and relatively few cells, and those milch compressed, so, 
largely according to the seat of origin, do we meet with fibromas of
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different density of formation. Tims, we arc accustomed to distinguish 
soft and hard fibromas respectively, the latter more particularly devel
oping from connective tissues of a dense type, as, for example, from 
tendons, fascia*, and periosteum; the former from looser, more areolar 
tissue, e. y., subcutaneous connective tissue.

Wherever growing, the fibroma has for its essential and predominant 
constituent connective-tissue elements. As such, it is composed of 
connective-tissue cells, bands of white connective-tissue fibrils, blood
vessels, and, to a greater or less extent, elastic fibres. Nay more, as 
pointed out by Mallorv,1 just as in normal connective tissue two orders 
of fibrils are recognizable, so are these present in fibromas, forming thus 
a means of diagnosis. These are (a) the Jihroylia fibrils running along

XV

Fibrosarcoma: colls viewed llat-wine; lihmglia fibrils black; wavy collagen fibrils barely visible.
(Mallory.)

the surface of the cytoplasm in the direction of the long axis of the cell, 
passing from one cell to the next, and (/>) the fine wavy collagen fibrils 
lying alongside of the cells but not attached. In addition, elastic fibrils 
may be present. The fihroglia fibrils are most abundant in relatively 
slowly growing spindle-cell sarcomas (fibrosarcomas), the collagen or 
ordinary wavy connective-tissue fibrils form the bulk of the tumor in 
fibromas proper. I .yinpli spaces and channels are also present, few and 
inconspicuous in the hard variety, frequent and large in the softer forms.

Typically, such growth forms a well-defined nodule, which, as it 
enlarges, leads to the atrophy, absorption, and replacement of the 
tissues immediately surrounding it. Growth is slow and expansive.

* Journ. of McmI. Research, 10; 1903:334 and 13:10115:113 (whore are given the 
met hods for staining the tihrils of different orders of tissue). See also Journ. of 
Kxp. Mini., 10:190X:A7fi.
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Where rapid, there histological examination shows the existence of 
abundant cells, not of the typical, fully formed, connective-tissue type, 
but resembling fibroblasts, and, like them, flattened, possessing deeply 
staining nuclei of fair size and a relatively abundant protoplasm.

We have here the vegetative type of connective-tissue cell. The 
existence of great numbers of these fibroblasts, or spindle cells, indicates 
a transition to the sarcomatous condition and the assumption of more 
malignant characters. When the cellular character is prominent, we 
speak of a fibrosarcoma, herein, with Mallory, including spindle-celled 
sarcomas.

it must be borne in mind that all fibromas are more cellular than 
normal adult connective tissue. It is when this fibroblastic overgrowth 
is a striking feature, and particularly where it is marked in one or more 
areas of the tumor, that we are justified in speaking of fibrosarcoma. 
Growth in all cases is from such fibroblasts, and not from fully formed 
connective-tissue cells.

All typical fibromas are pale on section, and those of the firmer type 
are glistening, the light glinting from the cut surface somewhat as from 
watered silk. This is due to the fact that the fibrils run in bands, the 
various bands being cut in different directions. This structure is to 
be explained by the development of the connective tissue, which occurs 
in the main around the bloodvessels in the tumor; newly formed fibrils 
are laid down roughly parallel and concentric to these vessels, and as 
the vessels course in various directions, so do these bands of fibrils. 
The tumors are readily enucleated, and, in most cases, the border of the 
tumor is to the naked eye sharply circumscribed. It will, however, be 
easily understood that both the more concentrated tissue immediately 
around the tumors and the tumors themselves being composed of fibrous 
tissue, there is, under the microscope, no sharp outline to be distinguished 
between the two; the neoplastic and the surrounding non-neoplastic 
tissue appear, under the microscope, to pass into one another.

Degenerative Changes.-Fibromas of long standing are apt to 
exhibit degenerative changes; through arrest of the blood supply, by 
tension, or other cause, they may undergo necrosis, with abundant 
formation of eholesterin and fatty debris, or they may become so in
filtrated with calcareous salts as to be converted into calcareous nodules. 
Bony and cartilaginous masses have been noted in some cases of old 
standing; it is not always easy to decide whether we have to deal with 
original osteoid or cartilaginous inclusions, or with metaplasia induced 
by modified nutrition and cell relationships. Through obstructed lymph 
discharge, tumors may be found œdematous, or lymphangiectatic, cystic 
or mucoid ( fibroma mucinosum). Such conditions must be distinguished 
from the conversion of areas of a fibroma into definite myxomatous 
tissue (p. 719) when we deal with a myxofibroma.

Occasionally, in the kidney and elsewhere, we accidentally encounter 
what appears to be the earliest stage of fibromatous growth; small 
collections of proliferative fibroblasts, which are infiltrating the immedi
ately surrounding tissue. At a later stage, it appears that infiltration
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ceases, and the surrounding tissues are pushed aside by the expansive 
diffuse growth of the tumor, which thus gains a capsule and becomes 
sharply defined. In this way it would seem to be that occasionally we 
encounter in what is otherwise a pure fibroma rare glandular acini, and, 
it may be, other tissue elements. So, also, >t is possible that in adult 
life what had been at first purely an interstitial inflammatory fibrosis in a 
gland, such as the mammary gland, takes on, in parts, active tumor 
growth; and, in like manner, there become developed isolated tumor 
masses which contain glandular or other elements. So lung as these 
included tissues show no sign of independent proliferation, all such 
apparently mixed tumors should still he referred to as fibromas, as fibromas 
with inclusions of one or other order; only when there is coincident 
aberrant growth of the other element, along with evidence of like growth of 
the interstitial fibrous tissues, is it permissible to speak of fibro-adenoma, 
osteofibroma, etc. This rule, unfortunately, is more honored in the 
breach than in the observance; indeed, the majority of the fihro-adeno- 
mas, of which the commonest example is offered in the mammary gland, 
are not fibromas in the true sense. The fibroid overgrowth is not limited 
and sharply defined, ft passes diffusely into t lie surrounding tissue; it is, 
at most, Jibromatoid, and is to be considered along with the blastomatoid 
conditions, to be presently noted.

Fibromata proper do not form métastases, and, similarly, it may be 
laid down that they do not recur. If recurrence does happen, either 
the primary tumor, on examination, is found to exhibit fibrosarcornatous 
changes, or we are dealing with a fibromatoid condition, i. e., the original 
tumor was not a sharply defined, limited mass, but possessed a definite 
root or base, through which it passed imperceptibly into the surrounding 
connective tissue, recurrence being thus the manifestation of a tendency 
toward diffuse regional overgrowth on the part of the surrounding tissue, 
which, it may be, has been stimulated by the removal of the primary 
growth (see p. 714). This would appear to be the most satisfactory 
explanation of the recurrence of fibroid, fibromyxomatous, and other 
nasal polypi.

Hard Fibromas. —Hard fibromas, as isolated nodular growths, occur 
more especially in connection with tendons. While this is most often 
the case, it is not the absolute rule, for occasionally we meet \vjith 
soft fibromas in fascia*, and those developing in “soft” tissues, such as 
the kidney, may lie hard. Most often there is no history of previous 
injury or irritation. Sometimes, as in the mammary gland, we encounter 
the hard, well-defined variety, and here there may be a history of previous 
inflammation.

Another variety of hard fibroma develops in connection with the jaws, 
the characteristic epulis, a term properly applied only to these fibroma- 
tons growths, but often given to osteoid and osteosarcomatous growths. 
These develop from the periosteum, and, according to Bland-Sutton, 
originate always in connection with the root of a decayed tooth. In 
their growth they cause absorption and replacement of the bone. Fibro
mas of the uterus will be discussed along with the myomas of that organ.
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Soft Fibromas. These may lie single, lmt frequently arc multiple. 
Upon analysis of the eases, it appears that the majority come under 
the fihromatoid growths, to he presently noted. They occur more 

especially in connection with the skin and 
submucosa of the pharynx and digestive 
tract. Those in connection with the nose 
and throat are peculiarly soft mucoid 

; and of the true fibromyxoma 
type. Here and in the nasal region there 
may he inclusions of mucous glands.

Fihromatoid Growths. In the group 
of blastoniatoid growths must he placed 
a series of conditions intermediate be
tween simple hypertrophy and true tumor 
formation. Failure to recognize their 
peculiar properties have frequently intro
duced vagueness into the treatment of 

simple hypertrophy on the one hand, true tumor formation on the 
other. These are conditions which Klebs and other Herman writers 
have classified as one form of Hiesenwuchs (giant growth), which, 
also, (’. 1\ White has recognized as “progressive hypertrophy." Such 
growths as a class (1) affect one ir tissue; (2) are multiple;
(3) of congenital if not hereditary origin, frequently manifest in early 
life, and affecting several members of a family; (4) may he diffuse, or if

Hurd fibroma. (ltil>l>ert.)

ru'd

not diffuse, show no demarcation from the surrounding unaltered tissue, 
merging into this imjwreeytibly; (5) the apparent eneii n which
such growths may exhibit on one or more aspects is due to their strictly 
respecting the limits of the pari in which they find themselves, and 
represents those limits; ((») they are of very slow growth, extending over 
years; (7) eventually, they may take on sarcomatous characters, hut this 
is an cpiphcnomcnon; it is hut in accordance with the principle that tissue

2311
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which has developed in excess of function is liable to take on aberrant 
growth.

As already noted, we regard the submucous connective tissue of the 
posterior mires and pharynx as a favorite seat for this fibromatoid de- 
vt In the previous edition, following von Recklinghausen, we
included here the remarkable condition of multiple neurofibromas or 
neurofibromatosis.

More recent studies, as will be pointed out in due season, necessitate 
that this be regarded as a particular form of blastomntoid affection of the

Fiu. 211

Multiple fibromatoid overgrowths along th irse of the cutaneous nerves. (Hcrcael.)

medullated peripheral nerves. It is true that, in not a few eases of the 
multiple tumors of this order, in some, or many, of the individual growths 
there is a preponderance of true fibrous connective-tissue elements, but 
this is comparable with the preponderance of fibrous tissue in scirrhous 
cancers, and if in the latter case this does not convert the tumor into a 
fibroma, the same principle must obtain here. Nevertheless a true fibro
matosis does affect one particular nerve, and may possibly be found to 
affect another. While the optic and olfactory nerves' are never involved

1 It may In* recalled that, unlike all the other cranial anil spinal nerves, the optic 
and olfactory are devoid of i Schwann and of the cells giving origin to the

4859
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in cases of multiple “neurofibromas,” the first of these may exhibit what 
would seem to be a true fibromatosis.

A very full study of this condition has been made by my colleague, Dr. 
Byers,1 who has shown that all true intradural tumors of the optic nerve 
are of this nature. ( )f these, more than one hundred are on record. 1 lis 
studies indicate that there is some relationship between these growths 
and obstruction of the lymph channels of the affected parts. There was 
a dilatation of the lymph channels and development of appearances 
resembling those seen in elephantiasis. It is deserving of note that the 
lymphatics of nerves form a system distinct from that of the tissues they 
traverse. In nasal polyps, judging from the frequent cedematous and 
mucinous condition, we have a very similar state of affairs, and here, also, 
we encounter the Jibroma cavernosum—forms with greatly dilated vessels, 
evidently brought about by a similar blood-vascular obstruction. In 
elephantiasis proper we encounter a like tendency to subcutaneous over
growth and production of conditions which, if more diffuse, have, never
theless, much in common with fibroma molluscum. Such disturbed 
nutrition, if, as we suggest, a factor in these cases, must in its turn be 
due to a vice of development, for all these conditions of fibromatosis 
characteristically make their appearance in early life, or are familial.

CHELOID.2

Closely related, though distinctive in etiology, and to some extent 
histologically, is the condition of cheloid. This consists in an excessive 
development of subcutaneous fibrous connective tissue, sometimes so 
excessive as to produce large overlapping masses, or lobes, of new- 
growtli, covered by stretched skin. Two factors would seem to be at 
work leading to the conditions, namely: (1) a congenital predisposition; 
(2) irritation or injury. Thus, cheloid is especially common.in negroes, 
male and female, and in those, both of colored and white races, who 
present the condition, slight cutaneous injuries, which, in ordinary 
individuals, lead to but temporary disturbance, are liable to be followed 
by excessive growth of connective tissue and formation of a tumor-like 
mass. In a case studied by Martin, working in my laboratory, the 
mere running the point of a pin along the forearm, with a force sufficient 
to cause reddening without bleeding, was followed by the development 
of little fibroid nodules along the track of the pin.

It has been the custom to divide the cases into the traumatic and 
the spontaneous, but the more fully cases are investigated, the more

1 Studies from the Royal Victoria Hospital, 1:1900:1.
1 Some authorities write this keloid, from *//X/r, a crab’s claw (from the cancer-like 

way in which the processes spread into the surrounding corium); others, cheloid, 
from *//*//, a scar (from the relationship of the growth to a cicatricial tissue). The 
mode of spelling is thus still in dispute. The latter is the less fanciful ami the 
more appropriate.
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are we convinced that in all cases the growth follows irritation, though 
this irritation is often such as in ordinary individuals leads to no after
effects; thus it is at times seen to follow vaccination. Cases are on 
record in which the pressure and rubbing of a shirt stud have been 
followed by one of these growths, and in one frequently quoted instance 
there was a massive development in the skin over the shoulder, following 
upon the carriage of a basket on the naked skin of that region.

Here, as in cases of fibromatosis proper, microscopic examination 
reveals the absence of a capsule; the process of fibrous connective- 
tissue overgrowth extends, by more or less radially situated processes, 
in the subcutaneous tissue, and there is an imperceptible transition 
from the overgrown, cicatricial-like, to the normal connective tissue. 
The fibrous tissue of the keloid itself is often, though not always, charac
terized by the presence of extremely thick homogeneous bundles or 
strands of almost hyaline character, between •which lie well-developed 
fibroblast-like cells.

Fio. 215

Section from n growth in n case of cheloid to show the course, hyaline connective-tissue 
bundles. (After Kibbert.)

Another feature is the liability of these cheloid growths to spontaneous 
absorption. Recent observations indicate that steady pressure on the 
growths is followed by their atrophy and disappearance.

Thus the distinguishing features of cheloid growths are:
1. They are composed of fully formed connective tissue.
2. They develop in consequence of relatively slight irritation or trauma.
3. They develop in those showing congenital or racial predisposition.
4. They have no capsule, but merge imperceptibly into the surround

ing connective tissue.
5. They are liable to retrogression and absorption.
Just as in connection with the previous forms of fibromatosis we 

observed a transition between the blastoma proper and strain hyper
trophy, so here it will be seen we observe a relationship or transition 
between blastomatosis and irritation overgrowth. It will be useful 
to express these relationships and differences in tabular form :
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Nature of grow til.

Cheloid

elephantiasis

( liarncters of Capsule. Hereditary
predis|Misilion. aihle factors 

in etiology.

Fully formed Definitely Sometimes well llare history Very doubt
connective tis present and of previous ful after
sue, Init of irritation. complete
atypical ar Most often
rangement. no cause
growing inde ter. encap suggested.
pendent of sulation
■unrounding <w.

Fully formed Incomplete; ( haraeterisliv None. Very fre-
tissue; ar possesses a
rangement definite hi-
more typical; 
at one or more

lutn or liila.

arena in con
tinuity with 
aiirrounding

Fully formed Wanting. t If ten marked. In all cases Very fre-
t issue merging with full
gradually into
surrounding
tissue; exag (minimal)
geration of
cicatricial 
type of tihroua

trauma.

tissue.

Fully formed Wanting. Aiment. Lymphatic Absent;
tissue; ar obstruction where rnur
rangement
least atypical; removed
hypertrophy condition
of normal con undergoes
nective tissue absorption.
of part.

Fully formed Absent or Aiment. Irritation, or Aiment, un
connective tis- less cause

grow th may continues
overgmwth lie capsular
more moiler- 
ute, diffuse or 
localised.

MYXOMA

The nixyomata art* tumors composed, in the main, of a tissue resem
bling none found normally in the adult organism, namely, a tissue com
posed of well-formed isolated cells of a somewhat stellate or polyhedral 
appearance, giving off delicate processes, the individual cells being 
separated one from the other by a matrix containing varying amounts
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of mucin, lakes on a differential stain with tliiouin. In this
matrix there run large hut thin-walled vessels. Some leukocytes are also 
present. We say formed in the main of such tissue, for it is very rarely 
that we come across what may he termed pure myxoma ; in general, areas 
of the tumor show more condensed fibrous tissue, or cartilaginous masses, 
or frequently lobules or collections of fat cells, while in other eases 
portions are of sarcomatous type and show close collections of spindle 
cells. Thus, many pathologists doubt whether we ought to regard the 
myxoma as a separate form of tumor, and urge that we should speak 
rather of myxomatous modification or degeneration of some one or other 
form of connective-tissue neoplasm of lipoma, chondroma, or fibroma 
myxomatodcs, rather than of myxolipoma, etc. As such the majority of 
so-called myxomas must be regarded. But ltihhert has described small 
pure myxomatous tumors of the endocardium. Further, cases have been 
recorded as congenital myxoma, the tumors being recognized at the time 
of birth.

•X--

Section from typical portion of a mucoid polyp. (Collection of Hoynl Victoria Hospital.)

These tumors are slowly growing, are soft anti fluctuating, so as to 
give the impression, at times, of being cystic or fluid masses. They 
never form métastasés, but, if imperfectly removed, are liable to recur, 
while, again, a certain number take on sarcomatous properties, and so 
may become malignant; in such cases the métastasés are not myxoma
tous, but wholly sarcomatous.

A frequent seat of these myxomas is the nasopharynx, where they 
are either pure, or present a condition of fibromyxoma or myxosarcoma ; 
they form multiple soft polyps, appearing in the upper portion of the 
nasi mix, or, again, actually in the nasal passages. ( )thers develop, 
at times in the interstitial tissue between the muscles, and then, as a 
rule, are solitary, and, growing slowly, may attain a large size. A 
favorite seat for such tumors is the buttocks, between the glutei. These 
are the largest uncomplicated myxomas that we have encountered. 
Other forms of great size occur beneath the peritoneum, but then are 
found to be associated with fatty tissue, forming lipoma myxoina- 
todes. Apparently associated also with fatty tissue are occasional small

4
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subcutaneous myxomata. Chondromas are peculiarly liable to show 
myxomatous areas, as, again, occasionally do large fibromas and fibro- 
myotnas. The mixed tumors of the testis and parotid very commonly, 
also, show more or less extensive myxomatous development.

The tissu - which in appearance the tumor tissue most nearly ap
proaches is the developing connective tissue, more especially the Whar
ton's jelly of the umbilical cord and the developing fatty tissue of the 
fœtus, as, for example, the developing subcutaneous fatty tissue. Of 
pathological conditions, it is to be noted that in the newly forming 
fibrous tissue around areas of inflammation we at times meet with 
fibroblasts lying in a more or less mucinous matrix; indeed, mucin is a 
constituent of all the connective tissues, even, as recently pointed out, of 
bone.

He? " " thus developing connective tissue of certain orders, it 
might seem that this form of tumor ought to be of a malignant type; 
this, as al>ove stated, is not tin- case. It may lie pointed out that in 
the myxoma the cells in general are fully formed, and that the appear
ance of delicate branches is due to the fact that hero the individual 
connective-tissue cells are well dissected out by the surrounding trans
parent matrix. In short, the presence of processes is no indication of 
arrest of these cells at an early stage of development; on the contrary, 
when the myxoma does take on malignant characters and becomes 
sarcomatous, these processes liecome unrecognizable, and the mucinous 
matrix disappears; and it may Ik* pointed out that the amount of matricial 
mucin is by no means an indication of vigoror vegetative growth, but 
of the reverse. Rather, indeed, it would seem that there is some relation
ship between the vascular supply of the tumor and the development of 
the mucoid matrix.

Whether the (edematous condition of the matrix favors the non
removal of the mucin, or whether, on the other hand, the existence of 
mucin leads to increased absorption and retention of the fluid which 
diffuses out from the vessels, is an open question. Rut, certainly, on 
observing a large series of connective-tissue tumors, we appear to have 
every transition from simple crdema of the neoplasm to extensive muci
nous infiltration and true myxomatous condition. To distinguish 
lietween the two conditions, acetic acid is to lie employed. If mucin 
l>e present, the interstitial substance of the section becomes granular, 
and shows a network.

With regard to the causation, as already remarked, some cases are 
apparently congenital, and must Ik* ascrilied to isolated rests of either 
imperfectly developed fatty or fibrous connective tissue.

( )f such congenial myxomas, Horst reports a colossal growth upon 
the mesentery of a nine-months-old child. This exhibited extensive 
lymphangieetases, to which he ascribes the soft nature of the growth; 
there were correspondingly dilat(*d bloodvessels. He ascrilies the tumor 
to a persistence and continued growth of the embryonal mucoid tissue 
of the mesentery.

Other cases, notably the mucoid nasal polyps, which are apt to show
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themselves In-tween tilt* agvs of twenty ami fifty, appear to follow chronic 
catarrh ami iiiflaminaton conditions of the region of development. As 
already stated, it is only a relatively small proportion of such nasal polyps 
that are truly mucin-containing; the majority are simply (edematous.

LIPOMA.

The lipomas are sharply defined tumors com . <>f pure
fatty tissue, that is to say, of fat cells lying in a vascular connective- 
tissue matrix. These cells arc* so abundant that but little else is to lie 
recognized. The fat tends to differ from normal fatty tissue in being 
paler and not so deep-colored, while in general the individual cells 
are larger than those of normal tissue. Thus, even where situated 
in a fat-containing tissue, the neoplasm is well defined from the sur
rounding parts. In shape, these growths appear as rounded masses 
or frequently the tumor, while forming a single mass, is separated into 
a number of finger-like processes radiating from the central portion. 
This is especially noticeable in connection with subcutaneous lipomas.

In number, these tumors are most often single, but they may la- 
multiple; in size they vary from minute, almost microscopic growths, 
such as are not infrequently met with in the kidney, to masses more 
than 30 kilos in weight (03 pounds), as in the retroperitoneal lipoma 
recorded by Waldeyer. We have recorded a similar case weighing 
more than 41 pounds.1 These larger lipomas are often composed of 
multiple rounded or lenticular lobules, and show no tendency to form 
finger-like processes.

These tumors are essentially benign and of slow growth, nor do they 
recur after complete extirpation. They are liable to exhibit a re ieted 
series of modifications; thus, the connective-tissue matrix i pre
dominate, and separate off relatively small lobules formed of at cells, 
in which case the tumor is of firm consistency; not infrequ the fat 
cells appear to give place to a more mucoid tissue, and tl unor then 
assumes a more jelly-like consistency; such cases an poken of as 
lipoma myxomulodes. The pure lipoma, however, is also very soft 
and fluctuating, and the larger growths have very frequently been mis
taken for cysts and localized collections of fluid. More rarely, portions 
of the tumor take on a sarcomatous development; at times the central por
tions of these tumors undergo necrosis, and thus oil-containing cysts may 
Ih* formed within them. Several cases are on record in which nodules of 
cartilage, and, in at least one case (I )reschfcld), of true bone, have been 
found within the tumor mass. Some hold that here we are dealing with 
préexistence of cartilaginous or bony “rests” within the primary tumor 
mass; we incline to the view that these are metaplastic, a modification 
of the tissue lieing brought about by altered nutrition and cell relationship.

Regions of Occurrence. Lipomas have been recorded from 
several regions of the body; most frequently they are found as sub-

1 Perirenal and Relro/ieritoneal Lipnmala, Montreal Med, Jour., 25; 1897:520 
and 620.
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cutaneous outgrowths of varying size ; these are especially common 
in the region of the shoulder; occasionally they are multiple; more rarely 
they may he symmetrical. Another form occasionally met with develops 
in the suhmucosa of the intestine, and here it is liable to develop into 
solitary pendulous or pedunculate masses, which at times have led to 
intestinal obstruction. In the kidneys it is not uncommon to meet with 
minute nodules of fatly growth; rarely these may attain large dimensions 
(Warthin).1 An organ in which they have rarely lieen met with is the

A' yi

8rmiiliti*ri»iiimitiv section tlmmgli it |ieriremit U|n>iiih at the level of the renal vessel>, 
seen from iiIhh e. "file |N>rirenal amt retro renal fascia unite In form the InuiMverNiilis fascia. I'lie 
whole in te* I i mil tract lies in front of the |ieriren:il fascia. ", ilcscemling colon; h, |ienreii;il fascia; 
c. iM'ritoneuni; >/. n*trorenal fascia; c. small intestine; /, sii|ierior mesenteric artery; i/. iluoilvnum; 
h. asceniling colon. (Iteynohls ami Wailstvorth.)

brain and its membranes; and here, again, they are of small size. I’cr
imps rarest of all is the lipoma originating in the bone marrow.* Occa
sionally, also, there may be a lipotnalous development in connection with 
the synovial membrane of the joints, in which cases rather flattened, 
much fringed processes project into the cavity. Tumors have also Ihtii

' I cannot accept the gitan Ici I conclusions of Archibald ami Keenan (.lour, of Meil. 
Research, N. S. 11 ; I til 17: 121) that these renal li| sunns originate from aberrant and 
inehiilctl adrenal cells A simpler, and. I think, adeipiate view is that, like the renal 
fibromas and liy|ieniephromaa, they owe their origin to cells, in this case of connec
tive-tissue origin, which have become nip|>cd in lietween the rcnculi in the process 
of development.

2 Wehrsig, Ctl.l. f. Path., 21:1010;243,
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mvt with in connection with the peritoneum, occurring here either in the 
mesentery or the omentum, or as excessive developments of one or more 
of the ap|M*ndiees epiploic»*, originating licncath the pelvic peritoneimi. 
Larger forms have Ih-cii recorded developing from the perirenal fat, 
which, in their growth, project forward, so as to push the peritoneum and 
the colon in front of them, the kidney tending to Ik* compressed at the 
hack of the tumor. In these huge retrojieritoneal tumors it is noticeable 
that the mass continues to grow and to enlarge at the expense of the rest 
of the body; the patient may become markedly emaciated, the fat disap
pearing from the subcutaneous tissues and elsewhere.

Lipomatoid Conditions, .lust as iu connection with the fibromas 
we noticed that there might Ik* a progressive overgrowth of fibrous 
tissue, or fibromatosis, so here, to re|M*at, in connection with fatty tissue 
we have to recognize the existence of a condition of lipomatosis tending 
to be regional.

Steatopygy (p. 210), crural lipomatosis (of the hips), and coxa* (of the 
thighs) are clearly racial or stock inheritances.1 * ()tlu*r conditions of 
general lipomatosis, even that developing late in life, are often familial. 
As indicated by the effects of thyroid treatment, they may Ik* an indication 
of congenital lack of equilibrium between the tissues. Cases of <l(lijtn.v'x 
doloroxn suggest strongly some trophic disturbance, and, as a matter of 
fact, Dereuni, who has especially called attention to this malady, has 
reported two cases in which he has found disturbances of the pituitary, 
growths involving the nervous portion of this organ.

XANTHOMA.

The xanthoma is a small, benign, fatty tumor, as to the exact nature 
of which there has Ik*cii much debate. Single or symmetrical xantho
mas iK'cur not infrequently as flat, siilK*iitaneoiis growths of a yellow 
color affecting the skill in the immediate neighborhood of the eyelids 
near the inner eanthus (A’. /xilprbriinnn). They may Ik* present as 
multiple small nodules U-neath the skin, (A', multiplex), forming slight 
prominences on the palms of the hands, in the neighborluKKl of the 
flexures of the joints, etc. ; these are weasionally found also in the internal 
organs. These tumors have a more or less abundant connective-tissue 
stroma, in which are larger cells, containing markedly yellow, fatty 
globules, which give the xanthomas their peculiar color and name. As 
noted by Stork* and confirmed by Pinkus and Pick3 these fatty globules 
are doubly refractive and thus of the nature of myelin. The pigment 
is of the nature of a lipcK-hrome. The careful study by S. Vollitzer4 
affords strong support to the view that A', palprlmtrum is in no sense

1 For mi admirable study of cireumserilied lipomatoses, n*e Shut lock, Trans. 
Path. Sor. Loud., in I‘me. Hoy. Sov. Med., 2: I9U9: Path. Sect. 225.

1 SitBungsbcr. d. Kais. Akad. Wien. Math.-nut. K lasse., 115:9(1: Aht. 3: HI.
3 I lent sell. med. Wocli., 19US, Nr. 33.
* New York Med. Jour., 1SS0: July 15.
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a tumor proper, hut is a fatty1 or lipochrome metamorphosis or 
degeneration of muscle fibres connected with the orbicularis muscle. 
A", multiplex, on the other hand, lie regards as somewhat of the nature of 
vheloid, as minute fibroid nodules, undergoing a central fatty degenera
tion and, like eheloid, liable to disappear. While multiple they never 
form métastasés or take on malignant characters. This type has not 
infrequently Iktii found ussociuted with diaU'tes (.V. diabeticorum). 
In other eases there is observed a relationship between the development of 
these and a condition of cholelithiasis without definite jaundice, although 
the skin is often found distinctly sallow; others are obviously of congenital 
origin. l'inkus and Pick include these varieties of the X. multiplex 
under the common heading of Xanthoma tuberosum. Yet another form 
is described by French writers, the “xanthome en tumeurs," in which 
tumors usually solitary and of the nature of giant-cell sarcoma present 
numerous xanthoma cells.

CHONDROMA.

Chondromas are tumors formed of one or other variety of cartilage, 
hyaline, fibrous, or reticulated (hyalo-enehondmma, fibro-euehondroma, 
reticulated enelumdroma). They may be single or multiple, possessing 
in general a well-marked fibrous capsule, and are globular, or, if of any 
size, distinctly tubulated. Two varieties are in general distinguished, 
the eechondroma and the envhrondroma, or chondroma proper, the 
former occurring as overgrowths of regions where cartilage is normally 
present and persistent, e. </., they arise from the cartilages of the ribs, 
the larynx, intervertebral disks, and perichondrium of the trachea. 
When these, as is most often the case, are in direct continuity with those 
cartilages, they should certainly not be classified as true tumors, for they 
have not an independent existence, but, rather, are local hypertrophies; 
I therefore include those e<•chondromas under the heading of chondroma- 
toid. Only where they have no connection with a parent matrix do we 
have true tumors. It will thus be seen that, clinically and histologically, 
it is at times difficult to draw a distinction between the ecchond roses, 
or such localized hypertrophy, and true and proper ecchond romatous 
development.

Therefore, in the chondroma proper, or enehondroma, we have to 
deal with well-marked independent nodules of cartilaginous growth. 
'These enchondromas may occur in many regions of the body, notably 
in connection with the bones; they are also found in connection with the 
parotid and submaxillary glands, in the testes, mammary glands, the 
lungs, and, very rarely, in the corpus cavernosum, the ovaries, and 
other internal viscera. It is interesting to note that they never develop 
from the articular cartilages of joints, although they may form in the 
fringes of the synovial membranes, and thus give rise to single or multiple 
“loose cartilages" in joints.

More accurately, lipoid or myelinic.
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As in normal cartilage, few or no bloodvessels are to he found in the 
substance of these tumors. This would seem to be the explanation of 
the lolmlated character of the larger growths. Bands of connective 
tissue containing vessels divide the mass of the tumor, and afford nourish
ment. Growth occurs at the periphery, along the zone of the perichon
drium, although in soft hyaline or inyxo-enchondromata we obtain fre
quent evidence that the eells of the partly formed cartilage multiply 
actively; in short, obtain appearances such as are seen in the growing 
portions of fœtal cartilage. Where the growth is at all large there is 
a peculiar liability for the deeper cartilage to be replaced by true bony 
tissue (otrteo-euchondroma); or, without the formation of true bone, 
there may be extensive calcareous infiltration (enchoiidroma petrijicum). 
Again, in the large enchondromas, from the increasing lack of nourish
ment of the central parts, as the tumor develops at the periphery, there 
may be a central degeneration and necrosis, the cells showing fatty 
degeneration, the interstitial substance undergoing liquefaction. If the 
tumor project beneath the skin, 
and, through ulceration, the necrotic 
centre comes to communicate with 
the exterior, a fistulous track is 
formed, which shows no signs of 
healing; then, if the whole tumor 
be not excised, the atonic character 
of the process is peculiarly apt to 
favor general sepsis. In the 
parotid and testes these tumors are 
in general mixed, a combined over
growth of cartilage and of the 
glandular tissue, and these mixed 
tumors, more esj>ecially of the 
testes, are liable to take on sarcomatous characters, and to become 
extensively malignant; these are solid teratomas (p. ($58).

In these and in other chondromas there is a tendency to transition 
into myxomatous conditions; in place of a definite cartilaginous matrix 
there is a mucinous intercellular substance, and the cells take on all 
the characters of mucoid tissue, with long, delicate processes traversing 
the matrix (myxo-enchondroma); or sometimes appearances are not so 
definitely myxomatous; then we speak of eiiclunulrinna mucinosuni.

As already stated, although these tumors are slowly growing and of 
firm consistency, and are in general of a benign type, only being danger
ous on account of local disturbance of function, it is not infrequent that 
they form métastasés. Here, at least, three different conditions have to 
be distinguished as favoring metastatic development: (1) in some eases, 
as, for example, in connection with the mixed cartilaginous tumors 
of the testis, there is a marked tendency for the growths to become 
more cellular and more sarcomatous in character; there is a definite 
assumption of malignant properties; (2) in other eases, as pointed 
out by Virchow, the tumor in its growth may penetrate into a vessel,

l'.iivhonilromn exhibiting cult-uremia infiltration 
(A. pctri/icum). (Rihbert.)

4t- •
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mid there may he extension along the vessel, portions of a young, rap
idly growing process becoming detached and carried to the lungs and 
other organs; (!t) in some eases, as in a slowly growing nodular chon
droma of the mammary gland of the hitch, studied by lloulclle in our 
laboratory, neither of these conditions is discoverable, and the only 
explanation afforded of the numerous métastasés in the lungs, etc., is 
that certain cells from the rather richly cellular perichondrium eliou- 
drohlasts have gained entrance into the veins, and been brought to 
rest in the lung, and there have developed into fully formed cartilaginous 
tissue. This may be regarded as a variant to the first ease; what we 
would again point out is that in such eases no portion of the tumor 
need show any evidence of multiplication of a sarcomatous type.

Studying the etiology of these tumors, it is noticeable how, in the 
majority of cases, they develop in childhood and early life. This is 
noticeably the ease in chondromas developing in connection with bones, 
where, again, the condition is frequently multiple. Virchow has afforded 
a well-studied explanation of this condition. It is especially in those 
showing signs of rickets that these i* chondromas develop. Now,
in rickets tin* prominent disturbance is an undue preparation for the 
formation of cartilaginous hone, coupled with an incomplete or tardy 
formation of that bone. Thus, in the region of the epiphyses we find 
a very extensive cartilaginous development, and processes of this new 
cartilage project into what is destined to be the shaft of the bone, and 
here may become isolated and cut off from the main mass, and, as 
Virchow has shown in examining rickety bones, we may frequently 
meet with these minute islands of persistent cartilage. It would seem 
evident that these islands may, under certain conditions, take on an 
independent and aberrant growth, and give origin to enchondroinns, 
or osteo-eiiehondromas, or sometimes true osteomas. In a certain 
number of cases the ' ’ appears to be hereditary, appearing
in several members in one or two successive generations of a family, 
and in other eases traumatism appears to be a predisposing factor. 
According to Otto Weber, a history of traumatism can be obtained in 
ôtI per cent, of cases of this form of tumor.

In yet other regions of the body it is probable that embryonic or 
developmental rests afford the nidus for the development of these tumors; 
indeed, most modern authorities are inclined to lay down that in every 
case we have to deal with these as a prime factor.

Thus, it has been pointed out that parotid enchondromas originate 
from cartilaginous remains of the hyoid arch; chondromas occurring in 
the neck, from the remains of other branchial arches; chondromas 
of the testicle, from portions of the milage of the vertebral column 
included in the developing testis when it lay against the vertebral column 
before its migration to the scrotum; and chondromas of the mammary 
gland, from included portions of the sternal cartilages.

For ourselves, while in certain of these installées we are inclined to 
believe that this is the explanation, we are far from prepared to accept it 
as the general rule. Why, for example, should cartilaginous tumors of

51
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the testis he relatively so common, while those occurring in the homolo
gous organ, the ovary, are so very rare, save as one of the constituents 
of an emhryoma or dermoid ? The cartilaginous constituents of a 
parotid tumor gain their most satisfactory explanation either along the 
line of Wilms' theory of the " Misehgeschwiilste" (p. (Mil), or of the 
same coupled with metaplasia of the connective-tissue elements of such 
pluripotential developments. Why, again, should cnchondromas he 
liable to occur in mammary glands and not in the skin and other structures 
situated over the sternum, or in the anterior mediastinum? The mam
mary gland develops as a downgrowth from the skin, and has no special 
close relationship to the costal cartilages. I cannot, therefore, hut 
consider that in some cases the milage of the chondroma has to he 
sought for in the metaplasia of the connective-tissue cells of a glandular 
organ, brought about by some modification in the nutrition and vascular 
supply of the part. The not infrequent occurrence of cartilaginous islands 
in other forms of connective-tissue tumors of old standing would seem to 
favor this view; as, again, does the obviously metaplastic origin of some 
overgrowths formed of the closely allied tissue bone (see p. 780).

The loose cartilages in joints, when truly cartilaginous, and not merely 
fibrous, arc found to occur more especially in those of a rheumatoid 
tendency, and to develop not in connection with preexisting cartilage, 
but in the synovial fringes, which either are originally finger-like, or, 
through the growth of the cartilage within them, become more peduncu
lated, the peduncle then becoming twisted or broken off.

Here, then, in connection with the chondromas, we again see the 
action of certain tendencies leading to the formation of the tumor: 
(I) heredity in some cases ; (2) the production and subsequent growth 
of developmental “rests" in others; while, again, (8) traumatism or 
irritation in a certain proportion of cases seems to afford the stimulus 
for progressive growth.

OSTEOMA

In the sense in which we speak of fibromas and lipomas, that is to say, 
as defined tumors having a growth of their own, independent of the 
tissue in which they find themselves, true out roman arc distinctly rarr. 
Osteomatoid conditions, on tin* other hand, are very common; of these, 
in fact, there is a bewildering variety. A mere metaplastic formation 
of bony masses in another tissue ramifying between the cells of that 
tissue cannot be regarded as a tumor proper; it has not an independent 
growth; the growth is determined by the vessels and nutritional condi
tions in that tissue. Rarely, however, such metaplastic bone is found to 
take an independent growth. We will, however, distinguish the various 
forms of what are not osteomas after laying down what constitutes a 
true osteoma and describing such.

The true osteoma may occur in connection with preexisting bone 
(homoplastic), or apart, and in other tissues (heteroplastic). In the 
former case it may be superficial and derived from the periosteum,
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or may l>v within tliv Ixmy substance (endosteal), and then originating 
either from (a) a misplaced area of epiphyseal cartilage, which takes 
an independent development, as other cell rests are capable of doing; 
or (6) from the medulla, in which case it exhibits no cartilaginous fore- 
stage. It may either be dense and ivory-like, or loose and spongy, but 
always, in the case of true osteoma, instead of there being gradual 
and imperceptible transition from the new-growth into the surrounding 
bone, there is central growth and expansion outward, so that there is 
produced a condensation of that surrounding bone, followed, as the 
tumor continues to expand, by progressive absorption, until, in the 
shaft of a long bone, one of these tumors may, even if itself of loose, 
spongy structure, eventually cause such thinning of the shaft that 
fracture ensues.

'rumors of this nature, endosteal, though rare, do'occur. Another, 
more compact form, must here be included. Occasionally within the 
shaft of long bones, somewhat more frequently in the antrum of High- 
more, or other nasal fossa, again at the base of the skull in the region of 
the cribriform plate, there develop dense, indurated, bony masses. In 
such cases their is frequently the history of inflammation thus, in the 
antrum, the growth most commonly proceeds from around the root of a 
tooth that has been inflamed or displaced, and so, at first, the condition 
in these cases would appear to be one of inflammatory overgrowth. 
Hut later the growth appears to be independent, and of a wholly different 
type, either from normal hone or inflammatory osteophytes, and, though 
such masses show more or less of a pedicle of attachment, the fact that 
cases are on record in which the nodules have been found free- and 
dead in the antrum, would seem to show that, with continued growth, 
this pedicle of normal bone is liable to be absorbed.

( )f the hdrroplastic osteoma#, tlu* simplest type is the periosteal isolated 
tumor occurring free in the immediate neighborhood of a bone. Here, 
either congenitally, in the course of de\ , a portion of periosteum
becomes displaced, and sooner or later takes on independent growth, 
producing a bony nodule, which it surrounds, or, as appeared to be the 
case in a youth, a patient of my colleague, Dr. Archibald, through injury 
a portion of periosteum became wholly displaced from the bone into the 
surrounding tissues, and eventually gave rise to an endently 
growing nodule. Such tumors of periosteal origin, as, also, some of the 
endosteal tumors, show no preliminary cartilaginous stage.

The other type is that of the ossifying chondroma, or true osteo
chondroma. We have shown that, whether by metastasis, or meta
plasia, or as cell rests, chondromas may occur in the soft tissues. Here 
they may become the seat of calcareous infiltration (which is not true 
bone formation); or, on the other hand, by vascularization they may 
in their main bulk be converted into true bone. The growing surface 
remains cartilaginous, but within, true Haversian canals and a marrow, 
red or fatty, become developed. Such ostcof" is may be met
with also in connection with bone, originating from misplaced epiphyseal 
cartilage.
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Here must Ik* mentioned another true I nm, the oateajibronia 
or Jibro-oxteoma. We have once encountered a small specimen of this, 
hy chance, in the medullary cavity of the femur, lying sharply defined, 
and shelling out without difficulty. The main constituent is a spindle- 
celled fibrous tissue, which, however, has the tendency to give origin to 
lamy lamella' and spicules. This form evidently originates from hone- 
marrow.

The sharply defined nature of our specimen, despite its cellular 
character, showed that it was not to he among the sarcomas.
Other eases closely resembling this, hut infiltrating and more cellular, 
must he classed as oxteojiItroxarcoma. But of -the hone sarcomas we 
wifi sjH'ak later.

i/ct us repeat, the true oximmax arc rare compared with the large 
iuiiuIht of cases which familiarly receive this name. These we must 
attempt to classify.

Osteomatoid. All cases, in the first place, of localized or general 
overgrowth of the lames in which the growth is not defined from the 
normal hone, is not independent, and is of unknown cause (save that 
we may, in some cases, recognize congenital or inherited influences), 
must he classed under this heading. Here are to In* included liy/xr- 
oxtoxcx proper; among these:

1. Idiopathic general periosteal and endosteal hypcrplaxiax affecting 
one or several hones. The long hones here are specially found affected, 
and, through the jieriosteal overgrowth, may assume remarkable forms.

2. Euoxtoxex, localized and fairly circumscribed growths within 
hones, not so circumscribed and defined as to he independent of the 
surrounding hone.

If. Exttxtnxcx, processes of various grades rising from the surface of 
a hone, more particularly along muscular and tendon attachments. 
They inav, however, he apairt from these, as on the lushes of the vertebrae 
(where they are iKslular, and often symmetrical, and so, evidently, of 
eongenitaal origin). A special form is the ivory exnxtoxix of the skull, 
small, huttou-like elevations of the cranial vault, which, hy their intense 
hamlncss, are sharply demarcated. The jaeriosteum over these is con
tinuous with the surrounding, and, while the outer layers are singularly 
dense and compaict, internally the growth passes ini|>ereeptihly into the 
underlying bony tissue. These cannot, therefore, he regain led as true 
osteomas. At the ends of the long hones may he found one or several 
cxoxioxeii cart Hay ianr. These arise either from the epiphyseal region or 
are terminal, and, like the joint surface, are covered with cartilage. 
They may thus he regain led as oxxifyitiy cvchoudroxex. ('lonely ail lied 
to these is the cjroxtoxix burxata, in which, in addition, a synovial covering, 
with synovial cavity and fluid, is present over the free end. Such appear 
to have developed originally from the cartilage ait the edge of the joint.

Their synovial cavity may communicate with that of the joint, or 
Ik* free. Sometimes an ext mon I i narv number of minute secondary 
synovial cysts is in connection.

In the second place, there am* some conditions of bony growths apart

8
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from the skeletal elements which should, perhaps, he here included. 
Such, for example, are: («) Bony masses occurring in tendons, and 
not connected with the hone insertion. Kverv transition occurs from 
the tendinous exostosis of varying length to these free masses. They 
grow with the organism, and then remain stationary, exhibiting no 
tendency to independent overgrowth. (/>) Bony plates in the dura 
mater and falx cerebri. These are generally small and flat, and are 
best ascribed to a persistence of the primordial hone-producing property 
of the dura. More extensive bony development in the membranes of 
the cord arc associated with chronic inflammation, (c) Penile bone 
formation, as seen in some animals and in certain African tribes, a con
genital ossification of the connective tissue in the part (here, again, 
inflammatory processes may produce the condition when not congenitally 
present), (ri) Myositis ossijicans. Here we deal with an extraordinary 
and slowly progressive development of hone within one set of muscles 
after the other, replacing the muscle tissue proper, and bringing about 
complete rigidity and fixation of successive portions of the body. I )espite 
several studies of recent years (the condition having shown itself not to be 
so rare as was for long thought to be the case), we are still far from 
understanding the succession of events, save that it is generally accepted 
that it is not a myositis, not an inflammatory process. After having 
replaced the muscle, the bone shows no tendency to progressive growth. 
Provisionally this appears to lie the place in which to note this condition 
in immediate relationship to:

Metaplastic Ossification. In this, as already noted in discussing 
metaplasia, we have in general an alteration of the structure of a part, 
most often brought about by inflammation, though it may also accompany 
senile changes in a tissue, and, following this, a development of true 
bone. We may here note in order the main examples: ( 1 ) The myositis 
ossificans above described, if due to general constitutional vice, is also 
a metaplasia; (2) ossifications in the adductors in cavalrymen, in the 
deltoids of infantry, etc. ; in both cases the result of irritation in the 
one case, from repeated contusions of the muscles in riding; in the 
other, likewise, from carrying and firing the gun; (3) in the choroid coat 
of the eye: (4) in the brain (rare), apparently following upon inflam
mation; (Ô) in the spinal pia mater, as already noted, from leptomeningi
tis; (ti) in the heart valves and arterial walls; (7) in the respiratory 
channels and lungs. 11ère several conditions arc to be noted. In the 
trachea, besides ossification of the cartilages, there may be definite 
nodular submucous bony outgrowths, which in some cases are extensive, 
constituting the osteopathia tracheal is of Aschoff.' These originate as 
pedunculate cartilaginous outgrowths from the tracheal perichondrium, 
undergoing direct osteoid and osseous metaplasia (p. (i4f>). The 
may undergo absorption and then a slow independent growth may con
tinue. In the lungs there may be scattered, irregular masses, which

1 Yerlumdl. dent.sell, pat hoi. (iesellseh., 1910. As already noted. Aschoff is of 
opinion that some of them have an independent origin in tlie sulnnueosu.
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develop from the hroneliial cartilages, or a wholly different condition of 
minifying, coral-like tnhes, apparently the outcome of chronic peri
arteritis or periphlebitis, with laying down of bone in the overgrown and 
degenerating fibrous tissue; (S) in old pleural and pericardial exudates. 
Here we most often have calcification, but true bone may be later de
veloped; (9) in various tumors, lipoma, fibroma, angioma, and even in 
malignant sarcomatous growths and cancer (carcinoma ossificans); 
(10) in the middle coat and deeper layers of the intima of the aorta. 
The variety of the growths in which this may occur and the variety of 
their sites make it impossible to regard the process in them as other than 
metaplastie. The same must lie true in a specimen prepared by Dr. 
klotz, in which the outer layer of a phlebolith from the prostatic plexus 
exhibited true hone formation.

< liliiiilimi:!. ((liim'tson.)

ODONTOMA

As with bone proper, so with the teeth; pure bhistomns would seem 
to be rare, blastomatoid conditions the commoner, namely, overgrowth 
not independent of the cement or dentine or alveolar periosteum. Yet 
true odontomas undoubtedly occur.



CHAPTER XIX.
TYPICAL HYLIC TVM<>HS—(Contixvieil).

BONE MARROW TUMORS MYELOMAS

Tiikrk is u remarkable and (lel>atnl)le class of tumors wliich, 
at first sight, morphologically resemble the atypical connective-tissue 
tumors; hut although in them, as we so frequently note with other 
hylic tumors, there are transitions, and, from what is apparently a 
benign growth, we gain sarcomatous development, yet characteristically 
the members of this group are not malignant; they do not infiltrate 
other tissues; they do not form métastasés; and, studying these neoplasms 
more carefully, we become convinced that we are dealing, not with 
anaplastic cell elements with the growth of cells, that is, which have 
become undifferentiated but with cells which, when at their fullest 
development, are of relatively simple type; with what are benign over
growths of one or other of the constituent cells of the bone-marrow. < )n 
these grounds it is well to separate tumors so formed from the sarcomas 
proper; the evidence, we think, is sufficient to justify us in treating, and, 
what is more, the clinical characters render it eminently wise to treat, 
these tumors as a class apart, as typical, and not as atypical, growths.

The bone-marrow, it must be remembered, contains many different 
elements, an<I the genetic relationship of these elements is still a matter 
of active discussion. But these elements have, obviously, specific 
functions which are strongly impressed upon them, and persist through 
the life of the individual. On the one hand, we have the cells directly 
concerned in bone function and regulation, the osteoblasts and osteo
clasts, or myeloplaxes; on the other hand, the remarkable series of 
erythrohlasts, mégalocytes, myeloblasts, and also lymphoblasts of 
mother cells of the red blood corpuscles and leukocytes. The functions 
of these two orders of cells are wholly different, and, with recognition of 
the existence of the different forms, evidence has rapidly accumulated of 
late years that not only may there be overgrowth of one or other order, 
but <‘ven overgrowth of one particular form, while the apparently diver
gent fads that have been gained come very largely into line if we apply the 
same principles to these as to other connective-tissue tumors, and 
recognize three orders of growths: (1) typical nias; (2) hlastoma-
toid diffuse overgrowth; and (3) atypical blastomas, either («) of primary 
origin, or (/>) as secondary developments from typical blastomas, or 
(e) developing secondarily from blastomatoid overgrowth. These 
atypical developments come all under the heading of sarcoma, and 
will in the main be treated along with other atypical hylic tumors. The 
other two conditions we may here briefly pass in review.

It is after not a little debate that I have determined to classify this

4
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order of tumor with the myelomas. I fully admit the force of I hirst’s 
contention1 that a tumor exhibiting any immature stage in the develop
ment of one of the connective tissues is a sarcoma ; that bone is the 
completed development of the osteogenic tissue whether of the marrow or 
of the periosteum : anything less mature than this is either (as the least 
mature) a cellular sarcoma or (more mature) an osteoblastic sarcoma. 
But I encounter this crux, that in the osteogenic apparatus we encounter 
the myeloplaxes which as such are mature cells not passing on to form 
hone, and in these giant-c ell tumors we encounter as the main feature 
those identical myeloplaxes -cells, that is, whic h are mature and not 
anaplastic. While all other cellular derivatives of osteogenic tissue are 
sarcomas, these as regards their c haracteristic element do not come under 
this heading, and their non-malignant properties sustain this contention.

The Giant-celled Myeloma i"Giant-celled Sarcoma”), (liant 
cells miiltinueleated cells are common to, or may be met with in, 
almost all orders of tumors. Their c haracters differ. Yon llanse- 
uiann recognizes three distinct 
forms: (1) The foreign body giant 
nil found in connection with necrotic 
and degenerating areas. This is 
identical in character with that 
already described as occurring in the 
tuberc le, having a peripheral or polar 
collection of nuclei and central hya
line or necrotic substance, although, 
as shown in Fig. 140, the distribution 
of the nuclei is not of this order when 
the foreign body is lateral to rather 
than surrounded by the cell plas
modium. (2) Parenchymatous giant 
cells. The former class is of endothelial and leukocytic origin; here 
we deal with modifications of the cells premier of the tumor, brought 
about by irregular mitosis and lack of cell division, following upon 
nuclear division. Where this is the ease the constituent nuclei are 
characteristically variable in size; often some are joined by bridges, or 
fibrils; others lohulated. (liant cells of this order may be found in can
cers ; they arc* especially common in endotheliomas. They are most 
frequent in the neighborhood of degenerating areas of such tumors, and 
would seem to be indications of irregular growth of the specific tumor 
cells ; they are in no sense constant or regularly distributed constituents 
of such tumors. (3) Myeloplaxes. These differ from the first class in 
that the nuclei are distributed evenly through the cell body, and in the 
absence of central degeneration of that hotly, and from the second, in 
that the nuclei are well formed and of uniform size. They are present 
normally in the red marrow of bone, as osteoclasts in Ilowship’s lacuna*, 
and are the characteristic constituent of the form of growth now under

(iinnt-vrllpil myeloma of Imiiiv. 
(After Kibberl.)

t V
ft,-V. V

•T.f'-ST

1 Sec also Buerger, Surgery, Gynec,, ami Obstetr., October, 1UUV: 431.
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consideration; here they may he present in enormous numbers. Vnder 
pathological conditions they are developed both in the marrow and from 
the |K»riosteum. What is their relationship to osteoblasts is still a moot 
point. Some regard them as derived from the adventitial cells of the 
hone vessels, and certainly, even in neoplastic growths, they appear to be 
intimately associated with fine capillaries; others as of endothelial origin, 
bitter regards bone building through osteoblasts, and bone absorption 
through osteoclasts, as brought about by two states of one and the same 
order of cell. Kolliker held similar views; Pommer and Wegner have 
noted transition from osteoclasts into spindle cells and fibroblasts. (4) Yet 
another giant cell, the sa reoblast ic type, will be described later (p. 752).

The giant-celled myeloma, then, has the following characteristics; It 
grows locally, most often in the shaft (marrow) of long bones, or of the 
jaw; it may also be of periosteal origin (as in the giant-celled epulis 
of the jaw); its growth is expansile, leading to absorption of the sur
rounding bone; it is abundantly vascularized ; it does not form métastases, 
save in the infrequent eases in which it undergoes sarcomatous modifi
cation (see later); it does not recur on complete removal, and, as recently 
shown, to prevent recurrence it is only necessary to remove the portion 
immediately involved, with very small surrounding zone; histologically, 
it exhibits a body formed mainly of short spindle-celled elements of 
fibroblastic type, somewhat irregular in shape, varying from the typical 
spindle to polygonal cells, and among these are abundant giant cells of the 
type described above. As in the fibro-osteoma (which is apparently 
closely related), so here, there is a tendency to the formation of bony 
lamella* and spicules throughout the tumor, although the more abundant 
the myeloplaxes in an area, the less the amount of bone formation. A 
smaller, more round-celled matrix is the indication, we hold, that the 
tumor has taken on sarcomatous characters, and that métastasés and 
recurrence may be feared.1

Myelomatosis i Myeloma Multiplex i. From this we pass to a con
dition that has recently attracted much attention. As indicating its 
general character, we cannot do better than quote Horst’s* description:

1 Recently, at the meeting of the Associât ion of American Pathologists amt 
Bacteriologists, Washington. 1910, Mallory has dissented from the view here taken. 
This order of tumor, he holds, is a fibrosarcoma in which the giant cells are a for
tuitous or at least a non-essential feature. If I followed his argument aright, 
giant cells of similar character may show themselves in the hone marrow for weeks 
after boring fine passages into the shaft of long bones and then around the particles 
of disintegrated bone; he would, in short, regard the giant cells in this form of 
tumor as more nearly allied to foreign body giant cells. For myself, I cannot but 
hold that they arc sjiecifio constituents of the tumors every whit as much as the 
osteoclasts of Howship's lacuna* are specific constituents of normal marrow. I 
would, indeed, lay down that the bone-forming and bone-destroying cells arc the pri
mary constituents of the bone-marrow, giving rise to myelomas of the first order 
and that the hemal mother cells art* secondary, giving rise to myelomas of the second 
order, which, indeed, may originate elsewhere, wherever these hemal mother cells 
have a normal existence.
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‘‘The condition always (according to Winkler) affects the ml marrow 
(vert el me, ribs, cranium), and this is converted into a dark-red or reddish- 
gray or grayish-yellow tumor mass. It is a primary multiple prrec.su, 
showing itself simultaneously in hones widely apart; a sharp limitation of 
the multiple growths is often impossible; these are at times soft and 
pulpy, at times more firm. The spongiosa and even the firm shafts of 
the hones become absorbed, so that the tumor masses may show them
selves immediately under the periosteum, which may here and there be 
ruptured. Fractures are common, as are also giving-way and distortion 
of the vertebra*. What is remarkable is that the affection remains con
fined to the bony system; in pure cases there is no involvement of the 
lymph glands, no swelling of the spleen, no métastasés in the internal 
organs. At times the progress of the disease is accompanied by intermit-

• • «
Section of myeloma ol vertebra. X 000. (S. Sultykow.)

tent fever and pains in the bones and joints. The blood in general is 
gravely altered; severe forms of anemia, pernicious anemia ((ïrawitz), 
and albumosuria are, to a certain extent, characteristic of the affection 
(Seegelken, Hence Jones, Xaunyn, etc.).”

The condition, indeed, has been observed for many years, but under 
different names and with most diverse ideas to its nature (malignant 
osteomyelitis, myelogenous pseudoleukemia, sarcomatous osteitis, lympli- 
adenia ossiuin). This clear presentation of its features demonstrates 
that the condition comes under our class of blastomatoid states. To 
speak of it as myeloma is incorrect if we respect our definition.

When we come to study the histology of these cases we meet with 
great \ in individual cases. 'Faking, first, the pure cases, it
is noticeable that there is no overgrowth of the myeloplaxes, nor any 
indication of implication of the osteogenic marrow elements. The

9417
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tumor cells are all such as are derivable by overgrowth from the cyto- 
blastic elements of the marrow, are of the myeloblastic or lymphoblastic 
type; sometimes mixed, more often corresponding to one or other type, 
so that it is becoming recognized as possible to distinguish different 
forms of the affection.

It cannot be said that the exact relationship of these myeloid c ells has 
been absolutely determined: some authorities refer to them as myelo
blast ie and such may well be the case; others describe the form most 
commonly seen as composed of cells of the plasma-cell type with eccen
tric nucleus.1 If we are correct in regarding cells of this last order as of 
lymphoblastic origin, then such cases must be classed as lymphomatoid 
rather than myelomatoid. It may indeed be that we have to recognize 
myelomatosis without leukemia and blastomatoid overgrowth of the 
lymphocytic elements of the bone marrow without leukemia.

There are also impure cases: (1) in which the condition develops 
into a definite sarcomatous state, with métastasés and infiltration; and 
(2) in which the lymphoblastic tissues and myeloblast ic tissues in other 
parts of the body are, from the first, or become eventually, affected, 
and take part in the overgrowth, when we have myelomatosis compli
cating, or being complicated by, pseudoleukemia; (3) in Hammer's case, 
and possibly, also, in Baumgarten's, there was, in addition, extensive 
osteosclerosis and thickening of the spongiosa in all the bones; the former 
of these was of the first type, with eventual round-celled sarcoma; the 
latter of the second, with coincident involvement of spleen and i 
glands; whether here was an accompanying osteogenic myelomatosis 
must be left an open (piestion.

Myelogenous Leukemia. In the above cases while there is diffuse 
overgrowth of specific orders of cells of the bone-marrow, these cells do 
not become discharged into the blood to any marked extent. There are 
other conditions in which with similar diffuse overgrowth of the bone- 
marrow there is abundant discharge of the cells into the circulation, so 
that we obtain a condition of myclocythernia, myelogenous leukemia, or, 
as it is often termed, mixed leukemia. In this what is characteristic is 
the presence in the blood of large numbers of an abnormal element 
namely, of large mononuclear cells with neutrophilic granulations, al
though there is at the same time a relative or actual increase in the num
ber of éosinophiles; “must cells” are apt to be increased in frequency and 
similarly normoblasts are often met with i. r., nucleated red cells. The 
ordinary red cells are reduced in number, the white cells enormously 
increased, until they may be more numerous than the red, and these 
myelocytes may form one-third or more of the total white corpuscles.

When the marrow of the bones is examined it is seen to exhibit a 
striking hyperplasia : often it is reddened. On examination the main 
elements present are the myelocyte*- large cells with neutrophile granu
lation similar to those seen in the blood so also there are nucleated red 
corpuscles (crythrohlasts) and frequent cells, large and small, with

* See Christian, 11. A., Trans. Assoc. Am. Phys., 2'i : 1ÎMJ7 :145,
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eosinophilous grannies. An associated anatomical character is the great 
enlargement of the spleen, causing this to be often spoken of as “spleno- 
myelogenous leukemia.” With Khrlich we regard this not as a primary 
but as a secondary condition, due to accumulation rather than formation 
of the blood cells. In the liver and in the kidneys there are in some 
cases leukemic tumors due it would seem to active growth of the myelo
cytes outside . s.

We have, briefly, the picture of an excessive growth of “leukoblastic” 
elements of the bone marrow, at times confined to the bone marrow, and 
at times—and it would seem secondarily—in other tissues of the body.

Chloroma. In close relationship, in fact, as one member of this 
group, must be included chloroma. This is a form of growth character
istically multiple found in association with the bones of the face (orbit) 
and skull, affecting also the vertebra* and, more rarely, the ribs and bone 
marrow, which, on first removal and examination, show many of them 
(not necessarily all) a striking greenish or greenish-yellow tint, which 
may tend to fade upon keeping the specimens.

The disposition of these tumors is strongly suggestive of periosteal 
or bone growths, and as such Chiari has regarded them; but, as Dock* 
pointed out, they show none of the elements found in ordinary periosteal 
tumors—no spindle or giant cells, and no tendency to bone formation. 
Their appearance is that of a lymphoid overgrowth, with a well-marked 
reticulum, in which lie medium-sized round cells. Still more suggestive 
is the fact, to which Dock particularly has drawn attention, that, asso
ciated with this condition, is a type of leukemia in which, as shown by 
Dock and Warthin,1 2 3 the prevailing cells are of the large lymphocyte, or, 
more accurately, of the myeloblast type. We deal here, evidently, with 
an aberrant form of myelomatosis. In some cases a co-existent lymph- 
glandular tuberculosis has been recorded, but this bears no direct rela
tionship.

There js still debate as to the nature of the pigment, which some 
find present in the form of highly refractible minute droplets or granules, 
others regard as universally diffused. Some (Chiari, Huber) hold it to be 
a lipochrome; others (Dock) can find no evidence of the presence of fat.

LYMPHOMA AND LYMPHOMATOSIS.

Although, inevitably, such a course leads us to consider various 
conditions on the borderland between the atypical blastoma and blasto- 
matoid conditions3 rather than states of typical blastoma, we here, 
naturally, pass from the bone marrow to the allied lymphoid tissues and 
their overgrowths, and, doing so, have to admit that the time is not ri|>e

1 Am. Jour. Med. Hci., 100: ISM : 152.
2 Medical News, N. Y., 1904.
3 It will have been observed that similarly wo recorded no typical leukoblastic 

myeloma as distinct from myelomatoid conditions.
47
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for a full classification of this most complicated group of coiulitions; 
as, again, that our treatment of the problems involved can he hut sum
mary.

Nevertheless the work of the last few years has very materially illu
minated what had been a very obscure subject. We would note espe
cially the studies of Kundrat,1 * * I ai wit,* Sternberg,* Tiirek,4 * Yamaska,6 
Dorothy I teed," ami MacCnllum,7 and when to these we add a recognition 
of the existence of blastomatoid states, as here put forth, and apply this, 
we are inclined to believe that the different conditions fall into a natural 
grouping, even if we have to admit that there are transitional eases, 
intermediate between the various classes, along with other eases of 
relationships that are still uncertain.

The terminology of these lymphomatous states is, we admit, appalling
not so much the terms themselves as the diverse meanings given by 

different observers: pseudoleukemia, lymphadeuoma, lymphosareoina- 
tosis, to mention but a few, have very different meanings in the writings 
of different men. These terms we will not discuss, leather we will lay 
down in the first place (I) that just as we recognize that the lympho
cytes and what it is convenient to term the leukocytes (the polymorpho- 
nuelears and the éosinophile cells) have distinct origins, so it must In- 
kept in mind that we have distinct if fairly parallel series of blasto- 
niatous and blastomatoid conditions, owing their origin to aberrant 
growth in connection with the tissues giving origin to these two orders of 
cells; (2) that just as upon analysis we determined that among the over
growths of fibroid tissue a series of distinct conditions were to be made 
out from chronic inflammatory hyperplasia to the typical fibroma, and, 
eventually, to the fibro-sareoma, so here we have an identical series. 
Accepting these two postulates, the various conditions fall into a com
prehensible order. To discuss them it is well to clear the deck by first 
casting overboard the conditions due to overgrowth of the “leukocyte” 
producing tissues (as distant from the lymphocyte). 'This we have 
already attempted to do. The leukocytes originate from the myeloblasts. 
We have seen that these myeloblasts have their seat in the bone marrow : 
that this marrow contains specific cells of different orders, namely, osteo
blasts (with osteoclasts) and myeloblasts, along with other cells which 
are not specific lymphocytes (lymphoblasts) and connective-tissue cells 
(fibroblasts). Tumors derived from these specific cells we term myelo
mas, and of these we recognize the two main orders of the giant-celled 
myelomas and the various conditions due to overgrowth of the myelo
blasts (and myelocytes), namely, myelomatoid or myelomatosis (myeloma 
multiplex), and what may be termed myelomatosis gravior, with escape

1 Wiener klin. \Ndeli.. 1S93, No. 12.
7 l.nlinrsch ami ( hsterUig, Krgelmisse, s (7tli year) : 1 !N 12:30.

Ibid , 12 '-'H, year, I’t 2 1905 160 ' Berlin klin Woch . 1901.
6 Zeitsehr. f. Heilkumle, 25:1901:200 and 313.
e .Influx Hopkins Hospital Reports, 10- 1902: 133.
1 Trans. Assoc. American Physicians, 22: 1907: 350.
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of tin- proliferating cells into the blood, namelx, myelogenous or mixed 
leukemia (in wliieh the cells escaping into the blood possess granules and 
resemble myehM-ytes), and ehloroma, in which the escaping cells are of 
the more primitive myeloblastic type without granules. We now can 
approach the lymphadcnoid overgrowths proper, These arc:

1. Chronic Hyperplasia (comparable with chronic inflammatory 
fibrosis). Some of the best examples of this are seen in connection with 
tuberculosis. In this connection there may be either (o) specific granu
lomatous change in the lymph glands with caseation, or (h) at times a 
diffuse enlargement of the glands without caseation, with marked fib
rosis of the glands, prominence of large endothelial cells and diminution 
over large areas of the masses of lymphocytes. Along with other obser
vers1 we have encountered cases showing distinct evidences of tuberculosis 
elsewhere with general firm enlargement of the mesenteric and other lymph 
glands without the presence in them of recognizable tubercle bacilli.

Such cases may be described as parat liberations lg in pit admit is. ( 'attic, 
more particularly, show this tendency to profound hyperplasia, suggest
ing that in them (and in those human beings exhibiting a like change) 
there is a constitutional tendency to excessive overgrowth of this tissue 
following upon the stimulus of certain toxins.

2. Hodgkin’s Disease (comparable with cheloid). In the above cases 
we deal with a known irritant as exciting cause of the lymphadcnoid 
hyperplasia. There is a condition of widespread enlargement of the 
lymph glands of chronic inflammatory type in which so far the exciting 
cause is not known, although many cases (although very far from all) 
regarded clinically as such have been found eventually to afford evidences 
of tuberculosis, and to have possessed similar histological features. 
These cases with unknown cause constitute Hodgkin's disease.

In general, the cervical lymph glands are first affected, becoming 
greatly enlarged, and consolidated into dense masses; then, progressively, 
the axillary, inguinal, retroperitoneal, bronchial, mediastinal, and 
mesenteric glands may show enlargement, and enlargement of the 
spleen makes its appearance. Later, the liver undergoes enlargement, 
and at autopsy may show a diffuse lymphoid infiltration along the 
bloodvessels, notably the portal branches. The same is true in the 
kidney. In extreme cases the peritoneal and other serosa», the sub
mucosa of the intestines and other areas become also involved. The 
lungs remain free. 7 he blood .shows no pronounced change, no ad minced 
lenkocgtosis. There is often an intermittent febrile or subfebrilc state.

The histological characters are eery different from those of leukemia. 
Taking first the enlarged groups of h/mph glands, these show no signs 
of infiltration. In this we have a strong distinction from lymphosarcoma. 
The marked feature is the reticular and connective-tissue overgrowth 
similar to what is noticed in the tuberculous group. There is a relatin', 
if not actual, reduction in the Igniphiwgtes and cells of the germ centres, 
a marked prominence of the larger cells of endothelial type, with often a

Notably Wcichselbaum and the Viennese School and Harbitz, of Christiania.
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marked abundance of éosinophile cells.1 The connective tissue, reticular
....................overgrowth is the marked feature. The same is true in

the spleen. The organ is dense, fibrous. There is a remarkable 
increase in the connective-tissue elements of all parts, capsule, trabecula*, 
vessel walls, reticulum of the sinuses, so that splenic pulp proper is greatly 
reduced, and the narrowed sinuses show endothelial overgrowth, or large 
size of the cells, with loosening of the same. The lymphoid tissue 
along the vessels is present, but is not a marked feature.

The appearances are different in the liver, kidney, and other regions 
where normally lymphoid tissue is little noticeable. Here it is the 
lymphoid cells that are the main feature. Some lymphocytes are always 
present in connection with the perivascular sheaths of the vessels. 
Now, around these vessels we find dense collections, but on examina
tion these are found to be provided with a reticulum, and not to infil

trate the tissues, though they may 
cause atrophy of the constituent 
cells. Here we deal with a lym
phoid hyperplasia. The same char
acterizes the subserous growth, if 
present. The condition is not one 
of metastasis.

The marked contrast between 
the involved normal glands and 
spleen on the one hand, and these 
secondarily involved organs on the 
other, strongly suggest that in the 
one we are dealing with reduction 
of the lymphoid elements, in the 
other with a compensatory hyper
plasia. It may well be that in the 

early stage in the lymph glands there is similar lymphoid hyperplasia,2 * 

followed by exhaustion or atrophy, as the connective-tissue overgrowth 
progresses.

The picture, it will be seen, is wholly unlike that of malignant growth. 
To of 11 od y kin's disease as a form of lymphosarcoma or as a lym
phomatosis is absolutely unjustified. It approaches much more nearly 
to the results of chronic irritation; it may be compared with cheloid and 
regarded as an excessive overgrowth of the lymphoid stroma secondary 
to a minimal or unrecognizable irritation.

•I. ('losely allied to Hodgkin's disease is a condition which has been 
described bv Schottelius and by < Iross,8 and of which two cases have been 
studied at the Koval Victoria Hospital by my colleague, Dr. Keenan, in 
which the earliest lesion has been an enlarged and apparently inflamed 
subcutaneous lymph gland tending to ulcerate, unaffected by ordinary

1 To this Miss I>. M. Heed (foe. cit.) 1ms called particular attention,
1 This has been described by Mact'allum and others.
1 Ziegler's Zeit ., 39 ; 1907: 405,

v sZ * o - « i, .

■ Sr*#
Sertion of enlarged lymph gluml from » rase 

of Hodgkin's disease, showing prominence of 
celts of large rmlothrlial type, with occasional 
éosinophiles. (1). M. Reed.)
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treatment and in which, despite excision, there has been extension locally 
along the lymphatics with involvement of the related lymph glands, 
which on section resemble those of Hodgkin’s disease. In one of these 
Professor Ewing, of New York, by intensive staining reported the pres
ence of tubercle bacilli. These have been described as granulomatous 
lymphomatosis: more accurately they are granulomatous hyperplastic 
lymphadenitis.

4. In leukemia, on the other hand, we have what is characteristically 
a lymphomatoid o " Ion, comparable in every respect with fibro
matosis. Here we find localized overdevelopment of typical lymphoid 
titiiiue, the different
constituents, reticu- F,°- 223
him, sinuses, and cells, 
being developed indue 
proportion. Now this 
is more restricted to 
the spleen or certain 
groups of lymph 
glands, now more 
widely developed, in
volving both spleen 
and glands, and also 
the lymphoid tissues 
of the bone marrow.
Eventually it may, 
also, as in Hodgkin's 
disease, secondarily 
affect the liver and 
other organs, but the 
growth is not to the 
same extent as may 
be found in the latter 
condition. ( )f indi
cations of inflamma
tory overgrowth the 
indications are slight; 
through distension 
the capsules of indi
vidual glands may become thickened, and they may la-come com
pressed into large consolidated masses, but the reticulum shows no 
corresjMinding overgrowth. So, also, in the spleen the train-cube may 
be somewhat thicker than normal, but in general this organ, despite its 
frequently enormous size, shows singularly little recognizable departure 
from the normal under the microscope, save that the lymphoid elements, 
the Malpighian tnxlies, are large and somewhat diffuse. As distinguished 
from malignant growth, the lymphoid hyperplasia respects boundaries 
and shows no signs of infiltration.

The main clinical and diagnostic distinction between this and the

Lymphosarcoma, pencilled to remove the cells in large part and 
show the characteristic stroma. (Le Count.)

7
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Hodgkin's type is that with this overdevelopment of otherwise normal 
Ifinphadenoid tissue there is the passage into the Mood of excessive 
numbers of lymphocytes, whence the name of Icnkocytlucmia (Bennett) 
or leukemia (Virchow). As already indicated, we believe in the existence 
of a group of eases which essentially belong to this class (corresponding 
to that of myelomatosis without leukocytosis), namely, of lymphomatosis 
without lymphocytosis, or a pre-leukemic stage of leukemia. This may 
eventually develop into a true clinical leukemia, or, on the other hand, 
may develop up to a certain stage and there remain latent, with no 
further overgrowth; or, lastly, may slowly retrograde. Here, and not 
with Hodgkin's disease, must be placed some cases, at least, of idio
pathic splenic tumor of children and adults.

Abdominal lymphosarcoma; svrlion llirough two ol the clow-sot small secondary growths:
’/' T, covering the surface of the liver G. (Martin.)

f>. Typical Lymphoma (comparable with typical fibroma). It is 
obvious that when lymphadenoid tissue is laid down so diffusely through 
the organism, it becomes a matter of peculiar difficulty to recognize a 
typical lymphoma and distinguish it from mere localized hyperplasia of 
a preexisting lymph gland. The fact that atypical lymphoma occurs 
indicates that the typical blastoma must also exist. We know of one 
such case recorded, that by Le Count. Kundrat likewise recognizes the 
simple local regionary lymphoma.

<i. Atypical Lymphoma. Lymphosarcoma. When we recall that 
the lymph follicle contains tissues of more than one order vessels and 
endothelium along with the specific lymphocytes, it becomes evident 
that there may be several forms of sarcoma originating therein spindle- 
celled, simple round-celled, etc. These scarce come into the category 
of atypical lymphoma, save that it is almost impossible to state whether 
certain round-celled forms of sarcoma represent the most anaplastic and 
malignant type of lymphoma. Here we refer more particularly to two
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orders of tumors, well distinguished by Mae( 'ulltmi, I with coming under 
the class of Kimdrat’s lyniphosarcomatosis. 'I'lie first order is encoun- 
teml in the thoracic region, apparently originating most often from the 
remains of the lymphoid tissue of the thymus. This is the commonest 
form of mediastinal tumor. It is a small round-celled growth, difficult 
to distinguish from the ordinary small round-celled sarcoma, hut 
differing therefrom in the growth being /nircli/ local and injilt rat ire, 
spreading around the great cardiac vessels into the parietal peri
cardium, heart walls, and roots of lungs, involving the mediastinal 
and lymphatic glands, hut not forming distant métastasés the spread, 
that is, is local and by the lymphatic s not by the blood. 'I'lie other 
originates as a primary lymphosarcoma of the intestinal submueosa 
infiltrating locally so as to enclose organs like the adrenal and pancreas 
and similarly spreading in the main by the lymphatics. 'I’lie cells of 
this type are larger and there are interspersed phagocytes.

7. Lymphosarcomatosis. Such tumors, however widely they infil
trate, are, I hold, wrongly termed "lymphosarcomatosis:” they are and 
they remain local. 'I'lie termination osis is employed more correctly 
to indicate a generalized condition, and such multiple diffuse true Ivm- 
phosarcomatosis is on record what may be termed a malignant lynipho- 
matoid state. Thus ( ioppert has iiotinl the case of a boy of three years 
in which then* was great enlargement of the thymus, enlarged tonsils and 
cervical glands, some enlargement of the spleen, enlarged liver and kid
neys. and everywhere the affected areas exhibited infiltrating masses of 
small round cells. These were present also in the pericardium, renal 
pelvis, and periosteum. There was a slight leukocytosis.

It will thus be seen that these various conditions fall into three main 
types: (I) productive lymphadenitis; (2) lyniphomatoid (with and with
out leukemia); (3) lymphoma (typical, and atypical or sarcomatous).

The intimate relationship lietween the potential producers of the dif
ferent cell forms of tin* blood, both in the bone-marrow and in the spleen, 
renders it obvious that there may be simultaneous involvement of the 
myeloblastie and lymphoblastic elements; indeed, Kundrnt holds that 
myelogenous leukemia is always mixed celled. For practical purposes 
it is sufficient to recognize two types of leukemia: the lymphatic and 
the myelohlastie (myelogenous), respectively.

LYMPHOMATOID CONDITIONS AFFECTING THE SPLEEN.

Splenomegaly or Splenic Anemia. 'I'lie time is not yet ripe to make 
an assured statement regarding the nature and relationships of a group 
of conditions in which, for long years, splenic enlargement is the main 
symptom, unassociated with hyperplasia of the lymph glands. Osier 
distinguishes four types: (I) Simple splenomegaly, persisting for years 
without accompanying anemia. (2) Splenomegaly with marked anemia 
of a secondary type, associated with cutaneous pigmentation and liability 
to hemorrhages; these eases last from ten to twelve years, and then are
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apt to develop a secondary cirrhosis of the liver, with jaundice and ascites 
(hand's disease). (3) The familial or infantile form (Frederieh Taylor, 
Gilbert and Fournier, etc.) begins in infancy, affecting several members 
of the same family, and showing the same s s of Band's dis
ease, with associated stunted growth. (4) Gaucher's type of j * >-
megaly, with secondary anemia, in which the spleen presents what 
may be termed an endotheliomatosis, there being a very remarkable 
diffuse swelling and proliferation of the endothelium of the splenic 
sinuses, which dominates the whole picture. In Stengel’s ease this 
had advanced to the development of localized neoplastic growths in 
the organ. Here, also, the splenic enlargement and condition extend 
over many years. Intimately associated pathologically, though not 
clinically, is the condition of splenomegaly, not with anemia, but with 
cyanosis, and extraordinary increase in the number of erythrocytes, up 
to 9,000,000 to 13,(KM),(MX) per cm. (Polycythemia). Osier* and Wein- 
traubI 2 have brought together and analyzed the eases.3

Whatever the primary cause in the various conditions, histologi
cally we appear to deal with a localized blastomatoid condition, now 
involving the splenic tissue in general, now the endothelium of the 
sinuses, and, in the last ease, characterized, it would seem, by a con
tinuance of, or reversion to, the fœtal condition of this organ ; for, in 
the fœtus, the spleen is one of the active seats of proliferation of erythro- 
blasts and production of erythrocytes. Recent observations show 
that this capacity to give origin to red corpuscles is latent in the organ 

*; that it may be stimulated into activity by extensive loss
of blood, etc.

MYOMA i LEIOMYOMA i.

The uterine fibromyoma, generally, from its appearance and char
acters, spoken of as the uterine fibroid, is the commonest of all tumors, 
and in most respects a most typical example of the benign blastoma. 
Possibly for this very reason we know less regarding its exact nature than 
we do of many of the rarer forms. And yet it has been extensively 
studied.

Gross Characters. The tumors are most frequently multiple; if 
one large growth be present (and this may reach and exceed the size 
of an infant’s head), careful examination will generally reveal other 
minute growths in the uterine muscle; or the whole body of the uterus 
may appear replaced by a collection of hard nodules, closely packed, 
and varying from just recognizable, pinhead nodules upward, the 
organ gaining a most irregular, nodose appearance. These tumors 
affect the body rather than the cervical portion, and may be either 
in) interstitial, (b) submucous, or (c) subscrous. In the last two situa- 
li » is they may, through progressive growth, become pedunculate.

I Amer. .lour. Mod. Sci„ 120: HMM: 1X7.
II See vol. ii, 1st edit.: SO.

z Naunyu'a Festschrift, 1905.

8983
8

12066734



LEIOMYOMA 745

Kuril individual tumor is to the naked eye sharply defined from the 
normal uterine tissue, though, while some shell out easily, others appear 
to he more intimately connected with the organ, and, microscopically, 
are seen to have a more diffuse “capsule,” the multiple small vessels 
as they enter being surrounded by fibrous tissue, which thus connects 
organ and tumor. On section, the appearance is characteristic, but 
here two types may be noted, between which is every transition: (1) 
the pure myoma, which is the softer, though still firmer than normal 
uterine muscle, and has a reddish-gray appearance (in the uterus this 
is most often noted in connection with small and apparently recent 
tumors); and (2) the fibroid proper, pale, almost white in color, and 
extremely dense, so that it cuts with difficulty. Like the fibroma, the 
cut surface has a “ watered-silk appearance,” caused bv the bundles 
passing in all directions, reflecting the light differently.

Section of portion of n pure myoma, showing the character of the nuclei anil the appearance 
of the cells cut longitudinally and transversely. (Peris.)

These are the characteristic forms, but we may also meet with the 
following variations:

1. Telangiectatic, the bloodvessels being widely dilated (rare).
2. Lymphangiectatie, the lymph vessels greatly distended ; and

here we can again distinguish between (o) the (edematous fibroid, 
with diffuse infiltration of serous fluid, and a spurious myxomatous- 
like separation of the tumor cells; (6) lyre ctatie proper, with
widely diluted channels; and (c) cystic fibroids (see p. 712).
Hemorrhages are rare.

3. Calcified, either surface layers, or central part, or the whole tumor, 
becoming converted into a dense stony mass, which can only be cut 
through by the saw. Associated with this, the microscope may reveal 
a preceding stage of fatty degeneration, as, again, of extensive hyaline 
degeneration.

4. Necrotic. Occasionally, through arrest of the blood supply, or 
through infection, a tumor may soften and undergo a colliquative necro
sis. A curious form of necrosis occasionally met with and affecting

1184
1
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either the whole fibroid or scattered areas of the same is what is commonly 
known as “red degeneration." This is frequently hut not constantly 
associated with pregnancy.

MicroHcopically, we have every grade from a pure myoma to tumors 
in which no muscle tissue at all can he made out, hut only hands of 
connective tissue— pure fibroma. To the beginner it is not always 
easy to recognize these two tissues; both run in hands, which are apt to 
spread and leather out. Hut, if the nuclei lie studied, in hands which 
have been cut longitudinally, the distinction is soon made. Those 
of connective tissue and developed fibroblasts are spindle-shaped and 
relatively short; those of plain muscle fibres are larger, characteristically 
long, rod-like, and with blunt, rounded ends. So, also, cut trans
versely, the nucleus of connective tissue has a naked appearance; one

V*cs

ESSE

Courue inyogli:i filiriln from tin uilenmtouH leiomyoma. (Mallory.)

observes round it no cytoplasm; the muscle fibre lias a distinct hodv, 
and in well-preserved and well-stained sjieciiiiens this ap|tears roughly 
|M)lygoiial. As pointed out, more particularly by llcnda and Mallory, 
examination of perfectly fresh material, appropriately stained, shows 
that the smooth muscle fibre1 contains in the outer layer of its cytoplasm 
numerous line longitudinal stnations (myoglia fibrils) which toward the 
poles coalesce characteristically into coarser fibrils.

This fa< t that the small myoma is pre|>onderatingly muscular, whereas 
the large is preponderating!y fibroid, indicates forcibly that, in the 
course of growth and aging of the tumors, there is a progressive develop
ment of the eonnective-tissue elements, with, eventually, atrophy and 
replacement of the muscular bauds. The relatively small vascular 
supply, which must Itccome progressively and proportionately smaller 
as the tumor increases in size, well accounts for this gradual effacement
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of tlu* more highly differentiated tissue. Whether there occurs what may 
he termed a degenerative metaplasia, the muscle fibres actually taking on 
the general characteristics of fibroid tissue, is still an o|h*ii matter.

As a matter of experience, we would advise those desiring to demon
strate the structure of a typical myoma not to select portions of the 
largest and apparently finest examples, but to take a small growth

the smaller the better.
The tumors are essentially benign, showing purely local growth, 

and that extending, it may be, over long years. They may, however, 
set up, or be associated with, other uterine disturbances menorrhagia 
and metrorrhagia, while a considerable number of cases are on reconl 
of secondary cancer of the body of the uterus which may invade a 
myomatous tumor; so, also, of sarcoma, similarly infiltrating tin* growth

It can no longer be questioned that sarcomas may arise from plain 
muscle elements. This has been convincingly pro veil bv the demon
stration of myoglia fibrils in actively growing spindle-celled sarcomas 
(Mallory). Indeed, sarcomas originating in uterine fibroids have fre
quently been placed on record, and while some of these may originate 
from connective-tissue elements, the use of Mallory's stain shows that 
others are of muscular origin. I have, indeed, recently ei^imtered a 
case in which the transition from the muscle bands to builds of short 
spindle cells and from this to a diffuse development of short, almost 
oat-shaped cells was most striking.1

This, however, does not detract from our statement that the tumors 
are characteristically benign, nor does the fact, already noted, that some 
dozen cases are on record in which metastatic myomatous growths 
have shown themselves outside the uterus. The paucity of such cases 
must be contrasted with the many thousands of cases in which neither 
of these events develops.

Etiology. What is the mode of origin of these tumors? To this 
no very satisfactory answer can be given. IlV i/o not Jimt than in flic 
young; nor in the child have there, to our knowledge, been noted any
thing of the nature of cell rests which could account for their later 
growth. On the other hand, we note a distinct family tendency to 
their development. Two possibilities are, therefore, present: either 
that there exist cell rests so inconsiderable as to escape notice, or that 
some constitutional condition favors the segregation of the tumor cells 
in late life. We see no reason why both conditions may not obtain, 
but at present there are no adequate data for coming to any decision.

They may occur in both the single and those who have borne children. 
Pregnancy, therefore, cannot be regarded as an important factor. On 
the contrary, those who have borne children regularly and in number 
appear to be less liable than others, but here, again, no decision can 
Ik* reached, for it may be that the presence of the tumors is the cause 
of the relative infertility of those with smaller families. At the same

1 The condition was so diffuse that I am uncertain whether it should lie regarded 
as a senile change or a sareoniutosis.
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linn* it will Ik* noted that tlu* presence of myomas is not in itself incom
patible with pregnancy.

Hisger and ( iottsehalk, Lubarsch, Horst, and French pathologists 
in general regard llu* muscle fibres of these tumors as primarily orig
inating from the muscular coats of the uterine arteries. They have 
re|M>rted cases in which, in small myomas, this relationship could de
finitely be made out. What is noticeable in all myomas is the relation
ship of the muscular and connective-tissue bands to the vessels, and 
a marked feature of the myoma, which renders it distinct from all other 
tumors that we can recall, is the frequent presence not merely of capillary 
vessels, but of arteries with well-developed muscular coat. Their pres
ence must be regarded as supporting this view, which, if substantiated, 
renders it additionally likely that myomata may develop in later lift* 
from abnormal local overgrowth of what is not a cell rest. At the 
same time it must be kept in mind that other small myomas do not show

this clear presence of arteries, 
and exhibit little more than a 
simple mass of aberrant plain 
muscle fibres. A priori, it is 
reasonable to suppose that in 
an organ formed essentially of 
plain muscle, these plain 
muscle tumors arise from the 
mass of the tissue rather than 
from the included vessels.

“Adenomyomas." -There 
is, however, an interesting 
group of myomas which, for 
a time, was held definitely to 
prove the cell-rest origin of

Gland acini included in a'myoma. (After Ribbert.) mvollias. These are tile ade-
nomyomas, wrongly so called, 

for more accurately they are diffuse myomas containing scattered 
gland tubules, that show no signs of active growth. To these von Reck
linghausen's writings' have directed attention, and of late years they have 
been much studied. Such occur more particularly in myomas of the 
hinder wall of the uterus and below the angle of entrance of the tubes 
and in the wall of the tubes. Rut some cases are on record where these 
gland tubules have !>een seen in myomas of the body of the uterus. 
These tubules arc lined by a columnar epithelium; sometimes they are 
distended into cysts, and often they have the characteristic appearance of 
a main channel, from which, on one side, several secondary tubules are 
given off more or less at right angles.

It was the last character which more particularly led von Reckling
hausen to conclude that they represented included portions of the 
Wolffian ImhIv (paroophoron, or, more exactly, of the upper end of

* I)ic Ailentmn/owc u. Cijxtmlnumr tier Uterus u. Tuhenmimlunq, Berlin, 1890.
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tlir Wolffian duct), the remains of which, in the broad ligament, fre
quently show this conih-like arrangement; to conclude, therefore, that 
the muscle elements of the tumor were overgrowths of the muscular 
coat of the included duct. This view cannot lie accepted. The more 
the matter has been studied the more difficulties are presented by this 
view, though it still has its supporters. Most significant is the fact 
that, in the course of devt , the Wolffian duct does normally
enter into the uterus, but this not in the region where these “adeno- 
myoinas" are found, but in the cervical region, where myomas are 
strikingly rare. Others have pointed out, what impresses all who 
have studied any extensive series of uteruses, that processes of the 
uterine mucosa may extend and lie found deep down in the muscle 
tissue. We have seen such more than half the distance between the 
inner and outer surface, and Ribbert has actually traced such sinus- 
like processes into an interstitial myoma; and seen that the tubules 
within the growth have all the characters of other uterine adenoinyomas. 
In confirmation of this view, Cullen,1 of Baltimore, has been able to trace 
this continuity in fifty-five out of fifty-six adenoinyomas studied by him, 
and quotes cases in which during menstruation and pregnancy the in
cluded ducts have been found to exhibit changes of the same character as 
those undergone by the uterine mucosa. Such deep processes may also 
occur in connection with the intra-uterine portion of the Fallopian tubes. 
And lastly, Aschoff has called attention to the fact that in subserous 
myomas there may be peritoneal downgrowths which take on glandular 
characters. Our colleague, Dr. (ioodall, has encountered an “adeno- 
myoma" developing in the fundal portion of the uterine wall —a region 
in which, developincntally, the Wolffian duct could not enter. These 
facts art1 sufficient to show that these “adenoinyomas" can be explained 
otherwise than by the theory of cell rests of portions of the Wolffian body, 
or Wolffian duct, or (as yet others suggest ) of the Müllerian duct : they 
are diffuse myomas if not “myomatoid" witli uterine glandular in
clusions.

Myomas of Other Regions. We have thus far only discussed the 
one form of myoma, and that because the uterus is far and away the 
commonest site for these tumors, and there they gain their greatest 
development. More rarely we encounter them in other areas, notably : 
( I ) ( >ther portions of the gniito-uriiiary system, the walls of the Fallopian 
tubes, the broad ligament (in both these cases they may he “adenomvom- 
atous,” in the latter they may occupy the site of the parovarium); the 
round ligament (ditto), testes, prostrate (rarely pure), kidney (often 
lipomyoma), ureter, mammary gland. (2) The digestive tract. Here, 
in connection with the noil-striated muscle coats, they occur more fre
quently than in any other site outside the uterus. I'siially small, they 
may in the stomach wall attain very large size; usually single, some cases 
of intestinal myomas have been recorded. Most often they
project inward, and then may lead to obstruction or invagination or

1 Adcnomyoma of the Uterus, I'hiladolptiia and London, 1908; 194.
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ulceration of the covering mucous membrane. ( )tliers, as in the case of 
a large gastric myoma described by our colleague, Dr. Nicholls, project 
into the abdominal cavity. The stomach and the intestines arc more 
frequently involved than the (esophagus. ( )ne case is on record (( ’ohen) 
in which the tumor contained pancreatic lobules. (.*{) Skin. Cutaneous 
myomas are quite small, apt to be multiple. A rare case is on record of 
their appearance here in early childhood. Whether they arise from the 
muscle of the arteries or from the arrcetorcs pili and muscular sheaths of 
the hair follicles is still an open question. The fact that when multiple 
on the skin, they are not found in other parts of the body, would rather 
favor the latter view. Indeed, considering the singularly widespread 
presence of plain muscle fibres throughout the arterial and venous trees, 
the rarity of localized myomas that can surely be recognized as originating 
around arteries and veins, is very remarkable and is in itself against the 
vascular origin of uterine myomas.

TYPICAL IlYUC TlMOILS OF MFSOTIIFLIALOItKilN.

RHABDOMYOMA.

With rare exceptions, new-growths of striated muscle fibres is found 
combined with growth of other tissues and sarcoma-like elements in 
tumors of the "potential, teratoblastomatous type, as, again, in 
teratomas proper. It is more particularly in the mixed tumors of the 
kidney, vagina, testes, etc., that we encounter more or less imperfectly 
formed striated fibres. Occasionally, however, we meet with pure 
rhabdomyomas, in general small and sharply eut ‘, and this in
the kidney, genital tract, and other regions where mixed tumors may 
lie found; but also in other regions, notably the heart muscle, and in 
areas where normally striated muscle is present—extremities, nates, 
orbit, etc.

hi all these cases the fibres are of embryonic, imperfectly differ
entiated type; they may only show longitudinal fibrillation; or, if trans
verse striation is present, it affects only part of the fibres; in the other 
part, as in the developing muscle, are clusters or rows of nuclei, and, 
laterally or terminally, the fibre may be dubbed, without striation, and 
?" the nuclear clusters characteristic of sareoblasts; or, lastly,
large cells, with abundant cytoplasm and many nuclei of the perfect 
sarcoblastic type are present. These characters, coupled with the fact 
that, under normal conditions, the striated fibres show such imperfect 
regenerative powers, incline us to accept the prevalent view at the present 
time, that rhalMlomyomas.always arise from cell rests.

We encounter, in fact, cases in which these less differentiated stages 
are predominant ; cases in which we have transitions toward the sar
comatous type. The difficulty in deciding whether we encounter true 
rhabdomyosarcomas is created by the fact that so often these tumors 
are of pluripotential type, and the vegetative cells seen may have origin-
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ated, not from sarcohlasts proper, hut from a still earlier type, or from 
cells differentiated already toward the connective-tissue type. This, 
however, is to admit that sarcomas do originate from a forestage of the 
striated muscle fibre. There is, at least, one case on record, that of

j

Imperfectly formnl striated muscle fibres from n rhabdomyoma of the <esophagus. 
(Wolfenslierger.)

|{hulnlomyosari,oma giant-<,elleil or sareoblaslic from lateral muscle of trout. The spherical 
tumor was almost wholly composed of these giant cells, which here ami there showed Isith longi
tudinal and transverse striation, more particularly in the relatively numerous elongated cells.

Stork,1 of malignant orna (primary in the testicle, with second
ary growths containing striated muscle elements in the retroperitoneal, 
mediastinal, and cervical glands). In others, while the primary growth 
has contained sarcohlasts and more highly differentiated elements, the 
métastasés could only he described as pure sarcoma.

1 Ztsehr. f. Ilcilk., 22

_
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We have described1 a pure rhalxlomyoma, or rhabdomyosarcoma 
of this order, obtained from the red lake trout, in which the whole tumor 
was composed of cells of the sareoblastie type, the majority mill- 
tinueleated, some of the giant cells containing several score of nuclei; 
these giant cells had a tendency to be elongated and in parts showed 
definite eross-st rial ion. The nearest approach to this pure type of 
“embryonic" rhabdomyoma in man is seen in a group of multiple myo
matous tumors recorded in connection with the infantile heart muscle.2 
These are clearly congenital and often associated with diffuse cerebral 
scleroses.

TYPICAL HYLIC TCMOllS OF KPIBLASTIC OltKilN.

THE NEUROBLASTOMAS.

Only such tumors as contain nerve cells is it wise to class as neuromax; 
if, for example, we find a tumor containing abundant nerve fibres axones 
—but nothing that can be construed as even an imperfectly developed 
nerve cell body, we know full well that each of these fibres is in connection 
with some cell body outside the tumor, and that thus, so far as regards its 
nervous elements, the growth is not autonomous and independent of the 
rest of the organism; and that, therefore, the term neuroma is inapplica
ble. But if these limitations reduce very materially the number of tumors 
that can be included under this heading, and if, as might be expected 
from the high degree of differentiation of the neuron, the (/anfflioneu- 
roma, or true neuroma, is one of the rarest of tumors, on the other hand the 
more recent researches into the histology and embryogeny of the nervous 
system have proved clearly that other constituents of that system originate 
from the same order of cells as do the neurons, .lust as in the ovary the 
“interstitial cells” and those of the Graafian follicles have a common 
origin, so in the nervous system four distinct types of cell can all be traced 
back to the primitive neuroblast. These are (1) the neurons; (2) the 
neuroglia cells; (3) the ependymal cells lining the canal of the f 
cord and its ventricular expansions in the brain ; and (4) cells of the sheath 
of Schwann enclosing the medullated peripheral nerves. Hence, if for 
precision we employ the term neuroma in a restricted sense, it must be 
clearly borne in mind that at least four types of blastoma may originate 
from neurohlastie elements. We may name these (1) the neuroma 
proper, ganglioneuroma, or neurocytoma; (2) the ylioma; (3) the ependy
moma or adenoglioma, and (4) the neurinoma.

1 Adami, Montreal Medical Journal, 37: 191)8:103.
1 The fullest studies of these cases, some twelve in manlier, are by SeitTert, Ziegler’s 

Heitr., 27:1900: 14.'», and Wolhach, Jour, of Med. Research, 0:1907: 495. Carnegie 
Dickson has recently published a careful study of another case.

9
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NEUROMA.

Tumors, in one case as large as a child's head, have been observed, 
more especially in the abdominal cavity, and apparently in close connec
tion with the sympathetic system—the cardiac plexus which, upon 
microscopic examination, have been found to contain abundant cells of 
the type of sympathetic ganglion cells, with numerous processes histologi
cally identical with the axones and dendrites of the nerve cell proper. 
These, without exception, are recognizable early in life, and date back to 
the embryonic period. They would seem, thus, clearly to lie explained 
as due to developmental anomaly—to the segregation or displacement 
of a portion of the developing “neuroblast,** which now takes on inde
pendent growth, the typical neuroblast cells proliferating and giving rise

Fit). 230

;v

Oils from ii Iwnign anil a malignant neurocytoma (or true neuroma), reepeotively, the tonner 
from t.ie sacral region, the latter from the retroperitoneal region at the level of the pancreas. 
( It. Ilenckc. )

to nerve cells. Similar isolated tumors have been described in connection 
with tliv v[H'litlylmt ami the ventricles, evidently of like origin. We 
[atssess m, instances of ganglion-celled neuromas of |a >xt natal ami irrita
tive origin.

( If tla'sv tumors wo distinguish two orders, the otto form possessing as 
characteristic constituents clusters of large cells of the neuron type—typi
cal ganglioneuromas the other formed of aggregations of smaller round 
or pyriform cells, apt at first sight to lie mistaken fora round-celled 
alveolar sarcoma. Closer study, as shown by Dr. .1. II. Wright, who 
has la*en so gmsl as to afford me the accompanying figures, reveals the 
existence of sheaves of Hue fibrils, not staining by the ordinary con
nective-tissue stain anil proceeding from the individual clusters. The 

48
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appearance, in short, is strikingly like that presented hy the developing 
sympathetic , and, as in that, there may he smaller evil accumu
lations in the form of circles of the small cells with a central collection ol 
fibrils cut transversely and presenting a punctate appearance. This is 
clearly a more embryonic type of growth approximating to the neuro- 
sarcoma, and as might be expected it has been found to afford métastases.1

False Neuroma. A condition of a different order is the so-called 
amputation naroma. It happens occasionally that, following upon ampu
tation—more rarely after mere section or rupture of a nerve the proxi-

Fni. 231 Fill. 232

Atypical iieiirocytiiinii muMiihling I hi' milage 
of a sympathetic ganglion. I nun it child Hi 
tin* Massachusetts tlenernl Hospital. Multiple 
tumors nf skull, mediustinn. retroperitoneal 
tissue, iiml lix it. Tin' masses of eell* often con
tained cystic cavities. (I’mf. .1. H.Wriglii. i

Still more ‘•cmliryonie” neurocytoma from a 
child, sixteen months old. ( I>rs. Tileston and 
Wulhindi i The hnll-like nrriingvinviit uf the 
cells with central lilirils is eliaraeterislie nf an 
early stage in the development uf sympathetic 
giinglinn. tl'rof. I. II Wright.)

mal end of one or more nerves become swollen to two or three times the 
diameter of the nerve, forming a firm, painful, bulbous mass. Sometimes 
this can be freed without difficulty, but fretpieiilly cicatricial fibrous tissue 
unites it to the surrounding tissues, making dissection difficult. I’pon 
microscopic examination tie* enlargement is seen to be composed of 
bundles of nerve fibrils, often curving upon themselves, anti passing in 
different directions, embedded in a dense* overgrowth of the fibrous entlo-

1 Tumors of this mil lire have hern reported hy Marchand. Amlierg, Kinder. 
Itichards, Lapointe and l.eccne, Tileston and Wolhacli, many originating in the 
adrenal medulla.
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and perineurium. Though the nerve bundles entering are, in general, in 
the main medullnted, hut little medullary substance can be recognized 
around the fibres involved in the growth.

The process of events leading to this condition would seem to be an 
outcome and variation of what normally happens after section of a nerve 
trunk ( see p. ü75), but here, owing to absence of a proper channel of least 
resistance down which to advance, owing, also, to the formation of sur
rounding cicatricial tissue, the growing fibrils turn upon themselves, and, 
together with the proliferated endoneurial tissues, form a definite en
largement, which ceases after attaining a certain size. What we have 
to deal with is, therefore, an aberrant regenerative process, and in no sense 
a true tumor formation. It nevertheless shows some relationship to the 
condition of fibromatosis for (1) the development does not follow all cases 
of amputation of a limb (and so of its nerves); ?. e., it only occurs in certain 
apparently predisposed individuals; and (2) where once in an individual 
such an “amputation neuroma” has developed at the end of a nerve, and, 
on account of its painful (pialitics, has been removed, there is a distinct 
liability for a second tumor to form at the freshly exposed end of the nerve

GLIOMA.

A second element derived from the neuroblast is the glia, or neuroglia, 
formed of cells and singularly fine fibrils, which, together, give the 
stroma of the central nervous system its peculiar appearance. Compared 
with the neurons, these glial cells are small. They tend to be of oval 
shape, with a single nucleus and moderate amount of protoplasm, and, 
when teased out. show an extraordinary number of fine processes radi
ating from the body in all directions. These can be demonstrated in 
properly prepared‘material by Mallory's phosphotungstic hematoxylin 
or Weigert's neuroglia stain.

With regard to the nature and relationship of the fine fibrilhv which 
form a felting all through the stroma of the central nervous system, 
opinion has been divided. There has been a discussion similar to that 
regarding the relationship of the fibrilhv, yellow and white, of ordinary 
connective tissue. Weigert has laid down that these are not processes 
of the glial cells, but are independent derivations, formed and given off 
by the cells. Taylor and I’lisey,1 * 3 employing Mallory's neuroglial stain,

1 l>r. Alex. Bruce, of Edinburgh, has shown me, ami permits me to refer to. a 
unique case of multiple minute tumors of this order within the central nervous 
system. In this the axons can be traced passing down the vascular sheaths from 
the meningeal surface and ending in nodular masses formed of fibrils wound upon 
each other in every direction. He holds that a fœtal meningeal lymphangitis had 
caused a diversion of the growing axons, so that instead of passing into the cranial 
and spinal nerves, a certain number of them became side-tracked into the meninges 
and thence made their way downward along the vessels into the brain and coni.
He has demonstrated his specimens at the Bristol meeting of the British Patholog
ical Society.

1 Jour. Kxper. Med., 2: 1897:011. 3 Trans. Chic. Path. Soc., 4:1899-01: 41.
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lx till fourni a definite connection between cells and fibrils. Bonomc1 
has arrived at a similar conclusion, but holds that, in pathological con
ditions, this connection may be more intimate than normal, bv which 
I understand that he takes the intermediate position, of regarding the 
fibrillar as being formed as processes of the cells which may later become 
separated, and so independent. By analogy with ordinary white con
nective tissue, this would appear to be the more likely relationship.

Tumors formed of these glial cells, with abundant or rare fibrils, are 
found only (a) in the brain, (/>) along certain cerebral nerves (very 
rarely), (c) in connection with the retina, and (d) over the coccyx (evi
dently from the remains of the neural canal). The increased growth 
of neuroglia elements in connection with syringomyelia is, nowadays, 
generally regarded as hyperplastic rather than of the nature of true 
tumor formation as a gliomatosis, and not a glioma.

psraZSti

(ilianm; numerous neuroglia fibrils surrouml the cells amt run in all directions. (Mallory.)

Two varieties may be distinguished, the hard and the soft, the former 
found in connection with the ventricular walls, and projecting into 
the ventricles. These are well defined and easily enucleated. The 
latter are in the form of diffuse infiltrating growths, with no trace of 
a capsule, are very vascular, and peculiarly liable to be the seat of 
hemorrhages. In the brain, after death, their existence is indicated 
by the appearance of greater translucency than the surrounding brain 
tissue, and somewhat more bluish tinge, and by their more pulpy con
sistence; they often show signs of old and recent hemorrhages. The 
softness is due largely to the greater amount of glairy fluid in the matrix.

1 Virch. Arch. 103: 1901:469.
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These soft gliomas are fourni only in connection with the cerebral 
hemispheres and corpus callosum, and may attain a very considerable 
size, gravely compressing and replacing the normal brain tissue. Neither 
the hard nor the soft form of cranial growth shows any tendency to 
metastasis. These diffuse widespread growths suggest a condition of 
gliomatosis, rather than development from a single focus.

Itetinal gliomata, on the other hand, exhibit more evident signs of 
malignancy, both in their capacity to invade the surrounding tissue of 
other orders and to give rise to metastatic growths. These tumors 
originate as soft, grayish, finely nodular tumors projecting from the 
retina into the vitreous. If not detected and removed at this stage, the 
growing tumor may invade the sclera, and so extend into the orbit; or, 
after completely filling the bulb, may erode the cornea and project 
externally as a fungating mass. It may also extend along the optic 
nerve into the cranium. Histologically, appearances vary.

Retinal gliomas are only exceptionally—and then only in part 
formed of typical glial tissue. Their structure, indeed, has led to 
considerable discussion as to their exact 
nature. In general, they are formed of 
small cells without processes, arranged 
characteristically in relationship to the 
vessels. Intercellular glial fibrils may 
be wholly wanting, or present only in 
parts of the tumor. The cells are 
grouped radially around the smaller 
capillaries, appearing to be in direct 
connection with the walls of the same, 
though, in the larger vessels, there is a 
layer of intervening connective tissue 
between the vessel wall and the sur
rounding cells. In the immediate 
neighborhood of the vessels the more or 
less radially disposed layers of cells stain
well ; farther away they tend to stain poorly, and to be broken-down 
and necrotic. The appearance thus, to some extent, recalls that of the 
perithelioma (or periendothelioma). There are, in addition, to be deter
mined certain characteristic cell groups, or “ rosettes"—collections of 
cells arranged radially around an rent lumen, re< the tubules 
of an adenoma or glandular tumor, save that between the cells and the 
cavity proper there is a clear layer or membrane, from which occasional 
minute, conical processes project into the lumen r; suggesting the 
rods and cones and external limiting membrane of the retina. These 
processes take the stain for glial fibrils; similar rosettes have been 
observed in cerebral gliomata. These retinal tumors are, thus, true 
gliomas, but formed of less differentiated cells, so that if, as I urge, we 
employ the term sarcoma purely in a * ' cal sense, it is proper to 
speak of them as gliosarcomas.

I'Ki.

Heetion of retinal glioma, showing 
relationship of eel Is to vessels anil for
mation of "rosettes.” ( Itililiert.)
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Etiology. In the newhorn ami in young children we occasionally 

recognize multiple small nodules, not well defined to the naked eye, 
hut firmer than the surrounding tissue, which, under the microscope, 
are seen to he formed of glia, icith included nerve nils. That these 
are found in the white matter as well as the gray points clearly to the 
fact that here we have to deal with developmental abnormalities 
with inclusions, or overproductions of nerve tissue. It is in young 
subjects that we are specially liable to encounter gliomas. Further, 
as pointed out more particularly by Bonome, the existence of cysts 
lined by epithelium, in not a few examples of this condition, can only 
be satisfactorily explained on the assumption of developmental anomaly, 
either by lateral branching of the central canal and its epithelium, 
or by the inclusion of undifferentiated neuroblast at a very early period, 
which, in the process of growth, fulfils its destiny of producing 4 in
of the nature of that lining the central canal.

There are, however, other secondary cysts which may appear in 
cerebral gliomas, the results evidently of cell necrosis, and these may 
become more or less imperfectly lined bv a layer of more cubical cells, 
which, at first sight, may be mistaken for an epithelium. As we have 
pointed out elsewhere (p. (il7), this is not a true epithelium.

EPENDYMOMA

In the gray matter of the brain we occasionally encounter cysts lined 
by a definite epithelium which can only be ascribed to hetal inclusions of 
ependymal tissue. We have met with one such cyst in the frontal lobe 
lined by a ciliated epithelium. Further, theexisteneeof cysts lined by a true 
epithelium in not a few gliomas can only be satisfactorily explained on the 
assumption of developmental anomaly, either by lateral branching of the 
central canal and its epithelium, or by tin* inclusion of undifferentiated 
neuroblast at a very early period, which in the process of growth fulfils 
its destiny of producing epithelium of the nature of that lining the central 
canal. The relationship of the neural epithelium to the other neuroblas- 
tie elements the fact that neurons and glial cells are the direct derivatives 
from the epithelium—explains why we never encounter pure ependymo
mas; active growth of these vegetative ependymal cells leads coincidently 
to the development of cells of glial and even of neuron type, whereby the 
ependymal cysts appear as inclusions in a tumor of gliomatous type. 
It may be added that the simple cysts, aliove referml to, like other cell 
rests cannot be included in the category of tumors proper.

NEURINOMA AND NEURINOMATOSIS.

There can be no clearer demonstration of the dependence of pathology 
and more particularly the study of tumors upon embryology than is 
affonhsl by the controversy that has ranged for long years regarding the

2372
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nature of a remarkable order of multiple tumors, which according to their 
position and to the prevailing histological teaching of the time have re
ceived very various names (fibroma, neuroma, “Uankenneurom,” 
molluseum fibrosum, neurofibromas, fibromatosis nervorum, Reckling
hausen's disease, etc.). The eases we refer to are those in which multiple 
tumors along the course of the main nerve stem and peripheral nerves 
are associated with multiple tumors of the subcutaneous tissue, now the 
one, now the other group preponderating. These subcutaneous nodules, 
from the size of a pinhead to that of an orange and larger, may be several 
hundred in number. In some few eases the growths have shown them
selves also in the intestinal wall. It was in INNI that von Recklinghausen 
called attention to the frequency of the association of “ multiple neuromas 
and cutaneous fibromas." He termed these neurofibromas, but later 
(IMIS), holding that the essential feature was an overgrowth of the con
nective tissue envelopes of the nerve bundles and of the endoneuriutn, 
and that the term neuroma should be restricted to tumors formed of 
proliferative nerve cells, lie concluded that these should be placed among 
the fibromas,1 the nerve fibrils present not participating in the tumor 
growth.

This view of von Recklinghausen gained general acceptance and the 
teaching of Klebs2 ( INN9) that the primary growth originated from the 
medullated nerve fibres which became converted into bundles of fibrilhv, 
with later connective-tissue overgrowth and fibromatosis proper, was 
generally discredited. Nevertheless, of late years there have appeared 
careful studies of cases difficult to explain according to the prevalent 
views. Knauss3 has described a case of multiple subcutaneous 
growths of this order in a girl, aged eleven years, in which he discovered 
abundant ganglion cells; Askanazy1 a collection of cases of multiple 
tumors in the gastro-intestinal walls with or without associated tumors 
along the peripheral nerves and under the skin; and both workers call 
attention to the existence of ganglion cells along the fine sympathetic 
plexus around the cutaneous blood and lymph vessels and in the plexus 
mesentericus respectively, and seethe origin of the growth in immediate 
connection with these. From another point of view Durante,1 regarding 
each interannular segment of the medullated nerve as a cell, or cell com
pound, governing the formation and nutrition of the contained axis 
cylinder, has postulated that, with aberrant growth, the differentiated 
products of these segmental cells disappear, or fail to be found to a 
greater or less extent, the vegetative cells (of the sheath of Schwann) en
large and proliferate, forming nucleated bands or spindle cells. Thus 
are obtained various grades of more fibrous or more cellular (sarcoma
tous) tumors.

1 As such or rather as a condition of Idastonmtoid fibromatosis, I considered them 
in the first edition of this work.

2 Allgemeine Pathologie, Jena. - : 1889. * Yireh. Arch. 158: 1.N98.
* Arbeit a. d. path.-anal. Inst. z. Tubingen, 2 :1894-99.
5 Corn il and Hanviér’s Manuel d'IIixtol. Pathol., Paris, 3d edit., 3:1907:823; 

so also Francini, / Seuromi, Siena, 1909.
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Tumor* of win tic nerves mid their brunches. 
At », Im-ge tumor connected with small inter
muscular nerve. (Preble and llektoen.)

Section through a fibroma toid cutaneous 
nodule showing the nerve tillers («./.) separated 
by libroid overgrowth. (After Itibliert.)

As will he gathered from our 
iivcount of tlu* regeneration process 
(p. (i2f>) we cannot accept this view 
of Durante, regarding the seg
mented nature of the peripheral 
medullated nerves. But as shown 
by Verocav,1 Durante’s view con
tains this element of truth, namely, 
the recognition that the cells of the 
sheath of Schwann are of neuro- 
blast ie and not, as had heen taught 
hv Kolliker, of mesohlastic origin. 
That this is their nature has now 
heen fully established by Kolin.2 
Not a few observers ( notably ( iencr- 
sicli and Soyka) have noted the pro
liferation of the sheath of Schwann 
in these cases, but, regarding these 
as mesohlastic elements, have re
garded the tumors as essentially 
fibromatous. Certain French ob
servers, on the other hand, from 
Bard3 onward, while making the 
same observations, have regarded 
these cells as of nervous origin and 
the tumors derived from them as 
neuromas of the peripheral nerves. 
Verocav now shows convincingly 
that this is the view that must be

1 Ziegler's Heitriige, 48:1910.
2 Arch. f. Mikr. A nut., 70:1907.
:| Arch, «le physiol. «*t pat hid . 1885; see 

also (Irail, Thèse «le Lyon, 1S97, and 
Ciauticr, ibid., 1899.
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accepted, or, more accurately, that the growths are formed from a “neuro
genous" tissue either derived from the cells of the sheath of Schwann, or 
the less differentiated precursors of the same, from cells, that is, which 
give origin to characteristic nucleated hands and pale delicate bundles of 
fibrils. Just as the neuroblast may give origin to neurons, glia cells, and 
these fibre cells, so in such tumors may occasionally be encountered the 
simplest form of neurocyte small cells resembling lymphocytes and 
various gradations from these up to cells of the imperfect neuron type. 
The tumor is neither a neuroma nor a glioma, but a neurinoma' We 
would go farther and say that we deal not with neurinomas (with a 
blastomatous condition), but with a condition of rmirinomatonis 
(blastomatoid). The multiple nature of the growths along the continuity 
of the nerves demonstrates this. What is of interest in this connection is 
that in a large number of cases, study of the central nervous system shows 
the coincident existence of gliomatous areas in the brain and spinal coni; 
we deal with a tendency toward excessive vegetative activity of the 
nervous tissue, and where the condition affects the sympathetic ganglia 
there may develop true neuromas.

Lastly, to complete the picture, with the overgrowth of the 
elements there may be coincident increase in the true connective tissue 
elements, is is to be regarded not as a neurofibromatosis, but as
parallel with what occurs in scirrhous cancer. There may also be serous 
infiltration ami (edema passing on to the formation of cystic or lymphan- 
gicctatie cavities, mucinous infiltration, hyaline degeneration of the 
specific tissue, or, contrariwise, active vegetative growth of the cells, so 
that certain of the nodules take on a sarcomatous appearance.

CHORDOMA.

This is a remarkable form of tumor, first noted by Virchow, and 
regarded by him as cartilaginous; fully studied by llibbert. Remains 
of the notochord are to be found in the intervertebral disks as small 
collections of large vesicular cells separated by a homogeneous inter
stitial substance. As in cartilage, there are no vessels. They rarely 
form here anything that may be regarded as a tumor, but there is one 
site where a small tumor, never attaining great size, and formed by 
overgrowth of these cells, is to be found, and that, on careful examination, 
not infrequently according to Ribbert,2 in 2 per cent, of all autopsies. 
This position is the Clivus Blu men bach ii*at the spheno-occipital syn
chondrosis, corresponding to the or upper end of the notochord, 
behind the pituitary body. Here the growth, originating in the bone in 
the middle line, is apt to penetrate the dura mater and project as a mass 
the size of half a pea, often intimately attached to the basilar artery; so 
that, on removal of the brain, the fine pedicle in the dura is apt to rup
ture, and the tumor be found hanging to the artery. This little tumor is

1 vivfHiv, a nerve; if, iv6ç, a sinew or fibre.
H'entralbl. f. Pathol., 1905.

4
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compost*'! of tissue distinct from curtilage, him! showing nil the characters 
of notochordal tissue. Knun the presence of interstitial substance 
between the cells, on full consideration, we cannot, with Minot,1 regard

v*. > -*»*-• > >, -x m •
Yi p, \ *

• • « • » * * 
• • ' .* •• * i

v.i
' • • ‘ * •, V; ' : Jt’

*’ ‘ r.‘ , *■#r
Section of n chonlonm. To the right the cells are of flu* liemgn type, not unlike in arrange* 

ment to those of cartilage; to the l«-ft through urtive multiplication the relis are taking on a more 
sarcomatous type ami the growth is lievoming malignant (Fischer '

these cells as strictly epithelial, and must class the tumors thus formed 
as hypoblast ic hy Ionia ta.

1 Xtlami, .Imir. of I’uthol, lflOJ : JHl
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SARCOMAS.

1 11 avk already of necessity referred on several occasions to the 
sarcomatous growths when discussing the typical form of hylic growth. 
Indeed, I heartily agree with Mallory that the more rational procedure is 
not to treat the atypical apart from the typical form of any tumor, hut with 
each tissue in turn to discuss the whole series of growths that may origi
nate from it. Nevertheless, in a work of this nature such a course would 
necessitate undue repetition: it makes for conciseness of handling 
to discuss the sarcomas as a class. Here, before writing of these exten
sively, it will he well once more to lay down what we understand by a 
sarcoma. Let me repeat that the term has nowadays first and foremost 
a histological significance. (1) First and foremost a sarcoma is a richly 
cellular tumor of the connective-tissue type, the cells being of the vege
tative, imperfectly differentiated order, or “embryonic;" and the com
ponent cells develop and present characteristically interstitial substance. 
This may be minimal and little beyond granular matter, but careful 
examination of different parts of a tumor will show that cells of identic 
nature show between them here and there such granular passing into 
definitely fibrillar interstitial substance. We have, that is, the hylic 
arrangement. (2) Such arrangement is not confined to tumors derived 
only from the mesoblast (whether mesenchymatous or mésothélial); 
it is characteristic of certain typical and atypical tumors of epiblastic 
and hypoblastic origin. Therefore, certain atypieal cpiblastic tumors 
must also be regarded as sarcomas, and as we shall show later, the 
actirely growing tumors of transitional lepidie characters hare also from this 
standjxnnt to be included as sarcomatous. (.'{) Secondarily we have to 
give to tumors possessing these characters the clinical significance of 
infiltrative growth and the possession of malignant characters. But 
in doing this we must always keep in mind that malignancy depends 
upon more than the mere form of cell present; of two tumors com
posed of equally small round cells, one may exhibit rapid generalization, 
the other may be at most locally malignant. The tissue of origin, where 
it can be determined, should largely influence our diagnosis. At most, 
we can lay down (1) that the more embryonic the type of cell the greater 
the presi re evidence of malignancy, and (2) that as between 
two tumors of the same origin the more vegetative the type of cell and 
the greater the departure from the adult cell standard, the greater is 
the malignancy.

4
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All such sarcomas present certain features in common. They are not 
encapsulated, Imt exhibit a peripheral growth and invasion of the sur
rounding tissues. This invasion is along the tissue spaces ami leads to 
progressive destruction of the preexisting tissue, with general absorption 
of all that tissue save a supporting framework around the vessels and 
«•apillaries. Sometimes this is not so extreme, and so we obtain one 
form of so-called alveolar sarcoma, in which the tumor cells are arranged 
in groups se|m rated by well-marked connective tissue. We recall a 
ease of Professor I)ellpine'fl in which infiltration of the diaphragm and 
replacement of the muscle fibres by advance of the sarcoma within the 
sheaths gave this ap|>enranee with singular clearness. But even in such 
cases examination of the primary growth, or of the central area of 
the tumor mass, shows that this appearance is secondary, only the 
capillaries and vessels being eventually left, with a small amount of the 
preexisting connective tissue.

'Plie sarcoma cells, in short, yroic in the innneitiate neiyhhorhaotl of 
flic capillaries. 'Phis is a marked feature of all sarcomas. We observe 
throughout the tumor that the vessels are composed of a single endothe
lial layer, immediately beneath which are the tumor cells. The capillaries 
limy be widely dilated; in fact, another feature is the almmlant iHiscnlarity 
of the growths.

While it is difficult to convince one’s self over this point, it is generally 
accepted that there is a new formation of capillaries, and that the sarcoma 
cells grow " ^ these, just as the fibroblasts ap|>ear to extend outward
among the growing loops of granulation tissue; in fact, the close relation
ship between the sarcoma cells and the capillaries closely resembles 
that seen in granulation tissue. In certain small round-celled sarcomas 
we occasionally encounter channels, blood-vascular, that are ban* of 
endothelium as through here the blood makes its way directly between 
the tumor cells.

Prom these relationships it will be readily understood that (I) hemor- 
rliai/cs into the tumors an* very apt to occur, and (*J) that sarcoma cells 
are liable to limnne free in the blood stream, ami that métastasés alony 
flic LIihmI .stream are characteristie of thc.sc yroirfh.s. Such métastasés, it 
must l.e remembered, are not confined to the blood-vascular system; they 
may omir along the lymphatics, so that malignant enlargement of super
ficial and other lymph glands is not absolutely diagnostic of cancer.

Horst ascribes this liability to lymphatic extension es|»eoinlly to small 
round-celled sarcomas of Ivmphosa remua tous type. ( )ur own experience 
leads us rather to the conclusion that, while undoubtedly sarcomas of 
that ty|H‘ show this tendency, all sarcomatous growths of the abdominal 
area, whether small round-celled, small spindle-celled, or mixed-celled 
sarcomas derived from pluri|>otential mixed tumors of one or other 
al visons, may form such métastasés. We recall also a case in
which, in an arm amputated at the shoulder by our colleague Dr. James 
Hell, Dr. Keenan found extensive osteosarcoma with bone formation 
in the axillary glands.

Hut extension by the bloodvessels is undoubtedly the commonest pro-

4014
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cedure, ami thus it is that secondary sarcomatous growth is peculiarly apt 
to show itself in the lungs. So also it must he noted that the growth may 
directly invade and grow along the bloodvessels.1 * Apart from such 
continuous growth, relatively large cell collections may become detached, 
and may even grow free within the heart cavity (as in a well-known case 
of malignant mixed tumor of the testis recorded years ago by Sir James 
Paget1), eventually gaining secondary attachment.

According to Ziegler, the sarcomas possess no lymph vessels proper, 
only omtsional spaces and channels.

It will be readily understood that such rapidly growing tumors present 
abundant mitoses. Irregular mitoses, as also cell inclusions and so- 
called cancer or sarcoma |mrashes, which we must regard as a sign of 
degeneration, also occur, but not so frequently as in cancers. Indeed, 
the variety of degenerative changes is not so marked a feature as are the 
necrotic changes and death of the cells which affect portions of the growth, 
often associated with hemorrhages and pigmentation.

Forms of Sarcoma. In accordance with what I have stated regard
ing cell differentiation and vegetative activity (pp. 141, 670), it will be 
recognized that lack of cell differentiation is to a very large extent accom
panied by retention, or acquirement, of increased vegetative activity. 
We now may be prepare!I to find that the stages of undifferentiation, 
or (inafdania,3 in the different forms of tissue are not wholly identical. 
A glial cell, for instance, in its devi never (Misses through a
spindle-celled stage; thus, vegetative glial cells never produce a spindle- 
celled sarcoma; the mature yte is a smaller cell than the vegeta
tive mother cell which produces it; thus, lymphosarcoma formed of 
vegetative lymphoid cells may be of larger cell type than the adult 
lymphocyte, and, it also, is not of the spindle-celled type. Only cells 
which in the course of their ( normal ) development pass through a spindle- 
celled stage can give origin to spindle-celled sarcoma -connective-tissue 
cells, plain muscle fibres, etc.

And here a common misconception must be noted, that it is incon
ceivable that a typical, fully developed tissue, or a typical blastoina, 
formed of well-differentiated cells, should become converted into unripe 
sarcoma tissue. Kireli-llirselifeld laid it down that such an anaplasia is 
neither probable nor proved, and Kibbert and Horst reecho the senti
ment. Such an argument shows a want of realization of vegetative

1 This seems to lx* u feature of the not very eomnion pure sarcomas of t^e kidney; 
both Wyler (l)iss. Zurich, IH97) and Horst «pinte eases in which such growth has 
extemleil into the inferior vena cava, and so into the right auricle, und we have met
with a similar ease; the specimen is in the museum at Met Jill College. MaeCallum 
(Johns Hopkins Hospital Reports, 9) has reporte» I a case in which a malignant 
tumor of the left testicle extended without a break along the left spermatic vein, 
left renal win, and also along the left iliac veins, the growth passing into the inferior 
vena cava to above th«* diaphragm According to our present knowlc«lgv this might, 
however, to lx* classed, from Ids «iescription and figures, as a chorio-epithelioma of 
the testis rather than with the sarcomas pm|XT.

* Also now regarde»I as a chorio-epithelioma of the testis. 1 See pp. (HI and 841.
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processes. Underlying it is the idea that the fully differentiated cell 
gives origin to the fully differentiated cell. The whole study of regenera
tion shows that this never occurs. Hither there are undifferentiated 
mother cells, or cambium cells, normally present, from which the differen
tiated cell is developed, or, as in muscle and many other tissues, to be
come vegetative the differentiated loses largely its specific features and 
passes hack into the simple vegetative type. It is perfectly conccival le 
that in a highly developed tissue, or in a typical I lastoma, certain cells 
can lose their specific properties and revert to a simpler stage; that as the 
regenerating muscle fibre reverts toward the sarco’ Instie type, so the 
cells in a rhabdomyoma, being unable to function, are therefore all the 
more liable to lose their functional differentiation and assume a vegeta
tive sareoblastic type. In this there is nothing improbable. Accord
ing to the hereditary characters impressed upon them, according also 
to the surroundings in which they find themselves, so will such cells 

to a certain stage of differentiation. And so a tumor may show 
anv stage, from the very lowest vegetative round-celled type up to the 
(not quite perfectly) differentiated tissue cell. Being under abnormal 
conditions and unable to function normally, the tumor cell can never, and 
never does, acquire perfect differentiation.

These vegetative or “embryonic” types of cell are simple and their 
range is comparatively small, from the small round cell, to that with larger 
amount of cytoplasm and rounded nucleus, to the oval cell, likewise with 
relative abundant cytoplasm and oval nucleus, and the spindle cell, still 
larger, with oval or even spindle-shaped nucleus and relatively less cyto
plasm; though here we note a difference: we may have a small spindle- 
eelled or a larger spindle-celled type of cell. In this way we distinguish 
the several ~ of sarcoma, (1) small round-celled, (2) round-celled, 
(3) large round-celled, (4) oat-shaped cell, (5) small spindle-celled, and 
(ft) large spindle-celled. We classify according to the predominant type 
of cell. Where, as in one order of growth, we find considerable variation 
in type we speak of (7) the mixed-celled sarcoma.1

All these we may speak of as purr sarcomas. In addition there exist 
the intermediate sarcomas, in which the undifferentiation has not pro
ceeded so far, so that some of the constituent cells attain a considerable 
degree of differentiation and tend to reproduce the tissue characteristics, 
whereas others are of the actively vegetative type. These are mixed- 
cel led sarcomas in another sense. In this way we recognize the fibro
sarcoma, osteosarcoma, chondrosarcoma. The terms Jihroma sarcoma
tosum, osteoma sarcomatosum, etc., would more accurately express the 
nature of these tumors. It is from the study of these transitional forms 
that we learn to recognize the origin and relationships of the different 
types of pure sarcoma, for in them we see the different anaplastic stages 
exhibited bv cells of one order. It cannot be said tlmt this field has as

' As nnled (p. 733), I do not place the so-called “giant-celled sarcoma" here, 
lint among the myelomas; the melanotic sarcomas are also considered separately 
(P 835
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yet Iarn adequately worked; the finer details of the individual cell 
forms, and equally of the intercellular fibrils, in these intermediate sar
comas need a fuller study in order to afford adequate data for a sure 
recognition of the tissue of origin of the pure forms. We have thus far 
Urn satisfied to regard the sarcoma as an atypical connective-tissue 
tumor and leave it at that. The matter becomes one of practical and 
diagnostic ini|M>rtunce once we admit, as we must, (I) that with a given 
tissue cell the more vegetative the type the greater the malignancy of 
the tumor, and (2) that the stages through which the cells of one tissue 
pass to attain full differentiation differ from those affecting the cells of 
another tissue, so that (3) tumors which su|M*rficially appear to U com
posed of cells of like size and arrangement, if derived from different 
tissues, may vary widely in malignancy.

•“5

Sniiill mtiml vrllvil sarcoma, infiltrating liver, advancing along a portal sheath: l /*, portal 
vein; H It, Idle duct; .1 II, hepatic'artery; /., liver cells.

The Small Round-celled Sarcoma. The small round-celled sarcoma is 
in general the most malignant of all, or, concisely, the most intensely 
malignant anil infiltrative growths with which we become acquainted arc 
members of this class. The closely packed cells have deep staining, 
round nuclei with little cytoplasm; the interstitial reticulum is at a 
minimum; the arrangement of the cells immediately beneath the vascular 
t "nun is very characteristic. They are extremely vascular and
liable to exhibit hemorrhages here anti there throughout their bulk. 
Métastasés occur both through the blood stream anil along ihc lym
phatics.

They originate, it is generally held, from connective tissue in the most 
various parts of the organism, and the similarity they present in general 
to granulation tissue is striking. It is, however, |x>ssihle that they 
represent the least differentiated, most actively vegetative stage in the 
development of all tissues. We may recall that the simplest, most vege
tative type of neuroblast cell is of this order (p. 757),
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Of tliv ordinary round-rrllcd narcmna nothing van he stated with defi
niteness, save that it also is actively malignant, luit not to the extent 
that is the previous form. It also appears most often to originate from

connective tissues. Its cells, while

Large rouml-eellrd Burcoinu. (Hihlwrt.)

larger, and more vascular than tlios 
him is more marked, and there is a 
more, the peripheral portions of the

small, are not strikingly so; their 
cytoplasm is more obvious.

The Large Round-celled Sarcoma.
The large round-celled sarcoma 

shows, however, distinct difference 
in type, and we regard it as belong
ing to another class. The cells im
press one as being distinctly large 
and of the more “epithelioid" type; 
i. r., with abundant c) 
ing a cell body not perfectly round, 
but rather variable in shape, now 
suboval, now obscurely polygonal; 
the nuclei tei ie suboval, paler, 

e of the previous forms. The retieu- 
sliglit connective-tissue stroma, nay, 
growth arc apt to take on an alveolar

Ilat-shaped coll sarcoma. (Leo Loch.)

mm

type. 'I'liere is not the same extensive destruction and absorption of the 
tissue infiltrated as we note in the previous •Wtrnis. Such tumors are 
often found in connection with striated muscle. It is at least possible

991119
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V MU ET! ES OF SARCOMA im
(liai one group represents the most vegetative form of rliabtlomyosareomu, 
though more evidence is mpiired upon this point. Another group of 
forms originates in the testis, with characteristically large cells, and 
derived possibly, as suggested by Ilansemann, from the large interstitial 
cells of this organ (they thus are of mésothélial origin). The least 
differentiated and most actively vegetative form of lymphoma presents 
this order of cell.

The Oat-shaped Cell Sarcoma. The oat-shaped cell sarcoma is not very 
usual, hut when encountered is a very characteristic form, because of the 
regularity of the blunt cells with long oval nuclei which form the main 
mass of growth. We have not been able to satisfy ourselves that this 
form is characteristic of sarcomas originating from any particular tissue, 
save that in one case, as already noted (p. 747), we have possibly traced 
a plain muscle origin for this type.

The Small Spindle-ce lied Sarcoma. The small spindle-celled sarcoma is, 
as the name implies, formed of relatively small spindle cells, varying in 
length from 10 to 20 ft (whereas in the large 
spindle-celled growths the cells are often from 
ôt) to <N0/i long). The cell nuclei are oval 
or, like the cells, spindle-shaped, the cells 
collected in bundles with surrounding stroma, 
and these bundles appear to conform to or 
surround the capillaries of the growth. Here 
and there one notes often that some cells 
have produced definite fibrilhe.

The appearance so closely resembles that 
of organizing cicatricial tissue that we have 
no hesitation in regarding this form as of 
connective-tissue origin, and, as a r of 
fact, these < are found in connection with 
connective-tissue areas, the coriuin, fascia, 
etc., while, further, both, fibroglia and collagen fibrils characteristic of 
white connective tissue can be detected in them. Cells with similar 
fusiform nuclei, but with less definite cell bodies, are encountered in the 
neurinomas, here associated with fine nerve fibrils. ( Y red with the 
round-celled forms, these are more benign. Métastasés may occur, but 
are rare.

Large Spindle-celled Sarcoma. The differences between this and the 
small spindle-celled form are very largely parallel to those between the 
large and small round-celled groups. The nuclei are larger and clearer, 
often vesicular, and a variability is noted in the size and shape of the 
cells, as also in the terminal processes, which may be simple or forked. 
The tumors are found in connection with periosteum1 (the large spindle 
cells of the giant-celled myeloma may here be recalled), fascia, and 
either the connective tissue of muscles, or it may be, from striated 
muscles themselves.

1 In this type of large spindle-eelled sarcoma the cells, while large, are in general 
“stocky" and not of great length.

4<J

Large H|>imHp-celle<t sarcoma 
1 Ribl ■
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We refer here more particularly to a group of large spindle-celled 
sarcomas, in which, besides spindle cells of great length somewhat 
irregularly disposed, and possessing often two or it may he three nuclei, 
we encounter also large oval or irregularly shaped cells recalling the 
sarcohlasts.

Intermediate Types. Fibrosarcoma. It is singularly difficult to 
draw the line between the fibroma proper and what we would term the 
fibroma sarcomatosum, and this because the ordinary fibroma in general 
is more cellular than ordinary fibroid tissue. It thus hecoim matter of 
individual experience to decide when this cellularity is sufficient to 
label the tumor as fibrosarcoma, and so attribute to its malignant char
acters. A well-marked form may still be well encapsulated, but show 
abundant “naked” spindle cells along with cells, still spindle-shaped, 
that have attained to the stage of forming interstitial bundles of fihrilhv. 
Such tumors arc often singularly rich in large dilated vessels, and are of 
soft consistency.

Myxosarcoma. In such, while the main mass of the tumor may show 
a rather richly cellular myxomatous appearance (the individual cells 
presenting the characteristic processes), here and there are islands 
and masses of more closely collected round cells of fair size unpro
vided with processes: less differentiated cells, evidently more rapidly 
growing. Such tumors are apt to increase in size rapidly and to form 
métastasés.

Liposarcoma. A lipoma, after growing slowly for years, may take on 
more rapid growth, and with this on removal may show one or more areas 
of sarcomatous change, in which the fat cells become replaced by a richly 
cellular tissue. In one such tumor examined by us the cells and their 
nuclei were of an oval type. Uindfleisch would restrict the term to a 
class of cases in which a round-celled tumor of sarcomatous type shows 
throughout cells having the tendency to become infiltrated with fat in 
the form of larger or smaller globules.

As will have been gleaned from the general treatment of the subject, 
we wholly fail to see the propriety of this ruling, or that it accords with 
fact. The doctrine upon which it is based, of absolute fixity of proper
ties on the part of tumor cells, is untenable. Once it is admitted that a 
metastasis, while retaining the same basal characters, may be of a simpler, 
more vegetative type than the parent tumor, it becomes illogical to 
hold that in that parent tumor the same process cannot occur and 
even be progressive until certain cells acquire the most undifferentiated 
characters.

Chondrosarcoma. The various stages of undifferentiation are, indeed, 
frequently exemplified in a rapidly growing chondroma. We see there 
in the centre of an area unmistakable cartilage, though more cellular 
than is the normal tissue. At its edge we note the cells still more abun
dant, and here the chondriform interstitial tissue becomes replaced by a 
more mucoid matrix, and the cells become stellate. There is no sharp 
boundary, no island of cells possessing other properties, but a gradual 
transition from the more highly differentiated to the less differentiated
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a reversal, we may describe it, of what occurs in the normal condition of 
cartilage. Passing farther out we have every transition to larger cells, 
still more closely packed, without processes, or at most of blunt spindle 
shape; a true, rather large-celled sarcoma, the cells exhibiting abundant 
indications of active growth.

The contrary view, that the tumor is from the first essentially chon- 
drosarcomatous is incompatible with the fact that such tumors present, 
along with the development and vascularization of this sarcomatous 
tissue, evidence of progressive removal of the cartilage. As the vascular 
sarcoma tissue becomes formed, here and there it can be seen advancing 
into, absorbing, and replacing the previous cartilaginous substance. The 
first stage has been that of cartilage formation, the latter that of sarcoma
tous modification.

Osteoid Sarcoma. Osteochondrosarcoma, and Osteosarcoma. By these 
terms we distinguish three different types of intermediate sarcoma, 
exhibiting different grades of the ossification process.

'I'lie osteoid sarcoma is fairly common, and is, as regards malignancy, 
a true sarcoma, growing rapidly and forming métastasés. In it we find 
areas which it is best to describe as intermediate between cartilage and 
bone. There is a homogeneous, cartilage-like matrix, but the cells in this, 
where single, resemble more bone corpuscles than cartilage cells; often 
there are several in one space, and where this is so they show all transi
tions to the sarcoma cells, surrounding thickly the osteoid lamella or 
mass. These cells are polymorphous, and away from the lamella* giant 
cells occur. One cannot study such a tumor without being convinced 
that the osteoid tissue is an integral portion of the tumor mass, that it 
is the tumor cells which have produced and governed the deposit.

Prom this we pass to cases a stage less undifferentiated, in which there 
is deposit of calcareous salts in the lamella* in certain areas; we are a 
stage nearer to true osteosarcoma. Other cases exhibit areas both of 
true cartilage and true bone; for these the name osteochondrosarcoma 
should la* reserved, although the last-mentioned form is evidently very 
closely allied.

The osteosarcoma proper shows lamella* and masses having the chem
ical composition of true bone. The histological picture may be, nay, 
generally is, imperfect imperfect lamellation- and, while showing cor
puscles, these have not the typical branching character. But, neverthe
less, it must be regarded as true bone to the same extent as the fibres in a 
myoma are true plain muscles fibres. It is what von Hansemann de
scribes as rudimentary bone formation. This may be present in irregular 
isolated spicules, or as a thin irregular spongy mass, well shown when the 
tumor is macerated; or, as in periosteal osteosarcomas, as a series of 
radiating spikes, osteophytes, adherent to and apparently growing from 
the shaft.

It is interesting to note how the adherents of the fixity of tumor-cell 
properties theory dispose of this bone formation in these sarcomas. 
The presence of true bone as an actual intimate constituent of the tumor 
proper cannot lie allowed. It is, according to Burst, following Kind-
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Heist'll, ( I ) calcified intercellular substance, and it is to lx* distinguished 
from (2) the true hone, the stroma-like remains of the bony tissue in
vaded by the sarcoma, or (3) a reactive inflammatory proliferation of the 
I lone involved by the sarcoma. The benign ossifying forms, such as we 
see developing from the periosteum, cause superficial erosion of the shaft 
of the bone and a reactionary osteophytie inflammatory reaction. It is 
not explained (because it cannot be) how this inflammatory growth of 
the osteophytes is brought about ; that, for example, each “osteophyte” is 
surrounded by a normal vascular tissue, with normal osteoblasts which 
deposit the new bone corpuscle and bone layers on the surface of the 
same, and so bring about increase in length. As a matter of fact, the 
osteophytes are directly surrounded by the tumor cells, and the tumor 
cells, and they only, can give rise to the ncw-growth. As in normal 
bone there is a layer of cells around the vessels which do not themselves 
undergo ossification, whereas away from the vessels these cells or their 
descendants become osteoblasts, so in this order of tumors the cells have 
not become so completely undifferentiated that they cannot still, in 
certain surroundings, manifest a certain amount of functional activity. 
Horst has to admit that in osteoid sarcomas the cartilage-like ground 
substance is a constituent portion of the tumor, and does not to
explain how the métastasés in the lungs and elsewhere contain bony 
elements.

This group of osteoid sarcomas exhibit most often mixed sarcoma 
elements: spindle cells large and stumpy, polygonal cells varying in size, 
giant cells, the latter not so frequent, as a rule, in periosteal, > 
sarcomas as in central growths. Such central growths are apt to be 
expansive, causing absorption of the shaft and spontaneous fracture. 
Willi the growth there is still some periosteal bone formation on the 
surface, as indicated by the “egg-shell crackle” over them. In general 
they do not form métastasés until the periosteum becomes ruptured and 
infiltration occurs of the surrounding tissues. In general, also, it may be 
laid down that the greater the development of osseous matter the less 
is the malignancy of the tumor. Thus the very “osteophytie” periosteal 
sarcomas of the long bones and face are only mildly malignant. The 
most malignant eases in our experience are those which show least bone 
and most cells of the small type.1

Lymphosarcoma. This form we have already discussed. We will here 
only recall (1) that it is distinguished from the round-celled sarcoma 
proper bv its more marked reticulum, well brought out by pencilling, 
or by washing the section in running water, and (2) that the larger-celled 
form (equivalent in size to the ordinary round-celled sarcoma) is of the 
more vegetative type. Such growths have a tendency to be local and 
infiltrative and to form métastasés in the nearest lymph glands.

Leiomyosarcoma. These again we have already noted (p. 747). It is 
that a group of spindle-celled sarcomas of the uterus and

1 Fur a careful study »»f bone sarcoma, see Buerger, Surgery, Gynecology, and 
Obstet ries, UK 19:431.
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alimentary tract possibly also of the genito-urinary tract—come under 
this category, tumors exhibiting moderately large spindle cells, variable 
in length, down to the blunt oat-shaped form.

Rhabdomyosarcoma. The pluripotential tumors of the kidney and 
other regions are apt to take on this type, to exhibit, that is, large and 
very long, imperfectly formed muscle fibres, which may in part show trans
verse striation, others of long spindle shape j only longitudinal
fibrillation, large polymorphous and often multinueleated cells of the 
sareoblastie type, and with these cells with one or two nuclei of the 
epithelioid type. Whether r are of sareoblastie origin remains
an open question. We are inclined to consider that some of the cases 
of “ mischgeschwülste” of the simpler type reported as occurring in the 
vagina and genital tract are tumors composed of sa reoblasts of different

Fia. 242
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A. From the more typical portion of a glioma. H. Another region from the same growth 
of more malignant type, a true gliosareoma. (Thomas and Hamilton.)

grades of development. The existence of this group renders it possible 
that a group of large spindle-celled tumors of muscle showing also great 
irregularity and some polymorphism may be sarcomata derived from 
muscle elements. ( For the giant-celled form see page 751.)

Gliosareoma. We have noted this form in our discussion of the gliomas, 
and pointed out that (1) we regard the term as of perfectly correct usage 
(though we prefer the alternative (ilioma sarcomatosum); (2) it is of 
most common occurrence in connection with the retina, and here is 
malignant, with infiltration, and liable to form métastasés. The features 
of such a form are, briefly, that it is composed of small round-celled 
elements, in the main indistinguishable from those of ordinary small 
round-celled sarcoma. Careful investigation shows that some of these

^
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retain, though imperfectly, the glial processes. The cells arc especially 
well stained around the vessels of the tumor, i. r., those at a distance arc 
apt to degenerate. Here and there the peculiar rosette-like arrangement 
of the cells, characteristic of the glioma proper, is to he detected.

(ireetf has even made out in these retinal tumors the existence of 
imperfect, undeveloped nerve cells, and ascribes the origin of these 
growths, we think justly, to cell rests of embryonic nerve tissue within 
the retina.1

• For reviews of the more recent literature u|xm individual forms of tumors the 
reader is referred more particularly to Luharseh and Ostertag’s Ergelmissv tier 
allg. Pathologie, in which every other year or so there are afforded admirable studies 
upon neoplasia.



CITA PT E II XXI.
PRIMARY LINING M KM HR A NE, OR LEPIDIC Tl MORS (LEPII)OMAS).

It has lieeonie the " of late years to speak of these as fibro
épithélial tumors. We doubt the utility of the term. It is true that 
there is always more or less of a fibrous connective-tissue stroma, but 
this is secondary, even though, through its variation in amount it affords 
us to some extent a classification of certain forms, and its
presence is characteristic. But it exhibits no independent blastomatous 
growth of its own, save in the singularly rare cases which we shall have to 
note later. The essential part of all these tumors is the epithelial or 
glandular, or what we have termed the lining membrane element; it 
is this that takes on independent growth. For that growth the stroma, 
containing vessels, is essential, and, what is more, the very presence 
and activity of the “lining membrane" elements influences or sets up 
proliferative changes in the stroma, but these, at most (with the rarest 
exceptions), of an irritative, non-hlastomatous type. These tumors, 
then, are best understood when we regard them as essentially of epi
thelial or lining membrane type. We can, as usual, divide them into 
the typical and the atypical.

TYPICAL LEPIDIC GROWTHS.

PAPILLOMA.

In these we have to deal with outgrouihs from surfaces presenting a 
covering lager of epithelium, whether squamous or columnar, and haring 
a more or less pronounced connective-tissue core to each individual process.

I. Of Irritative Origin i Non-blastomatous i. Here, again, we 
must ret »ve a group of cases which, as their growth is obviously 
due to irritation, cannot lie regarded as true blastotnas, though, as 
these are papillary tumors, the name papilloma still adheres to certain

(a) Warts. In these we deal with overgrowths of a collection of 
papilla* of the corium, covered by a common, thickened, and some
what hypertrophied epiderm. They would seem to arise from irritation, 
are commonest in childhood, and have a marked tendency to disappear 
eventually. Some userilie to them a definite infective origin, and clear 
evidence has been brought forward of transmissihility of the condition.1

1 JmlusHohn, Yvrhnmll. <1. dent sell. dermalolog. Ixongr., ISOS; Lan*, Deiitseh. 
moil. XYoolionsolir., 1899 : Nr. 2U.

9

59



LEPIDIC TV MORS776

This may, however, indicate mere transplantation, although, as Lanz 
was able to produce them upon tin* tip of his linger hy rubbing it over the 
wart of a patient, an infective origin appears the more likely.

(b) Molluscum Contagiosum. 'This is a definitely contagions skin 
disease affecting the face and head, the hands, and other parts of the 
body, which presents itself first in the form of small red elevations, 
which grow into warty elevations, continually breaking down in the 
centre and discharging whitish, cheesy matter. The growth is not 
so much ? according to Kaposi, as deeper, affecting the epi
thelium of the sebaceous glands, or ((). Israel) the hair follicles. The

Fia. 243
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Tin* various griuli-s of warts and cutaneous papillomas. (Perk.)

surface layer, indeed, may show little hypertrophy; only, therefore, 
from its warty appearance does the condition come to l>e considered 
here. Characteristic I mm lies are found in the affected epithelial cells, 
regarding which there has been much debate as to whether they are 
parasitic protozoan forms or merely cell degenerations—or Ixitli.

In a somewhat similar condition atfeeting the head anti comb of the 
fowl, it would seem evident that there are parasitic organisms present 
anti setting up the disturbance. The consensus of opinion at the present 
time tends rather toward the degenerative view regarding the molluscum 
corpuscles; they are classed with the cancer I indies (see p. 798).
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The Pointed Condyloma. This projecting epithelial overgrowth 
occurs more esjieeially as a multiple development upon the external 
genitalia—vulva, vagina, penis or, again, in the anal region, or, more 
rarely, in the mouth.

It presents itself as a warty, nfrliilar, sometimes mullierry-like, or 
even cauliflower-like growth, the outer wall of which is formed of thick
ened, overgrown, squamous epithelium, lying upon a stock of hyper
trophied connective tissue, vascular, or very often showing small-celled 
infiltration. There is always a history of irritative discharges bathing 
the part, and in almost all eases in man one of chronic venereal disease 
to he gained. It is deserving of note that, while themselves of a lienign 
type, they may eventually lieeome the seat of epithcliomatous develop
ments. On the other hand, if in the early stage the source of irritation 
he removed, their growth is apt to In* 
arrested. If left, the growth lieeomes pro
gressive and and may attain
an extraordinary extent, with abundantly 

processes, as upon the penis, 
where it may completely encircle the glans.
We here deal with a borderline condition.

Cutaneous Horns. We occasionally en
counter these, more often in the old than 
in the young very slowly developing pro
cesses of true horny matter, often of bizarre 
shape, projecting from one or other region 
(most often of the scalp and face), and 
movable, their bases being soft.

They represent a condition of hyper
keratosis, or excessive development of the 
keratinous matter, an overdevelopment of 
the horny layer of the skin, coupled with 
a failure of the scales to peel or Ik* rubbed 
off, so that they accumulate and form these 
masses. Hut as the horn grows in length 
it is to Ik* noted that the underlying skin papilla, or papilla*, become 
elongated, to form a vascular core passing, it may be, almost to the 
end of the growth.* An overgrowth of the epithelium appears here to 
be the primary event, but as the p-ocess in the older areas appears 
to lie self-limiting, the cells " ' out the whole thickening of the
epidermis lax-oming keratinized, and the stratum Malpighii almost com
pletely disappearing, it is difficult to regard this as a true blastoma.

In reference to the relationship lietween inflammation or irritation and 
papillomatous growths, two interesting conditions have to Ik* noted—coc- 
cidiosis and the disturbances caused by the ova of the worm Hilharzia.

Coccidiosis. In the ordinary rabbit bred in captivity it is very common 
to find in the fiver a variable numlxn* of rounded, whitish nodules, some 
hardly visible to the naked eye, others reaching lie size of a pea, and 
even larger, and distributed along the branches of ti •* bile duets. When

('omlylomtitu of the vulva. (Orth )
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large, these are soft and not unlike small abscesses, anil when the soft 
material is removed from the centres of the nodules, a cystic cavity is left, 
with a papillomatous wall.

rpon examining these under the microscope, it is seen that we have 
a very remarkable condition of dilatation and proliferation of the bile 
ducts. The surrounding fibrous tissue is considerably increased, and 
the overgrowth of the epithelium is such as to form numerous fine papil
lary projections; in fact, the appearance is very much that of a cyst- 
adenoma.

If, now, we examine still more carefully, many of the individual 
columnar cells of this epithelium are seen to contain inclusions, and 
these inclusions cause the cells to be, many of them, greatly enlarged.

I'm. 245

eo'vn

Sert ion of portion of the wnll of ti roci-iilinl cy*t in the liver of » rnhliit : n, filtrons rnpsule; /». 
prolifvrutvil epithelium of (tile iluet. with pnpilloiiiiiloim outgrowths; r, eoeeidiii free in lumen.

If we follow the series of stages, at first little can lie made out lievond 
that there is an indefinite body in the cell substance; but, as this grows, 
it gains a definite wall of double contour, and takes on a somewhat oval 
shape. Outside the body, kept in a moist condition, sporulation takes 
place, and four spores are produced, in each of which there develop 
two somewhat crescentic germs. These germs become aimvboid, 
and in this motile state are evidently capable of entering the epithelial 
cells of a second host, there to repeat the life history. According to 
Delépinc, they may In* found frequently affecting the cells of the duode
num of the rabbit, and it is supposed that here the motile forms are 
clalxiratcd, pass up the bile duct, and into the liver, and again, either 
directly or through a second generation, enter the epithelium of the bile 
ducts.

A remarkable part in this disease is that the presence of these small 
animal forms within the cells leads to a very marked proliferation 
resembling what >\e find to occur in tumors proper of the adenomatous
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type. Wlmt is furtlivr of interest is that there is no spread of the growth 
apart from the presence of these eoeeidia, and that there is apparently 
no general disturbance set np in the vast majority of eases. Again, 
the presence of these parasites does not necessarily lead to necrosis and 
death, hut rather to proliferation of the cells. As I lelepine remarks, “the 
parasite appears to Ik* almost entirely devoid of any marked irritating 
properties; its presence leads to a setting up of irritation which only 
slightly exceeds physiological stimulation, and a result of this slight 
irritation is an excessive growth and plication, with hardly any 
increase of death among the cellular elements."

Tyzzer1 also has made a study of eoceidiosis in the rahhit. lie 
out that the parasites attac k only the epithelial cells, and that at the ter
mination of the process of growth of the parasite the cell is reduced to a 
sac containing the parasite, having on one side a darkly stained crescent, 
representing the degenerated nucleus. Uupturcd cells are found from 
which the parasites have been set free. Degeneration and destruction 
of epithelial cells thus follow their invasion by parasites, lint, adds 
Tvzzer, “ numerous mitoses are seen in the epithelium, and. where the 
infection is not overwhelming, proliferation is in evidence. The epithe
lium is markedly thickened and its cells are crowded." His opinion is 
that the formation of the papilliform projections is to In* explained by 
hyperplasia of the connective tissue, which pushes through defects in
the .......... layer; that both epithelium and connective tissues are
stimulated to increase, and that the epithelium proliferates in an attempt 
to repair the defect in its continuity. For myself, I am more than doubt
ful whether the epithelial overgrowth is so particularly in relation to 
previous destruction, or to the papilliform projections of the connective 
tissue. It is often generalized all around a dilated bile duct, and irregu
larly of several layers. We have here a case, that is, in which irritation 
of low intensity, acting in a more concentrated form, leads to cell de
struction; where less concentrated, it leads to cell proliferation; where 
overgrowth l>oth of the epithelial cells and of the neighboring connective 
tissue is initiated by the eoccidial products, the interesting and remarkable 
feature I icing that the irritation here leads to localized overgrowth of 
epithelial elements. In this we have a condition unusual in ordinary 
inflammation, and more like what we see in epithelial tumors or ade
nomas. There are, however, two features which would seem to dis
tinguish these eoccidial growths from tumors proper: first, the continu
ance and farther ffrowth is directI// dependent upon the continuance of 
the eoeeidia, so that we frequently come across evidence of old cica
trized areas, showing no eoeeidia, or containing them in the encysted 
and resistant stage, the epithelium having undergone complete degener
ation; and, secondly, unlike true adenomas, showing cystadenoinatous 
change and atypical epithelial proliferation, nr never meet with evidence 
of metastasis.

Therefore, while eoceidiosis is interesting and of importance as

1 Journal of Medical Itosrnreh, 2:1002.
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indicating the existence of irritants which lead to epithelial overgrowth, 
it cannot lx* quott-d as affording us examples of true tumors or blasto- 
mata of parasitic origin. At most, it can Ik- adduced as one of the 
intermediate stages between inflammatory and blastomatous conditions, 
and as an illustration that irritation of low intensity, insufficient to cause 
cell degeneration, may lead to proliferation of specific cells.

Bilharziasis. There is, however, another condition of new-growth due 
to parasites which appears, from all descriptions, to Ik- definitely Mas-

Fm. Fm

Ova of Itilliarzia (nehi*lo*omn) hu-iniilo- 
hiiuii. lo show a, Ivrinin.'il; /». lateral h|iike.

tomatoiis. It is possible that 
further and more minute studies 
will demonstrate recognizable 
differences, but for the present I 
do not see how we are to distin
guish tumors of this order from 
tumors proper, save in that here 
thedireet incitiugcauseis known.
We refer to the rectal and vesical 
growths initiated by the ova of 
the Itilliarzia.

The parasite is extremely 
common in Kgypt and Abys
sinia ; the adult female, when 
mature, shows a predilection for 
the portal veins, more especially 
for those of the pelvic area.
Here the eggs are discharged, 
and, passing into the smaller 
veins, mechanically, through the 
agency of their terminal spikes, 
they penetrate into tin- surround
ing tissues. More particularly 
are they found in great numbers in the mucous coats of the large intes
tine and rectum and in the walls of the bladder, a considerable number 
making their way out, passively, into the cavity of the bladder and into 
the gut inducing thereby conditions of hematuria and luelcnu. This 
passage out of the ova induces chronic overgrowth of the rectal mucosa 
and the vesical < so that the mucosa of lower portions of the
rectum Im-coiiics greatly swollen, in fact, papillomatous, and the same

Ilillinrzi.-iMiN of Ilu» rectum, to show |i:i|iillom:i- 
tou* overgrowth of tin» mums»: //. i-iivitie* tilh-il 
with IiIihhI, tl.ouss. i
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is true* of the* inner coat of the Madder. What is more, mimerons 
eases are on record in which this condition of chronic proliferative 
inflammation has given place to definitely cancerous growths.

We spoke of the assumption of malignant properties in cases of 
fibromatosis, as in cpiphenomenon. It might he said that the same 
is the ease here. The difference in the two is that here we recognize 
(lie presence and influence of a continuously acting irritant, which 
eventually, in a certain proportion of cases, if in action for a sufficiently 
long period jMissihlv, also, in those having a special predisposition— 
leads to something beyond mere inflammatory changes leads to an 
aberrant progressive and excessive tissue growth, with the proliferation 
of atypical tissue cells invading the surrounding tissues and, indeed, 
capable of forming métastases.

A point of not a little interest is that, while the ova are abundant in 
areas of chronic proliferative inflammation, T. Harris found them absent 
in the definitely cancerous areas. In other words, while they appear 
to start the cancerous process, once it is started they do not appear 
necessary for its continuance. This absence, I am assured by Professor 
Sumners, who has extensively studied the condition, is not by any 
means constant.' (îocbel, from a study of the bladder tumors thus 
induced, lays down that changes in the connective tissue precede and lead 
up to the malignant epithelial growth.1 2 'Phis is eminently probable as 
the eggs are present in the suhmucosa and not in the epithelium.

2. Blastomatous Papillomas, —(o) Soft Papillomas. These grow 
from mucous membranes, and in general afford the most satisfactory 
examples of the form of tumor which develops in direct continuity 
with, and clearly from, a normal epithelial membrane. What is the 
direct cause of the cells in one particular locality taking on excessive 
growth is not easy to say. Even if, as is often the case with intestinal 
papillomata, we gain a history of previous inflammation or of dysentery 
in eases of so-called colitis poly posa, of gastric ulceration in gastritis 
polyposa, why in some individuals these conditions set up the over
growth we can, at the most, suggest. But these matters we will discuss 
Inter. Of these papillomas we may have every form, from a simple 
nodular protulierunee of the mucous membrane, either sessile or sul>- 
peduneulate, such as we often meet with in the intestine, up to a brush
like mass of delicate long processes, such as inav be present in the 
bladder.

Such growths show themselves in the nasal passage, the stomach, 
and intestines, gall-bladder, urinary bladder, ureters, pelvis of kidney, 
and uterus. They show a framework or stock of connective tissue, 
which follows faithfully the branching of the growth, and is distinctly 
vascular. A transverse section of one of the finger-like processes of 
the many branching forms exhibits usually a central artery, with vein,

1 i*st‘ also Kymmers, Fe*t*chri(l by the pupils of Professor I). .1. Hamilton, Aber
deen, 1907.

* Zeitsclir. f. krebsforscliung, It : Xu. 3.
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or veins, surrounding a soft 
and outside this the t

connective tissue somewhat infiltrated, 
layer. That epithelium is apt to show

Papilloma «»( bladder to -how the Ion*, finger- 
like papillomatous outgrowth». (Ribbert.)

One of the fine proresiseH of a papil- 
loma of the bladder more highly magni
fied to show the rentrai fibrous core or 
stork with vessels.

abundant mitoses. At times it is highly ditfemiliated and 
in the intestines it may exhibit abundant goblet cells.

very typical ; 
But often,

mil

am
mmmm

Intraryxtic papilloma of breast. (t Irtli. >

especially in the more exposed parts of the growth, it is niotlilied. A 
papilloma of the bladtler, for instance, may exhibit an undifferentiated

26
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round-celled epithelium, resembling a proliferation of the cells of the 
lower layers.

(b) Intracystic Papillomas. Another group of papillomas, the intra- 
cyst ic, is fouml «level in cystic adenomas, tilling up the cysts with 
branching and complicated masses of epithelial processes. Such we 
find, notably, in connection with ovarian cystic growths and mam
mary adenomas. More rarely we encounter these in cystic growths 
of tin* kidneys and bile passages. As in the other form, these intra
cystic growths possess a connective-tissue stock though it is interesting 
to observe, in ovarian adenomas, that the Jirst stage of papillary over
growth presents itself as a folding outward of the layer of columnar 
cells, suggesting that by this means the increased number of cells accom
modate themselves; in this first stage nothing beyond basement mem
brane is present in the fold. The conneiiive tissue anil rasenior i/rinefli 
inti> llir irriHrss is secondary. These grow into the space offered by 
the outward projection of the epithelium. 'This must be regarded as 
tin* mode of development of all papillomas, even of the most complicated 
and ninny-branching forms, such as we encounter in the bladder. Thus, 
K first einer1 points out that when the cells of an ovarian cyst adenoma 
“seed" themselves upon the peritoneal surface in their growth they 
stimulate proliferation of the peritoneal connective tissue which now 
forms the stock of the developing metastatic papilloma, and Steiner* has 
similarly called attention to the fact that when the cells of a neighboring 
papillomatous growth spread over a granulating or other surface devoid 
of epithelium, under their influence the underlying connective tissue 
develops papillary processes.

Not infrei|uently these soft papillomas become the seat of cancerous 
growth, with increasing proliferation and accompanying changes in the 
character of the cells. In certain areas the cells grow inward, instead 
of outward, and proceed to infiltrate. A study of papillomas exhibiting 
the early stages of the change is most instructive ( Hauser). To this 
we shall refer later.

ADENOMA.

By adenoma we understand a growth com|M>sed of relatively typical 
glandular epithelium, arranged, that is, according to the manner in 
which it is found in the mother tissue; if that tissue be ci sed of 
glandular acini, with definite Itimina, there the adenoma is likewise 
in the ini, with lutnina; if, as in the liver, the acini are formed
of solid cell masses, then the adenoma is of solid cell masses without 
Inmina; if developing from duet epithelium, then the adenoma partakes 
of the character of duct epithelium. The form exhibited by the different 
varieties of adenoma is thus capable of very considerable variation; each 
has to be considered in relationship to the tissue of origin. Never
theless, certain features are common to all.

Virch. Arch., 130:1893: 403. 1 Ibid., 149:1897:307.
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Exhibiting relatively slight anaplasia, such growths of secretory cells 
are apt to retain some power of secretion. Adenomas of the digestive 
tract still exhibit goblet cells and discharge mucus; of the thyroid, many 
still form colloid; of the liver, still produce bile; and, as such growths 
are independent, where contained within the tissues and encapsulated 
they are incapable of discharging their secretion, which is apt to accu
mulate, and, distending the constituent tubules, to form cysts—vyxt- 
adc nontax.

Here we immediately encounter the great crux in the study of this 
order of growths; although histologically of the same grade of develop
ment, of two tumors of the same organ one may become cystic, the 
other not ; some tumors are sharply en< from the mother tissue,
and, in fact, may lie heterotopieally, far removed ; others, while

-y, -#v, V:%

C

-V •£.

i
<•"o

Ailoimniii <if liilv iIui'Ik, formed nf ucini rrwmhling lliiw of imrmtil liili* dui-lc. (W tit «old.)

apparently equally encapsulcd, but within the mother tissue, clearly 
(as in the so-called adenomatous hypertrophy of the prostate) retain 
through their ducts a communication with the body of the gland from 
which they have developed, and are still able to discharge their secretions. 
This is notably the ease in the polypoid adenomas of the digestive tract, 
the nasal cavities, etc. From the frequent communication and direct 
connection with the surrounding normal tissue it is impossible by any 
means at present at our command to make a separation between ade
nomas of this order and conditions of localized glandular hyperplasia, 
in which, likewise, the communication with the exterior is not arrested. 
< iiven two sections, for example, one from a ease of diffuse chronic 
fibroid induration of the mammary gland of known irritative origin, 
another taken from the centre of a localized encapsulated libro-adenoma

6000
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of the uiaiiiiiia of this type, and it is frequently impossible to determine 
which is which. The same is notoriously true in the liver. We meet 
with a succession of cases from simple diffuse regenerative hypertrophy, 
as after acute yellow atrophy, through others in which, as in cases of 
cirrhosis, the regeneration, while regular, is more localized, confined to 
separated islands- or peninsulas of liver lobules (regenerative hyper
plasia); to others, in which nodules of liver tissue exhibit an expansive 
growth, and, growing, cause atrophy of the surrounding liver cells, a 
definite boundary of capsular nature distinguishing these growths from 
the rest of the liver tissue. Histological examination of such tumors 
show the cells of typical character, arranged in typical masses, but these

!

Ailenumu nf liver, fornicil of columns of cell# (c), miming compression of surrounding normnl
liver tisane (</). (Watzold.)

masses are not arranged into lobules. The same is true even lower down 
in the scale, in the regenerative hypertrophy of cirrhosis, but here it 
becomes even more pronounced, and from these cases we proceed, 
again bv almost imperceptible transition, to others in which the cell 
growth is more and more irregular and atypical and locally malignant, 
columns and processes of the tumor cells infiltrating and spreading into 
the surrounding liver tissue, causing atrophy of the normal cells, the 
two forms ! icing easily distinguishable by the deeper staining of the nuclei 
of the invading cells. Cases giving like histories will present one or 
other of these stages. It is true that by no means all cases of portal cir
rhosis exhibit regenerative changes, and that of those which do present
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them, a very small percentage exhibit the adenomatous type, still fewer 
the cancerous type of change. There are, obviously, individual differ
ences in reactive and regenerative powers, and these differences—in 
other words, the tendency or absence of tendency to excessive cell 
growth—is an all-important factor in determining whether a given insult 
to the tissue leads merely to an orderly regeneration or to tumor growth, 
lint it is equally clear that simple irritative and regenerative hyperplasia, 
adenomatous growth, and carcinoma, are stages which can be manifested 
in succession by the same tissue; that the differences are those of degree 
and not of kind.

We have, in short, conditions which are largely parallel to those to 
which we called attention in connection with hylic growths, and here we 
may make the like distinction between conditions of adenoma proper 
(independent eneapsuled growths), adenomatosis (not properly cneap- 
stilcd), and irritative and congenital glandular hyperplasia.

It is interesting to observe how the upholders of the unmitigated 
cell-rest theory, those who hold that all tumors arise from cells con
genitally displaced, dis|M>sc of these cases. The facts have to be ad
mitted, and are: but the straightforward explanation cannot be accepted. 
Judgment is suspended, and we are advised that it is necessary to be 
very cautious; it is suggested that the adenomas of the liver, for example, 
are not truly adenomas, the cancer not true cancer, and this, although 
they conform to all the usual postulates; that the irritative adenomas 
of the digestive tract are not true adenomas, although in the next para
graph, it may he, their liability to become the seat of malignant growths 
is acknowledged. It is pointed out that there are adenomas which 
being heterotopic, can only arise from displaced cell masses; that occa
sionally, in the liver, for instance, we encounter homotopic masses 
sharply encapsulated, and it is urged that, therefore, invisible and 
insignificant congenital displacement of cells is at the bottom of all 
these cases; or, driven farther back, that, although duly placed in the 
tissues, certain particular cells have from the first had a congenital 
weakness toward overgrowth. This, it will be seen, is coming very near 
to our point of view. The cell rest is cast overboard. No sign of it can 
be seen in simple regeneration of the liver, and equally none in adenom
atous hyperplasia of the same.

Is it not more rational to take the view that, while cells (in cell rests) 
which have never attained full differentiation may, with relatively 
slight stimulation, take on independent and blastomatous characters, 
nevertheless fully differentiated tissues have not wholly lost the same 
power? We sec that in inflammation these cells can revert to the 
undifferentiated vegetative stage and atypical arrangement. Why not 
accept that under these conditions the same cause that sets up inde
pendent growth in cell rests, may set up independent growth in cells 
produced from differentiated tissues?

We shall have to call attention to a like order of phenomena when we 
discuss the cancers.

Regarding the structure of the adenomas, it is necessary to say a
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few words. As with (lie }>ii|)illoiii»s, so livre, the stroma is an essential 
part. The most typical adenomas show a well-marked basement 
membrane between the cell layer and the underlying stroma; where 
growth is rapid and becoming atypical this may be absent. With their 
growth, also, we must recognize that, while gland cells and stroma 
are essential to one another, the former are the dominant agents; the 
growth of the stroma follows that of the epithelium. The appearances 
seen in ovarian adenomas (see p. 783) can only be explained along 
these lines. So, also, it is evident, from the results of transplantation 
of adenocarcinomas in mice, it is the transplanted (/land cells that form 
the new tumors, the stroma be inf/ furnished by the une host. The process 
by which the one tissue follows the other, so as to form an essential 
whole, is very remarkable. The growth of the stroma, with its 
accompanying vessels, must be regarded as reactive, as of a cheiniotactic 
nature.

I In- himmiIIpiI lilmMiilenomn of the mammary glnml. The glandular neini ami duet* are prom
inent anil allow some irregular overgrowth of the epithelium, but the main feature is the ilevelop- 
nient °r ..... neetive tissue, both peri-acinous ami interstitial, the latter not sharply defined. (Rihbert.)

It may well be that this reaction on the part of the normal tissue is a 
factor in the arrest of adenomatous and cancerous growths. Two 
orders of conditions have to lw* recognized. If, on the one hand, a
given cell, entering a tissue, induces no reaction, its ................ ecomcs
arrested after attaining a certain point, I avalise no vessels and stroma 
enter into the cell mass. If, on the other hand, an excessive reaction 
is produced, then the connective-tissue overgrowth cuts off the nutrition 
of the developing new-growth. In other words, as we have already 
pointed out, the development of a blastoma is the resultant of two factors, 
the proliferative capacity of the invading cells and the reactive properties 
of the organism.

14154
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We notice that the amount of stroma in the different forms of adenoma 
varies very greatly ; it may he of the very slightest, little more than a net
work of vessels, with their supporting connective tissue; it may he so 
dense as to Ik* the main feature in a growth. Then we speak of a Jibro- 
adenoma—although, from the above considerations, fibroid adenoma 
(adenoma fihrosmn) is seen to lie the more correct term.

Let us now attempt to classify these allied conditions, calling attention 
briefly to the more important forms.

Congenital Glandular Hypertrophy. This may affect any glandu
lar organ, though what is perhaps the most remarkable example occa
sionally is met with in connection with the mammary glands. These, 
with tlie development of puliertv, may take on enormous growth, and 
be a source of so much disfiguration as to demand excision. If not 
removed, it is found that they function normally and excrete milk. If 
removed, as in a case of my colleague, Dr. Hell, which came under my 
examination, they are found to Ik* composed merely of an excess of 
normal mammary gland tissue.

Multiple Uileuomntoux polyp» (ailenitiN polypowi) of Htomwh: />. duodenum; pyloric ring.

Irritative Hyperplasia. -This in general is marked by an enlarge
ment of the gland, in the main due to increased fibrosis as in chronic 
interstitial mammitis. With this, however, there may lie some glandular 
overgrowth of the same order as that which we note affecting the epi
thelium in chronic ulceration when also the glandular elements, the 
sebaceous glands more particularly, may undergo actual hv|>erplasia. 
Indeed, the growth at times may l>e so extreme as to stimulate tumor 
growth. Similar irritative hyperplasia leads to marked overgrowth of 
the mucous membrane of the digestive tract at the edge of an old ulcer, 
and of this, again, the same is true. It is Iteing increasingly recognized 
that prottalie lii/iterlrophif comes into the same category, that the pros
tatic adenoma, so called, is not a hlastoma proper.

Here, also, though forming a different class, is regenerative huper- 
ftlania, such as occurs in the liver after acute yellow atrophy and cir
rhosis (p. 785).



ADENOMA AND A LU HI) CONDITIONS 780

Adenomatosis. We would confine this term to the conditions 
often, hut not necessarily, multiple, in which, while maintaining organic 
connection with the surrounding tissue, portions of a glandular tissue or 
surface become the seat of exuberant irregular adenomatous over
growth, with evident disturbance of function. No sharp line of demar
cation can Ik* drawn between this and the preceding class. Under this 
heading come the multiple adenomatous polyps of the alimentary canal, 
some of the adenomas (tibro-adenomas) of the mammary gland, the 
multiple adenomas of the liver, advanced cases of prostatic hypertrophy, 
and uterine adenomas. From their general properties we are inclined 
to regard the multiple adenomas of the thyroid gland and ovarian ade
nomas and cyst-adenomas as belonging to this group, although regarding 
the last we shall have more to say when discussing the transitional 
lepidomata. It must Ik* emphasized that the transitional lepidotnas 
also afford adenomatous growths; we think it better to discuss them 
as a separate class.

Adenoma Proper. Here, finally, we include all the sharply demar
cated and completely encapsulated benign glandular growths. Their 
number, compared with the examples of adenomatosis, is relatively 
small, and the main meml>ers will lie noted when discussing the trans
itional lepidotnas. So far as we can see, these must, one and all, be 
regarded as originating from cell rests. The only ease regarding which 
we have doubt is a sharply defined and extremely typical adenoma of 
the sudiparous glands of the wrist which came into our hands, in which, 
however, the absence of any cystic enlargement suggested that it must 
have possessed a communication with the exterior. When the cell rest is 
formed of glandular tissue which normally communicates with the exte
rior, the complete encapsulement, coupled with but slight anaplasia, 
must (we are inclined to think) inevitably result in cyst formation; 
with progressive growth of the epithelium these cysts, papillary
projections œeur into the cyst cavity (intracystic papilloma), and may 
almost completely fill them. Absence of secretion, as in some bile-duct 
adenomas, indicates either origin from non-secreting duet cells or a 
further grade of anaplasia.

Here we would include the well-eneapsuled cystic adenomas of the 
mammary gland, whether situated within or separate from that organ, 
certain isolated adenomas of the liver and pancreas, and detached 
adenomas of the thyroid. The large and important group of adenomas 
of Wolffian-duet origin together with renal and adrenal adenomas come 
under the heading of transitional lepidomata.

TUB ATYPICAL LKPIDIC GROWTHS.
CANCER.

We group together all the atypical growths from epithelium and 
tissues, as cancers. The properties of the two orders are the same; 
indeed, the most atypical members of the two groups can with difficulty 
be distinguished.

3
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In all we meet with a greater grade of undifferentiation, or anaplasia 
of the constituent lepidie cells, than is noticeable in the adenomas and 
papillomas, though, at the same time, we cannot hut recognize that 
forms showing histologically a relatively slight degree of anaplasia 
may, nevertheless, he as malignant and as liable to form métastasés as 
are more anaplastic forms or even more so, so that here we possess 
some notorious examples in apparent nay, actual contradiction to 
the general rule that the extent of anaplasia is the index of malignancy.

The most pronounced example of the contradiction is seen in the 
condition of rodent ulcer proper, which Krompechcr we hold unfortu
nately has rechristened hasal-eelled carcinoma.1 ( )rdinarily epithelioma 
is prone to form métastasés in the glands. Here we deal with
an epithelioma of the most alwrrant and anaplastic type, which, never
theless, for long months, and, it may he, years, continues to grow and 
locally infiltrate and destroy the surrounding tissues, which, nevertheless, 
characteristically docs not form métastasés which possesses local and 
not general malignancy. As we note later, this assignment of these 
growths is not accepted by all. Under this category comes also the 
large group of adenocarcinomas, which some would term malignant 
adenomas. Carefully analyzed, it seems to us that here the exception 
is more apparent than real. While these growths are of the adenomatous 
type, showing well-formed gland tubules, with lumina, etc., compared 
with Ixmign adenomata of the same order, the arrangement is seen to be 
less typical. More particularly a basement membrane is found very 
largely absent ; here and there, instead of a single layer of cells, the 
acini show several layers, and some are simple solid cell groups without 
lumina. In other words, of the adenomas of the same origin, one 
benign and the other malignant, the latter is the more anaplastic. Yet 
it has to be admitted that of these glandular tumors certain forms, 
showing relatively little evident anaplasia, have powerful infiltrative 
tendencies, with capacity to form métastasés.

These examples, as before noted, we cannot explain. It has been 
suggested that gland cells which, under normal conditions, actively 
produce • and other enzymes may, when they take on hlasto-
matous growth, then elaborate and discharge enzymes whereby they 
easily overcome the resistance of the neighboring tissues. This, how
ever, does not appear to explain all cases.

Thus, then, nr regard as cancer all cases in which there is injillrntire, 
and apparently independent, growth of epithelial or gland cells into the 
surrounding tissues, and this whether of only slightly atypical or markedly 
atypical cells.

Relations of Specific Tumor Cells and Stroma. As with the 
adenomas, so here, the primary tumor element is the gland cell; it is 
this that makes its way into the tissues, and, doing this, sets up a reac
tion on the part of that tissue. Such reaction is often very well marked 
at the growing edge of these tumors, best, perhaps, in the epitheliomas.

1 lxroiu|MM?li<T, />« /• litmilztllcnkreba, Jviiu, Kiscliur, ltMKt.

2
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We observe that there is set up a reaction of a distinctly 
type, with marked small-veiled infiltration. More study is needed of 
the form of cells exhibited in this process, but some clearly are leuko
cytes, and such leukocytes may be seen to penetrate into the masses 
of cancer cells, to accumulate especially in areas where such cells have 
undergone necrosis, and, what is more, either actively to penetrate or 
to be taken up by the tumor cells, forming a definite order of cell inclu
sion*. Probably both events occur, for while on the one hand, we may 
find well staining masses of leukocytes occupying the site of previous 
cells, in others, more especially at the growing edge, the included leuko
cytes stain badly, and are evidently undergoing disorganization.

Mi

adi'iioeiirvinomu of the rectum, to allow the marked difference in staining powers 
between the cancerous (u and fc) and Uie unaltered epithelium (d). (Petersen.)

There are thus indications that the actively proliferating cancer 
cells feed upon the tissues of the organism; and it would seem that by 
phagocytosis, as by extracellular ferments and preparatory solution, 
the cancer cells replace the preexisting tissues, using them as foodstuffs.

Such process, however, has its limits. Often we can note that, the 
growing cells making their way into lymph spaces, those spaces still 
present their endothelial lining, and the vessels with surrounding con
nective tissue of the infiltrated area are retaimsl to form the stroma of 
the advancing growth. Such stroma may, indeed, itself proliferate 
under the stimulus of the tumor cells, just as we noted in the case of 
adenomas, and there may be new-growth, not only of new simple eon- 
neetive-tissue elements, but of even higher forms. Thus, in secondary

4190^9
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cHiurr of hour, such as frequently follows prostutic camrr, the stroma 
may rxliihit not only remnants of (hr old hour lamella* of (hr arra 
invaded, hilt what i> obviously new-formed hour. What is more, wr 
occasionally rnrountrr mixed growths that ran only In* explained upon 
the assumption that in what had liern an original adenoma or cancer the 
stroma has secondarily assumed malignant properties. Growths of this 
nature have Itren eiieounternl in the thyroid more often than in any 
other organ of man. That this acquisition of malignant properties hv 
the stroma may occur has I nth demonstrated hv Khrlieh and 
and confirmed hv other observers, in the course of serial transplantation 
of adeno-eareinoniatoiis mouse tumors. ( )ceasionally, that is, in one 
animal of the series the stroma (derived from that animal) becomes 
strikingly cellular and infiltrative, and in subsequent transplants, the 
sarcoma tissue may overgrow and replace the original tumor.

According to the extent of this reaction, so do we distinguish four 
forms of cancer: ( I ) medullary, when the cell growth is abundant 
and predominant, the stroma inconsiderable; (2) xcirrlioux, in which the 
development of the stroma and its overgrowth is the most marked 
feature, the cancer cells in such cases being small and compressed; 
and (Hi carcinoma ximjtlc.r, in which neither element can be spoken of as 
taking the upper hand. 14) Only very rarely, indeed, does the stroma 
overgrowth pass beyond the irritative stage and assume an indejiendent 
blastoinatous type, leading to the production of the true carcinoma 
xa mnnnlodcx.

At the growing edge the cancer cells are characteristically hyper- 
chromatic, their nuclei stain deeply, they are of the intensive vegetative 
type. Cells of the same order may be found also in the centre of a 
growth, with mitotic and other indications that the growth of these 
tumors may In- expansive (from within) as well as peripheral. But 
frequently we note that, more particularly in the deeper portions of a 
growth, the cells show evidences of extensive degeneration, and the 
degeneration varies, often according to the mother tissue from which 
a cancer is derived. Thus, fatty changes are common in mammary 
gland tumors (recalling the active part taken by the normal cells of 
the mammary gland in passing on absorbed fats into the milk), mucoid 
degeneration common in tumors derived from the stomach and intestinal 
epithelium (in evident relationship to the normal function of the goblet
cells of the mucous membrane).

Cancer Bodies. There exists, in fact, a very remarkable series of 
localized degenerative changes in cancer cells tImt have Ims-ii the cause 
of active controversy for now close upon twenty years ; nor cun it In- 
said that the controversy is as yet at an end, although the main ImmIv 
of pathologists of all countries i> now of the opinion that these ap|M-ur- 
aiices are degenerative, and not parasitic. For some years, however, 
the parasitic theory of cancer had active and enthusiastic supporters. 
We diall have to notice the various arguments in support of the parasitic 
theory when discussing the etiology of tumors.

lb-re we need only refer to these particular changes. They are of

_
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two orders intercellular and intracellular. The first we may dispose 
of rapidly.

These are the so-called “/fimrf* IhhUi.s,” small, hyaline, spherical 
bodies of varying size, the mean size living that of a red corpuscle. 
They stain an intense red with fuchsin, and thus are easily recognized. 
From the fact that they often lie in little groups attached one to the 
other, like vegetative yeast cells, Russel, of Kdinlairgh, who first called 
attention to their frequent presence in malignant growths, was led to 
regard diem as blastomycetes. Their presence, however, is not con
fined to malignant conditions; they may lie encountered in a great 
variety of inflammatory states, and are now accepted generally as 
examples of hyaline degeneration; from the fact that examination shows 
that some are intracellular, we are inclined to regard their origin as from

ltu»wl ' ImmIm-. Mtiiiiinl with fm lwin. highly mugnilled, inini «•pilhi-li<nn:i of the lip 11 will In- 
><•«'11 Ihui ilie innjorily «n» extriwelluler i Klii-n )

modified or degenerated chroinidial liodies developing fmpieiitly in «vils 
of the plasma-cell type i Fig. -Ô7), which liecomc extracellular by the 
disintegration of the cells.

'Flic intrnnllulur Indie* assume a variety of forms. There may lie 
a single rounded homogeneous mass within the cell pushing the nucleus 
to one side; or, like bodies max have a met achromatic central part ; 
or they may In* surrounded by a clear space in the cytoplasm; or show 
a peripheral ring or case, with different staining (lowers; or this (icripli- 
crnl ring may exhibit an obscure radiation, or present processes con
necting it with the cytoplasm; or, again, a large, rounded, central Imdv 
may lie surrounded by a ring of smaller globules; or a ring or sphere 
of these globules may surround a |>oorly staining space; or, throughout 
the cytoplasm there may In- scattered abundant small Imdies of the first
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type lying in apparent vaeuoles. Lastly, Sjdbring has deserilied a large 
aimelioid, gregarine-like form, at times within the cells, at times free and 
intracellular.

As will Ik- seen from this rapid review of the main forms described, 
they are very various, nor have any two observers quite corroborated 
each other and the rest regarding what are truly parasitic, what are 
to lie regarded as cell degenerations. As here set forth, it will lie seen 
that the series of forms reads something like the description of the 
successive stages of maturation of an intracellular protozoon of the 
malarial organism, for example with progressive enlargement and 
continual production of |H-ripheral s|wires, which may, when set free, 
continue to grow within the parent host ; or it may be that several 
small forms invade a cell at once. And, as such sporozoon forms, 
they were regarded by buffer and Metelmikotf, Sjdbring (first papers), 
Flinnner, and many other observers. C'elli and the Italian school, from 
the result of experimental inoculations, were led to regard them as blasto 
niyeetes yeast-like bodies.

Ficj. 257 Fro. 25*

tiilr.ii i lliilur ImmIhh iif lli«* tV|m* uf Itn.-svl'* 
( iK-liniii IhhIhs from :i cum* of iiiiivermi* leu ko- 
plnkin in ii'llHof tin* plaMiiiMvIl lypv. (Kniiu-

(VII iiii'limioim in ritncrr < rlh tlu» niipihmmI 
punuUlfH It will In» Ms»» I hut tin» IhmIii-h un» 
to tin» inner Mille of flu» rell toward I hr liuneii ; 
ill I lie punition, t hot is. of iinMlili«»d »••• rHury 
fiiodm ts. (( Ini'iioiigli I

Ini lire Domergue was the first to call attention to the fact that these 
bodies have the same reactions as degenerative products within the 
cells, and Vinnese, as the result of a most thorough and elaborate investi
gation, in which lie first studied very thoroughly the niiemclteinieal 
staining react ions of mucin, hyalin, amyloid, keratin, and other matters, 
the products of cell degeneration, carried these observations much farther, 
and showed that all the forms descrilied corresponded in their staining 
reactions with one or other of these forms of degeneration ; as also that 
u Idle by selection it was possible to recognize sharply dcfinisl and globular 
In*lies in some of the cells of a given cancer, other cells in the same sec
tions show matter giving like reactions, but diffused or so irregular in 
its disposition that there could lie no question regarding its paraplasmic 
and lion-parasitic nature.

These observations of 1‘ianese have never been refuted; nay, more, 
Morrell and Farmer, Moore and Walker,1 ( ireenough,1 Morrel,1 and

1 I'riir. Huy. Sue. Mini., 7li : HNI.1, * Jour, uf Med. Resenreli, X. S., b : IHUTi: IIJ7.
Hull de I In i Pa U il I 1907 : 197



A TV Nr A l PROPERTIES 795

several recent workers, have recognized the close similarity between 
these presumed cancer bodies and the products of nucleolar discharge 
into the cytoplasm, comparing them more particularly to the changes 
undergone by the “archoplasm" of developing sperm cells of mammalia. 
It is, of course, possible that there may exist one cycle of intracellular 
Ixxlies which cannot Ik* explained in this way, but so far that cycle has 
not lieen determined, and other considerations, to lx- noted later, show 
that no one specific agent can lx* aserilied as cause of malignant growths 
in general, or of glandular or epithelial cancers in particular.

Mode of Extension. While sarcomas exhibit a predilection to 
extend by means of the circulatory system, cancers show a predilection 
for lymphatic extension. This does not mean that they also cannot 
form métastasés along the vascular channels; a growth may penetrate 
the wall of a large vessel and its cells be “seeded” in the next capillary 
area; thus, we have seen pancreatic cancer invade the splenic vein 
and cause an extraordinarily diffuse secondary growth in the smaller 
portal veins in the liver, lint in general the cells infiltrating the lymph 
spaces of a tissue find their way thus into the lymph channels, and 
then, either by continuous growth along those channels or by lx-coming 
detached, are found in the group of lymph glands draining the region 
affected. In this way, after proliferating here, some cells may Ik* 
carried to the next group of glands in communication, so to the thoracic 
duct, and so eventually into the jugular vein and vascular system.

Site of Origin. ( >flen we can come to no conclusion as to the first 
stage of a malignant growth; it has become t<xi extensive Ix-fore death 
ensues. Hut even in these eases, in the majority of cases it is evident 
that the condition originated in a single limited area of an organ. If 
the growth has an external situation, we see that it develops at a single 
point. Most often (though not always) this is the case with cancer of 
the breast, and the appearances in other organs point generally in the 
same direction. This does not, however, mean necessarily that a 
cancer represents the progeny of a single cell. 'This matter has been 
studied by Hauser, and more fully by Petersen.

Petersen the ingenious means originated, by the embry
ologist Horn, of taking serial sections, plotting out each ela lx irately 
by means of the camera lueida upon a wax slab, cutting out the parts 
representing the stroma, and building the slabs one upon the other.

It has thus been demonstrated very clearly that, though in sections 
the alveoli of cancer cells appear separate, all are connected in series. 
The growth is like a bush of branching processes. Hut while in some 
cases there is a single root, or centre, very often it is pluricentric a 
fact which indicates that at the same time several cells in the same 
region may take on aberrant growth.

Here, as with the adenomas, we have to conclude that these malignant 
growths may originate either from cell rests or from hitherto functioning 
cells. The Ix-st illustration of the former condition we have met with 
is, it is true, in a transitional lepidoma, in a case of Professor Aschoff’s, 
in the museum at Marburg, in which the one adrenal shows a large
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infiltrating adeiMH-nreinomatous growth, lliv size of a chilli's head, (lie 
other, a well encnpsiiled benign mass, the size of a cherry, a segregated 
mass of adrenal tissue, which has developed up to a certain point and 
then remained stationary. The clearest examples of carcinomatosis are 
afforded l>y intestinal papillomas. We have already called attention 
to the irritative origin of several of these growths. They frequently pass 
on to a malignant stage. Hauser1 has shown, we think, convincingly 
that if a series of such papillomas lie examined some manifest what 
must Ik- regarded as the earliest carcinomatous modification.

The cells of certain of the follicles, which otherwise are quite typical, 
arc, some of them, seen to have a lessened mucin production; others 
show no signs of such production, are smaller, with more deeply 
staining nuclei, and exhibiting a tendency to form not one, hut two 
and more cell layers. With this the follicles become larger, irregular, 
form lateral projections, and bridges with neighlxiring follicles while 
others form solid processes projecting evidently through the basement 
membrane into the underlying tissue. We have ourselves notisl a like 
series of changes in the same condition.

( fccasionally several primary growths are encountered. Sometimes, 
as may happen in the breasts, one being the larger and notisl before 
the other, it is a question where the smaller is not secondary, due to 
metastasis from the first. In other cases, as in primary carcinomas 
of the liver, this cannot reasonably Ih* advanced. These belong to 
the same category as the multiple epithelioma tons growths of chimnex- 
sweepers, workers in paraflin, and following u|M>n the use of arsenic 
(.1. Hutchinson). The most striking example of the condition is found 
in adenomatous and adenocarcinomatous growths in the ovary. Hen1, 
practically always, both organs are involved. Then* may be no sec
ondary growths found elsewhere at operation, and only the one organ 
may appear to Ih- involved, but, if the other In- left, it may require subse
quent removal, and then presents the same tyjie of disturbance.

So, also, more frequently than is usually recognized, the one indi
vidual may exhibit two or more distinct forms of primary growth in 
different parts of the body. Rarely are these liotli, or all, malignant; 
most often we have one malignant and one or more benign tumors, 
uterine fibromas, or thyroid adenomas, along with epithelium or cancer 
of one or other organ. Rut occasionally we encounter two different 
types of cancer in organs remote from one another. To these cases 
we have already referred (p. (i!)3).

While one group of these cases (multiple malignant adenomas of 
the alimentary canal, hepatic "carcinosis," and the occupation epithe
liomas) comes under the heading of carcinomatosis, the other group 
as evidently suggests a general tendency to alierrant growth on the part 
of the tissues, and is best explained as the outcome of vices of develop
ment and multiple* development of cell rests.

We have here a condition of affairs curiously parallel with what we

1 Ziegler's Ik-itr., 311: 1903 : I.
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observe in infection. There, also, most frequently we recognize a 
single focus of origin, though in other eases there may Ik* more than 
one, hut these in general simultaneous, or almost simultaneous. And 
if in these eases we conclude1 that the growth of the bacteria in the one 
focus sets up a general reaction of the organism, so that its resisting 
powers are raised, and the same species of microbe, gaining entrance 
elsewhere, is successfully resisted, so it may In- the general rule in cancer, 
that once the cancerous process has developed at one focus, the diffusion 
of the products of the new-growth causes a general reaction, which, 
not sufficiently strong to arrest the process once actually started, is, 
nevertheless, sufficiently powerful to prevent the manifestation of like 
tendencies on the part of other tissues. This, indeed, has been shown 
to be the ease by the experiments of Sticker, < iavlord and Clowes, and 
Khrlieh.* Sticker showed that a mouse with inoculated cancer was 
immune to secondary inoculation, but the immunity disappeared soon 
after the primary tumor had been removed (see also p. t'»sd).

The subject of cancer is so large and so important that much more 
might here lx- said. We will, however, proceed now to call attention 
to some of the more important forms. In describing them, we shall 
have occasion to call attention to matters of importance as bearing 
either upon etiology or properties of these growths in general.

SQUAMOUS-CELLED CANCER EPITHELIOMA

The epitheliomas, or epidermoid carcinomas, originate always from a 
squamous epithelium, and as such may be of < "* «tie ( skin, mouth, 
tongue), hypoblnslie (/-. y., «esophagus), and even of mésothélial origin 
(cervix uteri, vagina), no broad distinction can lie made between epi
theliomas and gland cancers along the lines of regarding the one as of 
epiblastie origin and the other of hypoblastic. According to its relation
ships and its functions, so does a given lining membrane develop either 
into the squamous-cell or the columnar or cylindrical type; and according 
to the type of the mother tissue so is the type of the malignant growth 
develo|x'd from it. At the same time it is necessary to keep in mind the 
existence of metaplasia, whereby through continued irritation a columnar 
may lx* converted into a squamous epithelium, which in its turn may take 
on blastomatoiis characters, so that epitheliomas may develop in regions 
where squamous epithelium is not normally present. This explains to 
a very large extent the aberrant epitheliomas of the larynx, bronchi, gall
bladder, stomach, uterus, etc. \\ bile it is jxissihle that some of these eases 
are not of metaplastic but of cell-rest origin, it is difficult to explain 
several on this assumption. For example, we cannot explain the appear
ance of squamous epithelium in the gall-bladder on the cell-rest theory 
( see Fig. 21 id). As an instance of this metaplastic epithelioma, Tyzzer*

1 See Adami, Bril. Med. Jour., 1900, i : U;t;{,
1 Fifth Report Cancer Com., Harvard t’niv., 10UU: 153.
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lias recently called attention to the frequency of a form of elimnie bron
chitis in the mouse's lung, with proliferation of the bronchial epithelium 
into a many-eelled layer, with loss of ciliated columnar cell character. 
This lie regards as due to the irritation of large intrnbronchial crystals, 
and as throwing light upon the frequency of epidermoid carcinoma in 
the lungs of those animals.

Characteristically, the squainous-celled epithelioma presents solid 
columns of cells passing in various directions and cut in sections, now 
longitudinally, now transversely, lying in a relatively abundant and 
moderately vascular stroma. As already noted, this stroma is apt to 
show considerable small-celled infiltration. In the most typical mem
bers of this group the epidermal characters of the growth are very 
marked. There is an outer layer of closely set cells with deeply staining 
nuclei, representing the Malpighian layer. Within this there may In- 
several rows of prickle cells, which, as the centre of the mass is ap- 
proached, In-come indefinite and flattened, and eventually keratinized. 
Thus, the centre of a process may In- formed of concentrically arranged,

«

I "iiillii-lmiii i «•arliwl «Inicc of vimceroUM mi-liuiHiiiiluwiw :unl imilifvriiliiin of c<>ll». (IVtonmil.)

flattened, and keratinized cells, taking on the eosin stain strongly when 
hematoxylin and eosin is the stain employed. Such concentric bodies 
constitute the epithelial /uurl

The formation of these pearls is understood if we imagine, instead of 
a solid downgrowth of epithelium from the surface, a follicle-like down- 
growth of skin. Such would exhibit keratinization of the oldest cells 
farthest away from the Malpighian layer. When the process is solid, 
these oldest central cells show still the same tendency toward keratini-

In less typical growths the outer Malpighian layer is not so distinct, 
and, as von ilunscmanu points out, the mitoses, instead of being in the 
main confined to it, occur more irregularly through the whole mass; 
the prickle-celled elements, also, are not so distinct. In the true rodent 
ulerr occurring in the upper part of the cheek, lielow or at the angle 
of the eye, and sometimes a little farther out over the zygomatic area, 
the cell masses are still more atypical. Epithelial pearls are wanting; 
the constituent cells are rounded, polygonal, or even spindle-celled in
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appearance ( iïig. 207). Nor are tin* <*«*11 masses so sharply defined from 
the stroma, so that some observers ( Hraun ) have classified these growths 
as alveolar sarcomas, or endotheliomas, and Horst still holds that the 
characters and region of growth show this to be the correct view. Care
ful study seems to show that the processes originate definitely in con
nection with the overlying skin (though Horst urges that the junction is 
secondary). The region of development of this particular form of 
tumor is curiously limited, and, as noted (see p. 71N)), while of a very 
anaplastic type, and exhibiting considerable, though slow, local malig
nancy, these tumors rarely form métastasés.

v>" a;

I iil.v i‘|»itlniliniim of longup, to «how (u) r«gmii >•( origin by ilowngmwth from pnStxieting «•pillie- 
liiun; h I'pitlu'linl ppnrlH; r, smulbi-p|l<'<l infiltration in eurroumling tiiwue. (Peterson.)

Krompecher, recognizing that all conditions classified as rodent 
ulcer do not belong to the type, has lalielled this form basnl-crllrd rnr- 
rinnmti, on the mistaken ground that, as it shows no prickle cells or 
keratinization, it is derived wholly from the basal undifferentiatetl 
cells of the rete Malpighii. Hut this is so, also, for all epitheliomas. In 
the more highly developed forms the prickle cells present do not arise 
from preexisting prickle cells, but also from the basal mother cells. 
It is the stage of undifferentiation, or anaplasia the capacity or inca
pacity to develop beyond a certain point that determines the form of 
the cells.

There arc certain differences to lx* made out in the appearance of
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the tumors, ueronling to the regian of origin. Skin and tongue epi
theliomas lire apt to give the most well-marked pearls. (Ksophageul 
growths in general show them poorly developed, just as normally in the

Fin. 201 Fio 202

) ' 5'v >

'

et#» ,

Atierrnnt «fiuiinioiis epithelioma of gall lilnddet I Von lliinwiiiiinn.)

(esophagus the keratin development is not marked. In ns lent ulcers 
they are wholly absent.

The more rapid the growth, the deeper the infiltration, the more 
atypical is apt to lie the growth; we have encountered metastasis of a

1‘orliuii of edge uf a roili-nt ulcer.

I'art of (lie «aine at n more highly magnified, 
lo «how a.«ainnp(ion liy (lie epithelial <■•■11- of a 
»pindle-«hn|H‘d type t Kroinpeehrr. )

very malignant epithelioma of the tongue which il has I nth impossihlc 
to distinguish from those of a medullary round-celled cancer.

Itegariling the metaplastic epidermoid carcinomas, it deserves note 
that these very often are not typical epithelioniuta; that they show no
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epithelial pearls, and nothing corresponding to a Malpighian layer. This 
we hold is the ease: they are not typical epithelioinata, hut, also, they are 
mt tumors of the type ordinarily arising in these organs not adeno
carcinomas, |>ut solid cell-growths. Were we dealing with cell rests, they 
should afford tumors true to type.

We would scarce expect acquired characters to lie so ten* 
preserved as those of primary endowment, but clearly, in these cases, 
the metaplasia has modified the nature of the resulting tumor. To the 
importance of this conclusion I shall revert (p. N43).

Lastly, an abnormal form of epithelioma is to Ih* noted, in which, 
instead of epithelial pearls, degeneration occurs in the centre of the 
large epithelial cell masses, whereby false lumina are produced, giving 
the growth a transitional apjiearanee. We have come across this form 
in man, and once in the horse, in connection with the antrum, the

Kpitlirliiimii of the antrum of Highmore, with degeneration ami lii|iiefaetion of the centre 
of the cell nine tea, producing large pieudoliimiiiu. (Krompecher.)

pharynx, ami the (esophagus. Krompecher includes this as one of the 
types of his carcinoma hasoccllnlnrc. Similar appearances are sometimes 
to lie encountered in secondary growths from gland cancers, e. y., from 
the stomach.

GLANDULAR CARCINOMA

According to the structure of the mother tissue, and the stage of 
anaplasia, so do we encounter a series of forms of uncomplicated carci
noma. From mucous membranes which, normally, are provided with 
simple follicles lined with a cylindrical epithelium, as again from ducts, 
like the bile duet, and from tubular glands, we are apt to obta n cancers 
which, in some parts at least, exhibit a tubular arrangement. From 
acinous glands we may gain cancers whose alveoli have a more solid 
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type and grape-like arrangement; from tin* livvr, idveoli formal of 
solid irregular strands. On tin* other hand, with greater anaplasia all 
glandular organs may give rise to growths formed of solid masses of 
relis. < hire again the rain er has to In* judged according to its region 
of origin; what in the one case is a relatively typical form of growth, ill 
another may In* most atypical. In general, however, we may distinguish 
certain main types.

Carcinoma simplex. (Rlhhert.)

I. The miriHHvirchtoma, including forms of highly glandular type, 
and differing hut slightly, as we have noted, from the simple adenoma 
( the so-called malignant adenoma) (see Fig. 2.V»), and others in which 
only here and there the alveoli possess luiiiina, with cells arranged around

I'm. VMi

< *
V. v*?

Metlullary eaneer. (Hihlwrt.)

them with some approach to the arrangement seen in the parent gland, 
the rest of the alveoli showing solid cell masses with, it may he, several 
imperfect small Itiminn scattered through, or only punidoluminn (pro
duced hv cell degeneration), or altogether devoid even of this distant 
imitation of the normal glandular arrangement.
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2. The nll-mux* carcinoma, departing still farther from ty|ie, in 
which the alveoli are formed of an aggregation of cells without .sign of 
orderly arrangement cells either large, full, and rounded, or irregular 
in form, polygonal and compressed. More particularly in the latter 
type we may make the further classification ( see p. 7*. 12) into the ( 1 ) 
medullar// forms, formed of large cell masses, with little stroma, and 
that very vascular; (2) .scirrhous, with abundant stroma, compressing the 
cells, and showing alveoli formed of few cells, and those com
pressed and small; and (3) carcinoma simplex, the intermediate form.

A yet further classification of the adenocarcinomas may Ik* made 
according to the tissue of origin into:

(a) ('iilintlricul-ccllcil carcinomas arising from mucous membranes, 
r. if., the less atypical cancers of the alimentary tract, corpus uteri, and, 
in part, of the cervix uteri (for here there may also Ik* sipiamous cpitlic-

k-RtrS'

Hvirrhu* of breuwt. Tliv r«dl* arv cum|iriliw<‘il and dfKciicratcil and the alroina relatixrly 
abundant, x Li.Vi.

lioma, Fallopian tidies, gall-bladder, and portions of the respiratory 
passages (nose, trachea, bronchi). In all these there is a col uni liar-celled 
epithelium of one or more layers, in all a distinct tendency, not merely 
to infiltrate, but to grow outwardly into fungating polypoid masses; 
in all. again, so long as the adenomatous tyjie of growth is preserved, 
some liability to formation of goblet cells and continued formation of 
mucin.

(M Dud carcinoma, arising from ducts provided with a more or less 
cubical t in which, again, the less atypical forms present
characteri.sticalb alveoli, recalling the characters of these duets. Such 
we may get in the liver, from overgrowth of the smaller bile duets. 
This is the most characteristic form of primary cancer of the liver, 
and may, indeed, represent not so much a growth of these ducls*us an
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anaplasia or reversion of the liver cells primarily affected to the earlier 
stage of their development. In the mammary gland occasionally we 
meet with cancers in which the ducted appearance is predominant.

(c) (Hand cancer, reproducing imperfectly the structure of the com
ponent acini of the glandular tissue of origin. Such, according to the 
tissue of origin, may he composed of more tubular alveoli (('. tubulare), 
or of grape-like acini (('. acinosum), as in adenocarcinoma of the pan
creas and of the prostate, or of follicles tending to be separate (C. follieu- 
lare), as in cancer of the thyroid and of the ovary.

We may meet with a combination of these forms; thus, in the mam
mary gland we meet with all possible combinations of duct, tubular, 
and acinous cancer, with, in addition, another form, which has here 
to be noted, cystadenocarcinoma.

Colloid cancer, showing the large alveoli, within which is contained the gelatinous colloid 
material. X 300. (Rimlfleiseh.)

The organs and parts which give rise to these various forms of adeno
carcinoma may, it must be remembered, give rise also to the more 
atypical and undifferentiated cell-mass cancers.

Degeneration. What we have said regarding the degeneration 
affecting the adenomas applies here also. We may note particularly:

1. The tendency that superficial cancers have to undergo extensive 
ulceration. This applies especially to the cancers of mucous mem
branes (as, indeed, also, to the necessarily superficial epitheliomas). 
The new tissue is of a lower order not under the governance of the 
nervous s\ tern, cannot control its blood supply, and so is capable of 
offering little resistance to insults and infective agents.

2. The extensive mucoid and “colloid” degeneration that this same 
order of cancers may undergo, especially those of the digestive tract, 
leading to the development of what is termed colloid cancer. The cells of 
an adenocarcinoma, while still retaining the power of forming mucin, 
may, nevertheless, lie unable to excrete it properly, with the result that 
it becomes heaped up in the cells to such an extent that they become
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greatly distended and eventually die. Whole alveoli may he found 
composed of the more or less inspissated and fused cell bodi‘- nd the 
growth, filled with this modified mucin (“colloid”), presents a vmark- 
able, massive, translucent appearance. So extreme may be the 
tion that only here and there, upon careful search, may alveoli be found 
showing relatively healthy cells, and affording a clue to the nature of 
the change.

Metaplastic Glandular Cancer. Just as we noted that from a 
columnar-eelled surface occasionally a squamous < limn is found 
to arise, so, but much more rarely, do we get indications of the opposite 
process. '1 he majority of the cases so far recorded must be regarded 
as the results of tissue disturbances and cell-rests. But Schridde has 
pointed out recently the normal presence of islands of columnar epithe
lium in the (esophagus, having a common origin with the surrounding 
squamous epithelium (p. (141 ), and this would seem well to explain the 
occasional occurrence of a columnar-cel led cancer in this organ. And 
Knderlen has noted the frequent conversion of the many layered vesical 
epithelium into a definite colnim ir-eelled type in cases of ectopia vesica1, 
and in one case has seen this mt " ' tissue give rise to a definite
ndenocareinomatous condition (see pp. f»42 and N00).
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CHAPTER XXII.
Tl IK TRANSITIONAL I.KI'IIMIMATA (MKSOTIIKI.IOMAS A NI » 

F.MH)TI1KLIUMAS).

It will he recalled that we classed together as a main group of lepidie 
tissues all those liiiing-nienibrane tissues of mésothélial and mesen- 
ehymatous , derived secondarily, that is, from the mesoblast, and 
suggested that tumors developed from these be placed in a separate 
class, as the secondary or transitional lepidoinas. Of these, upon con
sideration. it will be seen that we can make four groups: (1) the tumors 
arising from the developments and vestiges of the Wolffian and Mül
lerian ducts; (2) those arising from organs which,while they come into 
intimate relationship with these, nevertheless, as regards their essential 
constituents, are of separate mésothélial or mesoblastic origin (ovaries, 
testes, kidneys). With this group may be included the adrenals; (3) 
other mésothélial tumors derived from the serous surfaces, and (4) the 
endothelial tumors.

1. UROGENITAL DUCT TUMORS.

We make these separate classes because the urogenital duct tumors 
occupy a position by themselves. Whether, as we have hinted, these 
ducts gain a secondary lining of hypoblast or epiblast, or whether, 
from their singularly early differentiation, the properties of their mucous 
membrane are more fixed, certain it is that the tumors derived from them 
are most often of pure* "" type true adenomas and true carcinomas 
with little tendency, so far as we can see, to take on secondarily hylo- 
matous (sarcomatous) development. Thus, in the uterus, we encounter 
in general pure adenomatoid or cancerous growths, indistinguishable in 
this respect from the adenomas and cancers of the digestive tract. The 
same is true in the prostate.

We have encountered a tumor of tin* prostate, certain portions of 
which, submitted to other well-known pathologists, were diagnosticated 
by them as possible alveolar sarcoma. Examination of all parts of the 
growth showed that in the body of the organ itself the appearance was 
that of a typical adenocarcinoma. As the growth infiltrated the bladder 
wall, and grew freely into the vesical cavity, the cell growth became 
most abundant, the stroma correspondingly diminished, until then- 
developed a collection of large ' " filled with moderately large,
round cells, the alveoli being surrounded by thinnest of vascular stroma. 
The growth thus was still a cancer, though of the extreme medullary type.

1
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The same holds for tumors of the Fallopian tubes, and, if we mistake 
not, for here our experience is very limited, for those of the ureters, 
vas deferens, and vesieuhv séminales. It is thus, also, for the interesting 
series of tumors which arise in the various developmental remnants of, 
more particularly, the Wolffian ducts in the female.

So far as we can see, few or no observations exist upon tumors origi
nating from the corresponding remains of the Müllerian duct in the 
male (from the prostatic sinus or uterus maseulinus, and the sessile 
hydatid of the epididymis). When these remains take an aberrant 
growth, their tubes being blind, they inevitably produce cysts -cyst- 
adenomas and cystocareinomas. It is still a matter of debate among 
the embryologists to what extent the tubules of the primitive kidney 
(pronephros or Urniere) are contributed by the Wolffian tube itself; 
to what extent they are formed by the nephrotome, or mesoblastic 
blastoma; and by the pathologists how far ovarian and testicular 
growths are derived from components of the primitive kidney which 
take part in the devt of those two organs. It is impossible,
therefore, at the present time to make a positive embryogenetic differ
entiation of the tumors affecting these two organs. While tumors of 
the broad ligament are regarded as largely due to W olffian duct remains, 
there is a conflict of opinion as to the part played by the W olffian duet 
remuants in the development of ovarian eystadenomas.

2. TUMORS OF THE OVARY, TESTIS, ADRENAL, AND KIDNEY.

In the primitive kidney (Urniere), while the Wolffian duct provides the 
«listai, collecting portion of the tubules, the glomerular epithelium and 
the main portion of the tubules are of mesoblastic origin; the same, 
following Balfour and Sedgwick,1 is nowadays more and more accepted 
for the kidneys—that here the glomeruli and convoluted tubules are of 
mesoblastic (mésothélial) development. In the development of ovary 
and testis, not the Wolffian duct, but the primitive kidney, intimately 
connected as it is with the duct, is similarly involved, along with the 
germinal mésothélium.

This much may be said with regard to all these organs, that while 
in all four we may encounter pure adenomas showing no tendency 
to reversion, in all we encounter a remarkable series of transitional 
tumors, tumors in certain areas definitely of adenomatous tvpe, in 
others, formed of solid cell masses which are not truly adenomatous, 
because, on employing Mallory’s stain, we find that here and there 
connective-tissue fibrils are present beneath the cells. These portions 
are of the nature of alveolar sarcoma, and, on careful study, we can 
make out the transition from the truly adenomatous to the alveolar 
sarcomatous areas. And from these latter areas we may pass to regions 
of purely sarcomatous type, round, or even blunt spindle-celled. The

1 S«s* p. 85(1 for a fuller study of the embryogeny of the kidney.
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picture is au extraordinary one, wholly at variance with the older views 
of the "sanctity” of sarcomatous and carcinomatous properties. 11ère, 
absolutely without any manner of doubt, a tumor shows transition 
from carcinomatous to sarcomatous characteristics. The condition has 
been regarded as inexplicable, has been labelled carcinoma sarcomatodes, 
or sarcoma carcinomatodes, has been treated as a ne er-do-wcel member 
of the family, and too often left out of account in general discussions 
upon the family relationships of neoplasms. Some have thought to 
dismiss these cases by the ruling that mesoblast cannot form true gland 
tissue and true adenomas or carcinomas; that wherever, as in the 
kidney, we obtain typical gland tubules, these must be of epiblastie or

<$• r

Hypernephroma of kidney, beet ion from 
mime tumor shown in Mg. 270. In this por
tion the growth retains the columnar arrange
ment characteristic of adrenal cortex, the 
columns of cells (nbn) living separated by a 
capillary network, Hdn.

iw* *«•
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Transition from adenomatous to sarcomat
ous type of growth : ntin*1, adenomatous over
growth of sc lid columns or masses of cells of 
adrenal type; tifmr11, transition to sarcomatous 
arrangement; K, a kidney tubule involved in 
the growth. (Debernnrdi.)

hypoblastic origin; others have denied the But the fact is
there that such transition occurs, and is to be found in tumors 
these organs, as, again, in the endotheliomas, to be presently mentioned.1

1 Hero it will be well to distinguish the four different orders of “ mixed tumors.” 
They are: (1) The tcratoblaxtom a tuns, or “ Mischgeschwiilste” of Wilms, produets of 
multipotential cells (p. 6(H). (2) The carcinoma sarcomatodes proper, in which the 
stroma of a cancer takes on independent malignant growth, such as has been noted 
by Ehrlich and Apolant (p. 792). (3) The mesothcUomatous, or transitional lepidomat- 
ous, as in the cases here described. (4) The invasive, in which, as has been noted 
in the thyroid and uterus, a sarcoma originating outside an area of adenomatous 
or cancerous change infiltrates into it, replacing the fibrous stroma.
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Adrenal Tumors. More particularly in the ovurv and testis, as 

above noted, and to a less extent in the kidney, we at the same time may 
encounter tumors of fixed type, showing no signs of transition. These 
(possibly, as we suggest, originating from the more stable Wolffian 
epithelium) introduce an element of confusion. There is an organ 
free from constituents of this nature, and in it we find the most un
equivocal examples of the transitional tumors in question. We refer 
to the adrenal bodies.

These are formed of two constituents, which in the lower vertebrates 
(e. (/., selachian fishes) remain permanently separate, but in the higher 
vertebrates become joined. The medulla originates in connection with 
the sympathetic system; the cortex from mésothélial elements closely 
related to those which originate the cortex of the primitive and the per
manent kidneys.

From the medulla we obtain grayish tumors, never attaining any 
good size. These have been studied more especially by Marchand, 
who has demonstrated that they are ainyelimc neurocytomas true 
neuromas; that they contain rudimentary ganglion cells and non- 
medullated fibres, and, in short, must be regarded as developed from 
cell-rests of sympathetic constituents i see p. 7ôd). At times tumors 
are noted containing characteristic pigmented cells, the so-called chro
maffin cells, which are present in the normal adrenal medulla, and also 
are in relationship to the sympathetic system, for tumors composed of 
those elements have been described in connection with the solar plexus. 
The cortical tumors arc of wholly different order.

it is of frequent occurrence to find accessory supra renais. These are 
nodules which are composed only of cortical tissue, either lying separate 
in the adrenal capsule, or outside it, or even as isolated, capsulated little 
masses within the adrenal tissue. Or, again, these have become ad
herent to and enclosed within the liver during development, or, more 
often, to and in the kidney. As Marchand has pointed out, the ovary, 
also, and the testis may carry down with them portions of adrenal tissue 
in their descent. In the rat, for example, such accessory adrenals are 
constantly found adjoining the ovary and testis.

Such accessory adrenals contain typical cortical tissue, columns of 
cells lying in a mesh work of capillaries, the cells containing abundant 
droplets of what appears to be fat, along with others of the nature of 
myelin. It is not infrequent to find that one or more of these, whether 
homotopic or heterotopic (under the kidney capsule, for example), 
have undergone hypertrophy, so as to be as large as a cherry. It is 
difficult, perhaps, to know whether to speak of this as hyperplasia or 
as an adenomatous condition; the fact that they are isolated from the 
normal tissue, and have grown, despite want of normal relationships, 
must, we think, place them among the benign adenomas. Others 
evade the difficulty by terming the condition struma suprarenalis, just 
as like nodules in connection with the thyroid are also labelled struma - 
a convenient word, which means simply “nodular swelling.” But, in 
addition to these, we may have much larger growths, often as large as a
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child's head, developing in connection with the adrenal.1 2 Studying 
them, we find the remarkable series of transitions noted. In some 
the growth throughout retains the character of the normal cortex, and 
is of adenomatous type. We have solid columns of cells, lying in a 
meshwork of capillaries, the cells much larger than normal, densely 
filled with fat and fat-like globules and glycogen (the last a constant 
constituent of the growing adrenal). Here and there may be giant 
nuclei, or cells with three or four nuclei, but the type of structure is well 
preserved. In other tumors of this type we encounter an occasional 
definite tubule, a column of cells possessing a lumen. Such tumors 
we must regard as adenomatous.

The existence of lumina is common in the cortex of the bird’s adrenal, 
and is occasionally met with in the otherwise normal adrenal of mam
mals. It is a further support for the view now held that the adrenal 
cortex is of like origin to the renal cortex, derived from the same order 
of cells, and for the contention that these tumors are adenomas.

But other tumors exhibiting in the main these characters show in 
various areas a development of more irregular cell masses. The cells 
in those masses become i i'r, less fatty, the nuclei more deeply 
stained, and in one and the same section we may have every transition, 
from the ‘ through the alveolar sarcomatous, to the dif
fusely sarcomatous appearance, with the appearance not merely of 
round, but also of irregular spindle cells. What is more, as well shown 
by the early cases studied in our laboratory by Dr. Woolley, a tumor 
of the adenomatous type in the adrenal may furnish métastasés of purely 
sarcomatous type. The same has been noted by Jores and Askanazv, 
the latter noting also that after removal of the adenomatous tumor the 
recurrence was sarcomatous. More recently Meakins8 has described 
another case.

It is but necessary to glance dver " rn literature to see what con
fusion exists regarding these tumors. Some speak of them as alveolar 
sarcomas (Beneke), others as angiosarcomas, or among the perithe
liomas; others, again, as carcinomas (llibbert); others, not to commit 
themselves, as hypernephromas (hyperuephros, the suprarenal), hyper- 
nephroid tumors (Lubarsch), suprarenal epitheliomas (Marchand).

The same doubt as to their exact nature extends to the tumors devel
oping from heterotopic adrenal tissue, notably in the kidney (hyper- 
nephroma or struma suprarenalis aberratai). Grawitz was the first to 
recognize the relationship between a group of large and eventually 
malignant tumors which affect the kidney, most often after the fortieth 
year, and the frequent adrenal rests in this organ. Ilis views are now 
very generally accepted, though there is still debate as to whether all the 
tumors included by him and others under this term are truly of adrenal 
origin, and whether the cortex of the kidney itself, being so closely 
allied to its origin, may not give origin to tumors of like order.

1 As also, rarely, in the liver. See Pepere, Arch. <le MM. exp. el d’Anat. patliol., 
and White, C. 1\, and Muir, Jour, of Putliol., 12: 1907: 107.

2 Proc. New York Path. Sue., N. S., 9:1909:19.
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We arc* of opinion that this latter view must he accepted, that whereas, 
aberrant adrenal tissue is, from its heterotopic nature, more prone to 
become blastomatous, and whereas, it may well be that a large number 
of the kidney tumors of this tyjM* are hypernephromas, others are “ne
phromas.” We certainly encounter typical tubular or cystic adenomas 
of renal origin, and know now that what we once regarded as the con
clusive dc of adrenal nature, namely, the presence of gly
cogen (Lubarsch), is of little diagnostic value. A very large number of 
embryonic tissues, as, again, of freely growing tumors, contain glycogen 
in their cells. When a tumor of the kidney shows a special liability to 
form tubules rather than solid cell masses, we would suspect a renal 
rather than an adrenal origin. Not to enter exhaustively into the

V ... *

y * #r,e»»iV
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Section of portion of u hypernephroma of Section from another portion of the name
the kidney. A characteristic urea showing tumor, more highly magnified, showing
columns of clear polygonal cells: it, lying in tubular arrangement: a, swollen translucent
immediate apposition to the endothelium (</) tumor cells surrounding a definite lumen
of the capillary sinuses (c). At b, areas of b, capillary r, fat droplets in tumor cells.
infiltration and degeneration. Buday.)

subject, we would say that the two organs are embryogenetieally so 
closely related that tumors arising from homologous tissues must possess 
closely related characters. Where, as is most frequent, but by no means 
constant, one of these growths arises from the upper pole of the kidney, 
there the probabilities are that it is of adrenal origin. It may, indeed, be, 
as Wilson holds,1 that such rests as occur in the kidney are Wolffian body 
rests again, it may be added, an homologous organ and that because 
in development this intervenes between the ' ’ y and the adrenal, and 
is the more likely to have certain of its cells included in the growing

1 Trans. Assoe. Amer. Physic., 1910.
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Certain other properties of these more malignant tumors as a group 
remain to In* noted. They are apt to he extremely vascular, the cells 
lie in close contact with the capillaries, with, as a rule, little connective- 
tissue stroma; the vessels are apt to be greatly dilated. Thus, hemor
rhages are frequent, and necrotic areas, and infiltrations of the cell 
masses, which may gain thus pseudolumina, the cells in immediate con
nection with the vessels retaining their vitality, the central cells of a 
column or mass undergoing necrosis and becoming replaced by blood, so 
that an endotheliomatous appearance may Ik* produced. So, also, not 
only are métastasés mainly, as in sarcomas, by the blood stream, but 
both in the adrenal and in the kidney the tumors are curiously apt to 
grow in continuity along the veins into the inferior vena cava.

If a convenient term is required for all this order of tumors, the tran
sitional adenocarcinomas of adrenal, kidney, ovary, and testis, we have, 
from embryogenetic considerations, suggested the term mesothelioma 
Briefly, a mesothelioma is:

1. A tumor arising from such tissues or portions of organs as, being 
of mésothélial origin, possess in the adult state lepidic characters.

2. When typical, and growing slowly, it is of pure adenomatous type.
3. When atypical or more anaplastic, and growing rapidly, it reverts 

first to an alveolar sarcomatous type, and later to a structure, or want 
of structure which renders it indistinguishable from a round or even a

e-ecllcd sarcoma.
4. The tumor, when it takes on this undifferentiated type, affords 

métastasés of sarcomatous order. The primary growth, in general, if 
studied, exhibits indications of the successive stages through which it 
has passed, from the adenomatous to the sarcomatous form of growth.

I would recall that in the chapter upon Classification (p. 705 et se<|.) 
there is given what, to me, appears to be a reasonable explanation why 
this order of tumors has these particular properties.

MESOTHELIOMAS OF SEROUS SURFACES.

( )ccasionally on the pleural surface, more rarely in connection with the 
peritoneum, and still more rarely in connection with the pericardium, 
there is encountered a form of tumor which, from all the attendant circum
stances, is of primary origin at these sites. They are flattened, nodular 
tumors, spreading locally over the serous surface, causing what at first 
sight appears to be extreme inflammatory thickening, of the nature of 
a localized hyaloserositis; but in general, on microscopic examination, 
they are found of a distinctly cancerous type. A relatively abundant 
fibrous stroma contains elongated acini, lined with irregular, swollen 
cells, large and sometimes almost cubical, resembling the curiously epi
thelioid type of cells we encounter in some endotheliomas. In parts 
these are flattened, lining long narrow spaces, and then they recall 
endothelioma proper. In one case that came under our observation it 
was possible to follow the cells covering the peritoneal surface directly,
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first into more solid cellular dowugrowths into the omental tissue, and 
thence, apparently, into the lymph spaces of the part. Sometimes, in 
place of a single layer of tumor cells, we encounter more solid masses, 
and in one case (in the pleura) we have noted a transition into the alveolar 
sarcomatous type.

Taking into consideration all these characters, it is difficult to regard 
these tumors as other than mesotheliomas, originating from the endo
thelium (or epithelium, whicltever term he preferred) covering the 
serous surfaces, that cell layer being of mésothélial origin.

Here, again, there has been a great debate as to what these should In- 
called, some regarding them as endotheliomatous, others (Ribln-rt) as 
true carcinomas. Histologically, they most often present a strikingly 
cancerous appearance. In certain early vertebrate ancestors, as pointed 
out by 11 is, the body cavity originates as an invagination of the hypo
blast; there is no sign of such invagination in tin- higher vertebrates, in 
whom the serous cavities seem clearly to originate by a splitting of the 
mesoblast and formation of a lining mésothélium.1 The fact that in 
certain of our ancestors the body cavity was lined by a true epithelium 
does not convert the lining of later generations into an epithelium when 
in them the cavity originates in another manner.

4. ENDOTHELIOMA

Of those tumors in which overgrowth of tin- lining cells of vessels 
is tin- most prominent feature, we distinguish naturally two groups: 
the hr in a iiffio-riidotlicliomns, originating from the lining membrane of 
bloodvessels ; the li/nipliiiiii/io-riulothrlioinas, from that of the lymph 
vessels. The two groups present many features in common, nor is it 
always easy in tumors of large size and long establishment to determine 
with which form we have to deal ; but even in such cases, in one or other 
part of a tumor we may encounter vascular spaces lined by one or more 
layers of tumor cells, which, if they contain blood corpuscles, are clearlv 
of blood capillary nature, if free throughout from formed contents, must, 
per exclusions in, be regarded as lymph spaces.

Ribbert objects that no proof is afforded of the nature of these tumors 
by finding vessel spaces lined by cells approximating in type to those 
of the tumor. We cannot but feel that the objection is hypercritical. 
While, with him, we agree that it is contrary to experience to find that 
the normal cells in the neighborhood of a tumor take on progressively, 
blastomatous features, the other possibility has to be admitted, that 
proliferating endothelial cells replace the normal cells in their outward 
extension. How, indeed, otherwise docs he, or are we to, explain the 
continued enlargement of these tumors? For grow they do, and such 
is their structure that the growth cannot be central. We see such a

1 See Miller and Wynn, Jour, of Pathol., 12: WON : 207, for bibliography of these 
conditions,
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process occurring in the uterus in pregnancy, when the fœtal syncytial 
cells absorb and replace the endothelium of the maternal blood sinuses, 
and it is in full harmony with all we know concerning cell properties that 
such tumor cells, when in relationships which more nearly approach 
the normal, should themselves exhibit characters more nearly approaching 
the normal.

Typical Endotheliomas. We find some little difficulty in treating 
these growths, and that because, under this heading, it is customary to 
consider only growths of an atypical nature. Following our custom, 
we think it necessary to call attention first to typical growths. These, 
along with a collection of what are not blastemas at all, have usually 
been discussed as a class apart, and this by modern writers, who, never
theless, admit that they are of the nature of benign endotheliomas. We 
refer to the an" anas. These, then, we will first take into consideration.

5. ANGIOMA.

We cannot but conclude that the majority of so-called angiomas, 
or tumors having vessels as their main constituent, are spurious blas
temas, whether formed of bloodvessels (“hemangiomas”) or of lymph 
vessels (“lymphangiomas”), and this because these exhibit no power of 
independent growth. Mere dilatation and filling of vessel spaces with 
fluid is not growth, even if preceded by aplasia and followed by atrophy 
of the tissue proper to the part. And in the majority of cases the evi
dent increase in length of the vessels (such as must occur in cirsoid aneu
rysms) or thickening of the walls of the individual dilated loops (such as we 
see in cavernomas) is apparently not in excess of the physiological require
ments. We find, that is, no evidence of proliferative capacity, at most a 
widening of preexisting vessels, either of congenital origin, and ascriba- 
hlc to a primary want of coordination in the growth of the vessels 
of a part and of the tissue or cells they should nourish, or of postnatal 
origin, due to alteration in blood pressure of the nature of local venous 
obstruction, as, for instance, in the multiple capillary telangiectases, 
which can be produced in the liver by partial obstruction and stenosis 
of the hepatic vein—hemorrhoids are of this nature—or due to local 
atrophy of the cells of a restricted area in an organ, the capillaries under
going what we may speak of as compensatory dilatation, We do not 
mean to imply that true angiomatous blastemas are non-existent; as we 
shall point out, they exist, only, compared with the spurious form, they 
are less frequent.

Here once more we must dwell on the meaning of words. A cell- 
rest or inclusion within a tissue is not a blastema so long as it lies latent 
and is not growing; similarly, a mass of tissue which, owing to develop
mental defects, is atterrant in structure is not a blastema so long as it 
strictly respects physiological laws and at most grows coincidently with 
the rest of the organism. Independent growth is the test of what 
constitutes a tumor of this order. Does this mean that we are to remove
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most of tin* conditions now included under the heading of angiomas, 
and place them under the class of, sav, telangiectases? Frankly, this 
would he the better course ; it would make for precision. We must he 
governed here by our conception of the meaning of the word anr/ioma. 
If that is to be taken as meaning simply a swelling composed of blood
vessels, then all these remain as angiomas. If we restrict it to mean a 
tumor, due to the independent growth of vessels, they must be cast out 
of this class. To provide a class for them Albrecht has suggested the 
term Hamartoma.1

BLOOD-VASCULAR TUMORS "HEMANGIOMAS' i WHICH ARE 
NOT BLASTOMAS.

1. Obstructive Telangiectases. The type example of such is the hem
orrhoid, or pile.

The hemorrhoidal veins of the anal region communicate, it will be 
recalled, with both the main and the portal venous systems. Situated, 
as are these veins, immediately beneath the surface, and so, poorly 
supported, obstruction to the onward passage of the blood in either 
system is liable to lead to a dilatation of the capillary loops and smaller

Similar capillary telangiectases are not infrequent in the liver; notably 
they occur in connection with the nutmeg liver (chronic passive con
gestion), as, again, upon the nose and cheeks of elderly individuals, ap
parently secondary to localized fibrotic changes and venous obstruction; 
while venous telangiectases (m rices) are also common, and due, if not 
to obstruction, at least to giving way of the walls against the weight of 
the column of blood (pampiniform plexus, superficial veins of the lower 
extremities -varicose veins, etc.). In like manner, weakening of the 
arterial wall, so that it is unable to withstand the internal blood pressure 
leads to the production of:

2. Aneurysms. —Of these, one variety has been the cause of debate 
whether it should lie regarded as angioma, namely, the cirsoid aneurysm. 
This is evidently congenital, nmy show itself at birth, but sometimes only 
“grows” rapidly in adult life. The favorite seat is the scalp, where 
the worm-like pulsating arteries beneath the skin give a very character
istic sensation. The dilatation of the vessels may lead to erosion of the 
skull. The condition, we hold, can only be ascribed to a congenital 
weakening of the arterial wall, relative to the blood supply and blood 
discharge.

We had occasion to examine one such some weeks after it had been 
reduced by ligaturing the carotid on the same side. The case was 
that of a young adult, in whom, from being inconsiderable, the aneurysm 
had rapidly increased. We found practically nothing. There was no 
evident increase, in our sections, in the number of arteries of the temporal

Apparently from âfiapnu—error, i. e., due to developmental defects.
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region, wliieli had been involved; at most a condition of til)rosis, and 
that not of recent type.

It has been argued that in these conditions there is a condition of 
angiomatosis, because on ligature or removal of such cirsoid aneurysms 
they are liable to recur. In face of this finding we can only conclude 
as above, namely, that there is a constitutional weakness of the arterial

Cavernoma of liver. Cross appearance. (After ItiMiert.)

walls, coupled with inadequate discharge, and so with relative and local 
increased pressure an artery and its branches become widely distended. 
A like cirsoidal aneurysmal condition occasionally follows trauma.

•b Congenital Telangiectases.—(a) Telanfjiectavtiv Neri: Some nevi 
(pigmented moles) are purely cutaneous overgrowths, with collection of 
subcutaneous melanin-containing cells; others are yellow, and of the 
nature of xanthoma ; the majority contain, in addition, dilated capil

laries, or may, indeed, lie areas of simple 
telangiectases, such as the ordinary 
“birthmarks.” An extreme grade of 
the same condition is the blue nevus, 
which may be extraordinarily extensive, 
affecting the whole side of the face, or 
even larger areas.

At Manchester, as a student, I assisted 
at the autopsy of an adult, a patient, 
if I remember aright, of the late Dr. 
Dreschfeld, in which the whole head 
and neck were involved. The skin was 
purple, the face a collection of coarse 
nodules. At Marburg, an infant, upon 
which Professor Aschoff performed the 
autopsy, showed the whole lower half 
of the body involved.

The frequent association of the telangiectasis with congenital pig
mental disturbances in the same area indicates strongly that here we 
are dealing with a vice of development. We find two grades : in the 
simple birthmark (X. Hammans) it is obvious that we are dealing with, 
a capillary dilatation; such may also lie found in bone, muscle, and 
(rarely) brain. In the blur urvun the vascular spaces are apt to be of 
greater size, sometimes septate, showing where, by pressure atrophy,

Section of nmnll cavernoma of liver, 
showing tlie cavernous and communi
ent ing vascular spaces, from which the 
Mood has Iie«'ii removed. (Hihhert.)



T ) /Vf 11. KXHOTIIKUn.UA : Il KM. I MilüM AS 817

neighboring spaces have fused into one, and there is a more cavernous 
appearance. Some authorities regard these as of venous origin, and 
speak of venous telangiectases. We are inclined to regard them as of 
capillary origin, the thickening of the walls and the surrounding fibrosis, 
which give the walls the venous appearance, being regarded as of the 
nature of overgrowth through pressure—strain hypertrophy.

(/>) Cavernoma. -From these cases we pass imperceptibly to the 
cavernoma. These cavernomas are one of the commonest abnormalities 
to be met with in the liver, where they most often are small -from the 
size of a pea to that of a hazelnut -but, rarely, may be of great size as 
large as an orange, and larger. They are to be found in the livers of 
young as well as of elderly individuals, and evidently a considerable pro
portion are of congenital origin, though probably some are acquired 
through localized atrophy of a group of liver cells and compensatory 
dilatation of the capillaries of the part.

Examined microscopically, they are found to be formed of large, irregu
lar, distended, and communicating blood spaces, lined with endothe
lium; the walls between these are relatively thick and fibroid. They 
may contain groups of pigment particles, suggesting, when present, 
possible previous liver cells which have undergone atrophy, but of 
persistent liver cells there are none in the affected area There is a 
liability to thrombosis in these cavities, indicated by the presence of 
recent blood clot, or organized blood dot, and fibrous bands; or, again, 
of calcification and formation of phleboliths.

Here, also, we deal apparently with what are capillary eetases. 
As we have noted, some are obviously of congenital origin, and it is 
suggested that they are due to a vascular branch not becoming clothed 
with, or not entering into connection with, liver cells; while Kibhert 
and others have called attention to the fact that the spaces do not com
municate with the surrounding capillaries, and cannot be injected 
through the hepatic vein. We have noted these 20 times in 1400 com
plete autopsies, more frequently, in proportion, in adults and elderly 
people than in the young, and so are inclined to regard some, at least, as 
due to localized atrophy of liver cells. The majority show no sign of 
independent growth.

TRUE TYPICAL BLAST0MAT0US HEMANGIOMAS.

Angioma Simplex. There are, however, true hemangiomas in which 
we encounter what can only be regarded as a progressive new develop
ment of capillaries. The slightest grade is seen in what are otherwise 
simple capillary angiomas, characterized bv no pronounced eetasis. 
Some there is. But what is the marked feature is that the endothelium 
is very prominent; not only are the cells relatively large, with much 
cytoplasm, but they are two, and it may be more, layers thick. The 
appearance is not that which would be given by contraction of dilated 
capillaries in the process of preparation; there has been a definite over-
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growth. Si ici i cases have h ecu recorded from the skin, the chorion, and 
muscle. A definite tumor is thus formed, composed throughout of these 
proliferating endothelial tubules. This we may speak of as the true 
benign herniangioma. A more advanced condition is seen, in what 
Ziegler termed, we think unfortunately, anyioma hyperfrophicum, for 
there is more than hypertrophy there is a true blastoma formation. 
In this, while some of the en ries have the appearance noted above, 
in others the endothelial overgrowth has become so extensive that solid 
columns of cells are formed, and, what is more, these appear to he 
budding or projecting into the surrounding tissue. Save that the capil
lary tubes are the prominent feature, the condition is scarcely removed 
from what is characteristic of the hemangio-en<lotlieliomas. A full 
study of a case of this nature, while of benign type, afforded métastasés, 
has recently been published by Borrmann.1 In fact, it will be seen from 
this description that we regard the angiomas proper as typical endo
theliomas; that we regard the m ries alone as giving rise to the con
dition, and see, in the capillary endothelium, the one primary factor in 
new vessel growth. All other conditions come under the heading of 
telangiectases.

Next may be included, possibly, a remarkable and rare form, whose 
nature, we believe, was first recognized by Ziegler. This has its seat 
in the skullcap, and presents itself as a sharply defined nodular growth, 
composed of large blood-filled spaces, with little interstitial tissue, each 
lined with a relatively large and very regular cubical epithelium. This 
form is most nearly related to the hemangio-endothelioma of bone 
and kidney, but differs in the remarkable regularity of its gland-like 
endothelium, and not infiltrating, sharply defined character.

We encountered this form once many years ago, before we knew 
much regarding endothelial possibilities, and shall not easily forget 
how it mystified us. The epithelium had an obviously glandular 
appearance, and the cavities were as obviously filled with blood.

Kibbert denies that vascular endothelium ever takes on such epithelial 
type as is seen in tumors of this nature, and so excludes them from the 
class of cndotheliomata. In so doing he forgets the swollen epithelioid 
character that the endothelium may take on (along with increased 
proliferation) in various forms of inflammation, notably in endarteritis 
affecting arterioles. There the cells become strikingly epithelioid.

LYMPHANGIOMA.

Here we have an exactly parallel series of cases to those observed in 
connection with the bloodvessels. The majority of cases termed Iviuph- 
angiomas are strictly lymphangieetases. These may be wholly apart 
from any other form of growth, or, like capillary ectases, may accompany 
various forms of tumor.

1 Ziegler's Heitrage, 40 : 1907.
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NtIioh from u heiiiangio-eiidulheliomn ol I Mine: large vascular spai-es filled with try thro-
.•> !«•« and Mimiumlv.I l.y large, clear, eiil.ieal endothelial cell.», which in paris, as at ., form solid 
masses; b, stroma; d, larger and r, smaller bloodvessels. (Driessen.)
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Scetion from a ease of hemangioma simplex, exhibiting progressive enlargement upd extension.
(Borrmann.)
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In tlu* preceding section no reference was made to what we have 
called attention to elsewhere, namely, the frequent occurrence of 
dilated capillary spaces in every form of overgrowth, which, more 
particularly in the connective-tissue group, may afford indication of 
actual new formation of vessels. When such occurs, it is strictly sub
ordinate to the growth of the tumor, and in no sense independent, save 
in the hemangioendotheliomas, so that to speak of an angiofibroma, 
etc., is incorrect. “Telangiectatic fibroma” expresses more accurately 
the condition. The same is true in respect to the frequent occurrence 
of dilated lymphatics in tumors; the condition here is subordinate, 
and, indeed, may occur in company with the former. When inde
pendent of other new-growth, these lymphangiectases may be either 
inherited or acquired. We thus distinguish three grades, although 
between them there is every transition.

1. Simple Lymphangièctasis i “Lymphangioma Simplex”).—(a) 
Congenital. One or several lymphangieetatie areas may be present in 
the skin, slightly protuberant, sometimes breaking through, and then 
“weeping” persistently (lymphorrhœa). Like “mothers’ marks,” they 
are most frequent on the face and neck, the frequency in Iwitli cases 
suggesting some slight vice of development in connection with the 
closure of the fissures present in these areas during development. The 
affection may Ik* confined to the papillary layer of the corium, or may 
extend more deeply. On section, the tissue presents abundant moder
ate! v dilated ami cylindrical lymph channels, lined with endothelium, 
Iving in a fibrous, somewhat cellular stroma.

(/>) Acquired.- Of allied type is the condition seen in filarial (tropical) 
elephantiasis. Here we have definitely to deal with lymphatic obstruc
tion as a cause of the development of the condition, and it is worthy 
of note that, as we have pointed out elsewhere, the obstruction leads to 
surrounding connective-tissue overgrowth. We do not think it neces
sary, with Ribhert, to assume that there is an essential connection 
between the lymph channels and the surrounding connective tissue to 
account for the fibrous overgrowth seen in so many cases of lymphaiigiec- 
tasis. It is a secondary result of the expansion and “lymplicvdenia.”

L\ Cavernous Lymphangièctasis t “Lymphangioma Cavernosum”).
This corresponds to the cavernomas, only, in place of blood, the wide, 

irregular chambers contain lymph. Under this heading we have some 
remarkable congenital conditions: nmcroglotutia, in which children 
are born with relatively large tongue, which may continue to enlarge 
after birth; mncrorheilia, similar enlargement of the lip, congenital 
elephantiasis (K. lymphangiectatiea). When occurring in the mes
entery, these cavities have milky, chylous contents. Here, also, we 
find extensive overgrowth, with fibrosis of the parts between the dilated 
lymph spaces. The conditions arc all congenital, and we must con
clude that there is obstruction to onward flow of the contained fluid, due 
to some abnormal relationship of the different vessels.

;t. Cystic Lymphangièctasis (“Lymphangioma Cysticum”). The 
most extreme and remarkable examples of this condition are encountered
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in the neck, causing the condition known as cystic hygroma- multiple 
large clear cysts, either helow tin* ear or, more commonly, in the suh- 
inaxillary region ; or, again, helow the level of the larynx, and extending 
to the supraclavicular region ; usually unilateral, and forming a large, 
tense, fluid swelling, which may extend outward to the shoulder, or 
deeply beneath the sternum. The tumors are formed of a collection of 
large cysts, lined with endothelium, containing clear lymph, and having 
fibroid walls. Many of the large cysts appear to be absolutely closed 
off, not communicating with their neighbors. We must suppose that, 
with increasing distension, there has been a valve-like closing of the 
channel of which they are a dilatation, that the endothelium has grown 
pari passu with the dilatation, and that this endothelium has secretory 
powers. The mere force of the lymph flow cannot e> " " such extreme

Fig. 277

Lymphimgio-epithelioma of tIn* lung. (Adler.)

mm

development; we have to assume active excretion, which, indeed, is 
indicated by many other considerations and actual experiments ( Ileiden- 
hain) (see also p. 8(11).

This condition must be distinguished from cervical hydrocele brought 
about by secretion into one of the persistent cervical ducts or fissures. 
Such consist of one cyst, and are lined, not by endothelium, but bv 
s<piatnous or columnar and sometimes ciliated epithelium.

An allied form is the sacral hygroma, one variety of the congenital 
sacral tumor (p. 230 ), in which, again, from imperfect lymph discharge, 
there develop congeries of relatively large1, lymph-containing cysts. In 
uterine myomata occasionally we meet with a like condition.

4. Lymphangioma Proper. From these telangiectatic cases we pass 
to what must be regarded as true lymphangiomas. Here let us repeat 
that the mere existence of growth of lymph channels, pari passu with 
other changes in tumors, but subordinate to the main tissue overgrowth,

7
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must not lx* considered as lymphangioinatous, wen if actual budding 
of new channels lie observed, as noted l>v three or four observers.

Burst describes and figures a localized lymph-vascular nodule observed 
bv him in a lipoma, composed of a close collection of apparently new 
lymph channels. We have noted a somewhat similar condition in 
normal, but very fatty, appendices epiploicre, and have regarded it as a 
latent lymphoid nodule. Whereas, in the normal state, such can be 
detected only with difficulty, in acute peritonitis each appendix is found 
to contain an easily recognizable and typical lymph follicle.

The cases that we would regard as true lymphangioma are charac
terized by a notable proliferation of the lymphatic endothelium. In some 
cases of congenital simple lyinphangicctasis in the young, this is to be 
observed here and there; in older individuals the same is not observable. 
In some cases, for example, of cystic hygroma of the neck it is difficult not 
to believe that there is an actual growth and extension of the tumor. 
Schwalbe has described a case in which, in addition to the marked pro
liferation, lie found solid endothelial cords being produced, and even 
solid processes, as of advancing new formation. Here we seem to have 
the transition to a lymphangio-endothelioma.

Possibly the lymphangioma tuberosum multiplex of Kaposi comes 
under this heading; multiple small nodular cutaneous appearances 
in the adult, which, on section, are found to be due to dilatation of 
a group of lymph spaces in the cutis, each of which shows marked endo
thelial proliferation and is filled with a jelly-like matter, due, according 
to Bencke, to a hyaline degeneration of the proliferated endothelium, 
and, according to the same observer, there is here a pronounced new 
budding of lymphatics.

ATYPICAL ENDOTHELIOMAS.

Hemangio-endothelioma. Of this form of growth cjuite the most 
frequent, and characteristic example is that developing on the inner side 
of the dura, over the skullcap, where it forms smaller or larger sessile 
or rounded nodules; or from the membranes at the base of the brain, 
where it may either form a large nodule or take on a spreading growth. 
More rarely, it may originate within the sheath of the optic and other

The appearance of a favorable section of such a growth is very striking. 
The whole field may be found composed of a collection of whorls of 
concentrically disposed cells. Between these whorls, and not sharply 
marked off from them, is a somewhat cellular stroma. The cells com
posing these whorls are flattened, the centre of each whorl is not close 
packed, but rather loose, and with careful examination, or good fortune, 
here and there may be seen a whorl that has a lumen containing red 
blood corpuscles. Elsewhere, where the section has not been transverse 
through the component whorls, they have an oval appearance, or may 
he elongated and curved. In some eases there is a fair amount of cellular
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fibrous tissue separating the individual whorls; in others the whorls 
exhibit hyaline changes, and their central cells become homogeneous, 
fused and translucent; while frequently we encounter the further change 
of deposit of calcareous salts in these degenerated areas, so that the 
specimen has scattered through it small calcareous nodules. Tumors in 
which this calcareous change is marked have been given the name of 
“ pxummomn.” These psammomas, and they are not uncommon, are, so 
far as we can determine, always of endothelial origin. There may be 
multiple small tumors of this nature scattered under the dura, or in the 
choroid plexus. In other eases, and these more particularly where there 
is a more rapidly spreading growth, the picture is not so clear; only in 
some parts of the section can these whorls be made out, and then some
what indefinitely; elsewhere, and not sharply defined from the previously 
mentioned areas, we have the appear
ance of a moderately small-celled sar- Fm. 27s

coma—a diffuse oval-celled growth.
The appearance is most satisfactorily 

explained as due to localized over
growth of the capillary endothelium, at 
first in the main concentrically, so that 
the capillary Incomes enlarged by the 
deposit of layer within layer of these 
endothelial cells. But, as we have had 
repeatedly occasion to note, the capillary 
is formed merely of endothelium, and 
growth may thus be outward as well as 
inward. Ribbert figures an early endo
thelium of the optic-nerve sheath, 
showing this outward growth. We have 
encountered the like appearance in the 
same region. It is in this way that, 
with more active proliferation, a more 
diffuse sarcomatous growth is developed.

Ribbert, with whose views on this group of tumors we find ourselves 
largely in disagreement, regards these tumors as developed from the 
endothelium covering the dura mater and pia arachnoid space. He 
does not explain why a growth from such a primarily covering endo
thelium should take the remarkable form of cells concentrically disposed 
as though along a series of vessels, as, indeed, serial sections show is their 
arrangement. We are prepared to find that tumors exist of the order 
he describes, corresponding with the pleural and peritoneal mesotheliomas, 
but this is not the common type.

As a rule, it would seem that this form is relatively slow growing, in the 
main causing death by pressure upon the brain substance. We have, 
however, found it extensively spreading over the surface of the brain, 
and in a case where the optic nerve was also affected, have found recur
rent nodules of alveolar sarcomatous nature developing in the orbit after 
extirpation, whereas the cranial growths showed still the endothelioma- 
tons type.

Portion of nn endothelioma of tin- ilurn 
muter, allowing tin- churui-teristii- wlmrleil 
arrangi-numt of tin* tumor ci-IU mid ut a 
n fom-entrirally urrimgvd calcareous de
posit or psammoma Imdy. (P. Krnst. )
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Atypical Ljanphangio-endothelioma. More often, in other regions 
of the body, similar whorled cell masses of endothelioid type show no 
relationship to blood capillaries, and must be regarded as originating 
from the endothelium of lymph channels. These, equally with those 
just described, when exhibiting more active growth, show areas of 
round-celled sarcomatous type; indeed, the greater part of the tumor 
may appear sarcomatous.

Perithelioma. A .striking form of tumor is occasionally encountered 
exhibiting capillary channels cut in various directions and lined by 
recognizable endothelium, around each of which capillaries is a col
lection of cells, many layers deep, arranged radially. The individual 
cells are not specially elongated, but the arrangement in rows at right 
angles to the capillary axis is most characteristic. The general opinion

Section of n perithelioma of Ltmclika’s or the coccygeal gland. (Von IIleh-Kosennkn.)

is that these cells gain their origin from the lymphoid endothelium of 
the perivascular space- that thus these tumors form one variety of 
lymphangioendothelioma.

Apparently those cells farthest removed from the central bloodvessel 
are the oldest. Whether from this cause, or from their more remote 
position, they are liable to exhibit degenerative change, and more par
ticularly to undergo hyaline change. To such modification of a peri
thelioma it would seem that we owe the most typical form of cylindroma 

tumors formed of a collection of hyaline tubes, or cylinders, cut in 
various directions, having a central dilated capillary vessel, surrounded 
by a zone of oval cells, somewhat radially disposed. Saying this, how
ever, it is necessary to interject a word of caution. The cylindroma is by 
no means always a perithelioma; in fact, it is rarely such. Very many 
orders of tumors, even including carcinomas, when poorly nourished,
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show a zone of persistent tumor cells around the vessels, with hyaline 
necrobiosis of cells further removed, and there is the tendency to confuse 
these with peritheliomas proper. A frequent seat for this order of non- 
peritheliomatous cylindroma is in parotid tumors.

MELANOMA.

We have purposely left to the last the consideration of a series of 
tumors regarding which there is still hot debate and violent conflict 
of opinion. While, as will be seen, we take a definite position on one 
side rather than the other, believing that the facts brought forward up 
to the present turn the scale in that direction, and that it is wiser to 
present positive opinions, we confess that our inclination is to treat tlic 
matter as still open.

Benign p.ipilliiry nevus, or papillary mole, to show the nevimiulnlimi of ‘'nevus cells" 
(Hihliert's ehroniutophores). (From photograph by Dr. I. A. Fonlyve.)

Pigmented moles are, as everyone knows, a very common minor 
malformation. Most individuals, if we mistake not, are possessed of 
one or more. In the adult these exhibit no very clear histological pic
ture; in the child their structure is more definite. They consist of a 
fibrous stroma immediately beneath the epidermis, in which are situated 
clusters of cells of fair size, irregularly polygonal, and containing brown 
pigment (Fig. 280). In the si iff hier ruses the.se cells are noted as eneirehny 
closely the vessels. The condition is notoriously congenital. The mole 
represents an area in which there has been some vice of development. 
The specific cells are of a peculiar order, peculiar, not to these moles, 
but to the skin, and (to a less extent) the mucous membranes, as, also,
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the vliomid coal of the eve, where they are most abundant. 'These 
pigment-hearing cells are known as clmniHilopliorrx.

In the ordinary skin of the white man they cannot he clearly made 
out, save in the anal region and tin* pigmented areola of the nipple. In 
animals with deeply pigmented skin they are most abundant, and are 
to be seen not merely in the eorium, but between the cells of the deeper 
layers of the epidermis. 'They are characterized by possessing two or 
more long, rather coarse processes tending to be branched, and rela
tively abundant cytoplasm, in which are pigmented granules of melanin, 
a pigment differing from in being iron-free and relatively
much richer in snlplmr (see p. 1170). 'That the cells of the pigmented 
mole possess these properties can be demonstrated, according to Itibhert, 
by examining a teased-out preparation. In sections they appear merely 
polygonal.

Whether these moles should be termed definite benign tumors 
nomas, or, with some, melanotibroinas is at least debatable. 

'Though to the naked eye they appear sharply differentiated, under 
the microscope their connective-tissue stroma passes imperceptibly 
into the surroundings. Nor, although clearly due to some vice in devel
opment, can we with absolute precision speak of them as cell-rests. 
'The appearances indicate more the excessive development of what is a 
constituent of the normal skin rather than a dislocation—a constituent 
which, for some reason (possibly increased vascularity, for these moles 
are most often nevoid), has taken on the active heaping up of pigment. 
Here we should explain that everything indicates that the chromato- 
pliore is a cell which has the capacity to manufacture melanin, but which, 
however, is not always melanin-containing. But the cell relationships ai 1 
here disturbed.

In the choroid coat of the eye, and from the skin, frequently originating 
from such moles, we gain the development of highly malignant melanotic 
tumors. It is interesting to note that in the eye similar aberrant cell 
clusters have been noted, either in the iris (in areas showing coincident 
tumor growth) from the choroid, or even in and upon the sclerotic, as 
though in this latter case, in the course of development, a portion of the 
ultimate choroidal tissue had been pinched off. Virchow has described a 
primary growth from the brain membranes, which often show some pig
ment cells; Stork, from the pia and ? cord. And primary growths 
have been recorded from other regions, more particularly the liver and 
gall-bladder. We confess " considerable doubt concerning
the primary nature of these growths until recently our colleague, Dr. 
Duval, showed us his material from what was clearly a small primary 
growth originating beneath the mucosa of the common bile duct.1 So, 
also, what appear to be authentic cases of primary growth have been 
reported from the ovary (Bosnie), thyroid (Frankel), adrenal (Orth), 
lymph nodes (Marchand, Birch-IIirschfeld, Martini, and others) and 

urethra.

Mont mil Mill. Jour., 37 :1908:270.
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These tumors arc vvrv striking. According to the amount of |>igmcnt 
they contain, they may l>e coal hlack, or various shades of brown, or, on 
section, show pigmented areas, while the rest of the growth is colorless; 
or the primary growth or some of the métastasés may he colorless, while 
other growths are heavily pigmented. As a rule, they grow rapidly, 
and are nearly always fatal within three years; often the period is hut a

figment containing cells from n spindle-relied melanoma. ( llihhcrt.)

few months; there arc, however, exceptions, of cutaneous melanomas of 
slow development over many years. The original tumor does not often 
attain any great size, hut métastasés are extraordinarily abundant. 
No other form of tumor affords so many obvious métastasés, and these 
both by means of the bloodvessels and the lymphatics, so that the nearest 
lymph glands are apt to be involved, along with the liver (a specially 
favorable seat for abundant and relatively large secondary nodules), the

go *■

£ 'I $ i

Section from an alveolar melanoma or ehromatophoroma of the great toe. The cells in general 
are here seen to lie free from melanin grannies, hut these are present in occasional cells Isith of the 
tumor (a) ami of the stroma (6). At r, some of the melanin-containing cells are drawn separately.

lungs, practically all the viscera, including the brain, heart, bone marrow, 
the coats of the intestine, and the serous membranes. As usual, the 
muscles show little involvement.

When we come to examine various eases histologically, we find a 
marked divergence in the characters of the various tumors, and this 
whether a series be examined originating from the eye or from the skin.
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It is regarding the translation of these appearances that there is such 
active difference of opinion. We meet with two main types: the first, 
more common within the eye, composed of relatively small spindle cells; 
the second, more common in cutaneous growths, formed of large epi
thelioid cells, with or without obvious large spindle forms, and these 
tending to be arranged in alveolar masses surrounded bv a fairly abundant 
fibrous stroma. The first, in general, shows not the slightest sign of 
alveolar structure.

In both forms the pigment, contained as small brown granules 
within the cells, varies considerably in amount; in some eases it is so 
densely packed that nothing can be seen of nucleus or cell structure; 
in these, and in cells containing less amounts, it is present also in the 
long cell processes. As a rule, in the tumor cells themselves the indi
vidual pigment granules are slightly rod-shaped. In the spindle-celled 
type we encounter densely pigmented globular cells without processes, 
in which the granules are more rounded and conglomerated. These 
Ribbert regards as dead cells which have undergone contraction. So, 
also, in the stroma we see cells containing irregular rounded pigment 
granules. In both forms we may encounter what are the cells proper 
of the tumor, wholly devoid of pigment; indeed, Ribbert, as the result 
of his studies, goes so far as to lay down that all sarcomas of the uvea 
and interior of the eye (excluding the gliosa remuas) are of the one 
origin, whether pigmented or unpigmcnted. In both, but more par
ticularly in the alveolar form, there may he more pigment in the stroma 
than in the tumor cells proper.

Ribbert lays down that when this is intracellular in the stroma it is 
still within the same order of cells. This we are inclined to doubt. 
Certainly there is not the same sharp distinction between tumor cells 
and stroma as we meet with in ordinary cancers, but when we see that, 
in advanced eases, leukocytes and the endothelial cells lining the vessels 
take up the pigment, we cannot deny the same properties to the con
nective tissue and wandering cells of the stroma. And when, as fre
quently is to be noted, the tumor cells degenerate and form areas of 
softening, so that cavities full of a black fluid appear in the growths, 
then leukocytes pass into these areas, take up the pigment, and, judging 
from appearances, deposit it in the stroma.

So extensive may lie these degenerative processes that free pigment 
passes into the blood (mclanemiu), and may be discharged into the 
urine (melnnuria), besides tinging the tissues in general.

As to the meaning of these two forms of melanotic growth, two opin
ions are possible: (1) that they are distinct, and that there is a con
nective-tissue type of growth producing the spindle-celled type, a 
cancerous form which is the alveolar type; and (2) that they are both 
produced by one order of cell under different conditions, or at different 
stages of vegetative activity. There are still those who hold to the 
former view, but the existence of transitional and combined forms, 
and the fact, as pointed out by Ribbert, that teased-out specimens of 
the spindle-celled form afford cells with long and branching processes
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of the same type as those afforded by the other form, renders this view 
untenable. We must conclude, therefore, that cells of the same type 
give origin to both, and these cells arc the ehromntophorcs, that particular 
order of cells which, in the normal skin, may be pigment-containing.

But what is the nature of these cells, and what their origin, that they 
can give origin to tumors of varying type? It is around this question 
that the controversy ranges itself. Some years ago I nna, in his ex
tensive studies upon the pathology of the skin, first brought forward 
the view that the cells which give rise to cutaneous melanomas are of 
epithelial origin, and this view has from many quarters gained adherents.

It must be recalled that the cells of the rete Malpigliii contain pigment 
—melanin—and this in colored races in easily recognizable quantities.

'* •

HUM

Section taken through epidermis parallel to surfitee, or somewhat obliquely.over a small cutaneous 
melanoma, .showing typical prickle cells, as al b; others oval (e), containing a few granules of melanin, 
anil others apparently of the same order as at d, densely filled with melanin granules.

Prior to ISSO there was no doubt regarding the epithelial origin of 
melanin; in that year Achy called attention to certain pigmented cells, 
now known as chromatopllores, lying in the eorium and In-tween the 
cells of the Malpighian layer. These are stellate cells of connective- 
tissue type, and he, not unnaturally, concluded that they act as carriers, 
absorbing certain substances from the blood, elaborating them into 
melanin, and passing them on to tin- epithelial cells. Kven up to the 
present moment this view has its upholders, and is supported by the 
sarcomatous, i. r., connective-tissue type of melanotic tumors. I nun, 
in his extensive studies upon the skin, first brought forward the view 
that these cells are of epithelial origin, derived from the Malpighian
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layer, and that, so, tumors derived from them are more allied to the 
epitheliomas or earners than to the sarcomas proper. It has been 
pointed out, although never, it seems to us, with absolute conviction, 
that frequently in mevi and in early cutaneous melanotic growths 
collections of cells of epithelioid, chromatophoric type are present in 
the epidermis, and constitute downgrowths, passing down into the 
masses of tumor cells, in which they are with difficulty distinguishable 
from the tumor elements. Were these cells to become the parent cells 
of the tumor, the pigmentation would be no new assumption. We 
have met with one case in which it was difficult to conclude that the 
epithelium had not taken on a melanotic metamorphosis, but could not 
determine whether this was directly associated with the underlying 
growth ( Fig. 283).

Now, by analogy, just as we admit that in the transitional lepidouias 
a retrogression is possible from the lepidie to the hylic cell type, so, I hold, 
must we be ready to recognize that in epiblastic and hypoblastic tissues 
extreme anaplasia may he accompanied by a similar order of events; we 
must be prepared to find that, without conversion into true fibroblasts, cells 
derived from the epiderm may take on hylic arrangement in the coriuin 
and underlying tissues. Indeed, we cannot shut our eyes to the fact 
that this conversion happens at the advancing edge of not a few 
actively malignant cancers and notably of epitheliomas. In a condition, 
xeroderma pigmentosum, which is on the borderline, and frequently 
passes into epithelioma, Ziegler,1 by subjecting an area of the skin to the 
action of ultraviolet light for twenty minutes, set up necrosis of the 
papillary bodies, followed after several weeks by the development of a 
pigmented scar. In this he found pigment in both epiderm and cutis, 
with groups of pale cells of epithelial character passing into and present 
within the scar tissue, of the same order as those seen in the basal epi
dermal layer. He calls attention to their close resemblance to nevus 
cells.2 As a matter of fact, many pathologists of the widest experience 

-such as Marchand and Luharsch —hold the view that chromatophores 
are of epithelial origin, and melanomas, therefore, epiblastic in nature. 
But against this view are the following considerations:

1. Pigmented tumors of pure epithelioma tous type are curiously rare, 
and, what is more, even in melanomas of the most characteristic alveolar 
carcinomatous type, employing Mallory’s stain we never encounter an 
alveolus which throughout is devoid of interstitial substance.

2. If the comparison be made —as it has been—between the mela
nomas and the rodent ulcer, it is worthy of note that this latter, of all

1 Quoted by Fordycc, Jour. Amur. Med. Assoc., 54 : 1911) : 91.
1 So, too, Meriowsky (Monatsseh. f. prakt. Dermatol., 42, 43, and 44) lias followed 

the development of pigment in the cells, more particularly of the rote Malpighii, 
after subjecting small areas of skin for a short time to the Finscn light, lie has seen 
the pigment collected more particularly on the side near the source of light, and 
later has observed those pigmented cells send out processes between the other 
epithelial cells and into the cutis—assume, that is, the characteristic chromatophore 
type.



M KL . \SOM A 831

epitheliomas, forms the fewest métastasés; of all tumors, the melanoma 
forms the most.

3. What is noticeable in early nevi, in xeroderma pigmentosum and 
several other slighter states of cutaneous pigmentation is that the pigment 
cells in the cutis have a relationship not to the overlying epidermis, but 
to the vessels. As pointed out by both llihbert and Horst, the normal 
habitat of the euticular chromatophore—of the ordinary chromatophore, 
that is is in the lymph spaces immediately around the vessels. Among 
the latest workers, Staffel,1 studying these perivascular collections, finds 
every transition from collections of lymphocytes through others com
posed of lymphocytes, plasma cells, and the allied mast cells showing 
transition into pigment-bearing cells, either branching and with processes, 
or of the spindle-celled type. Studying the development of the two 
orders of cells he notes that the pigment granules are coarser in the 
euticular than in the epidermal chromatophores. We are inclined to 
favor this view of the duality of origin of the euticular and epidermal 
chroma tophores. We know from the observations of Schridde and 
others that the plasma cells, like their congeners, the lymphocytes, have 
the habit of wandering; that they may assume a spindle shape in the 
tissues; that they may also, according to Maximow, give origin to cells 
with processes of the clasmatocyte order, ('din of this nature undergoing 
an orderly proliferation in the lymph spaces i could y ire origin to grind hs 
of the alveolar type ; growing more actively, would injiltrate and exhibit a 
more purely sarcomatous structure.

In their habit of growth it will be seen that these tumors approximate 
to our class of transitional lepidotnas; nevertheless, neither in the earliest 
stages, nor in their mode of spread do they wholly fall into it. There 
is perhaps a closer alliance to the large-celled lymphosarcoma of the 
intestine, in which more than once we have found it difficult to deter
mine whether we dealt with a sarcoma or a loosely growing and abun
dantly infiltrating carcinoma. In other words, the slowly growing 
lymphosarcoma has a tendency to respect lymph spaces. In this uncer
tain state, with a leaning toward mesohlastic rather than epithelial origin, 
we must be content to leave the problem. The existence of transitional 
forms between the alveolar and spindle-celled types renders it difficult to 
accept Fordvee’s dual hypothesis.

Before closing, an attempt must be made to answer a question which 
will naturally have arisen, namely, I low are we to explain the malig
nancy of cells apparently so highly specialized? To this the answer 
must be another question, namely, Is the deposit of melanin granules 
an indication of specialized function, or, on the contrary, is it one of 
imperfect metabolism. Nor is this question easy to answer; it demands 
a knowledge of the nature and origin of melanin, which more appro
priately is taken up when we discuss pigments in general (p. 1 )(»!)). We 
shall not, therefore, discuss here the rival views regarding the functions 
of the chroma tophores whether they supply melanin to the epidermis

1 Verhandl. deutsell, pulhul. Clcsell., 11: 1!M)S : 136.
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(Kôlliker, 1 lelfyine,1 M. H. Schmidt*), or, on the contrary (as urged l>y 
Jarisch, Port, and others), procure their melanin from the epidermal 
cells. Nor shall we discuss the relationship of melanin to hemoglobin, 
as emphasized by Khrmann.8 '1'lie modern view leaves these in abey
ance, and regards the melanin, as developed within the cell, as a derivative 
from the nucleolar matter of the nuclei of the melanin-hearing cells 
(Hassle,4 * Meirowsky,6 Staff el"), associated with distinct signs of nuclear 
exhaustion, not to say degeneration. This, however, does not in our 
opinion e> everything. These identical nuclear changes have been 
described in connection with so many cell deposits that we can only 
conclude that each individual deposit is not a direct development from 
the plasmasomes or chroinidia, but is due to the interaction between the 
discharged nuclear matter and certain cytoplasmic or par sub
stances. Yet other recent indications are that melanin is of the nature 
of an oxidized product of the aromatic radicals gained from disintegra
tion of the protein molecule; that its presence in the cell represents either 
an excessive production and activity of an oxidase or a deficiency of the 
enzyme or other body, which carries the process farther and converts 
the melanin into its colorless chromogen (melanogen). It may well be 
that the extraordinary deposit of melanin in melanotic tumors, far from 
being a progressive acquirement, in s a deficiency in the dis
integrative mechanisms of the cell, whereby the normal final stage of 
colorless chromogen formation, or of protein disintegration, is not 
reached.

OTHER TUMORS OF DOUBTFUL RELATIONSHIP.

There remain, it must he emphasized, other tumors whose relationship 
arc not wholly determined; of them maybe noted the following:

Cholesteatoma. This form is found more particularly in association 
with the membranes of the brain, and is characterized bv the presence 
of little pearly nodules. These are formed of layers of cells of epi
thelioid or endothelioid type, and in the centre of the masses may be 
a cluster of cholesterin crystals. In appearance and structure they 
most closely resemble the endotheliomas, also encountered in these 
regions, and as such the majority of observers regard them. But 
Ziegler7 in some cases has encountered hairs and hair follicles, and 
regards them thus as of epithelial origin, secondarily, it may be, to 
fœtal inclusion of epidermal elements. Bostrom also regards them as 
epithelial inclusions. They are wholly benign. This form must not be 
confounded with another condition affecting the antrum of the middle

1 Dclcpine, Trans. Path. Soc. Load., 1891. 2 * Schmidt, Yirch. Arch., 115.
2 Arch. f. Dermut. u. Syph., 04. 4 Zeitschr. f. Krebsforschung, 2 :1904:291.
5 Mounts, f. prakt. Dermut., 44 : 1907 : 100.
• Verhand. deutsch. pat hoi. (iesellsch., 11:1907.
1 Vide Bostrom, Centralbl. f. Pathologie, 8:1897 : 1.
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Fin. 284

mm

nor of the carotid gland: (S. vessels; »/. hemorrhage into a column of rolls; at d the cells 
of the giowth are taking on a more conncrtive-tissue type; at r. hyaline degeneration.

Fin. 2MÔ

-<»X X

Portion of the same tumor more highly magnified, to show peritheliomatous arrangement 
of the tumor.cells in relationship to the vascular endothelium. (Paltauf.)
53
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car and external auditory meatus to which tin- same name is applied. 
This latter is not a true blastoma, hut merely an ahuormal heaping up 
of an onion-like series of layers of epithelial cells undergoing keratiniza- 
tion, degeneration, and necrosis, with frequent deposits of crystals of 
cholesterin. With progressive accumulation a dense mass is produced, 
which may entirely till the antrum and cause erosion of its bony ease.

Tumors of the Carotid Gland. -Seated upon the carotid artery 
close to its bifurcation may he found, upon careful search, a minute cell 
cluster embedded in a capillary meshwork. It cannot be said that the 
exact relationship of this carotid body has been determined. The cells 
are chromaffine—-i.e., take up and are strongly stained by chrome salts, 
and as the cells of the adrenal medulla have the same properties, and 
they, as now accepted, are of nervous (sympathetic) origin, it is held by 
some that these are of like origin. In this relationship it may be 
recalled (p. 757) that retinal gliomas, also of neuroblastie origin, present 
the liability to exhibit cylindromatous and so peritheliomatous appear
ance. The occasional tumors originating from the carotid bodies are of 
a type recalling the peritheliomas, and verge into the sarcomas proper.

Other tumors of irregular type and uncertain relationships have been 
recorded in connection with another small organ of undetermined 
relationship, namely, the coccygeal gland (Luschka’s gland). These 
also, as indicated in Fig. 27V, p. <S24, tend toward the peritheliomatous 
type. We have, further, encountered two tumors of the palate, appar
ently primary, curiously resembling the hypernephromas in structure. 
What is their origin we do not know.
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THKOKIKS OF XKOI’LAStA.

TliK examples afforded in the preceding chapters indicate:
1. That some of these growths owe their origin to cell rests. In addi

tion to the whole groups of the teratomas and the teratoblastomas and 
allied forms, which we have considered separately, we have adduced as 
examples of this order the tumors originating from persistent rudiments 
of embryonic structures (gill clefts, branchial arch cartilages, etc.), from 
cells displaced during the course of development (aberrant hyper
nephromas, columnar-eel led cancer originating in areas of squamous 
epithelium, etc.).

Cohnheim’s Theory According to the oft-quoted theory of Cohnheim, 
it is these cells—cells which in the course of development have been dis
placed from their normal relationship, or have failed to undergo a normal 
atrophy -that are the essential nidus from which neoplasms originate. 
The theory, it must be noted, went very little farther; it did not lay down 
anything beyond the mere postulate of displacement favoring retention 
of embryonic properties and eventual aberrant growth. It did not 
explain why it is that not all of the abundant cell rests, which we may 
encounter in the human body take on aberrant growth, but only an 
occasional one, and that in exceptional circumstances; nor did it attempt 
to explain why after remaining latent for years, these begin active pro
liferation.

2. We are forced to admit that there are cases in which tumors, and 
more particularly those of a malignant type, originate from cells which 
must be regarded as having undergone not congenital, but postnatal dis
placement; cases, for example, of squamous epithelioma originating in 
the scar of an old ulcer, of columnar-cel led cancer of the stomach or 
intestines similarly originating in the edges of an ulcer, and it may be of 
sarcoma originating at the site of a contusion. 'That this is so was 
emphasized by Roger Williams,' but the expansion of (ohnheim’s theory 
to include postnatal displacements is more widely known in connection 
with Kibbert and his theory.

3. We accept, therefore, that the autochthonous blastonuis can originate 
from cells that have been displaced, and that very many examples -it 
may be the majority —of tumors come into this category. But does this 
include all cases? To this question we cannot but return a negative 
answer. Cell displacement is not flic essential. There are undoubted 
cases in which cells exhibit the cancerous change, and exhibit the can
cerous type without any indication of preexisting displacement. Our

1 Priori files of Cancer ami Tamar Formation, London, 1888; in many respects a 
remarkable work, based on broad biological considerations,
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own attention was called to this fact some years ago in a study of an early 
multiple tumor of the adrenal cortex, in which occasional cells in the 
immediate neighborhood of the small mass of new-growth, while still 
retaining their relationship to the columns of the zona radiata, by their 
enlarged and deep-staining nuclei stood out as of the cancerous type. 
The number of these and their relationship, wholly unconnected with the 
main growth, appeared to preclude any possibility of their being out
growths from the latter; they were part and parcel of the gland substance 
proper.1 It is admittedly a matter of chance, and must be rare, to en
counter tumors at this early stage, but I have recently come across another 
tumor of the adrenal showing the same peculiarity, and .lores and others 
have recorded similar observations. Foremost among these must be 
mentioned Hauser2 and his observations upon the malignant metamor
phosis of cells of the intestinal mucosa while still in situ, and Van Ifeuke- 
lotn, L. 1\ Daniels, Tolot, and Horst Oertel upon the direct cancerous 
transformation of the liver cells in case of multiple carcinomas of that 
organ. As Oertel states regarding his case: ‘‘It was plainly revealed 
that the origin of the cancer was a transformation of multiple growths, 
of multiple groups of liver cells, sometimes only involving few within one 
lobule. These microscopic areas, best observed in those parts of the 
liver which showed as yet no gross cancer formation, demonstrated a 
direct change of atrophic degenerated, wasting liver cells into cancer 
cells while they were still in perfect continuity with each other and still 
entered into the formation of the lobule.” Oertel describes three stages 
through which those cells pass: a first with extensive loss and granular 
degeneration of the protoplasm and disappearance of nuclear chromatin; 
a second of marked nuclear enlargement, the cell body still remaining 
granular; and a third, in which there is abundant smooth protoplasm 
around a very large well-formed nucleus, this last being identical with 
that of the cells of the fully formed cancerous areas. Not until cells of 
this order had proliferated was their connection with each other lost, and 
that independent growth observed characteristic of the ordinary carci
noma. This is a process which has for years been actively denied by 
many of the leading writers upon the subject. For my part 1 regard it 
as wholly demonstrated that it does occur; and it must be taken into 
account in the development of any adequate theory of neoplasia.

4. It is through examples of this order that we link the blastomns 
with the blastomatoid growths referred to in detail in the preceding 
chapters, growths originating as multiple diffuse localized hypertrophies 
of particular tissues, developing obviously not from a single cell, but by 
a generalized proliferation of the specific elements of a. region. These 
blastomatoid tumors may show every gradation from simple idiopathic 
hypertrophy to pronounced malignancy.

'Force : From the " view of the relationship of the cells
giving origin to neoplasms, we recognize the following classes:

1 See Woolley, Trans. Assoc. Am. J’hys., 17:1902:027.
2 Das Cylinder epithelium des Magens und des Darms, Jena, 1890.

8877 21
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1. Teratomas from totipotvntial cells.
Twin teratomas (fœtal inclusions).
Filial teratomas (ovarian and testicular, etc.).

2. Tcmtolilastomas " * cells.
“Mixed” tumors.

3. Bias to mas from unipotential cells.
Originating from congenitally displaced cells.
< Iriginating from cells of postnatal displacement.
Originating from cells that assume neoplastic characters without

displacement, and mpidlv assume malignancy.
4. Blastomatoid growths.

< Iriginating as a diffuse though local hypertrophy of the specific
elements of a tissue, which may or may not pass from the 
hypertrophic to the malignant type.

The adequate theory of neoplasia must cover all these forms. But 
a distinction needs to he drawn between the teratomas pure and simple, 
and all the other orders; once again we find that classification is gra
dation, with transitional types linking the one class to the other. As 
was pointed out when discussing these, the typical teratomas exhibit in 
their cells the orderly progression from embryonic to differentiated 
tissue, and associated with this we observe that they have a restricted 
power of growth comparable with the like restricted power of growth of 
the normal individual. Their cells, it is true, do not form perfect, but 
incomplete organs, and with this certain of them may sooner or later take 
a bla stema tons growth. When they do so this development of u “ tumor 
in Honore” is an epiphenomenon. There is no primary anaplasia of the 
cells of origin of these typical teratomas, although when from them 
there develop secondary blastomatous growths there must be secondary 
anaplasia of certain of the component cells. And as regards the atypical 
teratomas (p. 057), it has to be noted that the growths develop, not from 
cells which have suffered a reversionary anaplasia, but from those which 
have never passed beyond the vegetative stage or attained the stage of 
lull differentiation. In the teratoblastomas as a body we have indica
tions of transition: some cells (in the mixed tumors of the kidney, for 
example) exhibit a capacity to develop into recognizable striated muscle 
fibres into one of the highest and most specialized of the tissue cells 
but along with these are cells which do not pass beyond the vegetative or 
“embryonic” type.

It is obvious that to cover all these forms, even of what we classify 
as blastomas, Cohnheim’s well-known theory is inadequate. The same 
is true of the more elaborate theory of Uihhert.

Ribbert's Theory. -This theory is so frequently referred to at the present 
time that it is necessary to state its main contentions. According to it, cell 
displacement is the first essential, and these displaced cells take on active 
growth, not from any active exaltation of proliferation activity on the part 
of the cells themselves. With Weigert llibhert holds that the vegetative 
powers of the cells cannot be stimulated from without. If, therefore, 
a cell-rest exhibits active growth, it is because of a diminished external

5^86930556
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resist»net*, because of a reduction of the antagonistic forces. ( 'lianges in 
the surrounding tissues precede the specific tumor cell overgrowth, 
lie holds that the cell-rest giving rise to a tumor cannot have its cells 
arranged in the normal order because in such case there would be the 
normal growth-restraining tension. That a retrograde change in the 
cells themselves is favorable to growth is admitted, but is regarded as 
secondary and not indispensable.

Now. isolation of cell groups, irregular disposal of cells, and lack of 
restraining tissue tension are to be encountered in the healing of wounds 
in connection notably with the epithelium which actively pushes over 
and into the underlying granulation tissue. Nevertheless, in such cases 
neoplastic development is the rare exception, not the rule. What is more, 
as we have pointed out elsewhere, Weigert’s hypothesis is wholly unten
able. In this very matter of tumor growth Ehrlich’s observations upon 
transplanted adenocarcinoma of the mouse demonstrate the presence 
and increase of vegetative power on the part of the tumor cells, for with 
successive transplantation into fresh animals they may steadily manifest 
greater malignancy. And were further disproof needed, we have it in 
Bernard Fischer's interesting studies upon the chemiotactic and pro
liferative stimulation of the squamous epithelium of the rabbit’s ear by 
Seimrlaeh It dissolved in oil.

Fischer,1 from one side of the ear, injected into the other side through 
the cartilage, a solution of Scharlaeh it in olive oil, and found that this 
produced a great proliferation of the Malpighian layer of the skin of the 
other side, so that this formed finger-like processes passing into the 
subcutaneous tissue down to the droplets of oil, and even, in some eases, 
into the track of the needle through the cartilage. With this the accu
mulation of injected oil diminished, leaving the S< ha rlaeh H in a solid 
form in the tissues. With the absorption of the oil the proliferation 
ceased, and the epithelial processes underwent atrophy. There was no 
development of autonomous new-growth, but the convincing demon
stration of a stirring-up of the vegetative activities of the epithelial cells. 
These observations have been abundantly confirmed, among others by 
Klotz in our laboratory at the Koval Victoria Hospital.

Lastly, it must be noted that the theory takes no account of the assump
tion of malignant properties by cells in situ. Valuable as it has been in 
its time, the theory has shown itself inefficient.

Parasitic Theories.—There are certain data which have accumulated 
during the last fifteen years regarding the incidence of atypical malignant 
blastomas, and more particularly of cancer proper, which we freely admit 
are, upon their face, difficult to reconcile with any theory save one re
quiring the increasing spread of some micro!)ic causative agent. These 
are: (1) The rapid increase in the mortality from cancer in most civilized 
countries; (2) the greater incidence of the disease, more particularly in 
certain low-lying localities, estuaries, and the borders of sluggish streams;

1 Vvrlmmll. if. (Ivutsvh. pathol. (iesell., 10: 1907:20, nml .Mimcliencr mod. Woeli., 
Sit : 1900:2041.
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(3) house incidence, certain houses affording a mortality from cancer 
over a series of years in striking excess over the average.

Upon the last we lay no weight; l>y the law of chance, just as one in
dividual in a thousand may he of gigantic proportions, so one house in a 
thousand may show a great excess of cases of cancer—or of twin births - 
over the ordinary run of houses. But Bell la’s full study of the incidence 
of cancer in the different sections of a little ( ierman town is certainly most 
suggestive; the eases occurring in the low-lying houses near the sluggish 
stream were found far in excess of those in other situations.1 In this 
he confirmed the earlier work of Maviland in England, and while as 
regards the general increase in cancer some weight must he laid upon the 
fact that improved hygiene and care of the infant favors the survival of 
the weakly, and even brings them to middle age, so that (a) the average 
length of life has been increased, or, in other words, more individuals 
are protected from death by other diseases that they may reach the cancer 
age (after thirty-five years) and succumb to malignant growths, and (/>) 
more individuals with constitutional weakness survive than was the case 
in former years; nevertheless, the increase would seem to be proceeding 
at a more rapid rate than can reasonably be explained along these lines. 
Xewsholme, it is true, a leading English authority upon statistics of mor
bidity, still doubts whether the increase is not merely apparent and ex
plicable along these lines. But in San Francisco the relative number of 
deaths from cancer increased seven times in thirty-two years, from 10.5 
per 100,000 in 1800, to 103.0 in ISOS. In Boston the rate trebled be
tween IS03 and 1887. In New York State, according to Boswell Bark, 
there were 2303 deaths from cancer in 1887; eleven years later there were 
4450. According to Tatham,- in the period 1801 to 1870 the annual rate 
of cancer mortality per million living in England and Wales was, in 
males, 242; in 1891 to 1900 this had increased to 597, an increase of 150 
per cent. For females the increase was 74 per cent., from 519 to 903.

Wiitzdorff's3 statistics for Germany are equally remarkable. Taking 
deaths in hospitals, in 1879, 0330 were attributed to cancer; in 1898, 
the number had risen to 24,000. Even when the correction is made for 
increase in the number of hospital patients, the increase in the cancer 
death rate is 200 per cent. In the ordinary returns for deaths: in 1892, 
2.0 per cent, of all deaths were returned as from new-growths; in 1898, 
(in but six years) the number had reached 3.5,an increase of 18.5 percent.; 
it is attacking also at an earlier age than before, and attacks more men.

Nor is it that nowadays more cases are correctly diagnosticated than 
formerly; the postmortem statistics of certain old-established s
reveal an increasing ratio of cases found to be cancerous at autopsy, 
and this in different parts of the world. < )ne of the most careful recent 
papers on this subject is by Barlow and ’Baylor upon the statistics of 
St. George’s and Middlesex Hospitals.4

1 Poppelmann lias recently confirmed these results in the case of another small 
town. Zeitsvhr. f. Krvbsforschung, 4:1906:39.

* Lancet, London, 1902, i, 745. s Brit. Med. Journ., 1902 : i : 805.
4 Med. Exam, and Brae., New York, 1905:719.

24



840 THEORIES OF NEOPLASIA

But, as already noted, if malignant growth he due to microparasites, 
there is no general consensus as to the nature of the causative organism; 
on the contrary, among those in favor of the parasitic theory there has 
been a most extraordinary diversity of findings and of opinions. Bacilli 
(Schuller), micrococci (Doyen), blastomycetes (Russel, Sanfelice, 
Leopold), amœhæ and rhizopod forms (Sjobring, Schmidt), sporozoa 
(Sjobring, Malassez 1889); “eoccidia" (Metchnikoff, Soudakewitsch, 
Buffer, Plimmer), a gregarine “ Rhopoeephalus” (Korotneff) have all 
had their advocates, and, what is more, not infrerjuently the same observer 
has not hesitated to describe now a causative agent of one order, later 
one of a wholly different order (Sjobring, Gaylord). The latest form 
found associated with malignant growths is almost naturally the spiro
chete. Observed first by Borrel and some European workers, Gay
lord has made the fullest study of the same, and has found a remarkable 
form of spirochete associated with a large proportion of cases of inocu
lated and natural adenocarcinoma of the mouse. There is no doubt 
that this form is present at least in some of these, it may be in all, and 
that it is of the nature of a spirochete. What is more, Forties Robertson1 
has encountered identical forms in a small number of cases of human 
carcinoma. Warned by previous experience, Gaylord exhibits a wise 
caution in drawing any deductions; nay, more, has emphasized that the 
distribution of the form makes it impossible to regard it as the essential 
causative agent.

Emphasis has been laid upon the relationship between the ova of 
Bilharzia and the development of vesical and rectal carcinoma (p. 777), 
but these would appear to be at most mechanical irritants. So, also, 
attention has been drawn to the relatively huge tumors caused in the 
cabbage by the Plasmidiophora brassicœ, a minute intracellular vegetable 
parasite, and other local overgrowths in plants due either to allied vege
table parasites or, as in the case of the abundant galls of different orders, 
to irritation induced by insects. There can be no doubt that iu plants 
at least there exist irritants, and even intracellular parasites, setting up 
just that order of stimulation which induces cell proliferation rather 
than cell degeneration, the growth continuing long after the primary 
irritant has ceased to act.

Attention may also be called to the enzootic goitre and thyroid tumors 
affecting the fresh-water fish in certain waters in Bavaria and in the 
United States, a condition so widespread and leading to so great a loss 
of fish in certain hatcheries as to cause great concern to the United States 
Government. This has been studied more particularly bv Gaylord and 
the New York State Cancer Commission. The fact that fish from 
healthy districts develop these thyroid growths when placed in the 
incriminated waters strongly suggests infection. It is noticed that if 
young fry be placed in a series of tanks fed the one into the other, those in 
the upper tank, supplied with perfectly fresh water, may wholly escape; 
whereas the greatest incidence of the condition occurs in the lowest tank

1 I.uncut, London, 1U07 : ii.
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of the series. With Marine we admit that in the majority of the fish the 
condition is one of goitrous hyperplasia of the diffuse noil-encapsulated 
thyroid tissue of these animals, lint with (iaylord must recognize that in a 
certain proportion of cases infiltration of the vessel walls and other tissues 
is definitely present, i. e.f a state of malignancy. Hut contrary to our 
conception either of ordinary infection or of ordinary neoplasia is the 
fact (parallel to what has been noted with regard to early goitres in man 
and the domestic animals) that removal of the affected fish to unaffected 
waters may lead to disappearance of the tumors. This strongly suggests 
that for the progressive hyperplasia with eventual blastomatosis we must 
invoke the action of a progressive or recurrent irritant which, if of in
fective nature, can only be of the class of subinfections (p. 4<>2). For the 
present we can only safely ascribe the condition to overcrowding of the 
fry, with malnutrition, in certain predisposing waters.

Very much more work, and widespread confirmation of results, is 
necessary before we can be prepared to lay down that any form of micro
parasite is the specific causative agent of any form of malignant growth 
in man. Our present stand must be one not of absolute denial, but of 
agnosticism, Hut even granting that it /.v ultimately found that certain 
microbes set up certain orders of growth, it must be recognized tlnd the 
microbic theory obviously cannot be applied to neoplasms in general. It 
can only have a limited application, and cannot be the foundation of the 
general theory of neoplasia. And this because it is equally obvious that 
there are certain orders of tumors which are to be ascribed to a totally 
different mode of causation- to the inherent, if aberrant, vegetative 
power of the constituent cells, and to that alone. We need no parasite 
to explain the aberrant growth of the syncytium which produces the 
chorio-epithelioma. There we deal with cells possessing naturally 
invasive and erosive powers, cells of another individual.1 The same is 
true of all the teratomas and teratoblastomas and tumors originating 
during fœtal existence. Nor can those congenital cases of what we have 
termed blastomatoid be explained thus. In other words, the adequate 
theory of neoplasia must be one which will explain not cancer alone, but 
all types of tumor formation. No parasitic theory suffices to do this.

It is evident from the above that we are driven back to a change in 
the biological properties of the cells giving origin to tumors, ami to look 
for some explanation of what it is that initiates the change. Here we 
have to choose between a long series of hypotheses.

Anaplasia.—It is to von Ilansemann that we owe the first thorough 
study of the histological characters of cells of malignant growths. ( ’ornil, 
in 188G, and Klebs, had previously called attention to the existence in 
these tumors of irregular and atypical mitoses. Von Ilansemann regarded 
these as evidence of cell change, of the production of generations of 
cells which through altered distribution of nuclear matter do not so 
much undergo degeneration proper, but become incapable of attaining 
perfect structure and function. This modification he has termed

1 Vide Adami, Syncylioma Mulùjnum, Clinical Journal, Loud., June 18, 1902,
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anaplasia, cell races being formed, possessing abnormal properties one 
of which is that of increased vegetative activity.

Hut (1) among neoplasms this unecpial distribution of chromatin is 
characteristic only of malignant tumors; (2) it has been observed in 
other conditions besides malignancy (in forms of inflammation in the 
lower animals, which by experience we know do not lead to neoplasia); 
and (3) no explanation is afforded of the cause of the irregular mitoses.

Farmer, Moore and Walker,1 * Bashford, and others have more recently 
enunciated somewhat parallel views, describing ring form of chromo
somes, such as are seen in the process of nuclear reduction of the oocyte 
and the spermatocyte, but upon further study have withdrawn their 
contentions.

Others, again, of whom, if we mistake not, Creighton some twenty 
years ago was the first, have described an adulterous connection, with 
nuclear fusion between the cells in malignant growths, and to this “ re
juvenation” of the cells have ascribed their increased vegetative activity. 
The latest of these is Moore.* Certain of the stages of amitotic nuclear 
division are curiously like the figures afforded by this last observer. We 
see no adequate support for this theory, which again has no bearing 
upon the large mass of non-mnlignant tumors.

Bashford's Theory. Another English worker, Bashford, from a study 
of the age incidence of malignancy in man and various species of animals, 
concludes that the lighting up of aberrant proliferative activity is a 
function of cell senescence : that as different orders of cells have different 
life periods, so may they give origin to tumors at different periods during 
the life of the individual. This hypothesis again covers only a small 
part of the ground (c. (/., does not include the teratoblastomas), and is 
inadequate.

From these we pass to theories of a wider scope.
Hauser's Theory. One which, in point of time, we should have men

tioned among the first is that of Hauser. Just as among the members of 
a species of animal or plant there may be variation, so here he postulated 
that among the descendants of a single cell, the ovum, cells might make 
their appearance exhibiting active vegetation " with modified
properties, the descendants of which constitute a neoplasm. He regards 
this variation as favored by change in nutrition with excess of the same. 
As pointed out elsewhere (p. 597), it does not appear to be surely estab
lished that mere excess nutrition is in general a cause of hypertrophy 
and proliferation.

The Habit of Growth. We ourselves3 have laid stress upon the con
sideration that the cell that is differentiated for the performance of func
tion in the performance of that function uses up energy and cannot 
simultaneously store up energy to any extent for purposes of prolifer
ation; it is the cell that either has not yet undergone differentiation or 
the one that has passed from a fully formed to a less differentiated state

1 I‘roc. Royal Soc. London, 72:10UÜ.
3 Adiuni, Writ. Med. Jour., ItlOl : i : 021.

3 Ibid., 7th 1007.
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that is capable of active proliferation, not merely, as Badiford would 
hold, cells of the exhausted and senescent type, hut premature or imma
ture cells also; that the mere existence of cells of this order in the body 
does not in itself initiate hlastomatosis, nor even a stimulus of the ordinary 
type acting on such cells; that just as cells modified by inflammation or 
irritation undergo metaplasia, and from these modified cells we find 
originated tumors departing from the type (for example, in the inflamed 
gall-bladder, the everted uterus, and other mucous membranes in which 
a flattened epithelium has replaced one of more columnar type, we meet 
with carcinomas approximating toward the epitheliomatous type), so in 
like manner cells which for a sufficient length of time have been so placed 
or so acted upon that they have been unable to perform function, while 
they have continued to gain nourishment, assuming the less differentiated, 
actively vegetative stage, gain the habit of grouih, or, in other words, lose 
the habit of function; and it is the assumption of the habit of growth that 
is the point of origin of the neoplasm. This hypothesis, it is true, covers 
both cells, which as in the teratomas and teratoblastomas have been 
so situated that they have never been able to assume full function, and 
the blastomas developing whether from cell rests or from cells in sit a. It 
demands that the grade of lack of assumption of complete adult type 
of the tumor cells is the expression of lack of development, or extent of 
reversion, of the parent cells of the tumor at the time when the habit 
of growth manifested itself.

Beneke1 has given utterance to somewhat similar views. He regards 
hlastomatosis as due to increase in growth energy on the part of the cells 
with contemporary lowering of the functional activity.

Other observers, however, have sought for a more tangible explana
tion of the process of Entdifferenzierung, anaplasia, or kataplasia, that 
is so obvious a characteristic of tumor cells in general.

Marchand2 emphasizes the fact that the difference between the normal 
embryonic cell and the so-called embryonic cell of tumor lies in this, 
that the former has the potentiality with continued growth to undergo 
eventual differentiation, the latter has not merely passed into a latent 
state as regards functional and structural differentiation, but has actually 
and permanently lost the potentiality to undergo »uch differentiation. He 
urges that there must first be a degenerative change in the cell leading 
to faulty metabolism, and that the products of the perverted cell have a 
toxic action upon the other cells in their neighborhood, weakening them 
and in this way leading to unrestrained growth. This appears to apply 
specially to the malignant blastomas, and is not so easily to
benign growths or to teratomas and teratoblastomas. Undoubtedly the 
trend of recent work is to show that malignant tumors excrete or afford 
substances, some of them of the nature of enzymes, which are of toxic 
nature, and it is a reasonable view that these tell especially upon the 
immediately surrounding tissues, but the theory leaves it open to deter
mine what is the cause of the primary degeneration.

1 Bvrl. klin. Woch., 1905 : No. 22.
2 Deutsch. mod. Woch., 1902 : Nos. 39 and -10. ,
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Oertel’s Theory. On the basis of his studies already noted, Horst 
( )ertel seeks to give an explanation why the tumor cells have so completely 
lost the power of undergoing subsequent full differentiation; why, to 
employ my terminology, they have gained the habit of growth, and lost 
that of function. The researches of the embryologist have shown that 
nuclear chromatin is not homogeneous; the existence and passage on 
from cell to cell of various orders of chromatin loops with curious per
sistency would seem to indicate that the different orders of loops convey 
different properties, while among the protozoa we find repeated examples 
of the existence of double nuclei, the one evidently associated with propa
gation, the other associated with the general or functional activities of 
the cell. ( )crtcl thus suggests that in mail and the metazoa in general the 
single nucleus contains chromatin of two orders the one governing the 
functional, the other the proliferative or vegetative activities. What con
stitutes the primary cancer (or, we would add, other tumor) cell is a cell 
which has undergone loss of certain chromatin constituents of the former 
order; where these are lost the cell cannot reproduce them. The cell 
which has lost the chromatin < certain differentiating attributes
can only give rise to daughter cells minus these, but endowed still with 
vegetative attributes. In this way races of cells are developed in which 
vegetative attributes are predominant, but functional attributes to a 
greater or less extent have become lost. It is a matter for future research 
whether these two orders of chromatin actually exist in the mammalian 
cell, but the conception is admirable and has some justification, while it 
affords an anatomical basis for an observed fact, namely, that the cells of 
tumors in general approximate to the vegetative rather than the highly 
differentiated type, as also for Marchand’s postulate.

Conclusions. We have, it would seem, arrived thus far, that we 
recognize definitely among the hlastomas some change in the biological 
properties of particular cells as an essential for neoplasia proper. We 
recognize, that is, an inherent and permanent alteration in the properties 
of the cells that constitute, or are to constitute, the neoplasm. It is not 
something from without that determines the continued growth, not an 
external stimulus, nor again a diminished external resistance. An 
external stimulus, it may be, starts the cells on that path which leads 
eventually to their assuming neoplastic properties; diminished external 
resistance may well favor active neoplastic growth; nay, more, it may 
well be that cells of a malignant type afford secretions inhibiting the 
growth, by depressing the vitality, of surrounding tissue cells. But all 
these are subsidiary. What is of primary importance is that the cells 
giving origin to an autochthonous new-growth are so modified that the 
energy acquired by the assimilation of food is not in the main discharged 
in the performance of function, as in the healthy cell in normal relation
ship, but is characteristically retained and accumulated for purposes of 
cell growth and cell multiplication.

What is the nature of this change we do not know with certainty; it is 
here that we have to turn to hypothesis. To lay down along the line of 
Hauser’s theory that certain cells of a tissue in the course of their nmlti-
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plication give rise to imitations, while satisfying the conditions that it is 
only one or a very few cells in a given tissue that give origin to a new- 
growth, just as in a given species it is only one or a very few individuals 
that undergo mutation and become sports, does not carry us very far; on 
the contrary, it is apt, unless employed with proper appreciation, to check 
further advance; whereby we mean that too often the term sport,or muta
tion, is regarded as synonymous with chance variation. So « " it
would in this instance indicate that neoplasia is without definite cause 
and that it is hopeless to seek farther. Biologists, however, are coming 
to see that mutations in animals and plants arc not chance occurrences. 
It is being recognized that alterations in environment favor their more 
frequent appearance. Regarded thus, it is reasonable to regard the 
cancer cell as a mutation of the normal cell, for such a view is quite in 
harmony with the clinical observation that certain conditions life period, 
trauma, chronic inflammation, etc. favor the appearance of the blas- 
tomatoiis change. Like considerations apply also to the conception of 
anaplasia and to Beneke's view of modification in the cell properties, 
and to Oertel’s most recent theory. There is, indeed, a close relation
ship between von llansemaun's theory of irregular distribution of 
chromosomes and Oertel’s of using up or destruction of specific con
stituents of the nuclear chromatin of the adult cell. All recognize a 
change in cell properties, but none lays down what is the underlying 
influence or stimulus which brings this change about. Here it seems to us 
that our theory goes somewhat farther in postulating more fully than the 
others the nature of this change, namely, that there is no one stimulus, 
microbic or physical, that is responsible for the change in cell properties. 
As shown by a study of the life histories of different types of tumors, now 
it would seem to be merely long continuance in a state in which, through 
cell displacement, vegetative activity is possible but functional activity 
is inhibited, now a grade of chronic inflammation with accompanying 
arrest of function without arrest of nutrition, at one time of mechanical, 
at another of microbic origin; now, it may be a senescent exhaustion of 
the functional capacities of the cell that favors the assumption by that 
cell of vegetative to the exclusion of functional activities, an assumption 
accompanied by alteration in the histological characters of the cell. The 
more we study the life histories of the different orders of tumors the more 
we investigate the circumstances associated with the development of dif
ferent examples of one particular order of tumor (such as the carcinomas), 
the more it is impressed upon us that there is no one specific causative 
agent, that a multiplicity of agents induce a particular grade of cell reac
tion; all these causes may lead to a modification in the cell properties, a 
modification that is not transient but permanent and conveyed to subse
quent cell generations.

In a criticism of the first edition of this work Dr. ( I*. White1 inquires
how, in accordance with the views here expressed, the origin of the 
squamous-eelled epithelioma is to be explained, ('an the cells of the

1 Med. Chron. Manchester, June, 1900.
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epidermis be said to cease to perform function before they give rise to a 
carcinoma ? The admirable studies of my colleague. Dr. Wolbach,1 
upon x-ray dermatitis and carcinoma (which, as has rightly been stated, 
is the first carcinoma produced experimentally) give an answer to this 
<p lest ion wholly in harmony with the views here expressed, and what is 
more, to a large extent they harmonize our views with those of Rihhert, 
which are that, in cancer, connective-tissue changes precede those occur
ring in the epithelial elements.

There have now been numerous cases of epithelioma following x-ray 
burns. Of the tissues of the skin the epidermis is the least susceptible 
to direct injury by the Rontgen rays, but marked atrophic changes of a 
progressive type take place in the underlying corium, with dilatation, 
thrombosis, and eventual obliteration of the vessels and
lymphatics, resulting in a dense, relatively avascular layer immediately 
beneath the epidermis, with here and there areas of necrosis manifesting 
themselves months after the original injury. The malnutrition of the 
epidermis thus induced leads in some areas to distinct atrophy of the 
same, in others to a reactive proliferation2 with incomplete or absent dif
ferentiation into normal epithelium, a clear evidence of change of function. 
“The factors responsible for the acquisition of great power to proliferate, 
and eventually the properties of malignancy, are those furnished by the 
changes in blood supply and in the connective tissue.” In this way a slow 
augmentation of growth power is achieved, attended with loss of differ
entiation. The downgrowth of the epithelial processes even into thrombi 
in the underlying vessels and into the dense collagenous material, gains 
its simplest explanation along the lines of Fischer’s Sudan 111 experiment 
in the rabbit's ear, namely, that with their normal nutrition reduced, the 
epidermal cells make their way, chemiotaetically, through the dense 
corium toward regions of adequate blood supply. This acquisition of 
malignant powers in these cases of x-ray dermatitis is completed during 
years, it may be, of active proliferation accompanied by progressive 
impairment of nutrition. Of this we have microscopic evidence, and 
the hypothesis that the former is a direct sequence of the latter seems 
wholly justifiable In short, it is seen that the cells gradually acquire 
greater capacity for securing nutrition, with coincident manifest in
creased vegetative capacity and loss of specific functional activity, and 
finally become capable of living at the expense of other cells. This 
explanation would seem valid for the forms of epithelioma following 
upon lupus, syphilitic ulcers, burns, and other conditions inducing super-

1 Jour, of Med. Research, 21:1909:415. I >r. Wot hack's conclusion regarding 
the histological changes in these eases are in substantial accord with those of Vnna 
(Fortschr. a. d. (iebieto d. Itontgenstrahlungen, 1004-06 : No. S) and Wyss (Hcitr. 
/,. klin. ('hiring., 14 : ItHHi, and I). Arch. f. Chirurg., 93: No. <>).

2 This would appear to be a principle of wide ion that lowered but not
wholly arrested nutrition leads to a reactive proliferation ; we see it occurring in 
the aim elm when the water in which it floats is about to dry up, and at the other 
end of the scale in the paradoxically large of the poor curate. It is one of the
outcomes of the struggle for existence. 5
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licial vivatrizntion, as also for tlu* occupational epitlieliomas (of chimney
sweeps, workers in tar, paraffin, anilin, etc.) and for the Khangri cancer 
of India, induced by the ii ion of charcoal braziers over the abdo
men for purposes of warmth and comfort. It would seem also to satisfy 
the conditions which favor the development of senile cancers. Never
theless, it must be remembered that it is not a universal generalization. 
To mention an example, it does not explain the development of papil
lomas. In them, instead of there being an atrophy with cicatrization of 
the underlying connective tissue, the proliferation of the epithelium, 
however brought about, leads to a reactive growth outward of that 
connective tissue. It is not pretended, that is, that Wolbach’s observa
tions are of general application; but they afford valuable information 
regarding the genesis of one important group of malignant growths. 
The broader generalization is that the specific tumor cells gaining 
increased vegetative activities, according to circumstances either stimu
late the underlying stroma to afford increased nutrition, or make their 
way toward areas of increased nutrition; or, according to the circum
stances of the ease, either the Mountain conies to Mahomet, or Mahomet 
goes to the Mountain.

Finally, it must be asked what bearing has such a conclusion upon the 
< I nest for means of arrest and cure of malignant and other growths?

It is obvious, in the first place, that we hold that little is to be gained 
from the search for any parasitic cause. Even if found, we believe 
that once the cancer has taken on active growth, the mere destruction 
of the parasite would not modify the properties already impressed upon 
the cell.

It this lie so. our attention should he directed in the immediate future 
not to the search for the cause of malignant and other growths, but to a 
careful investigation of the properties of tumor, as distinct from normal, 
cells, and more particularly to the inquiry into the factors which influ
ence the growing powers of those cells.

Two possibilities suggest themselves, one along the lines of active 
bacterial immunity, the other along the lines of passive immunity.

1. As shown by ( iaylord and Clowes,1 and later by Ehrlich, by Bash- 
ford, and others, in a definite proportion of cases of successful inoculation 
of certain mouse tumors there is to he observed a later shrinkage and 
disappearance of the growths, and if now it is attempted to reinoculate 
these mice with the same or allied tumor material, the results are negative'. 
As also it has been found by Sticker’ that where one of these experi
mentally induced tumors is growing actively in one region, a reinocula
tion in another place is apt to he without results.3 Sticker noted that

1 Jour. Amor. Mod. Assoc., -17 :1905:206. 2 Munch, mod. M ooli., 1904 : 39.
2 While this has been passing through the press Bashford points out that this 

statement is I rue regarding reinoculation with the same type of tumor from 
another animal, but not as regards inoculation with portions of the animal’s own 
tumor into another region (Kighth Annual Report, Imperial Cancer Research
Fund. Itrit. Med. Jour.. I9|0. ii : 206.
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while two implantations of mouse cancer made simultaneously into a 
mouse would both grow, after successful implantation in one region, 
inoculation in another was negative.

The phenomenon appears to he identical with what we encounter in 
syphilis, for example, and has been shown by Koch and others to occur 
in tuberculosis. And as in the latter case we are convinced that it is 
due to the development of antibodies by the organism, so in these cases 
we must conclude that the growth of the tumor cells at a focus leads to a 
like production of antibodies, and that here, as well as there, it is only 
when the growth of the parent tumor is so active, and the discharge of 
its products so great, that, as suggested by Hibbert, the antibodies arc 
neutralized, the tissues becoming exhausted and the production of anti
bodies inadequate, that secondary inoculation or spontaneous metastasis 
formation becomes possible. If by inoculation of tuberculin into one 
in not too advanced a stage of tuberculosis it is possible to so exalt the 
general resistance of the organism, and so to increase the production of 
antibodies that the focal development of the tubercle bacilli is arrested 
and their death eventually brought about, so it would seem possible that 
extracts from the removed primary growth of a tumor might be t 
to exalt the specific antineoplastic substances of the body at large, and 
so to prevent recurrence and bring about the atrophy and disappearance 
of métastases.

This has been proposed by Hibbert,1 * and at the present time Coca and 
other workers are engaged ' these lines with results that are promis
ing, the indications being against Ehrlich's opposing theory of “atreptic 
immunity."3 Employing successive subcutaneous injections of extracts 
of malignant growths sterilized with 0.5 per cent, carbolic acid Coca and 
(iilman8 report a series of cases of absorption of cancers with absence 
of recurrence for periods up to seven months, and this with extracts 
made from the main mass of the patient's own tumor and from tumors 
in others of like type.

Too much must not be expected of this method. The general experi
ence is that antibodies to the ferments and other substances developed by 
the functioning body cells arc produced to a very slight extent. The 
observations of Flex tier would seem " to indicate that not all inoculable 
tumors induce sufficient general reaction to lead to the inhibition of 
secondary growth. Further, it is difficult to see how the wise dosage is 
to be determined, for each individual and each individual case. By 
analogy it might easily be possible, as with tuberculin, to give doses of 
the extract which would have the contrary effect.

2. 'Flic second mode of destruction of new-growths that has to be

1 Deutsch. mod. Woch., 32:1000:1093.
■ Ehrlich could find no evidence lliai, malignant growths induce the production 

of antibodies in the system, and thus postulated that failure of tumors to grow 
in a host, or retrogression of the same, depended upon the absence of substances 
necessary for the growth of the tumor cells.

3 Philippine Jour, of Science, December, 191)9,
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tested is along the lines of passive immunity. It would seem quite within 
the hounds of possibility that substances may be discovered, whether 
drugs or animal products, or agents like the Hontgen rays and radium, 
to which the vegetative cells of the different orders of neoplasms will be 
more sensitive than are the fully differentiated cells of the organism. 
The indications are that we are approaching the successful application 
of bodies of this order. However inaccurate the reasoning that led 
Heard to suggest the use of pancreatic ferments, there is evidence that 
in certain cases these ferments act upon the cells of malignant growths, 
leading to their destruction and absorption, whereas they do not influence 
similarly the healthy cells. Yon Leyden has extracted from the normal 
liver of animals a preparation of ferments which, applied to malignant 
tumors, is stated to cause their destruction with extraordinary rapidity, 
and Hier states that he obtains extremely favorable results of like order 
by hypodermic injections of pig's serum.1 It cannot be said as yet that 
any of these enzyme methods have proved satisfactory in practice. The 
most striking results have been obtained in a few cases by Hodenpyl* 
through the employment of what we may term pure passive immunity, 
by treatment of cancer patients with the peritoneal fluid of a woman in 
whom a mammary cancer with extensive abdominal métastasés under
went spontaneous retrogression and absorption. There was a persistent 
ascites, apparently from cicatricial obstruction of abdominal vessels. 
According to the more recent reports, although some patients have 

a remarkable arrest in and reduction of their cancers, others are 
either unaffected by inoculations of the fluid or actually harmed by the 
same. This might be expected. Nevertheless the outlook for the devel
opment of a rational anti neoplastic therapy and for ultimate triumph over 
one of man’s most terrible scourges is far from hopeless.

1 Articles bearing upon this subject are Blumenthal, Krgebnis.se d. exp. Path, u. 
Thérapie, 1: 1901 : pt. 165. (It may be noted that this observer was working on the 
effects of trypsin upon cancer before Beard’s mode of treatment was indicated.) 
Beard, Lancet, 1902 : i : 17; 1904 : ii : 1200; 1905; i : 281 ; and New York Med. Rec., 
1907 : 24. Martin, New York Med. ltec., 69: 1906: 893. Ncuberg and Ascher, Arb. 
a. d. Pathol. Instit., Berlin, 1906. Bergell, Ztsclir. f. Krcbsforschung, 5: 1906:204. 
Pinkuss and Pinkus, Med. Ixlitiik, 1907 : Nos. 28 and 29. Von Leyden, Deutsch. 
mod. YVoch., 1907:913. Bier, Deutsch. mod. YY'och., July 18, 1907.

• Med. Record, X. Y., February 26, 1910.
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CHAPTER XXIV.
CYSTS.

By the term “cyst” we understand a sharply limited and abnormal 
accumulation of Huid in any area unprovided with a channel of outflow. 
The mere localized infiltration of a tissue with fluid, such as occurs in 
acute inflammation, in local «edema or elephantiasis, does not constitute 
a cyst; there must be a well-defined boundary wall or sac. An abscess, 
likewise, does riot come under this term; its boundary is not defined with 
sufficient precision. The existence of a channel of outflow removes a 
well-defined collection of fluid from the category of cysts; an aneurysm, 
for example, communicating as it does with the arterial lumen, is not 
a cyst. We speak of all such localized dilatations of channels containing 
fluid as examples of cctania; in addition to sacculated aneurysms, the 
varices or phleheetases (localized dilatations of veins) come under this 
heading, as do lymph varices and the sa ecu la lions or diverticula that 
may occur along the course of the digestive tube.

That the accumulation is spherical or oval is also involved in the 
conception, as, again, that the fluid fills the sac; thus, we never speak of 
the accumulation of fluids occupying the larger serous cavities as cysts, 
even though etiologieally these be identical in origin with accumulations 
in smaller serous cavities which we among the cysts. It is a
matter of illogical convention that a hydropericardium is not regarded 
as a cyst, whereas a hydrocele of the tunica vaginalis is so regarded.

Vnderstood thus, the true cysts form a very heterogeneous collection, 
so various in origin and character that save as a study in etiology little 
benefit is gained from bringing them together under a common head. It 
is usual to discuss them in association with tumors, and they mayas well 
be grouped together here as anywhere, although it must be understood 
that, save for the fact that they constitute * " iwellings, as a body
they have nothing in common with the neoplasms. At most, this is to 
be recognized, that as a cyst grows in volume there occurs pari passa 
a growth in the tissue constituting its wall, but that growth does not 
constitute the cyst; it is not primary, but is governed by the pressure of 
the fluid accumulation. The formation of multiple cysts is a feature in 
one group of neoplasms, but these rjjstadf nomas form a relatively small 
proportion of the cysts that occur in the organism. The term “cystoma” 
is only justifiable to the same extent as is “ tuberculoma.”

Classification. Broadly we may classify the cysts into four groups 
of wholly distinct origin: (1) Those due to abnormal dilatation of pre
existing cavities of the organism as a result of secretion into those cavities 
at a greater rate than absorption proceeds from the same. (2) Hemor
rhagic cysts, due to the escape of blood out of the vessels into the tissue

14
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a in I sill i.sequent encapsulation of the same. (3) Necrotic cysts, due to 
local death of tissue and liquefaction with encapsulation. (4) Parasitic 
cysts, due to the development (in itself normal) of metazoan parasites 
within the organism, such parasites possessing a cystic or saccular stage 
of development.

I. SECRETORY CYSTS.

< )f these, the first constitutes the most important and largest group. 
We may subdivide this according to two methods, either according to 
the nature of the lining cells, which afford the secretion, or according 
as to whether the cysts he of congenital origin, due to developmental 
defects, or postnatal, due to acquired conditions. According to the first 
of these classifications we can further form classes in which the secreting 
cells lining the cysts are originally formed of:

1. Cubical or columnar “glandular” epithelium.
2. Endothelium.
3. Ependvtna.
4. Squamous epithelium.
5. ( Omposite.

Inasmuch as the congenital cysts with a few exceptions come into the 
first class, this would seem the more convenient classification to adopt, 
and this more particularly because there is a certain number of cases in 
which a given form of cyst of sundry organs may he either antenatal or 
postnatal in origin.

Regarding all of these, it is to he noted that when cellular activity leads 
to secretion of fluid into a cavity unprovided with a duet or passage of 
outlet, or when the passage is obstructed, that fluid is secreted against a 
certain pressure. The pressure in general is low, only a little above that 
of the mean blood pressure in the capillaries, but as the secretion is 
continuous and the al sorption through the surrounding vessels and 
lymphatics is less rapid then the discharge into the cavity, there results 
a gradual distension of the cavity. It is under these conditions of 
moderate as distinct from excessive strain that, as pointed out elsewhere 
(pp. 103 and 593), cell multiplication is favored, and, as a matter of fact, 
we find that a cyst developed from a narrow tube or duct, as it grows in 
diameter, continues for long to be lined by epithelium or cells of normal 
type; there is actual growth and increase of the lining membrane, as 
of the underlying fibrous stroma, and this adapts the chamber to the 
increased contents. In this way a cyst may attain very great size and 
continue to he lined by a typical epithelium of one or other order. Event
ually the lining cells exhibit a tendency toward atrophy and flattening, 
whether through overstimulation and subsequent exhaustion of the 
growth energy of the cells, through increased internal pressure, through 
malnutrition of the lining cells as a consequence of the progressive 
dilatation of the cyst, whereby the nutritive capillaries of the outer wall 
become flattened and the circulation is continued with increasing
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difficulty, or, lastly, through the deleterious effects of the cyst contents. 
The watery contents of such a cyst are constantly undergoing absorption; 
the result is that the less diffusible products of secretion come to be 
more and more concentrated, until in the kidney and other organs we 
may encounter cysts filled not with water, but with inspissated, thick 
even jelly-like or firm colloid contents. Which of these features plays 
the predominant part we do not know, but in old cysts it may be impos
sible to recognize any > .......... "mm.

We shall in our review of the different forms of cysts call attention to 
the various factors leading to the formation of these cysts: obstruction of 
ducts, whether congenital or postnatal, persistence of portions of glandu
lar and tubular organs which should have undergone complete retrogres
sion during fœtal life, inflammation, distension of ductless vesicles pres
ent in the adult organism, etc.

“Glandular" Cysts. I. Of Antenatal Origin. Congenital Cysts 
Due to Persistence of Parts of Embryonic and Fœtal Ducts. A very large 
group of cysts comes under this category. In the complicated meta
morphoses of the embryo and fœtus it may happen that, with the closure 
of certain passages and atrophy of the same, portions of these do not 
undergo complete absorption. Such portions tend to form isolated 
tubular structures embedded in other tissues, and either immediately or 
it may be only after many years their cells may take on active secretory 
functions, cyst formation being the result.

Of such may be mentioned: (a) Thyrolinyual cysts in the median 
line of the neck, through distension of isolated remains of the primitive 
thyrolingual duct leading downward from the foramen cecum of the 
tongue. It is the distal branches of this that form the thyroid gland, (b) 
Branchial cysts, found in the remains of the second and lower branchial 
clefts; these occur upon the side of the neck from behind the angle of the 
jaw (second branchial cleft) to just above the sternoclavicular articula
tion.1 Cysts of this order may either contain mucous fluid or sebaceous 
material, according as to whether they originate from the inner end of the 
branchial cleft (lined with mucous membrane) or from the outer (lined 
with squamous epithelium), (c) VHello-intestinal, projecting internally 
or externally in the neighborhood of the navel. These are lined with 
mucous membrane and arise from a remnant of the vitello-intestinal or 
omplmlo-mesenterie duct, the old communicating channel between the 
small intestine and the yolk sac. Similar cysts have been described in the 
neighborhood of the small intestines, communicating with this by a 
fibrous cord. (d) Urachal cysts, situated in the lower abdominal region, 
due to persistence of portions of the urachus.

(e) Cysts of the Primordial Genito-urinary Passages in the Female.— 
The Wolffian body and the Wolffian and Müllerian ducts undergo a

1 Sec Bland Sutton, Tumors, Innocent ntid Malignant, for a careful study of 
these cysts and the associated fistulas (London, Cassel & C'o., 1894, p. 324). In this 
work Bland Sutton gives a mass of data regarding the different forms of cysts 
which it is difficult to meet with elsewhere. His classification, however, strikes me 
as capable of improvement.
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most complicated series of metamorphoses in the female, and as a result 
cysts are liable to form in nnabsorbed remnants of the same, i. in the 
residue of the Wolffian body, situated in the substance of the ovary, the 
head of the Wolffian duct and its side tubes (the organ of Rosenmiiller), 
the continuation of the Wolffian duet through the broad ligament and 
alongside, or in the outer wall of the vagina where it opens near to the 
urethral orifice. This duct, when present, as not infrequently happens 
in the sow and cow, is known as (iartner’s duct. In connection with 
all of these remnants cysts may arise.

, I'. .llierran* 
I'uratliiltniti* or 
Xcphric ft. •" 
Woljlian llinlii.

; I Paraooji/ton
#>f. of

U’olfflun Hoilt/.

1. H III.
Kolutionship of the sexual ducts and their rudiments in the two sexes: /, the indifferent primary . 

type; //, the differentiation in the female; 111, the differentiation in the mule.

Cytli of III<■ Wolffian body an- apt la In- mult ilocular (although they 
may hr unilocular), la grow downward in the brand ligament, la have 
impillomatou.s vegetations, and la develop after maturity is reached.

Cyrit of tin- free outer tidies of the organ of Rmenmiilltr (or paro
ophoron), which do not communicate with the Wolffian laxly and avarv 
(and are known us Kolielt’s tubes), are small, rarely larger than a pea.

I hose from the vertical connecting tuber of the pariri/ihoron are apt 
to become of great size; more often they are solitary. The smaller cysts 
are transparent and thin walled, with "" of ciliated columnar epitlic-4
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limn; with increase in size the walls become thicker and opaque, the 
epithelium flattened, if not stratified; in the largest the epithelium has 
disappeared, and the contents are turbid, containing cholestcrin and 
other products of cell degeneration. These cysts are apt to show them
selves between puberty and the thirtieth year.

Cysts of Gartner's dwi are to be recognized as occurring in two positions: 
(1) in the broad ligament to the inner side of the ovary, giving rise to 
certain isolated cysts of the broad ligament, iti general of no great size; 
and (2) in the vaginal wall, there also of no great size (compared with 
the huge cysts of the paroophoron), and either solitary or, rarely, in series.

There has been and continues to be discussion regarding certain 
small cysts that may occur in the uterine muscle, lined with columnar 
epithelium and often associated with new-growths of the muscle in the 
form of “adenomyoma.” Many (îerman authorities regard these 
cystic tubules as remains of Gartner's duct; other investigators, mon» 
correctly, ascribe the tubules to deep ingrowth and sequestration of 
the uterine mucosa. We have considered these when dealing with the 
uterine “adenomyonias" (p. 74S).

Hydatid of Moryayai. The term hydatid of Morgagni is by many 
used laxly to indicate small cysts in the outer part of the broad ligament. 
This is a mistake; there is but one hydatid of Morgagni, the term, used 
correctly, being employed for the cystic dilatation of the longest of the 
fimbria» of the Fallopian tube. Fig. 2Nf> indicates the relationship of 
the various ovarian and tubal cysts.

(/) Cysts of the Primordial Genito-urinary Duets in the Male. In the 
male the mesonephros, or Wolffian body, is represented by the paradidy
mis, the Wolffian tubules by the vusn. ( )f tin1 latter, we recognize three 
groups; the main group constitutes the epididymis; the most distal give 
rise to the stalked hydatid or hydatids at the upper pole of the testis or 
globus major of the epididymis.

These are sometimes mistakenly termed hydatids of Morgagni; it will 
be seen that they are not the homologues of the cysts of this name in the 
female.

The proximal remnants in connection with the lower end of the testis 
form a series of blind tubular remnants, forming the paradidymis. 
Along with these and resembling in its relationships the Kohelt's tubes 
( /. e., being blind distally, but communicating proximallv with the efferent 
tubes) is the vas aberrans. All these vestiges may be, rarely, the seat 
of cyst formations; to the blind tubules of the paradidymis are ascribed 
certain multiple cystic growths of the testis, .lust as in connection with 
the Wolffian tubules in the female there may arise parovarian cysts, so 
apparently from the vasa efferentia, the homologous organs, there may 
arise solitary cysts, constituting what English authors describe as encysted 
hydrocele of the testis. Such “encysted hydrocele” has a totally different 
origin from the hydrocele of the tunica vaginalis, to be presently noted.

( )f the Müllerian duct in the male only two remnants have so far been 
determined, namely, the two ends, and of these, one only gives rise to 
cysts. This is the distal or anterior end in association with the globus



“OLA SDV LA ff” ('Y ST A N.").*)

major of the epididymis, which may be present as a small cyst, the 
xeaxile hydatid. The lower end fusing with that of the other side forms 
the xinwt proxtaticuH, lying between the openings of the seminal ducts, 
the homologue of the female uterus and vagina.

(<y) Congenital Cysts Due to Imperfect or Arrested Development of 
Glandular Organs. The kidney and the liver supply the best examples of 
this order. < )eeasionallv birth is rendered difficult by the huge size of the 
fœtal kidneys, or following birth, death ensues quickly from obstruction 
to the action of the diaphragm by the greatly enlarged kidneys. At 
other times the condition is less extreme and is partial, and the individual 
may reach maturity. In such eases the kidneys may be found to be 
converted into a mass of cysts and dilated channels, varying in size

Congenilul cysts ot the kidney from n newborn child dying shortly after birth. Moth organs, 
greatly enlarged, consisted of an agglomeration of elongated cysts as shown here. (From the 
collection of the Royal Victoria Hospital. Zeiss objective Dl) without ocular.)

from those just visible to the naked eye to others the size of a marble, or 
in the adult the size of a plum or larger. In these eases the renal tubules 
or the larger proportion of them are found not to communicate with the 
pelvis. A layer of dense fibrous tissue occupies the region of the calices. 
Above this the tubules are dilated and cystic.

There has been a long-continued debate as to the cause of such 
congenital cystic kidneys. Virchow regarded them as due to fœtal 

affecting the medulla and leading to constriction and 
atrophy of the terminal portions of the collecting tubules. Others have 
regarded the condition as adenomatous. The consensus of opinion at 
the present moment is that we deal with a condition of arrested devcloj»- 
ment. As to the exact nature of that arrest observers continue to be
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widely at variance, although the more recent exact studies of Schreiner 
and Huber, made with the aid of reconstructions of serial sections of 
the fœtal kidney, by Born’s wax-plate method as again of Herring, 
would seem definitely to have settled the matter.

The original view of Kemak and Kôlliker, accepted by a long list of 
later observers, was that the whole of the renal tubules arise as évagina
tions and branches from the Wolffian duct. According to this view 
congenital cysts of the kidney can only lie brought about by obstruc
tion of the tubules after their formation. Virchoxv, as already noted, 
taking this view ascribed the obstruction to inflammation of the medulla.

So long ago as 1865 Kupfer recognized a separate origin for Bowman's 
capsules and the convoluted (secretory) tubules, and his researches have 
been confirmed by a succession of embryologists of repute (Balfour, 
Adam Sedgwick, Wiedcrshcim, etc.). The above-noted researches of 
Schreiner' and Huber1 2 prove:

1. That the first indication of the fœtal kidney is an évagination from 
the Wolffian duct near the cloaca. This elongates, and becomes bul
bous at its end. The stalk is the future ureter, the ampulla expands 
longitudinally and is the anlage of the future pelvis and collecting tubules.

2. Running alongside the Wolffian duct is a cell mass of mesenehy- 
matous origin, the nephrogenic tissue. At the upper end this gives 
independent origin to the Wolffian tubes. Below, the renal ampulla 
penetrates into the mass.

3. The elongated ampulla (pelvis) gives rise to pairs of évaginations 
or branches, which proceed to dichotomise, developing the future 
collecting tubules.

4. The swollen or ampullarv end of each branch becomes surrounded 
by a segregated mass of the nephrogenic tissue, and in the inner zone of 
this tissue there now form cell collections developing into vesicles renal 
vesicles.

5. These vesicles elongate and fuse with the collecting tubules, so 
that their lumen opens into that of the ampullarv ends of the collecting 
tubules. Elongating still farther and becoming S-shaped, the distal end 
by invagination gives rise to the Bowman’s capsule with its contained 
glomerulus; the other portions of the Sgive origin to the first convoluted 
tubule, the loop of Henle and the second convoluted tubule; in fact, 
buffidhc secretory portions of the renal tubule.
/^Pmlc thus an inflammation of the medulla in the later months of 

/fœtal life might bring about obstruction, the simpler explanation of 
the congenital cystic kidney is that of a want of relationship or fusion 
between the renal vesicles and the outgrowths from the Wolffian duct. 
If the nephrogenic tissue proceeded to form renal vesicles without the 
renal ampulla proceeding to dichotomise and form the collecting tubes 
we should expect the case of universal cystic degeneration of the kidney. 
Now we encounter kidneys of this order—kidneys with no pelvis, and,

1 Zeitschr. f. Wiss. Zool., 71:1902.
2 Amer. Jour, of Anat., 4:1905, Supplement 1.
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again, kidneys with a pelvis, but no signs of a medulla or of collecting 
tubules. We could expect also cases exhibiting in general a well-formed 
medulla and collecting tubules, but with these scattered cysts, due to 
local independent development of the mesenchymal renal vesicles with
out fusion with the collecting tubules, and, again, as a matter of fact we 
encounter these cases.

In the kidney in the newborn it is not uncommon to encounter what 
are evidently isolated imperfectly developed Malpighian bodies situated 
immediately beneath the cortex. These must be regarded as renal 
vesicles of latest development which have not as yet gained connection 
with a collecting tubule; in congenital syphilis causing, as it does, 
arrested development, these are apt to be relatively abundant. I cannot, 
however, accept the view propounded by Kibbert1 that the cysts in the 
congenital cystic kidney are developed purely from the glomerular bodies. 
The renal vesicles are not merely the glomerular anlagen, but give rise 
to the whole secretory tubules, and the cysts in certain cases are clearly 
of tubular type both as regards their form and their epithe...........

Aschoff would proceed farther and give the like origin to all the 
isolated “retention cysts” encountered in later life. Here we cannot 
entirely follow him. It is true that such cysts form most often imme
diately beneath the capsule, in the region, that is, where we find latent 
and rudimentary renal vesicles. We do not deny that some, perhaps a 
considerable proportion of isolated cysts, are of this nature, but the 
renal tubules are certainly capable of dilatation as a result of obstruc
tion. We may, indeed, have acute cystic dilatation of tubules in acute 
parenchymatous nephritis as a result of blockage of the narrow descend
ing loop of Ilenle by the shed cells of the first convoluted tubules. It 
is rational to believe that interstitial fibrosis, by contraction and obliter
ation of lumen of tubules, may lead to similar obstructive cyst formation. 
It is striking how frequently these scattered cysts are associated with 
chronic interstitial nephritis.

lu the liver we more rarely encounter similar congenital cysts. In 
those cases we have studied there has always been a marked degree of 
fibrosis around the bile ducts in the immediate neighborhood of such 
cysts. A diffuse enlargement of the bile ducts, and even of the bile 
capillaries throughout the organ, may be associated with congenital 
stenosis or obstruction of the common bile duct. We regard them all, 
then, as hepatic bile cysts of obstructive origin.

Congenital Cystic Diathesis. Still more rarely we encounter cases of 
what has been termed the cystic diathesis with multiple cyst formation in 
both the kidney and liver, or as in a case studied by us in kidney, liver, 
and pancreas.

In our case the kidneys were of the typical congenital cystic type, as 
seen in the adult, i. r., there was a pelvis and in certain areas well- 
formed collecting tubules, although large portions of both kidneys were 
converted into dense congeneries of cysts with no sign of collecting

1 Verhand. d. deutsch. path. Gcsellsch., 2:1900.
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tubules or pyramids. The bile cysts were relatively few and small, and 
there was marked fibrosis around the bile ducts in their neighborhood ; 
they were obstructive cysts. The distal half of the pancreas was alone 
affected, but this to an extreme degree all the tissue being replaced by 
large cysts. The rest of the organ was normal and the cystic trans
formation began immediately beyond a distinct groove on the surface of 
the organ formed by the tense band of the mesenteric vessels. These 
clearly had pressed upon the organ and compressed, and to some extent 
obstructed itsduct. We had clearly to deal with obstructive retention cysts.

Here clearly the occurrence of multiple cystic disturbances was a 
coincidence, or, at most, the diathesis was of the nature that obstructions, 
which in the normal individual would be overcome, in this individual 
were followed by dilatation and giving way and atrophy of the surround
ing tissues, so that cyst formation resulted more easily than in normal 
individuals. A study of the recorded cases leads me to regard them as of 
the same nature.

II. Glandular Cysts of Postnatal Origin. I. Originating in Tubular 
Glands through Obstruction of their Ducts. Retention cysts of this order 
are widely distributed. The ducts may become plugged and obstructed 
by mucus, calculi, etc.; may be stenoscd through the pressure of sur
rounding fibrous tissue, the result of a chronic productive inflammation, 
or compressed by the pressure of new-growths from without, etc. ('vsts 
of this order lined by characteristic columnar or cubical glandular epithe
lium may develop in any tubular gland. The examples are very numer
ous: Huhula of the floor of the mouth through obstruction of the 
duct of the sub.lingual glands, or of the glandula ineisiva situated farther 
forward in the floor of the mouth; salivary cysts through blocking of a 
salivary duct; mucous cysts, small and multiple, of the intestinal mucosa 
through blocking of the crypts; pancreatic cysts (Rantda />a lierait ira) 
of like origin, cysts of the mucous glands of the epiglottis, trachea, 
Cowpcr's glands, glands of Bartholin; bile cysts of the liver; the small, 
solitary, or sparse retention cysts of the kidney (see above), of the 
glands of the uterine cervix (Omila Xabotlii), of the lacrimal gland 
(Durrnops), of the ducts of the mammary gland ( (lalactocrlfi), etc.; wens, 
atheromatous or sebaceous cysts (arising from the sel aceous glands 
in the hair follicles). In this group must also be included conditions of 
hollow organs lined with a glandular epithelium, as, for example, hydrops 
cifstidis frllru' or cystic dilatation of the gall-bladder due to obstruction 
of the cystic duct, and appendicular cyst due to stenosis of the appendix 
vermiformis with dilatation above the region of obliteration. Some of 
the most remarkable examples of cyst formation are encountered in 
connection with the Fallopian tubes, when, through inflammation, they 
become closed at either end (hydrosalpinx). When through laceration 
in parturition and subsequent cicatrization the cervix uteri becomes 
occluded, there develops the condition of distension of the uterus with 
retained discharges known as liifdroinrtra. These latter cases may, with 
propriety, be relegated to the group of composite cysts to lie presently
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2. Originating in Ductless Glands. The thyroid and tin* pituitary body 
are both formed, as regards their main constituent, of closed vesicles. 
These under normal conditions become, many of them, excessively 
distended with secretion, and thus may present cysts visible to the naked 
eye. In the thyroid, which is more frequently affected, such enlargement 
constitutes one form of cystic goitre. To other forms of thyroid cysts 
we shall refer later.

Among the cysts of the ductless glands must be included rystn of 
fhr corpora lutca and (Iraajian follicular cyxtx of the ovary. Both are 
somewhat aberrant in their mode of development. A further note re
garding the former is given on p. N(>4. The Graafian follicles are 
of mésothélial origin, originating from gland-like crypts of the germi
nal epithelium. The normal follicle has a fluid centre surrounded by 
several cell layers. The function
of these specific cells would appear 1 -KS
to be that of nourishing the devel
oping oocyte situated within the 
discus proligerus. At times they 
actively secrete fluid, and small 
follicular cysts have been found 
still containing an ovum. More 
commonly the ovum has under
gone disintegration, and cysts, the 
size of a pen, or larger, persist in 
the ovary ; these are frequently 
multiple.

III. Glandular Cysts of Neo
plastic Origin : Cystadenomas.
All adenomas of tubular glands or 
reproducing vesicular cell groups
may, through continued produe- î,Ti7,ccrtnin'o" the^.^rTiuM^ru 
lion of (abnormal) secretion, give 
rise to multiple cystic growths. There are adenomas of certain organs 
which have a special tendency toward this cystic modification. First and 
foremost must be mentioned those of the ovary, or, as some would hold, 
of the Wolffian body. This cy.stailcnoma papilliferum of the ovary, or 
multilocular ovarian cyst, may attain a great size and he composed of 
innumerable loculi or individual cysts, some as large as a child’s head, 
others scarcely visible all of them are lined by a columnar epithelium. 
As indicated by the first title given, one group of these cysts from the 
ovarian region has, in addition, a pronounced tendency toward the 
development of intracystic papillomatous growths.

The breast is another region in which adenomata are prone to become 
cystic, although here it has to he pointed out that many of the conditions 
termed cystadenoma are not true neoplasms, but are primarily, at least, 
retention cysts of the milk ducts caused bv chronic inflammation, or 
are involution cysts, from stenosis of the ducts and subsequent cyst for
mation accompanying retrogressive changes and atrophy of the

Section from a east» of multilocular ovarian 
cyst, showing early papillomatous ingrowths
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substance. It is from the walls of such cysts that there is a tendency 
for papillomatous and even carcinomatous intracystie masses to develop.

Cysts of other nature may develop in tumors—lymph cysts (p. 801) 
and necrotic cysts (p. 864). Relatively small cysts of glandular type 
may occur in one form of tumor not of the adenomatous or lepidic type, 
namely, in gliomas. To these we have already referred (p. 757).

IV. Endothelial Cysts. -The cases of endothelial or serous cysts of 
congenital origin are relatively few in number; they may fittingly be 
considered along with those of postnatal acquirement. The charac
teristic examples are serous cysts—sacs distended with serous fluid or 
lymph. Such sacs are lined with endothelium, either of some cut-off 
portion of a serous cavity, more particularly of the peritoneum, or of 
the lymphatic system. Examples of the former are scrotal hydrocele, 
and cysts of the canal of Xuck; of the latter, bursal cysts, “ganglia” 
(cysts formed by the cutting off of hernial protrusions of the synovial 

of tendon sheaths), many mesenteric and subpleural cysts, lymph 
cysts in association with macroglossia, and other conditions of congeni
tally obstructed lymph channels.

( )f these serous cysts of congenital origin, some of the most remark
able are those known as hydromas. These lymph cysts of congenital 
origin may occur in various situations, but the largest and most remark
able examples occur in the neck —hygroma colli.

Here huge and progressive collections of lymph cysts may develop, 
either a few large, or a sponge-like congeries of small cysts, and these 
ramify, not merely in the fascia* between the neck muscles, but in the 
muscles themselves, the parotid and salivary and other tissues of this 
region, extending both upward and downward (into the thoracic 
cavity).

It. is doubtful whether these should be regarded as simple serous 
cysts; some are of this nature, but many exhibit a very cellular stroma, 
and, as pointed out by Boyce,1 there is evidence not merely of connective 
tissue, but of endothelial proliferation: ramifying columns of endothelial 
cell masses are to be made out, which, judging from transitional stages 
observed, ultimately become cystic. In other words we deal with defi
nite lymphangio-endotheliomas (Borrmann3).

Other lymph cysts deserving of note are those which occur in the 
choroid of the eye, the chylangiomas of the intestinal wall (dilated 
lymphatics filled with inspissated milky chyle), and the serous cysts 
which may complicate tumors, notably uterine fibroids.

It is obvious, that since the tunica vaginalis is normally present as a 
closed sac, without accumulation of fluid, the accumulation of fluid in 
the same to form a hydrocele can only be brought about by modified 
activities of the lining membrane; there must, that is, be either increased 
secretion into the sac, or obstruction to the normal diffusion of fluid 
out of the sac, or both. It is probable that we have to deal with both. 
We cannot explain the first stage in the formation of a hydrocele (before

I’iithnlogicnl Histology, p. 192. 2 Ziegler's Heitriige, 40:1906: 372.
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distension of the sac shows itself) without assuming increased secretion 
and this secretion must he governed by the state of the endothelial 
lining; in the developed hydrocele there is definite thickening of the 
tunica forming the sac, and this must hinder diffusion outward.

The same considerations govern bursal and lymph cysts in general; 
we have to recognize both obstruction to outflow and discharge, and 
active secretion. To form a cyst the pressure within the sac must be 
greater than that of the lymph in the immediately surrounding tissues, 
and this demands the latter condition. Such bursal cysts may be of 
intra-uterine or postnatal acquirement. The conditions leading to 
their development are increased pressure on a part, of an intermittent 
type, with movement of the loose connective tissue over some more rigid 
prominence, with rupture or separation of the strands of the connective 
tissue, resulting in a low form of inflammation, with the accumulation 
of serous fluid. The cavity thus formed, at first irregular, through 
proliferation of the endothelium of the lymph spaces involved becomes 
lined with endothelium, becomes also smooth-walled and cystic.

V. Ependymal Cysts, Neural Cysts. -The ependyma lining the 
hemispheres and the spinal canal is emhryologieally as an epihlastic 
tissue more nearly related to the “glandular” lining membranes, although 
functionally it is more of the nature of an endothelium, such as that 
lining the serous cavities; the cysts developed in connection with it may 
thus be treated as a special class.

Through stenosis, whether from imperfect development or intra
uterine inflammation, there may be brought about localized closure of 
some portion of the spinal canal, or, again, of the canals of communi
cation between that canal and the external lymphatics. Either con
dition results in accumulation of the cerebrospinal fluid and cystic 
dilatation of the cerebral ventricles or of the spinal canal. In this way 
result the conditions of hydrocephalus interims, hydrocele of the fourth 
ventricle, cysts of the spinal canal (syringomyelocele) (see p. 2(>5).

These conditions must be distinguished from the various forms of 
meningocele, serous or endothelial cystic states, partial or complete, in
volving the meninges. The ordinary hydrocephalus involves the la tend 
and third ventricles, the olretraction occurring in the iter. Hydrocele of 
the fourth ventricle, a condition first described by Virchow,1 is a much 
rarer condition, brought about by obstruction of the lateral recesses of 
the fourth ventricle. These passages contain the choroid plexus of the 
fourth ventricle, and form the means of communication between that 
cavity and the subarachnoid space at the base of the flocculus; obliter
ation of one of these recesses, or of both, lead to unilateral or bilateral 
bulging and cyst formation at the base of the brain, with pressure upon 
and paralysis of the facial, auditory, and, it may be, of the glosso
pharyngeal and vagus nerves, all of whose root filaments lie in the 
neighborhood of the cyst. The condition, as in a case of ray colleague, 
Dr. Hell, may be associated with a moderate grade of hydrocephaly.

1 Die Krankhnftcn GcsrhwülsU-, 1 : 183.



CYSTS8A2

VI. Epithelial Cysts. -These form a large group. The congenital 
“sequestration dermoids,” and acquired implantation cysts of the skin, 
are more properly considered among the composite cysts, inasmuch as 
the fluid lilling the cyst is in general the product of sweat and sebaceous 
glands, and not derived directly from the squamous epithelium; and 
there they will he discussed. Here it may he noted that the simplest 
form of implantation cyst, such as may he found beneath the skin of 
the Angers or palm in sewing-women and those performing rough 
manual labor, may, under the microscope, exhibit a simple squamous 
epithelium without glands, and nevertheless possess pultaceous or 
atheromatous fluid contents. Such cannot be regarded as true secre
tion; the fluid is the product of the disintegration and autolysis of the 
more centrally situated cells. We refer to cysts of this order in this 
place to call attention to the fact that their walls are in the main com
posed of squamous epithelium. Occasionally, as in the orbital tissue, 
simple cysts are found lined by stratified epithelium without glands 
which, nevertheless, have clear fluid contents.

VII. Composite Cysts. Hiuler this category are to be included 
those cysts whose walls are formed of more than one form of epithelium, 
and in which the secretion of the cystic fluid is from glands discharging 
into the main cavity. The sequestration cysts above mentioned are of 
this character, and closely allied are the teratomatous cysts, such as the 
ovarian dermoids; hydronephrosis of the kidney and its pelvis is a 
typical example.

Sequestration vystn art1 due to the inclusion and detachment of portions 
of the true skin in the region of the fissurai lines of the laxly below 
the line of fusion of the two sides of the dorsal groove, of the thoracic 
abdominal cleft, the facial clefts, etc. In all these regions cysts may be 
encountered lined with squamous epithelium, and either containing 
glairy fluid (from sudoriparous glands) or pultaceous fatty fluid (from 
sebaceous glands); or, in addition to these, hairs both loose and 
attached.

Such cysts may not be merely superficial, but may be situated rela
tively deep in the tissues. It must be remembered, as pointed out by 
Bland Sutton, that the bony vault of the cranium is of relatively late 
development; originally the skin over the head was in contact with the 
dura mater; thus, through abnormal infolding and sequestration a skin 
cyst may eventually form attached to the dura mater and beneath the 
cranial vault. The same is true of the anterior cleft of the laxly and 
the sternum; sequestration dermoids may develop in the mediastinum 
beneath the sternum.

Postnatal implantation cy.st.i may be of similar structure; through 
trauma, a portion, large or small, of the surface epithelium may become 
lodged in the underlying tissues; may become grafted there and proceed 
to grow. The active growth of a squamous epithelium, it will be recalled, 
<x*curs in the lower Malpighian layer; the inevitable tendency, there
fore, is for the growing edge of this outer surface to curve inward until a 
globular mass is formed (Fig. 280).
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If the graft have sehaceous or sudoriparous glands associated
with it, the secretion from these distends the cavity and a cyst results.

We have dealt with teratomatous cysts in discussing the teratomata 
(p. (159).

The subject of hydronephrosis will be dealt with in more detail in the 
second volume. Here we would only call to mind that hydronephrosis 
is brought about by obstruction, congenital, or more often acquired, 
of the urinary passages, at any point between the prepuce (phimosis) 
and the pelvic origin of the ureter. Such obstruction leads to dis
tension of the passage above the point of closure, and that distension 
tells especially upon the pelvis of the kidney. There are cases of hydro
nephrosis in which the pelvis alone is affected, the kidney substance not 
recognizably involved. Most often intrapelvie pressure leads to atrophy 
of the pyramids, and this atrophy is progressive until the kidney may 
be represented by a large sac, a foot or more long, and of proportional 
girth, the kidney substance proper being represented by a thin layer of 
tissue a millimeter, or little more, in diameter.

<» tia-

Diagram to illustrate mode of formation of an implantation cyst of skin: I hIiows a fragment 
of skin depressed into the underlying tissues: the actively growing cells of that fragment are upon 
its under aspect, at a ( the palisade layer of the rete .Mulpighii): the stratified flattened cells of the 
epidermis (at l>) have lost the power of growth; 2 and 3 show the continued growth of the cells of 
the rete Mulpighii, which from the want of growth of the cells at b must come to surround those 
cells, and form as at 4 a solid, anil later, as at fi, a hollow sphere.

In this connection may be noted the cysts of the jaw, both simple and 
multilocular, due to aberrant development of the teeth sacs and enamel 
germ remains. These may contain clear or atheromatous fluid, may 
be lined with squamous or merely a single layered cubical epithelium 
and may or may not contain, projecting into them, one or more teeth; 
when teeth are present we have the true dentigerous cyst.

II HEMORRHAGIC CYSTS.

Ivxtensive hemorrhages into the substance of sundry organs mav 
result, not in the ultimate absorption of the exuded fluid, but in cyst 
formation. The hemorrhage leads to the destruction of the tissue Of 
the infiltrated area; eventually a capsule is formed around the exuded 
blood, but while this is proceeding, through the combined agencies of 

:*s and autolysis, the bodies of the corpuscles and the cell debris
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undergo removal, as does also the diffused and altered hemoglobin; so 
that, after a few weeks, the cyst is found to contain a thin blood-stained 
fluid, and, eventually, all the pigment being removed, the contents come 
to be a clear serous fluid. The last indication of the hemorrhagic origin 
of such a cyst is the presence of modified blood pigment in and around 
the fibrous capsule. The organs in which such hemorrhagic cysts 
are specially liable to be found are the brain (substance of the hemi
spheres, base, internal capsule, and pons), ovary (corpora lutea), the 
goitrous thyroid, scalp of the newborn and children {Cephalhematoma), 
pinna1 of ears (in football players and lunatics—Othematoma).

Bradley,1 following Rokitansky, has pointed out that the large cysts 
with serous contents found in the thyroid, from their structure, and the 
various stages found, can only be regarded as the results of hemorrhage 
into a nodular goitre.

The cephalhematomas are interesting in that there is a tendency 
toward the development of a ring or margin of true bone at their base, 
proceeding from the pericranium where it is raised from the bone, the 
hemorrhage, in these cases at least, being situated beneath the peri
cranium. A crateriform, osseous growth upon the skull is the result. 
Bland Sutton figures an extreme example of this condition found in a 
monkey.

The corpus luteum of pregnancy occupies an intermediate position; 
in its earliest stage it is definitely a blood cyst, but soon, without further 
hemorrhage, the volume of its contents increases, the contents with this 
becoming paler. The recent researches of Prenant, Born, Jolly and 
Marshall2 denote that the corpus luteum affords an internal secre
tion, and indicate that the lutein cells, far from being degenerative, play 
a very active part in connection with the secretion of diffusible sub
stances which influence the mucous membrane of the uterus and the 
economy in general (see p. 3fi2).

III. NECROTIC CYSTS.

These, in mode of origin, are closely allied to the hemorrhagic cysts. 
When there has been an extensive necrosis of tissue of a lion-infective 
type, as in large infarcts, complete absorption of the dead matter and 
replacement by cicatricial tissue does not occur, but in its place the 
central area of such a mass undergoes autolytic liquefaction, the soluble 
products diffuse out and lymph diffuses in; around the space a cica
tricial capsule becomes formed, and thus a cyst results. A not uncom
mon seat of such necrotic cysts is the centre of large cancerous nodules. 
Through the centrifugal growth of the tumors the central cells become 
cut off from due nourishment, and it is held that those cells of glandular 
type afford relatively abundant autolytic enzymes; the nature of the

1 Journal of Experimental Medicine, 1 : 1896 : 401.
2 Philosophical Trans. Royal Soc. Biol., 198:1906.
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growth hinders due cicatrization and replacement of the dead matter 
hy granulation tissue. Thus, where under these conditions the growth 
docs not fall in and become umhilieatcd, central cyst formation results.

IV. PARASITIC CYSTS.

Throughout the animal ' various metazoan parasites of the
order of vermes, and of these preeminently the Tœniadœ, pass one cycle 
of their existence in an encysted stage within the tissues of their host, 
and the cysts formed by them may assume relatively large dimensions. 
In man the one parasite that forms cysts of large size is the Tamia 
echinococcus. Smaller cysts, just visible to the naked eye, are formed 
by the Trichina spiralis. These most commonly are situated within 
muscles, and are of an elongated oval shape, having the larval trichina 
coiled within them. The echinococcus cysts, on the other hand, may 
be as large as an orange, and yet larger, and may be variously dis
tributed, being commonly known as

Hydatid Cysts. The liver is the commonest seat, ’ they
may occur in very many organs and tissues—in the brain, spinal canal, 
eye, kidney, heart wall or cavity, lungs, mammary gland, bone, omen
tum, peritoneum, etc. They may be either ' " ? or . Micro
scopically they are characterized by possessing an external capsule 
of laminated hyaline tissue, within which is a cellular and granular 
layer, from which at first there projects a single club-like head, with 
water-vascular system, and a circle of characteristic booklets. As 
the cyst grows secondary heads with booklets and surrounding cysts 
bud oil* from the wall internally, and these cysts are apt to become 
free in the hydatid fluid. In this way the single original hydatid may 
become filled with very numerous ' *r cysts. Examination of the 
fluid tapped or expressed from such a tumor reveals the presence of 
booklets in the sediment. Occasionally, certain of the cysts are sterile, 
/. contain no heads and no booklets.

More rarely in the liver, and the same is usually in bone, the daughter 
cysts, instead of being developed from the inner wall of the parent cyst, 
project outward, in which case there is developed a multilocular cystic 
formation, which, in the old days, was mistaken for a cystadenoma. 
The character of the hyaline wall, apart from the booklets in the con
tents, suffices to determine the true nature of this more diffuse cvstic 
state. It should be added that, outside the cyst wall of the hydatid 
proper, there is developed an adventitial fibrous wall, at times of con
siderable thickness, through the irritation and productive inflammation 
set up in the tissues of the host.

1
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CHAPTER XXV
THE UKUMKSS1YK TISSl'K CHANtiKS.

NORMAL HISTOLYSIS AND CYTOLYSIS

.li NT as, for a proper study of the progressive tissue changes, it was 
found advisable to consider first the phenomena of normal growth, so, 
as an introduction to the consideration of the regressive tissue changes, 
it is well to take first into account the natural decay of tissue elements. 
Although we give scant attention to the fact, it is almost needless to say 
that, from the embryonic period of life onward, individual cells and 
indeed individual tissues undergo a process of natural displacement and 
decay. Tissues and organs in the embryo, representatives of ancestral 
structures, make their appearance and then disappear; the thymus, 
functional in early life, attains its maximum development during the 
first two years of extra-uterine existence, then slowly shrinks and under
goes absorption; the lymph glands are largest during the early years, 
after which they exhibit a progressive diminution in size; as the milk 
teeth grow and emerge, they cause the atrophy of the tissue immediately 
surrounding them; after a few years their roots, in turn, undergo absorp
tion before the growing permanent set of teeth; after each pregnancy 
the uterine tissue undergoes involution; that is to say, its cells which 
had undergone hypertrophy or had become hypertrophied, now, to a 
large extent, atrophy; the ovaries, again, atrophy at the menopause, 
and, in general, with advancing years, one and all of the tissues of 
the body give evidence of shrinkage and loss of substance; that is, 
loss of component cells. And while anyone tissue—with the possible 
exception of the nervous system may, for long years, appear to be 
unchanged, we know that this is far from being the ease. Red cor
puscles and leukocytes have a life period of, at most, a few weeks, 
they disintegrate or are eaten up by other cells and younger corpuscles 
take their place. The same is true of the cells forming the epidermis 
i|iid hair, although there the life period is longer. The same again 
tf>oii}d appear to be true of gland cells, and, even so stable and solid 
y struct life at bone, wlam cgrefuJIy studied, is seen to be undergoing 
constant eliungc, the ccfIJs of the older trabecula- dying, the bone sub
stance becoming dissolved, yrn^ new cells am) new bone substance 
being laid down in their jxlaee.

We know relatively little concerning (these jxrocesses of normal cyto- 
lysis and histolysis, although our knowledge has, of late, undergone a 
material increase. Rut, leaving out of account for the moment the 
condition of simple atrophy, so called -conditions, that is, in which
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we can recognize move or less clearly some departure from the normal 
in the direction of either reduced nutrition or modified function as the 
cause of the regressive change— and, considering only what could he 
regarded as strictly normal cell and tissue destruction, even here we 
become impressed with the fact that not one hut several processes are 
at work. These processes group themselves into two orders, namely: 
( I ) changes occurring in the cells themselves, and (2) processes acting 
from without upon the moribund cells whereby they are destroyed and 
removed. Taking first the changes occurring in the tissues and the cells 
themselves, we have to admit that under certain conditions, nothing 
very obvious is to be made out in the cells that are about to die or be 
destroyed. We cannot with certainty state that a given leukocyte, 
seen in the tissue or in the blood stream, was at the height of its activity 
when fixed and stained or was about to disintegrate. We are only too 
apt to forget that our histological studies are made upon dead material 
and that we must be most cautious in our interpretation of what we 
observe in the cells which have been fixed and killed by ourselves 
as compared with cells which have died without our intervention. So, 
also, while it is true that, examining a given smear of the blood we may 
observe certain red corpuscles which arc paler and more (edematous 
looking, we perhaps rightly judge that these cells are approaching the 
limit of their existence, yet, when we examine the cells of the spleen pulp, 
which, acting as phagocytes, have removed what are presumably damaged 
or moribund erythrocytes from the circulation, we cannot state confi
dently that the cells so removed present any marked difference when first 
ingested from those that are left behind.

Often, however, we can make out that the cells composing a given 
tissue are becoming older. In senile atrophy, for example, which, as 
already pointed out, is truly a physiological process, we can see that 
the individual cell elements undergo a definite amount of shrinkage. 
They become smaller, and the finer details of cell structure tend to 
disappear. The transverse striation of muscle fibres, for example, 
is not so marked. This is the true normal, simple atrophy.

Nevertheless, although the process be a normal one, we are forced to 
recognize that, as a cell fails and shrinks, so does it become less and 
less able to carry out its metabolic processes. Substances absorl ed 
by it may thus not be properly broken down and converted, and the 
products of cellular activity will not be properly excreted, while, again, 
the products of the gradual breaking down of the cell substance, if they 
are not of a soluble nature, are apt to become heaped up within the cell. 
We should therefore expect to find and, as a matter of fact, we do find 
that, under what are wholly normal conditions, cells undergoing atrophy 
and about to be disintegrated may exhibit much more than mere simple 
shrinkage. And, thus, under normal conditions, we may find the pro
totypes of disturbances which are apt to affect the cells in pathological 
states. Many of the so-called degenerative processes are liable to show 
themselves in this physiological or normal histolysis. The most familiar 
example of this is to be seen in senile atrophy of the heart-muscle fibres,

9
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There is, perhaps, no more common histological finding in the tissues 
of old people than the so-called brown atrophy of the heart muscle. 
In this condition, hand in hand with the shrinkage in size of the fibre, 
there is to be recognized in the cell, at either pole of its nucleus, a deposit 
of fine reddish-brown granules. This deposit we suppose is the product 
of breaking down of the myohemoglobin which normally is diffused 
through the muscle fibre. (See p. 9(12 for discussion of this subject.) 
As the cell substance breaks down, this is supposed to undergo con
version in such a way that an insoluble residue is left behind.

Perhaps the best illustration of such changes is afforded in connection 
witli the involution of the uterus after parturition. During pregnancy 
the muscle cells here have undergone an extreme hypertrophy. Now, 
during the week following delivery, the shrinkage is equally remarkable. 
From being on an average (according to Sanger1) 208.7/< long, they 
become reduced to an average length of 24 /t. The shrinkage is, by no 
means, everything. Accompanying it, the cells have a more rlmidy 
appearance and some, but not all, show along their length fine, refract ile 
globules which, treated with osmic acid, turn black. There is thus a 
condition of what is termed fully degeneration (p. 909), which in some 
cells may be extreme. The nuclei also become diminished in size. Nor 
are the muscle cells the only portions of the tissue to show change. In 
between the more internal bands of fibres the connective-tissue cells 
become the seat of a deposit of fat, in fact, become converted tempor
arily into fat cells, losing this fat again by the fortieth day. The vessels 
also become markedly altered ; many of the smaller ones become com
pletely obliterates! and disappear, the larger vessels show a character
istic swelling and overgrowth of the intima leading to considerable 
diminution of the lumen, with coincident hyaline or vitreous change 
in the internal elastic lamina of the arteries (see p. 890), atrophy of 
the media and eventual building up of a smaller new vessel within the 
dilated old one.

New conceptions with regard to forces at work leading to the physio
logical atrophy of cells as again to (mthological atrophy, have been 
afforded by the studies originated by Bordet upon the cytolysis of 
cells derived from a different s|>eeies of animal (p. 532). We can go 
still farther. We have observations showing that when individuals 
of one species only are employed, we can, by successive inoculations, 
cause the blood serum of one animal to destroy certain cells of another 
animal of the same species. If this be so, may it not be that, throughout 
life, a due development of the various tissues and their keeping within 
bounds, so that one tissue does not invade the other beyond a certain 
point, may be due to the development of heterolynins (p. 372), which de
veloped by cells of one order destroy those of another order ? So that, 
for example, the healthy cell prevents the excessive growth of cells of 
another nature in its immediate neighborhood by the discharge or excre
tion of these hctcrolysins. If this be so it is conceivable that when an

Feetachr, f. K. Wagner, l,vi|>sic, 1888,
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individual cell through functional activity or through other causes be
comes worn out, it is no longer able to sufficiently protect itself by its 
heterolytic substances, and, as a result, it is killed and undergoes disso
lution under the action of heterolysins secreted by other orders of cells. 
The French school, and more particularly Metchmkoff, have propounded 
these views. However attractive they may be, it has to be confessed that 
much more work has yet to be done before they can be regarded as 
established.

Leaving out of account, for the time being, inherited or acquired cell 
weakness and the conditions which lead to abiotrophy (p. N7(>), we are 
forced to recognize that the two prime factors which tell upon the 
health of the individual cells are (as we have already pointed out in the 
chapters upon Overgrowth and Progressive Tissue Changes) nutrition 
and the performance of function. If either of these be seriously dis
turbed, we are liable to have cell failure and the development of atrophic

Theoretically, we can imagine a series of disturbances which will 
lead to simple atrophy of the cells. The nutrition of a part not being 
primarily affected, if there be loss or arrest of function, the cells will 
undergo atrophy from disuse. Or, again, if the work of the cell be ex
cessive, exhaustion of that cell will set in, the cell substance will be broken 
down more rapidly than it is formed, and the cell as a whole will shrink. 
Again, if primarily there be no disturbance of function but inadequate 
nutrition, then the cell substance cannot be built up at the same rate as 
it is being broken down and shrinkage inevitably results. Or, lastly, 
it is possible that, if there be excessive nutrition, the work of the cell 
may be hampered by overabundant material, so that, again, there is a 
relative disuse of the cell and, with that, a tendency, if not primarily 
to undergo atrophy, eventually to do so. But in general it is clear that 
when one of this group of disturbances shows itself, then, as a secondary 
result, the other comes into action and favors the production of cell 
shrinkage and general atrophy. For example, when, through section of 
its nerve, a given muscle is rendered incapable of function, or, again, when, 
without section of the nerve, the muscle is given enforced rest, as, for 
example, when a healthy limb is cased in plaster bandages, then, accom
panying this arrest of function, the vessels contract and there is diminished 
nutrition, and this, in its turn, must favor the rapid development of the 
atrophic state. While, where the nutrition is diminished, the functional 
using up of the cell substance (we use this term in its broadest sense) 
and the inadequate supply of material to replenish the loss, render the 
cell less and less capable of function, so bringing it to rest.

Now, as a matter of fact, it would seem that all these cases present 
themselves in practice as leading to atrophic conditions of the tissues. 
We thus recognize: (1) Disuse atrophy. (2) Atrophy due to excessive 
function. (3) Atrophy due to lack of nourishment. (4) Atrophy due 
to excess of nourishment.

1. Disuse Atrophy.—Cases in which atrophy follows primary arrest 
of function frequently manifest themselves. We have already mentioned
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one, immely, enforced rest of muscular tissues. In such enforced 
rest, in a very few days, there is a noticeable shrinkage in the size of a 
muscle and the girth, for example, of a limb. The shrinkage, in fact, 
is remarkable. There is not, in the earlier stage, any diminution in 
the number of muscle fibres; the individual fibres diminish in size; 
they show the phenomena, that is, of simple atrophy. The same is 
the case when a nerve going to a muscle becomes divided or destroyed. 
As a general rule, it may he laid down, not only for muscular tissues, 
but also for glandular organs, and even for structures so solid as bone, 
that lack of exercise is shortly followed by atrophy.

Some of the most interesting examples of atrophy from disuse have 
been observed in connection with the nervous system. It used to be 
taught that when a nerve was divided there resulted purely what is 
known as Wallerian degeneration: that only that portion of the nerve 
away from its trophic centre became degenerated. But, for some years 
past, with the development of more careful observation and of more 
delicate technapie, this has been proved not«to be the case. So that now 
it may be laid down very definitely that, when by destruction of the 
main axon a neuron can no longer perform its function of conveying 
impulses of a definite order, that loss of function is followed bv a very 
definite, if in some cases a slowly developed, atrophy. So long ago as 
IN74 von (bidden1 2 pointed out that section of the optic nerve led to 
shrinkage and atrophy of the external geniculate body. The impor
tance of this observation for long failed to be realized. Only in 1894 
did Nissl, by his special method of staining, show that very definite 
alterations could be recognized in nerve cells soon after solution of con
tinuity of their axons. Within twenty-four hours of excising part of 
the facial nerve in the rabbit, he obtained recognizable changes in the 
Nissl bodies of the cells of the seventh nucleus with rarefaction of these 
bodies, and a faintly granular change. In from a week to a fortnight 
the change was very much more advanced. Frey, in 1887, next pointed 
out the cellulipetal degeneration of the proximal end of a divided nerve. 
This is characterized by diminution of the caliber of the nerve fibres and 
shrinkage in size of the nerve cells. lie showed further that if the rabbit's 
eye be extirpated, there is a considerable diminution in the size of the 
lateral geniculate body through disappearance, not of its nerve cells, 
but of the gelatinous substance between those cells which represents the 
terminal ramifications of the optic fibres. If, on the other hand, the 
visual area of the cerebral cortex be destroyed, the latend geniculate 
body degenerates, not by disappearance of the gelatinous matter, but 
by atrophy of the nerve cells. He concluded, therefore, that two groups 
of neurons make up the optic path, one passing from the retina toiranl 
the optic centre at the base, the other from the optic "centre at the base 
to the cortex. The true disuse atrophy is that seen in the second series 
of experiments. The more recent papers of It. A. Fleming* and of

1 (Itninnm. a. Iiinlniii.su. Abliiiiull., Wiesbaden.
2 Lancet, IaiimIoii, In'.Mi : ii : 5ns.
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Warrington1 still further prove this atrophy of disuse. In section of 
efferent nerves the axis cylinders become thinner, hut do not disappear, 
there being great reduction in the myelin. The ganglion cells of pos
terior roots show degeneration much earlier than do the multipolar cells 
of the anterior horn. By the seventh day it may he noted that the nuclei 
have diminished in size, often becoming exeentrie, tluit the Xissl’s 
bodies have become grouped more centrally and have diminished in 
number; occasionally they become broken up into a dust-like cloud ; 
while, as a result of the shrinkage of the whole cell, there is an enlarge
ment of the pericellular 
lymph spaces. Only after 
four weeks are similar 
changes to lie observed in 
the cells of the anterior 
horn. Fleming concludes, 
it seems to me very reason
ably, that as in health the 
cells of the posterior horn 
receive their stimuli from 
without, they should suffer 
more and suffer at an 
earlier date than do the 
motor cells whose axis- 
cylinder processes are di
rected toward the region 
of injury. The anterior 
motor cells can well he 
stimulated and so metab
olism lie initiated bv the 
stimuli proceeding down 
the cord; whereas, in the 
posterior horn, 
paralysis of the muscles, 
the cells are completely or 
almost completely cut off 
from their usual stimuli 
and so are brought to a condition of much more complete disuse. 
In short, as Monakow* pointed out now some years ago, neurons 
cannot be regarded as independent and automatic units. Their main
tenance in a state of health and vigor demands that they receive stimuli 
from without, and unless they receive these stimuli they are incapable 
of action. In the absence of such they undergo a disuse atrophy.

2. Atrophy from Overwork. A similar atrophy may result from 
excessive function. Mere, again, the best examples occur in connection 
with the neuromuscular system, special groups of muscles and their 
nerve centres which are overworked in the performance of certain

Disuse a trophy. Section from Imlb at level of the miilille 
of the hypogloasu* nucleus, from a case of unilateral corti
cal atrophy (infantile polyenrephnliti*), to ilemonstrate 
disuse atrophy of associated neurons: /., left side of cord; 
K. right side; p, right pyramid (normal); /»'. left pyramid 
(degenerated); it. stratum intemlivare. greatly diminished 
on left side; fui, internal urciform fibres greatly diminished 
on right side; pep, area of posterior column which on the 
right side shows libres mainly resorlted; A" / /. reduction 
and diminution in si*e of cells of hypoglossus nucleus. 
(Miugasiini.)

Jouru. of Physiol., ISUS. 2 Arch. f. Psychiatrie, 27 : pt. 1.
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movements are apt to exhibit, following upon hypertrophy which lias 
resulted from increased work, the onset, more or less rapid, of atrophy. 
Neurons, or it may he the muscles, become exhausted and worn out, 
and, as a consequence, we have paralysis with atrophy of the involved 
muscles (p. ,‘W7). We have examples of this in the various profes- 
f " ' ses; atrophy of the muscles of the upper arm in blacksmiths,
etc. ; of the muscles of the forearm controlling the finger movements 
in piano players, etc.

3. Atrophy from Malnutrition. —Of simple atrophy also secondary 
to diminished nutrition, abundant examples can be afforded. Here 
we leave out of account, for the moment, those cases in which nutrition 
is wholly cut off, resulting in the rapid death of the part supplied by 
a given artery. The cases we have to deal with are those in which 
with general diminished nutrition, without the quality of the blood being 
altered, there is diminished quantity passing to a part. Thus, where 
tumors of various natures press upon a large arterial trunk, we have 
shrinkage and atrophy of the part supplied by it, or where there is 
pressure not so much upon the arteries as upon the small capillary 
vessels, the same is the case; notably, continued pressure upon any 
viscus leads to the simple atrophy of the parts pressed upon. Even 
so dense a tissue as bone may thus be gradually destroyed by a more 
or less elastic fluid mass pressing upon it. In this way we find that, 
at the edge of a growing tumor, the cells of the surrounding tissue 
become shrunken and diminished in size, their nourishment has been 
interfered with, and they atrophy. We frequently come across cases in 
which more particularly thoracic aneurysms lead to atrophy and absorp
tion, either of the sternum or the subcutaneous tissue (the aneurysm 
coming to point, sometimes even to rupture, through the skin of the 
chest); or, on the other hand, of the vertebral column, the bodies of the 
vertebra- becoming eroded.

hack of nourishment of the body as a whole as in prolonged fasting 
and hunger—leads also, it need scarce be said, to a very definite atrophy 
of the tissues. This has already been discussed (p. 39f>) but here we 
may note the cell disturbances. Beyond simple shrinkage there are no 
marked changes until the animal has lost 10 per cent, of its weight, then 
cloudy and granular alterations are to be seen in the cells of the larger 
glands liver and kidney—and in the muscle fibres. In the liver cells, 
according to Statkewitsch, the glycogen disappears at a comparatively 
early stage, and there is a cloudy swelling, giving place later to a more 
coarsely granular swelling; later, again, in the outer cells of the lobules, 
there is extensive fatty infiltration; large fat globules distending the 
cells. 1 n the mucous cells of the salivary glands there are the appearances 
of fatty degeneration. Nerve cells come to exhibit vacuolation.

4. Atrophy from Overnutrition. With reference to atrophy from 
excessive nutrition the case is not quite so clear. Notwithstanding, 
the sterility of the overfed and obese is an indication of what may be 
termed atrophic changes, occurring in the germinal cells, while the 
cardiac weakness of the very obese and of those suffering from fatty
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infiltration of the heart and the general lack of active performance of 
function on the part of the sundry glands, is not wholly explained by 
the fatty infiltration and by the disturbance of function brought about, 
by the heaping up of fat either in between or actually within the individual 
specific cells of those tissues.

SENILE ATROPHY.

Very intimately allied to this normal histolysis is the condition of 
senile atrophy, which also is, strictly speaking, a physiological process 
a process of natural wearing out of the elements of various tissues, 
although in it we see -perhaps not very clearly that something else 
conies into play, namely, in some individuals, it makes its appearance 
at an earlier period and is much more marked than it is in others. So 
that we have to admit a certain constitutional state either favoring or 
delaying the process, as, again, we have to see that the incidence of the 
atrophic process is apt to vary in individual tissues. For example, 
while, as a general rule, the brain is one of the organs which is latest to 
show the signs of atrophy, we come across cases in which shrinkage of 
the brain and the coincident mental enfeehlement are perhaps the most 
marked feature.

While there are these exceptions, there is a certain order in the appear
ance of senile atrophy of the various tissues. The first to atrophy are 
organs which become functionless during the course of natural life. 
These we have already discussed. Closely allied to them may be placed 
the lymplmdenoid tissues. Judging from their relative development 
during childhood and youth, these are most active at that period. They 
all —lymph glands, Malpighian bodies of the spleen, and, we may 
add, the red bone marrow—undergo great diminution with advancing 
years. Next are to lie placed tissues not in themselves active, but 
containing reserve material, e. r/., fatty tissue. Nervous tissue is, as a 
rule, the last to show marked atrophy, while a large group composed of 
the connective tissues, muscles and glands, occupy an intermediate 
position. Of these last three groups, referring rapidly to the changes 
there made out, beginning with the fat cells, it may be noted that here 
two orders of events show themselves: either the gradual shrinkage and 
disappearance of the fatty contents, the cells reverting to a connective- 
tissue type, or as the fat in the individual cells disappears its place is 
taken by a serous fluid and the tissue assumes a semitransparent appear
ance (see p. 004). Whether this latter, so-called serous alropliy, should 
be regarded as a pure senile change is doubted by some. It is in those 
exhibiting other senile changes that we most frequently encounter it, 
noticeably in connection with the epicardial fat; but, when present, it is 
usually associated with some marantic condition; yet it is so common 
in the purely senile atrophy of the marrow of bones that it is, I think 
rightly, mentioned here. In both conditions there is a distinct tendency 
toward proliferation of the nucleus of the fat cell, as Flemming was the 
first to point out.
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Passing now to the active cellular tissues, muscles, and glands, 
the first result of this physiological senile atrophy is diminution in the 
size of the individual elements of the tissue. This is very character
istic in connection with muscle and is to I e noted also in glandular 
organs like the kidney. Only when, at a later stage, there is an actual 
diminution in number of the component cells of the tissue by complete 
shrinkage and do we have the condition of hypoplasia. But
with this we are apt to encounter other changes, namely, the presence of 
deposits within the cells. These deposits are well marked in those cells 
which normally contain pigment. The muscle cells, for example, owe 
their color to myohemoglohin and, as they shrink, we observe in them 
a deposit of insoluble reddish-brown pigment granules which appear 
to be derivatives from the myohemoglohin of the lost cell substance. 
This is particularly well marked in the muscle cells of the heart. In 
fact, we know no more common change in the bodies of those past middle 
age than the exhibition of this so-called brown atrophy of the heart 
muscle. Here the pigment lies heaped up in the undifferentiated cyto
plasm at either pole of the nucleus. In senile " v of the liver, 
similarly, a considerable deposit of brownish pigment is met with through
out the cytoplasm of the shrunken hepatic cells.

in bones the most marked feature is a process of mrefaction whereby 
the individual bones become markedly lighter, and, as a result of the 
loss of solid osseous substance, the liability to fracture is distinctly in
creased. There is no great reduction in the size of the individual bones; 
in other words, the loss of substance is largely central, the outer peri
osteal layers showing little absorption; it is the internal trabecula* and 
lamella* that are, in the main, absorbed. The medullary cavity becomes 
greatly increased in size, the Haversian canals enlarged, the individual 
trabecula* become eroded and thinned and reduced in number bv the 
complete absorption of some, and, with this, the medulla shows pro
nounced change. The red cellular medulla disappears and its place 
is taken by fat cells, which, in the later stages, show the serous atrophy 
just described. Here, again, we have an example of the replacement of 
a lymphoid tissue by fat cells.

The senile skin, with its characteristic wrinkling, presents a series 
of changes affecting, not so much the epidermis as the dermis and sub
cutaneous tissue; loss of subcutaneous fat, diminution of vascularity bv 
thickening of the arterial coats and obliteration of some of the smaller 
vessels accompanied by lessened lymph in the interstices of the tissues, 
all of these together with the > * of the muscular
tissues, favor the wrinkling. But, in addition, as has been recently 
pointed out, there is a distinct alteration in the elastic fibrils of the

These alterations in the elastic-tissue fibrils (accompanied by loss of 
elasticity resilience) are important factors in the senile changes
occurring in the two very important tissues, the arteries and the lungs. 
As pointed out by Aschoff and by Foster, working under Klotz, there is a 
natural alteration in the elastic lamina* of the aorta and vessels. As
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the* elastic sheaths of the large arteries lose their resilience and this 
most frequently occurs first at the region of greatest strain, although 
in some eases the loss may In* general the arterial tithe, dilating under 
the blood pressure, is unable to return to its normal caliber; it remains 
permanently expanded. One of two orders of events may now take 
place, either (I) the expansion is permanent, and where it is generalized 
we find diffuse dilatation of the artery, which may be so extreme as to 
develop a fusiform aneurysm, or, where it is localized, there is formed 
a saccular aneurysm. In either case microscopic examination shows 
that all the coats of the artery in the affected region are thinned and 
atrophied, this atrophy going on to complete disappearance of the inner 
coats in some eases of the latter condition. The increased caliber of 
the artery leads to slowing of the flow of the blood and all the conse
quences of the same in the region and the tissues supplied by that artery. 
Such dilatation and aneurysm formation is, however, rarely the result of 
pure senile atrophy. As a matter of fact, in such physiological atrophy 
we see a correlation between the loss of elasticity of the arterial wall and 
the force of the heart beat. Associated senile changes in the heart lead 
to lessened blood pressure. It is when the loss of elasticity of the arterial 
wall is premature from excessive effort, syphilis, gout, and the like, and 
the blood pressure above the normal, that these changes are most often 
encountered. Or (2) we find evidences of adaptive changes. As 
the arterial wall gives way, there is a connective-tissue overgrowth in 
the intima. There is developed, in short, a condition of arteriosclerosis, 
a condition so common in those advancing in years as to be physiological. 
But the adaptation is not complete; the new tissue growth, while it 
eventually comes to contain elastic fibrils, does not replace the lost 
elasticity. On the contrary, the artery is now rendered more rigid, and 
this increased rigidity of the tube leads to the pulse waves being conveyed 
with greater force into the smaller arteries and arterioles, which, in their 
turn, have to undergo e nsa tory changes, to the detriment of the 
tissues supplied by them.

A like senile loss of elasticity and degeneration of elastic tissue in 
the lungs underlies the emphysema so common in old people. Here, 
again, the loss of resilience may be premature as the result of increased 
strain thrown upon this tissue, as by forced expiration, etc., and in 
short by anything leading to overdistension of the air sacs. But, as a 
normal condition, the elastic fibrils of the walls of the air sacs lose their 
resilience g years.

As a result, if by any cause the air sacs become overdistended, they 
have not the inherent power of contracting to the normal size, but tend 
to remain distended, and, when so distended, instead of the encircling 
capillaries being circular on section, they become flattened out, that 
is to say, oppose a greatly increased resistance to the onflow of blood. 
With this the alveolar walls atrophy, become thinned, and, in parts, 
wholly absorbed, so that neighboring alveoli run together to form large, 
thin-walled, and largely useless air sacs. This emphysematous atrophy, 
together with increased laying down of connective tissue around the
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arteries and the bronchi, are the most characteristic < " s occurring 
in the senile lung.

Throughout the organs of the body, with the exception of the central 
nervous system, there is this same tendency in senile atrophy for loss of 
the specific constituents to be accompanied by an increased fibrosis. 
This is, in part, relative; as the cells of the higher order diminish in .size 
and in number, and the cells of the lower order—those of connective 
tissue—remain unaffected, the necessary result is that, in the shrunken 
organ, the fibrous tissue appears more prominent, and its proportion in
creases. Hut it is, in part, also, an actual increase- a replacement fil/rusis; 
as the one element of a tissue diminishes the other proliferates and 
takes its place. The senile liver and spleen exhibit well these compensa
tory changes, the increased size of the trabeculae of the spleen being very 
marked. Over and above both this relative and replacement fibrosis, 
there is a third form as already indicated, namely, the perivascular 
and, more particularly, the peri-arterial. How far this is primary, lead
ing to the atrophy of the specific constituents of the tissue by reduced 
nutrition, and due to the alteration in the conditions of the circulation 
already noted, how far secondary to the atrophic changes already 
occurring in the organ, cannot be said with precision, but its intimate 
relationship to the vessels would seem to indicate that it is very largely 
primary. In any case, peri-arterial fibrosis is an important feature in 
senile changes.

We have, in the preceding paragraph, excepted the central nervous 
system from these fihrotic changes. A certain but relative slight amount 
of fibrosis is apt to occur in this, and then in connection with the vessels. 
Anything like the productive fibrosis in the brain substance proper is, 
under all circumstances, curiously rare; the glial cells have little tendency 
toward such. Remembering the liability shown by newly formtd 
connective tissue to contract and compress included structures, it is 
fortunate for proper cerebration that this is so. When the brain in its 
rigid case atrophies, not solid tissue but fluid replaces the shrunken 
substance; increased cerebral fluid is poured out between the membranes 
and a condition is developed of hydrops ex vacuo.

ABIOTROPHY

Somewhat closely allied to senile atrophy is a condition which has 
recently been brought into prominence, and has, by Gowers, been termed 
abiotropln/. This is the condition of premature death of the tissues or 
portions of tissues, not as the result of any immediate irritant. Pos
sibly this should be regarded merely as a conception and explanation 
of premature cell decay. Nevertheless, if but a conception, it is a 
valuable one, inasmuch as it appears to explain in a manner more 
satisfactory than any other the development of certain otherwise obscure 
conditions. There is a series of morbid disturbances of the nervous 
system in which certain cells ami systems of cells ami the associated
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tracts present degeneration, and, eventually, complete disorganization, 
the rest of the nervous system, apparently, showing no change. The 
dev<" of these conditions is progressive. Many cases are heredi
tary. Nor can we find any one factor or set of factors to e> them 
unless we suppose that these cells have a shorter life than have the 
other neurons, that they exhibit a premature senility leading to pre
cocious death. Such would seem to be a most satisfactory explanation 
of conditions like Thomsen's disease and other familial paraplegias. 
In these diseases, for a time, the mental and nervous conditions develop 
in a normal manner. In a few years one particular set of muscles under
goes atrophy with corresponding paralysis, and the motor centres govern
ing these muscles show localized atrophy of their cells. Somewhat 
similar, it would seem, to these hereditary conditions, are the nervous 
disorders which may follow long years after an attack of syphilis, notably 
the condition of tabes or locomotor ataxia. One met lux 1 of regarding 
these conditions is to imagine that syphilis is a disease that is never 
wholly cured; that, once in the system, the germs continue to grow 
ami to produce their toxins, and that these toxins have, as it were, a 
cumulative affect until, at last, owing to their continued irritation, they 
bring about the ■ of certain groups of nerve cells which are more 
susceptible to their influence than are others. The difficulty in accepting 
this view is that, in such cases, we have no other *" " the continued
existence of the germs of syphilis. We do not find, for example, indi
cations of active gummata or other syphilomata. The individual is 
incapable of infecting others with his disease, and, judging by macro
scopic and microscopic appearances, the disease is, and has been for 
years, wholly arrested. It is more satisfactory to suppose that there 
has been a general intoxication of all the nerve elements to such an 
extent that, although the intoxication has been recovered from tem
porarily, the cells have, notwithstanding, been weakened so that now, 
under the normal strain, these cells, being called upon to perform no 
more than the normal amount of work, become easily exhausted ami 
undergo premature dissolution. This is Kdinger’s “Ersatz théorie” 
(or offset theory) of the varying symptomatology of tabes:1 “Function 
determines the symptom complex." While most often in tabetic pa
tients the symptoms of incoordination show themselves in the more 
used lower limbs, in coachmen, tailors, and cobblers, the weakness in 
coordination and lightning _ first manifest themselves in the arms; 
whereas where occupation " eve strain, it is disturbances of
vision and optic atrophy that are the prominent early > <. It is
the nerve centres controlling the groups most commonly in use that first 
undergo atrophy.

A most suggestive example of what may be termed general abiotrophy, 
throwing light upon these more specialized abiotrophies, has recently 
been * * ed in Bardeen's studies upon the effects of .r-rays upon

* KUinger, Deutseh. med. Wocli., 1004 : Nos. 45, 40, 52, and 1005: Nos. 1 mid 4; 
Dublin .Journ. of Med. Sci., 1901, and Russel, Montreal Med. Journ., :t0: 1010: 102.

2

7

4

5859

4

5962
8083

99



THE KEUKESSIVE TISSEE Cil A XU ES87S

frogs' spermatozoa. By subjecting the sperm to the rays for a few 
minutes it is found that they are still capable of fertilizing the ova; 
the individual life begins, but the larva-, growing, all die prematurely, 
none survive beyond the second week. There is, that is, cell exhaustion 
after a certain early period.

REVERSIONARY METAMORPHOSIS; KATAPLASIA.

In studying the various conditions of atrophy, we cannot fail to 
be impressed bv the fact that, in addition to mere shrinkage of the 
individual specific cells of a tissue, another order of changes is fre
quently met with which I have elsewhere spoken of as reversionary 
degeneration,1 but for which, perhaps, a better term is that of kataplasia, 
introduced by Beneke. We find frequently, that is, that in the process 
of atrophy accompanying the gradual disappearance of their specific 
features, certain highly organized cells present appearances which 
sini very closely and very curiously those presented by the develop
ing cell. We may without hesitation say that there is a harking back 
or reversion to an earlier and more embryonic condition. The most 
striking example of this is to be seen, as Fujinanii and others have 
pointed out, in striated muscle fibres. Such striated muscle fibres, if 
their development be \ originate from cells rich in cytoplasm,
known as sarcoblasts. In these, at first, no signs of striation are visible, 
but gradually, along one side of the cell, the stria- are seen to make 
their appearance, and thus, at one stage, we find cells frequently multi- 
nuclear, with undifferentiated in the immediate neighbor
hood of the nuclei, and differentiated protoplasm, with striation showing 
itself in the cell substance away from this. As the fibres become more 
developed, the number of nuclei diminishes; the amount of undiffer
entiated protoplasm becomes less and less until at last in the complete 
fibre we have relatively rare nuclei situated in the outer aspect of the 
fully formed fibre.

If we examine the muscle fibres at the edge of an invading new- 
growth, in those that are undergoing compression and diminution in 
nutrition, we find that the very reverse processes are occurring. The 
first disorganization of the fibrillar structure takes place around the 
nuclei more particularly, so that the nuclei become surrounded by a 
definite area of undifferentiated cytoplasm. They multiply and, as this 
process continues, we find, in place of fully formed striated fibrils, large 
multinucleated protoplasmic masses, while, as a last stage, we have 
evidence that these masses may divide up, the cytoplasm accumulating 
around individual nuclei, so that separate cells pass off from the multi- 
nucleated masses closely resembling the individual sarcoblasts of the 
t " e unit- period. The stages here closely reproduce in reverse order 
(hose seen in the process of development. And this is far from

1 Jar obi Erslmlirifl, IlMMI ;
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tlu* only example of this process. The bile duets and the liver cells 
have a common origin. The liver, for example, if we follow its develop
ment, first shows itself as a series of separate cell columns, and only as 
the organ becomes larger and more important does this tubular arrange
ment of the hepatic cells become unrecognizable, the vascular relation
ship of the individual liver cells liceoming more prominent than the 
relationship toward each other, although, throughout, the bile capillaries 
represent the lumina of the primitive hepatic tubules. As already 
stated, in the development of the human liver there is a stage in which 
there is an absence of differentiation between the epithelium lining the 
bile ducts and the hepatic cells proper. When, now, as " ns fre
quently in cirrhosis, there is progressive atrophy of the hepatic paren
chyma, it is frequently possible to notice that the transition from hepatic 
cells to bile ducts Iteeomes gradual. At the periphery of the lobules 
clusters of liver cells are to be seen separated off from each other by 
intervening fibrous tissue, and these cells are of an intermediate type. 
They are small; the nuclei also are smaller than those of the ordinary 
liver cells, but larger than those of the bile-duct epithelium; the amount 
of cytoplasm is greatly diminished; there is a want of a perfect, well- 
defined lumen. This well-defined lumen, we may add, is also wanting 
in the developing bile duct. We have, in short, a reversion to the period 
in which bile-duct epithelium and liver cells were undifferentiated. 
It is these imperfectly formed strings of cells which compose the so- 
called proliferated bile ducts observed in many cases of cirrhosis of 
the liver. Let us repeat, these are not true bile duets, for the arrange
ment of the cells is not perfect.

A certain amount of confusion has originated with regard to these 
from a want of recognition that two separate orders of events may show 
themselves in the cirrhotic liver; namely, that liver may, in the main, 
show evidences of progressive atrophy, or on the other hand, may 
exhibit compensatory hypertrophy, ( ndoubtedly, in the latter case, 
we have the reverse process occurring, namely, where the liver cells 
have been quite destroyed there may be a development of new liver 
cells from the still persistent bile ducts. Acknowledging this, the process 
of formation of apparent bile ducts while there is progressive atrophy 
is also to be recognized.1

And other instances may be afforded, notably the cubical appearance 
taken on by the lining cells of tin* pulmonary alveoli in cases of chronic 
compression of the lung, or of interstitial fibrosis, reverting thus to the 
type of epithelium seen in the lung before birth; in cases of subacute 
inflammation of the kidneys, not only the epithelium of the tubules, but 
also that of the glomeruli may assume the embryonic cuboidal type.

Herein, it must be admitted, is the difficulty in arriving at a con
clusion regarding individual cases; it is not always easy to determine

1 X lull study and discussion of the debated subject of regeneration rerun* 
degeneration of the liver cells in different conditions is by Muir. .loup;, of l*jt!l|ol , 
J9US; 'J87, where is afforded a good bibliography,
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whether we deal with cells in the process of reparative development or 
with these kataplastic changes. In the first case here cited there can 
l>e no question; the processes seen at the periphery of a growing tumor, 
although similar to those described as occurring in repair (p. 022), arc 
degenerative, not regenerative. As regards the liver, Opie* has recently 
shown, in his study of the effects of combined effects of intoxication 
and bacterial infection in the production of cirrhosis, that a distinct 
interval may intervene l>etween the old bile ducts and these “pseudo- 
bile ducts” within the lobule; such are clearly of parenchymatous origin, 
whether we regard them as degenerative or regenerative. 1 n fact, from the 
point of view of function, these processes, like the closely allied anaplasia 
of tumor cells, are degenerative; from the point of view of vegetative 
activities, they are regenerative.

Such kataplasia comes very close to the anaplasia which von Hansemann 
demands as the starting point for new-growths, the distinction Ix-ing that 
the anaplastic cell in the process of simplification loses the power to re
return to the normal differentiation, whereas in this kataplasia that power 
would seem to In* preserved. Possibly in senile conditions this tendency to 
reversion is of the anaplastic rather than the kataplastic type -a matter 
of some importance in connection with the theory of neoplasia.

1 Trans. Assoc. Amcr. 1‘hys., 1910 (alnml to lie published).



CHAPTER XXVI.
TH K REGRESSIVE TISSIK CHANCES (('on tixcki»).

THE DEGENERATIONS AND INFILTRATIONS.

^ hile we are forced, for various reasons, to recognize the condition 
which we term simple atrophy, we have already said enough to show that, 
even in the simplest cases, we in general have to deal with more than 
merely a progressive reduction in the volume of the cell constituents. The 
very heaping up of what we may term by-products must, in itself, tell upon 
the cell and its activities. So that, both from a histological and physio
logical standpoint, the cell undergoing simple atrophy eventually becomes 
degenerated. The attempt has been made in the past to distinguish be
tween the two orders of events, either of which might lead to, or might 
accompany, regressive disturbances in the cell. On the one hand, it 
was thought that there could be recognized processes of pure regressive 
metamorphosis, the abnormal products that appear within the cell being 
due to the breaking down of the cytoplasm; on the other hand, that there 
was a process of laying up of preformed material gained from the lymph 
or blood. Conditions exhibiting the former process have been spoken 
of as degenerations proper; those showing the latter, as infiltrations.
I ndoubtedlv we do encounter examples of what are true infiltrations. 
The leukocytes in the coal-miner's lung, containing inert particles of 
coal, certainly contain substances which have been obtained from out
side, and which have not Iwcn acted upon by the living protoplasm 
of the cell. But the more we study the various regressive metamor
phoses, the more is it brought home to us that uncomplicated infil
tration is comparatively rare. We are apt, for example, to speak of 
fatty and glycogenous infiltration in the liver cell, for example—but 
if we study the physiology of these processes, we are rapidly forced to 
the conclusion that we have to deal with something much more com
plicated than mere absorption of fat or of glycogen from the blood or 
lymph. The cells, it is true, become infiltrated with or contain the 
substances in question, but the process is not that of direct absorption 
of the fat or glycogen in a preformed condition from body fluids. Every
thing points to a series of synthetic processes, the activities on the 
part of the cytoplasm leading to these deposits. We do not, for example, 
under normal conditions, detect fat as such in the blond. On the 
contrary, we have evidence that, to a very large extent, it is saponified 
before it is absorbed by the intestinal mucosa. We may, as Ileidenhain 
pointed out, find a few leukocytes containing fatty globules in the 
terminal portion of the villi after a meal containing fat, but, as we pass 
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down the villus, it seems very clear that before the villus is left, these 
cells dissolve up and break down, and in their place no fat is seen; 
it has been converted into some soluble compound. The liver cell, 
however, absorbs that soluble compound from the blood, and recon
verts this by the activity of its ferments into fat. The same would 
seem to be true in connection with glycogen. On the other hand, 
as we shall proceed to point out more fully, in discussing the subject 
of fatty degeneration, when in the diseased cell there appear minute 
globules of fat, and the cell shows evidences of breaking down, the 
old idea that in these special cases we had the actual process of breaking 
down of the proteid framework of the cell substance, with liberation 
of the fatty molecules, has also to be given up, at least to a considerable 
extent. • Recent observations point to the fact that degeneration of 
this nature is not the prevailing type. The evidence would seem to 
prove that the minute globules of fat have, in the main, been absorbed 
from without. We can rarely, therefore, make a clear distinction 
between the degenerations and the infiltrations, although for con
venience we retain these terms for particular conditions. Here I shall 
treat these conditions together, and, in order to pass them in review 
in due order, I shall consider the various disturbances of metabolism 
and their outcome in recognizably altered conditions of the tissues 
in the following order:

X Disturbances of proteid metabolism (e>
X Disturbances of intracellular water («edema and vacuolization of 

cells).
S. Disturbances of fat metabolism.
\ Disturbances of carbohydrate metabolism.
E>. Calcareous deposits.
6 Deposition of other products of cell metabolism.
If. Pigmentation and pigmental deposits.

D1STVRBANCKS OF PROTEID METABOLISM.

OF SIMPLE TYPE: CLOUDY SWELLING

I nder various conditions—in fact, this is the most common morbid 
change we encounter in certain tissues at autopsy—muscular tissues 
and certain glandular organs exhibit a condition which is now most 
frequently known as cloudy swelling, or albuminous degeneration. 
I *pon making a section of the affected organs, they have a duller appear
ance. Instead of the healthy hx)k of the heart muscle, for example, 
it appears as though, to use an oft-quoted description, the heart had 
been momentarily dipped in boiling water. With this there is a cer
tain amount of swelling, best seen in the kidney, where the cortex, which 
is particularly affected, is on section found raised ^slightly above the 
level of the medulla, the diameter of the cortex being at the same time 
somewhat increased. And, now, upon examining sections of the tissue.
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whether freshly cut, or after treatment with the ordinary hardening 
reagents, the individual cells are no longer so transparent as normal. 
They have a cloudy, ground-glass appearance, while, in well-developed 
cases, the nuclei look as though obscured by the deposit of a finelv 
granular material in the surrounding cytoplasm, and stain more feebly 
than normal. These are the main features of cloudy swelling. The 
main chemical reactions are that, by the agency of weak acid, or weak 
alkali, this cloudiness can be cleared up; 
something is dissolved out of the cells which 
now become transparent. That something 
would seem to be, from its reaction, a body 
of a proteid or albuminous nature, unacted 
upon by alcohol or chloroform, but stained 
brown by iodine, and giving the xantho
proteic reaction.

Conditions Leading to Cloudy Swelling.
As already stated the conditions under 

which we find these particular changes are 
very many. Most commonly they are met 
with in cases of acute infection and high 
fever. They may show themselves, however, 
under the action of certain poisons, as, for 
example, in the early stages of phosphorus 
poisoning; following upon extensive burns, and here as early as six 
hours after the infliction of the burn; in cases of subjection of the 
individual to a high external temperature; in cases where there is no 
sign of febrile disturbances, or even, as already indicated a few pages 
back, in conditions of prolonged hunger, in which the irritant setting up 
the disturbance, if any, must be a direct produce of metabolism, or when, 
on the other hand, we have to deal with the first stage in the disorganiza
tion of the cytoplasm.

Fin. 202 Fw. 2fl:i

<syo*
enlargement and irregularity of the Allmnmi 

granules in renal epithelium, with eloudy swell- 
"I he Altmaim granules m normal relis of the ing (experimental inflammation of the kidney), 

convoluted tubules of the kidney. (Lubnrsch.) (Lubarsch.)

Examination of the cells of the convoluted tubules of the normal 
kidney that has been suitably hardened after death, reveals the fact 
that their cytoplasm is not homogeneous, but exhibits closely set rows 
of minute globules or granules running across them from the basement 
membrane to the lumen. These minute globules are so closely packed 
that they almost simulate rodlcts; in Henle's tubules, indeed, employing

Cloudy swelling of cells of con
voluted tubules of kidney. X 400. 
(Itibliert.)
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Miiller-formalin, they limy In* quite indistinguishable from closely 
packed nalifts traversing the cell, although by other modes of hardening 
their eoni|>osite nature is revealed. These stain intensely with iron 
hematoxylin, and are dissolved out by weak acid. In cloudy swelling 
they are replaced by an irregular distribution of what are apparently 
similar globules, but on the whole larger, varying considerably in size. 
These globules are evidently of the same on 1er as those seen in the 
healthy cell, but now they are swollen and disordered. With this, 
nuclear changes show themselves. Contrary to the usual teaching, 
the nuclei of the cells are not always obscured. One has but to study a 
series of kidneys exhibiting the naked-eve appearance of cloudy swelling 
to be convinced that this is not so; there may be well-marked swelling, 
with opaque, finely granular appearance of the cytoplasm, and with the 
nuclei more deeply stained and larger than usual. There appear to 
be three stages: the first, of increase in the chromatin of the nuclei ; 
the second, of accumulation of the chromatin in clumps at the periphery 
of the nucleus, the achromatic substance being accumulated in the 
centre (chromatolysis), the final stage is such extensive loss of chrom
atin that the nucleus is almost unree< ‘ ‘ *, if it does not undergo 
karyorrhexis. The indications are those of stimulation, giving place to 
exhaustion of the nuclear material, with loss of chromatin.

The exact relationship of these changes to those occurring in the 
cytoplasm have not been determined. Ltlkjanow1 * is of the opinion 
that the development of the albuminous granules is associated with 
the actual giving off of “plasiiiosoines,” or minute globular extrusions 
from (lie periphery of the nucleus, and that these undergo alteration 
and conversion into the cell granules; but this view still lacks confir
mation, save to this extent, that fatty degeneration and cloudy swelling 
are verv intimately connected, that in all eases of definite cloudy swelling 
minute fatty globules are present also in the cytoplasm (Bennario3); 
and several observers have noted the phismasome formation in well- 
marked conditions of fatty degenei

The preliminary increase in size and staining |>ower of the nucleus, 
together with the increase in the bulk of the cytoplasm, would suggest 
that in cloudy swelling we deal with increased absorption on the part 
of the cell, and that the albuminous globules are the indication of matter 
assimilated and not utilized. Virchow, indeed, regarded the cloudy 
cell as supporting his view that inflammation was, at base, a stimulus 
to increased nutrition. On this view cloudy swelling is an indication 
of increased absorption of foodstuffs with imperfect conversion and 
utilization of the same. It is possible that both opinions art* correct 
up to a certain point. Cloudy swelling manifests itself in the active 
tissues of the body, the muscles and the main excretory glands; in the 
latter case, in evident connection with the removal from the blood of 
toxic matters. It may. indeed, be produced by overwork. Thus,

1 linnullilji finer nlltj. Piilholtiflie tier '/.tile, U’ipzic, Wit, 18111.
* Dit l.t lire run tier 1 rill ten Stlnr» I In m/, Wurzliurg, 1891.
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Schilling1 * lins demonstrated that in the ruhhil, il' one renal vein he 
lignliiml, and its kidnev, therefore, rendered fnnetionless, in forty- 
eight hours there is developed well-marked cloudy swelling in the con
voluted tubules of the second order in the other kidney. Evidently, 
in this case, the cells are stimulated to increased work and increased 
absorption by the excess of normal urinary constituents, and the cloudy 
swelling is a precursor of subsequent hypertrophy. The nuclear changes 
can only be regarded as exemplification of the fact that the nucleus 
lakes an active, if not a controlling, part in cell function; and, further, 
of the principles already laid down, that increased activity within 
certain limits leads to increased growth, beyond those limits to increased 
disintegration of living matter in this case of the nuclear chromatin.

That the cytoplasm in the ordinary cases of cloudy swelling under
goes actual growth is at least debatable. The cells obviously increase 
in size, but this increase is in part due to the increase in paraplasmic 
deposits (the "cloudy" granules or globules), in part due to a hydropic 
condition, and increase in watery constituents, (’loudy swelling may, 
indeed, pass on imperceptibly to a vacuolar or ve.n degeneration 
of the cell (p. !H ).'{), as may be demonstrated ii. toxication with 
progressive amounts of cantharidin.

The albuminous globules, we would repeat, appear to be of the 
same order as the smaller paraplasmic globules seen in the normal cell. 
Regarding the processes of assimilation and disintegration of living 
matter as largely reversible, such paraplasmic matter may be indiffer
ently either matter absorbed and in part built up, or be matter disso
ciated from the cell substance proper and in part disintegrated.

This condition of cloudy swelling must not lie confused with another 
condition, that of granular disintegration to which Durante3 more 
especially has called attention, or "tropfischc Entmiscliung," as it has 
been termed by Albrecht.1 The latter is a disintegrative condition of 
the cytoplasm itself, an indication of cell death. If, as pointed out 
by Laialsleiner,* the kidney cells be taken and placed in water, they 
become filled with small, cloudy, packed vacuoles. The condition 
appears to be allied to the granular degeneration noted by YerworiV' 
in injured infusorians. In many of these, if the unicellular organism 
be cut in two, from the surface of the wound inward, the previously 
homogeneous cytoplasm now, when exposed to the water, becomes 
progressively converted into an agglomeration of minute droplets. 
Durante and others have noted this granular disintegration in muscle 
cells in severe febrile conditions; it may follow upon cloudy swelling, 
but where, as in the latter condition, weak acetic acid, dissolving out 
the droplets, brings back the striated condition of the fibres, in the 
former the stria* an* wholly lost; we deal with a Iiipiefactive necrosis. 
Similarly, Lmdsteiuer notes that in the kidney cells aliovc rieserilied,

1 Virchow's Arch., 135:470. 5 Hull, «h* In Hoc. \imtomii|iiv. I Vvricr. ItlUU.
3 Luharsch's Krgek, 2 : 1805: 151. • Ziegler's Iteiir . :;:t : 1003 : 237.
1 Ur Herat /'Ay* n >/<•#/'/. Translated liy Us*, p. 2311.
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staining with iron hematoxylin demonstrates the presence of the finer 
albuminous grannies lietween the larger droplets of disintegrated 
cytoplasm. It is not improbable that imbibition of increased fluid is, 
as Albrecht suggests, a factor in the production of the larger albuminous

Fro 294

111
llvnlopua (Urania) diijnrdinii. granular di-integration /. whole individual; numeroua paeudo- 

I h h 11 ;i urc exlemled from tin- egg'haped memhranou* ahell; at l hr left limy nrr twin* dinwii in. 
// Mid III. |>aeudo|»odiii nil off; granular di-integration in developing; the glolmlr» and dn.plrls 
of protoplnam nrr held together aimply by a loom- viaroua ground auhatanrr. Ir tween them lie 
wattereil large hyuline protoplaaniir drofilel* and viaroua glohulea (Verworn. )

droplets of cloudy swelling, as compared with the extremely fine albumin
ous granules of the normal, but these remain clearly distinct from the 
vacuoles of granular disintegration.

To epitomize, cloudy swelling is the expression of overstimulation of
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the cell l>y absorbed substances leading to disordered inetaliolism and 
the heaping up of paraplasinie matter of albuminous nature. It is not 
in itself a necessary cause of cell death. Judging by the constant pres
ence of the condition in deaths from febrile disorders, it is a constant 
accompaniment of bacterial intoxication, and as such must often be 
followed by return to the normal state.

Like the granular disintegration just noted, “ wax g degeneration” of 
the muscle is an expression, not of reaction on the part of the living 
cell, but of cell death. The condition, is therefore, more appropriately 
considered along with the necroses (see p. 1)79), and this notwithstanding 
the fact that the albuminous constituents of the cytoplasm are in the 
main involved.

Fibrinous degeneration, in the strict sense, i. c., the formation and 
deposit of fibrin in the living cell, is, if it ever occurs, very rare. Mallory1 
gives pictures of intracellular fibrin in vacuoles within the liver cells, 
but these cells, as he points out, are undergoing necrosis, and in general 
the fibrinous or fibrinoid coagulation within cells is an evidence of 
cell death, and so must be considered along with the necroses.

1 Journal of Mistical Iti-Mvnrvh, I : ItHM : 2(H.
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TH K l>K<$KX «RATIONS \\|» 1MII.T RATIONS.

DEGENERATIONS ASSOCIATED WITH THE DEPOSIT OF SCLERO- 
PROTEINS AND CONJUGATED PROTEINS

Til KH K is a complicated series of degenerative conditions in wliieli 
there is laid down in tile tissues or snares of the body material which, in 
the unstained condition, has a translucent or glassy appearance. When 
colorless and firm, we speak of the deposits as htjaintvi when colorless 
and fluid, or semifluid, as mucoid: when semisolid, or solid, and of 
brownish, glue-like appearance, as colloid. There was a time when 
these appearances and terms were regarded as indicating the presence 
of specific substances, and, as a consequence, the terms hyaline, mucoid, 
and colloid degeneration are still employed, with, as a result, very con
siderable confusion. We now know tfiat these different appearances 
maybe brought about by a multiplicity of substances, but from the wide 
use of the terms it is still necessary to bring together the various con
ditions under the old names, distinguishing under each title the various 
orders of substances which may give rise to the different orders of 
One exception may be made, that, namely, of amyloid infiltration. 
This, in an unstained condition, is preeminently hyaline in appearance, 
but its reactions are so characteristic that for long it has been admitted 
as a separate entity.

MUCOID DEPOSITS

Mucoid Degeneration and Mucinous Deposits. Physiologically, 
mucin or, more correctly, the mucins (for there is considerable varia
tion in composition of mucinous material gained from different regions)

is laid down in the organism in two conditions: ( I ) as of definitely 
intracellular origin, and (2) as intercellular matter, without obvious 
secretion from cells. The type examples of the former an* afforded by 
the mucous salivary glands, and the goblet cells of the intestinal mucosa, 
of the hitter by the mucin of “Wharton’s jelly” in the umbilical coni, 
and the mucinous intercellular matrix of embryonic tissues in general.

In either case we deal with material which has definite physical and 
chemical characteristics: it is viscid, swells up with water, is soluble in 
weak alkalies, is precipitated by acetic acid, not being dissolved in excess, 
as also by alcohol. It stains with basic dyes, more particularly with 
thionin.

Its composition, as above noted, varies,1 but the true mucins have this 
in common, that they are composed of, and on decomposition yield, a

1 See Cutter ami (ties, Amer. Jour, of Physiol., ('»: 194)1 : I'm.
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protein ami a carbohydrate, which reduces Folding's solution (jlucona- 
min, or, according to Lcvcnc,1 chondraitin-nulphuric acid. They thus 
show some relationship to cartilage and the amyloid material, to he 
presently noted.

Closely allied in physical properties are the pseudomucin*, bodies also 
yielding a reducing substance, and being of the nature of glycoproteins, 
the reducing substance, according to I .eatlies, being a reduced chau
dron in (the carbohydrate constituent of chondroitin-sulplmric acid). Of 
these pseudomucins, more than one has been distinguished. They differ 
from the mucins proper in not being precipitated by acetic acid. We 
may dismiss them by saying that they are found in considerable i|uan- 
tities in ovarian cysts, which never contain true mucin, and that in this 
situation they are clearly products of excretion from the lining columnar 
cells.

Intracellular Mucinous Production. The main condition in which we 
observe a condition of excessive production of mucin is in catarrhal 
conditions of mucous membranes. In these not only is there a marked 
increase in the number of goblet cells, and excessive discharge from 
these, so that the surface becomes covered by a layer of mucus, but the 
individual cells may degenerate, their whole substance, the nucleus 
included, a p| tea ring to become used up, so that we can truly speak of a 
mucoid or, more correctly, mucinogenoiis degeneration of the cells.

For mucus, as such, would not seem to be present in the cells, but a 
precursor, iniicinogen, and this in the form of small globules. The 
histological studies upon the development of goblet cells indicate that a 
succession of events occurs of the same order as that described by Xissen 
for the mammary gland cells, namely, direct division of the nucleus, 
passage of one daughter nucleus into the outer part of the cell, when it 
undergoes chromutolysis and gives off plusmosomes, which, as they pass 
farther from the nucleus, swell up and take on the characters of mucinogen 
globules. When the goblet cell ruptures and discharges these globules 
they swell up and fuse into a homogeneous mass of mucin. The other 
nucleus left behind becomes surrounded by an increasing mass of cyto
plasm, and so the cell lieeomes restored.

An even more active, not to say excessive, development of mucous 
cells and production of mucin occurs in that form of carcinoma originat
ing from mucous membranes, more particularly of the intestines, known, 
unfortunately, as “colloid" cancer. In this the production may be so 
extreme that, through pressure, if not through the actual mucoid degen
eration of the cells already noted, the cells of the cancer alveoli undergo 
destruction, and the alveoli become represented by masses of dense, 
inspissated mucin. The semisolid translucent material found in these 
cancers is not true colloid; it gives all the reaction for mucin.

Interstitial Mucinous Infiltration. This may lie found pathologically in;
I. Senile atrophic tissues, as in the cartilage and bones (medulla) of 

old people.

1 Meilical Hecord, 1900: i : 188
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2. In the connective tissues in experimentally induced myxœdema, 
and in the same areas in llie early stages of the disease in man.

This mucoid nature of the swollen sulieutaneous tissues gave the name 
to the disease, and the earlier observers regarded increased interstitial 
mucin as the characteristic change in cases of atrophic disease of the 
thyroid. Halliburton has shown that in cases of longer duration there 
is no increase in mucin beyond what is found in normal connective tissue. 
These findings suggest that in the first stage of the disease the connective 
tissues take on active growth, and that, as the proliferated tissue cells 
mature, the mucin, as in the developing fœtus, undergoes diminution.

3. In actively " " tumors of the connective-tissue type, sar
comas, fibromas, etc., and in the interstitial tissue of carcinomas.

The frequency of mucoid changes in tumors is more apparent than 
treal (see p. 720), and true myxomas are rare.

I. In inflammatory new-growths, as in developing granulation tissue.
In all these cases it will be observed 

that we have to deal with either 
active tissue growth, with immature 
tissue, or, on the other hand, with 
tissues undergoing reversion. The 
remarks made (p. 878) upon rever
sionary metamorphosis will have pre
pared the reader to comprehend why 
it is that these apparently op|N>sed con
ditions present the same change.

Our knowledge of the intermediate 
metabolism in cells is so slight that we 
know nothing of the stages leading up 
to the formation of glycoproteins. 
The observations above recorded upon 
goblet cells indicate that the nucleus in 
the one series of cases controls their 
formation; there is no evidence that it 
does this in connection with interstitial 
mucin, save that Ilekloen records that, 

in advanced cases of senile atrophy of bone and cartilage, globules or 
masses of mucin (muciuogcu) are to lie recognized within the cells of 
the affected areas.

Hrrtion of thyroid gland, «bowing 
vpairlm with ronluincd colloid: a, colloid: 
/». wvrrtory cell» with granules (After 
Itoiii I

COLLOID DEPOSITS

I am inclined to restrict the use of this term to a single deposit, namely, 
the material accumulating in the vesicles of the normal, and, to an 
excessive extent, in those of the ordinary goitrous thyroid. It is more 
accurate to describe the so-called colloid cancer as a mucoid cancer, 
for the material forming in such cases is of the nature of inspissated 
mucin. Through inspissation, brownish, solid, colloidal matter may

^
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aeeunmlnte and fill ovarian cysts, as also isolated and multiple cysts 
of the kidney. In each ease the composition differs from that of the 
type colloid of the thyroid. The main constituent of the latter is a 
compound protein, a compound of globulin with an iodine-containing 
body, iodotlivrin, associated with which is a nucleoproteid.1

Allied to this, not identical, is the colloid material of the
vesicles of the anterior portion of the pituitary body, to which the re
searches of Snint-llcmy and Benda, and more recently of Schafer and 
Herring, have drawn attention.

AMYLOID CHONDROID) INFILTRATION.

There is an infiltration which has suffered from a succession of infelici
tous names still in use waxy (when the deposit has no relationship to 
the waxes), lardaceoiis (and it is devoid of fats), amyloid (and unrelated 
to the starches). A satisfactory appellation has at last been suggested 
by Wells, namely, “chondroid,” but we fear that it might be regarded 
as pedantic to foist this upon the student, and ont of res|>eet to Virchow 
will continue to call it amyloid.

We noted that mucin is to be regarded as a glycoprotein, a < 
between protein and a nitrogenous carbohydrate. Another substance 
of the same order is amyloid—a hyaline deposit not found in normal 
tissues, though allied to the matrieial matter of cartilage. Into what 
knowledge we possess regarding its composition and mode of formation 
we will enter after having detailed the well-ascertained facts regarding 
its microchemicnl detection and distribution in the organism.

Amyloid material laid down in the tissues produces characteristic 
changes in the appearance of those tissues, and gives most characteristic 
reactions. The deposit may lie either (a) generalized, affecting several 
organs, and this is the most common condition, or (b) local iwd. then 
affecting relatively small areas of tissue and inflammatory and other 
new-growths. The statements which follow refer in the main to the 
generalized form, the localized being discussed later.

Generalized Amyloid Infiltration Amyloidosis.. This, when ad
vanced, affects a large number of organs, but is most noticeable in the 
spleen, liver, and kidneys. The tissues which, so far, have not been 
found affected are the epidermis and cutis, bone, lung tissue, and nervous 
tissue proper. If the spleen and liver be unaffected, there is little use in 
studying the other organs for this change.

Naked-eye Appearances. The spleen is found distinctly enlarged, and 
with rounded edges, pale, and usually much firmer and denser than 
normal. Vpon section it has a semitranslucent, waxy appearance 
(hence the terms w.ry, bacon g, and lardarroux degeneration), and 
either this appearance is evenly diffused (barony spleen), or rounded 
bodies project from the cut surface, somewhat of the size and appearance

s<i‘ more particularly < iswalil, Virchow’s Arch. 1(19:1902:144.
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of lioileil grains of sago, embedded in the same ( smjn spleen). 'ITiese 
little elevations are the atfocted Malpighian bodies. 'Hie liver shows a 
similar or more marked enlargenieiit, is firm, with obtuse edges, and 
is pale and waxy upon section; the kidney also shows distinct enlarge
ment and pallor; whether it is firm or flaccid depending upon the exist
ence or non-existence of extensive parenchymatous disturbances.

Reaction of Amyloid Material. In these and other organs the 
presence of amyloid change is most rapidly and most surely determined 
by the iodine reaction. On to the cut surface is poured official tincture 
of iodine diluted until it is the color of port wine, or l.ugol's solution, 
or, best of all. according to Kyber,1 iodine, gr. Ill; pot. iod., I dram; 
nip, Ill ounces. This should be lefl on until (lie surface assumes a pure 
yellow tint, when any amyloid material present will take on a red or 
brownish color. (’are has to be taken to wash off previously any blood 
which may have exmjed on to the surface. If, now, a f> to III per cent, 
solution of sulphuric acid be poured on, the amyloid areas assume a dark- 
violet to black color, the non-amyloid parts remaining unaffected (Vir
chow). It should be noted that the sulphuric acid reaction is not abso
lutely constant. In general the iodine reaction is regarded as decisive.

The iodine reaction is also of use in sections, though here, by trans
mitted light, it is the affected parts that have a semitransparent, yellowish 
ap|HNtranee, the rest of the section being granular and more brownish. 
Such sections are best mounted in glycerin, or Fa mint's solution, to 
which some iodine has been added. With a little experience, the exist
ence of anything beyond the slightest grades of amyloid infiltration can 
be detected in sections of tissue stained in the ordinary way with hema
toxylin or hematoxylin and cosin. The position of the affected parts in 
the spleen, liver, or kidneys, and the peculiar traiislueeiiev and lack of 
stain are most characteristic. The condition is, however, most clearly 
demonstrated by the differential stain afforded by watery solutions of 
many of the basic aniline dyes, notably gentian violet, methyl violet, and 
methyl green. A long scries, including safranin, might he given. To 
give good results, material, if not fresh, should have been kept in alcohol; 
or, if in Muller's fluid, this must be well washed out and the tissue kept 
for some time in alcohol before applying the test. To clear the ground
work, and to fix the stain more thoroughly in the amyloid areas, it is 
advisable to place the section for a short time in very dilute tannic, or 
even hydrochloric, acid, after washing out the excess of stain in water. 
Methyl violet sections, for example, so prepared, show the amyloid 
material standing out sharply as a rich rose pink against a paler, often 
somewhat slaty colored background.

When we come to study such preparations carefully, the seat of the 
amyloid change becomes evident. Most often it involves the eu ries; 
this is especially noticeable in the liver. Here it is the intermediate zone 
of the individual lobules that is at first affected. It is in connect ion with 
the capillaries of this region that the deposit occurs, and becomes so

Virchow's Xreli., M : |S80; 278 nml 420.

9



AMYIJHIt IX Fil.TUATIilX MW

pronounced llint, apparently through the pressure as well as through dis- 
turhanee of nutrition, the cells lying between the thickened capillaries 
become atrophied.

('arcful examination of suitable specimens shows that the endothe
lium of the capillaries is not the seat of the change that the endothelium 
still remains, although its cells may undergo fatty degeneration. The 
amyloid material is laid down unhide the endothelium, and laid down 
irregularly, so that one side of a capillary may have a much thicker 
deposit than the other. As a result of this infiltration two things happen, 
namely, that the capillary itself is compressed and its lumen diminished, 
and that the liver cells, both by pressure and by disturbance of nutrition, 
show evidences of fatty degeneration and atrophy, until in advanced 
cases, in this intermediate zone, scarcely any liver cells may be seen, and 
there appears to be little more than a belt of translucent amyloid material. 
As the process advances, the amyloid deposit trespasses mort* and more 
upon the periphery of the lobule, as also, to a slighter extent, toward the 
centre, until very little healthy liver tissue is left.

Fr.i.

* k :

\m>Iniil ilvgfiivriiliiiii iifTwling tliv liver; 
'lighter grin le the «•••II- are 'till prêtent with 
Imt iniMlernte atrophy; the irregular ilepiwil of 
atiiyloii! aroiitiil the eiipillurie* well iniirkeil 
i After Hihlirrl )

Amyloid dégénérât imt of liver iiilvtiiieed: <», 
atrophied liver eell*; h. I rate* verse Meet ion of a 
eapillary surrounded hy a broad ring of amyloid 
material; r, it eapillary eut longitudinally. 
( Itililierl i

At the same time the process affects the branches of the hepatic arterv. 
Here it is the mit Idle coat that is primarily affected, anti in that, appar
ently, not the muscle cells, but the connective tissue. Kroni here the 
change extends more particularly into the deeper layers of the intima. 
In very advanced cases the connective tissue of the walls of the veins 
may also show amyloid change. ( )ne note of caution is here to lie given, 
namely, that « wing the iodine reaction upon the liver, this also acts 
upon ami causes brownish discoloration of the glycogen within the cells, 
so that at first sight it may lie thought that there are intracellular deposits 
of the amyloid material. Treatment with the aniline stains, however, has 
no effect upon the glycogen, and demonstrates that we are dealing with a 
different substance.
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While thus the deposit neeurs most often immediately outside the endo
thelium of the finer capillaries, it may also atfeet the middle coats of 
the smaller arteries. ( )nly in aid va nets I eases is it seen affecting the walls 
of the veins. More frequently, as in the spleen, it may affect the reticu
lum of lymphoid tissue and the connective tissue. So, too, in advanced 
amyloid change in the kidney, the Imsenient membrane of the collecting 
tubules is seen clearly to laecome the seat of these i* though care
has to be taken to distinguish lietwecn the appearances thus produced 
(particularly around the small Ilenle’s tubes) and the very similar ap
pearances brought about in the longitudinally arranged capillaries of 
the medulla. We have never lieen able to satisfy ourselves regarding 
the intracellular development of amyloid material in the form of sphe
rules, though some observers have described such deposit v\ he cells.
Nor can we accept Maximow’s conclusion that the Altmunn’s granules 
in the liver cells play a part in the development of the amyloid material, 

for the amyloid deposits around the 
hepatic en ries clearly continue 
to grow after the liver cells have 
undergone total atrophy.

Conditions under which Amyl
oidosis Shows Itself. Amyloid de- 
jKxsits show themselves most charac
teristically * i characterized
by prolonged suppuration and dis
charge from the system of proteins 
in one or other form. The most 
fmpient precursor is tuliereiilosis of 
bones in the form of Pott’s disease, 
with cold abscess formation, or of os
teomyelitis of the extremities, though 
it frequently follows, also, intestinal 
and abdominal tuberculosis; in un

complicated pulmonary tuberculosis it is relatively rare. Chronic 
ulcerative syphilis is at times responsible, as is subacute or chronic 
suppurative osteomyelitis with sinus formation. More rarely it has 
been found associated with leukemia and malarial cachexia; still more 
rarely with chronic I $ right’s disease (albuminuria ) and prolonged and 
excessive lactation.

Localized Amyloid. Apart from the generalized amyloidosis, there 
is encountered occasionally a restricted local amyloid deposit, with 
no signs of the change in the usual sites, the liver, spleen, etc. Such 
may he found in localized granulomatous masses, of tuberculous or 
syphilitic origin; it has In-en noted in granulation tissue of the conjunctiva, 
in connection with the cartilages of the larynx and upper part of the 
respiratory tract, and somewhat characteristically in tumors fibromas 
and sarcomas of the upper air passages. It is noticeable that in these 
conditions, as |Miinted out by Rihhert, the smaller vessels are relatively 
imntl'ectvd ; the amyloid change affects the interstitial tissue, forming a

Vnyloid degeneration of tin* media of » 
-m ill artery of tin* kidney : tin* amyloid 
de|»o*it in around the inuaele til ires leading 
to their atrophy. (Itilihert.)
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nvlwork which, Kden suggests, follows the lymph channels. It has I teen 
noted also in the lymph glands nearest to areas of local suppurative in
flammation.

The Nature of the Amyloid Matter. The blue color gained by 
treating the amyloid material with iodine and sulphuric acid led Virchow 
to suspect some relationship between it and the vegetable products, starch 
and cellulose, hence the name by which it is now generally known (amj/lum, 
starch). Needless to say, this was a mistaken deduction, and soon its 
protein nature was demonstrated ( Friederieh, Kekule). But for long 
the nature of this ‘ sis. It appeared to Ik* related to
hyaline material, and cases were reported in which there was apparently 
a combination of, or a transition between, hyaline and amyloid material

cases of only partial reaction with iodine and the aniline dyes. But 
the composition of hyaline matter was equally difficult to determine. 
( )thcrs regarded it as modified fibrin. Without entering into the details 
of the various theories regarding its nature, it may In* said that the first 
sure advance was made bv. Krakow,' who demonstrated clearly that it is 
a compound protein, a combination of a proteid (liiston) with cliou- 
droitin-sulphurie acid (<’ll(M,r\S< )(7).

Chondroitin-sulplmrie acid in its turn yields cliondroitin (C^II^NO ), 
and from this can Ik* gained chondrosin, a reducing substance, of the 
nature of a nitrogen-containing curltohydrate. Pure amyloid separated 
from nucleoproteid is an almost white powder, and, like the nucleo- 
proteins, is resistant to digestion with pepsin, though Neulierg found it 
to lie acted upon by trypsin. It is this resistance to peptic digestion 
that enables us to isolate it from the main mass of proteins.

Amyloid thus comes into the category of the glycoproteins, and, by 
containing chondroitin-sulphuric acid, i> found to Ik* allied in charac
teristic constituents to cartilage and yellow elastic tissue, both of which 
yield the same acid. Indeed, from the normal aorta, presumably 
from its elastic tissue, there can Ik* gained a substance closely allied to 
amyloid. What we have said regarding the mucins will indicate that 
they are of an allied group. I .ike the one group of mucins, and the 
specific substance of cartilage and yellow elastic tissue, it is an extra
cellular deposit. How it is formed, how it comes to occupy the position 
in which it is found, is still a matter of debate, in the first place, it has 
never been found within the vessels; but the way it is deposited outside 
the vessels suggests a discharge from the blood. It is most reasonable 
to assume that one of the eventual constituents, upon diffusing out from 
the blood, meets with the other outside the capillary walls, and, com
bining. amyloid is produced. Kden suggests that in local amyloid the 
lymph vessels and channels play a corresponding part, the conveyance 
of the one constituent living by the lymph.

Yet another advance in our knowledge of amyloid during the last 
decade has I teen the determination that it can In* produced experimental!v 
in various animals. The experiments are not always successful, but

1 Arch. f. vx|>. Path. u. I’lmrin., 40; 1SU7 : 1UÜ.
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more particularly in hens and rabbits repeated inoculations of sublethal 
doses of attenuated pyogenic organisms, or, again, of the sterile fluids 
of growth, or toxins of pyococci, diphtheria bacilli, etc., will, in a certain 
proportion, eventually produce amyloid deposits. Pease and Pearce1 
have noted its not uncommon presence in the organs of “antitoxin 
horses.” In the hen the deposits have been found developing as early as 
ten days after inoculation. It is in the spleen that these experimental 
deposits are first noticeable. Nor is it only bacteria and their products 
that initiate the infiltration; it is developed after inoculations of turpen
tine. Turpentine, it may be noted, is capable of giving rise to aseptic 
suppuration, and this association of pus-producing organisms and turpen
tine might suggest that leukocytic disturbances are factors in the process. 
For a time this was held by certain investigators, who called attention to 
the existence of globules reacting with iodine in the leukocytes in cases of 
suppuration, suggesting that these were the intermediate stage between 
glycogen and amyloid. Our fuller knowledge of the chemical nature of 
the latter has demonstrated that there can be no such r< " , nor has
investigation shown that the leukocytes play any part in the conveyance 
and deposit of amyloid matter.

To sum up, the indications are (1) that amyloid material is allied 
to, but not identical with, certain compounds of chondroitin-sulphuric 
acid and protein found normally in cartilage and yellow elastic tissue; 
(2) that the protein constituent differs from that found in the above- 
mentioned tissues, but, also, judging from analysis, exhibits not a little 
variation in amyloid obtained from different tissues and cases ; (îlj that 
presumably amyloid, as such, is not conveyed by the blood or lymph, 
but is the result of local interaction between a chondroitin-sulphuric 
acid moiety (brought by the blood or lymph?) and a modified local protein

ELASTOID, OR VITREOUS DEGENERATION OF THE ELASTIC 
TISSUES.

From the main mass of hyaline conditions we have thus separated 
three distinct changes, the mucoid, tie* amyloid or chondroid, and the 
colloid. There is still left a residuum which it is the custom to speak of as 
the hyaline degenerations proper. This residuum is characterized bv 
affording no specific staining reactions recognized up to the present 
moment; save a not very characteristic coloration with acid aniline dyes; 
nevertheless, it embraces conditions of widely different origin, and the 
time has come to attempt a further separation.

The terms elastoid, or vitreous degeneration of elastic tissue, are em
ployed by my colleague, Dr. (ioodall,2 3 to distinguish one of the most 
striking members of the group of hyaline changes. Sections through

1 Journ. of Inf. Dis., II : 1900 : 019. See also Lewis, Journ. of Med. Research.,
X. S., 10:1900 *449.

3 Studies from the Royal Victoria Hospital, Montreal, ii : No. 5:1910,
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more particularly the inner third of the wall and beneath a previous 
placental site in the uterus of a multiparous woman are apt to present 
extraordinary convoluted clumps and masses of hyaline material. They 
are in intimate relationship to the vessels, and, as demonstrated by 
Pankow and Ssasz-Schwarz, are involution products, associated with 
the reduction in caliber of the uterine vessels, which during pregnancy 
undergo a huge dilatation. The process of reduction is very remarkable. 
So great is the distension of the vessels and eoincidently the increase in the 
substance of their walls that evidently contraction down to the previous 
diameter is an impossibility. The arteries adapt themselves to the 
lessened demand for blood by bni/dini/ irliat mai/ be an entire new artery or 
part of the same within the Inmen of the old. I n this way, in the woman who

Fto. 2»!>

f

liluidoid dégénérai ii in: Seul inn of .small artery from beneath plauental site of uterus exhibit
ing subin volution. The patient suffered from renal and hepatic disturbances, nnd died seven 
months after delivery. Section stained by Weigert’s elastic» and Van Gieson’s stains, (I)r. 
(loodall.)

Vitreous hypertrophy of elastica interna at a; vitreous degeneration of the same at b; at r. 
transition from stained hypertrophic to unstained degenerated elastica; il. lumen of the new 
vessel surrounded by irregular new muscular and intimai tissue; at e. remains of old media with 
hypertrophy of its elastic fibres; outside the degenerated elastica internant / the atrophy of the 
media is more extreme.

has borne many children, there may In? traces of even as many as five 
vessels developed, one within the other. Studying a succession of cases 
at different periods after pregnancy, (loodall was able to trace the steps 
in the process. These, in the main, ‘ ‘ e the internal elastic lamina.
Shortly after parturition it is possible to encounter arteries in which in 
part the wavy internal elastic lamina is fairly normal, but following it 
around the circumference it may exhibit a swelling to ten times or more of 
its normal thickness. There is thus interposed between the media and
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the swollen <edematous intima a broad hvaline band which at first 
takes on the characteristic reaction for elastic tissue by Weigert's stain, 
!»nt later is liable to have ill-staining properties and, laroniing much 
folded upon itself, resembles not a little the hyaline corpora candicantia 
of the (iraafian follicles. In the earlier stagts it can Ik* made out that 
muscle and connective-tissue cells make their way through spaces in the 
internal elastic lamina, and, at first irregularly distributed through the 
greatly swollen intima, eventually with proliferation develop a new 
media and adventitia within the hyaline clastic lamina. The extent of 
their development depends upon the size of the older artery; the old 
media and adventitia undergo degeneration and absorption, so that the 
hyaline masses appear eventually to lie external to the arteries. The 
picture is further complicated by the fact that in some vessels the process 
only involves one portion of the internal elastic lamina, in which case the 
old v " 'reserved on the one side and a new series of layers develops 
upon the other. So, also, in smaller vessels it may happen that there is 
not room for the full development of all the layers within the hyaline 
surrounding mass, in which case there may Im* no adventitia, and only 
a partial media reproduced.

Time will show to what extent this vitreous degeneration of elastic 
tissue is res|H)iisible for hyaloid changes elsewhere. Evidently it ex- 

< the In aline deposits around the arteries of the ovaries after men
struation, for Solima, from Aschoff's laboratory, has shown that the same 
process of redevelopment of the arterial walls occurs in them as is seen in 
the uterus. So, also, I have encountered it present, to a moderate degree 
but very definitely, in the arteries of the spleen. Hyaloid degeneration of 
these arteries has l>een noted previously by Klein and Greenfield,1 who, 
however, placed the development ladween the internal elastic lamina and 
the endothelium. In this connection it may Ik* pointed out that elastin 
chemically is closely allied to keratin and collagen bodies, which, while 
classified as scleroproteins, present nevertheless many points of resem
blance to the glycoproteids. It may also Ik* recalled that from elastic 
tissues, lies ides elastin, there has lieen gained a laxly of g* 
nature (p. 895).

OTHER FORMS OF HYALINE CHANGE

Hematogenous Hyaloid Hematohyaloidi. The type example of 
this form is seen in the hyaline thrombi, to la* more fully studied in the 
second volume of this work, due to intravascular and intravital congluti
nation (a) of the entire erythna-ytes as under the action of agglutinins, or 
(/>) of the same after a preliminary disintegration into smaller globular 
masses, or (r) of the bhaal platelets. As a result there is developed a 
translucent soft solid mass without a trace of structure, obstructing or 
(a-cluding the vessel in which it liecomes formed.

1 Quoted by Wocalheml, Practical PatlmliMjH, 4th «slit., (>xf«ird Mud. l’ubl., 1910: 
&I2, who gives a figure of this condition.
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A closely allied bill probably distinct condition is occasionally seen 
when, instead of forming the characteristic fine fibrils of fibrin, a fibrino
gen-containing serous exudate undergoes coagulation in the form of 
homogeneous masses or small clumps. This has been noted, for ex
ample, in connection with inflamed mucous and serous surfaces.

Hyaline Casts. The clear translucent casts seen in the urine, and 
within the tubules of the kidney, are, to be honest, of unknown con
stitution. By one set of writers they are regarded as of the same order 
as the hyaline fibrinoid deposits just noted, and are supposed to result

V.V-/-
•vstsa

iêfC5 i

••’ni».

•«.4F
J.G.A.

Hyaline tlinnnhiis in dilated venule of liemurrlioid. This was perfectly lioinogenenus.
Reichert, obj. 7a, ocular 4. Camera lueida, reduced one-third.

from the coagulation of constituents of the blood escaping into the 
tubules. In favor of this view is the fact that occasionally in parts they 
take Weigert’s fibrin stain. But others attribute them to the fusion and 
inspissation of discharges from the epithelium of the tubules. A study of 
well-preserved kidney tissue from mild cases of parenchymatous n< s 
(in connection with which hyaline as distinct from granular casts are 
apt to show themselves in the urine) frequently affords the appearance of 
loose accumulations of delicate spherules with a fine limiting membrane, 
so transparent as to be just V " " , filling the slightly dilated lumina of

0
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the convoluted tubules. These appear to lie given off or to break oil’ 
from the free surface of the renal epithelium, and it is held that by fusion 
and concentration they form the delicate hyaline casts. Where the irri
tation is more intense and the cell disintegration of a coarser type not 
passing on to fusion, the granular east is produced; where still more in
tense with desquamation, the cellular. When the hyaline or granular 
cast is detained within the tubule, and undergoes both fusion of the 
globules and progressive inspissation, then the waxy or colloid cast is 
produced and this last may la* metachromatic, taking on a stain resem
bling amyloid. The advantage of the latter view is that it brings into 
relationship the whole series of casts ; its disadvantage that it does not 
explain the variations in the staining properties of the different members 
of the series.

Other Orders of Hyaline. Of the considerable remnant of other 
hyaloid conditions still recognizable, the most important form is that

presenting itself in connec
tion with connective tissue, 
although possibly one and 
the same process involves 
cells of different orders. 
Thus, a common seat of 
such hyaline change is in 
the heart muscle in cases of 
so-called chronic myocar
ditis, in which scattered 
irregular areas of hyaline 
matter, transparent and 
with rare shrunken nuclei, 
are interposed in the mass 
of still unchanged muscle 
tissue. It is usual to regard 
this as the product of a re
placement fibrosis, necro
biosis of the muscle fibres 
supplied by a particular 

branch of the coronary artery being followed by absorption, with 
growth of new connective tissue; and as malnutrition in the first place 
led to the necrobiosis, so now the same malnutrition is held responsible 
for the swollen translucent condition of the fibrous tissue. Studying 
relatively early cases of myomalacia (softening of areas of the ventricle 
through arrest of the circulation in a branch or branches of the coronary 
artery), 1 have repeatedly been impressed bv the fact that these may 
present regions in which the faintly and finely granular shadows of dead 
muscle fibres, whose nuclei no longer stain, pass almost imperceptibly 
into the completely hyaline areas. It is difficult not to conclude that by 
a process of the order of coagulation necrosis (p. 9N4) the muscle cells 
contribute to the subsequent hyaline formation. We may hazard the 
opinion that the corpus candicans stage of the Graafian follicle repre-

llyaline degeneration of a glomerulus, from a kidney 
showing chronic interstitial nephritis.
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sent.s a transformation of the same order. Nor is it nneommon to find 
a Imiline conversion of the tubules of the old or diseased testis, while 
a similar hyaline necrobiosis of the cells of several orders of tumors 
away from the nutrient vessels of the same, brings about the develop
ment of the cylindroma.

Nevertheless, it is the connective tissue framework of tissues that is 
peculiarly apt to be affected— of the thyroid, and the kidney. Scar 
tissue is liable to be involved, as also the organized fibroid deposits on 
serous surfaces, which may attain a notable thickness (half an inch and 
more) and a porcelain-like appearance {hyaloserositis). Similarly the 
new connective tissue growths of tuberculous and syphilitic granulomas 
may exhibit hyaline change.

Another well-marked group of hyaline conditions is met with in con
nection with the capillaries. Either their walls become converted into 
thickened hyaline tubes, or the whole capillary is changed into a solid, 
impervious hyaline mass. The former is occasionally seen in the lymph 
follicles, in the brain and in the thyroid, 
the latter in old areas of interstitial 1 "
nephritis, here involving the glomeruli, 
these becoming converted into small 
homogeneous glassy nodules (Fig. 302).
Such changes recall amyloid disease, and 
as a matter of fact cases have been re
corded in which the deposits have in 
part given the amyloid reaction, in part 
acted like hyaline. In advanced amyloid 
we may find the basement membrane of 
the renal tubules presenting hyaline meta-

'i, while in the experimental production of amyloid more than 
one observer has noted that material giving the amyloid reaction is 
preceded by deposits of hyaline type, not affording the same.

Intracellular Hyaline. More particularly in cancers we are apt to 
encounter small accumulations within the cells, either globular or of 
irregular shape, having the appearance and reactions of hyalin. These 
have been studied more especially by Pianese and Fabre-Domergue. 
From these studies it is evident that they differ to some extent among 
themselves in chemical composition, for they do not uniformly take on 
the different stains; some take fuchsin with considerable intensity 
( Russel’s fuchsin bodies). These may occur in chronic inflammations 
and in enlarged lymph glands, as well as in cancers ; and, through 
degeneration of the cells, may come to be extracellular. Other deposits 
of a somewhat similar appearance in epithelial cells may be of keratinous 
nature. While calling attention to these, it has to be admitted that they 
occur so sparsely that anything of the nature of an exact chemical study 
of their constitution is out of the question.

Hyaline degeneration of the ineni- 
hruim propriii of two renal tubules 
with loosening of the epithelium, 
(liibbert.)
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PATHOLOGICAL KE RAT IN IZ AT ION.1

YYe occasionally encounter cither excessive development of the horny 
layer of the skin (as in the cutaneous horns which may develop from 
various parts of the laxly and conditions of hyper keratosis and ichthyosis), 
or the presence of horny layers in regions which normally exhibit no 
horny layer. The mouth, (esophagus, and vagina, for example, have 
what may he termed squamous mucous membranes, exhibiting no kerati
nous change of the outer cells; but, under conditions of irritation, the 
tongue may present keratinized processes of the epithelium (hairy 
ton(/ur), the vagina show horny ridges (pachydermia), the (esophagus 
exhibit longitudinal bands of leukoplakia (notably in alcoholics). Simi
larly the mucous membrane of the middle ear may give origin to a dense 
accumulation of keratinized cells of pearly appearance (cholesteatoma). 
The same process may show itself in the pelvis of the kidney and the 
urinary bladder. The pia mater may also be the seat of the tumor-like 
cholesteatoma, the development in this last region being due to epidermal 
inclusions during development. Kcratinization may occur in tumors 
proper, leading to the epithelial pearls of epitheliomas, present even 
when normally the epithelium is devoid of keratin. In regions where 
through metaplasia squamous epithelium may replace columnar cells, 
there both the metaplastic epithelium and malignant growths developing 
from the same may show kcratinization, although rarely so clearly de
fined and pronounced as where the growths originate from a naturally 
squamous epithelium.

Kcratinization is under normal conditions a form of physiological 
degeneration associated witli neerobiotie changes in the cell. As the cells 
originating from the mother-cell palisade layer of the epidermis are 
pushed outward and become further removed from the vessels of the 
eorium by the development beneath them of new generations of daughter 
cells, they are at first free from cytoplasmic granules, but when they 
reach the level of the stratum granulosutn they exhibit fine granules of 
kerutohyalin. These stain blue with hematoxylin. Passing farther out 
into the stratum lucidum they become translucent and evenly diffused 
throughout the cells (eleidin). Farther outward they exhibit a second de
velopment of granules, presenting fine granules of keratin (taking a blue 
color with Gram’s stain). The cells become increasingly flattened and 
shrunken, their nuclei no longer stain, until, finally, flattened scales of 
compact keratin, staining yellow with Van Gieson are all that represent 
the original cells. The fully keratinized cell is dead, and the cholestea
tomas, cutaneous horns, and other massive accumulations are not there
fore hypertrophies, but abnormal collections of matter not properly cast 
off. At most the underlying rete Malpighii may show hypertrophy and 
more active cell development.

The opposite condition of Parakeratosis or deficient development of 
keratin is encountered in atrophic conditions of the skin from inflam
mation of the eorium. in psoriasis, etc.

It may be recalled that keratin is, like elastin, and collagen one of the 
seleroproteins.

1 In this rapid review of Keratinizalion I largely follow Gierke.



(HATTER XXVIII.
TH K DKfiFAKHATlONS AND INKII/I'HATIONS—(Ciimtim ki»).

Disturbances of the Aqueous, Fatty, and Carbohydrate Contents 
of the Cell.

HYDROPIC DEGENERATION.

It will lie remembered that attention was called to the fact that in 
cloudy swelling there is a definite increase in the watery contents of the 
cell. What would seem to he a further stage in the same condition, and 
one associated with yet graver disturbances in the cell, is the appearance 
of definite vacuoles in the cytoplasm, containing a watery fluid, which 
vacuoles may attain so great a size that the cell undergoing disorganiza
tion bursts, and, with its neighbors, 
becomes represented by a vesicle F,,i- 303
visible to the naked eye.

The most striking example of this 
hydropic degeneration is met with in 
the lower h«'<*rs of the epidermis in 
cases of smallpox; the vesi ular stage 
of the pock is essentially brought 
about by the acute hydropic swelling 
and disintegration of neighboring cells.
Kxperimi ",, a similar condition can 
be induced in the cells of the convo
luted tubules of the kidney by the 
exhibition of cantharidin.

This rapid imbibition and accumu
lation o' a fluid in a cell can, upon 
physical grounds, have only one ex
planation. The constitution of cyto
plasmic matter, as also of the nucleus, is colloidal, and colloidal mem
branes (for such we can regard the surface layers of cells) have char
acteristic properties. They hinder the diffusion of crystalloid molecules 
to a considerable extent. Although animal cells possess no well formed 
outer membrane (as do plant cells), we are led to believe that in 
animal cells a fine layer of similar nature acts physiologically as such a 
membrane. We therefore conclude that the essential cause of hydropic- 
degeneration is some dissot * * of the complex colloid material of the 
cytoplasm, whereby, either by cleavage or ionization, crystalloid bodies 
make their appearance in the cytoplasm. As an illustration of conversions

Hydropic; degeneration: epithelium from 
a smallpox papule. The epidermal cells 
greatly swollen, distended by large vacu
oles. X 3(H). (Rihhert.)
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of this order, it may he noted that the peptones, leuein, tyrosin, etc., which 
are the products of the breaking down of (colloidal) proteins, are of 
distinctly crystalloid nature. So long as such products are present within 
the cell body in greater concentration than they exist in the surrounding 
medium, there will be a tendency to osmotic diffusion inward of watery 
fluid until such time as the osmotic pressure on the two sides of the 
membrane becomes equal. In other words, the cell swells up and 
becomes hydropic.

9 %

Serous atrophy of fatty tissues of neck of pig after prolonged feeding with fat-free diet: .1. fat 
cells which have undergone serous atrophy (contents not stained liy osinic acid); U, capillaries; 
C, bundles of elastic fibres. (After Herter.t

Vacuolar Degeneration.—A condition which may possibly be closely 
akin to the hydropic degeneration is vacuolar degeneration, in which 
isolated vacuoles of medium size make their appearance in sundry cells, 
and, it may be, actually within the nuclei. The condition has been 
noted more particularly in connection with the voluntary and cardiac 
muscle fibres, and the ganglion cells of the central nervous system. 
Thus, in typhoid fever, oval and spindle-like vacuoles have been observed 
within well-striated muscle fibres; vacuolation of the heart muscle cells 
has been observed in numerous conditions, and Nerlic and others have 
called attention to similar vacuoles in the ganglion cells of nerve centres in 
tetanus and acute infections. 1 lodge has shown that strong electrical 
stimulation brings about diminution in the size of the ganglion cells, with
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tlio development of numerous vacuoles. It is suggested that in all these 
eases there is strong stimulation of the nerve cells with increased disso
ciation of the cytoplasm, and that here, as in the case of cloudy swelling, 
the products of dissipation lead to osmotic absorption of increased fluid.

Serous Atrophy. This is seen in wasting diseases affecting more 
particularly the epicurdial and perirenal fat deposits; in place of the 
normal fatty tissue there appears a translucent gelatinous tissue. It 
occurs most extensively in the senile fatty marrow of hones, affecting the 
same tissues also in wasting diseases, here from the surroundings partaking 
clearly of the nature of a hydropn r.v vacuo. It is essentially, as pointed 
out by Flemming, a fat atrophy, with disappearance ut of the
cells, so that they no longer react with osmic acid and other stains for 
fat. The cells, however, do not wholly shrink, the place of the fat being 
taken by a serous fluid, which further infiltrates the extracellular tissue.

Ilerter1 has reproduced the condition in the pig bv prolonged fat star
vation, and found that he could arrest its appearance by giving a marked 
excess of carbohydrates.

DISTURBANCES OF FAT METABOLISM.

( )f the fatty accumulations, two conditions are to be recognized, 
which, for want of a better terminology, it is usual to describe, following 
Virchow's original distinction, as fatty infiltration ami fatty degeneration. 
Well-marked conditions of the two are strongly contrasted; there are, 
however, intermediate states which it is difficult to distinguish surely; 
the cause of this difficulty will be evident when we come to consider 
the nature of the processes.

FATTY INFILTRATION.

Neutral fat is a constituent of most of the tissues of the laxly, but 
this in ai state in which it is not recognizable within the cells, either 
by simple microscopic or by microehemical means. The kidney tissue, 
for example, may, by all the usual microscopic metlaxls, by osmic* 
acid, or by Sudan III, show not a trace of fat; nevertheless by appro
priate chemical means, as much as 23 per cent, of the total solids, 
n ay be demonstrated to consist of fats.2 In one tissue, however— fatty 
tissue—the amount present is extreme, so that the eells are distended 
with fat in the form of large globules; so distended that the nucleus is 
pushed to one side, and the cell assumes a signet-ring appearance. 
There are certain regions of the laxly in which this fatty tissue is nor
mally present, notably in the sulamtaneous connective tissue, in the

1 Jour, of Kxp. Med., 3 : 18U8 :293.
3 Itosvnfrld, Arch. f. exp. Path., 55:1909: 179. See also Orgler, Vircli. Arch., 

107 :1902 : 310.
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omentum and appendices epiploien1, around the kidneys (suet), in 
the cardiac grooves, etc. We must regard the cells accumulating the 
fat in these regions as normal. It is when connective-tissue cells else
where, more particularly in the interstices of tissues, become the seat 
of identical accumulation of, and distension with, fat, and assume the 
identical appearance, that we speak of the fatty infiltration of a tissue. 
Such may occur between the cardiac muscle cells, between the fibres 
of skeletal muscles (as in pseudohypertrophic paralysis, p. 592, Fig. 178), 
or, again, in the pancreas. There is yet another order of cells that 
becomes physiologically (as during pregnancy) the seat of notable 
accumulations of fat, namely, the liver cell, and this also, through the 
accumulation, is apt to assume the signet-ring appearance. Where fat 
is heaped up in the liver in this manner we also speak of fatty infiltra
tion. And the accumulation may be extraordinary: in the fatty liver 
of alcoholism, Verls determined that four-fifths of the total solids, and 
close upon 41 per cent, of the total cell substance " * “ water) 
might be fat. It must be clearly borne in mind that in all other parts 
of the body fatty infiltration involves the connective-tissue cells; in the 
liver, the connective-tissue cells are not affected, but the liver cells proper. 
Such accumulation of visible, neutral fats in the athermse normal 

cells of connective tissues and the liver 
l ies. 305 occurs ill a variety of conditions; these

may be classified :
1. Physiological. As already noted

there is up of fat in the liver
(particularly in the more central cells of 
the lobules) during the latter months of 
pregnancy and during lactation, appar
ently as a preparation for the latter.

2. Fatty Growths “Ezr Vacuo."—Occa
sionally the atrophy of a part, or tissue, 
is accompanied by a compensatory ap
pearance of fat cells. The most frequent

example of this ure is seen in the pelvis of the kidney in senile or 
other atrophy of that organ ; another striking example is in pseudohyper
trophic paralysis, where series of fat cells replace the atrophied muscle 
fibres. The replacement of the red marrow by fat cells in normal 
bones is of the same order.

3. Overnutrition.—More fatty matters being taken in or elaborated 
than can be burnt up in the performance of function. The “alder- 
manic” type of individual and the overfed Strassburg goose, with its 
“foie gras,” are the familiar examples of this form of fatty infiltration.

I. Substitution ( ?).— Fatty infiltration, and not, as vulgarly supposed, 
cirrhosis, is the commonest affection of the liver to be met with in those 
addicted to alcohol—and this notwithstanding the fact that the con
firmed alcoholic is a small eater. Two explanations have been afforded 
for this fact : (1) that alcohol, acting on the nerve centres, or directly 
on the cells of the bodv, lowers functional activity and oxidation, and

iccuinuhilion.
various stagi'-

^
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so the fat absorlkml is no: burnt ii)>; (2) that alcohol is in itself a food
stuff capable of easy oxidation, and that it replaces more particularly 
the fats, so that these, not being oxidized, remain and accumulate in 
the liver cells. The more recent studies upon metabolism in animals 
treated with alcohol favor the latter view. Probably both factors must 
be regarded as operative.

f). Diminished Oxidation: (a) Congenital. There are those so con
stituted that, despite small appetite and consumption of food, if any
thing, below normal, they appear to become fat; others,
on the contrary, who, with ravenous appetites, remain as lean as Pha
raoh's kine.

Waldvogel* has thrown light upon these phenomena. Injecting 
a solution of /9-oxyhutyric acid into the chest wall of healthily lean 
persons, there was a slight rise of temperature, but no oxvbutyric or 
acetic acid appeared in the urine, nor was there increased excretion 
of acetone; it was completely consumed. The same dose administered 
to obese individuals was followed by no rise of temperature, this sug
gesting that the oxidation is slower, while the excretion of acetone 
was increased the next day, and acetone could be recognized in the 
breath, lie concluded, therefore, that the obese are unable to oxidize 
the fat acids reaching the intermediate metabolism with the same 
intensity as do healthy persons, and that the defective transformation 
of the fatty acids leads to accumulation of neutral fat in the cells. It 
is suggestive in this connection that the administration of thyroid extract, 
which materially accelerates the oxidative processes of the organism, 
materially reduces obesity.

(b) Through Disease. It is noteworthy that in tuberculosis there is 
a tendency in some to become obese (this is noted more often in cattle); 
in others, and this is more frequent, despite general emaciation, the 
liver is found at autopsy in a state of well-marked fatty infiltration. 
The most satisfactory explanation is that of diminished oxidation 
lowered vitality with lowered functional activity of the tissues and, as 
a consequence, lessened burning up of the fats taken as food. Along 
with this we have to recognize a certain amount of transposition of 
fat from the normal stores in the subcutaneous and other tissues to 
the liver.

Here may be noted a rare a "ion in infants, due apparently to a 
congenital incapacity to transform fat, rather than to any excess of fat 
in the diet, in which the liver attains a great size. Not a single liver 
cell may be seen which is not distended by a large gli of fat. Save 
for the regularity of the vessels the sections almost resemble those of a 
lipoma.

FATTY DEGENERATION.

In this condition we deal with what is primarily a eell degeneration
-the deposit of fat accompanying and being the result of depressed

1 Epstein F ext sell r., Dent. Arch. f. klin. Mod., S9: liMHi: :142.

9
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and damaged cell activities. The cell nuclei exhibit marked indica
tions of chromatolysis and degenerative changes ; the cytoplasm becomes 
filled with minute, dust-like fatty globules, so that, stained with Sudan 
111, or Scharlach R, the whole cell body takes on diffusely the charac
teristic orange-reddish color, the high power demonstrating that this 
is due to abundant minute fatty dots.

The long-established test for the presence of fats, osmic acid, is 
now recognized to be imperfect. This blackens the globules of oleic- 
acid and its compounds, but has no effect upon palmitin and stearin 
compounds. Among the oleic acid compounds it affects “myelin," 
not merely turning the myelin globules gray, as Kaiserling and Ogler 
point out, but eventually a deep black (apparently through the gradual 
dissociation of the oleic acid constituent). This is true, also, we find 
with lecithin (ReideVs lecithol). Sudan III, on the other hand, is taken 
up by and so stains all fats present in the globular form within the 
tissues, and exhibits a differential stain for soaps (Fisehler, confirmed 
by Klotz). Scharlach It has similar properties. Roth are employed 
in weak (tit) per cent.) alcoholic solutions, and the staining is due to the 
fact that fats dissolve these dyes more readily than does the alcoholic- 
sol vent.1

The tissues especially liable to be affected are (1) those liable to 
exhibit cloudy swelling (gland cells, more particularly those of the 
liver and kidney and muscle fibres, particularly those of the heart); 
(2) endothelial cells of bloodvessels; (3) certain cells undergoing normal 
retrogressive changes (cells of the sebaceous glands).

There is histological evidence that the substance composing these 
finer granules or globules is not, in some cases at least, of the same nature 
as that present in fatty infiltration. Thus, in a study of fatty degeneration 
of the liver, shortly to be published, McCrae and Klotz call attention to 
the fact that we deal frequently with polygonal or granular deposits of 
a subcrystalline type rather than with spherical globules.

Intermediate Conditions. -The accumulation of fat in the form 
of small globules, without 'pronounced nuclear degeneration, occurs 
normally in several orders of cells, namely, in the cortical cells of the 
adrenal, and in the hypertrophied plain muscle cells of the uterus during 
the process of involution following upon parturition, as also in the 
decidual cells of the fourth month (Holsti2). Even in what had hitherto 
been recognized as ordinary fatty tissue Shattock3 points out that certain 
areas (the “fat-masses" of the necks of hedgehogs, cretins, and young 
children and the subpleural fat in infants) present fat cells of the glandu
lar type with multiple discrete globules. Contrariwise, conditions may 
be noted in which, with well-marked evidence of nuclear degeneration, 
there accumulate in the cell large fatty globules along with small. This

1 l-'or the chemistry of the staining of fats and lipoids see Lorrain Smith, Journ. 
of Pathol., 12:1907: 134, and Dietrich in Luharseh and Ostertag’s Krgchnis.se, 13: 
1909 pt. 2 298

2 Anal., Heft 37: 190,S: 179. n Proc. Hoy. Soc. Med., 2:1909: Path. Sect. 2.72.
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in phosphorus poisoning affecting the liver. There are thus, histologic
ally, intermediate states between well-marked fat infiltration and fatty 
degeneration.

Herxheimer’s observations upon the thymus indicate yet another 
intermediate stage, which may, however, be closely allied to that seen 
in the uterine muscle fibres.1

According to (iegenbaur, the thymus continues to grow in size until 
the end of the second year. Herxheimer found that even before the 
end of the first year this organ contains fat in abundance. This is in 
the form of fine granules tending to coalesce, in part in the lympho
cytes, which form the main constituents of this organ, and here more

Fin. 31 Hi Fm. 307

F»tty (li-gfiii-riilimi of liver cells1 h, fresh
cells, cloudy imd granular, nuclei not clem; «, Fatty degeneration of heart-nuiscle libres, 
the fine, fully globules seen more clearly iiftvi showing different grades of involvement of the 
treatment with acetic acid. (Ribliert.) individual fibres; fresh specimen. (Ribbert.)

particularly at the periphery of the follicle; in part, in the connective- 
tissue cells of the stroma. Here it was in greatest abundance in the 
connective-tissue cells around the capillaries and smaller vessels. This 
clearly is not a degeneration proper; it attacks the cells at a period of 
active growth. Later the fine granules run together, and then are 
found the large fat cells characteristic of the thymus in its later retro
gressive stage. It may be here noted that the levator palpebra* superioris, 
one of the most active muscles of the body, contains normally abundant 
fat, in the form of fine globules; here, again, we cannot deal with a 
degeneration. Lastly, Shattock and Dudgeon2 have noted that in 
chlorotic and secondary toxemic conditions the polymorphonuclear 
leukocytes of the circulating blood exhibit fine fatty globules, staining

1 Verhandl. <1. dcutsch. pathol. (ivscll., Jena, 1904:25}».
7 Proc. Roy. Sue. Biol., 79 : 1907 :427.
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with Scharlach H, without there living any sign of nuclear disturbance 
(although such may be present along with fatty change in pus cells). 
( 'esaris-1 )emcl has recorded similar observations.

Causation.—These intermediate cases we will discuss later; leaving 
them aside for the moment, and considering only the typical cases, as 
regards the condition leading up to the degeneration, two groups of 
cases may possibly be distinguished: (1) Those in which the fatty degen
eration follows upon cloudy swelling, and so may be regarded as the 
second stage in parenchymatous inflammation of organs, and (2) simple 
uncomplicated fatty degeneration—(a) physiological, and (b) patho
logical.

Fatty degeneration of the first order is apt to accompany all severe 
fevers—pyemia, septicemia, the acute exanthemata and typhoid; the 
cause is clearly identical, namely, bacterial intoxication. Subjection 
to high temperature equally produces cloudy swelling followed by 
fatty degeneration. As regards the second order, the phyf‘ 
fatty degeneration seen in the cells of sebaceous glands, as, again, in 
the cells of the mammary glands during lactation, is a somewhat remark
able process. In the former case there is a constant multiplication 
of the gland cells proper; of the two cells, the products of an act of 
multiplication, the outer, which we may term the i* *r cell, becomes 
filled with fatty globules of fair size (larger than those seen in paren
chymatous inflammation), but much smaller than those of fatty infiltra
tion, and uniformly scattered through the cytoplasm. With this the 
nucleus becomes paler and shows evidences of chromatolvsis. Eventu
ally the cells of this order become liberated and break down, and, as 
a result, a fatty emulsion fills the lumen of the gland.

In the mammary gland a parallel condition has been observed.
The nucleus of the gland cell multiplies by direct division until two 

or three nuclei are present in the cell. Next, the nucleus nearest to the 
lumen undergoes chromatolvsis, and it can be observed that its chromatin 
passes into the surrounding protoplasm. With this there is not true 
cell division, but in the outer portions of the cell fine fat droplets collect, 
and this outer portion, containing the degenerated nucleus, is discharged 
into the lumen, giving rise there to the fatty globules of the milk. Nissen1 
calls attention to this of the nucleus and disintegration
of the phosphorus-containing nucleoproteid, and the characteristic pres
ence in milk of a phosphorus-containing protein, namely, casein.

In man the chromatolvsis of the nucleus in these glands is very ob
vious; according to Altmann2 the process is somewhat different in 
the sebaceous glands of the inguinal folds of the rabbit (where they 
are very abundant). The process here is more of the nature of a secre
tion. The cells arc filled with granules, which, in the centre around 
the nucleus, do not react with osmic acid, but show transition toward 
the periphery into the fatty granules, which, discharged, fuse into definite 
globules.

1 Arch. f. mikr. A nut., 26: 1886 : M7. 2 l)ir rlrmnil'irr Oryaiiiniiirii, 1890.
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One of the most recent studies upon this subject is by Professor 
Arnold.1 He admits that the first signs of fat in the cell show them
selves in the immediate neighborlnxxl of the nucleus, and regards this 
as an indication that the formation of milk fats is a synthetic process, 
in which the nucleus takes a part; also, that amitotic nuclear changes 
may occur during the process, but lays down very definitely that the 
pnx-ess of fat accumulation and discharge may proceed without nuclear 
disintegration; nay, more, may lx* of the nature of a selective absorption 
and secretion from the lymph. lie has pointed out' that sundry tissues 
placed in a soap solution present in their cells a granular deposit of fat 
globules and in this connection may lx* noted ' il’s observation3
that the Scarlet H dyeing the fats given as fixxl may lx* detected in the 
milk of those " V Arnold holds that these absorlxxl fats become 
asscx'iated with the cell plasmosoines.

There are thus divergent views regarding the nature of milk secretion, 
but, evidently, the cells of the mammary gland do not absorb and excrete 
the droplets of fat as such ; the prcx*ess is much more complicated ; the 
fat is absorbed in a soluble form, the prcx-ess of converting it into neutral 
fat is accon bv intracellular enzymes, and the prtxluelion and
activity of these enzymes is accompanied by using up and eventual 
disorganization of the unclear and cytoplasmic material.

Simple pathological fatty degeneration of the second order occurs 
(I) in certain cases of acute noil-bacterial intoxications by arsenic, 
antimony, bismuth, carbon-monoxide poisoning, mineral acids, pyro- 
gallic acid, chloroform, phloridzin, etc., and (2) in conditions of mal
nutrition, notably in certain anemias (pernicious anemia, advanced 
chlorosis, and cachexias, and the anemia following severe hemorrhages), 
as, again, in the later stages of starvation. With these, although, as 
above noted, the appearances are intermediate, must be included the 
pronounced fatty degeneration of phosphorus poisoning.

We do not pretend that all these intoxications prix luce fatty degen
eration not preceded or complicated by cloudy swelling. This point 
has not been sufficiently studied. We are inclined to Ixdieve that fuller 
study will demonstrate a preliminary or accompanying cloudy swelling 
in many of these cases, as in starvation and in phosphorus poisoning; 
hut this is not marked, and in certain conditions, as in chloroform 
poisoning, there is no evidence of cloudy change, it is true
that in the neighborlnxxl of the nucleus non-fatty granules, the so- 
called plasmosoines, make an appearance.

1 Ziegler’s Heitr., 38: 1905 : 421. z Zentralhl. f. Pathol., 14 :1903 : 785.
•' Verhaixll. ilcutseh. path, (iesell., 13 : 1909 :
* I would suggest that the two sets of observation are not necessarily contra

dictory. Thus, in the mammalian pancreas there is no suggestion of nuclear 
multiplication in connection with the formation of the zymogen granules; never
theless. studying recently along with Professor Downey, of Minneapolis, certain 
sections of the pancreas of the ganoid fish, Poti/mlon xpnthula (the t l,
which he had prepared, we found what appeared to lie various stages of double 
nucleus with the disintegration of one of the two in intimate association with 
the appearance of zymogen globules.

9019
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Etiology. Fatty Infiltration. What art* the underlying causes of these 
two conditions of fatty infiltration and fatty degeneration? Regarding the 
former there can he no question as to the origin of the fat; it is storage 
fat, accumulated in the cells, either as the result of an intake of food 
material affording neutral fats over and above the capacity of the tissues 
to oxidize, or of oxidative capacities of the tissues helow the normal, 
so that foodstuffs reach the stage of neutral fat, but do not forthwith 
pass beyond that.

But even in this case, we would repeat, the process is not that of 
simple taking up of already formed neutral fats from the blood and 
lymph. Neutral fats—glycerides of the fatty acids—do not exist as 
such in the fluids of the body under normal conditions; only in patho
logical conditions, as in diabetes, advanced alcoholism, and some cases 
of arteriosclerosis, do we encounter lipemia or an emulsion of fine fatty 
droplets in the blood. In what form they exist there is a matter of 
debate. The more recent studies upon immunity point definitely to 
the formation of loose compounds between fats and the proteins of the 
plasma (more particularly the _ " ?), and pointing in the same
direction are the observations of Wilson and Williams' that in diabetes 
we deal with a lipoidemia rather than a lipemia. The laying down of 
neutral fats in the cells necessitates, therefore, a dissociation and a 
subsequent combination of fatty acids and glycerin; and this, it has been 
demonstrated, is accomplished bv the agency of intracellular enzymes 
lipases (see p. 83). Nay, more, that the nucleus of the fat cell is con
cerned in the process, is indicated by the remarkable presence of a vacu
ole within it. We do not see vacuoles in any other normal cells of the 
human organism, and that the vacuole is related to the deposition of 
neutral fat is indicated by ShattockV observation that it reacts with 
Sudan 111, i. r.f is of a fatty nature. Similar fatty vacuoles have been 
recorded in the nuclei of the other potential fat cells, namely, the liver 
cells in cases of cirrhosis8 and other conditions.

Fatty Degeneration. The long-accepted view was that fatty degen
eration is, as the name implies, the result of a breaking down of the 
cell substance, with liberation of the nitrogen-containing element of 
its proteins, and retention of its carbon-containing moiety, and con
version of the same into fat.

Many arguments were adduced in favor of this view : the cells were 
seen clearly to be undergoing disorganization; in conditions favoring 
fatty degeneration, the X. < was found increased, the C()2 output

1 Biochcm. Journ., 2:1907:20. Kugoni and Marchetti, however, in an extreme 
case found that the main bulk of the ether extract consisted of neutral fats (21.98 
per cent, of total blood), although fatty acids and soaps (3.45 |K*r cent.), cholesterin 
(1.00 per cent.), and lecithin (0.5 per cent.) were also present (Herb klin. VVoeh., 
1908: No. 14). Klemperer and I'niber confirm Wilson in finding in a long series 
of diabetics that the main increase is in cholesterin esters and phosphat ides (Zeitschr. 
f. klin. Med., 01 : 1907 : 145: see also Adler, Herb klin. VVoeh, 1909: No. 31).

I ran» Path. 8oc. Lond., ~»l : 1903 : 215.
3 Brandts, Ziegler’s Beitriige, 45 : 1909 : 457.
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diminished there is an actual increase in the fat in the fatty degenerated 
liver, even in starving animals;1 2 * and this fat has been regarded as formed 
at the expense of the carbohydrate constituents of the cell, for, in phos
phorus poisoning, with increase in the fat, there is notable absence of 
glycogen (Stolnikow and others). There is evidence that fats are 
capable of development from proteins. F. Hofmann' demonstrated 
that the larva* of the fly, Mit,sea vamitoriu, grown from eggs placed on 
ox blood containing a known quantity of fat, contained considerably 
more fat than was present in the control eggs and the ox blood combined. 
Similarly, Burdaeh4 * * found that in the tfevt" lent of the eggs of the 
snail Limiurm tttagnnlis, the fat increases, it may be three- or fourfold. 
IVttenkofer and Voit," feeding dogs on meat free from fat, determined 
on analysis that the (’. was retained in the organism in the form of 
fat. IIoppe-Sevler determined that, upon keeping, the fat of milk 
increases, the casein diminishes. The formation of adipoeere in the 
corpse was explained by Virchow" along these lines, namely, of con
version of the proteins of the corpse into fats.

Much of this evidence has been discredited or put on one side as 
not bearing upon the case in point. It has been found, for example, 
by numerous observers, that, while the fat in the liver may be increased, 
the total fat of the body is not increased, but may be definitely dimin
ished in cases of fatty degeneration.

This was well demonstrated by A. K. Taylor,7 who, taking two series 
of frogs, one as control, the others, in which he had induced fatty degen
eration, killing and desiccating them, and then extracting the total 
fats, found that there was an actual loss, and not a gain, of fats.

Kohert has noted that, while in the living animal phosphorus easily 
sets up fatty degeneration of the cardiac muscle, if the removed (“iiber- 
lebendes”) heart be taken and transfused with fluid containing relatively 
enormous doses of phosphorus, not the slightest trace of fatty degen
eration is to be made out. More recent and exact studies have shown 
that IVttenkofer and Yoit’s observations are valueless, from the fact 
that meat, which, to the naked eye, is free from fat, contains, never
theless, a very considerable proportion; their dogs were fed with fat. 
The most convincing series of experiments are those of Rosenfeld.8 

Rosenfeld demonstrated, in the first place, that if a starving animal be 
poisoned with phosphorus, the accumulation of fat in the (fatty degen-

1 Frankel mid (ivhbert, Centralbl. f. mod. Wissenseh., 21:1883:583 (alwtr.); sec 
also Bauer, Zeitschr. f. Biol., 7 :1871:63.

2 Stolnikow, Du Boia-Raymond’a Arch., 1887, Suppl. Bd. 1.
:| Zeitschr. f. Biol., S : 1872:153. 4 Dias. Regensburg, 1853.
1 Liebig’s Ann., 1862, Suppl. Bd. 2, 52, and 361.
* Wiirzburger Verliandl, 3 : 1852.
7 Journ. of Exp. Med., 4 : 1809: 399 This has been confirmed by Kraus and 

Summer with mice poisoned with phosphorus. The total body fat might be reduced 
lo one-half the normal, and of this, one-third to one-half might be present in the 
liver (Hofmeistcr’s Beitr., 2 :1902 : 86).

' Yerhandl. d. deutsch. path. Desellsch., 6:1904:71.
58
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orated) liver is accompanied by a corresponding diminution of the 
fat elsewhere in the organism, in the skeletal muscles, for example; 
and, secondly, that if a dog he poisoned with phosphorus or phloridzin, 
and eoineidently fed with a foreign fat, such as tallow (mutton fat), 
in which the relative proportion of palmitic, stearic, and oleic acids 
arc widely different from those present in dog fat, the composition of 
the fat obtained from its “fatty degenerated” liver approximates to 
that of the foreign fat. The same is true, according to Schwalbe, when 
it is fed with the patent fatty preparation known as iodipin, although 
Wells1 could not confirm.

It is obvious, from these experiments, that the bulk of the fat making 
its appearance in the liver cells in these experiments is absorbed, and

l)oiihli> conlmiml myelin I mm lit** o! 
irregular mumled slmpe with |»roeewtex. 
Peris

•Itiive exprexsed from ndremil eortex, seen uniter 
crossed Nieol's prisms, showing isotropmis, fatty 
glolittles and anistropmis myelin glolniles (with lilavk

is not the product of the 
breaking down of the cell 
cytoplasm, and that in fatty 
degeneration what we have 
to deal with in the main is a 
translation of fat in the 
organism from the fat cells 
and customary fat deposits of 
the organism to the liver, and, 
as Leiek and Winckler have 
shown, to the myocardium (for in the heart-muscle fibres there may 
lie found the same accumulation of foreign fat), and Lohlcin and Land- 
steiner and Mucha (contrary to Rosenfeld) show an increase in fat in 
the kidney also. The other organs of the body, with the exception 
of the pancreas, lose their fat. The experiments appear to be so con
vincing that there has been a movement to replace the terms "fatty 
infiltration” and “degeneration” by “physiological” and “pathological 
fat infiltration,” respectively. Nay, more, Rihhert2 would hold that 
a distinction can scarce he made between the infiltration of normal 
cells and the degeneration of morbid cells; that the size of the globules 
is no guide.

:;4à «Tj4 w‘ f ;

1 Zeitsehr. f. physiol, ('hemie, 45: 1905: 412.
* Sitzimgsbcr. d. Gesellsch, zur Hefordvr. d.ges. Naturwjss.. Marburg, 1902: No.4,
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Lipoid Degeneration. Already, however, there is a reactive move
ment; the matter is seen not to he so simple. We have to take into 
account the existence of what, to distinguish it from pathological fatty 
infiltration, I would term lipoid degeneration,* or what Kaiserling and 
Ogler have termed myelinic metamorphosis.

Attention has been called to this more especially through the study 
of autolvsis. If liver, kidney, or muscle tissue be removed from the 
organism, and placed for twenty-four hours in the incubator at 37° C., 
under strict aseptic precautions, it is found that the cells now contain 
abundant irregular doubly contoured globules or granules, which swell 
up with water, undergoing change of shape, which may be doubly 
refractive, and are soluble in ether and alcohol. They possess, in short, 
the properties of the substance or substances to which, in 1854, Virchow 
directed attention, and, from their resemblance to the brain marrow 
and its properties, termed myelin. These, then, are myelin bodies.1 2

As to*the chemical nature of myelin, there has been abundant debate. 
Virchow was not sure that he dealt with a single substance; the elder 
Heneke regarded it as of the nature of cholesterin compounds; Lieb- 
rcieli held that the protagon which he had isolated from brain substance 
must be present to afford the myelin reactions. Quincke pointed out 
that these reactions arc afforded by many substances, among them 
the simple soaps. Recent ol servers have largely favored the hypothesis 
that they are of the nature of lecithin, or, more accurately, of phospha tides, 
compounds of the nitrogenous base cholin, with glycerophosphoric acid, 
and two atoms of fatty acid, one of which, according to Tlmdiehum, 
must be oleic acid. There are those who, like F. Müller, still favor 
the protagon hypothesis ; and others, like Aschoff, who favor the choles- 
tervi compounds. The study made by Professor Aschoff and myself3 
of the physical properties of the myelins leads us to the conclusion that 
the only known substances which have the property of forming doubly 
refractive “fluid crystals” at room temperature (as have the myelins) 
are compounds of oleic acid. The indications are that several com
pounds arc present in pathological conditions and some physiological 
which can form doubly refractive globules, and, with water, swell up 
into bizarre shapes -eholesteryl oleate, cholin oleate, and phospha tides; 
and that, therefore, in brief, the myelin bodies of the organism arc 
one and all lipoid bodies -allied to the soaps—in which the fatty acid 
essentially concerned is oleic acid..

1 If the term nn/elin is to he retainer!—and we have doubts as to its utility—then 
the property of double refraction must he regarded as an essential attribute of 
bodies to which the name is applied Now this property is not always demon
strable in the tissues; wherefore, until the chemistry of these bodies is worked 
out more fully, it is better to employ this more non-committal term in place 
of the mifiUnir (/rijenenilion of the previous edition.

: For a full review of the literature of the myelins, see the article by Kchultze in 
l.ubarseh and Os^rtug’s Krgcbnisse, 13 : 191)9 : pt. 2 : 253 to 281.

3 Proc. Hoy. Sue. bond., B., 78: 1906: 359. See also Aschoff, Verhandl. deutsch. 
pathol, (içsçllsch., 10:1907: 166, and Adami, Harvey lectures, 2d series : pj<)8 : 117,
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As to the myelin developed in autolytiv processes, indications all 
point to its being of the nature of a Analysis shows that
in the early stages of autolysis there is a pronounced increase in the 
lecithin from the liver and other organs. This may, in the liver, he 
as high as 15 per cent, of the solids of the liver at the end of twenty- 
four hours' autolysis, according to Waldvogel1 and Dietrich. With pro
longed autolysis, the lecithin undergoes marked diminution, with cor
responding increase in the fatty acids, neutral fats, and cholestcrin. 
Clearly there is dissociation of the lecithin with appearance of simpler 
fatty bodies and cholestcrin. These observations of Waldvogel are not 
accepted by all, but if for “lecithin” we substitute “phosphatides,” 
and among these include jrrorin (p. 92) then the statement is accurate.

Whence are derived the phosphatides in these cells? A considerable 
proportion is present in the normal cell. It is suggestive, in the first place, 
that a characteristic constituent of phosphatide is glycerophosphorie 
acid; another, the nitrogenous base, cholin. Now, the one prominent 
protein or nitrogenous compound, or group of compounds, in the cell 
which contain glycerophosphorie acid is nuclein; or, more accurately, 
the nucleins and these, it has been demonstrated, are associated with 
the nuclear chromatin or stainable material.

It is more than suggestive that, as pointed out by Albrecht and 
Dietrich, coincident with the appearance of the myelin granules in the 
cell undergoing autolysis, there is solution and disappearance of the 
nuclear chromatin. In other words, a glycerophosphorie acid com
pound appears in the cytoplasm eoincidently with the disappearance 
of such compound from the nucleus. It would seem, therefore, that 
leeithin-like bodies are primarily derived from the nucleus. Whether 
this occurs from simple splitting off has not yet been determined — 
whether, that is, the nuclear chromatin has combined in its molecule 
certain fatty acid groups, or whether, in dissociation, the nncleinic 
cholin and glycen *ic acid unite with fatty acids present in
the cytoplasm, or dissociate the fatty acid from its previous state of 
combination in the c\ sm. The very abundance of phosphatides 
in the normal liver cell would suggest that the latter is the more likely.2 
Indeed, the whole trend of modern studies upon the physiological chem
istry of the fats is opposed to the view that any fatty bodies are formed 
directly from the proteins —a very different matter from the existence 
of compounds between fats and proteins or the disintegration products 
of the same. This, at least, is certain, that in the cell as a whole, as 
demonstrated by Ilildesheim and Leathes,3 after autolysis for three

1 Munch, med. Woch., 53 : ltMHS : 402.
2 Hefter (Arch. f. Kxp. Pathol, u. Phami., 28: 1891 : 97) found that half of the 

fatty bodies in the normal liver are in the form of lecithin; Dunham (Herl. klin 
Woeh., 1904 : 750) found similarly that from 30 to 70 per rent. f>f the kidney extraet 
is lecithin.

•Jour, of Physiol., 31: 1904: Proc., p. 1. See also U-athes, Arch. f. exp. Pathol, 
u. Pharm., Supplement-Band (Schmiedeberg Kestschr.), 1908: 327.
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«lays, there may he from 10 to 40 per cent, more recoverable fat than 
from the fresh organ. Whether here we deal with a synthesis of fatty 
acid from glycogen (which undergoes diminution) or a dissociation 
of fatty acid from relatively firm combination with proteid matter, or 
both, is not determined. In favor of the latter view the observations 
of (lies and others indicate the existence of compounds between pro
teins and fatty acids, as, again, do the observations of Dormeyer,1 that 
the “fixed” fat of parenchymatous organs the fat, that is, unrecog
nizable by microchemical means can lie extracted by ether after the 
tissue has been digested with pepsin -a mode of liberation which 
suggests strongly that the protein moiety of the compound becomes 
dissociated.

Autolysis and cell degeneration are two very different conditions, 
the one occurring in the dead, the other in the still living cell. Hut 
both are disintegrative, and we have dwelt at such length upon these 
autolytic phenomena because, in our opinion, they are to some extent 
paralleled by observations upon the degenerating cell, and throw light 
upon the process of degeneration.

In the first place, as shown many years ago by Stolnikow,2 and con
firmed bv Ziegler and Obolonski,3 Albrecht and Schmorl, and others, 
in the acute fatty degeneration, such as is produced by phosphorus, 
study of the cells of the liver and kidney shows that, coincident with 
the appearance of fatty granules in the cell, there is a remarkable process 
of chromatolysis with discharge of plasmosomes, or minute masses of 
chromatin from the surface of the nucleus into the surrounding cyto
plasm. According to Stolnikow, more than half of the fat present 
in the phosphorus liver is in the form of lecithin. If the neutral fats are 
increased (by transportation), so also are the phosphatides.

As to the cause of the disintegration of the nucleus and discharge of 
the chromosomes, a suggestion of Wells4 deserves consideration, namely, 
that phosphorus and the other poisons already mentioned act by inhib
iting or destroying the higher cell activities, and notably the production 
of oxidases, while not influencing the lipases or enzymes associated 
with the elaboration of fats from fatty acids, etc.

It is interesting to recall in this connection the cases of the co-existence 
of fat and myelin in the conditions of normal “fatty degeneration" 
in the cortex of-the adrenal (where the cells are filled with small, fatty 
globules; and, as first shown by Kaiserling and Orgler,5 doubly refracting 
myelin globules are also present—(see Fig. 309 on p. 914), and in the 
thymus undergoing retrogressive change; as, also, the association 
already referred to between the fat and casein (a phosphorus-containing 
protein) derived from the cells of the mammary gland.

1 llflug(‘r's Arch., 05: 1897 : 90; sev also A. E. Taylor, Jour, of Med. Ilescoreli,
: 190.1: 57.
21>u llois-Huvmond’s Arch. f. Physiol., 87: Suppl, lid. I.
:| Ziegler's licit rag*», 2: 1887: 291.
* Chemical Palliolitgi/, p. 341.
r> Virchow's Arch., 107 :1902: 290.
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Lastly, in a very exact series of studies, Lohlein* has demonstrated 
that in the human kidney, as had previously lieen urged l>y von Iianse- 
inaim, two distinct conditions are recognizable—a fatty “infiltration,” 
in which fatty globules alone are to be detected (in the cells of the 
convoluted tubules and the ascending limb of Henle’s tubes), and a 
“ fatty degeneration” in which abundant doubly refractive globules, 
the smallest only recognizable with the immersion lens, are present, 
along with definitely fatty, simply refractive globules, both in the cells 
of the convoluted tubules and in the endothelial and other cells of the 
interstitial tissue. This condition was always associated with indica
tions of cell and nuclear degeneration, and was found by him in con
ditions of acute and chronic inflammation (Bright’s disease), and 
very well marked in the different stages of amyloid kidney. These 
observations have been further developed by Klotz,* who in certain 
cases of the “large white kidney” has shown that, as already noted, the 
cells contain abundant doubly refractive myelin globules, but unlike 
Stork,1 * 3 who regarded these as of the nature of “protagon,” his analyses 
indicate that these are relatively simple soaps of Xa and K. The large- 
fatty kidney is truly the large soapy kidney.

Lohlein has introduced another method of recognizing the myelin: 
sections of tissues left sufficiently long in Mtiller-formalin, and cut 
frozen, when washed in physiological salt solution and mounted in 
glycerin, exhibit minute, needle-like crystals, with stumpy ends and in 
clusters, in place of the myelin globules. Upon heating gently the 
crystals became reconverted into doubly refractive globules.4 * 6

All these data point to the existence of a lipoid degeneration leading 
to the appearance of fatty globules in the cells. Possibly this presence 
of fatty compounds is the e> " ’ ill of the histological differences
between the fine globules of the “degenerated” cell and the coarser 
globules of the “infiltrated,” already noted.

There is not a little to be said in favor of the presence of cholesteryl 
oleate and other cholesterin fatty compounds as the cause of the myelin 
droplets in at least certain cases of degeneration. These are favored 
by Aschoff," and according to Craven Moore” the action of formalin 
upon cholesteryl oleate affords the crystals noted by Lohlein. The 
two views are not absolutely contradictory: if lecithin be treated with

1 Virchow’s Arch., 180:1905:1.
1 1‘roc. Soc. Ex. Biol, and Med , 1908. Aschoff suggests that in most of those cases 

some cholesterin is present, and quotes analyses by Winduus in favor of this view 
(Ziegler’ Beiti i: 1909 i

3 Sitz-Ber. d. Kais. Akad. d. Wiss. in XVien, Math.-Naturw. Kl., 115:1900, 
\bth :i 1

4 It should be noted that Schmidt had previously recorded the same phenomena 
after treatment of the myelin bodies of the sputum with 1 to 2 per cent. KOIl or 
NaOH. (Berl. klin. Woch., 1898:73). For differentiation of intracellular crystals, 
see White, Jour, of l’athol., 13:1908: 11.

1 Loc. cit.
6 Med. Chronicle, Manchester, 47 : 1907 :204.
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sterile liver juice it affords cholesterin, fats, and fatty avid, from which 
vholesteryl compounds may well he developed.1 *

Wells,- in his valuable work on Chemical Pathology, would ascribe 
the fat in the kidney, spleen, nervous tissue, lung, in cases of fatty 
degeneration, to a rendering visible of the previously fixed fat already 
referred to -to what Klemperer8 has christened “fat phanarosis.”4 * * 
He emphasizes Rosenfeld's observation that the rendering visible of 
the fat in the kidney is often accompanied by an actual decrease in the 
amount of fat recoverable from this organ; a kidney containing Hi per 
cent, of fat (t. e., below the normal quantity} may exhibit marked 
fatty degeneration, whereas another yielding 23 per cent, may show 
none. On the other hand, he holds that fatty 'degeneration in the 
liver and heart muscles is not due to such liberation of combined 
fat, but to accumulation from the blood, the difference in appear
ance from that seen in normal infiltration being due to cj " unie 
disintegration.

We cannot believe that the process is quite so simple. As we have 
pointed out, we can have similar accumulation of fat in fine droplets in 
the adrenal -in which the cells are not undergoing disintegration and 
in liver and * * " y we encounter identical nuclear changes and dis
charge of plasmosoines. We are inclined to question, also, the proba
bility of the fats as such, and not rather fatty acids, being in combination 
with cytoplasmic matter. We can only conclude that there is a basal 
difference in the mode in which the fat is laid down in the cell in infil
tration and degeneration, respectively, a difference which snyyests stronyly 
that nr deal with the exhibition of different fatty compounds.

Lastly, we must note certain observations, so recent that their exact 
bearing upon the problem before us is difficult to estimate, (’ontinuing 
certain observations of Leathes, Leathes and Hartley3 show that, while 
tin* connective-tissue fats are almost entirely formed of the neutral fats 
of oleic, stearic, and palmitic acids, from the liver, kidney, and heart 
muscle of man and the higher animals, are to be obtuined in fair amount 
by a process of saponification, members of the higher fatty acid series, 
fatty acids soluble in ether but insoluble in petroleum ether acids of 
the linoleic and linolenic series, etc. (CnII3ll -4()2, CnII2II—fit),, and 
possibly (’..IL,, St)2). Dunham," as regards the kidney, lias recently 
demonstrated the presence of another of the higher fatty acids -car- 
nauhic acid, ( '24II4S< )3.

Conclusion. To sum up and endeavor to harmonize these contra
dicting views, it would seem that:

I. There is a physiological process of absorption from the fluids

1 Waldvogel and Mette, Munch, med. Woch., Inc. cit.
1 t’lmniml Pothnloijn, 1907 : 334 et aeq.
3 Deutseh. med. Woch., 1909:89.
4 to bring to light or make evident.
‘.lour, of Physiol., 36: 1907 :17; see also Leathes, ibid., 31 : 1904 :1.
• Proc. Soc. for Exp. Biol, and Med., 5: 1908: 58.
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of the hotly of the precursors of the neutral fats, which precursors, 
absorbed into the cell in a soluble state, are by the action of lipases 
converted into neutral fats. My reversible action of the same enzymes 
(p. 82) these neutral fats so formed may be redissolved and discharged 
from the cells. When not so discharged, the neutral fats may accu
mulate in large globules, and the accumulations may be so excessive 
as to assume pathological proportions, and I e known as fatty infil
tration.

2. In this process there is no indication of the intermediate formation 
of mvelin-like bodies. 'That the nucleus takes part in or controls the 
process is suggested by the presence of fat-containing vacuoles in the 
nuclei of normal fat cells.

3. In many tissues fats, or fatty acids, are present in a form unrecog
nizable under the microscope or by microchemical tests ; this would 
indicate that a certain proportion of fatty matter must lie present in the 
cell in a combined state.

4. Observations upon autolysis and phosphorus poisoning indicate 
a process in which the appearance of fatty globules within the cell is 
preceded by the increased formation of phosphatides and bodies of 
myelinic nature.

5. This lipoid degeneration is apparently a process distinct from 
ordinary fatty infiltration. In well-marked cases there is obvious 
disintegration of the nucleus, with discharge of the nuclear chromatin 
into the cytoplasm.

0. The fact that the nuclear chromatin contains nucleins as a main 
constituent, that both nucleins and phospha tides contain characteristic
ally glyeerophosphoric acid, and afford cholin as a disintegration prod
uct, indicate that the ’ * s, as regards these two constituents,
are derived from nuclear matter.

7. The observations of Rosenfeld and others upon the translation of 
fats in phosphorus poisoning from the ordinary fat deposits of the body 
to the liver and heart muscle, are best harmonized with the above 
observations by regarding the glyeerophosphoric acid and cholin of 
the lecithins as derived from nuclear material; the fatty acid constituents 
in these organs as, in flip wain, derived from fatty acid compounds 
brought to the cells from the other tissues in a soluble state, and there 
disintegrated; the fatty acid molecules combining with the glyeero
phosphoric acid and cholin to form phospha tides. That phospha tides 
and other lipoids (r. </., eholesterin compounds) are capable of under
going further disintegration, and that thus the cells may exhibit loth 
lipoid and pure fatty contents, must also be kept in mind. ( )n the other 
hand, in those organs in which, during degeneration, the fat is increased, 
the formation of lecithin-like bodies may be brought about by com
bination with, and dissociation of, the fixed fats of the cytoplasm.

8. The disappearance of glycogen from the cells undergoing fatty 
degeneration suggests that it may be one of the sources of ultimate 
fat; as, indeed, it may be concerned in physiological fat formation.

305533
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DISTrim.XNCKS <>l CARBOHYDHATE mktabousm.

QLYC00EN0US INFILTRATION.

In K evidence that we have concerning pathological alterations in 
the glycogen contents of the tissues is at most meagre.

We recognize that glycogen plays an important part in normal metab
olism; that, through ferment action, the starches of the food are con
verted into sugar; that, despite a large meal of carbohydrates, starches, 
or sugars, there is no marked increase in the sugar of the circulating 
blood; that absorbed sugars are rapidly taken up from the circulation, 
more particularly by the liver cells and the muscles of the body; that 
in these organs they are stored as a less soluble modification, glycogen, 
or, as it has been termed, “animal starch ; " that the liver may be re
garded as the main storehouse and controller of the carbohydrate 
equilibrium of the system, the muscles as the main consumers of gly
cogen, muscular activity being dependent largely upon the dissociation 
of glycogen into carbonic acid, lactic acid, etc., carbohydrates affording

mÆ
Glycogen globules in cells of Uenle's loops of kidney from case of dintietes mellitus: eneli dark 

intracellular globule represents a red-staining globule by Best’s carmine method. (After Gieike.)

by their dissociation the most easily and rapidly utilizable energy. 
In the liver we have evidence that points to the presence of reversible 
glycolytic enzymes which, under the one order of conditions, convert 
the soluble sugars into the less soluble glycogen ; in the other, convert 
the glycogen into easily diffusible sugars, which pas's into the blood, 
and so to the muscles and other tissues of the body (p. S3).

The physiology of glycogen is thus fairly well understood up to a 
certain point, and, histologically, if care is taken to deal with fresh 
material, or material which, when fresh, has been hardened in absolute 
alcohol, it is not difficult to differentiate and recognize the glycogen 
within the cells in the form of discrete vacuoles. As pointed out long 
ago by Claude Bernard, the discoverer of glycogen, if the tissues be 
kept, then through enzymic action the glycogen becomes converted 
into sugar, dextrine, and then it is unrecognizable microscopically; or,
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more accurately, the process of conversion gradually slows, hut what is 
left is no index of the amount originally present.

(îlyeogen is only relatively insoluble, forming a colloidal solution, 
and the fresh tissues must, therefore, not he brought into contact with 
water; they may he hardened in alcohol saturated with iodine and 
cut in iodine mucilage (Ehrlich) and mounted in iodine glycerin; or, 
after hardening in alcohol and passing through the ordinary procedure 
for cutting, may he treated with a mixture of tincture of iodine, 1 part to 
alcohol absolute 4 parts, and cleared with origanum oil. The glycogen 
by these methods is stained " " " red to claret color; unlike amyloid,
it gives no reaction with sulphuric acid.

By using a special carmine stain with material prepared in eelloidin, 
Best1 has recently made a great advance in the ease with which glycogen 
can he detected in tissues.

It is iu the liver that we most easily recognize glycogen histologically, 
and that we find the greatest variations. By chemical analysis it can 
he gained from both liver and muscles, as also from embryonic tissues. 
In these growing tissues it may he present in large amounts.

In moderate conditions of diabetes mellitus it has been found in con
siderable abundance in the liver cells, in severe cases it wholly disappears; 
but in these it has been noted in the heart muscle, and, characteristically, 
in the cells of the ascending loops of Ilenle in the kidney. What is its 
significance in this position has not been surely determined. In star
vation and wasting diseases it disappears largely from the skeletal muscles 
and the liver; its absence from the former lias been regarded as the 
explanation of the muscular weakness that accompanies these conditions; 
there is no store of readily convertible “fuel.”

Just as glycogen is abundant in embryonic tissues, so has it been 
found abundant in new-growths of “embryonic” type; it may be detected 
in many neoplasms of a distinctly cellular and actively growing type, 
but more particularly in chorio-epitheliomas, myomas, endotheliomas, 
testicular and adrenal tumors.

Lubarsch2 found osteomas, fibromas, hemangiomas, gliomas, and 
colloid cancers to contain no glycogen, and that it was rarely present 
in adenomas, lipomas, and lymphangiomas. The correspondence 
which Brault3 thought to exist between the embryonic type of a tumor 
and its glycogen content is not, therefore, complete, though, on the 
other hand, Gierke’s4 contention that deficient oxidation is the cause 
of its appearance, cannot be supported.

The presence of glycogen in large ' * s in renal hypernephromas 
was regarded a few years ago, by Luharsch, as one of the arguments in 
favor of the origin of these growths from adrenal tissue, for this also 
is apt to contain considerable glycogen ; it was later determined that 
richness in glycogen characterizes very many cellular tumors.

1 Ziegler’s licitr., 3It: 1902:585; see also Gierke, ibid., 37 :1906:604.
\ irchow*a \n li.. is:; : 1906:188.

3 Jour, do IMivsiol. et de Path, gén., 0: 1904 :295 and 720.
1 Ziegler's Beitr., loc. cit., gives full bibliography.
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Lastly, glycogen has been detected in pus cells, though here there 
has heen sonic debate by Czerny and others regarding the existence of 
other iodine-staining globules possessing intermediate properties between 
glycogen and amyloid material. This view, however, has not received 
acceptance.

Save for a doubtful observation by Frerichs, no relationship had until 
recently been determined between glycogen and the cell nucleus; now 
Iluehsehmann1 draws attention to the fact (and Hossle confirms) that 
in advanced cases of diabetes, while there may be no glycogen in the 
liver cells, certain nuclei are to be seen, sometimes in abundance, which 
are distended with one or several globules of glycogen. More rarely he 
encountered these glycogen-holding nuclei in other conditions (nutmeg 
liver, etc.), (ilycogenous infiltration and fatty degeneration do not co
exist; although glycogen deposits, contrary to the usual teaching, have 
occasionally been observed in liver cells, the seat of coincident fatty 
infiltration.

Wrhandl. <1. dcutscli. path, fit-sellsch., II : Mills; :v>.



CHAPTER XXIX.
(WU'IFKWTION \NI> CAM'Alt KO VS DEPOSITS.

There are few tissues may not become the seat of interstitial
deposits of calcareous salts. The deposits, it is true, most frequently 
occur in one or other of the connective tissues; in cartilage, in the con
nective tissue of the vessels, in the stroma of the organs; they are rela
tively ' in the parenchyma of glands, in muscle, and in nervous
tissue, but even this last may be affected, the deposits occurring within 
the bodies of the cells.

In general, these deposits are large enough to be visible to the naked 
eye as opaque, whitish masses within the affected tissues. Their density 
varies from a crumbling, cheesy consistency, such as we encounter 
in caseous tuberculous foci of some little standing, when fine, gritty 
particles can be detected between the fingers, to a hardness greater than 
that of bone, as in old calcified fibroids of the uterus.

As in bone, these deposits are e< " mainly of calcium salts, but
there are wide differences between calcification and ossification. There 
is, in the former, a want of organization; cells of the nature of boue 
corpuscles and osteoblasts are wholly wanting. So, too, there is wanting 
anything resembling an orderly disposition in relationship to the vessels 
and matrix of the affected area. In bone there is a ratio, constant 
within relatively narrow limits, between the calcium and magnesium 
salts and the phosphoric and carbonic acids. The analyses of calcified 
tissue show no such constant ratio. In calcareous plaques from 
advanced arteriosclerosis von Kossa could detect no magnesium salts; 
in ex peri nu y produced calcification of the kidney, no carbonates,
though these were clearly present in experimental calcification of the 
liver, and are met with in normal bone. Koekel also cites examples 
of calcification in the lungs in which strong acid led to no evolution of 
carbonic acid. These statements are refuted by Wells,1 who, on the 
contrary, calls attention to the pronounced similarity in composition 
between examples of calcification, studied by him, and normal bone, as 
regards calcareous salts. The conditions studied by him were calcified 
tuberculous masses in man and the ox, a calcified nodule from the thy
roid, and a thrombus, the seat of calcification; these are compared with 
analysis by Zalesky and Carnot of human and ox bone.

Mga(P04), ChCoj (’....(PO,),

(Mcified matter . . . 0 84 to 1.5 7.0 to 13.4 85.4 to 5)0.1»

Normal ossification 1.02 to 1.75 9.2 to 12.8 83.8 to 87.8

1 Jour, of Med. Research, 7 • 1900:491.
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The only point of any importance, according to these figures, is that 
in calcification in general there is apt to he a wider range of variation 
in the percentage amount of the different salts than in ossification. It 
must he admitted that Wells’ material was of a restricted character, and 
did not involve the grosser conditions of calcified tumors and serous 
plates, nor the commonest of all, calcified areas in the aortic wall.

(iierke1 has called attention to the existence of iron in minute quan
tities in connection with normal ossification and its frequent hut not 
constant presence in calcified areas. While he found it in psammomas 
in a calcified thyroid and a kidney, the seat of experimental calcification, 
it was absent in the common conditions of arterial and tuberculous 
calcification. Rarely, traces of calcium oxalate are encountered.

Chemical Reactions. Treatment with acetic or mineral acid leads 
to the dissolution of the calcareous salts more rapidly than is the case 
with hone, more slowly than with pure phosphates and carbonates of 
calcium. When so dissolved, the extract, treated with ammonium oxalate, 
gives a heavy precipitate of crystals of calcium oxalate; treated with 
molylidic acid, a heavy deposit of phosphate. Apparently in all natural, 
as distinct from experimental calcification, when of any extent, treat
ment with mineral acids causes an evolution of bubbles of gas carbonic 
acid gas indicating the presence of calcium carbonate. Sulphuric acid 
causes solution, followed by the appearance of fine crystals of calcium sul
phate (gypsum ). Such solution by acids leaves behind an organic matrix.

Microchemical Appearances and Reactions. Sections examined 
under the microscope show the salts differing according to the grade 
of calcification. The earliest appearance is that of a fine dust, scattered 
through the affected areas; more frequently there are rather coarse, 
obscurely crystalline or angular particles, highly refractive. They may 
run together to form solid plaques and masses, or occasionally, as in 
brain sand, there are evidences of growth by accretion into globular or 
polyhedral, somewhat crystalline masses, so as to form small concre
ments within the tissue. Whatever the size, the granules are insoluble 
in ether and in dilute caustic potash. They are slowly dissolved by 
formalin. With rare exceptions—to be mentioned later- upon removal 
of the salts, the matrix is found to Im* composed of dead tissue, in which 
the nuclei no longer stain, and cell boundaries are not to be detected.

In unstained sections, undeprived of their salts, the affected portions 
have a curiously opaque appearance. The simplest microchemical test 
is with hematoxylin, with which calcareous masses assume a deep-blue 
color. Vpon treating sections for five minutes with pyrogallie acid 
(2 parts in 80) to which one part of caustic soda has been added, there 
is, after washing with distilled water, a decolorization of normal tissues, 
while the calcified parts stand out as a deep brown, becoming brownish 
black after the course of a few days. Vet more characteristic, according 
to von Kossa,* is the action for five minutes of a 5 per cent, solution of 
silver nitrate. This forms a yellow phosphate of silver, and, upon

1 Virchow's Arch., 107 ; 1902 : 310 2 Ziegler’s Bcitr., 29: 1901 : 03.
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.standing and exposure to the air, the salt is reduced and metallic silver 
precipitated, so that the smallest granules of calcareous salt within the 
tissues stand out prominently as coal-black dots.

Conditions under which Calcification is Found. It is the custom 
to divide cases of pathological calcification into two distinct classes of ( 1) 
calcareous metastasis, and of (2) necrotic calcification; calcification 
being held to take place within the living tissue in the former case, in 
dead tissue in the latter.

Calcareous Metastasis. In 1850 Virchow called attention to the 
fact that in certain cases of extreme resorption of bone from extensive 
caries, from malignant growths within the bone, and (doubtfully) osteo
malacia, there may be widespread deposits of calcareous salts in cartilage, 
in the lungs, in the mucous membrane of the stomach, in the walls of

the arteries and en ries,etc^f the
presumption being that the excess 
of calcareous salts liberated from 
the destroyed bone becomes inetas- 
tatically deposited in these other 
tissues. Such diffuse deposit is very 
rare. Little more than a dozen 
cases have been recorded in half a 
century.

For ourselves, we doubt the ex
istence of this metastatic calcifica
tion; or, more correctly, would hold 
that its existence or non-existence 
depends upon what we regard as 
living tissue. We admit that cal
careous deposits occasionally occur 
in tissues which still contain living 
cells, but those deposits occur not 
in tlir living cell* t hem .set ecu, hut in 
the inert interstitial matter between 

the cells; they occur, that is, in non-living material (p. 39), and if the 
calcareous matter be dissolved out by acid, it is seen that it had been 
contained in a swollen homogeneous matrix. Living functional cells do 
not take up and become the seat of deposit of calcareous salts.

There are certain possible exceptions to this statement which arc still 
sub judice :

1. Schlfipfer, Virchow, Grolic, and Roth have described cases of 
calcareous deposit in the outer layers of the mucous membrane of the 
stomach, rectum, and colon. It is suggested that when there is excess 
in the blood there is an actual excretion of calcareous salts through 
the mucous membrane of the intestinal tract, and that excessive excretion 
is accompanied by the presence of calcareous salts within the cells. 
We know of no recent studies in which the modern, more exact, micro
chemical methods have been employed, whereby it has been determined 
that the deposits occur in cells retaining nuclear stain.

Fin. 3! 1

Section of liuniaii aorta of elderly individual, 
treated by von Kossa's method, to demonstrate 
calcification of media, and more particularly of 
the muscular bands. (Klotz.)
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2. Similarly, calcareous deposits occur in the kidney; while these 
must frequently show themselves in the contents of small cortical cysts, 
in old fibroid and hyaline glomeruli, and in the substance of retained 
casts, occasionally cells of the tubules can be seen containing dust-like, 
calcareous particles (Beer1 and others). Most often these cells are 
loosened and free in the lumen, recognizable rather by their shape than 
by their nuclear stain; in the rare cases in which the cells remaining in 
situ show the deposits, it is probable that they are already necrosed, or 
at least neerobiotic. Beer, in his study of one hundred kidneys, from 
various conditions, demonstrates that macroscopic and microscopic 
calcification in the kidney is of the same type in cases of extensive disease 
of the bone and in cases in which no resorption of bone has been present— 
indeed, is apt to be very pronounced in the latter; that such calcification 
is absent before the twenty-fourth year, constant after the thirty-fifth.

3. The same would seem true of the cases described bv Kockel,2 in 
which the cells of the capillary endothelium in the lungs have shown 
the deposit. Kockel shows that the so-called calcareous métastasés in 
the lungs arc of infarctous nature, due, when present, to emboli of cancer 
cells (in cases of malignant bone disease), etc., and identical in histo
logical character with the deposits found in “noil-osseous” cases iu long- 
continued passive congestion. In such infarctous areas, as in lung 
infarcts in general, there is no complete necrosis of all the tissues, but 
there is lowered vitality and necrobiosis. The lime salts are not deposited 
in the alveolar epithelium, but in the interalveolar fibrous tissue, and 
more particularly in the elastic tissue of the arteries and in the capillary 
walls. It is evident from this description that the cells involved are 
either dead or dying.

Necrotic Calcification. -There is, then, no satisfactory evidence that the 
process occurring in metastatic calcification is distinct in nature from 
that which occurs under other pathological conditions. At most, this 
is determined, that there may be calcareous infiltration, not merely of 
neerobiotic and necrotic tissue en masse, but also of certain interstitial 
substances. Of these, more particularly the matrix of cartilage and 
yellow elastic tissue appear to take up calcareous salts with some readi
ness. Allied to these, areas of pathological hyaline transformation 
possess the same tendency. As already noted, such hyaline areas are 
largely devoid of cells; they, too, are inert. Such deposits are often 
associated with senile changes.

In those advanced in years there may be very extensive calcareous 
deposits, and, combined with this, a progressive resorption of bone, so 
that the individual bones are thin and very light, and their salts greatly 
diminished in amount. The earliest deposits occur in the cartilages of 
the ribs, the larynx, and the respiratory system in general, in tissues, 
that is, which still retain their cells and normal structure, although the 
deposits are not in, but between, the cells. But with this there are 
usually deposits in the arterial walls, deposits occurring in definitely

1 Jour of Pathol., 9 :19U3 : 225. 1 Arch. f. kiln. Med., 04 : 1899 : 332.
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degenerating tissue that has undergone necrobiosis. And, in addition, 
other deposits occur, which may be one or other order, in the inter
stitial tissues of the thyroid, more rarely in the testes or ovaries and 
other glandular organs, in the membranes of the brain, the parenchyma 
of the lungs, the subcutaneous tissues of the shins, etc., and in fibroid 
areas—scar tissue—the outcome of old inflammatory disturbances.
\Z Many of these are clearly examples of necrotic calcification. Upon 
histological examination it is obvious that there has been an antecedent 
necrobiotic change. Examples of such, apart from senile processes, are 
abundant. The commonest, as already suggested, is in connection with 
the arteries. In arteriosclerosis (see p. 451) the condition of calcareous 
atheroma follows hyaline and fatty degeneration and necrobiosis of the 
media and hypertrophied intima. But also, as Klotz more especially 
has pointed out, after middle age there may be calcification of the media, 
not necessarily accompanied by intimai overgrowth, not visible to the 
naked eye, but very marked when the specific tests are employed for 
calcium salts. Frequently also, there is calcification of old tuberculous 
foci in the lungs, lymph glands, spleen, and other organs. Here, again, 
calcification follows caseation, and caseation is the outcome of necro
biosis. Other inflammatory processes of the chronic type result often in 
calcification, notably chronic inflammation of the serosæ. More par
ticularly where there has been chronic suppurative disturbance, with 
imperfect absorption and resolution, and dense fibroid adhesions are 
present, the central areas of such adhesions, cut off from adequate 
blood supply, undergo necrosis. Thus, large calcareous plaques are 
to be found in the pleura after old empyema. Similar plaques occur 
in the pericardium, associated with extensive adhesions. The process 
is not so common in connection with the peritoneum, though here local
ized areas of calcification may occur in the serosa of individual organs 
whose capsules haVe been the seat of chronic inflammation, notably in 
the capsule of the spleen, less frequently in that of the gall-bladder. In 
the chronic inflammatory group may be placed the calcification of cap
sules around foreign bodies, of cysts, etc.

'rumors whose blood supply has been wholly or in part cut off are 
liable to undergo petrifaction. That which is the commonest tumor of 
all—the uterine fibromyoma frequently exhibits it. And we meet with 
general or localized calcification in other slow-growing and benign 
tumors, in fibromas and lipomas; it has even been recorded as occurring 
in slow-growing scirrhous cancers. One form of tumor, the slow- 
growing endothelioma of the brain membranes, is so apt to exhibit areas 
of calcification that it has come to be regarded as a special variety, the 
psammoma.

Organs, or portions of organs, whose blood supply has been cut off 
may exhibit the process. Thus, we at times encounter calcified infarcts. 
Individual cells undergoing necrobiosis may exhibit it, as, for example, 
nerve cells after traumatism. According to Durante, calcification of 
muscle fibres is almost physiological in the herbivora. In man the same 
may be encountered in the neighborhood of sutures and abscesses
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and as (lie result of traumatism; here, again, the calcification, according 
to Schnjeninoff,1 is preceded by necrosis. In this connection we may 
include the impregnation with lime salts of the dead fœtus, the result 
of extra-uterine gestation retained within the abdominal cavity (litho
ped im). Similarly, the cysts of parasites within the tissues, hydatids, 
trichime, etc., are liable to become impregnated.

The Experimental Production of Calcification. Before discussing 
the factors at alcification, and as an aid to that
discussion, it will be well to note the facts gained from experimental 
observations. These experiments have, it is true, been mainly upon 
one organ, the kidney, and the process is not, therefore, in all respects 
parallel with the commoner examples encountered in man, but, notwith
standing, they establish certain points very definitely.

bitten,2 in IS,SI, made the first full study in this direction, and pointed 
out that if, in the rabbit or dog, the renal artery be ligatured for one and 
a half to two hours, and then the ligature be removed, at first little 
disturbance is to lie detected; the epithelium of the tubules appears 
uninfluenced. But in twenty-four hours the cortex is found swollen 
and hyaline; the nuclei in the cells of the convoluted and some of the 
straight tubules no longer stain, while here and there the cells have 
fused into cylinders, completely filling the enclosing tube of basement 
membrane. Some of these cells already show irregular, highly retractile 
granules, soluble in acid. By the second day the necrosis, the formation 
of hyaline cylinders, and the deposit of granules within the cells and 
cylinders is most pronounced. The whole tubule becomes filled with 
dense granular matter; tilt* deposit becomes more and more intense, 
until, by the tenth day, the organ is so hard that the razor is notched in 
attempting to cut it.

Here, obviously, the result of the ligature has been to induce a necro
biosis of the tubules, and this precedes the deposit of the salts, bitten 
laid great weight upon the fact that not all forms of necrosis lead to cal
cification. With the necrosis there must be continuance of an adequate 
arterial supply. But herein bitten was mistaken; this is not absolutely 
essential. < omplete ligature of all the vessels at thê liilus of the kidney 
may be followed—slowly—by calcification of the organ. But then the 
process is somewhat different. It occurs at the periphery, slowly pro
gressing toward the deci>er parts. The process, in fact, is of the same 
type as that which we encounter in the lithopedion, in calcifying caseous 
tubercles and uterine fibroids. But in both cases, obviously, the results 
are to be explained by infiltration; where the arterial supply is preserved 
this takes place from the arteries, and the deposits occur throughout 
the organ; where it is cut off the infiltration is from the lymph at the 
periphery of the organ.

A calcification identical in its stages with that produced by bitten had 
already been observed in sublimate poisoning, by Salkovsky, in 1800; 
Kaufmann and other observers have since noted it in subacute cases of

1 Zeitschr. f. Hcilkumle, 18:1897.
59

3 Virchow’s Arch., 83:1881:508,
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corrosive poisoning in man, and have produced si \ j* changes in I lie 
kidney by (he t *nt of neutral potassium chromate, and now
a long series may he given of drugs leading to renal necrobiosis and 
calcification—aloin (Gottschalk, 1882), glycerin (Afanassiew, 1884), 
bismuth subnitrate (Langhans, 1885), cyanide of mercury (Virchow, 
1888), phosphorus (Paltauf, 1888), acetate of lead (Prévost and Binet), 
copper sulphate, iodine, and iodoform (von Kossa, 1001), formalin 
(Putti, 1904), copper acetate (Klotz, 1905).

Kaufmann, in his cases, noted an intense contraction of the renal 
artery and arterioles, with great venons engorgement ; he attributes the 
necrobiosis to this rather than to the direct action of the sublimate 
upon the cells. In passing, we may note that these conditions of exten
sive cell death are conditions which favor autolysis. There would seem 
to be some relationship between the changes which occur in the cell 
undergoing such autolysis and the subsequent development within it of 
calcareous deposits.

Similar appearances are produced in the liver cells of the rabbit by 
the ingestion of iodoform, calcification being preceded by extensive fatty 
degeneration.

For all these experiments the rabbit has been found more serviceable 
than the dog, because its < in more easily undergoes necrosis;
and, secondly, its blood contains a much larger proportion of calcium 
salts. Dried rabbit’s blood contains from I to 2 per cent, of calcium; 
dried dog's blood only 0.05 to 0.07 per cent.

We may say in passing that, experimentally, poisoning with oxalic 
acid (Kobert and keusner and Xeiiberger) leads to abundant deposits 
within the kidney; but these do not stain with hematoxylin; they are 
deposits of calcium oxalate.

The Causation of Calcareous Deposits. We are now in a letter
position to discuss the causation of these deposits.

In the first place, remembering that lime salts are constituents of 
practically all the tissues and fluids of the body, have we to deal simply 
with a local change in these salts from the soluble into the insoluble 
precipitated form, after the manner of Lot’s wife? < ertainly not. The 
amount of calcium phosphate and carbonate in the calcified uterine 
fibroid is very far in excess of the amount present in an ordinary fibroid. 
As von Kossa has shown, the kidney of a rabbit in which calcification 
has been brought about by aloin may contain three hundred times as 
much calcium as does the normal kidney.

( )r, in the second place, have we to deal with an alteration of the blood 
and lymph, so that either (a) the actual amount of soluble calcium salts 
has been increased until saturation occurs, or (/>), on the other hand, 
the state of the fluid is so modified that it is unable to hold the normal 
proportion of salts in solution? There is not a particle of evidence in 
support of either of these views. We never find the blood so full of 
calcium salts that these become deposited within the vessels or pre
cipitated after the removal of the blood from the organism. In all cases 
the amount of calcium salts in the blood is far below the point of satura-

2662
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tion. Cases of calcareous metastasis < he explained upon any
theory of saturation. At most, this can he said, that, as indicated by 
von Kossa's analyses, increase in the amount of calcium salts in the 
body fluids favor the precipitation in certain tissues. There is, indeed, 
one tissue of election, namely, the matrix of cartilage. What stands out 
very prominently is that in the majority of cases a deposit of these salts 
occurs in dead tissue, and where, as in cartilage, the tissue is not dead, 
deposits do not occur within the bodies of the living cells, but in the 
interstitial substance, in matter which is extracellular and is of low 
vitality, if, indeed, it can rightly he regarded as living.

We arrive, therefore, at this, that calcification occurs only in dead 
tissue or in the inanimate, intercellular parts of living tissue, and that it 
is,not a precipitation of salts normally present in the affected areas. 
y Thus, it follows that, for calcification to occur, it is necessary that lime 
salts be brought to the parts. This can only he through the agency 
of the blood, or, more exactly, of the lymph. We know that both of 
these fluids contain calcium salts in solution. As the lymph diffuses 
into the parts, chemical processes ensue, such that the contained lime 
salts become converted into insoluble salts, and are precipitated in situ. 
This is very evident from a study of experimental calcification.

Hut what is the nature of the chemical < ' * leading to the deposit ?
Here we enter upon debatable ground. While we know that calcium is 
present in the blood and lymph, we do not know with certainty how it 
is there combined. The amount is so it may he present in the
form of ions, or, as Brailsford Robertson1 has recently shown, it may he 
combined with protein ions to form an ion-protein compound with some 
of the proteins of the lymph, resembling the compounds between calcium 
and casein. That is to say, it is debatable whether calcium exists in 
normal lymph as definite phosphate or carbonate. Analysis indicates 
that it cannot all be thus combined.

There arc, it will he seen, two possible methods whereby the calcium 
and magnesium salts become deposited, which may be termed the 
physical and the chemical, respectively. By the former, the salts are 
to be regarded as deposited without direct chemical interaction with the 
matrix, the conditions in that matrix being such as to favor the inter
action between the components of the salts, so that they join into insoluble 
forms. Several theories have been advanced along these lines, but none 
has proved satisfactory.

Thus, Askanazy, to explain calcification in the stomach mucosa and 
the kidneys, has urged that the deposits occur in parts which secrete 
an acid fluid, and so are rendered increasingly alkaline; but there an
other areas, like the rectum and colon, secreting an alkaline fluid, and, 
nevertheless, calcification has been recorded in them. Chabritf has sug
gested that in necrotic areas the ( '( )2 becomes fixed, and, with its removal 
from solution, the calcium phosphate and carbonate become precipitated. 
Irvine and Wood head, on the contrary, suggest that nascent (’()., plays

1 Jour, of Biol. (Jhem., 2 :1907 :1117.
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the main role, pointing out that in the presence of free CO, a solution 
of carbonate of lime and phosphate of soda yields a precipitate of phos
phate of lime. Others, again, have called attention to the special affinity 
between colloids and crystalline substances, and more particularly the 
liability for the latter to undergo abnormal crystallization in the former. 
Certainly, as pointed out by Wells, dead cartilage placed within the 
tissues becomes rapidly impregnated with calcium salts. This, however, 
does not explain why functional cartilage remains for long years in the 
organism continually percolated with lymph without a sign of calcifi
cation. Some chemical changes must take place in senile cartilage 
favoring this precipitation. The evidence in favor of such physical 
deposit of the salts is thus singularly unsatisfactory.

Is there any evidence in favor of deposition through chemical activities 
in the affected areas, of junction between products of tissue degeneration 
and the calcium and magnesium brought by the lymph? Here various 
possibilities may be suggested: t,l) That the disintegration of the necrotic 
tissue supplies the phosphoric and carbonic acid which combines with 
the calcium and magnesium brought by the blood ; (2) that the 
simpler products of disintegration of the protein substances present com
bine with the calcium and magnesium, there being formed calcium- 
protein compounds in the first place, the proteid moiety acting as a weak 
acid, being subsequently replaced by the stronger phosphoric or carbonic 
acid; or (3) that the fatty acids which make their appearance in degen
erating areas play a similar part.

It is along these lines of testing those various possibilities that the 
most active work is being engaged in at-the present time. The first 
may be dismissed; the amount of phosphoric acid accumulating in, for 
example, a densely calcified uterine fibroid is far in excess of what could 
be supplied by the decomposition of the nucleoproteids previously 
present. The phosphoric and carbonic acids must in the main be 
conveyed to the part by the lymph.

As regards the second possibility, this cannot be neglected. The 
affinity of dead cartilage for calcium salts may well indicate an active 
process of association between the two; the fact, also, that the dissolution 
of calcareous deposits by acid always reveals a hyaline matrix is at least 
suggestive, although it does not necessarily imply that the salts have 
been in direct chemical union with the matrix ; they may merely have 
been adsorbed. Vntil we know more concerning the compounds between 
calcium and protein, or the disintegration products of protein, and have 
isolated such compounds from areas of calcification, this must remain 
but an hypothesis.

Theory of Calcium Soap Formation. The third possibility, sug
gested sporadically by occasional workers during the last fifty years 
(Weber, Wagner, Diakonow), had received little attention or acceptance 
untilthe investigations of Dr. Klotz in our laboratory at McGill brought 
it prominently to the fore; at the present time it may be said to afford 
the most promising theory so far advanced.

Many years ago Virchow demonstrated the presence of calcium soaps
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in a lipoma; more recently, Jaeckle* has analyzed a calcifying lipoma 
in which 29.5 per cent, of the calcium was present in the form of soap. 
Klotz1 2 showed that if celloidin capsules, filled with fat or fatty acid, be 
inserted into the peritoneal cavity of a rabbit, in the course of a few days 
these are found to contain amounts of calcium far in excess of that present 
in the body fluids of the animal. In other words, the calcium, percolating 
into the sac, becomes fixed. As already noted, calcification occurs, iu 
the main, iu areas of necrotic disintegration. By the improved micro- 
chemical methods for the detection of fats and calcium salts in the 
tissues, Klotz was enabled to show that in the atheromatous aorta, the 
most frequent seat of calcification, as also in calcifying tumors and 
calcareous plaques of the pleura, and in the experimentally induced 
calcification of the rabbit’s kidney, the process of calcification was in all 
cases observed to be associated with fatty degeneration. The oldest 
and densest parts of the deposit did not show this; it was present at the 
peripheral zone, where the process of deposition was more recent, and 
here cell bodies could be detected which gave both the fat and the calcium 
salt reaction. What is more, in this confirming Fischler, he called 
attention to the fact that fats and soaps take on a differential stain with 
Sudan III, globules of the latter assuming a yellower tint. In this way 
lie demonstrated that soaps are present in recognizable amounts in areas 
of progressing calcification. By Fischler’s methods fatty acids and 
their salts are also to be demonstrated in the areas of calcification, lie 
concluded that the stages in pathological classification are:

1. Fatty degeneration, with liberation of fatty acids.
2. Combination of these with calcium to form compound calcium 

soaps.
3. Interaction between the soaps and the phosphates and carbonates 

brought by the lymph, resulting in the replacement of the weaker fatty 
acid by phosphoric and carbonic acids and deposit of insoluble calcium 
phosphate and carbonate in the dead tissues.

His observations led him to regard the soaps thus formed not as 
simple soaps, but as compounds of fatty acid, calcium, and some protein 
or product of protein disintegration. The weak point in the investi
gation is that Klotz did not determine quantitatively the amount of 
calcium soap obtainable in his cases ; qualitatively such were clearly 
present, although, obviously, in small amounts. Both Wells and 
Baldauf have called attention to the fact that the quantity present is 
very small; according to Baldauf,3 it is in general non-existent ; but the 
latter’s methods are open to criticism, and Wells4 would appear only to 
have studied advanced conditions—not advancing. If the fatty acid 
play the part of an intermediary body, bringing together successive 
molecules of calcium and phosphate, a very minute quantity of calcium 
soap might be present at any moment So. also, was Klotz unable

1 Zcitschr. f. Physiol. Chem., 36:1902 : 53. 1 Jour of Kxp. Med., 7 : 1905 : 661
3 Jour, of Med. Research, N. S., 10: 1906: 355
« Ibid.. 9:1906: 491. and 12:1907 : It.
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to indicate more than vaguely the nature of his presumed compound 
soap. From our own studies on the myelins, and their relationship to 
autolysis and tissue degeneration, we are prepared to find that these play 
an important part in the process. Although the possibility cannot be 
overlooked that the fatty degeneration and the calcareous deposit may 
be independent processes, their relationship, as indicated in Dr. Klotz's 
sections, is so striking that it is difficult to regard it as merely a coinci
dence, while his collodion sac experiments have proved that fats and 
fatty acids are capable of forming calcium soaps when free within the 
organism. Here, in short, is the simplest and the most satisfactory 
explanations of the mode of development of calcareous deposits.

CONCREMENTS AND CALCULI.

In addition to this deposit of calcareous salts within the tissues, there 
may be a deposit of the same in the ducts and passages of the body, 
leading to the formation of sharply defined solid masses, either round or 
oval, or assuming the shape of the duet in which they are found. They 
constitute one order of the solid bodies occurring in these regions and 
growing by concretion, to which the term concrement or calculn.s1 is 
applied. The terms, in short, are ’ vaguely, and some would
regard them as interchangeable, though even these are accustomed to 
use the term calculus for the agglomerated deposits occurring in the 
large excretory passages, hepatic, urinary, and pancreatic, and concre
ment for those occurring in less usual sites.

We may divide these concrements into three main groups: (1) Those 
composed characteristically of calcium salts; (2) those formed of the 
precipitated constituents of one or other excretion or disintegration 
product; and (3) those formed of accumulations of foreign matter. It 
will be readily understood that these groups are not absolutely defined: 
where there is retention of the products of excretion in a duet or deposit 
in one or other channel of foreign matter, a certain amount of calcareous 
impregnation may occur; nor can there be deposit of calcareous salts 
without at the same time inclusion of excretory matter, but for general 
purposes the distinction is well marked and of utility.

CALCAREOUS CONCREMENTS.

The calcareous concrement, therefore, we regard as a firm and solid 
mass forming in one of the passages of the body, which, on analysis, 
furnishes a notable amount of calcareous salts, in addition to varying

1 In our first edition we urged tlmt the term concrement be confined to calcareous 
deposits of this order, calculi to deposits of the specific excretions of various glands. 
Experience shows that this employment is apt to lead to confusion. It is better 
to retain the older view that any isolated deposit growing by concretion is a con
crement, and to employ calculus as an alternative term commonly applied to certain 
orders of concrements.

14



CONCREMENTS 935

amounts of other constituents, these calcareous salts being greatly in 
excess of the quantities usually present in the fluids discharged along the 
affected passages. ( )n dissolving out the salts, there is constantly left a 
matrix of proteid or mucinous type, and in general there is an admixture 
of fatty acids, soaps, cholesterin, and products of proteolysis.

This composition and the clinical history of these cases, in which the 
development of the concrements can be followed, affords a clue to the 
mode of their development. We deal, that is, in general, with the results 
of a catarrhal process an inflammation—whereby, in the first place, 
there is exuded into the passage a mucinous discharge, together with 
exfoliated cells. The disintegration of the latter affords the products 
of proteolysis and the fatty matters, and in such a matrix, just as in 
necrotic areas within the tissues, there next occurs a deposit of calcareous 
salts, through diffusion of serum of the inflammatory exudate into the 
mass, as, again, of the secretion normal to the passage. Of concretions 
of this order, the following may be noted :

Rhinoliths are concretions occurring in the nasal passages, most often 
as the result of chronic ozena and obstruction. Berlioz,1 as the result 
of an analysis of four specimens, obtained on the average 17.2 per cent, 
of organic matter; calcium phosphate, 57.9; calcium carbonate, 13.6; 
magnesium sulphate, 5.5 per cent.

Tonsillar concretions forming in the crypts of the tonsil as the result 
of chronic obstructive inflammation have like characters.

Salivary Concrements. -Formed in one or other of the salivary 
ducts. The analysis of various specimens has given very varying results 
from as high as 83 per cent, of calcium phosphate to as low as 15— 
the amount of organic matter being correspondingly varied.

Other concrements of the same order are lacrimal concrements : 
cutaneous concrements (the latter often multiple, and formed, it would 
seem, in obstructed and dilated sebaceous glands); preputial concrements 
(found in conditions of phimosis with the accumulated smegma as base); 
in these there is an admixture of relative large amounts of calcium phos
phate with urinary salts, notably the ammonia-magnesium phosphate 
precipitated by ammoniacal fermentation of the urine; and appendicular 
concrements. The commonest accumulation in the "< is of
.semisolid fecal matter with abundant organic and relatively small pro
portions of calcareous salts. Rarely, large solid concrements are en
countered in an obstructed appendix, having abundant calcareous 
salts.

Intestinal Sand. With these may be mentioned the true “sable 
intestinale," small, brownish concretions (from staining with fecal pig
ment) showing abundant organic matter, but also abundant calcium 
phosphate, and in some cases abundant magnesium phosphate.2 These 
deposits are comparatively rare and small in man, but in cattle huge 
concretions may form in the lower bowel around retained vegetable

1 Jour, do I’lmr. ot Chem., 23:1891 :497.
1 Vide Duckworth mid (iarrod, Lancet, 1 : HMI‘2 : liftt.
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foodstuffs; around such a nucleus there may he deposited a thick, solid 
layer of calcareous salts.

Pancreatic Concrements and Calculi. Occasionally, concretions 
form in the pancreatic duct, leading to cyst formation (ranula). The 
commonest form is the true concrement with matrix of organic matter 
and mixed chol est crin, and preponderance of phosphates and carbonate 
of calcium. Hut here, again, the percentage of the salts exhibits great 
variations. We would suggest that here, as in the appendix, the age of 
the concretion is a factor determining variation. A recent catarrhal 
deposit may show abundant products of cell disintegration, proteins, 
fatty acids, soaps, cholesterin, etc.; one of long duration, disappearance 
of fatty acids and soaps, and with preponderance of calcium and mag
nesium salts.

Phleboliths. In this category are to be included phleboliths-, small 
oval stones formed occasionally in veins. Their commonest site is 
in the prostatic plexus in man ; the uterine plexus in woman. Every 
transition may be found, from a recent thrombus in one of the anasto
mosing branches of such a plexus to extremely dense, pearl-like bodies. 
We deal, obviously, with the gradual deposition of lime salts in isolated 
thrombi which have not undergone organization, so that the masses lie 
free in the lumen of a vein.

We have not seen discussed the conditions under which a thrombus 
undergoes this characteristic metamorphosis. The necessary factors 
would seem to be: (1) Small size of thrombus; (2) bland, non-infected 
nature; (3) development in a communicating vein, the thrombosis 
affecting but one of the series of alternative channels, and leading thus 
to no secondary disturbance in the nutrition of an area. Under these 
conditions it would seem that the thrombus undergoes a certain amount 
of contraction within its bed; some absorption takes place at either 
extremity, but before this process can be complete there has been an 
impregnation of its substance by the blood plasma and precipitation 
within it of calcareous salts, arresting further dissolution. Processes 
of heterolysis (see p. 372), due to the disintegration of the contained 
and infiltrating leukocytes, may also be involved to liberate in the 
thrombus those bodies which fix the calcareous salts.

Calcareous Incrustations. Deposits upon surfaces may undergo 
similar impregnation with calcareous salts derived from the body fluids 
and secretions. The commonest example is iarlar of the teeth, in 
which mucinous epithelial debris and foodstuffs form the matrix. In 
catarrh of the bladder and ammoniacal cystitis a deposit of mixed 
phosphates not infrequently forms an incrustation upon the vesical 
mucosa. Incrustation may also form on the surface of foreign bodies 
gaining entrance into the tissues and cavities of the organism.



CHAPTER XXX.
DEPOSITION OF OTII Kit PRODUCTS OF CELL METABOLISM.

CONCREMENTS FORMED FROM PRECIPITATED 
CONSTITUENTS OF THE EXCRETIONS.

PROSTATIC CALCULI.

Section through the prostate glands of most men beyond middle age 
reveals the presence of little dark-colored granules here and there 
throughout the substance of the organ. Examination of sections show 
that these are situated within the lumina of the glands. They are suffi
ciently soft to be cut with the knife (in paraffin sections), are hyaline in 
appearance, rounded or polygonal, and exhibit concentric structure. 
Rarely do they exceed the size of millet seeds. They exhibit imperfectly 
the reactions of amyloid matter—they may or may not give the iodine 
reaction, and may or may not take on a metachromatic stain with 
methyl violet; like amyloid, they are thoroughly resistant to acids and 
alkalies. They resemble in many respects the corpora amylacea about

Section through a "corpus amylacéum” from a 
sternal tumor, yet more highly magnified to show

Corpora amylaeea from brain, to show 
huninaleil character. X 2fit).

the subcrystalline deposit of successive layers of 
closely packed needles of amyloid material. At a 
the needles radiate from a small focus. (Uphills.)

to be noted, but should perhaps be classed apart as occurring in a 
normal secretion. Rarely, larger concrements are encountered in the 
prostate, in which successive layers of calcareous salts have become 
deposited around a nucleus formed of one of these “amyloid” bodies.

CORPORA AMYLACEA.

Minute concretions, often showing several concentric layers, may be 
found in the brain tissue and spinal cord of elderly individuals, in the
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alveoli of the lungs (most often, it lias seemed to us, in the lower lobes 
in eases of chronic? congestion) and in certain tumors. They have the 
general appearance of " _ " ic material, and may, or may not, exhibit a 
certain amount of met achromatism with gentian violet and other aniline 
dyes, suggesting thus some relationship to amyloid. The observations 
of Ophills1 show that the growth of some, at least, of these is by the suc
cessive deposit of layers of obscurely crystalline needles of matter of a 
protein nature.

URINARY CALCULI; LITHIASIS.

Normally, the urine contains several salts in solution; abnormally, it 
may contain yet others, and under certain conditions members of either 
group may be precipitated in the course of the urinary tract and be 
deposited, layer upon layer, so as to form urinary calculi. We have to 
consider not merely what are the different forms of urinary calculi, but 
what are the conditions favoring their formation. It cannot be said 
that we have a full knowledge concerning these, but something has been 
gleaned, more particularly as bearing upon the three more common 
classes, the uratie (including uric acid and the urates), the calcium 
oxalate, and the phosphatie. These we will discuss in a little detail, 
treating the less common forms more briefly.

To prevent repetition, certain features common to all calculi may here 
lie mentioned ; and first, it must Ik? pointed out that the calculus is of 
relatively slow formation, and that it grows by accretion upon the sur
face. There is a nucleus of mucus, cell debris, or foreign matter, such 
as blood clot, or some body actively introduced into the urinary tract, 
and in and upon this the salts become deposited. The presence and 
nature of this nucleus can often be determined by careful observation. 
As in ordinary crystallization, so here, salts present in solution must 
have some solid or semisolid as a base upon which to separate out from 
solution. The rate of separation and deposition must depend primarily 
upon the relative amount of salts present in solution, and as the urine 
varies both as regards amount of contained water and portion of various 
salts in solution, so the rate of deposition necessarily varies. Periods 
of relatively abundant deposit alternate with periods of arrest. As a 
consequence, most vesical calculi are, on examination, seen to be formed 
of concentric lamina'. Not only is this the case, but in a fluid of such 
varying composition as is the urine, now one, now another salt may be 
present in rt excess, so that at one period conditions may favor the 
deposit of one particular salt or combination of salts; at another, the 
deposit of other constituents of the urine. As a matter of fact, it is the 
exception and not the rule to have vesical calculi composed throughout 
of one constituent. There may be alternate layers of uric acid and 
calcium oxalate, or often of urates and phos ' \s. It is very common

' Jour, of Kxp. Mod., 5: 1MM): 111.
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to have an outer coat ' ‘ s, this latter deposit being due to the
irritation caused by the growing stone having eventually favored the 
development of infection in the urinary tract, with bacterial fermentation 
and production of alkaline urine.

But the mere presence of excess of one particular salt is not the only 
factor. If, by suitable reagents, the salts of one or other order in the 
urinary calculus be dissolved out, there is left behind a matrix of organic 
matter, of homogeneous, gelatinous, or colloid type, more or less pig
mented or yellowish. What is more, if, after the methods of the geolo-

Fio, 314 FlO. 310

-r

1‘iu. 314.—Calculus formed of uric acid followed by oxalate appearance on section.
Fin. 3If).—Oxalate of lime ralnilus (“mulberry" calculus), exterior view.
Fin. 310.—Ammonium urate followed by oxalate and eventually by mixed phosphates. (These 

three figures are from the catalogue of the Royal College of Surgeons.)

gist, calculi be rubbed down until fine sections are obtained, it is seen 
that, as a rule, they are not formed of well-made typical crystals of one or 
other order. The nearest approach to such perfect crystalline form 
would seem to be in cystin calculi; calcium oxalate and uric acid are 
present most frequently in spheres and dumb-bell shapes. It is worthy 
of remark that in bone, egg-shell, and other normal deposits of salts, 
examination shows that these also, in general, are not deposited in a 
crystalline form. Attention was called to this fact by ( ieorge Rainey, 
in 1X57, and he formulated a theory of molecular coalescence to account

^47017



040 CALCULI AND CONCREMENTS

for the peculiar method of deposit of salts in organic material. In 1873 
Vandyke Carter1 applied Rainey’s observations to calculus formation. 
He explained the development of urinary calculi as due to the produc
tion in certain states, either in the renal pelvis, the ureter, bladder, or 
urethra, of a mucous secretion ; a colloidal matrix was thus afforded in 
which the salts were precipitated in an imperfectly crystalline, rounded, 
or amorphous form. In this way was produced, according to him, the 
most common type of nucleus, and most often this contained oxalate of 
lime and uric acid or urates. Once the nucleus is formed, other layers 
of mucoid material are successively deposited, and in these there 
occurs a like process of decomposition, the stone in this way gradually 
growing.

Orel,2 3 in 1879, confirmed and advanced these observations by his 
studies upon change in the form of uric acid and various salts precipi
tated from saturated solution in albuminous and sugary media. To 
Ebstein5 is usually but wrongly given the credit for these observations.

Now, mucin, or, more correctly, a mucinous body, apparently derived 
from nucleoproteids, is thrown off in abundance in conditions of inflam
mation of the urinary passages, and the greater the amount of this in 
suspension in the urine, the greater the liability of salts which would 
otherwise have remained in solution, to liecome precipitated in the col
loid menstruum. Whether loose combination occurs between the salt 
and the colloid matter is still an open question. Thus, for the formation 
of urinary calculi, we recognize two factors: (1) The presence of one or 
other crystallizable body in relative abundance in the urine, and (2) 
irritation of some portion of the urinary tract leading to increased dis
charge of mucinous material.

Moritz4 has pointed out that an organic base is present in every urinary 
crystal, whatever its nature, and, as the urine always contains mucinous 
and other organic material which can serve as a base, Krehl,5 following 
him, doubts whether it is necessary to invoke a preliminary local irritation 
or inflammation. In taking this stand, however, the physical influence of 
concentration of the colloid material is left out of account.

Irritation, it would seem, there must be, but not necessarily of bacterial 
nature. Chemical or mechanical irritation alone, as, for instance, in alka
line urine the presence of ammoniacal salts, can set up increased mucinous 
discharge. But infection of one or other part of the urinary tract is also 
capable of favoring the process, and, once it has begun, the local irritation 
set up by the presence of the foreign body leads to deposit of a surface 
layer of mucinous matter, and so the stone grows. The indications are 
that in the urinary passages, as in the gall-bladder, low forms of infec
tion, notably by the B. coli, initiate the process in a large number of 
cases, but not necessarily in all. Without infection the urates precipi-

1 On the M icrunco pic Structure and Formation of Urinary Calculi, I/indon, 1873.
1 On the Influence of Colloids upon Crystalline Form and Cohesion, London, 1879.
3 Die Natur und Beliandluny der Harnsteine, Wiesbaden, 1884.
4 Cong. f. inn. Med., 1896:532. ‘ Doth. Fhysioloyic, Lei pair, 1898.
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tilting in the collecting tubules of infants can set up a very definite 
irritation.

Uric Acid and Uratic Calculi. Uric acid may be a constituent of a 
stone, either as the acid or in the form of amorphous urates. The first 
of these is the more common. Calculi formed mostly of urates are soft 
and of grayish-yellow color, and are found chiefly in children. ( 'ombined 
uric acid and urates are fairly common at all ages, the uric acid predomi
nating. In fact, uric acid is the commonest constituent of calculi, 
whether as the main constituent or forming the central portion of the 
stone. Frequently there is some admixture with oxalate of lime. Uric- 
acid calculi may be found either in the pelvis of the kidney or in the 
bladder. The typical vesical uric-acid calculus is of flattened, rounded, 
or oval shape; its surface is smooth or finely mammillated; the color 
varies from pale fawn to a brick red, according to the amount of associated 
pigment (urocrythrin) which is brought down in the urine when uric acid 
separates out. Upon section the individual lamina* are well recognized. 
Frequently the calculus is solitary, but they may be multiple, in which 
case the individual stones may exhibit smooth, faceted surfaces.

These calculi apparently originate in the pelvis of the kidney, and, 
instead of being arrested in the bladder, they may, while still small, be 
voided in the form of (/ravel. These little calculi have a smooth surface 
of reddish tinge. ( )n the other hand, the calculus may never pass 
beyond the pelvis of the kidney, and here it may grow until it forms a 
large “stag-horn" mass, forming a mould of the "" " These
calculi may be found at any period of life, but their frequency in early 
years is noticeable.

Uratic Inspissation of Infancy. The liability for the development of 
uric acid and uratic calculi in the young appears to be intimately 
associated with another condition, that, namely, of the formation of 
so-called uric-acid infarcts a term which, while old established and 
etymologically correct as regards usage of the term infarction, is un
fortunate, since our ordinary employment of that term is for a totally 
different process. Nor do these infarcts contain crystals of uric acid. 
Uratic inspissation would be a much more satisfactory term.

Autopsies upon infants a few weeks old not infrequently afford kidneys 
in which the calices and a considerable part of the medulla have an opaque, 
dirty whitish appearance, and, upon examination, this is seen to lie due 
to the obstruction of the collecting tubules with abundant small spherical 
masses lying in a mucinous matrix. These are doubly refracting under 
the Niçois prisms. Chemically these masses have all the properties 
of amorphous urates quadriurates. The urine of the newborn contains 
normally twice as much uric acid as does that of the adult. Why this 
should be so is a matter of debate. Woods Hutchinson explains it as 
due to the breaking down of the nucleated red cells, which, present in the 
fœtal blood, rapidly disappear upon birth. Fry’s observations indicate 
that these deposits may only occur some days, or even weeks, after birth. 
The acute disturbance of metabolism, the tissue destruction following 
upon birth, and, more particularly, the leukocytosis of the newborn

277^27
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appear to afford a more satisfactory explanation. So grave is the disturb
ance which this obstruction of the tubules may set up that, as Fry1 and 
Martin point out, there may be developed not merely a coincident albu
minuria, but a definite condition of infantile uremia. This excessive dis
charge would appear to be the origin of the uratie calculi in the young. 
Occasionally in young children, in the pelvis of the kidney, more rarely 
in the bladder, we encounter small, soft agglomerations of the same type 
having a mucoid matrix containing these spherical grains of quadriurates, 
and examination of fully formed uric-acid calculi shows, most often, a 
nucleus of this nature.

Both in the young and in adults who are the subjects of gravel and 
calculus, the urine passed is characterized bv its high acidity and by 
the deposit, on standing, of a brick-dust precipitation of urates, from 
which uric acid gradually crystallizes out. While, as alrc 
out, freshly passed urine rarely contains free uric acid, these stones are 
formed mainly of this substance. We are led to conclude, therefore, 
that, in the process of decomposition in the mucoid matrix, the quadri
urates are broken down, uric acid is precipitated, and the alkaline urates 
are set free.

The usual teaching is that lithiasis the condition in which there is 
this passage of urine containing precipitated urates—exhibits increase 
discharge of urates. Such increased discharge does occur, but it is, we 
think, more than debatable whether this is essential for calculus forma
tion, or even for many cases of lithiasis, for, in a large proportion of 
cases, hriekdust deposits in urine are due not to increased discharge of 
urates, but to a concentrated and more acid state of the urine than is 
normal. There is frequently to be noted a rel ‘y between gout 
and lithiasis such that those afflicted with gout have been liable to show 
abundant urate deposits, or to pass gravel or, again, some members of 
the family are gouty, the others the subjects of lithiasis. But it is not 
the amount of the uric acid so much as the condition determining relative 
solubility that forms the main factor in lithiasis, and the relationship to 
gout suggests that, in some cases at least, the actual amount of uric acid 
formed may be below rather than above the normal.

Calculi of this nature may remain in the system for years, setting up 
relatively little disturbance; or, on the other hand, may, by their passage, 
cause obstruction in the ureters, the orifice of the bladder, or the urethra 
( renal colic). There has been much debate as to whether they ever 
become spontaneously dissolved, for uric acid is, to some extent, soluble 
in alakaline solutions. As a matter of fact, the evidence seems to be con
clusive that, through keeping the urine alkaline through long periods by 
giving sodium bicarbonate, alkaline soaps, etc., not merely is gravel 
arrested, but the stones within the bladder, after such treatment, show 
clear evidence of erosin. In examining any large collection or uric acid 
calculi obtained in the postmortem room, etc., certain specimens have a 
rugged, worineaten appearance, and, upon section, are found loose in

1 Trims. Amer. Pediatric Assoc., 1903:150.
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texture, with evidence of lamination very indistinct. I’pon analysis 
such calculi are apt to yield relatively considerable amounts of quadri- 
urates. These calculi, is seems to us, are clearly undergoing slow solu
tion, and the quadriurates are an evidence of the action of the alkaline 
urine upon the uric acid. Sometimes, also, relatively large calculi 
undergo spontaneous fracture. We had two well-marked examples of 
this in the collection at Met Jill Vniversity before it was destroyed, and 
it has been noted ever since the time of Hunter. With such breaking up, 
the individual smaller pieces may be voided in the urine.

CALCIUM OXALATE CALCULI.

Calculi formed in the main of calcium oxalate are of three types. 
The commonest and tin* most characteristic is the so-called “mulberry 
calculus.” In general solitary and occurring in the bladder, this form is 
relatively the heaviest of all calculi, densest and most resistant to frac
ture. The main feature is the heavily bossed or mulberry-like appear
ance. The color tends to be brown, or even brownish black. Often 
there is an incrustation of phosphates secondary to the great mechani
cal irritation induced by the presence of the heavy, irregularly nodular 
stone in the bladder. I 'pon section tin* appearance is also characteristic. 
The outlines of the concentric lamina* recall the plan of a fortress, with 
bastions and reentering angles.

More rarely we encounter white, colorless oxalate calculi. 'I’hese, 
upon fracture, have a more crystalline appearance, are relatively pure, 
and their surface shows small crystals of the salt. There may also be 
a condition of oxalate gravel. The minute concretions then are in the 
form of small, smooth, round bodies, blackish or dark gray in color. 
( )ccasionally multiple small oxalate calculi are found in the pelvis of the 
kidney, or occupying sncculations of the same, possessing spherical 
bodies with spinous processes recalling those compromising iron balls 
chained to a staff which princes of the church militant took into battle 
during the middle ages.

A greater or less proportion of uric acid is usually present in these 
oxalate calculi. The nucleus also is frequently of uric acid or urates. 
This combination can be easily understood when it is remembered that, 
like the urates, calcium oxalate is deposited from acid urine.

Regarding the conditions under which these are formed, it may be 
recalled that oxalic acid is normally present in the urine to the extent of 
some 50 milligrams daily. In certain conditions this amount is greatly 
increased, and that during long periods, so that a definite condition of 
o.raluria and the oxalic-acid diathesis is to be recognized. What is the 
essential cause of this is little understood. Under normal conditions it 
is found that vegetable food containing oxalic acid (rhubarb, etc.) causes 
an increased discharge, but this does not explain persistent oxaluria 
This oxaluria has been found in certain conditions of dyspepsia of a 
somewhat neurotic type, in confirmed obesity, and in association with
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diabetes. Excess of cane sugar has also been noted to cause it.1 Accord
ing to E. (i. Smith,2 there is often a condition of hyperchlorhydria. It 
may, therefore, he that some perverted metabolism of the carbohydrates 
plays a part in the development of this state. Once formed, it would 
appear that oxalates are not easily dissolved.

PHOSPHATIC CALCULI.

Two, or probably three, forms of phosphatic calculi arc to be recog
nized, namely: (1) Those in which the phosphate is wholly in the form of 
calcium phosphate; (2) the mixed phosphatic or “fusible calculus” in 
which ammonium magnesium phosphate is the main ingredient, and in 
which calcium phosphate is also present; and (3) the pure ammonium 
phosphate calculus. The second of these is by far the commonest. All 
these are thrown down from alkaline urine, but the form of salt precipi
tated depends upon the cause of the alkalinity. It is where the urine is 
secreted in an alkaline state, the alkalinity depending more upon sodium 
salts, that calcium phosphate is precipitated. It is where the urine has 
become secondarily alkaline through fermentation and the bacterial 
breaking down of the urea into ammonia and carbonic acid gas that the 
triple phosphate is thrown down.

As a matter of fact, while calcium phosphate is freely precipitated in 
ordinary alkaline urine, it then shows relatively little liability to accu
mulate in the form of stones, and there may be, for months or years, a 
passage of such precipitated phosphates without any symptoms pointing 
to calculus formation. It may be pointed out that, under these condi
tions, the urine is not irritating, so there is no stimulus to the production 
of any excess of mucoid material to form the matrix; hence pure calcium 
phosphate stones are definitely rare. When found, they are white, 
rather firm—much firmer than the form about to be mentioned—and 
they rarely attain to large size. The mixed phosphates, on the other 
hand, are relatively loose and friable, the different layers splitting 
apart with fair ease, and they may attain to an enormous size. It is 
almost unknown to find such mixed phosphates as a nucleus of a cal
culus; the salts are usually deposited around other stones, or, again, 
around foreign bodies introduced into the bladder. It is rare also to 
find that other salts form the outer layer of phosphatic calculi, the reason 
being that, once cystitis is set up, where such stones are present, it con
tinues, so that urine very rarely becomes once more acid. It is generally 
stated in text-books that these stones are not absorbed, and this because 
of the difficulty in rendering the urine acid by therapeutic means. With 
our knowledge that cystitis and the alkaline fermentation of the urine

1 Thus, Dr. Helen Haldwin lias found that by feeding dogs with large amounts 
of sugar a condition of mucous gastritis is set up with appearance of oxalic acid 
both in the stomach contents and in the urine. Sec Herter, Harvey Lectures, 
1906-07:84, and Chemical Patholot/n, 144.

2 Ref. Handbook Med. Sci., article Calculi, 1903.
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are of bacterial causation, and the recent production of drugs like uro- 
tropin, which are capable of sterilizing the urine, the possibility is cer
tainly open that these calculi may become dissolved in the organism.

In such cases of cystitis, not only are we apt to find stones within the 
bladder or pelvis of the kidney, but on the inflamed mucous membrane 
there may be deposits of the phosphates.

OTHER URINARY CALCULI.

Outside these three main groups above mentioned, other forms of 
urinary calculi are distinctly rare. Of these, one of the most interesting 
is the cyst in calculus. These are of a honev-yellow color, becoming 
green upon exposure to light; they have a radiate structure, and, upon 
fracture, a peculiarly transparent brilliancy, like that of beeswax. 
They are soft, so that they can be indented with the nail, and are usually 
pure. Sometimes they are large and single, but a condition of cystin 
gravel also occurs, in which the patient, from time to time, over long 
periods, voids minute calculi of this nature. The collection at McGill 
contained a set of eighteen small calculi passed by one patient in this 
way.

Cystin is an abnormal constituent of urine. It contains a relatively 
large amount of sulphur (as much as 2b per cent.), and dissolves in liquor 
ammonia*. From this solution, as the ammonia evaporates, beautiful 
six-sided tablets separate out along with some square prisms, the sub
stance being dimorphous. (See Fig. 137, p. 370. Its formula is 
CaII7NS(),, and thus it is not far removed from that of taurin.

What leads to its appearance in the urine is wholly unknown, save this, 
that it tends to be formed by more than one member of a family, and 
that, the condition of cystinuria may show itself for long years without 
any impairment in health or obvious change in the other constituents of 
the urine, the only serious danger being a tendency to form calculi (see 
p. 370).

Still rarer are xanthin calculi, first noted by Marcel, of London, in 
1S17. Altogether, little more than half a dozen cases are on record of 
the formation of these calculi, which are of pale-yellow color, and exhibit 
a waxy lustre when rubbed. Their main constituent is xanthin, and 
nothing is known with regard to the conditions leading to extensive dis
charge of this alloxur body. In cattle, somewhat parallel calculi of 
(juanin have been encountered. Vet rarer, again, are the concretions 
termed by Heller urostealiths. These are formed of fatty and soapy 
matter, lime soaps being apparently their main constituent. While 
some, obtained from the bladder, have been explained as due to the 
passing in of soapy medicaments, others have been found actually within 
the kidney, and so must have been derived from fatty matter discharged 
from this organ.

lastly, there are at times to be met with small, firm, fibrinous con
cretions, more or less blood-stained, which clearly are secondary to 
hemorrhage in the urinary tract.

Go
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BILIARY CALCULI; CHOLELITHIASIS.

The composition of the calculi which may form in the gall-lilmldcr 
ami bile passages differs widely from that of the urinary calculi, and, 
as a body, they are characterized by being less dense and much lighter 
in weight. The main constituents are the modified pigments of the bile 
and oholesterin ; a third constituent present not infrequently as an 
admixture, but rarely as a predominant constituent, is calcium car
bonate. We thus distinguish the following varieties of gallstone.

Km.

Cholesterin calculus, cut and polished to show 
radiate crystalline structure. (Naunyn.)

Section of common mixed bilirubin calcium 
gallstone. (Naunyn.)

Section ol “amorphous" cholesterin gallstone 
exhibiting central cavitation. (Naunyn.)

Pure bilirubin calcium calculi: bile gravel. 
(Naunyn.)

1. Pure ior Almost Pure* Cholesterin Calculi -These are char
acteristic stones, most often single and oval, of white or yellowish color, 
waxy exterior, with finely nodulated surface. But two or, very rarely, 
three stones are encountered: our collection at McGill contained one 
set of five, partially faceted. If broken, these have a distinctly radial, 
crvstalline surface; if sawed through and polished, an obscure crys
talline, rather nacreous surface, with little or no sign or stratification. 
There may be a small nucleus of pigment. It is, in short, rare to obtain a 
calculus of pure cholesterin, but from 95 to 98 per cent, of the total con
tents may be of this substance. There is a minimal amount of associated 
calcium.
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2. The Laminated Cholesterin Gallstone. This is also a solitary 
stone, often attaining a large size, oval, whitish or yellowish, hut not so 
transparent as the first form. On section it is laminated, although the 
centre may he of the radial type. Examined chemically it differs from 
the previous form in containing a fair amount of calcium carbonate, and, 
according to Baemeister, it is the coincident laying down of chalk and 
cholesterin that alters the type of crystallization. The lamina* are formed 
of closely set fine needles, radially disposed. German authorities un
fortunately give to the next group the name that should rightly belong 
to this form, namely Choleaterin-kalkstcine, when more truly that is the 
< holesterin-hiliruhin-calcium group. To avoid confusion we speak of 
these as laminated cholesterin. The amount of cholesterin varies from 
75 to 95 per cent. Some of the layers may he deeply pigmented, although 
the total amount of bile pigment is small.

3. The Common Gallstones. —These maybe (1) ' "b and large, 
when they are often barrel-shaped (as though other stones had previously 
been present in series, and had compressed and faceted the two ends); 
or there may be two to four relatively large stones faceted on their ap
posed aspects, and forming together a cast of the gall-bladder; or (2) 
mi small faceted stones, from a score or so to several hundred in 
number, relatively equal in size. It is more uncommon to meet with an 
admixture of large and small stones. The faceted surfaces are smooth; 
the larger stones, where the surfaces do not appose, are usually finely 
nodular. The external color varies from a deep brown that is almost 
black, through reddish brown (bilirubin), to green (biliverdin). Or, 
again, it often is pale yellow, through surface layers of cholesterin, or, 
rarely, is white, from a surface layer of calcium carbonate. On section, 
such calculi exhibit a characteristically concentric structure of successive 
layers of varying depth of color, according to the extent of admixture of 
cholesterin with the calcium salt of bilirubin or of biliverdin. The 
nucleus may be either of cholesterin or of bile pigment, or, as Naunyn 
points out, may be represented by a cavity1 (Fig. 320).

Such calculi, it will be seen, are mixed, the main constituents are 
cholesterin and bilirubin calcium, although biliverdin, another higher 
oxidation form of bile pigment, may take the place of bilirubin; with 
these may be minute quantities of Cu and Fe, apparently in combination 
with the bilirubin calcium. Calcium carbonate is a not uncommon 
constituent, laid down in minute nodules throughout the mass of a cal
culus; more rarely, inconsiderable quantities of calcium sulphate and 
phosphate have been detected.

4. Pure Bilirubin Calcium Calculi. -These most often are present as 
what may be termed bile gravel—multiple blackish granules, averaging 
about 1 mm. in diameter, lying in a distinctly mucoid bile. When 
fresh they are very soft, easily crumbling between the fingers. They 
are difficult to dry and preserve, in consequence of shrinkage and

' Although most often this cavity, according to Baemeister, is due to the drying 
out of the softer nucleus.

6
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fracture into small fragments. Frequently, through the mucus in which 
they are embedded, they agglomerate into small mulberry-like masses. 
Naunyn describes another firmer form, with metallic lustre, which we 
have encountered but once, and that doubtfully.

Calculi of this class are composed almost entirely of the calcium salts 
of the bile pigments, with but a trace of cholesterin. In addition to the 
bilirubin salt, there may be large proportions of hilihumin calcium 
(bilihumin being the most oxidized of the bile pigments).

5. Calcium Carbonate Stones.—Stones formed almost entirely of 
calcium carbonate are rare and small in man; among the herbivora they 
are more common, and may attain a considerable size. Naunyn differ
entiates two forms in man—the one brown and spicular, the other pale 
and smooth, both of relatively great hardness. As already noted, 
nodules of calcium carbonate may occur more especially in connection 
with biliverdin calcium.

Another rare form is what may be termed cholesterin gravel—fine 
deposits or accumulations of what Naunyn regarded as amorphous 
cholesterin. This is the first stage of stone formation; later, the cho
lesterin becomes crystalline.

Etiology.—There have been abundant theories regarding the causa
tion of gallstones; these have been largely forgotten since Naunyn’s 
classical work gave a foundation of more thorough knowledge. The 
observations of Brockbank, Kramer, Aschoff, and Bacmeister have most 
materially advanced our knowledge.

It had for long been recognized that gallstones are more common 
(1) in middle and advanced life; (2) in females, rather than in males; 
(3) in those of sedentary, as distinct from active, habits. Frerichs 
more particularly laid down that stagnation of the bile is the main factor 
leading to their formation. The more recent observations have demon
strated that this is an essential although not, as Frerichs thought, the 
primary factor.

The main data upon which our knowledge of the etiology of gall
stones is based are:

I. Bacteriological studies have demonstrated the frequent presence 
of bacteria in the ordinary (mixed) calculi. In 1892 Naunyn and 
Gilbert and Girode independently called attention to the relationship be
tween the B. coli and cholelithiasis. 1 )ufort, in 1893, found a history of a 
previous attack of typhoid in 19 cases of cholelithiasis, in 12 of which a 
first attack of biliary colic came on within six months after the fever. 
That same year Chiari called attention to the presence of typhoid 
bacilli in the gall-bladder, obtaining these in 19 out of 22 cases of chole
lithiasis. This, according to later observers, is an excessive proportion. 
Very frequently the B. coli is found, at times the B. proteus. The 
presence of streptococci is not associated with the development of 
gallstones.

II. Experimentally, cultures of one or other form introduced into the 
unobstructed gall-bladder lead to no result. If by ligation obstruction lie 
produced, cholangitis is set up and precipitation occurs in the bile. In
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this way Cushing1 has produced gallstones by the injection of B. 
typhosus into the gall-bladder of the dog. ( )n the other hand, the simple 
ligation of the uninfected gall bladder leads to absorption of the bile 
with no cholelithiasis.

III. Outside the body Kramer2 has shown that if to filtered normal 
bile dilated with peptone broth there be added cultures of B. coli or B. 
typhosus there slowly appears (in the course of months) a deposit of all 
the constituents of gallstones—of bile pigment, cholesterin and calcium 
salts. These observations have been confirmed by Bacmeister,3 who 
has found that paratyphoid forms, B. pyocyaneus and yet other bacteria 
added to sterilized bile have the same effect. Our own experience is 
that whenever the bile removed by a pipette at postmortem is turbid 
with fine granular Hocculi, that bile affords cultures of bacteria—of 
members of the B. coli group.

IV. As pointed out by Brockbank,4 bile removed postmortem, in 
which there is much desquamated epithelium, when first removed 
shows abundant cells; but rare crystals of cholesterin, if kept for a few 
days, may eventually show no cells but abundant deposit of cholesterin. 
Bacmeister shows that this same effect is brought about when gall-bladder 
bile to which scraped-off epithelium has been added is sterilized by heat
ing to 59° C. on successive days. Sterile gall-bladder bile alone will show 
eventual precipitation of cholesterin, but it does this very slowly: the 
more the epithelial cells the more rapid and abundant the precipitation.

VI. Pure (as distinct from laminated) cholesterin stones are always 
obtained from bladders which at the most show signs of distension, but 
never chronic inflammation (Aschoff), and frequently, in our experience, 
the contents of the bladder in these cases are sterile. All other forms occur 
in gall-bladders exhibiting clear indications of chronic cholecystitis.

X II. If the deposited salts of gallstones be dissolved out there is left 
a matrix of albuminous or inspissated mucoid matter. The amount of 
this is minimal in the case of pure cholesterin stones in marked contrast 
to the other forms.

Weighing these data, we conclude:
1. That the separation out of the constituents of the bile in such a 

form and to such an extent as to favor calculus formation is a relatively 
slow process, and that therefore stagnation of the bile is an essential factor 
for cholelithiasis.

2. That the devt* of pure cholesterin calculi occurs in the
absence of infection; the natural desquamation of the gall bladder 
epithelium, such as occurs with all epithelia, occurring where there is 
obstruction and retention of the bile favors the crystallization out of the 
cholesterin.

3. The amount of calcium salts in normal bile is inadequate to

1 Johns Hopkins Hospital Hull., 10:1899:160 (with bibliography).
3 Jour, of Exp. Med., 9:1907:319.
3 Miinch. med. Woch., 1908: Nos. 5, 6, and 7; Ziegler’s Ileitr., 44:1908:528.
4 On Gallstones or Cholelithiasis, London, Churchill, 1890: p. 21.
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explain that found in all the other forms of biliary calculi. Chronic in
flammation and discharge of mucus is known to be accompanied by 
discharge of calcium salts. All these other forms of calculi are therefore 
the results of conditions of chronic or subacute cholecystitis.

4. As regards the common mixed gallstones, this chronic inflammation 
is of infective nature, due to the presence in the gall-bladder of, more 
particularly, members of the tvphocolon group.

As regards the laminated cholesterin stones, we cannot as yet arrive 
at such conclusions, the relative absence of precipitated bile pigments is 
against these being of infective production; the presence of calcium car
bonate in fair amounts is an indication of inflammatory changes in the 
gall-bladder. It is cpiite possible to conceive a chronic irritative inflam
mation of the gall-bladder of a non-infective type. It may be urged with 
some force that although differing in structure all calculi save the pure 
cholesterin are members of one series, differing not in their components, 
but in the proportions of the same, so that we may presume that they are 
all of infective origin, the different proportions of these constituents, being 
the outcome of an interaction between the grades of irritation set up by 
bacteria of varying virulence and the constitution of the bile in different 
individuals. This it will be seen is a matter of theory. The matter must 
be left open.

On the ground that experiments in vitro lead to precipitation out of the 
pigments and cholesterin only after an extraordinarily long interval, 
Bacmeister regards bacteria as a problematical factor in cholelithiasis, 
pointing out further that colon bacilli may be found even in pure choles
terin calculi. Even in the common calculi the bacilli may well have 
wandered in secondarily. Thus, we admit that it is not the actual pres
ence of bacilli in the gallstones that has led to the formation of those 
stones, rather it is their presence in the bile, their action in modifying the 
chemical composition of the same, and more especially their action upon 
the mucous membra ne of the gall-bladder and the cystitis they induce that 
is the essential cause. To us it is abundantly evident that the typhoid 
bacillus, for example, growing in the gall-hludder and there setting up a 
cholecystitis is apt to set up gallstone formation in young individuals 
twenty years and more earlier than the usual period of cholelithiasis. The 
bacillus is clearly the prime cause of the gallstone formation, and if in 
vitro in diluted normal bile, with little mucin and less calcium salts, these 
different bacteria nevertheless bring down the constituents of gallstones, 
much more are they likely to do so where these are adequately provided; 
in fact, as already noted, the precipitation is striking in postmortem bile 
which is infected; and this, we may add, where there is no evidence of 
obstruction and, save for the somewhat mucoid character of the bile, no 
signs of cholecystitis. In general we may lay down that it is a low and 
not an acute form of cholecystitis that favors gallstone formation.

Origin of Biliary Cholesterin. Despite this material advance in 
our understanding of cholelithiasis, there remain several moot points 
regarding the process of stone building. Most of these revolve around the 
cholesterin component, whence it originates, whether it is laid down 
primarily or secondarily, its state of suspension or solution in normal and
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pathological hile. Naunyn held that the greatly increased amount of 
this substance in gall-bladder bile as compared with that obtained by 
fistula from the hepatic bile ducts was due to active excretion from the 
gall-bladder epithelium. Ill's pupils, Jankau and Thomas, showed that 
the amount of cholesterin in fistula bile compared with the other con
stituents remains remarkably constant and is not increased by feeding 
animals with cholesterin. Recently, however, Goodman1 has shown that 
it is subject to considerable variation, and that a rich proteid diet, for 
example, leads to a pronounced increase in this constituent of the bile. 
Bacraeister in his experiments has found no evidence of discharge of 
cholesterin from the gall-bladder mucous membrane, and Aschoff 
has demonstrated that, on the contrary, when abundant cholesterin dis
solved in oil is introduced into the ligated gall-bladder of the dog, it under
goes complete absorption within 11 days, while similarly if the gall
bladder be emptied and then ligated the only cholesterin to be found in 
it at the end of a month is in the inspissated mass representing apparently 
the bile which had not been completely removed at the time of operation. 
The same able investigator has shown conclusively that fatty matters as 
well as cholesterin are absorbed by the gall-bladder epithelium and 
removed thus out of the bile, lie thus joins with those who hold that 
the cholesterin of gallstones is furnished by the biliary excretion alone.

There are, however, data equally convincing on the other side. Thus, 
Bristowe2 found crystalline masses of cholesterin embedded in crypts 
in the wall of a thickened and obstructed gall bladder. Brockbank also 
has found small accumulations of cholesterin lying in retention cysts in the 
mucous membrane. We ourselves in a case of hydrops cyst id is felleœ 
found the obstructed gall-bladder distended with thin colorless fluid, 
without a trace of bile pigment, and clear save for abundant shimmering 
crystals of cholesterin. The cause of the obstruction was a pear-shaped 
gallstone of fair size, the larger end, projecting into the bladder, being 
formed of crystalline cholesterin, the narrower end, imprisoned in the 
ducts, was of mixed formation and pigmented. The contracted shape 
of the neck suggested strongly that the stone at the time of obstruction had 
been of small size, and that the larger free end had been formed since that 
date. Nevertheless, it was impossible that the bile imprisoned in the gall
bladder had provided all this mass of cholesterin in addition to the 
abundant free crystals floating in the gall-bladder contents. It was dif
ficult to conclude other than that this cholesterin had in the main been 
discharged from the mucous membrane of the gall-bladder; just as it is 
difficult to explain the two previous observations, save on this assump
tion. Positive evidence of such discharge has been afforded by Iierter 
and Workman,3 who have shown that the injection of minute amounts 
of corrosive sublimate or of phenol into the gall-bladders of dogs leads to 
an increase in the amount of cholesterin in the contained bile. Lastly, 
if lipoids and cholesterin arc absorbed freely through the cholecystic 
mucosa it is difficult to explain why fresh bile from the gall-bladder is

1 Beitr. z. ('hem. Physiol., 9: 1907. 2 Lancet, London, 1887 :1 : February, 19.
3 Trane. Triennial Congress Amer. Phys, and Surg., 6: 1903: 158.
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constantly from three to six times as rich in cholesterin as is that recover
able from a biliary fistula. This might be explained as due to resorption 
of fluid and concentration of the bile during its stay in the bladder, but 
the variation in the relative amounts of the other contents makes it very 
difficult to accept this assumption ; the increase in fats and soaps is even 
more marked (about 13 times). The only means of harmonizing these 
apparently wholly opposed observations is to accept both, and conclude 
that just as enzymes are reversible, so«cell activities may be reversible: 
that just as the endothelial cells and walls of the venous capillaries are 
capable both of permitting a discharge of fluid from the blood and of 
absorbing fluid from the surrounding lymph, so the mucous membrane 
of the gall-bladder in one order of conditions takes up cholesterin and 
fatty matter from the bile, passing it over into the lymph, in another 
order of conditions takes up these bodies from the surrounding blood
vessels and lymph and excretes them.1

I am inclined, therefore, to conclude that the cholesterin of gallstones 
is derivable in part from the liver cells, in certain conditions largely from 
the gall-bladder or bile duct epithelium.

How and why the cholesterin present in the bile passes from the 
soluble or apparently soluble into the crystalline state is still a matter of 
debate. According to Liehtwitz,2 3 it is not dissolved in normal bile, 
but is in a state of colloidal suspension. Now, if two or more colloids in 
a solution possess the same electric charge, they keep each other in sus
pension ; precipitation is induced when either another colloid possessing 
the opposite charge enters into the solution, or w’hen a colloid already 
present by any means loses its charge. According to this view the action 
of epithelial cells in the bile in promoting the appearance of crystals of 
cholesterin is the introduction of another colloid of opposite charge 
as a result of the cell autolvsis. Bacteria by causing various dissociations 
of colloids are supposed to have a like effect.

I am not prepared to say that this is the adequate explanation. The 
older view regarded the fats and soaps of the bile as playing an important 
part in the process, and I cannot so lightheartedly as Bacmeister, in his 
second paper, put on one side the evidence that there is an intimate rela
tionship between the fats and cholesterin of the bile, disturbance of which 
leads to precipitation of the latter in crystalline form. These observa
tions may be briefly noted. With olein, cholesterin forms compounds 
having the characters of myelin, developing in favorable conditions 
bodies having a double contour and doubly refractive (p. 915). Now, 
more particularly in the gall-bladder mucosa of cases of cholelithiasis, 
the cells are apt to exhibit abundant fatty globules together with other 
anisotropic globules; occasionally the cells are completely tilled with the 
myelin bodies. Naunyn8 observed that through breaking down of the 
discharged cells these myelin bodies are liberated into the bile, where, 
swelling, they undergo fusion into small clumps. In these free glassy,

1 Adaini, Western Canada Med. Jour., Winnipeg : 1909 : January.
1 Deut. Arch. f. klin. Med., 92: 1907 ; see also Purgess and Neuhauer, Biochcnt 

Ztschr., 7:1907.
3 Klinik tier Cholelilhiasi*, Leipzig, 1892:25.
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highly refractile masses of what he termed “amorphous cholesterin” he 
saw the origin of cholesterin calculi, for in them he could see the devel
opment of the crystals, as he thought, by direct conversion. By the 
addition of a little weak acid he could see under the microscope the pro
duction of cholesterin crystals in these glassy clumps. ( )ur fuller knowl
edge of the constitution of myelin bodies convinces us that the “amorphous 
cholesterin” is, if not eholesteryl oleate, at least a chemical compound 
between the two constituents.1

As Brockbank has shown, we can reverse the process : place crystals 
of cholesterin in a solution of ordinary soap and a most striking picture 
is rapidly produced. Elongating villus-like doubly refractive processes 
form all over the surface of the crystals, and become detached into the 
surrounding fluid, so that the solid cholesterin is eventually converted 
into “myelin,” which Brockbank recognized as identical with Naunyn's 
amorphous cholesterin. Thus, as Aschoff pointed out,2 the myelin 
eholesteryl compound present in the bile under the action of the alkalies 
of the alkaline bile undergoes dissociation; the fatty acid is liberated to 
form soaps (which are capable of absorption), and the cholesterin is 
precipitated in a crystalline form. Unlike Aschoff, I am inclined to hold 
that one and the same process is largely responsible for the mucin in the 
bile, the myelin “eholesteryl oleate,” and the increased calcium content, 
namely, irritation or other disturbance of the mucous membrane. It is 
deserving of note that Lichtwitz’s observations were conducted not on 
natural bile, but upon made-up mixtures containing cholesterin. In 
normal bile, we would lay down, the colloid present is not pure cholesterin 
but is this lipoid compound of cholesterin and oleic acid. This sub
stance it is which is in a state of colloidal suspension.

URATIC DEPOSITS IN THE TISSUES.

Gout and the so-called uratic infarcts of the newborn are discussed 
at some length elsewhere (pp. 375 and 941). It is but necessary to 
recall here in due order the fact that there exist deposits of urates of 
sodium within the tissues, and these of two orders. In gouty states these 
are in the form of closely packed, fine, needle-like crystals of sodium 
biurate. The seats of election are primarily the cartilages of the joints 
and particularly of the more distal joints, so that where goutiness

1 Craven Moore (Med. Cbron., Manchester 47:1908:204) brings forward evidence 
to show that in the body cholesterin does not exist as a true ester of the fatty acids ; 
t hat where the two are combined the fatty acid is present as “ acid of crystallization.” 
It must be said in opposition that while he supports his views with certain strong 
arguments, they arc opposed to the conclusions of a considerable number of careful 
observers. What is of most importance is that cholesterin alone does not exhibit 
the "fluid crystalline” state; the combination of oleic acid and cholesterin does, as 
do also the myelin bodies of the bile. These, therefore, clearly are independent 
chemical bodies jxissessing different physical properties from cholesterin.

- Yerhandl. d. deutsch. path. Gesellsch. (1906), 10 :1907:166. Without knowing of 
Aschoff's work, I enumerated similar views before the Huffalo Academy of Medicine 
early in 1907.
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is suspected a routine examination should he made postmortem of the 
metatarsophalangeal articulation of the great toe. In the more ad
vanced conditions there may he accumulations or nodules of the deposit 
(itophi) outside the joints, either in cartilage elsewhere— c. g., in the pinna 
of the ear, or around synovial sheaths and tendons. We may possibly 
compromise over the long-standing dehate as to whether tissue necrosis 
precedes (Ebstein) or follows the deposit (Garrod and others) by laying 
down that the infiltration is never primary in the living cells, hut occurs 
in the inert, intercellular matrix, and that as indicated by the experi
ments of His1 once laid down the crystals act as irritants or slow’ poisons, 
setting up eventual death of the surrounding cells.

The deposits in the medulla and collecting tubules of the newly born 
are totally different in appearance. They occur in the form of spherules 
of minute, doubly refractive spherocrystals2 or spheroliths, present both 
in the collecting tubules and in their investing cells. What is the exact 
composition of these is still a matter of debate. We incline to the view 
that they are identical with the similar so-called amorphous urates of the 
urine, which have the same globular character, and according to Sir 
William Roberts arequadriurates of sodium (p.378). Somewhat simi
lar deposits have been produced in the dog3 and in the rabbit by feeding4 
with adenin, but according to Nicolaier5 these are neither uric acid nor 
urates, but amino-dioxypurin, a body not present in human urine.

OTHER DEPOSITS.

Intestinal Concretions.—Besides those already described, showing 
deposits of calcareous salts, cases are on record of resinous gastric con
crements. In certain of the herbivora these are derived from the food 
eaten—and such form the true oriental hezoars, to which, in the East, 
marvellous healing and preventive properties are still attributed. These 
bezoars are said to be obtained from the wild goat. In man there are 
rare examples of the formation of similar concretions in painters and 
others, who have taken to drinking spirit varnish for the alcohol therein 
contained.

In animals, also, notably cattle, sheep, and pigs, hair balls (ægagro- 
piles) are not uncommon in the stomach and intestines, derived from 
licking their own coats and those of their fellows. These form felted 
masses, which may assume a large size. More rarely, the habit of 
hair eating is acquired by the human female, and the hair balls growing 
during the course of months and years may form a cast completely 
filling the stomach. Our collection at McGill contains two examples. 
Keenan has collected some thirty cases from the literature. Scotch 
museums contain examples of oat-hair balls—smaller, finely felted

1 Deutsch. Arch. f. klin. Med., 63:1899:266.
1 Adami and Aschoff, Proc. Hoy. Soc. Biol., 78: 1906:367.
1 Minkowski, Arch. f. exp. Pathol, u. Pharm., 41:1898: 428.
4 Schittcnhelm, ibid., 47 : 1902 : 432. 8 Zeitschr. f. klin. Med., 45 :1902 : 359.
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masses, composed in the main of the minute hair-like processes derived 
from the outer scales of the oat in improperly prepared oatmeal. These 
are largely absent from modern properly milled oatmeal; but, recalling 
Johnson’s dictum concerning that article of diet, it has to be noted that 
these oat-hair balls are still to be met with in horses, more particularly 
those fed on sweepings of flour-mills.

Fatty Concretions. -Besides those mentioned as rarely encountered in 
the urinary tract (urostealiths), similar soapy masses are occasionally 
passed in the stools of those consuming large quantities of fat or oil, 
where they may, at first sight, be mistaken for gallstones. Of allied 
nature is ambergris, that rare and powerfully scented wax-like body

Fio. 321

Hair bull of the .stomach. The hair forms n complete cast of the stomach and duodenum.
(Case of Dr. James Bell, Royal Victoria Hospital, Montreal.)

found in masses from 1 to 1S2 pounds in weight, either floating in the 
sea, or, as has been known for generations to the New England 
whalers, in the last seven feet or so of the large intestine of emaciated 
and diseased sperm whales.1 That this is of intestinal origin is 
further shown by the presence in the masses of numerous “beaks” 
of the giant octopus, which as readers of The Cruise of the Cachalot 
will recall, forms the food of the sperm whale. Another familiar 
example is the accumulation of cerumen which may form in the outer 
auditory meatus.

•Sec Schwcdiawer, Phil. Trans. Hoy. Soc., 73: 1783, and Fawkener, ibid., 81 : 
1791. Mr. J. Y. Huchanan. to whom I am indebted for these references, tells me 
that the Prince of Monaco has confirmed these observations, seeing the lumps of 
ambergris voided in the death struggle of a sperm whale, which at the same time 
vomited the tentacles and body of a giant octopus.



CHAPTER XXXI.
PIGMENTATION AND PIGMENTARY CHANGES.

The property possessed by various chemical compounds of being 
colored affords no adequate ground for bringing them together into one 
common class. The colored state is an accident to this extent, that, so 
far as we can see, it connotes no common underlying physiological 
feature. Bodies as wide apart as elements like iodine, and coal-tar 
products, like the aniline dyes, are equally colored. Thus, at first sight, 
it would seem unscientific to bring together into one common group 
the various pigmentary changes occurring in the organism. There is, 
however, a certain usefulness in so doing, for the more numerous and 
the more pigmented bodies present in the system, under both normal 
and abnormal conditions, are closely allied, while the remainder are so 
varied that it is not easy to group them according to any other scheme.

ENDOGENOUS PIGMENTS.

With this understanding we would proceed to redivide the colored 
substances of the body appearing under pathological conditions into two 
broad subgroups: (1) Endogenous pigments, the direct products of cell 
metabolism or disintegration, and (2) the exogenous colored matters 
foreign to the organism and absorbed from without. The endogenous 
we may further divide into (a) hemoglobin and its derivatives; (b) 
other metabolic pigments. Each main subgroup contains two orders 
of bodies, namely: (1) Soluble; (2) insoluble, or precipitated pigments.

It is usual in works dating from the days when morbid histology was 
considered as pathology to exclude very largely the first of these, and 
in this connection to discuss more particularly the pigmentary deposits. 
Such a distinction only leads to confusion.

Abnormal Pigmentation Due to Hemoglobin and its Derivatives.— 
Hemoglobin and its derivatives are so fully studied in works upon physi
ology and physiological chemistry that it is unnecessary here to do more 
than recall its presence in a soluble condition, not only in the blood 
corpuscles,but also in the muscles; its remarkable chemical properties; 
its constant liberation from dying red corpuscles, more particularly in 
the portal system (including the spleen); its disintegration, more par
ticularly through the agency of the liver cells, with discharge into the 
bile of the iron-free portion of the pigment as bilirubin and other bile 
pigments. It is probable, though this is not wholly determined, that 
the urinary pigment, or uroehrome, is likewise a derivative of the normal
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disintegration of hemoglobin. Certainly, under pathological conditions, 
the liver and the kidneys are the two organs through which hemoglobin 
and its compounds are discharged from the blood.

It is further deserving of note, as contributing to a natural classifica
tion of metabolic disturbances, that hemoglobin is a conjugated protein 
after the type of the nueleoproteins and the glycoproteins recently dis
cussed. It is a compound of a nitrogenous coloring matter—hematin 
(C32H32N4Fe()4), with the basic protein globin.

Experimentally, by various means—injections of large amounts of 
water, dilute glycerin, potassium chlorate, arseniuretted hydrogen, 
toluylenediamin, certain acids, and by the transfusion of the blood or 
blood serum of another species of animal—it is possible to cause the red 
corpuscles to break up and liberate their ‘ * " which then be
comes free in the blood plasma, and may diffuse out of this into the 
various tissues, and, indeed, undergo absorption by various orders of 
cells. Similar destruction of the corpuscles may be brought about by 
severe thermal changes.

In disease we have numerous examples of a similar liberation, and 
may either encounter this hemoglobin in the unaltered state or find it 
modified. A somewhat frequent example of the former condition is seen 
in hemoglobin-, or, as it is often termed, postmortem imbibition. Here we 
find the heart valves and the intima of the aorta and larger arteries 
assuming a bright rose-pink color. This occurs more particularly in 
cases of general sepsis. Two conditions, it seems to us, have to be 
distinguished. In hot weather, with the rapid onset of decomposition, 
a staining of the intima may show itself, which is distinctly a post
mortem change. In acute sepsis the same process is seen, even when 
the autopsy is performed within an hour after death. Here it is not 
merely postmortem, but, through the extreme toxic state, there has been 
destruction of the erythrocytes during the last hours of life, and it is a 
combination of antemortem and postmortem diffusion of the hemo
globin which leads to this characteristic appearance.

Certain poisons—some of them already mentioned—are apt to cause, 
in man, a similar 1 ration of the hemoglobin, notably potassium
chlorate, certain poisonous mushrooms, and snake venoms. The abun
dant observations of late years upon hemolysis have revealed the existence 
of a long series of agents causing this liberation of the blood pigment out 
of the corpuscles, among them an important group of organic substances 
-bile salts, soaps, and the specific antibodies developed by the inocu

lation of foreign erythrocytes and other cells. Where the destruction of 
the red cells occurs in the systemic circulation, the lil>eratcd hemoglobin 
may be discharged, unaltered, through the kidneys (hemoglobinuria); 
slightly altered, as after potassium chlorate (methemoglobinuria). Meth- 
emoglobin, it may be added, is apparently of the same composition as 
oxyhemoglobin, but the oxygen is more firmly combined, and the reaction 
is acid. The modification cx-curs often in the bladder rather than in the 
system before excretion. Where the destruction of the red cells has 
occurred, not in the blood stream, but in the tissues and cavities of the
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body, the pigment before discharge may undergo still further change into 
hematoidin or urobilin (urobilinuria).

Care must be taken to distinguish between these different states and 
hematuria, in which we have to deal, not with the mere excretion of 
blood pigment, but with escape of blood into any portion of the urinary 
apparatus and the consequent presence of all the constituents of blood 
in the blood-stained urine.

Hemoglobin, as Miss Adams first demonstrated, may be discharged 
through the glomeruli of the kidneys, or also, as Afanassiew was the first 
to show, may be taken up by the cells of the convoluted tubules. In 
the latter case it is clearly modified, being present in these cells, not 
merely in a diffused form, but also in the form of fine brownish granules. 
These granules are iron-containing, with the iron in looser combination 
than occurs in hemoglobin proper.

Paroxysmal Hemoglobinuria. - A very remarkable condition, associated 
with liberation of hemoglobin, deserves more than passing notice. This 
is the condition first described by Dessler (1854) and by Dr. George 
Harley (1865), to which Pavy has given the name of paroxysmal hemo
globinuria.

In this condition there is a sudden appearance of urine, tinged, or, it 
may be, deeply colored, by the presence of hemoglobin. For an hour 
or two what urine is passed is thus colored, and the next passage may 
be perfectly clear and limpid. This little understood condition is not 
in itself fatal, even though two or three attacks per diem may occur over 
a considerable period. Patients have been known to be affected from 
time to time for as many as eleven years. When the condition first 
manifests itself it is noted that the paroxysms come on after slight ex
posure to cold, as, for example, the chilling of the body upon rising 
in the morning, and first and other attacks are most frequent during the 
winter months. In inveterate cases they occur during the summer also, 
and frequently without obvious cause. Yet it has been observed that, 
in these severe cases, living in a warm climate prevents the paroxysms. 
There is, indeed, a certain relationship between this condition and 
cyclical albuminuria. As Copeman points out, such cyclical albuminuria 
also follows chills, and is truly a globinuria, and not an albuminuria; 
while, in the condition we are now discussing, a condition of globinuria, 
associated with a rapid reduction in the number of red corpuscles in the 
circulating blood, may precede the appearance of hemoglobin in the 
urine. In both conditions the red corpuscles appear to be abnormally 
sensitive to temperature changes, and a feeling of coldness and shivering 
in the extremities frequently precedes the paroxysms.

That the condition is due to a liberation of hemoglobin from the cor
puscles was first fully demonstrated by Kiissner, in 1879, by withdrawing 
blood from the peripheral circulation during a paroxysm, and finding 
that, after coagulation, the serum was distinctly colored by hemoglobin. 
Yet clearer demonstration was afforded by Ehrlich, who showed that, 
after ligaturing the finger of a patient subject to these attacks, and dip
ping it in cold, and then in hot, water, not only had the serum become
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tinged, hut, among the corpuscles, numerous shadows of red cells, 
which had lost their hemoglobin, could he distinguished. We owe to 
Donath and Landsteiner1 most material advance in our knowledge of 
this morbid process. Briefly, they have shown that if the blood serum 
be centrifugalized from the blood of a hémoglobinurie patient and the 
erythrocytes be added to this at the body heat, no hemolysis ensues; 
on the other hand, if the serum be cooled, if only to room temperature, 
again no hemolysis ensues, but upon bringing the suspension to body 
temperature, the mixture becomes laked. From this and other studies 
they conclude that the serum contains amboceptors, which attach them
selves to the corpuscles at a low temperature, but not at a high ; but once 
attached, on rewarming, the corpuscles are acted on by complementary 
substances present in the serum, so that hemolysis is brought about. 
What is of interest is that the hémoglobinurie serum has the like action 
upon the erythrocytes of normal individuals—nay, more, these are even 
more susceptible to the action—a proof of the existence and develop
ment of a definite if slight grade of auto-immunity in the bodies of 
affected individuals. These observations have been confirmed by several 
observers.2 3 What leads to the development of these auto-hemolytic 
bodies is still undetermined. Donath and Landsteiner found that the 
blood of apparently normal rabbits occasionally affords the phenomenon, 
and suggest that they are of the nature of sports. Hôssle calls attention to 
the fact that a large number of sufferers from paroxysmal hemoglobinuria 
give the history of syphilis, and when to this we add the data afforded by 
the studies upon WassermamVs reaction, namely, the increase in globulins 
in the serum of syphilitics, and the knowledge that these with lipoids 
are concerned in hemolysis (p. 549), this suggestion that syphilis plays 
a part in at least some cases is plausible.

A similar but more severe and more pronounced paroxysmal hemoglo
binuria is seen in horses, and here also exposure to cold has been noted 
to play a part. This condition is sometimes spoken of as azoturia.

Infective Hemoglobinuria. But not all the hemoglobinurias in cattle 
and in man are of this same obscure origin. Some are undoubtedly due 
to the effects of blood parasites, sporozoa. The organisms of ague or 
malaria, for example, would appear to be the essential cause of “black- 
water fever” in man, though, according to Koch, an idiosyncrasy toward 
quinine, taken to ward off the ague, has also to be invoked. In Texas 
fever in cattle the piroplasma similarly leads to a dissolution of the 
erythrocytes and the discharge of hemoglobin.

Modified Hemoglobin. Free hemoglobin undergoes extensive modifi
cations in cases in which there is prolonged destruction of the red cor
puscles; and, again, where there is localized hemorrhage in the tissues. 
As indicated by the succession of tints assumed by subcutaneous hemor-

1 Zeitschr. f. klin. Med., 58: 19UG: 173; Centralbl. f. Bakt., Orig., 45:1907; and
Wiener klin. Woch., 1908 : No. 45.

3 Widal and Rostaine (quoted by Russie, I.ubarsch's Ergebnissc, 13:1909 : Abth. 
2, Langstein, ibid., see also Eason, Edin. Med. Journ., N.S., 1: 1908:121.
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rhage—in a “black eye,” for example—there is a succession of modifica
tions of its pigment constituent, the hematin, leading to eventual deposit 
in the tissues of two, or, more correctly, three substances—hematoidin, 
hemosiderin, and hemofuscin. Of these, hematoidin is a pigmented, 
rather ruby-red, iron-free substance, which may be present either in the 
form of definite rhombic crystals, or in a more granular state, with occa
sional faint indications of crystalline structure. This, it has been noted, 
occurs more frequently in relatively large hemorrhages, or, more cor
rectly, in the more central portion of hemorrhagic areas; it may be found 
in cerebral hemorrhages, or in the hemorrhagic contents of corpora lutea.

Fio. 322 Flo. 323

Rhombic pintes and needles of hematoidin.
X 500. (Ziegler.)

It is soluble to a slight extent, and 
is supposed by some to be the cause 
of the yellowish pigmentation of 
the skin that accompanies severe 
paroxysmal hemoglobinuria and 
other conditions like pernicious anemia, in which there is extensive 
destruction of the red corpuscles. Chemically it is identical with 
bilirubin and closely allied to urobilin.

Hemosiderin, on the other hand, is always amorphous, in the form 
of fine granules, and is iron-containing, so that it can always be recog
nized by certain microchemical tests. By treating sections with ammo
nium sulphide, the granules appear brownish black, through the forma
tion of sulphide of iron (Quincke’s test). The more beautiful test is the 
so-called Perl’s test, which consists of treatment of sections with moder
ately dilute solutions of potassium ferrocyanide, followed by treatment 
with weak hydrochloric acid. By this test the iron granules become 
converted into cyanide of iron (Prussian blue), and each granule has 
then a characteristic rich blue appearance. Deposits of this hemo
siderin are regularly to be encountered, more particularly in the outer 
zone of hemorrhagic areas, both free and in leukocytes or other cells. 
Cellular activity appears to be necessary for its development. It occurs 
also in various organs of the body after repeated hemorrhages, or where, 
from one cause or another, there has been extensive destruction of red

From a section of the liver from a case of 
pernicious anemia, treated by Perl’s test to 
demonstrate the iron-containing pigment lying 
in the liver cells close to the bile capillaries a, 
and away from the blood capillaries b. (After 
Ribbert.)
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corpuscles in the spleen, liver, pancreas, lymph glands, walls of the 
intestines, etc. More particularly under such conditions do the liver 
cells come to contain relatively great quantities of hemosiderin. This 
is particularly noticeable in pernicious anemia, and here, as Quincke, 
Hunter, and others have pointed out, the liver may contain as much as 
ton times the normal amount of iron. In addition to pernicious anemia 
there may be large deposits of hemosiderin in the liver and other tissues 
in the condition known as hemochromatosis.

What is the cause of this condition is still a matter of debate. Von 
Recklinghausen was the first to call attention to it and point out that, 
in the lighter stages, it is to be noted in the walls of the small intestines, 
which, as a consequence, assume a yellowish or light-brown tint. In 
more advanced cases it is associated with cirrhosis of the liver, fibrosis 
of the pancreas, and, not infrequently, with diabetes, in the condition 
known by the French as diabète bronzé. As Kretz has pointed out, and 
as I )r. Maude Abbott has confirmed,1 a considerable proportion of eases 
of cirrhosis of the liver show an excessive deposit of iron-containing pig
ment in that organ. Dr. Abbott found this in not less than nine out of 
sixteen eases ' cirrhosis studied in Montreal. But what is the
cause remains doubtful. The condition occurs more commonly in men; 
indeed, I)r. Abbott’s case is the only one so far recorded in the female. 
( )pie2 is of the opinion that hemochromatosis is a specific disease. 
This we are somewhat inclined to doubt, for, as already indicated, a 
large proportion of cases of ordinary cirrhosis show slight grades of the 
condition. This, however, 1 think must be admitted, that the deposits 
of the pigment indicate, as in pernicious anemia, a destruction of the red 
corpuscles extending over a long period, and the heaping-up of the pig
ment, more particularly in the liver, as an indication that the cells of that 
organ are incapable of dealing adequately with the iron-containing por
tion of the hemoglobin, which thus remains in a fixed state in the liver 
cells and other cells throughout the organism. That the destruction is 
of the nature of a subinfection is supported by the recognition by 
Blackader, of Montreal, (iibson, of Edinburgh, Stokvis and others of an 
acute hemochromatosis, or bacterial cyanosis, due to B. coli bacteriemia.

The indications are that this hemosiderin is an albuminate of iron in 
which the iron is relatively loosely combined. In livers containing a 
considerable amount of the hemosiderin turning blue by Perl’s test, 
other granules can be seen of the same size and general appearance, 
which, however, are unall'ected, remaining of a yellowish brown. These 
granules are known as hemofuscin, and, as pointed out by Dr. Abbott, 

j the Perl test, with heat and somewhat stronger acids a cer
tain proportion of these now take on a blue color. The probability, 
therefore, is that hemofuscin represents an albuminate of iron in which, 
as in hemoglobin itself (which also does not react to Perl’s test), the iron 
is in a more stable and firmly fixed combination, though other observers 
regard it as hemosiderin which has lost its iron. Such hemofuscin is

1 Joum. of l’athol., 7 :1901:55.
Ü1

2 Journ. of Exp. Med., 4 : 1899 : 279.
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found also in other conditions—in extravasations of blood at a late 
stage; similar brownish-yellow granules have been noted in certain 
gland cells of the stomach and intestines, of mucous and sweat glands. 
Whether these granules are all of the same order is debatable. We are 
inclined to regard them, with von Recklinghausen, as, in the majority 
of cases, clearly derived from hemoglobin.

The nature of the pigment seen within the muscle fibres in brown 
atrophy is still a matter of debate; from histological considerations, 
regarding the atrophy of the fibres with which the pigmentation is 
associated, it is most natural to regard the pigment as a product of 
dissociation of myohemoglobin. Lubarseh1 and others have regarded 
it as a lipoehrome (see p. 072), and undoubtedly from the heart with 
brown atrophy there can be dissolved out a certain amount of such fatty 
pigment. But Taranonkhine2 cannot recognize that it is either a deriv
ative of hemoglobin or a lipoehrome, although he regards it as a proteid 
derivative. Vet it is deserving of note that Rosenfeld,3 studying the pig
ment of the muscles of the small intestines (the pigmentation which von 
Recklinghausen has regarded as the first stage of hemochromatosis), 
found in this so large a proportion of sulphur that he regarded as more 
essentially allied to the melanins.

As against this view we would point out the impossibility of adequately 
isolating this pigment; and secondly, the ease with which sulphur, in 
the form of sulphuretted hydrogen, diffuses from the bowel, and so is 
liable to l>e taken up and absorbed by the surrounding tissues and their 
constituents.

Pseudomelanosis. In this connection we may note that a marked 
grade of pseudomelanosis is occasionally to be met with. Where there 
has been breaking down of red corpuscles, with liberation of hemo
globin and formation of hemosiderin, and, further, the presence of 
sulphuretted hydrogen, an iron > " " ‘ ‘1 is formed and the tissues become 
black. Such lilieration of sulphuretted hydrogen occurs most often in 
the stomach during digestion and fermentation of the food. Thus, at 
autopsy, it is most frequently the stomach walls and the organs in the 
immediate neighborhood the liver and the spleen that exhibit the 
change. But sulphuretted hydrogen may also be liberated by bacterial 
activity in suppurating wounds, gangrenous extremities, etc., and a 
similar pseudomelanosis be so produced. Mere postmortem decom
position rarely seems adequate to induce the change; more often there has 
been during life local or general hemolysis, with setting free of hemoglobin.

He matoporphyrin and He mate porphyrinuria. Like hematoidin, hemato- 
pcrphvrin is an iron-free derivative of hemoglobin, or, more truly, of 
hematin. It is not, to our knowledge, found within the tissues, but 
minute quantities have l>een recognized in normal urine, and in certain 
conditions of disease the amount in the urine may la* notably increased;

1 Cent rail I. f. Path., 13: 1902 : 881.
1 Kolinsky Arch, patol., 10:1900:441; ref. in Lubarsch-Ostertag's Krgebnisst*, 1901,
9 Arch. f. exp. Path., 48:1900.
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acute rheumatism and sundry hepatic conditions are liable to be accom
panied by a slight grade of hematoporphyrinuria. The greatest dis
charge is liable to occur after the injection of certain drugs, such as 
sulphonal, whose acid constituent is supposed to be liberated within the 
system, and then to act upon free hemoglobin.

JAUNDICE; ICTERUS

That there is a constant, if somewhat intermittent, excretion of bile 
is easily realized. It is more difficult to realize that the abundant pig
ment of that bile is derived from the never-ceasing destruction of red 
corpuscles. This is surely the ease. The individual erythrocytes have 
but a short life period, apparently not exceeding four weeks; either they 
«lie in the blood stream fade away, their hemoglobin dissolving out, 
and the colorless shadows later breaking up and dissolving in the blood 
plasma or the corpuscles are taken up in a moribund condition by the 
phagocytic cells of the spleen and liver. Other endothelial cells, notably 
those of the lymph glands, possess the same property, although thev 
exercise it to a less extent. The hemoglobin from these corpuscles, 
whether in an unaltered state or modified, is absorbed by the endothelium 
of the hepatic capillaries, is passed on to the liver cells, and is, by them, 
broken up. The exact stages of this breaking-up process, first demon
strated by Ktilme in 1X58, have not been followed; the result is that the 
iron-free portion of the pigment is discharged into the bile capillaries in 
the form of bilirubin, the pigment of the bile. What becomes of the 
iron-containing moiety under normal conditions is a matter of conjecture 
rather than of precise knowledge. It may lie returned direct to the blood; 
it may pass into the lymph channels. Compared with the amount of 
bile pigment discharged, the amount of iron present in the washed-out 
liver is relatively small. There is no great storage of iron in a combined 
state in this organ; the amount in the bile is so small as not to be worth 
consideration. Evidently the iron of hemoglobin is a valuable asset, 
and is not lightly parted with by the organism. If discharged into the 
bile it is capable of being absorbed again in the small intestines, where, 
as Macallum, of Toronto, has demonstrated, albuminates of iron are 
taken up by leukocytes which have wandered on to the free surface and 
are, by them, conveyed into the blood and lymph stream.1

Any disturbance «if the regular discharge of altered blood pigment 
lea«ls to a more or less definite grade of jaundice, by which we understand 
a condition in pigment, failing to be discharge ‘
the liver, accumulates in the same until it regurgitates into the lymph 
and bloodvessels, and so, being carried, in a soluble state, to the other 
tissues of the body, it is absorbed by those tissues, causing them to 
assume a bile-stained appearance. It is this staining that is the essen
tial feature of jaundice (French, jaunisse; jaune, yellow); the accom
panying symptoms, itching of the skin, slowing of the heart, mental

1 For a discussion upon the fate of the iron liherate«i from hemoglobin, sec also 
Morishima, Arch, f. Pharm. u. Path., 41:1898: 291.
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depression and melancholy (literally', black bile), etc., while due to 
hepatic incompetence and regurgitation of other constituents of the Idle, 
must he regarded as subsidiary. They may not show themselves in the 
milder stages of the condition, and will he discussed later when treating 
of the general pathology of hepatic disturbances. That this staining 
is due to bile pigment is easily proved. The blood, the urine, and the 
tissue give, upon analysis, the chemical reactions for bilirubin, or, in 
some eases, for its more oxydized modification, hiliverdin. That in all 
eases of true jaundice the liver is the organ in which this pigment is 
forints), if not wholly, at least in preponderating quantities, is shown 
hv the fact that this organ is the first to be involved, and may exhibit a 
greenish color when other parts of the laxly are but slightly involved. 
Microscopically, also, it can be made out that the pigment is present 
in excess within the liver cells. There is clearly regurgitation or 
passage of this soluble pigment from the liver into the circulation, 
and when it passes into the bhxxl it is taken up by and stains the 
various tissues.

Distribution. The tissues are affected variously. At a very early stage 
the bilirubin may be detected in the blood serum, and at an early |x‘ri(xl 
also the kidney takes on a distinctly yellow color; for it is by the kidney 
that the excess pigment of the blood tends especially to lx* discharged, 
and it is the convoluted tubules, or certain portions of the same, which 
take an active part in this process. The cells of these hx»ps are not only 
diffusely pigmented, but contain yellowish-brown granules, which are 
either granules of inspissated bilirubin, or, by some observers, are 
thought to be the small granules of the cell deeply pigmented. Hut, 
clinically, the condition is first noticeable in the sclerotics of the eye, 
and next in the mucous membrane of the mouth, being more particu
larly capable of detection over the hard palate. Then the skin Ixvomes 
involved, taking on a jade yellow tinge. From this period onward, ti|xm 
postmortem examination, it is found that the ordinary connective tissues 
throughout the laxly are especially affected. The spleen takes on a 
pronounced stain, as do also the vessel walls. Certain tissues are rela
tively unaffeetnl, noticeably cartilage, the cornea, the brain, and nervous 
tissues (save in the very young). In the brain the perivascular lymph 
may be relatively deeply stained, but the nervous tissue proper remains 
colorless. The lungs also are not greatly involved, save where there is 
intercurrent pneumonia, when the pneumonic areas and the expecto
ration become jaundiced. The bile pigment passes into several of the 
secretions; first and foremost is the urine; next in importance is the 
sweat, whereby the underclothing of the patient lieeomes stained yellow. 
The saliva is not «infrequently affected, the milk more rarely ; the tears 
are said to be free from pigment even in the most advanced eases, and, 
as evidenced by the pale color of the feces in those eases in which there 
is complete obstruction of the common bile duct, there is very little, if 
any, discharged from the glands of the stomach and intestines.

The tint of the skin varies according to the intensity and duration 
of the condition, from pale yellow, through an obtrusive sulphur yellow,
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to olive green, or, in advanced cases, to a dirty greenish black. In 
those eases in which the cause of the jaundice passes away, the pigment 
becomes again discharged from the tissues; but this not immediately; it 
may be present, slowly fading, for weeks afterward.

Etiology. What, now, is the exact nature of this process ? Are all the 
conditions we include under the term jaundice due to staining with bile 
pigment; or, more exactly, is it essential that, when bodies of the nature 
of bile pigment cause a staining of the tissues, they have been formed in 
the liver itself? Or, on the other hand, can bodies of this nature be 
formed by the breaking-down of the hemoglobin in the circulation, and 
thus there lie a hematogenous as well as a hepatogenous jaundice? As 
regards hepatogenous jaundice, how does the bile pigment gain entry 
from the liver cells into the circulation? Is it discharged or diffused 
backward from the liver cells, through the vascular endothelium into the 
portal capillaries; is there a process of distension of the bile capillaries 
and bile ducts, ending in the rupture of the same into the portal vessels; 
or does the pigment enter the blood outside the liver by way of the 
hepatic lymph vessels and the thoracic duet ?

We will endeavor to answer these questions, if not in the order here 
given, at least in such a way as to give a clear indication of their relation
ship and importance. There can, in the first place, be no question that 
pronounced eases of jaundice are due to the production of bile pigment 
in the liver and passage of the same from the liver into the blood, for 
in these cases not only is (lie liver the organ which, to the naked eye, 
shows the earliest and most advanced pigmentation, but the microscopic 
appearances also fully bear out this conclusion. There is here abundant 
evidence of the obstruction of the outflow of the bile. All true jaundice, 
in fad, is of an obstructive nature, with regurgitation of pigment and 
other bile constituents into the circulation. We can distinguish the 
following:

I. Obstructive jaundice pure and simple (hepatogenous jaundice), 
with no primary blood disturbance. Cases of this order may be due to 
any one of the many causes which lead to complete or partial obstruction 
of the bile channels in any part of their course, from the hepatic lobule 
down to the duodenal papilla; congenital absence or narrowing of the 
main bile duets; inflammatory swelling of their walls, with narrowing of 
the lumen (catarrhal jaundice); growths within the passage ; presence 
of foreign bodies within the lumen, such as gallstones or parasites, 
enlarged lymph glands, new-growths, or inflammatory cicatrices com
pressing the bile ducts from without ; spasmodic stricture of the ducts. 
This is, as it were, but the skeleton of the many causes which have been 
found operative in leading to obstructive jaundice.

In these cases not only do we have indications of distension of the 
bile channels and the filling of the same with bile, within the liver, but 
the liver cells show a diffuse pigmentation, together with the presence 
of deeply stained masses of pigment. And careful examination in 
advanced cases shows that this pigment deposit within the liver cells 
has a definite and characteristic arrangement. As first shown by
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Nauweri'k,1 2 of Konigsbcrg, and independently, a few months later, by 
Fütterer,3 of (’liioago, this pigment lies in and injects a system of intra
cellular channels which are in direct connection with the bile capillaries. 
This network encloses the nucleus of the cell, but never enters it.

IIow, then, does this pigment enter the circulation? The more usual 
method was first demonstrated by Saunders a century ago.3 I Ie ligatured 
the common bile duct, and then was able to trace the lymphatics of the 
liver, distended with bile, up to their junction with the thoracic duet. 
It has also been clearly demonstrated by Vaughan Harley.4 If two dogs 
be taken, and in both dogs the common bile duct be ligated, and in one, 
in addition, the thoracic duct be also closed, in the one bile pigment 
appears in the urine (discharged from the blood) in the course of a few 
hours; in the other, with the thoracic duct closed, it may be eight or even 
fourteen days before there is any such discharge.

Clearly, the normal path by which the bile reaches the circulation is 
by way of the lymphatics. There is here a certain analogy between 
what occurs in the liver and what has been observed in the pancreas 
after obstruction of the pancreatic duct. When the pancreatic duet 
becomes overdistended, the pancreatic juice makes its way into the 

spaces round about the ducts, and there leads to very definite 
disturbances. There would seem to be a similar passage out of the 
distended bile capillaries and ducts into the lymphatics. Hut, on 
attempting to repeat Vaughan Harley's experiment, it does not succeed 
in every case. At times, although the operation has been performed 
most carefully, bile may appear in the blood and in the urine within a 
day or two, and Ziegler demonstrated very clearly that, in advanced 
grades of obstructive jaundice, diere may be rupture of the distended 
bile capillaries into the neighboring bloodvessels. This is probably 
what occurs in the exceptional eases almve referred to. And lastly, 
there is the possibility to consider, that even within the liver cells there 
may be a diffusion or reverse discharge of the bile pigment into the blood 
capillaries of the lobules, and this would seem to be favored by a second 
series of extremely fine intracellular channels communicating with the 
blood capillaries. The existence of such was indicated by Nauwerck 
and, even more definitely, by Browiez; their actual existence and con
nection with the lobules has been shown by Professor Schafer, of Edin
burgh, in the rabbit's liver. It may well Ik* that reverse currents might 
thus Ik* set up in the liver cells themselves, with discharge through these 
fine channels into the blood. Hut of such a pt rap'dritijt we have no 
positive evidence. The prolonged jmthkI which may supervene In-fore 
bile appears in the blood when the thoracic duct has been ligated would 
seem to contra-indicate any such reversal of secretion, at least in eases of 
simple obstruction.

1 Deutseh. mod. Woch., 1895, and Munch, mod. Wocli., 1897.
2 Medicine. Chicago, June and .1 illy, 1898.
3 The Structure, Economy uiul Dinonlern of the Liver, London, 1809.
' Arch. f. Anal, mid Physiologic, Physiolog. Abt., 1893.
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2. A second form of jaundice is secondary to extensive breaking- 
down of the red corpuscles in the circulation, with, as a result, over
loading of the liver cells and excretion by them of a concentrated or 
inspissated bile, whereby the fine bile channel» become blocked, and the 
bile pigment now makes its way into the general circulation. This we 
may term, with Afanassiew, hemohepaUufeiwwt jaundice, or, as it is fre

now termed, toxemic. It may la* manifested in all those condi
tions which lead to excessive destruction of the red corpuscles—in acute 
septic disturbances, for example.

In these cases the jaundice is not so severe as in the preceding group; 
there is not complete obstruction, the feces remain colored, and the 
gall-bladder may contain a thick, intensely black bile. Experimentally, 
the condition can be produced, as Ilunter and others have pointed out, 
by the employment of toluylenediamin and other drugs which set up 
great destruction of the erythrocytes. Recent studies bv Widal, Riesman,1 
and others have called increasing attention to the state of undue fragility 
of the erythrocytes, either present from earliest years and familial, or 
acquired in later life, characterized by persistent discoloration of the skin, 
with recurrent conditions of more severe icteroid states, if not actual 
jaundice. The general symptomatology is that of the type here descrilied. 
There is still debate as to whether this is a true jaundice—i.e., whether 
obstruction to the discharge of bilirubin is an integral part of the condi
tion, or whether this is more correctly to be placed among the conditions 
of hematogenous “urobilin" pigmentation, to Ik* noted on the next page.

•i A similar grade of jaundice is set up in another gr ' conditions, 
namely, in acute yellow atrophy of the liver, ‘ rus poisoning, and
acute infective jaundice, or Weil’s disease, it is questionable where to 
place this group. There is here, clearly, an acute toxic condition chiefly 
affecting the liver cells and not affecting the blood. Probably it should 
be included in the purely hepatogenous group, for the disturbance or 
obstruction is in the liver cells themselves, or in the finest capillaries.

4. Lastly, there are cases on record of the rapid supervention of jaun
dice after severe shock and nervous disturbance. The condition develops 
so rapidly that it is difficult to suppose that it is due to any spastic con
traction of the ducts, and there must either be rapid concentration of 
secretion, with blocking of the finer channels, or reversed circulation, 
as already indicated when discussing the intracellular passage in the 
liver cells.

Hematogenous Urobilin i Pigmentation. Can bilirubin or a in- 
allied derivative of hemoglobin be produced in the circulating blood out
side the liver, and this to such an extent that the tissues l>eeome pig
mented ? We know that hematoidin, which, as Neumann has shown, is 
identical with bilirubin, can be formed in tissues (see p. ff(iO). We know 
that it has lieen detected by Naunyn and Minkowski, Lowitz, and others 
actually within the circulating leukocytes. We recognize, also, that in 
cases of known destruction of the ml corpuscles within the vessels—

1 Trims. Assoc. Amer. Physic., 1010.

2

4
39



PIGMENTATION AND PIGMENTARY CHANGES008

in paroxysmal " ’ binuria, in pernicious anemia, in hemochroma
tosis, in hepatic cirrhosis, in sepsis, etc. the skin is apt to assume not, 
it is true, a frank jaundiced hue, but at least a distinct tinge, varying 
from pale lemon yellow to ashen or bluish gray (as in advanced hemo
chromatosis). Whether we are dealing with one and the same substance 
in all these eases is, perhaps, doubtful; but it is evident to every clinical 
observer that in this group of cases we have pigmental changes which 
appear to form a distinct group by themselves. And in this group of 
cases, when we come to make postmortem examination, the liver in 
(/aural is not jaundiced, and, when examined microscopically, its cells 
exhibit no excess of bile pigment, nor is there any evidence of inspissation 
in the bile capillaries. We say “in general,” because there is a certain 
proportion of such cases of more acute type in which the livers exhibit 
the characters associated with obstructive jaundice. The ordinary septic 
liver, for example, is not jaundiced, even though the skin Ik* of a lemon 
tinge; but in some cases of sepsis we have all the indications of an acute 
hepatitis, with disturlwd secretion and accumulation of bile pigment 
within the cells.

Now, in this group of cases, judging from the blood counts, there is 
abnormal and continued destruction of the red corpuscles, and the urine 
tends to l>e high colored and to contain urobilin, which analysis shows 
is a modified form of bilirubin, a reduction product of the same, closely 
allied to, if not identical with, hydrobilirubin (bilirubin />0;
hydrobilirubin = ( ’MH40N4O7). While urinary urobilin in some cases 
may be absorbed from the intestines,1 and in others directly produced in 
the liver, it is also admitted that it may be due to production from blood 
pigment in the organism independent of the agency of the liver.

But, these facts notwithstanding, the accepted teaching of the present 
day is that all these conditions of pigmentation are also hepatogenous 
and that the pigment is derived from the liver. We believe that this 
teaching is wrong. It is based upon certain apparently most decisive 
observations of Nannyn and Minkowski (1880) upon the goose, of 
Stern upon the pigeon (1885), and on other confirmatory observations 
upon the frog. In these animals not all the portal blood passes through 
the liver; there is a collateral vessel carrying a portion directly into the 
inferior vena cava. It is thus possible to close off or extirpate the liver 
without completely arresting the portal circulation. An animal so 
treated may, under favorable conditions, continue to live for a length 
of time sufficient to make observations about its metabolism. Naunyn 
and Minkowski found that if, for instance, they allowed geese so treated 
to inhale arseniuretted hydrogen (which ordinarily brings about great 
destruction of red corpuscles), no jaundice was set up. And, further, 
no bilirubin or urobilin was excreted from the kidneys. Hemoglobin 
alone was discharged. In other words, for the formation of these pig
ments the liver is indispensable.

The more recent observations by Croft an* appear to e> this

1 The main fecal pigment, slercobiliti, is now recognized as identical with urobilin.
11‘hila. .Med. Jour., 1902: 75 and 142.
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non-appearance. According to him, the hrcaking-up of hemoglobin to 
l)ilirul)in within the system is brought about by tryptic ferments in the 
presence of a carbohydrate (glycogen or dextrose). It is in the liver, 
lie points out, that this combination of ferments with carbohydrate and 
hemoglobin is most liable to occur. If the liver be removed, any excess 
of glycogen or carbohydrate within the blood or tissue is immediately 
utilized. Hence the above experiments do not demonstrate that all bili
rubin is formed within the liver. The liver, it is true, is a factor, and, 
when it is present, bilirubin may be formed within its cells. Hut it may 
be formed in other parts of the organism- -wherever, in fact, free hemo
globin is present along with dextrose and trypsin. And trypsin has 
been detected within every organ.

This explanation harmonizes the data in our possession. There may 
be a true hematogenous pigmentation of the tissues with bilirubin derived 
from hemolysis within the vessels, without any participation by the liver, 
save that this organ supplies to the blood the carbohydrate necessary 
for the conversion. This is not jaundice proper; for want of a better 
term, we may speak of it as hematogenous pigmentation.‘ If the hemo
lysis be more intense, then the overstimulation of the liver cells leads to a 
disturbance of their function, obstruction of the finer bile channels, and 
regurgitation into the circulation of the bilirubin produced within the 
liver cells (toxemic hematogenous jaundice). And lastly, and this is 
the most pronounced form, there is the purely hepatogenous or obstruc
tive jaundice developed without any primary blood disturbances.1 2

OTHER ENDOGENOUS PIGMENTATIONS

Melanotic Pigmentation. Of the autochthonous pigments not 
derived from hemoglobin, the most important is melanin. Melanin

or, perhaps more correctly, the melanins, for the divergent analyses 
suggest that we have to deal with not a single body, but with a group 
is characterized by absence, or minimal quantity, of iron and, with rare 
exception, by relatively considerable sulphur content.

The variation in the sulphur present is striking; as high as 10 per 
cent, has been recorded in the melanin from some cases of melanotic 
sarcoma. Abel and Davis* found from 2 to 4 per cent, in that from skin 
and hair, but that from the choroid of the eye has been found free from 
sulphur. As regards the iron, it would appear that the more the melanin 
is purified the less is the amount of iron detectable.

1 We use this term in preference to urobilin pigmentation because, while urobilin 
appears in the urine in this order of cases, evidence is wanting that this is the pigment- 
circulating in the blood and deposited in the tissues. Saying this we would not 
imply that the pigment is not urobilin, which as a reduction product of bilirubin 
might well be present in the tissues; merely that in the absence of sure knowledge it 
is more accurate not to employ this laliel.

1 For a fuller study of jaundice, Hunter's article in Allbutt’s System, vol. iv, may 
well be recommended.

* Jour, of Kxp. Med., 1:1896:361.
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According to Abel and Davis, to whom we arc indebted for the most 
thorough study of the pigment of the negro's skin and hair, melanin 
granules are in alkali, dilute hydrochloric acid, alcohol,
or other solvents, in the order here named, although after treatment for 
some days with dilute hydrochloric acid, dilute alkali now causes them 
to give up their pigment, leaving behind fine shadows of an organic 
substratum. What is more, these observers detected a definite amount 
of silicates in the granules, from both the skin and the hair. It exists 
normally in the choroid coat of the eye, in the deeper cells of the Mal
pighian layer of the skin, as also in certain cells chromât ' res— 
of the upper layers of the coriuni, and is found also in the membranes of 
the brain, more particularly in the neighborhood of the choroid plexus. 
Its coloring power is intense. Abel and Davis calculate that the entire 
skin and hair of the negro do not contain more than I gram of the sub
stance. In melanotic growths, however, it is present in great quantities; 
from the affected liver alone in a case of melanotic sarcoma as much as 
31X) grams have been gained. It may be recalled that it is not only in 
the colored races of mankind that it is present in the skin, but in all 
human beings, with the exception of Albinos, as those are termed who 
exhibit an inherited lack of me" formation.

What we regard as the normal production of melanin in members 
of the human family varies within wide limits, the fair-lmired Saxon 
and the swarthy negro representing the extremes. What we regard 
as abnormal is, with the one striking exception, not very extreme. A 
physiological increase in the pigmentation is observed in pregnant 
women in the increased color of the areola* around the nipples; this 
pigmentation, or chloasma uterinum, affects also other areas already 
pigmented, and is most marked in those having already dark skins 
brunettes. A somewhat similar pigmentation, but of irregular distri
bution, is observed in many cases of exophthalmic goitre and certain 
neurotic states (melasma). What is generally regarded as a pigmenta
tion of the same order, and still more marked, is encountered in Addison’s 
disease. Hut the most extreme abnormal development of mi is 
associated with the development of new-growths and of melanotic 
tumors (see p. N25). Where these are extensive and rapidly developing, 
there is an escape of pigment into the blood (melanemia) and discharge 
through the kidney (melanuria). This excretion may be either of the 
fully formed melanin or of its chromogen : the urine, at first relatively 
colorless, taking on a dark-brown color on standing or after treatment 
with certain reagents. Among the domestic animals, notably the horse, 
a condition has been described not found in man, namely, a diffuse 
melanosis, in which pigment-containing cells are found throughout the 
tissues. Such melanosis and the presence of melanotic tumors have been 
found to affect white and not dark-colored horses.

Yon Ftirtli,1 to whom we are indebted for the fullest recent study upon

1 (’entraUil. f. Path.. 15: 1904: 017; net* also von Fiirth and Schneider, 
Ilofmvistvr’s Beit rage, 1: 1901: 229.
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the nature of melanin, has brought forward an ingenious and plausible 
theory regarding the nature and origin of melanin. French observers, 
more particularly, have called attention to the existence of oxidases 
within the living tissues, through whose action certain proteins are 
darkened. It has, for example, been shown that the browning of the 
<*iit surface of an apple is due to this process, while, similarly, the con
version of the relatively colorless juice of certain Japanese plants into 
black lacquer by exposure to air1 2 has been found to be due to the presence 
of oxidases which act upon the tyrosin and other aromatic products of 
protein decomposition. Experimentally, also, it can be shown that the 
action of strong acids upon proteins produces a dark-brown substance 
“artificial melanin” which is regarded as produced from the tryto- 
phane, tyrosin, and other aromatic bodies resulting from proteid decom
position by the addition of oxygen. Von Ftirth would regard melanin 
and the melanoid bodies as developed by the action of intracellular oxi
dases (“tyrosinase”) upon the aromatic or chromogen groups of the 
protein molecule. In favor of this view is the fact that a tyrosinase has 
been shown to be present in the ink sacs of cuttlefish, the pigment 
developed in these sacs, sepia, being allied in composition to melanin. 
And he would regard both the sulphur and iron as combined secondarily. 
It is somewhat against this view that tyrosin is not one of the products 
gained from the decomposition of melanin, although indol and skatol are 
obtained. Indol, therefore, and the allied bodies, rather than tyrosin, 
would appear to be involved in the process.

Independently what would seem to be a striking support to this view 
has been adduced by W. L. Halle.- He has demonstrated that, under 
the influence of an enzyme contained in the adrenal, tyrosin is con
verted into adrenin. We would point out that it is when the adrenal 
or its secretion is deficient that the characteristic pigmentation -bronz
ing of Addison’s disease shows itself. If the above view be correct, 
that pigments of the melanin group are of the nature of members of 
the aromatic series of derivatives of the protein molecule, then the 
bronzing gains its explanation: it is due to the want of conversion of 
tyrosin and allied bodies in the relative absence of the adrenal and 
to their consequent accumulation in the tissues, and we would add 
the greater darkening of the superficial parts most exposed to light 
and air gains its explanation from the more active oxidation of these 
“aromatic” bodies in these regions.

In the section upon neoplasms the nature of the cells containing the 
melanin has already been discussed (p. S29).

Melanin, or the melanins, are also the cause of the color of the hair.

1 For the fullest data ii|m>ii the oxidases with review of the literature, nee Kastle, 
Tin (iviihiKis, Publications of the Department of Hygiene, Washington, 1010.

2 llofmeister’s Beitr., 3 (’hem. Physiol, u. Pathol., 8 :1900: 270. 1 owe this rvfer- 
enee to Professor Schafer's lectures upon the adrenal, Brit. Med. Jour., 1908 : t ; 
1281. These and l)r. Holleston’s address, Montreal Med. Jour., 30 : 1907 : 071, give 
an admirable summary of the present status of knowledge regarding the adrenals.
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We do not encounter pathological -as distinguisheil from artificial— 
excess of hair pigment, although one of my students has called my 
attention to the fact that after erysipelas his hair, which had been of a 
light brown color, became jet black and curly; only gradually in the 
course of six years is it returning to a brown color, being still darker than 
it was originally. A few similar eases are recorded in the literature. 
The opposite condition of loss of pigment turning gray, or canities— 
is common. According to Metelmikoff, this process is essentially brought 
about by the increased phagocytic activity of the epidermal cells of the 
medullary layer of the hair, cells which Metelmikoli terms pigmrntoph- 
atjrs. We cannot but regard this as at most a partial explanation. It 
may well explain certain eases of loss of color, but some eases of white 
hair, like leukoderma of the skin, are surely due to failure on the jmrt 
of the cells of the hair bulb to assimilate or elaborate the melanin. 
Following von Ftirth's theory, it may be suggested that there is in these 
conditions a lack of that intnu-ellular oxidase or tyrosinase, whereby 
the chromogen or melanogcn is converted into melanin. In this con
nection it is suggestive that Spiegler* has isolated from white hair and 
wool a body closely related to melanin, which he regarnis as a white 
chromogen or mein nogen.

Ochronosis. Possibly allied to the melanins although its nature 
is still a matter of debate is the pigment which, in very rare eases, 
«•anises a striking blackish discoloration of onrtilag«\ In the sixties 
Virchow described the first case noted ; since then scarce half a dozen 
cases have been recordc«l. The tendons, temlon sheaths, and synovial 
membranes may also be involved. 'Plie pigment is iron-free.

Halisemami's1 2 case had associates! with it the conditions of melanuria ; 
Ilts-ker and Wolff and Pick have addeil other cases, if not of melanuria 
pro|M‘r, at least of darkening of the iiriim upon standing; and the latter, 
in a very thorough study of the condition, comes to a conclusion closely 
allusl to that of von Fiirth regarding melanins, namely, that the pig
ment in ochronosis is deriveil from aromatic compounds through the 
action of tyrosinase.

Lipochromes. There is a little understood series of coloml fatty 
I an lies occurring in normal tissues. In the human body these more 
particularly give the color to the fat of the organism, and one of them 
—lutein —is present in considerabh* abundance in tin* cells of the cor
pora lutea. The pigment that accumulates in the nerve cells in 
advancing life, and under certain pathological conditions, would seem to 
h<‘long to this order of bodies; as also, according to some observers, 
tliat of brown atrophy of muscle cells, though, possibly, in this last case 
we have to deal with combinations between fat and derivatives of hemo
globin. What is apparently a true lipochrome is the light-yellow, fatty 
laxly present in the cells of xanthomas (p. 72d).

There is yet another form of m-oplastic growth -the chloroma in

1 llofmeistcr’s licit ruge, 4 : 1U03 :40.
* Herb klin. Woch., ISW'J; Pick, ibid., lVOti : 478.
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which the characteristic (green) pigmentation is evidently of fatty 
nature. We have discussed this elsewhere (p. 737), and here would 
only note that, according to Dock and Hither, the pigment is dissolved 
bv ether and alcohol. ( )n exposure to the air it loses its color.

We have encountered a pale greenish discoloration of a fatty tumor, 
of another order, not to he mistaken for chloroma proper, namely, in 
the neighborhood of a trocar puncture into a large abdominal lipoma. 
The discoloration here was evidently secondary to hemorrhage.

EXOGENOUS PIGMENTATIONS.

Of the exogenous pigmentations, three main groups are to be dis
tinguished:

1. ( olored substances gaining entrance into the organism in a solid 
state and becoming deposited here and there as collections of colored 
particles.

2. Colored substances entering in a state of solution, becoming 
absorbed by the cells of one or other tissue, and so staining them.

3. The colored derivatives or decomposition products of substances 
themselves not colored, absorbed by the organism.

1. The most familiar example of the first of these groups is exhibited 
in the widespread practice of tattooing, in which insoluble particles of 
colored matter charcoal, vermilion, etc., are rubbed into line punc
tures of the skin in such a way as to produce designs or patterns of 
varying degress of crudeness or elaboration. In this way there are 
deposited in the outer layer of the eoriuni collections of isolated particles. 
Though the tattoo marks may last a lifetime, they gradually become 
paler, there being a slow transposition of the particles along the lymph 
spaces and channels by the agency of the leukocytes. The pigment is 
always to be found in the nearest lymphatic glands. It is further possible 
to cause almost complete disappearance of the marks by inducing a 
cutaneous inflammation of some duration. That inflammation causes 
an active determination of leukocytes to the part and accelerates the 
removal of the pigment.

( )f more serious import is the group of inhalation pigmentary deposits, 
the so-called pnr union okonioses, deposits in the lung tissue or elsewhere 
of colored particles inhaled in the form of dust (xou;, dust). The com
monest of these is anihracosis, the deposit of coaldust or <*f soot, present 
to a moderate degree in the lungs of every adult town dweller, and 
present to an extreme grade in the lungs of miners working in the dusty 
soft-coal mines. These deposits, it. is needless to say, are coal black. 
Of a more grayish color are the deposits of siliceous particles in the 
lungs of quarrymen and workers in granite and other hard stones 
(dialicoxiff a pebble—or ftilicosim). The lungs of knifegrinders,
glasspolishers, and others subjected to iron or iron oxide dust, take on 
a rusty red (pulmonary nidrrosis)-, workers in the potteries, inhaling 
kaolin or claydust, obtain similarly dirty white deposits in the lungs
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(aluminasi»)] workers in tobacco obtain rusty brown lungs from the 
tobacco dust (tabacosi*), etc.

By causing animals to inhale air laden with one or other of these dusts, 
and by studying their lungs at successive periods, as, again, by an exam
ination of sections of the lungs of human beings affected by these dis
turbances, the process by which the deposits are formed can be well 
followed. Where the air is full of dust, not all the particles are arrested 
by the moist lining of the nasal passages and the pharynx. As a result 
some particles are conveyed into the pulmonary alveoli. Unlike the 
bronchi and bronchioles, in that it is not ciliated, the epithelium lining 
the air sacs is unable to expel these solid particles, which would remain 
within the sacs were it not for the phagocytic activity of the epithelium 
and, more particularly, of scavenging leukocytes, which make their way 
from the vessels into the air sacs. Free cells can be seen in the alveoli 
laden with these foreign particles. While some of these wandering cells 
make their way into the bronchioles, and so are discharged with the 
sputum, others wander back into the lymph spaces of the alveolar wall 
and from thence to the lymph channels. In either of these positions the 
leukocytes may break down and the contained pigment be taken up bv 
the endothelial connective-tissue cells of the region ; or the breaking- 
down process, with liberation of the particles, may not occur until 
the lymph glands are reached at the root of the lungs. It is along the 
course of the lymph channels that the interstitial deposits mostly occur, 
namely, in the interlobular lymphatics and in those around the bronchi 
and the pulmonary vessels. There is also a peculiar liability for the 
pigment to he deposited where the interlobular lymphatics approach 
the surface of the lung to join the subpleural network of the lymph 
channels. As already stated, it can be seen that the endothelium of 
the air sacs also takes up these foreign particles. What happens to 
these has not been so clearly followed.

In support of the contention now urged by not a few workers (we 
think excessively) that pulmonary tuberculosis is most often secondary 
to the taking up of tubercle bacilli from the intestines, Calmette has 
recently published observations to the effect that the pneumonokonioses 
are due not to the direct inhalation of particles into the lungs, but to a 
swallowing of the same and selective collection of the same in the lung 
tissue through the agency of the leukocytes. A large number of observers 
have been thus stimulated to researches on the subject, with the result 
that Calmette’s conclusions cannot be accepted, and the mechanism 
here laid down has become more surely established.1

The foreign particles act as mild irritants. Certain cells of the con
nective-tissue type seem particularly to bike them up, and become, as 
a consequence, enlarged. Eventually there is a development of new

1 Vide Calmette, Ann. de PI. Pasteur, 19: 1905: 001, 20; 1900: 353 and 009; as 
also Wliitla (and Syminers), Prit. Med. Jour., 1908: ii: 01. Hullnch, Allhutt and 
ltnlleston's System of Medicine, 5: 1909: 299, and Cobbett, Jour, of Pathol., 14: 
join (M
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connective tissue in their neiglihorhood, with fibrosis or interstitial pneu
monia. 'This inav he both diffuse and nodular, so that masses of new 
tissue resembling tubercles may be formed around larger accumulations 
of the particles. It is noteworthy, in some districts, at least, that these 
changes are frequently followed by tuberculosis proper, so that a com
bination of anthracosis, or of stonemason’s phthisis, with true tubercu
losis, is often encountered. Nor are these deposits confined to the "
At times, even in the absence of adhesions, they may be observed in the 
parietal pleura, the pigment having evidently been conveyed by the leu
kocytes across the pleural spaces. And, in advanced cases, they are 
to be detected in other organs. Thus, we have encountered clusters of 
silicious particles with an obscure development of fibrous tubercles 
around them in the liver of a stonemason. Here it may be observed that 
not all dusts necessarily set up these conditions. VV. I*. Ka nn1 has 
shown that starch packers, although exposed to an " re laden
with Moating starch granules, are remarkably free from pulmonary dis
turbances after the first few days, and from experiments on guinea-pigs, 
concludes that inhaled starch is dissolved by an augmented secretion 
of the ainvlolytie enzymes present in the blood. Millers, on the other 
hand, are affected, the gluten of wheat not being readily dissolved.

-. The second group, that, namely, of absorption of colored matter in 
solution, with staining of the different tissues, is of only experimental 
interest. As first shown by Daddi, certain of the aniline colors, such 
as Sudan III, used commercially to color waxes and fats in candle- 
making, when given by the mouth are absorbed, and, gaining entrance 
to the cire in, they color fat cells infra citam. Recently, in his 
studies upon trypanosomiasis, Ehrlich has found that trypanroth, given 
to rats, while destroying the trypanosomes in their blood, at the same 
time colors the skin and other tissues of the animal a very distinct red. 
Such diffusible coloring matters may be discharged in the urine, the 
milk (p. Ill 1), and other excretions.

•{. In the third group of pigmented decomposition products the com
monest example is a blue line on the gums in cases of chronic lead 
poisoning. Lead may enter the system either through the diyestive 
tract as in drinking soft water which has been conveyed in s;
through the respirator// system, as in a series of cases observed recently 
in the Royal Victoria Hospital, in which several members of a family 
became the victims of acute lead poisoning as the result of using old 
white lead barrels for fuel in a defective stove; or, it would seem, by 
al sorption through the skin of workers in lead and lead paints. Tin- 
blue line, when examined after death, is found to lie due to a deposit of 
fine, brownish-black granules in clusters in the suhepithelial connective
tissue of the gums. The clusters apparently indicate t ............and
other cells. In those with clean mouths and well-brushed teeth the 
blue line is often wanting. It is more pronounced at the bases of decay
ing teeth, or, where the teeth are badly kept, near the accumulations of

1 Jour, of Hygiene, 1909 : 220.
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debris of food at their bases. What happens in these eases is (hat the 
sulphuretted hydrogen liberated from the food material diffuses into the 
tissues of the gums and nets upon the soluble salts of lead which have 
diffused out of the blood into the lymph spaces of the gums. The 
granules are a precipitate of insoluble sulphide of lead. Rarely a dirty 
greenish line has liven noted on the gums of workers in copper.

Another metallic deposit is seen in aryyria. Thirty years or so ago a 
treatment for epilepsy came into vogue, consisting of rather small doses 
of silver nitrate. This mode of treatment ceased when it was found 
that the unfortunate patients assumed an earthy or unearthly bluish- 
gray color, and this of a most unfortunate permanency; for those who 
have survived their epilepsy, and the treatment, are today as blue, 
or almost as blue, as they were at the expiration of a few months. Ex
periments upon the lower animals to determine the cause of the phenom
enon have demonstrated that soluble silver salts given by the digestive 
tract and absorbed into the circulation pass into the lymph. In the 
ground substance of the tissues the salts are reduced with the deposit 
of excessively fine granules of metallic silver. The process, in fact, 
is the same as that which occurs when we employ silver nitrate to make 
silver preparations of the tissues for histological purposes. The epi
thelial and glandular tissues are unaffected; the brain also remains 
free, but connective tissues are the seat of the deposits, notably the 
connective-tissue framework of the medulla of the kidney, the papilla* 
of the skin, the intima of the larger arteries, and serous membranes.
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nkthosis.

l .NDKK the tc*rm necrosis are included all those conditions of local 
death of cells, of tissues, and even of parts of the organism composed 
of many tissues, the organism as u whole continuing to live.

Causation. All those classes of noxiv, mechanical, physical, chemical 
(including the bacterial), which limy set up disease and cell degeneration, 
may induce necrosis when they act more intensely upon local cell areas. 
It will thus lie recognized that there are all grades of cell disturhaw 
from the slighter degenerative conditions, through graver degenn 
ations leading to eventual cell disintegration, to sudden death of the 
cells and tissues. It is usual to make a distinction between this inter
mediate form of gradual death, and necrosis in the narrower sense; 
it is spoken of as nccrohiosin, and in the discussion of many of the degen
erations we have made frequent reference thereto. Everyone of the 
degenerations, if sufficiently severe, induces nccrohiotic changes; among 
these even the physiological atrophies, such as the constant wearing 
out and death of the outer layers of the epidermis, and the physiolog
ical degenerations, such as the fatty changes and disintegration which 
accompany the formation of milk and sebum.

We have discussed in some detail the various mechanical, physical, 
and chemical causes of disease in the second part of this work, and there 
indicated how these may induce cell death. It is unnecessary now to 
do more than refer to what is there written. It is necessary, however, 
to refer in somewhat fuller detail to those conditions of un1 rosis set up 
by circulatory and nervous disturbances.

Circulatory Disturbances. Two different orders of disturbance tend 
to produce cell and tissue death: 11 ) Arrest of blood supply; (2) defi
cient or pcrvcrtnl ijuality of the blood, with, as a result, deficient nutri
tion.

Many orders of local disturbance may cause the arrest of the blood 
supply to a part ligation of the nutrient artery; ligation of the efferent 
veins; pressure upon the vessels by tumors, cysts, etc. ; tliromlton'w, or 
coagulation of the blood within artery or vein; rmhnli.tm, or obstruction 
of certain types of artery by foreign bodies, which, from their size, 
become blocked in the course of the vessel; the direct constricting 
and obliterating action of a poison, such as ergot; lowered action of the 
heart, so that the pressure within the vessels is unable to propel the 
IiIihhI onward; lastly, actual disease of the arterial wall, with prolifera
tion of the intima, leading to occlusion.

( )f these, widely different as are the effects upon the vessels of the 
part, occlusion of the afferent arteries and occlusion of the efferent
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vein both lend to the same death of the tissues of the part; the result 
is the same \yhether the blood he cut off from the region, or whether it 
can pass into the region hut eannot leave it. In hotli eases there is 
developed a lack of oxidation of the tissues. The subjects of thrombosis 
and embolism will he found treated in detail in the second volume of 
this work. Here it is necessary to remind the reader that obstruction 
of an artery or of a vein only leads to necrosis in those cases in which 
there is an inadequate collateral circulation; provided that where an 
artery is blocked nutrition can be gained from blood provided by other 
arteries, and that where a vein is blocked the blood can drain from a 
region through collateral veins, a sufficient circulation may be main
tained to preserve the vitality of the cells of a tissue or part. It is only 
where vessels are what is termed absolutely or relatively terminal that 
necrosis ensues; it is only under these conditions that we have de
veloped the state of infarct, using this term in its broadest sense, and 
such infarct may be either anemic or hemorrhagic. It deserves emphasis 
that the infaretous state may be brought about either by arterial ob
struction (the more common) or by venous. According as to whether 
there is sudden obliteration or gradual, so do we have either necrosis or 
necrobiosis.

Inadequate Nutrition. 1'nder this heading we include more par
ticularly cases of general malnutrition and cachexia. Associated with 
these there is weakened heart action and inadequate blood supply. In 
all these cases the result is not so much a sudden necrosis as a pro
gressive condition of necrobiosis; and in this the different orders of cells 
react differently; the more highly differentiated cells, such as those of 
glandular epithelium, are more easily influenced by nutritional dis
turbances than are the more lowly cells of connective-tissue type. In 
this way not all the cells of an affected area are necessarily involved.

Nervous Disturbances. There has been, and there continues to be, 
much debate as to whether central stimuli proceeding from the higher 
nervous centres can in themselves induce necrosis, as also whether the 
removal of nervous influences is a direct factor. There are undoubted 
cases of impoverished nutrition and local anemia, more particularly of 
the extremities, which can only be referred to functional or hysterical 
conditions. In general, it is becoming more and more accepted that, 
while vasomotor influences, by constricting the vessels of a part, may 
induce necrosis, loss of nerve supply, while it may lend to cell inanition, 
does not of itself set up necrotic conditions. To produce these some 
other factor is regarded as necessary; thus, to cite a familiar example, 
it used to lie held that section of the fifth nerve led to necrosis and ulcer
ation of the cornea, and that there existed a definite condition of neuro
trophic keratitis. It is now well established that, after such section of 
the nerve, provided that the surface of the eye be protected from light 
and dust and coarser injury no inflammation and no necrosis show 
themselves. 'The section of the nerves supplying a part affords an impor
tant prat itt/Hitting but not a direct inciting cause of cell death. Alike 
explanation is to be given for the so-called perforating ulcers of the sole
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ami other regions associated with Charcot's joint’disease and advanced 
cases of locomotor ataxia. .

Hen* may he recalled what has hem staled (p. SI Ml) regarding inani
tion atrophy and the gradual shrinkage and the gradual death of cells 
which have I ecu cut off from receiving the normal nervous stimuli. 
The necrobiosis in these cases is so gradual as to I e almost impercep
tible. We would not, however, have it believed from the above para
graphs that loss of function does not eventually lead to the death of, 
more particularly, more highly differentiated cells.

Forms of Necrosis. It is difficult to make a wholly rational ami 
satisfactory distinction between the forms of necrosis and the resultant 
changes that take pluee in a necrosed 
area. It is, however, possible in the *•"* 324
first place to distinguish between ( 1 ) 
the necroses affecting individual cells;
(2) those affeeting small groups of 
«•ells focal necroses; (3) those affect
ing circumscribed areas of one tissue

as result of vascular obstruction 
infarcts; (4) necroses involving parts 
rather than tissues mortification.

I Necrosis of Individual Cells 
Apart from the conditions of local 
atrophy and fatty degeneration and 
necrobiosis which have already been 
referred to, certain rather character
istic necrotic changes in individual 
«•«•Ils deserve mention. < >f these, the 
most characteristic is that known as 
Xr nicer'* «Iri/cnrnition, or waxy de
generation of muscle. In this condi
tion individual muscle fibres are fourni 
which have lost all their striation 
ami have become converted into 
masses «if a waxy, almost glassy, ap
pearance. lying within a 'till intact 
sareolemma. Tin- coialition is fourni 
most frefpiently in the muscles in typhoid fever, and more particularly, 
as first pointed out by Z«*nk«*r. in tin* recti muscles of the abdomen. 
This, is however, by no means the only condition; it may lie induced in 
imliviilunl muscle fibres by sharp blows, or by trauma ; it has been not«*«l 
in tin* "ki'letal muscle fibres in the neighborhood of tumors, as also in tin* 
heart muscle in «uses of diphtheria i llibberl ). < Ipinioii isdividedas to the
exact nature of the change; ap|Nirently it is of tin* nature of a coagulation 
of the muscle substance, a coagulation associate*! with the d«*ath of tin- 
same, for the waxy matter may undergo «lisintegraiion or absorption, and 
is not involves! in the new r<*g«*nemii\«* process. Wells and Mathews 
suggest that the relatively abundant acid present in muscles lea «Is to a

Wux-like >l*-*rinTii«ioii uf iiimm'Ip lilirt"- 
a. In M-ventwn hour* nflrr ««•niimrury liitn 

linn o( tlif minit' In h llii'ir i* nlrrmly 
holin' iM'riiiiiul.’ilinn of IhiikiM'ylt'ii i< >tw»rn-
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swelling of the coagulated muscle substance similur to that of filiriu under 
the action of acids.

2. Focal Necroses. More particularly in certain eases of severe infec
tions there are encountered in different tissues minute areas of necrosis 
scarcely visible to the naked eye. Such, for example, are present in the 
lymph follicles in diphtheria and typhoid, as, again, after severe 
(Bardeen,.!. Me(’rae). The most common example is, however, seen 
in the liver in typhoid fever, though similar conditions have been recorded 
in cases of sepsis, of scarlet fever (Pearce), and even in the more chronic 
states of tuberculosis and glanders; the most extreme are in the liver 
in cases of puerperal eclampsia.

'v
.

Multiple fwal nernisw in the liver of a rahliit subjected to experimental «lamlrra.
(Duval.)

Ivxpcrimcntally, in addition to injections of sundry bacteria and their 
toxins, focal necroses of many organs may be produced by iihrin and 
ricin, by the toxic sill stance present in <log's hhtod serum,1 * 3 and by 
hemolytic agents in general I Pearce*).

Studying these cases, it is noted that small capillary areas are involved, 
and that here the cells in the first stage lose their nuclear stain under
going karyorrhexis and chroinutolysis. They thus, in stained speci
mens, contrast strongly with those of the surrounding tissue. Met ree 
and Klot/'have made the iutero ‘ rvation that while the surround
ing liver tissue may show fat, the recent focal necroses in

1 l-'lexuer. Johns Hopkins llosp. Hep., <1 : I HUT : 2511.
Mourn, of Me.I Kesenrch, N. S„ 7 : IWH : :I29.
3 Journ. of I’uthol., 12 : UNIS : "U.
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typhoid fever wholly fail to reart with Sudan III. Niter, there is 
ultra et ion of leukoeytes to the |>art, with disintegration and eventual 
absorption of the dead cells, the appearance suggesting that of early 
ahseess formation. Nevertheless, careful staining for microorganisms 
shows that in the majority of eases these are characteristically absent. 
Only, to our knowledge, in tbe focal necroses of tuberculous marasmus 
has Le ('oulit1 detected the presence of bacilli, and attributed the condi
tion to the local action of toxins diffused from these. In tin-allied necroses 
seen in chronic glanders Duval2 3 lias found no such relationship.

There has been much debate regarding the mode of causation of these 
local necroses nor call the matter he regarded as definitely settled. 
The probability is that there is more than one mode of formation. The 
following solutions have been advanced:

1. Local diffusion of toxins by bacteria present in the tissues. This 
as a possible cause is indicated by Le Count’s observation, but is clearly 
the exception, and not the rule.

2. That soluble toxins rireulatinij in the blood are directly respon
sible ( Flex11er and Opie). It is suggested that stasis of the blood in 
restricted capillary areas permits these toxins to affect the capillary endo
thelium, and, diffusing into the tissue cells of this area, produce upon 
them more severe and fatal effects.

•I. That the causation is embolic. Schmorl more particularly called 
attention to the productions of capillary emboli by placental cells in 
cases of puerperal eclampsia, and Mallory has demonstrated experi
mentally that if the spleen of the guinea-pig lie compressed so as to 
drive some of the splenic cells (endothelial) out of the sinuses into the 
splenic vein (or if active contraction of the spleen be induced by passing 
an electric current through the upper abdomen), within a few minutes 
capillary emboli of splenic corpuscles may lie obtained in the liver.

4. Thrombotic causation. There is so extensive a collateral circu
lation in the hepatic capillaries that it is difficult to realize that capillary 
emboli alone are able to induce focal necroses. And Mallory* has 
suggested, in connection with the typhoidal focal necroses, that the 
enlarged and proliferated endothelial cells seen in this disease, reaching 
the liver as emboli, there undergo degeneration and disintegration, lead 
to the local formation of thrombi extending along the capillaries, arrest
ing the nutrition of the surrounding cells, and so leading to their necrosis.

It is that Flex tier’s and Mallory’s theories may be harmonized
by the determination that in one series of eases the toxins act directly on 
the capillary vascular endothelium, and, by destroying it, lead to the 
development of capillary thrombi; in the other, the thrombus is induced 
by the disintegration of cells within the capillary Itimina.

In a careful examination of some 40 cases at the Royal Victoria 
Hospital, by J. McCrae and Klotz.,* tliey were unable to convince 
themselves that cell emboli played any active part in association with the

1 Jour, of Exp. Med., 2:1897:057.
1 Trims. A woe. Amer. I’liys., 22 : 1907 : 298.
3 Jnitr. of Exp. Med., 2: 1898. Llourn. of 1‘athol., 12: 190S : 279.
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focal necroses; on the other hand, they found frequent evidences of 
hyaline thrombi. We were led to the same conclusion from a study of 
l)r. Duval’s s|>ecimens from the liver in experimental glanders.

5. That the thrombi are due to a primary hemolysis. As an expia 
nation of these hyaline masses within the liver capillaries, the more 
recent observations of Pearce and his associates appear to afford valu
able indications. These observations show that the toxins associated 
with the formation of these necroses exhibit, one and all, a very definite 
action upon the red corpuscles in vitro. Many of them are markedly 
agglutinative, but, what is more important, the more marked the pro
duction of focal necroses the greater the hemolytic activity of the toxin. 
Thus, Pearce suggests that hemolysis takes place throughout the system, 
and that small masses of broken-down erythrocytes become arrested in 
the liver capillaries, there giving rise to hyaline thrombi. As a confirma
tion of this view, Benno Schmidt, of Zurich, lias recently shown that 
disintegrated masses of red blood cells can be recognized in the capil
laries of the spleen and other organs, and this more particularly in 
the course of typhoid fever. We are thus inclined to hold that, whereas 
at times the endothelial and other cells may block the hepatic capillaries, 
more frequently the focal necroses are due to hemolytic action. It is 
quite possible that this hemolytic action may be ( I ) general, from the 
action of some agent in the circulating blood; or (2) local, the hemolysin 
being generated or discharged from disintegrating endothelial or other 
cells.

Fat Necrosis. The condition of fat necrosis was first described by 
Baiser, in IS82, but to Pit/., of Boston, we owe the first recognition of 
its intimate relationship to pancreatic disease or disorder, and other 
observers in the I’nited States (Opie, Flex tier, Williams, Wells) have 
been foremost in establishing our knowledge of the condition and its 
causes, although to Umgerhans is due the credit of first establishing 
experimentally the relationship.

Fat necrosis reveals itself by the striking appearance of opaque whitish 
yellow areas or islands of small size a few millimeters in diameter 
in the fatty tissues of the organism, standing out prominently against 
the surrounding more translucent yellow fat or zone of hemorrhagic 
tissue. Most frequently it is the fat upon and in the immediate neigh
borhood of the pancreas that is involved. In more advanced eases the 
omentum, mesenteric fat, appendices epiploieiv, and subperitoneal fat 
have these little areas scattered through them extensively. In the most 
advanced cases the mediastinal and pericardial fat are recorded as 
having been involved.

Microscopically, examining sections which have been frozen and not 
treated with alcohol or clearing fluid, collections of fat cells are seen 
having a greatly altered appearance. Their outline may still be deter- 
iiiined, but instead of clear contents, they present clusters of “margarin 
crystals’’ (a combination of palmitic and stearic acids), while others are 
filltsl with a granular debris which, according to Ijungerlinus, is composed 
largely of calcium soaps detectable by inieroehemieal means.
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It is noticeable that frequently the affected fat cells take on little or 
no stain with osmic acid, ‘ the surrounding normal fat cells
assume the usual dense black. As osmic acid stains only oleic acid 
compounds, this would appear to indicate that the olein, in dissocia
tion, passes r "y into a diffusible modification, leaving the more 
insoluble palmitic and stearic acid compounds behind.

If careful examination be made of the peripancreatic fat at autopsies, 
it is not unusual to distinguish an isolated area or two of fat necrosis 
and this in eases affording no history indicative of pancreatic disturb
ance and showing no obvious lesion of the organ. To these slight cases 
reference will be made later. Hut any extensive manifestation of the 
condition confirms Fitz's observation that there is associated pancreatic 
lesion. In the majority of cases hemorrhagic pancreatitis is present; 
not infrequently there is actual gangrene of the organ, which may lie

Fat rrystulM (margnrin) x 230. (Ferle.)

almost dissected from the surrounding tissues. It is deserving of note 
that suppurative disorders of the organ are rarely accompanied by fat

The numerous experiments that have been made upon the subject, 
from Uingerhans onward, demonstrate that the condition is due to the 
escape into the tissues of the fat-splitting ferment, normally present in 
the pancreatic juice. Thus, fat necroses have been observed to follow :

I. The injection into the fat tissue of rabbits and dogs of an aseptic 
infusion of rabbit's pancreas (Umgerlians).

J. The introduction into the peritoneal cavity of one animal of pieces 
of fresh pancreas taken from another (Jung).

;t. The ligature of the tail of the pancreas with ligation of its veins 
i Hildebrand. Flexner, Williams), or by multiple ligatures (Katz and 
Winkler).

11
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4. The temporary obstruction (20 min.) of the circulation of part 
of the organ ( Illume).

5. Ligation of the pancreatic ducts (( )pie).
6. The escape of the pancreatic juice from the divided duct into the 

surrounding, or into the subcutaneous, fat (Miliseh, < )pie).
7. Severe injury to the pancreatic tissue, as by injecting into the duct, 

or the tissue direct, turpentine, artificial gastric juice, etc. (Illava, Korte, 
< >ser, Flexner).

8. Injection of steapsin (the fat-splitting ferment) into fatty tissue 
(Flexner).

9. Injection of steapsin plus trypsin (Wells).
The evidence is thus abundant that the pancreatic juice and its con

stituent steapsin induce fat necrosis. Nevertheless, it has been objected 
(1) that a remarkably large proportion of experiments fail to produce 
the disturbance, and (2) that the experimental necroses are not nearly 
so extensive as those occasionally met with in man. The e> " " n,
according to Opie, is that (a) suppurative complications prevent the 
development, and (6) that time is not usually afforded for extensive 
diffusion of the pancreatic juice. In some of Opie's exj>eriments, in 
which the animals died or were killed at the end of two or three weeks, 
necroses as extensive as those in man were obtained. Wells, in addition, 
doubts whether, under ordinary conditions of experiment, steapsin alone 
will induce necrosis; there must he coincident action of trypsin.

Cliiari has afforded what appears to Ik* an adequate explanation for 
the cases of slight fat necrosis unaccompanied by obvious pancreatic 
disease. Such constantly exhibit postmortem self-digestion of the organ, 
and must Ik* due to diffusion outward of the juice from the cells under
going this form of autolysis into the surrounding fat. He is inclined to 
the opinion that such self-digestion may at times Ik* agonal. 'Flic 
observations of Opie, Flexner, and llalsted suggest the mechanism 
whereby hemorrhagic pancreatitis would seem most often to Ik* brought 
about, namely, by injury to the walls of the duct, or pressure within the 
duct sufficient to |K*rmit a transfusion of the excreted juice into the 
surrounding tissues, with digestion of the same. ( >pie more particu
larly has pointed out that obstruction of the ampulla of Vater by a gall
stone, or of the termination of the duet by cancer of tin* head of the pan
creas, reproduces the conditions developed in his experiment. Similar 
obstruction of larger and smaller duets may Ik* induced by chronic 
interstitial pancreatitis.1

Infarcts and Coagulation Necrosis. The mode of formation of infarcts, 
their relationship to eml>olism and throml>osis, and the varieties, will 
la* discussed in the second volume. Here only must Ik* taken into 
account a characteristic form of necrosis which accompanies some, 
but not all, cases of infarct formation, a form to which Wcigert gave the

1 l or ii fuller discussion of this subject with literature, see ttpie’s IhsnntcH of 
I In Ea turn is; Wells’ Chemical Catholoyy, l.ippiucott, UNIT, gives the mon* recent 
literature.
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name of coayulatioii nvcronix. The condition is best seen in anemic 
infarcts of the kidney and spleen; the affected areas Imh'oiiic firm, pale, 
and relatively swollen, in the early state projecting distinctly above the 
surrounding surface. Under the microscope the nuclei have wholly lost 
their chromatin, and the cells have a hyaline appearance, with loss of 
sharp outline, the whole area appearing to Ik; converted into a solid, 
somewhat homogeneous mass, as though < uniformly. In some
cases, by the use of Weigert's fibrin stain, actual fibrin can be recognized, 
laid down here and there in ntous form. The comparison may Ik* 
instituted between this condition and thrombus formation, in which the

):v:

i (S'CMv

Anemic Infarct of cortex of kiilm-y to show coagulation nrenwie, with eurroiimling tone 
of congestion : a, artery. (Orth.)

coagulation of the blood, while often lending to the production of a fibrin
ous network, may also In* of the hyaline tv|K\ with et ' ion ni maw. 
Weigert regarded the process as essentially of the nature of a fibrinous 
coagulation, the dying cells libci a fibrin ferment, the lymph anti 
fluids of the area, together with the cell bodies, affording substances 
of the nature of fibrinogen. That the whole mass of cells forming the 
infarct becomes a mass of fibrin may well Ik* doubted. Rather we 
must admit that blood fibrin is but one of a group of coagulated pro
teins, and compare the pr<K*ess with what obtains in muscle in Zenker's 
degeneration,where the myosinogen lieeomes converted into coagulated

84

^:D

2359

1



S’KC ROSI SfttW

myosin (p. V7tl). Tin* process, it may la* noted, d<a*s not attack all 
tissues, as might reasonably In* expected were it the result of reaction 
between the protein-containing fluids diffusing into those tissues and 
enzymes lilterated in the death of the cells. Anemic infarcts of the brain 
do not exhibit it, hut instead, a form of colliquative necrosis.

Colliquative Necrosis. Two distinct processes are often confused under 
this term, namely, ntlliipiatire nccrtmis proper, due to the liquefaction 
of the dead tissue as a process of self-digestion unassoeinted with any 
bacterial decomposition, and putrefactive ucvnmix, due to a not dis
similar liquefaction brought about by the proteolytic activities of bac
teria. The latter we shall refer to later. ( 'olliquative necrosis pro|a-r 
can only Ik* regarded as autolvtie in nature; the dead area softens, the 
cells undergoing a granular disintegration, with production of myelin, 
fat, cholesterin, etc. It is well seen, as above noted, in connection with 
infarcts (both anemic and hemorrhagic) of the brain. A fluid granular 
debris is the result, containing a certain number of migrated leuko
cytes (or, according to Fritz Marchand, of glial cells), which become 
engorged with fat in the form of small fatty globules, forming large char
acteristic granule cells, or (iluge's corpuscles. Some of these migrate 
into the tissue imunsliately surrounding. According as there is more 
or less blood present hnd involved in the necrotic area, so do the fluid 
contents assume different colors ( see p. IMiO).

Similar colliquative necrosis occurs in other tissues and conditions 
apart from obvious circulatory disturbances, though in all cases, strictly 
s|K>aking, we deal with a primary cutting olf of the blood supply to the 
affected areas. The atheromatous softening of the deeper layers of the 
intima in one stage of the arteriosclerotic process is of colliquative tv|>e. 
A similar colliquative necrosis may involve the central parts of tumors 
and lead to eventual falling in and umbilication, or to cyst formation 
(sec p. St 14). So, also, old standing thrombi, more particularly the 
sessile thrombi of the heart cavities, undergo a central colliquation, and 
may be represented by a shell of fibrin enclosing a turbid fluid.

Caseation. In this connection another tyja* of necrosis may be noted, 
in which the necrosed area exhibits neither coagulation nor colliquative 
change, but, undergoing a slower neerobiotie change, the cells exhibit a 
change akin to fatty degeneration, lieeome granular, and break up into 
fatty granular debris, in which no sign of the earlier cellular structure 
can be recognized. The area thus liecomes converted into a mass of 
the ap|H*aranee and consistence of a rather dry cream cheese; hence 
the term caseation. The change characteristically occurs in connection 
with tulferculous new-growths. Tubercles are, from their mode of 
development, extra vascular; but the cutting off of the blood supply, 
while tending to produce necrobiosis and necrosis, would not produce 
this special type of change. That must la* attributed to the action of 
the tulwrculous toxins and their effort upon the cells. Through inspi-- 
sation of pus, produced by other bacterial agents, we occasionally 
encounter similar caseous accumulations.

Gum mata That toxins are factors is indicated by the fact that gum-
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mata, <u; syphilitic tubercles, which, histologically, arc of closely allied 
formation, although due to the presence of microbes of very different 
type, do not exhibit caseation proper. Their necrotic centres, while 
showing, similarly, no trace of cell structure, are “gummy" rather than 
caseous. There is not the same abundant fat present. Beyond this 
little is known of the exact constitution of the gummatous necrotic 
matter.

Mortification and Gangrene. The death of large areas of tissue and of 
parts composed of many tissues may be brought about by very many 
causes : by vascular obstruction and arrest of the blood supply to a 
part, or of the outflow from a part; by enfeebled circulation; tempo
rary stoppage of the circulation of a part or organ, as in Lit ten's experi
ment on the kidney (p. 929) ; acute infection (as, for example, phleg
monous cellulitis, hospital gangrene, and emphysematous gangrene, 
due to the growth of B. Welehii); by burns, as an after result of intense 
cold (frostbite), action of chemical agents (caustics and acids), and of 
physical (electricity, .r-rays, radium).

The Results of Necrosis. This description of the different forms of 
necrosis prepares us to find that the results vary widely. (1 ) Where the 
necrosed area is small and there is no infection, absorption occurs. By 
autolvsis the cells undergo disintegration and more or less solution. 
Leukocytes attracted to the area, by their phagocytic activity aid the 
process, and not only may there be absorption, but this may be followed 
by regeneration. Kven where the necrotic process has been very exten
sive such regeneration may lend to show itself, as, for example, in those 
cases of very extensive necrosis of the liver cells which arc met with in 
acute yellow atrophy and chloroform poisoning, in which the specific 
cells of the liver are in the main involved. In such cases where death 
as not been brought about within a few days, proliferating liver cells 
can be recognized advancing into the spaces left bv the autolysis and 
dissolution of the preexisting liver cells.

(2) More often, where the area of dead tissue is a fair size, and where, 
again, there is no infection, we encounter a cicatrization as the result of 
organization. This is especially well seen in the latter stages of the 
non-infeeted infarct. The death of the cells and diffusion outward of 
their products of disintegration lead to the production of a surrounding 
zone of inflammation, with well-marked congestion of capillaries and 
migration of leukocytes into the dead area. As in the previous case, 
these leukocytes reinforce the autolytic processes and aid in the removal 
of the dead matter, but with this the surrounding capillaries send new 
vascular loops into the region, and what is truly a granulation tissue is 
developed, which gives place eventually to well-contracted cicatricial 
fibrous tissue. A similar process of organization is the end result in 
many cases of intravascular coagulation of the blood and thrombosis.

(3) Where, as in the brain, the tendency is toward colliquative necrosis, 
there the end result of the autolytic process is cyst formation, rather than 
organization and cicatrization, though small necrotic foci in the cere- 
liellum may give place to a complete organization.
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(4) Where, as in hone, the tissue is so dense that disintegration of the 
dead matter is a long-drawn-out process, there, through leukocytic action 
more particularly, the surface portions of the dead area may be disin
tegrated and loosened from the surrounding more healthy tissue, and in 
such cases the still unabsorbed necrosed mass remains as a sequestrum, 
lying in a more or less well-defined cavity or tract, and bathed in a fluid 
of purulent nature.

(5) Another sequel to colliquative change is inspissation, the fluid 
portion of the dead material draining away, leaving thus a more or less 
cheesy accumulation. Indeed, in caseation proper, as seen in tuber
culosis, there is a certain grade of inspissation present. Such cheesy, 
inspissated matter is especially prone to become the site of calcification
(P. <>28).

Senile gnngrene of the great toe, from a case of arterial thrombosis. The toe is’shrunken and 
its epidermis is being exfoliated. At the line of demarcation the skin has retracted («) and the 
deeper parts are separating (6).

Gangrene. -In the condition of gangrene, according to the extent of 
blood entering the dead part from the vessels, and the rate of evaporation 
of fluid from the surface, so do we have developed either the condition of
(6) moist gangrene or sphacelus, or of (7) mummification or dry gangrene. 
11 is in the extremities and the ears that the latter condition alone can show 
itself. The necrotic portion becomes shrunken, wrinkled, and assumes 
the dark brownish-black color, the appearance, in short, of mummy flesh. 
As in an infarct formation, so here, at the zone of junction of the dead 
and living tissue, there develops an intense zone of inflammation, the 
so-called line of demarcation; and, as in infarct formation, leukocytes 
passing beyond this aid in the solution of the dead matter, whereby the 
mummified and living matter become separated and the former becomes 
eventually detached.

Where, as in the lung and the intestine, evaporation cannot take place, 
and in the extremities of those cases in which blood is still able to enter the



GANGRENE \)S\)

dead area, there, on the contrary, the dead matter becomes waterlogged,
............... y putrefaction sets in, through the entrance from the surface

of various microbes. The appearance in these cases is striking; the 
affected tissue becomes greatly swollen and livid; on the skin large blebs 
may form, filled with c edema tons fluid; the discharge from such blebs 
becomes foul and stinking ' -rial growth; through the same
putrefactive agents the blood corpuscles become broken down, and their 
pigment becomes diffused through the tissues. So, also, the various soft 
tissues become decomposed and deliquesce, a foul fluid resulting, filled 
with fatty globules, pigment, and various products of proteolysis.

Both in dry and in moist gangrene any bony portions involved are the 
last to undergo decomposition.

9^8080
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CHAPTER X XXII1.
DKATH.

In this life of ours, with all its uncertainties, there stands out one 
certainty that we shall die. Sooner or later death comes to all men. 
It is as inevitable as that on this rotating world of ours night follows 
after day; nor can any care on our part, any precise regulation of the 
course of our days—can science or prescience- ward it oil* for more 

;w years. There is no elixir vitre, no philosopher's stone.
This supreme fact has profoundly affected all human thought, and 

has been the pivotal point of all philosophies; nay, more, the various 
religions of the world may be regarded as the evidence of man’s deter
mination to rise superior to the dissolution of his body. Mere philosophy, 
however, cannot tell us why death is inevitable; we can only find an 
explanation by the study of living matter and its attributes. Making 
such a study, it is seen that death is not inherent in living matter as such ; 
that it is the price paid for advance and increased power over Nature. 
For death is not inherent in the constitution of the simplest unicellular 
organisms. With such relative constancy of environment as Nature 
provides- within the natural limits of heat and cold, of dryness and 
moisture the schizomycete microbe assimilates and grows and divides, 
and if, over long periods of time, the environment undergoes slow 
change, the property of adaptation, to which we referred at length in 
our ' ; chapters, permits the organism to adjust itself surely to the
new conditions. At each division each half carries on the flame of life. 
There is in such a process no inherent death; at most, there may be 
accidental death by temporary lack of nutrition, by desiccation, by 
physical and chemical bactericidal agents in general. In like manner, 
with unicellular organisms higher in the scale, death is only apparent; 
when, for example, the nuclear matter of the hematozoon of * ria 
undergoes division and becomes distributed into numerous spores, and 
those spores break away, leaving behind a collection of fine pigment 
granules and debris to represent what had been the previous single indi
vidual, there is to the eye, it is true, a cessation of individual existence, 
but in reality the living matter, far from being dead, is increased in 
amount, and is given the occasion to increase itself still farther. There 
has been no destruction of the nucleoplasm, the essential living matter, 
but a multiplication of the same; each spore carries on the life.

It is with the appearance of the metazoon, of the multicellular organ
isms, enters into the world. Multicellularitv connotes
division of labor among the component cells, specialization of function 
and increased capacity of the individual as a whole. Certain cells, the
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germ cells, become set apart to carry on the living matter which shall 
develop into new individuals. In these germ cells, then, death is not 
inherent. It becomes inherent in the somatic cells, and this through the 
functional differentiation that they have undergone. An ideal cell 
republic might be imagined, in which the division of labor and function 
among the constituent cells was so allotted that each nourished and con
tributed to the exact needs of the other, all developing their powers simul
taneously. In such a case there would be no need for somatic death. 
As a matter of fact, this ideal state has not been attained, nor, under the 
conditions of development, is it even possible. The individual, that is, 
undergoes growth and development, and this process of'growth demands 
that different orders of cells are required to be mature and active at 
different life periods. Herein, it seems to us, is the essential explanation 
of somatic death.

Take, for example, the case of man himself: Even in the embryo, 
organs are developed such as the yolk sac which are of merely tem
porary use; they perform temporary service until other parts are devel
oped which are of greater value; and when they liecome useless, their 
cells tend to atrophy and disappear; a new equilibrium has to be estal>- 
lished. And so, throughout fœtal life there is constant change in 
the relationship and interaction of parts. Of all embryonic and fœtal 
organs of active function which have this temporary character, the 
placenta stands out preeminent. Postnatal existence affords abundant 
examples of the same order. The individual tissues have periods of 
development to full activity and maturity which arc not mjnchronous. 
Some, like the heart and kidneys, are fully functional before birth; 
subsequent increase in size and activity are of the nature of adaptations 
to the increased work thrown upon them by the growth and increase of 
the body in general. Others, like the thymus and the lymphoid tissues 
of the organism, are at their maximum in the early years of life, and 
already show diminution and atrophy before the adult state of the 
organism as a whole has been attained. Others, like the brain, attain 
their full anatomical development in childhood. Yet other organs and 
tissues lie latent, showing little signs of development for years. Such 
are the genitalia and accessory organs of generation, the mammary 
glands, etc., and these, again, like the ovaries, may, from purely physio
logical causes, have a period of active life shorter than that of the organ
ism as a whole.

If these various organs in the performance of special function not 
only extract from the blood the materials necessary for their growth and 
nutrition, but afford internal secretions to the same which are of definite 
service to other tissues and to the organism as a whole, it will be seen 
that the atrophy and disappearance of the same induces not only loss of 
special function, but leaves the blood and remaining active tissues 
impoverished in one or other direction. Vp to a certain point there 
may Ik* an internal adaptation; it would seem there is always a tendency 
thereto, other tissues taking on certain of the functions of those that have 
disappeared. But, at the same lime, this assumption of additional
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activity throws additional strain upon them and brings the still active 
cells nearer to the margin of their reserve force, nearer to the point at 
which these in turn become exhausted and undergo atrophy.

By such processes of continually modified equilibrium and of increased 
strain thrown upon the surviving cells and tissues the period is reached 
at which disintegrative changes in the organism exceed the assimilative, at 
which, also, the reserve force of the surviving cells becomes diminished, 
and in this way inevitably the time is reached when sundry cells, unable 
through loss of this reserve force to respond to stimuli, bring about the 
condition of somatic death. As Bichat long ago pointed out, most of the 
tissues and even parts of the organism may be destroyed and yet life still 
persist. There is, however, a triumvirate of organs—the circulatory, the 
respiratory, and the nervous- each one of which is indispensable, and any 
one of which, if injured in particular regions, alone may bring about the 
state of somatic death. The reseaches of the last half century, and 
more especially of the last few years, have impressed upon us that 
other organs play an almost equal part. While those which for the 
race are of the foremost importance—the ovaries and testes—may 
be removed without in any way influencing the span of life of the 
individual whose “by-play,” to quote Sir Miehæl Foster, may still 
continue, certain small and hitherto little regarded organs cannot be re
moved without death being the inevitable result. Such are the adrenals, 
the minute parathyroids, and, as Paulesco, Reford and Harvey Cushing, 
and others have shown, the yet smaller pituitary body. Insignificant in 
size, as it is, remove this last and death (at least in the laboratory animals 
so far tested) supervenes within forty-eight hours.1 The results are not 
so immediate, it is true; but in physiological death, such as that here 
suggested, it must be that certain cells in one or other of these fail to react, 
and so bring about arrest of function and cessation of life.

Rarely do we encounter this natural process—the passing of the quiet 
sleep of exhausted old age imperceptibly into death. Usually in those 
who have attained great age what happens is that the resisting and 
protective powers of the organism, more particularly, shows signs of 
exhaustion, with the result that sundry pathogenic organisms normally 
present upon the surface of the body, but normally prevented from gain
ing entrance into the tissues through the agency of the protective cells, 
eventually, despite slight virulence, gain entrance into the tissues, mul
tiply, and set up a terminal infection. Such terminal infections are the 
immediate cause of death not merely in old age, but in all the states of 
progressive disease with progressive sapping of the reserve force of the 
individual. It is the prevalence of the terminal infections that gives 
force to Osier’s dictum, that the individual rarely dies of the disease 
from which lie suffers, save, it may be added, when that disease is 
in itself of the nature of an acute infection.

1 As Schafer and Herring point out, the active portion of the pituitary is not 
the posterior neuroglial lobe, but the anterior with its contained glandular vesicles, 
and it may be also the glandular fxirs intermedin. (Ilerter J.ecturcs, Baltimore, 
April, 1908.)
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We have thus to recognize two orders of death the />hysiulogical and 
the pathological; of the latter the terminal infection is the most common 
cause, though there are ahundnnt others that will lead to the same end. 
-lust as it has been pointed out that all the causes of disease may lead to 
local cell death when acting with a certain intensity, so, without excep
tion. acting with greater intensity or acting directly upon one of the 
three vital organs, mechanical, physical, chemical, and bacterial agents 
may induce somatic death.

This somatic death may briefly be described as the cessation of func
tion of the three vital organs, followed by the signs of disintegration 
and decomposition of the tissues in general. It is difficult to describe 
the state otherwise, inasmuch as it is not necessarily accompanied by 
the immediate death of all the component cells of the body.

Examples confirmatory of this statement are abundant and familiar. 
The head may be cut off a snake and the body for long continue to 
wriggle actively. We have ourselves seen the heart of the tortoise 
removed and a strip of the cardiac muscle still exhibiting spontaneous 
contractions eight days after such removal.1

The so-called “iiberlebendes,” cat’s heart, or mammalian kidney 
wholly removed from connection with the body, will similarly, under 
favorable conditions, continue to function for hours. I have already 
afforded several examples (p. etc.) of the persistence of life in isolated 
tissues, notably the continued existence and proliferative capacity of 
epidermal cells, for several weeks, and of tumor cells from the lower 

' for several months, if kept under appropriate conditions.
The Signs of Death. These are discussed fully in text-books of 

medical jurisprudence; here it is but necessary to refer to them briefly. 
They are many in number, and from a medicolegal point of view are 
of different value as affording indication of the period that has elapsed 
since occurred. Among the more important may be mentioned;

1. Cessation of respirations, so that a cold mirror held in front of the 
nostrils does not become moistened and dulled.

2. Stoppage of Heart Beat. Neither this nor the preceding are absolute 
signs, as it has been shown experimentally that after poisoning a dog with 
chloroform until both heart and respiration have stopped, transfusion of 
saline fluid or defibrinated blood under pressure may be followed by 
resumption of the heart beat and gradual recovery. They are, however, 
the first signs for which one looks. They are corroborated by—

3. Loss of Transparency of the Cornea. The pupils usually dilate 
at the moment of death ; the eyes stare directly forward; the cornea in 
a short time becomes cloudy.

4. The development of rigor mortis. Of those parts of the body 
which can be observed and studied without section, the eyelids are the 
first to pass into a state of rigidity with contracture, leaving the eyes to 
remain open. According to Fuchs, the heart ventricles are the first 
muscles to become rigid, and certainly in those cases in which a post-

1 This in Dr. Haskell's laboratory at Cambridge, in 1884.
(33
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mortem is performed within an hour or two after death, the ventricles 
are constantly found firmly contracted, so as to suggest to those ignorant 
of this rapid rigidity the presence of the so-called "concentric” hyper
trophy. There is great variation, however, in the period of onset of this 
change in the muscles of the body. In those engaged in active and 
violent exercise, it may be practically coincident with death. Strych
nine poisoning and tetanus also exhibit rapid rigidity. On the other 
hand, prolonged wasting conditions, with muscular atrophy, may 
exhibit a rigidity only showing itself after many hours; the same is true 
in cases of death from asphyxia and hemorrhage. The duration of the 
rigidity also varies very greatly.

The nature of the rigidity would appear to be that of a coagulation 
of the myosinoycn of the normal muscle, myosin being the term given 
to the coagulated product. This coagulation would appear to be brought 
about chiefly by the lactic acid of the muscle. The passing off of the 
rigor mortis would appear to be due to development of aiitolvtic changes, 
favored, we may recall, by the acid state of the myosin.

.">. Cadaveric Lividity. Through gravitation of the blood to the 
dependent < """ ‘ s, the under or lower parts of the dead body show
within a few hours a livid reddening, or, where the blood is more venous, 
a bluish-purple color. Where there has been cyanosis with great dis
tension of the superficial capillaries before death, as not infrequently 
happens in the vessels of the face and neck where death has occurred 
from asphyxiai disturbances, a similar, and even more intense, lividity 
may be present over surfaces that are not dependent. Where there is 
pressure, as upon the nates and over the shoulder-blades, the mere weight 
of the l.ody prevents the filling of the capillaries, and such regions of 
pressure remain pale.

(i. Decomposition and Putrefaction. Decomposition of the organs 
shows itself most frequently first over the abdomen, as a greenish dis
coloration. The onset is very variable, it being delayed or completely 
arrested by great cold and materially hastened by warmth. Those 
organs and parts which normally are moist and contain abundant bac
teria exhibit the putrefactive changes earliest; thus it is that the intestinal 
canal is most markedly affected. There are, however, other factors; 
Cases of acute infection and of bacteremia are especially apt to early 
decomposition, not merely, it would seem, through the action of the 
specific pathogenic organisms, but because in the course of the infection 
the protective substances of the organism have been exhausted, and 
there is no inhibition to the growth of putrefactive bacteria. A similar 
rapid decomposition has been noted after snake poisoning, in which 
also, there is a rapid destruction of antibodies. Arsenical and certain 
other intoxications may very materially delay the onset.

( )ther slighter signs of death are:
7. Relaxation of sphincters; and
S. Loss of tissue elasticity. The latter would seem to be largely due 

to solidification of the subcutaneous fat, so that the position assumed by 
the surface tissues at the moment of solidification tends to become fixed.
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TO DISKASK.

Tin. existence of pathogenic microbes so minute as to be undis- 
tinguishable under the highest powers of the ordinary microscope save 
ns fine •> too small to be resolved, was first established by Roux and 
Nocard1 in 1898. These observers showed that the clear exudate from 
the lungs in cases of contagious pleuropneumonia in cattle, while pre
senting no microorganisms visible under the microscope, nevertheless 
conveys infection when inoculated into other cattle; that it gained 
increased powers when placed in celloidin capsules within the tissues, 
and that when a drop of the exudate was placed in an appropriate serum 
broth and incubated at body temperature, there gradually developed in 
the upper part of the tube a < or milky layer. Examination of this 
layer, as of the contents of the celloidin capsules, demonstrated abundant 
minute pom;, with Brownian movements, (irowths could be made 
from tube to tube, retaining their virulence for long periods. What is 
more, the virus is so minute that it is filterable through a Berkefeld or 
(................... (F) filter (Dujardin-Beaumetz).

With this definitely determined, it is natural that the existence of 
similar ultramicroscopic organisms has been predicated in connection 
with a 1 those infectious diseases in which, despite all the resources of 
modern technique, neither bacteria nor animal microparasites have thus 
far heen detected. And inevitably, as every other form of microorganism 
has been tried and found wanting, there are those who ascribe malignant 
growths to these ultramicroscopic organisms. The long-delayed dis
covery of the spirochete in syphilis indicates that such conclusions are 
not wholly secure. Nevertheless, with regard to not a few diseases, there 
are indications favoring this view where, for example, as in cases of 
yellow fever, as shown by Thomas, and of measles, as shown by Hektoen, 
the blood of a patient conveys infection although it affords no cultures and 
microscopically is devoid of any signs of microorganisms; where, again, 
the virus is filterable, as in yellow fever, as shown bv the American 
Yellow Fever Commission in foot-and-mouth disease ( Loftier and 
Froscli), South African horse sickness (MacFadyean), dengue (Ash- 
burn and Craig), avian pest or eyanophilia; in smallpox ami vaccinia,

1 A unities tic C Inst. Pasteur, 12:1N9N; sec also Dujardin-Reaumetz, Lr Microbe 
ile In ih'tIpneumonic, Paris, Doin, 1900,
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as noted by ( ’asagrandi,1 Lichen,2 and several observers, and as in acute 
epidemic poliomyelitis (Flexner and Lewis), the presumption is distinctly 
in favor of ultra microscopic microbes as the causative agents. So also 
both Ballali,3 in our laboratory in connection with vaccinia, and Flexner 
and Lewis,4 5 with epidemic poliomyelitis, have obtained clouding of the 
upper layers of fluid media with appearance of minute granules. It 
would seem not unlikely, therefore, that yellow fever, acute epidemic 
poliomyelitis, " c and vaccinia, and measles are due to microbes 
of the nature of those found in contagious pleuropneumonia.

What are these microbes? Are they more nearly related to the bac
teria or the animal microparasites? By analogy the high grade of im
munity developed after an attack of any of the above-mentioned diseases 
indicates that they are of bacterial nature; immunity of this order is not

l'Ki. 329

From a vulture of the microbe of contagious pleuropneumonia of cattle. For description 
see text. (After Dujardin-Beaumets.)

characteristic of diseases due to animal microparasites. And while this 
volume has been passing through the press there have appeared two 
articles, by Bordet,’ and Dujardin- Beau met z" respectively, bearing out 
this contention. The former points out that grown upon media contain
ing a large proportion of rabbit's blood, in three days or so cultures of

1 Boll. d. Soe. tra i roll. d. ticienz. in Cagliari, 1908: Boll. 1-4: 11 and Boll. 5: 32.
* Ann. d’lg. sperim., 19: 1909:291.
3 Brit. Med Journ., 1900: ii: 1779.
Mourn. Amer. Med. Assoc., 54: 1910: No. 1.
5 Bulletin de la Soc. roy. des Sci. MM. et Nat., Brussels, November, 1909, and 

Annales de l’Inst. Pasteur, 24:1910:101.
• Ibid., 24:1910:108.
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the organism of bovine pleuropneumonia exhibit irregular curved and 
twisted filaments resembling, he holds, spirilla rather than spirochetes. 
Dujardin-Beaumetz and his collaborators, making a fuller study and 
employing the ultramicroscope and the highest powers of the ordinary 
microscope, with magnification of 5000 diameters, describe a very 
remarkable series of forms according to the age of the cultures, Bordet’s 
spirals being only one stage. At first coccoid and diplocoecoid forms are 
to be made out, followed by the appearance of chains and ring-like 
collections of coccoid bodies ; later irregular filaments of Bordet’s type, 
with remarkable star-like bodies (Fig. 520). By overstaining they 
find evidence that these are enclosed in a mucoid envelope. The organ
ism is extraordinarily polymorphic. Dujardin-Beaumetz suggests the 
name of Asterococcus mycoidca and points out that in not a few features 
these organisms recall the curious bacterial organisms of the root nodules 
of leguminosu1.
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Amjgdalin, 82, 575 
Amyl nitrite, action of, 808 
Amyloid, 4(1, 37 

infiltration, 891 
Amyloidosis, 891 
Amylopsin, 91 
Anadidvmus. 240 (note)
Anaerobes, 814 
Anakatadidymus, 241. 244 
Anaphase, mitotic, 113 
Anaphylaxis, 669

idiosyncrasy and, 4 111 
Xnaplasiii, 041, 709. 705, 841 

Andalusian fowl, hybrids of, 171 (note) 
Anemia, due to autolysis, 873

pernicious. Sec Pernicious anemia.

Anemia, splenic, 748 
Anencephaly, 268

from pressure in utero, 217 
Aneurysm, 875

atrophy and, 872 
cirsoid, 814
dissecting, development of, 015 
sacculated, 850 

Angioma, 814. 817
Aniline dyes, intravital staining of tissues 

by, 976
Animal venoms. Sir Venoms. 
Anlylustomu ilaailenalr, 840, 348, 850, 

351
Ankylostomiasis, 350 
.1 nopheles, 337 
Anorexia, 470 
Ante,don, 189

bifula, nucleoli in, 31 
ova, chromidia and yolk granules 

of, 19
Antenatal acquirement of disease, 216 

disease, acquired, from infection, 221 
from intoxication, 218 
from malnutrition, 218 
mechanical causes of, 210 

Anthracosis, 973
Anthrax, Pasteur's observations on, 493 

racial susceptibility to, 102 
Antiamboceptors, 537, 545 
Antiarachnolysin, 550 
Antiarin, action of, 307 
Antibodies, in blood of normal animals, 

544
of ta|X‘Worms, 348 

Anticomplemcnt, 539 
Anti-enzyme, distinct from fermentescible 

substance, 577
negative catalvsts anil, 78 (note) 

Antigens, 98, 499, 511 
Antihietase, 508
Antimony, .salts of, action of, 307 

elimination of, 310 
tartrate, hum le of action of, 309 

Antipepsin, 508 
Antiphrynolysin, 550 
Antiprotease, 871 
Antisteapsin, 508
Antitoxin, action of, on toxin within 

organism, 523
diphtheria, amount of serum pro

duced, 125
production as compared with 

toxin, 125
of horses, amyloid infiltration and, 

896
Antitymsinase, 508
Antiurease, 508
Antivenin, 550
Antler’s, inheritance of, 180
Anuria, 389
Anus, atresia of, 275
Aorta, atheroma of, soaps in, 94
Aphis, 154
Apicopolar fusion, 248 
Aplasia, 210
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Apomorphine, .'{1)4
mode of action of, 308, :{()!) 

Appendicitis, 433 
Aprosopia, 271 
Arachnidie, 343 
Archoplasin, 50 
Arginin, 58 
Argyria, 970 
Arrhincephaltis, 200 
Arsenic as cause of overgrowth, 597 

immunity toward, 501 
salts of, action of, .*K>7 
treatment of malignancy with, <192 

Arsen ions acid, elimination of, 310 
Artemia, 14.X
Arteries, media of, hypertrophy of,

594
uterine, involution of, 89(1 

Arteriosclerosis, senile, 875 
Arthrospores, 314 
Arthus’ phenomenon, 559 
Articular laxity, 182 
Ascariasis, 350 
Asmris, chromosomes in, 148 

germ cells of, 145 
Tumbricoides, 347, 348, 350 
tnegaloccpliala, 348

bivalens, spermatogenesis and 
oogenesis in, 149 

Aseptic suppuration, 431 
Asparagin, 59 
Aspartic acid, 59 
Asphyxia, 391

acidosis and, 382 
Axterococcux mycoides, 997 
Asthenic febrile state, 470 
Asthma, anaphylactic nature of, 501 

gouty diathesis and, 212 
irritative, from ascaris emanations,

348
Astropectcn, 417 
Atavism, 176

definition of, 104 
Atheroma, 980 

soaps in, 94 
Athyrca, 355 
Atreptic immunity, 848 
Atresia nni, 275 
Atrophy, brown, 874 

disuse, 402, 809
non-inheritance of, 190 

from excessive work, 111 
from malnutrition, 872 
from overnut! ition, 872 
from overwork, 871 
from subnormal cell activity, 109 
reversionary, 041 
senile, 873 
serous, 873, 904 

Atropine, 305, 300
action of, on skin, 312 

on vessels, 30S 
Attraction sphere, 115 
Autointoxication, 500 
Autolysis, 370

myelin bodies in, 97

Autorennin, 508 
Azoospermia, 294 
Azoturia, 959

B

H AC l LIAIS AC/DI l.ATH'l, tolerance 
of, to acids, 318

airoyencs capsulai us. See bacillus 
welchii.

unthrone, immune serum of. 545 
mode of action of, 327 

cliolcnr yallinarum, aggressins of, 557 
coli, cholelithiasis and, 948

exaltation of virulence of, in 
laxly, 324

fermentation of sugars by, 119 
phagocytosis of, by endothelium, 

322
tissue predisposition to, 408 
tolerance of, to acids, 318 
toxins of, effects of, on muscle, 

306
urinary calculus formation and, 

940 '
vaccination against, 555 

diphtheria•, antitoxin production of, 
125

ectotoxins of, 329 
endotoxins of, 543 
tissue predisposition to, 408 
toxins of, 315

effects upon nervous sys-

dysenterive, 119
aggressins of, 557 

cntcritidis, group reactions, 530 
megatherium, 120 
mescntericus rulgatus, 120 
paratyphoid forms, fermentation by, 

119
perturbons, 119
testis, transmission of, by insects, 326 
pyocyaneus, ectotoxins of, 329 

endotoxins of, 543 
infection through skin and, 327 

septicus putidus, toxins, action of, on 
heart. 3( 18

Ida ni, ectotoxins of, 329 
tuberculosis, endotoxins of, 329

growth of, in particular tissues, 
IMS

not inherited in man, 206 
passage of, from alimentary 

canal into tissues, 320 
presence in hens' eggs, 206 

typhosus, aggressins of, 557 
cholelithiasis and, 948 
endotoxins of, 329 
indol production by, 119 
toxins, action of, on heart, 308 
transmission of, by insects, 326 

icelchii, 987
llacony degeneration. See Amyloid. 
Bacteria, adaptation in, 118 

in alimentary canal, 383
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Bacteria as causes of disease, 313 
channels of entry of, 326 
composition of, Vaughan, 316 
exaltation of virulence of. See 

Virulence, 
excretion of, 322
grouping of, as regards toxicity, 314 
influence of traces of metals upon 

growth of, 89 
metaplasia of, 646 
in normal organs, 321

presence within tissues, 319 
nuclear matter in, 29 
pathogenic effects of passage of, 

128
influence of number present on, 

325, 327, 330
normal presence of, on body 

surfaces, 317 
specificity, 328 

photogenic, 69 
properties of, 313
rate of multiplication of, 121 (note) 

Bacteriemia, 459 
Bacteriolysins, 633 
Bacteriolysis, 642

by body fluids, 565 
Balantidium coli, 312 
Barium chloride, 306 

action of, 308 
salts of, action of, 307 

Barlow’s disease, 393 
Basedow’s disease. See Exophthalmic

Bashford’s theory of malignant growths, 
842

Basset hound, inheritance in, 174 
“ Baustein” theory, 38 
Bedsores, 284
Bee, nerve cells of, fatigue and, 402 
Begonia, regeneration in, 140 
Benign tumors, 669

metastasis of, 684 
Benzoic acid, 81
Bcri-beri, racial susceptibility to, 162 
Bezoar, 954
Bile, bactericidal action of, 318 

resorption of. 388 
salts, effects of, on leukocytes, 307 

hemolytic action of, 306 
Wassermann reaction and, 549 

secretins and, 365 
Bilharzia, 350

cancer and, 840 
Bilharziasis, 350, 780 
Biliary calculi, 946 
Bioblasts, 33 
Biogen, 75 (note)
Biont, 75 (note)
Biophores, chromatin and, 146, 152 

definition of, 75 
differentiation of, 124, 130 
growth of, 98 
inheritance and, 187 
interaction of. parental. 188 
Weismann’s conception of, 134

Biophorie molecules, 54 
theory, résumé of, 166 

Bioplastie activities of cell, 101 
Biotic energy, 59 
Birth palsies, 225 
Bladder, hypertrophy of, 594 

metaplasia of, 643 
papilloma of, 781 

Blastema, autochthonous, 668 
benign, 669
degenerative changes in, 689 
heterochthonous, 667 
malignant , 670 

stages of, 683 
multiple, 695 
nerves of, 689 
nuclear changes in, 690 
retrogression of. 692 
teratogenous, 663 
unicentric and pluricentric, 693 
vessels of, 689

Blastomeres, displaced, cause of tera- 
tomas, 659

Blastomycetes, cancer and, 794 
Blended inheritance, 167 
Blood coagulation. See Coagulation, 

glycolytic pro|>erties of, 365 
myelocytes of, 736 
|M>isons acting on, 306 
specific gravity of, alterations of, in 

shock and collapse, 584 
Bloodvessels, regeneration of, 614 
Bomhinator hufo, 550 
Bone, atrophy of, senile, 874 

ehondriform, 610, 611 
fracture of, pyrexia following, 485 
grafting, 636 
hypertrophy of, 593 

irritative, 597 
lipoma of, 722
marrow, vicarious hy|»ertrophy of, 

597
membraniforin, 610, 611 
metaplasia of, 730 
regeneration of, 610 

Bordet-Gengou phenomenon, 547 
Bordet’s experiment, 531 
Bothrioee phalus lotas. See Dihntlirio- 

cephalus.
Brud y dactyl ism, due to mutation, 182 

inheritance of, 209
Brain cells, compensatory hypertrophy 

of, 596
Branchial, 852
Breast. See Mammary gland.

carcinoma of, metastasis in, 682 
Bromides, 305

action of, on skin, 312 
Brown-Séquard's experiments on guinea- 

pigs. 199 
Brucin, 304
Brunner’s glands, vicarious hyperttophy 

of, 597
Burns. 290, 373

cloudy swelling in, 883 
pyrexia following, 485
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Bursal cysts, 860 
butterflies. See Lepidoptcra.
Butyric acid, 93, 38#

0

CACHEXIA, 672 
strumipriva, 354 

Caffeine, 305 
< 'aisson-disease, 285 
( 'alcareous concrements, 934 

incrustation, 936 
Calcification, 924 

causation of, 930 
chemical reactions in, 925 
experimental production of, 929 
metastatic, 926
microchemical reactions in, 925 
of myoma, 745 
necrotic, 927 
theories of, 932

Calcium, bone formation and, 394 
carbonate calculi, 948 
oxalate calculi, 943

deposits of, in kidney, 930 
salts, in parathyroidectomy, 355 
soaps, 94

calcification and. 932 
in fat necrosis, 982 

( 'alculus. See ( .'oncrements.
Calories, 479 
Calorimetry, 482
Cambridge mathematical tri|Mis, 178 
Cancer, 789 See Carcinoma, 

bodies, 341. 792
incidence of, according to locality. 839 
parasites, 838, 840 
therapy, 847 

( ’anities, 972 
Cantharidin, 311, 885 
Capillaries, growth of, in granulation 

tissue. 427 
( 'aproic acid, 93
Carbohydrates, excessive consumption of,

( 'arbon dioxide, 304
effects of excess of, in blood, 382 

monoxide, 306
Carbonic acid, fatigue and, 401 
Carbonization. 290 
Carcinoma, 670, 789

basal-celled, 790. 799 
of breast, métastasés in, 682 
colloid, 8()4

nature of colloid matter in, 889 
definition of, 707 
duct of, 803
experimental production of, by 

/-rays, 846 
glandular, 801 
of intima, 682 
latency of, 686 
of lung, 682 
met aplastic, 800, 805 
modes of extension of, 795 
origin of, from inflammation, 619

Carcinoma, parasitic theory of, 792 
of prostate. 682 
sarcomatodes, 705, 808 
squamous-celled, 797 
treatment of, principles of, 847 

Camaubic acid, 919 
Camin, 376
Carotid gland, tumors of, 834 
Carrel’s transplantation ex|M*riments, 637 
Cartilage, inflammation of, 437 

metaplasia of, 644 
into bone, 640 

regeneration of, 609 
transplantation of, 633 

Caseation, 441, 986 
Casein, 57 
Casts, urinary, 899 
Cat, idiosyncrasy toward, 410 
Catalysis, 73 
Catalysts, negative, 78 
Causes of disease, 201

abnormal bodily states, 311 
cell disuse, 402 
nutritional, 391 
overstrain, 396 
starvation, 395

chemical, 298
endogenous, 352

disintegrative, 370 
intermediate, 382 
internal secretory,

362
metabolic, 376 

exogenous, 903
lion-parasitic. 303 
parasitic, 313 

bacterial, 313 
metazoan, 343 
protozoan, 331 

mechanical, 281 
physical, 286 

( "avernoma, 814, 817 
Cell activities, reversibility of, 387

bioplastic, katabiotic activities and, 
101

body. See Cytoplasm.
chromidia. See Chromidia. 

carbohydrates of, 90 
chemistry of, 64

non-proteid constituents. 86 
connections of, 36 
differentiation of, 129 

adaptation and, 130 
in terms of biophoric theory,

188
disuse as cause of disease, 402
division. See also Mitosis.
economics of, 38
epithelioid, 440
fatty acid crystals in, 94
germ, origin of, 145
giant. See Giant cells.
f;ran ules, 33 
listology of, 29 

inclusions, 791 
malignancy, 674
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Cell membrane, part played by phi is 
phatides in, 90 

“ mother cells,” 141 
multiplication, 112 

flirect, 113 
indirect, 115 

nucleus of. See Nucleus, 
physiology of, 42
reduction of chromatin in, 140, 147 
regeneration, limits of, I 11 
relationship of surface area and mass 

llll
“rests,” 095, 835

metaplasia and, 039, 040 
as origin of cancer, 795 

simple atrophy of, 807 
salts of, MS

size of, in relationship to shape am 
function, 37

states of cell activity, 109
functional, 111 
hyperactivity, 111 
subnormal, i()9 
vegetative, 110

theory, intercellular substance it 
relationship to, 38 

totipotent, 053, 055 
vegetative vermin functional, 14*2 
water of, 85

Cellulitis, phlegmonous, 987 
Cellulose, nuclear activity in secretion of 

47
Centrosome, 34 

in amitosis, 114 
in mitosis, 115 

Cephalhematoma, 225, 804 
( ephalothorucopagus, 247 
Cercomonas, 330 (note)
Cerebral ulus, eggs of, 34 
Cerebrosides, 93, 97 
Cerianthus, heteromorphosis of, 047 
i 'e rumen, 955 
(Unladen, 343, 350 
Chalicosis, 973
Charrin’s hepatotoxin experiment, 533 
Cheek, tumors of, mixed, 002 
( 'heiloschisis, 271 
Cheloid, 710 

of skin, 710
Chemiotaxis of capillary bulbs, 015 

epidermal, 838
homotropism, 030 

negative, 505 
neurotropism, 027, 028 
in protozoa, 410 
of tissue cells, 019 

Chemiotropism, 020 
Chicken cholera, 493 
Chiager, 351 
Chilblains, 287 
( 'hills, 407
Chloasma uterinum, 970 
Chloral hydrate, action of, 308 
Chloroform, 304

action of, on heart, 307 
death under, 583

Chloroform necrosis, autolysis in, 372 
poisoning, acidosis in, 381 

Chloroma, 737, 972 
Chlorophyll, metabolism, 90 
Chlorosis, abnormal gastro-intestinal fer

mentations and, 380 
( 'holelithiasis, 946 
Cholesteatoma, 832, 902 
( liolesterins, 92, 94

biliary', origin of, 950 
calculi, 940
inhibitory action of, on hemolysis, 

542 (note)
neutralization of nitrites, 504 
oleate. myelins and, 918 

Cholin, 385
in autolysis of nervous tissues, 373 

Chondrin, 39 
( 'hondroalbuminoid, 57 
Chondroid infiltration. See Amyloid 

infiltration.
Chondroitin-sulphuric acid, 889, 895 
Chondroma, 724

of mammary gland, 227 
métastasés of, 084 
of mouse, latency of, 087 
ossifying, 728 
of testis, 720 

Chondromucoid, 57 
( 'hondrosarcoma, 770 
Chondrosin, 889 
Chordoma, 761
Chorio-angiopagus. See l-'ivtus aeardi-

( ,'horio-epitlielioma, 004 
Chromaffin system, 358 
Chromatin, hiophoric matter and, 152 

in non-nuclcatcd cells, 29 
reduction of, in germ cells, 147 

in somatic cells, 140 
relationship to hiophoric matter,

I I.,
Chromatolysis, 52, 090 
Chromatophoroina. See Melanoma. 
Chromatophore, 820, 829 
Chromidea, 32

cancer bodies and, 341 
in cloudy swelling, 884 
melanin granules and, 48 
mode of development of, 48 

Chromidiation, 52 
Chromoproteins, 57
Chromosomes, aberrant, in malignant 

growths, 841
as anatomical basis of heredity, 153 
in mitosis, 115
number of, in different species, 147 
reduction process in germ cells, its 

effects, 190
in spermatogenesis, 148 

Chronic, definition of term, 421, 439 
infection, 401 

Chylangioma, 800 
Ciliala, 341
Circulation, organs of, itoisons acting on, 

;;ii7
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Circulatory system, effect of toxins on,
17"

Circumcision, non-inheritance of results,
165

Cirrhosis, hepatic, us a subinfection, 463 
hypertrophic, 592
of liver, abnormal gastro-intestinal 

fermentations anil, MSI 
from lower fatty acids, 394 
obstructive, 3SS 
pigmentation in, 961 

Cirsoid aneurysm, N14 
Clitoris, 275

hy|K'rplasia of, 279 
Cloaca, defects of, 274 

persistent, 268, 27ti 
Cloaeal membrane, defects of, 26S 
Cloudy swelling, 882

in starvation, 872 
Cloirr, mutation in, 181 
Clu|KMiie, 50
Coagulation of blood, absence of, in 

asphyxia, 397 
in death from overstrain,

arrested by ankylostoma ex
tract, 34S

heterolysis and, 374 
necrosis. 374. 420. 984

hyaline degeneration and, 900 
Coagulins, 524 
(Jolirn, antivenin, 550 

lccithidc, 538, 540 
venom, 538 

Cocaine, 304
immunity to, 504 

Coccidiosis, 339, 777 
of duodenum, 778 

Cocculiiim onfnrmr, 339 
Coccygeal gland, tumors of, 831 
Cock’s spur experiment , 59S 

grafting of, 033 
Cohnheim’s theory, 835 
Cold as a cause of disease, 280 

as a predisposing agent, 288 
( nicy's fluid, 092 
Collagen, 39. 50 

librils. 711 
Collapse, 581

distinction of. from shock, 585 
Cnlliijiiative necrosis. 985 
Colloid menstruum, crystallization in, 940 

properties of, 87 
Colloidal membranes. 45, 88 

suspension, 952 
Color-blindness, 163

duo to mutation, 182 
inheritance of, 209 
sex-limited, 180 

Colunibn livia, 177 
Coma, diabetic, 381 
Commotio, 282 
Complement , 535

action of heat upon, 535 
artificial, 540 
diversion of, 646

Complement, fixation of, 647
junction of, with amboceptor, 536 
multiplicity of, 538, 567 
soups acting as, 540 
source of, 566 
structure of, 539 
synonyms of, 566 
variation in amount of, 539 

( mentoid, 535 
Complications (of infections), 456 
Compression, 284

mtra-uterine, 217 
Concrements. 934 

biliary, 946
bilirubin, 947 
calcium carbonate, 948 
cholesterin, laminated, 947 

pure, 946
common, mixed, 947 
etiology of, 948 

calcareous, 934 •
corpora amylacea, 937 
intestinal, 953, 954 
pancreatic, 936 
phleboliths, 936 
prostatic, 937 
rhinoliths, 935 
salivary, 935 
tonsillar, 935 
urinary, 938

calcium oxalate, 943 
cyst in, 945 
fibrinous, 946 
guanin, 945 
phot ic, 944 
uratic, 941 
urostealiths, 945 
xanthin, 945 

( 'oncretio, 430 
Concussion, 282
Conditions that cannot be inherited, 205 
Condyloma, 777 
Congenital cysts of neck, 273 

fistula, 273 
meaning of term, 201 
sacral teratoma, 239, 654, 656 

Conglutination as a property of colloids,

Connective tissue, elastic. See Klastic 
connective tissue, 

fatty. Srr Fatty tissue, 
metaplasia of, 644 
new formation of, in inflam

mation, 428 
tumors, 710
white fibrous, regeneration of, 

605
( 'ensanguines, marriage of, 163, 213 
Constipation, 382 
Contagious disease, 326 
( 'ontreooup, 282 
Contusion, 284 
Convalescence, 456 
Convallamarin, action of, 307 
Convulsions due to cholin, 373 
Coolie itch, 346

8
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Copper, action of, on liver, 311 

aseptic suppuration by, 431 
pigmentation, 976 
poisoning, 976 
salts of, acnon of, 3U7 

Coprostvrin, 95 
( 'opula, 566
Cornea, inflammation of, 437 
( orpora amylacea, 937 
( ‘orpus luteum, 864 

cysts of, 857 
internal secretion, 362 

( 'raniopagus, 247, 248 
( 'ranioschisis, 263 
Creatin, 305 
Cretinism, 353 
( 'retins, 259
(’riruridu, experiments upon development

of, I I
Crisis, resolution by, 466 
Croton oil, action of, 309 
( 'roup, fibrinous, 436 
('row, hematozoa of, 337 
Crustacea, reaction of, to injury in, 418 

regeneration in, 603 
Cryptogenic infection, 324 
Cumulative inheritance, 180 
Curare, 304 
Curves of variation. 19 
Cyanogen, action of, on blood, 306 
Cyanophycerr, 30 
Cyanophilia, 995 
Cyanosis, 311 
Cyclops, 260 
Cyelotia, 273
< Ylindroma, 824

hyaline degeneration and, 901 
Cvnarase, 508
( ystadenoma, 783. 784. 8.50. 859 

papilliferum ovarii, 859 
Cysticercus cellulosw, 345
< Ystin, 378

calculi, 945 
( 'ystinuria, 378
( Cytotropic substances, 552. See also 

Opsonins.
( Cysts, 860

congenital, of neck, 273 
hemorrhagic, 863 
intracystic papilloma, 783 
lymphangioma!ous, 82() 
necrotic, 864, 987 
ovarian, contents of, 889 
parasitic, 865 
secretory, 851

composite, 862 
endothelial, 860 
ependymal, 861 
epithelial, 862
glandular, of antenatal origin.

of neoplastic origin, 859 
of postnatal origin, 858 

Cytase, 566. Sec also Complement, 
Cytolysis, 632

enzyme action and, 574

Cytolysis, experimental, 682
maternal, effects upon fœtus, 219 
mechanism of, 534 
normal, 866

Cytoplasm, formation of starch by, 43 
granules in, 33
influence of, upon nucleus, 139 
motility and, 44 
nucleus and, 157 
relationship to nucleus, 38 
respiration and, 42 
structure of, 32 

Cytosin, 64

D

DACRYOPS, 858 
Daltonism. See Color-blindness. 
Danyscz’s phenomenon, 520 
Dapnnia, 119
Darwin's experiment on reversionary 

inheritance, 176 
Death. 990

from adrenal ablation, 359 
antenatal, 215 
from overstrain, 397 
from pituitary ablation, 357 
pathological, 993 
physiological, 992 
signs of, 993

Deciduoma. See Chorio-epitheliomn. 
Decomposition, 994 
Decubitus, 284 
Deduplication, 234 

fusional, 244
Defences of organism, 316 
Defensive proteins, 497 
I lefcrveseence, 456 
Degeneration, amyloid, 891 

calcareous, 924 
chondroid. See Amyloid, 
colloid, 891) 
elastoid, 896 
familial, 177 
fatty, 908

of uterine muscle, 868 
fibrinous, 887 
glycogenous. 921 
granular, 885 
nematohyaloid, 898 
hyaline, 896. 900 
hydropic, 903 
infiltration and, 881 
heratinoid, 902 
lipoid. 915 
mucoid, 888
of nucleus, stages and forms of, 53 
pigmentary, 956 
red, 746 
vacuolar, 904
vitreous. See Elastoid degeneration. 
Wallerian, 626, 870 
waxy, 887. See also Zenker’s degen

eration.
Delhi boil, 334 
Demarcation, line of, 988
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Dengue, 995 
Dentigerous cysts, 863 
Dentition, disorder of, racial suscepti

bility to, 163
Deutoplasm. See Paraplasm.
I termoid, ovarian, 256, 654 

sequestration, 862 
Desmnn, 566 
Determinants, 133, 134 

argument against , I til!
Development, influence of cytoplasm 

upon, 139
Diabète bronzé,” 961 

Diabetes, diathesis for, 210 
gouty diathesis and, 212 
mi'llilus, 366

glycogen in, 922 
hepatic type, 367 

phloridzin, 91. 367 
racial susceptibility to, 163 

Diacetic acid, 380 
I )ia|M-desi.s of leukocytes, 423 
I liaphoresis, 311
Diaphragm, abnormalities of, 268 
Diarrhoea, 309

collapse and, 581 
Diathesis, 163. 204, 210

associated anatomical conditions
and, 201

congenital cystic, 857 
metabolic, 210 
nervous, 211 

Diathetic reversion, 177 
Dibothriacephalus lotus, 347, 348, 349 
Dicephalus, 243
Differentiation of cells and tissues. 129 
Digestive system, action of poisons upon,

308
in fibrile state, 476 

Digitalin, action of, 307 
Digits, accessory, inheritance of, 163 
Dignathia, 273 
I Hmcthylamin, 385 
Dioctonlnime reiuilc, 345 
Dipeplids, 60 
Diphtheria antitoxin, 510 
Diplococcua pneumonia'. See Pneumo

coccus.
Diprosopus, 243
Disease, conditions of, classification, 203 

contagious, 326 
conveyance of, by food. 327 
definitions of, 21, 22, 128 
as distinguished from affection, 21 
of fœtus, 224 
local and general, 20 
postnatal acquirement, 280 
variability and, 17 

Disintegration, granular, 885 
Disintegrative intoxications, 370 
Distension, 284 
Distoma hepaticum. 348 
Disuse atrophy. See Atrophy.

as predisposing cause of disease, 403 
Diversion of complement. 646 
Dominant characters, 168

Dominant properties, 164 
Dorsal groove, defective closure of, 263 
Dorsipolar fusion, 248 
Drosera, 17

insectivorous tentacles of, 571 
I >um-dum fever. See Kala-azar. 
Duodenum, coccidiosis of, 778 

potential sterility of, 383 
sterile state of, 317 

Duplicia symmetros, 655 
Dwarfism, 269

from division of ovum. 152 
Dyspepsia, racial susceptibility to, 163 
Dyspnoea, 381, 391

E

EAltTII-WOKM grafting, 631 
heteromorphosis, 646 
regeneration in, 601 

Ecchymoses in asphyxia, 391 
from drugs, 312 

Echinococcus, 345 
Echinus, chromosomes in, 148

connections In-tween hlastomeres, 36 
eggs of, effects of shaking of, 217 
experiments on eggs of, 138 

Eclampsia, 363 
Ectasia. 850
Ectopia cordis abdominalis, 270 

vesicte, 268 
Ectotoxins, 510
Eczema, gouty diathesis and, 212 
Edestin, 56 
Eel, glycosuria in, 365 

poison, 550 
Egg albumin, 56

formula of, 55 i note)
Ehrlich side-chain theory of immunity, 

616 670
Elastic connective tissue, atrophy of, 

senile, 874 
regeneration of, 607 

Elastin, 39, 56 
Elastoid degeneration, 896 
Electricity as a cause of disease, 296 

constant and alternating currents,

fulguration. 295 
Electrocution, 297 
Electrolytes, 86 
Elect ropuncturc, 693 
Eleidin, 902 
Elephantiasis, 228, 718 

congenital, 224
Emaciation in febrile state, 477 
Embolism, 977 

capillary, 312
in malaria, 339 

cell, 680
placental-cell, eclampsia and, 363 
septic, 434

Embolus, placental-cell, 665 
Embryo, amitosis in, 113 

definition of, 202



/A/mloos
Embryomu, ovarian, 654 

sporadic, 656 
testicular, 654

clmrio-epithelioma and, 666 
Embryonic tissues, transplant at ion of,

Emphysema, pulmonary, 875 
Emulsin, 508, 509
Endocarditis, acute non-specific, immu

nity in, 500
Endogenous intoxications, 362 
Endostiorcs. 313 
Endothelioma, 813 
Endotheliotoxin of snake venom, 550 
Endothelium, connection between cells 

of, 35
regeneration of, 620 
vascular, bactericidal activity of, 

321
relationship of connective-tissue 

cells. 606
Endotoxins, 315, 196, 512, 543 

ectotoxins and, 329 
Enostoses, 729 
Entanmlta dysenleriw, 333 
" Entdifferenzierung,” 141, 641 
Enteric fever. See Typhoid fever. 
Enzyme, 70 

action, 70
growth and, 75 
immunity and, 573 
intracellular and reversible, S3 
reversibility, of, 79 
surface action and, 78 

autolytic, 370 
in adrenal, 360 
bacterial, 314

. comparison with nucleonroteins, 66 
immunization against, 608 
intracellular and extracellular, 72 
ionic action and, 576 
of leukocytes, 371 
mode of action of. 73 
production of. adaptive, 118 
properties of, 70 

Eosinophilia, 740
produced by metazoan parasites, 348 

Ejteira dindema, 550 
Ependyma, cysts of, 861 
Ependymoma, 758 
Epidermis, regeneration of, 618 
Epigenesis, 131 
Kpignathus. 239, 656 
Kpiguanin, 376 
Epilepsy, 386

diathesis and transmission, 211 
diathetic reversion and, 179 
from parental intoxications, 220 
inheritance of, 211, 214 
traumatic, inheritance of, 199 

Episarkin, 376 
Epispadias, 268 
Epithelioid cells, 440 
Epithelioma, 797 

.r-ray, 846
Epithelium, annvhoid movement of, 425

Epithelium, connections between cells 
of, 3.',

metaplasia of, 648 
regeneration of, 616 

Epitoxoids, 515 
Epoophoron, 274 
Epulis, 713 
Ergot, 305

action of, 308 
“ Ersatz” theory, 877 
Erythema, 312
Erythrocytes, changes of, in febrile state, 

173
fragility of, 967 
life period of, 42 
origin of hemoglobin, 50 
regeneration of, 615 

Ether, 304
Ethyl alcohol, a constituent of normal 

tissues, 54 
butyrate, 82 

Etiology, 201
definition of, 25 

Eustronfp/liis gigas, 345 
Evening primrose. See (Enothora. 
Eventration, 267
Evolution, Mendel's principles not an 

explanation of, 187 
in terms of biophores, 157 * 

Exanthemata, 177 
Exeneephaly, 264
Exogenous intoxication, bacterial, 464 

non-parasitic, 303 
parasitic causes of, 313 

Exophthalmic goitre, 354, 366
abnormal gastro-intestinal fer

mentation and, 386 
Exophthalmos, 356 
Exostosis, 729
Exudate, inflammatory, 423, 446 
Eye, choroid of, metaplasia of, 639

iris of, pigmentation of, Mendel's 
principles affecting, 173 

particulate inheritance of, 
167

lens of. See Lens, 
retina of, glioma of, 757

F

EAVIAL clefts, defective closure of, 270 
Facies Hippoerat ica, 585 
Factors of safety, 106 
Fallopian tube, an open channel, 316 
Familial degeneration, 177 

inheritance, 163 
paraplegias, 877 

Eiisriolii hepatien, 348 
Fastigium. 456 
Fasting, 393
Fat cells, lymphoid tissue and, 60 

origin of, 607 
senile changes in, 873 
vacuoles in nuclei of, 50 

concretions, 955 sr
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hit, excessive consumption of, 303 
metabolism of, 03 
necrosis, 082 

soaps in, 04 
neutral, 02 

l ui phanarosis, 010 
l''aligue, 396

Sherrington's gynupso theory of, 401) 
l'’atty acids, 02

in autolysis, 371. 372 
crystals of, in cells, 04 

degeneration, 907 
infiltration, 906 
tissue, regeneration of, 607 

Febrile state, 466
associated disturbances, blood, Fissura buccalis, 271

HHK)

Fibrosis, non-inllammatory, strain, 462 
peri-arterial, 870 
of placenta, 222 
senile, 870 
strain-, 451 

Filaria bancrofti, 351
metlinemis, 340, 350 v 
nncturtui, 344, 340 

I-ilariasis, 350
First intention, healing by, 423
Fischer's experiment, 838
Fish eggs, separation of blastomeres in,

malignant goitre in, 840 
poison, 550

472
circulatory, 470 
cutaneous, 477 
digestive, 470 
emaciation, 477 
muscular, 409 
nervous, 407 
respirator)*, 473 
urinary, 474 

asthenic, 470 
pyrexia in, grades of, 407

site of neat production, 487 
thermogenesis and, I7:i 

significance of, 488 
temperature in, causes of devel

opment of, 485 
changes of, 400 

varieties of fever, 400 
Ferment. See also Enzyme, 

action. See Enzyme action, 
organic anil inorganic, 70 

Fertilization. 144 
self-. 109 

Fervesoonoe, 450 
Fever. See Febrile state, 

autolytic, 373 
from overstrain. 398 

Fibrin concretions, 945 
Fibrinogen, 50
Fibrinous adhesions, 430, 433 
Fibroblast, development of, 429 
Fibroglia fibrils, 711 
Fibroin, 50, 60 
Fibroma, 452, 710

recurrent fibroids, 070 
I ibmmatoid, 451, 714 
Fibromatosis of olfactory nerve, 715 

of optic nerve, 710 
I ibmmyoma. .See Leiomyoma.

métastases of, 084 
Fibrosarcoma, 712 
Fibrosis, 450

distinction of, from oilier fibroid over
growths, 718 

granulomatous, 443 
inflammatory, 452 

post fibrinous, 452 
proliferative, 452 
replacement, 452

non-innammatory, neoplastic, 452 
64

sterni, 207 
vesicogenitnlis, 207 

Fistula, 433
congenital, of nock, 273 

Fixateur, 500. Sir also Amboceptor. 
Fixation of complement, 647 
Flowering plantx, accessor)1 chromo

somes in, 151 
Fluid crystals, 95 
Flukes, 343
Fluorescent substances as sensitizers to 

light. 293
Fœtus acardiacus, 218, 231 

amorphous, 231 
diseases |M'culiar to, 224 
distinction from embryo, 202 
infection of, 200
internal secretion and lactation, 303 

Fomites, 320
Foot-and-mouth disease, 995 
Foriwiinifrrn, calcification in, 40 
Formic acid, 380
Fowl-'<, eggs of, conveyance of IuIhtcii- 

losis through, 200 
Mendel's principles affecting. 173 

Fracture of bones, pyrexia following, 485 
intrauterine. 257 
of purturienl origin, 225 

Freezing, effects of, on tissues, 280 
Frog, blastomeres of, 137 

development of, 137 
skin, employed for grafting, 035 
species and varieties of, 172 
tadpole, absorption of tail, 024 

adaptation in, 128 
regeneration in, 001 

tongue of, in inflammation, 422 
web of foot of, in inflammation, 422 

Frostbite, 287 
Fulguration, 295
Furululus, effects of crossing with men- 

iilia, 148

flALACTtX'ELE, 858 
(•allstones, 940 
(•alton’s law, 174 
“CJunglion,” 800

cells. See Neurons.
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Ganglioneuroma. See Neuroma. 
Gangrene, 987, 988 

dr) 088
emphysematous, 987 
frost, 287 

' hospital, 987 
moist, 988 

(iiirtner’s duct, 853
development of, 275

Gastric juice, a protective mechanism,
317

secretions and, 365 
Gastro-intestinal intoxications, 382 
Gelatin, 56
General paralysis of insane, Wassermann 

reaction in, 549
Genital passages, infection through, 327 
Geotropism, 692
Germ cells, arrested development of off

spring due to imperfections of, 
208

influence of environment on,
187

of parental intoxication on,
196

origin of, 145 
( ierminal period, 202 
Giant cells, 32

foreign body in, 417 
syncytium and plasmodium, 31

tuberculosis, 140 
types of, 733 

Giantism, 227
local, from intra-uteri ne obstruction, 

224
pituitary and, 357 

Glanders, giant cells in, 439, 440 
granuloma, 443 

Gliadins, 56
Glial cells. See Neuroglia.
Glioma, 765

metaplasia of, 644 
of retina, 757 

Gliosarcoma, 757, 773 
Globin, 56 
Glohinuria, 958 
Globulins, 56

as a factor in immunity, 550 
GUuunnn worstUnis, 336 

jHtlptilis, 336
figure of, 335 

Glucosamin, 889 
< ilucose, 80
Glucosides, action of. on heart, 307 

immunity toward, 504 
Glutamic acid, 59 
Glutclins, 56 
Glutenin, 56 
Glycin, 60
Glvcocoll, 59 #

combination with benzoic acid to 
form hippuric acid, 81 

dehydration products, 60 
Glycogen, absence of, fatigue and, 401 

in febrile state, 176

Glycogen metabolism, 91
mode of accumulation of, in liver 

cells, 83
in starvation, 872 

Glveogenous infiltration, 921 
Glycoproteins, 57 
Glycosuria, 365 

adrenal, 368 
alimentary. 368 
nervous, 368 
phloridzin, 367 
renal, 367 

Glyeyl, 60
Givey 1-proline anhydride, 60 
Goblet cells, development of mucin in, 

80
Godlewski's experiment, 139 
Goitre, colloid, 354. 890 

congenital, 219, 224 
exophthalmic, 354, 366 
in fishes, 840

Gonococcus, phagocytosis of, 325 
Gonorrhtra, vaccination against, 555 
Gout, 376

diathesis toward, 210, 212 
sex limited inheritance of, 180 

Graafian follicles, cysts of, 859 
Grafting. 631 
Granulation tissue, 426 
Granuloma, infectious, course of, 439 

set up around foreign bodies, 413 
Gravel, urinary, 941
Graves’ disease. Sir Kxophthalmic goitre. 
Gregnrina, 339 
(iroinia, 37. 886 
Ground itch, 346 
Group reactions, 530

of agglutinins, 530 
of amboceptors, 544 
of précipitais, 525

Growth, us distinct from multiplication, 
112

influence of minute traces of metals 
upon, 89

its essential nature, 75, 98 
nueleoproteins and, 76 
nucleus and, 42 
nutrition and function, 599 
problems of, 588
relationship to enzyme action, 75 

to other cell activities, 101 
Guanase, 376

in autolysis, 371 
Guunin, 64

calculi, 945
Guanylie acid. 64 (note), 65 (note) 
Guitmi-irig, anaphylactic phenomena of, 

561
ltrown-SAiuartl's experiment on, 

199
Mendel’s principle affecting, 173 

Guinea-worm. See Filuria medinensis. 
Gumma, 442 
Gummous change, 986 
Gums, tumors of, mixed, 662 
Gyna-comastiu, 279
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H

HABIT of growth theory, 842 
origin of, 105 

Hair halls, 954
dominance of dark pigmentation in,

regeneration of, 619 
IIalleridium, 206, 335 
Hamartoma, 815 
Haptine, 572 
I laptophore, 515, 517 
Harelip, 270
Hauser's theory of neoplasia, 842 
Huy fever, 410

anaphylaxis and, 561 
Heart, disease; of, effects upon placenta, 

218
hypertrophy of, 594 

concentric, 994
and dilatation of, from excess of 

fluid, 392 
irritable, 398 
poisons acting on, 307 
reserve force of, 107 
valves of, inflammation of, 437, 438 

Heat of body, calories, 479
calorimetric observations of, 482 
discharge, modes of, 479 
production of, 478 
regulating mechanism in, 480 
where produced, 487 

as a cause of disease1, 286 
Heatstroke, 289 
Helminthiasis, 343 
Hemamnba. See Hematozoon. 
Hemangjo-cndot helioma, 813, 822 
Hemangioma, 817 
Hematin, 57 
llcnmtoblasts, 616 
llematohvaloid degeneration, 898 
Hemutoidin, 960 
Hematoma, 651 
Hemutoporphyrinuria, 962 
llmatmporidia, 337 
Hemotozoon via hi rite, 337 
Hematuria, 958 
Hemicephaly, 263 
Hemochromatosis, 961 
llemoelastics, 306 
Hemocyanin, 57 
Hemofuscin, 960, 961 
Hemoglobin, 57 

formula of, 55 
imbibition, 957 
origin of, 50 

llemoglobineinia, 306
due to hypisotonic blood plasma, 90 

Hemoglobinuria, 306, 957 
infective, 959 
paroxysmal, 958 

Hemolymph glands, 597, til6 
Hemolysin, artificial, 540 

of snake venom, 550 
source of, 568 

Hemolysis, 532

Hemolysis, agents causing, 306
diversion of complement in, 546 
• i mgs causing, 957 
focal necrosis and, 982 
influence of concentration of medium 

upon, 90 
pyrexia and. 484
solvents of phosphatides as agents in, 

96
Hemophilia, 210

due to mutation, 182 
familial inheritance of, 163 
sex limited inheritance, 180 

Hemorrhage as a cause of collapse, 581 
effects of, upon specific gravity of 

blood, 584 
pyrexia and, 484 

Hemorrhagic cysts, 863 
Hemorrhoids, 814, 815 
Hemosiderin, 960
Hen, embryos of. transplantation of, 633 
Hepatic incompetence, 311 
Hcpatolysins, ( harrin's experiment oil 

gravid gouts. 219 
Hepatotoxin, 533 
Heredity, 169

anatomical basis of, 153 
biophores and, 157 
forms of, 160 

Hermaphroditism, 278 
Hernia, diaphragmatic, 268 

funiculi abdominis, 267 
Herpes zoster, 449 
Heterolysin, 533, 868 
Heterolvsis, 372 
Heteromorphic inheritance, 179 
Heteromor/iliosin, 603. 646 
Heteroplasia, 641 
Heterotopia, 640 
Ileteroxanthin, 376 
Hexone bases, 58 
Hippuric acid, 81

synthesis of, in kidnev, 81 
llistidin, 58 
Histolysis, normal, 866 
Histones, 56. 63 
Histozyme, 81 
Hodgkin’s disease, 739 
Ilofmcistcr's theory of the protein mole

cule, 61
Hog cholera, immunization against, 496 
Homeomorphic inheritance, 179 
Homogentisie acid, 379 
Homot ropism, 636 
Hook ii'onti. .See Ankylostoma.
Hordein, 56 
Hormones, 353 

pancreatic, 366 
pituitary, 357 
properties of, 365 

Horns, 777
of sheep, inheritance in, 180 

Horne, albino breed, mutation and de
scent, 213

callosity of foreleg, 182 
inheritance of c vat color of, 175
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Hunter'* grafting experiment, 508, 633 
Hyaline degeneration, 800 

matter, 40
Ihjalopu» dujardinii, S80 
Hybridization, principles of, 168 
Hydatid cysts, 345, 351, 805 

mole, 004
of Morgagni, 274, 854 
sessile, 855 
stalked, 274, 854 

Hydra, regeneration in, 140, 001 
Hydramnios, 224 
Hydrobilirubin, 008 
Hydrocele, encysted, of testis, 854 

of fourth ventricle, 801 
of scrotum, 800 

Hydrocephalus intermis, 801 
of parturient origin, 225 

Hydrocyanic acid, 300 
Hydromctra, 858 
Hydronephrosis, 803 
Hydropic degeneration, 903 

osmosis and, 90 
Hydrops cystidis felleie, 858 

ex vacuo, 876, 005 
Hydroquinone, 300 
Hygroma, 800 
HyIonia, 703 
Hyocyanine, 305 
Ilypainnios, 224 
Hyperchromatosis, 53 

nuclear, 091
Hyperemesis gravidarum, collapse and, 

581
Hyperemia, induced. Bier's method, 450 
Hypernephroma, 810 
Hyperplasia, 502

irritative glandular, 788 
lymphadenoid, 740 

Hyperpyrexia, 407, 480 (note) 
Hyperthermia. See Pyrexia. 
Hyperthyrea, 355 
Ilyperthyroidism, 353 
Hypertrichosis, 224 
Hypertrophy, 687 

adaptive, 503 
compensator)-, 504 
concentric, 004 
congenital glandular, 788 
as distinct from regeneration, 500 
from hyperactivity, 111 
irritative, 507

glandular. 788 
of liver. 786 
neoplasia and. 785 
nutritional, 507 
physiological, 503 
progressive, 714 
simulated. 000 
sympathetic. 590 
vicarious, 500

Hypnosis, inflainmnt ion and, 440 
Hypnotic drugs, 304 
Hypochronmtosis, nuclear, 001 
Hypogencsis, polar, '200 
Hypoleukocytosis, 502

HyjMiphysis cerebri. See Pituitary. 
Hypoplasia, 200 

senile, 874 
Hypospadias, 278

inheritance of, 209 
Hypothermia, 288 
Hypoxanthin, 04, 370

action of, on muscles, 305 
Hysteria, diathesis and transmission, 211 
Hystero-epilepsy, racial susceptibility to, 

163

I
ICHTHYOSIS, 224

due to mutation, 182 
Icterus. See Jaundice, 
blunts. 134
Idiocy from parental intoxications, 220 

a result of familial degeneration, 177 
Idiosyncrasy, 312. 410 
Ids, 134 
Ileus, 383 
llyamum, 140

dwarf larva* from isolated blasto- 
ineres, 210

Imbecility from parental intoxications, 
220

Immune body. 535. See also Amboceptor, 
orders of, 572 

serum, 510 
Immunity, 491

absolute and relative, 401 
acquired, inheritance of, 191 
active and passive, 497 
adaptation and, 121 
anaphylaxis and, 550 
at replie, 848
comparison of, with enzyme action, 

573
historical review of, 402 
inheritance of, 179 
non-specific, 400
of offspring from parental intoxica

tion or infection, 200 
orders of, 499

against phytotoxins, 505 
abrin, 505 
ricin, 505 
robin, 507

substances of unknown con
stitution, 508 

cells, Imcteriolvsins, 
542

cytolysins, 532 
enzymes, 508 
proteins, 524

agglutinins. 527 
aggressins, 557 
opsonin*, 551 
precipitin*, 524 
venoms, 550 

non-specific, 401
leukocytes and, 501 

toward substances of known 
constitution, 501
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Immunity, orders of, toward substances 

of known constitu
tion, arsenic, .502 

glucosides, 504 
morphine, 504

passive, 503 
theories of, 662 

Immunizations, 491 
Implantation, 031 

cysts, 862
of teeth and bone, 630 

Inbreeding, dwarfism and, 200 
Inclusions, abdominal, 055 

fœtal, 254, 666 
Incompetence, hepatic, 311 
Incrustation, calcareous, 930 
Incubation period, 455, 457 
Indol, action of, on liver, 311

as a cause of gastro-intestinal intox
ications, 384

production of, by bacteria, 119 
Indolacetic acid, 384 
Inertia, physiological, 105, 109 
Infancy, insusceptibility during, 400 
Infantile scurvy. See Harlow's disease. 
Infarct, pyrexia produced by, 373 
Infarction, 978 
Infection, 463 

bacterial, 314 
causation of, 454
cause of stillbirth and abortion, 219 
conveyance of, through fivtal mem

branes, 207 
course of, 455 
cryptogenic, 324 
definition of, 453
distinguished from inflammation, 415
endemic, 453
epidemic, 453
epizootic, 453
favored by overwork, 399
febrile state and, 466

significance of, 4HS 
incapable of inheritance, 206 
incubation period, 457 
malnutrition as predisposing cause,

modes of, 323 
predisposition toward, 405 
previous, influence of, 406 
pyrexia and thermogenesis, 478 
sporadic, 453 
stages of pyrexia, 467 
terminal, 992
transmitted to offspring, 221 
types of, 459 

acute, 460 
chronic, 461 
fulminant, 459 
subinfection, 462 

varieties of fever, 466 
Infiltration, amyloid, 891 

degeneration and, 881 
fatty, 906 
glycogenous, 921 

Inflammation, 412

lamination, acute catarrhal, 436 
cellulocutaneous, 434 
fibrinous, 430, 435 
healing of, by first intention, 425 

by granulation, 426 
hemorrhagic, 435 
leukocytes in, 445 
membranous, 435

or diphtheritic, 435 
in non-vascular areas, 437 
phlegmonous, 434 
stages of, 421 
suppurative, 430 

adaptation in, 447 
adequacy of, 450 
causes of, 420 
chronic, 439 

diffuse, 443
infectious granulomas, 439 
leukocytes in, 445 

comparative1 pathology of, 416 
definition of, 412, 415 
distinguished from infection, 415 
exudate in, 446
fibrosis ami its relationship to, 460 
general reaction accompanying, 448 
hypnosis and, 449 
leukocytes in, 445 
main data regarding, 444 
metastasis in, 434 
nervous system in, 448 
part played by vessels in, 444 
referred, 449 
repair and, 447 
temperature changes in, 450 
tissue proliferation in, 444 
ulcerative, 432 

Infusoria, 341
adaptation in, 128 

Inheritance, 169. See also Heredity, 
of acquired characters, 192

acquired immunity, 194 
disuse atrophy, 196 
intra-uterine arrests of de

velopment, 195 
maternal impressions, 193 
mutilations, 195 
retrogressive changes due to 

intoxications, 196 
use acquirements, 194 

of anatomical abnormalities, 209 
atavistic, 175 
blended, 167 
collateral, 175 
cumulative, 180 
diathetic reversion in, 177 
of epilepsy, 211, 214 
false, 201 
familial, 163

degeneration, 177 
forms of, classification of, 186 
homeomorphic and heteroinorphic, 

179 r
homeomorphous and hetcromorph- 

ous, 211 
individual, 167
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Inheritance, mosaic, 175
mutation or spontaneous variation,

180
parental, 167 
particulate, Iti7 
of polydaetylisin, 209, 214 
racial, 162 
reversionary, 176 
sex limited, 164, 170 
theory of, 186 
t rue and false, 201 

Inherited morbid conditions, 206 
Inioncephnly, 265 
Injury, local reaction to, 412 
Inosinic acid, 04 (note)
Intensification of virus, 495 
Inscrta, accessory chromosome in. 154 

germ cells of, 145 
Insects, amitosis in, 113 

parasitic, 343
transmitters of bacterial infection,326 

Insolation, 290 
Intercellular substances, 38 
Intermediate body. Sec Amboceptor.

intoxications, 382 
Intermittent fever, 466 
Internal secretions, as causes of disease, 

362
general principles of, 368 
in hypertrophy, 598 

Intestinal concretions, 954 
sand, 935

Intestines, hypertrophy of, 594 
obstruction of, results of, 383 

Intoxications, acid, fatigue and, 401 
effects of, upon offspring, 196 
endogenous, 362 
exogenous bacterial, 464

and endogenous, 300 
gastro-intestinal, 382 
“ intermediate,” 382 
paternal, influence of, u|mui offspring, 

194, 197, 198, 220 
Invertase, 575

reversible action of, 82 
Invertin, 72
Involution of uterine muscle fibers, 868 
Iodides, action of, on skin, 312 
Iodipin, 914
Iodoform, action of, on skin, 312 
Iodothyrin, 353, 891 
Ion-proteids, 86 
Ions, 85

evolution of energy in combination 
of. 102

growth and, 100 
Ipecacuanha, action of, 509 
Iron in calcareous deposits, 925 

carriage of, by leukocytes, 320 
need for, in organism, 394 
as a nuclear constituent, 63 

Ischiopagus, 247, 253 
Islands of Langerhans, 367 
Isocholesterin, 95 
Isolysin, 533
Issaeff’s resistance period, 501

J

J AN ICE IS, 247 
Janus. 247 
Jaundice, 963

hemohepatogenous, 967 
infective, 967 
neurotic, 967 
obstructive, 387, 965 
toxemic, 967

.lecoriu, 92, 371, 392, 916 
•Icily fmh. See Medusa.
Jenucrian vaccination, 493 
Joints, articular laxity, due to mutation, 

182
loose curtilages in 727

K

KALA-AZAR, Irishman-Donovan bodies 
in, 332, 334 

KaUima purnlccta, 134 
Karyorrhexis, 53 
Karvolysis, 51
Katabiotic activities of cell, 101 
Katadidymus, 240 (note)
Kutalysis. See Catalysis.
Kataplasia, 878

anaplasia and, 880 
Keloid, 716 (note)
Kephalin, 92 
Képhir lactase, 82 
Kerasin, 97 
Keratin, 56
Keratinization, pathological, 902 
Kerutohyalin, 902 
Kidneys, action of poisons in, 311 

cloudy swelling in, 838 
compensatory hyperplasia of, 595 
congenital cystic, 855 
disease of, effects of, upon offspring, 

219
hypertrophy of adrenals and, 360 

einbryogeny, 856 
glycosuria, 367 
infiltration of, fatty, 918 
lipoma of, 722
parenchymatous nephritis of, soaps 

in, 94
regeneration of, 604, 621 
reserve force of, 108 
resorption of urine, 388 
retention cysts, 857 
teratoblastoma of, 661 
tumors of, 807 

“ Klonfversuch,” 582 
Kobelt’s tubes, 853 
Kyes' experiment, 538 
lvyrins, 62

L

LACERATION, 284
Lacrimal gland, tumors of, mixed, 662
liOrrynmnn olor, 44
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Lactalhumin, 50
Lactation, pregnancy and, 363
Lactic acid, 386

bacterial growth in tissues and, 
399

disturbances set up by, 381 
Lmnblia, 330
Lardaceous degeneration. See Amyloid 

degeneration.
Latency of life, 286 (note)
Latent period, 105 
Law of chance, 18

of multiple proportions, 511, 520, 522 
Lead, action of, on liver, 311 

poisoning, 304
blue line on gums in, 975 
effects of, on offspring, 198, 219 

Lccithalbumin, 92 
Lecithins. See Phosphatides 

acting as complement, 538 
Lecithoproteins, 57 
Leiomyoma, 744

of digestive tract, 749 
of skin, 750 
uterine, 744 

Leiomyosarcoma, 772 
Leishman-Donovan bodies, 332 
Irishman’s method, 551, 564 
I ms, metaplasia of, 643 

regeneration of, 617 
Lepidoma, 703. 775

transitional, 703, 705, 806 
variation of cells in, 677 

LepùlopUra, adaptation in, 128, 135 
evolution and preformation in, 133 

Irucin, 59
compounds with glycocoll, 60 
produced in autolysis, 371, 372 

Leukemia, myelogenous, 736 
Leukocidin, 511, 533 
Leukocytes, classification of, 445 

éosinophile, diapedesis in, 424 
origin of, 445 
in peritonitis, 307 

explosive of Crustacea, 418 
in febrile state. 472 
histogenous, 624 

origin of, 445 
hyaline, 445
in inflammation, fate of, 446 
leukolysis of, 307 
lymphocyte, diapedesis in, 424 

origin of, 445 
margination of, 423 
migration of, 423, 445

into and from intestinal lumen,

in non-specific immunity, 501 
origin of, 418
passage of, on to mucous surfaces, 

318
phagocytosis of, 319 
polymorph, connective-tissue forma- 

tion and, 606
variations in phagocytic power 

of, 553

Leukoevtes, polynuclear, diapedesis in,
124

origin of, 445 
regeneration of, 614 

Leukoeythernia. See Irukcmia. 
Leukocythosis, induced, resistance period 

and,450
Leukolysis, 306, 565 
Leukopenia, 306 
Leukoplakia, 902 
Life, definition of, 67

enzyme action and, 77 
growth and, 77 
latent, 286 (note)
period of, predisposition to disease, 

406, 407
potential or latent, 68 

Light as a cause of disease, 292 
Finsen, 830 (note)
Rontgen ray dermatitis, 846 
ultraviolet, action of, on skin, 830 

Lightning, effects of, 295 
Limnœus stagna lis, fat formation and, 903 
Line of demarcation, 988 
Linin, 30, 63 
Linoleie acid, 93, 919 
Lipase, 93

reversible action of, 81, 82 
Lipcmia, 912 
Lipochromes, 93, 97, 972 
Lipoids as agents in osmosis, 46 

classification of, 92 
definition of, 92 
degeneration of, 915 
hypnotics and, 304 
Wassermann reaction and. 549 

Lipoma, 721 
of bone, 722 
of kidney, 722 
myxomatodes, 719, 721 
of peritoneum, 721 ,

Lipomatoid, 723 
Lipoproteins, 57, 93, 97 
Liposarcoma, 770 
Liposis. See Obesity 
Lithiasis, 938

gouty diathesis and, 212 
Liver, adenoma of, 684 

bacteria in normal, 321
carbohydrate metabolism in, 366
cirrhosis of, pigmentation in, 961
coccidiosis of, 778
compensatory hyperplasia of, 95
congenital cysts of, 857
disease of, effects of, upon offspring,

fatty infiltration of, 906 
glycogenic activity of, 352 

metabolism in, 83 
hypertrophy and adenoma of, 786 
incompetence of, 311 
kataplasia of, 879 
multiple carcinoma of, 836 
origin of myelocytes in, 614 
poisons acting on, 310 
regeneration of, 604, 620
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Liver, reserve force of, 107 
Lividity, cadaveric, 004 
Living matter, orders of, 77 
liocomotor ataxia, 877

Wassermann reaction in, 540 
Longinymph state, 211 
Luminosity of photogenic bacteria at low 

temperatures, 60
Lungs, carcinoma of, métastasés in, 682 

compensatory hyperplasia of, 505 
kat aplasia of, 870 
reserve force of, 108 

Luschka's gland, 834 
Lymph cysts, 800

nodes, intestinal, bacteria in, 310 
{tcribrnnchial, bacteria in, 310 
tonsillar, bacteria in, 310 

Lymphadenoma. See Lymphoma. 
Lvmphadenoid tissue, action of x-rays 

upon, 204
development of erythrocytes in, 

616
endothelial cells of, in burns, 373 
hyperplasia of, 730 
regeneration of, 013 
vicarious hypertrophy of, 507 

Lymphungiectasis of myoma, 745 
Lymphangio-endothelioma, 813, 824 
Lymphangioma, 818, 820, 821 
Lymphatic vessels, extension of tumors 

in, 681
Lymphoid tissue, fat cells and, 000 
Lymphoma, 737, 742 
Lymphomatosis, granulomatous, 741 
Lymphosarcoma, 742, 772 
Lymphosarcomatosis, 743 
Lysin, 58, 50 
Lysis, resolution by, 460

M
MACROCYTASE, 507 
Macrodactylv, 228 
Macroglossia, 228 
Macronucleus, 34 
Macrophages, 500 

in tonsils, 310 
Macrostomia, 271
Magnesium sulphate, mode of action of, 

308
Malaria, 337

in children, 405
Malformat ions due to intra-uterine dis

turbances, doubtful inheritance of, 105 
Malignancy, 071 
Malignant infection, 450 

tumors, 670
Malnutrition as predisposing cause of 

disease, 407 
Maltase, 70 
Maltose, 80
Mammary gland, accessory, 181

carcinoma of, pluricentrio ori
gin of, 693

cause of enlargement of, in preg
nancy, 303

' Mammary gland, chondroma of, 727 
fat in cells of, 910 
hypertrophy of, during pieg- 

nuncy, 590 
|N>lymastia, 258 
transplantation of, 034 
tumors of, mixed, 062 

Man, chromosomes in, 148 
Mandelonitrile glucoside, 82 
Marasmus, 394, 305 
Margarin crystals, 082 
Margination of leukocytes, 423 
Mantigophora, 334 
Maternal impressions, 103 
Measles, organisms of, 905 
Medusa, experiments on eggs of, 138 
Meyusluwa, 336 
Meiosis, 150 
Melanemia, 828, 070 
Melanotic pigmentation, 969 
Melanin, 828

granules, chromidial nature in pro
tozoa-, 48 

properties of, 000 
Melanoma, 078, 825 

latency of, 087 
Melanuria, 828, 970 
Melasma, 070
Membranes, fœtal, infection through, 207 
Mendel’s principles, 168

governing multiple pairs of 
features, 172 

limitations of, 170, 187 
Menitlia, 148 
Meningocele, 200 
Meningomyelocele, 200 
Menstruation, internal secretion of ovaries 

and, 362
Mental capacity, 173 
Mercurial |x>isoning, effects of, upon off

spring, 198, 219
Mercury, action of. on liver, 311 

on skin, 312
aseptic suppuration by, 431 
salts of, elimination of, 310 

salivation of, 300 
Mesodidymus, 240, 244 
Mesothelioma, 812 

adrenal, 077
mode of origin, 693 

Mésothélium, 700 
Metabolism, carbohydrate, 90

glycogenosis and glycolysis 
through reversible enzyme 
action, 83

pancreas and muscle in, 300 
chemical composition of protein 

molecule and, 66 
of chlorophyll, 00 
fatigue and, 401 
of fats and lipoids, 92 
fatty, nuclear activities in, 51 
growth and, 75
impaired, as cause of disease, 374 
nuclear activities in relationship to,

44
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Metalxilism, nucleoli and their relation

ship to, 47
part played by water in, 85 
proteid, impairment of, :I75 
of starch, HO

Metachondria. See Chromidiu.
Metals, effect of, upon growth, 80 
Metaphase, mitotic, 115 
Metaplasia, 639 

of hone, 730
of cartilage into bone cells, (ill 
of nails, 619 

Metaproteins, 57 
Metastasis, 670, 676 

calcareous, 926 
in inflammation, 434 

Metazoa as causes of diseast, 343 
reaction of, to injury, 418 

Methemoglobinemia, 306 
Met hemoglobinuria, 957 
Methylamin, 385 
Miasmatic disease, 326 
Micrococcus epideriuiilis ullius, Welch’s 

observations, 324 
iionorr/ia’w. See (Sonococcus. 
bnceolatus. See Pneumococcus. 
prodigiosus, metaplasia of, 646 

Microcytase, 567 
Micrognathia, 273 
Micromelia, 224 
Micronucleus, 34 
Microphages, 566 
Microphthalmos, 261 
Microstomia, 272 
Migraine, 386

diathesis and transmission of, 211 
Milk, bactericidal action of, 318 
Mirabilis jalapn, hybrids of, 171 
Mistletoe, 631 
Mitosis in bacteria, 29 

heterotype, 691 
irregular, of cancer cells, 690 
stages of, 116 

Mixed tumors, 667
forms of, 808 (note)

Modification versus variation, 159 
Mole, hydatid, 664

placental, forms of, 663 
Molecules, size of, 136 
Molluscum contagiosum, 776 
Momentum, physiological, 105 
Monera, nuclear matter in, 29 
Monospora, 419 
Monsters, acardiac, 231 

double, 234 
parasitic, 254 

Monstrosities, 226
causation of, effects of parental in

fection on, 197
familial degeneration and, 177 

Morphine, 306
immunity toward, 504 

Mortification, 987 
Mosaic inheritance, 175 

theory, 137 
“ Mother cells.” 141

“Mother cells," metaplasia and, 639 
in thyroid, 685

Mouse, adenocarcinoma of, 709 
carcinoma of, 674 

stroma of, 688 
l ransplantation of, 687 

Mendel’s principles affecting, 173 
Weismann’s experiment of docking 

tail, 195
“ Movingeuuilibrium” of living matter, 67 
Mucigen. 889 
Mucin, 57

chmmidial, development of, 50 
Mucinogen, 889 
Mucoid, 57

degeneration. 888 
tissue, 641

Mucous membranes, grafting of, 636 
regeneration of, 619 

Mucus, a protective mechanism, 317 
Mulatto, blended inheritance, 167 
Mullerian duct, 274 
Midler’s duct, cysts of, 854 
Multiple primary tumors, 694 
Multiplication of cell, 112 
Mummification, 988
Muscu romitoria, fat formation and, 913 
Muscarin, 385

action of, on heart, 307 
Muscle, adductor, ossification of, 30 

carbohydrate metabolism in. 91 
connection between cells of, 35 
deltoid, ossification of, 30 
non striated, involution of, 868 
plain, regeneration of, 622

uterine, hypertrophy of, 593 
poisons acting on, 305 
reserve force of, 107 
striated, atrophy of, brown, 874, 962 

in fever, 470
a factor in glycolysis, 366 
hypertrophy of, 593 
k at aplasia of, 878 
regeneration of, 622 

vacuolation of, 904 
Mutation, 180

causation of, 183
due to interaction of parental bio- 

phores, 189 
inheritance of, 209 
neoplasia and, 842, 845 

Mutilations, non-inheritance of, 105 
Myelin, 915

bodies, in autolysis, their nature, 97 
droplets, 95

Myelinic degeneration. See Lipoid de
generation.

Myelocele, 266 
Myelocystocele, 266 
Myeloma, 732

giant-celled, 733 
multiplex, 734 

Myelomatoid, 735 
Myeloplaxes, 733 
Myiasis, 351 
Myoglia fibrils, 746
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Myoma. See also Leiomyoma, 
calcification of. 745 
necrosis of, 745 

Myomalacia, 900 
Myosarcoma, 747 
Myosin, 56
Myositis ossificans, 730 
Myeinogen and myosin, 994 
Myxreoema, 353

hypertrophy in, 598 
mucoid deposits in, 890 

Myxo-enchondroma, 726 
Myxofibroma, 712 
Myxoma, 718

of peritoneum, 721 
recurrent, 676 

Myxosarcoma, 770 
Myxonporidia, 339

N

NAILS, regeneration of, 619 
“ Nebenkern,” 50 
Necrobiosis, 977 
Necrosis, 977

calcification and, 927 
caseation, 980 
coagulation, 984, 980 
hi i. 982
fatty acid crystals in cells, 94 
focal, 980

of eclampsia, 363 
from arrested circulation, 977 
from hums, 290 
from inadequate nutrition, 978 
gangrene, 988 
gummatous, 986 
of individual cells, 979

“ Zenker’s degeneration,” 
979

mortification, 987 
of myomas, 745 
necrobiosis and, 977 
neuropathic, 978 
results of, 987

Nerturus, ova of, nucleoli of, 49 
phagocytes of, 320 

Negative catalysts, 78 
phase, 554 

Xemathelminthes, 343 
Nematodes, 343 
Neoplasia, 660 
Neoplasm, 650

classification of, <K)7 
Horst's, 697 
histogenetic, 699 
Lubarsch’s, 698 
Waldeyer’s (embryogenetic), 

698
Seosporidia, 337 
Nephrotoxin, 533

of snake venom, 550 
Nerve cells, connections between, 35 

fatigue and, 402

Nerves, injuries to. shock and, 581 
olfactory, fibromatosis of, 715 
optic, fibromatosis of, 716 
peripheral, regeneration of, 625 
regeneration of, 624 
trophic, 403
Wallerian degeneration of, 870 

Nervous affections, racial susceptibility 
to, 183

system, heat regulating centres in, 
480

in inflammation, 448 
poisons affecting, 304 
relationship of, to heat pro 

duction, 488 
Neural cysts, 861

groove. See Dorsal groove.
Neurin, 385 
Neurinoma, 768 
Neuroblastoma, 752 
Neurocytoma, 753 
Neurofibroma, 710 
Neuroglia fibrils, 750 

regeneration of, 625 
Neuroma, 763 

adrenal, 809 
amputation, 754 
false, 754

Neurons, disue atrophy of, 110, 870 
gemmules of, 305
influence of, upon development, 003 
motor, nucleus and metabolism, 47 
régénérât ion of, 604, 625 

Neurotoxin of snake venom, 550 
Nevus, pigmented, 820 

telangiectatic, 816 
Newt. See Triton.
N’gana, 336 
Nicotine, 304, 305, 306 
Nissl bodies of nuclear origin, 50 
Nitrites, poisonous, neutralization by 

cholesterin, 504 
Nose, polyp of, 719 
Nosema botnbyris, 205 
Nuclear membrane, 46 
Nuclease, 377

in autolysis, 371
Nuclei of blastomatous growths, 690 
Nucleic acid, 63

bactericidal properties of, 543 
classification of, 64 (note) 

Nuclein, 63 
Nucleinic acid, 63 
Nudeoalbumins, 57 
Nucleolus, 30, 31

melanin production and, 832 
metabolism and, 47 

Nucleoproteins, 57, 63 
growth and, 76 

Nucleus, chemistry of, 62
chromatin of. See Chromatin, 
in cloudy swelling, 884 
constituents of, 30 
cytoplasm ami, 157

differentiation of, 100 
degenerative changes in, 53
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Nucleus, division of, arrangement of chro
matin in bacteria, 29 

dominance of, 36, 42 
fat vacuoles in, 912 
in fatty degeneration, 917 
glycogen in, 922 
incidence of, in living forms, 29 
metabolism, and, 44 
milk formation and, 910 
oxidative powers of, Of) 
pancreatic zymogen and, 911 
its relationship to cytoplasm, 38 
size of, in relationship to function, 37 
vacuoles in, 30 
variation in shape of, 30 

Nutrition, growth and, 590 
Nutritional disturbances, 391

O

OAT-HAIR balls, 965 
Obseity, 379

diathetic, 210
effects of thyroid secretion, 300 
gouty diathesis and, 212 
premature, 358

Obstructed elimination, as a cause ot 
disease, 386

< iccupational palsies, 872 
( Ichronosis, 972 
( Idontoma, 731
(Edema of chorionic villi, 222

determined by saline contents of 
body fluid, 90

(Enotlura, mutation in, 183, 184 
Oertel’8 theory of neoplasia, 844 
iEsophagus, hypertrophy of, 594 
Oleic acid, action of, as amboceptor, 541 

hemolysis and, 300 
Olein, formula of, 93 
Omphalomesenteric duct, persistent, 207 
Ontogeny, relationship to phylogeny, 133,

( Isteoma, 727
< fsteomatoid, 729
< >stcomyelitis, cryptogenic. 325 
Osteopathia trachealis, 730
< tsteopsat by rosis, 224 
Osteosarcoma, 771

métastasés of, 084 
Othematoma, 804 
Otocephaly, 273
( Ivary, adenoma of, mode of origin ol 094 

action of .r-rays upon, 294 
degeneration m, elastoid, 898 
extract, 352 
internal secretion, 301 
regeneration of, 022 
removal of, in mammary cancer, 093 
reserve force of, 1U8 
transplantation of, 034 
tumors of, 807

Overgrowth. See Hypertrophy. 
Overstrain, 396 
( ivoglobulin, 50
< >vula Nabot hi, 858 
Ovum, blighted, 215

infection as a cause of, 219 
conveyance of infection through, 205 
maturation of, 160 
multinucleated, 230 
|Hilarity of, 138
separation of, blastomeres in, 217

< ixalate calculi, 943
< >xalic acid, poisoning by, 930 
Oxidase, 377

melanin and, 971 
Oxvbutyric acid, 380

metabolism of, 907
Oxygen, deficiency and excess, as causes 

of disease, 391 
Oxytricha, 43
Oxyuris vcrmiculuris, 34(5, 351

P

Oocytes, primary and secondary, 150
< logenesis, 150 
Oogonia, 150
Ophthalmia neonatorum, 225
< fpsonic index, 554 
( tpsonins, 651

relation of, to complements and u 
boceptors, 556 

Organ of Rosenmiiller, 274 
Organism, defences of, 316 
Oriental sore, 334 
( Irnithin, 59 
Ornith orhyneh us, 181 
( Ismosis, 45 

cellular, 89
hyperisotonic and hypisotonic solu

tions, 90
Ossification, distinction of, from calcifi

cation, 924
Osteo-arthropathy, hypertrophy in, 598 
Osteoclasts, 610
Osteogensis imperfecta, 218, 647

PACHYDERM A, 902 
Pain, causation of, 448

as a cause of shock, 581 
of syncope, 580

Palinurus, heteromorphosis in, 603 
Palmitin, formula of, 93 

l- Pancreas, calculi of, 936
cells, origin of, secretory granules, 50 
congenital cysts, 857 
effects of extirpation of, 365 
fat necrosis and, 982 

soaps in, 94
fatty infiltration of, 609 
regeneration of, absence of, 622 
reserve force of, 107 
resorption of juice, 338 
self-digestion of, 984

Pancreatin, effects of, on leukocytes, 307 
reversible action of, 82 

Paiulorina, 144 
Papilloma, 776 

of bladder, 781
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Papilloma, non-blustonuitous, 775 
true, 781

1’iiradidvmis, cysts of, 854 
Paradipntherial lesions. 208 
Paralyse", occupational, 398, 400 
Parametrium, parthcnogenelic multiplica

tion of, 145 
Paranuclear body, 50 
Paranuclei», 82 
Puraoophoron, 274 
Para-oxyphenylacctic acid, 384 
Para-oxyphenylpropionic acid, 384 
Parapedesis, 060 
Paraplasm, 33 
Parasites in cancer, 838 

classilication of, 280 
Parasitic monsters, 251 
Parasyphilis, 197 
Parasyphilitic lesions, 205, 207 
Parathyroids, 355 
ParatUDerculous lesions, 208 
Paraxanthin, 376
Paresis, traumatic, inheritance of, 199 
Paroophoron, cysts of, 853 
Parotid, tumors of, mixed, 662 
Paroxysmal hemoglobinuria, 958 
Parryrs disease, 355
Parthenogenesis, accessory chromosome 

ana, 154 
in infusoria, 145 
nat ural and experimental, 129 

Particulate inheritance, 167 
Parturition, disease acquired during, 

225
“ Passage,” 495

of bacteria, 328 
Passive immunity, 503, 510 
Pathology, cellular, 22 

definition of, 17, 25, 
internal and external, 25 
special, 25 
systemic, 26

Peas, cumulative inheritance in, 180 
hybridization of, 168 

Pearls, epithelial, 798 
Pebrine, 205 
Pellagra, 293
Penis, development of, 275 

double, 244 
Pepsin, 70
Pentose in nucleic acids, 64 
Peptones, 57 
Peptonuria, 373
Perichondrium, transplantation of, 637 
Periosteum, regeneration of, 610 

transplantation of, 637 
Peripheral nerves. See Nerves, periph-

Perithelioma, 824 
Peritoneum, lipoma of, 721 

myxoma of, 720
Peritonitis by infection through Fallo

pian tube, 316 
obstructive, 324 
perforative, 317 
universal and diffuse, 433

Pernicious anemia, abnormal gaetro-intes- 
tinnl fermentations and, 386 

due to dibothriocephalus, 348 
as a subinfection, 463 

Payer’s patches, normal pressure of bac
teria in, 319 

Pfeiffer's reaction, 513 
Phagocytosis, 666

on mucous surfaces, 318 
part played by opsonine, 551 
m protozoa, 416 

Phenol, 384 
Phonylalanin, 59, 379 
Phlebolith, 936

ossification of, 731 
Pldoridzin, glycosuria, 367 
Phosphate calculi, 944 
Phosphatidos, 57, 58, 92, 96 

in autolysis, 371 
classification of, 92 
distribution of, 96 
lipoid degeneration and, 916 
relationship of, to cholin, 385 
Wassermann reaction and, 549 

Phosphoproteins, 57 
Phosphorus, action of, on liver, 311 

as cause of overgrowth, 597 
fatty degeneration caused by, 913, 

917
as a nuclear constituent, 63 
poisoning, autolysis in, 372 

cloudy swelling in, 883 
Phrenosin, 93, 96 
Phylloxera, 154 
Phytonucleic acids, 65 (note) 
Phytosterins, 92, 95 
Phytotoxins, 496

immunization against, 505 
Picrotoxin, 304 
Pigeon, cross-breeding of, 176 
Pigmentation, abnormal, of urine, 379 

endogenous, 956
of hemoglobin and its dériva- 

tives, 956
hematogenous (urobi

lin., 907
hemat.oporphyrinuria,

962
hemochromatosis, 962 
hemoglobinuria, 957 

infective, 959 
paroxysmal, 958 

icterus or jaundice, 963 
modifications of, 960 
postmortem imbibi

tion, 957
pseudomelanosis, 962 

lipochromcs, 972 
melanotic, 969 
ochronosis, 972 

exogenous, 973 
and pigmentary dangers, 966 

Pigmentophagcs, 972 
Pilocarpine, action of, 312 
Pin worm. See Oxyuris.
“ Piqûre” experiment, 368
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l’im/ilasnm, :;:iô 
Pimcola, nucleoli in. 31

ova of, chromidial discharge, 49 
Pituitary body, colloid matter of. 891 

internal secretion of, 857 
vicarious activity of, 108 

hypertrophy of, 597
Placenta, disease of, effects upon fœtus, 

218
hemorrhages of, causation of, 222 
infection through, 207, 827 
influence of disease of, uixm fœtus,

221
moles of, 608
transmission of metallic and other 

poison through, 220 
Placental mole, 608 
Plague, racial susceptibility to, 102 
Plamrin, regeneration in, (108 
Plusmidiophora brnssiar, 840 
Plasmodium, 81, 117, 418 
Plasmolysis, 505, 507 
Plasmosomcs. See Chromidia.
Platijhelm inlhem, 848
Pleuropneumonia, contagious, of cattle,

995
Plumbism. See Lend poisoning. 
Pneumococcus, tissue predisposition to, 

408
Pneumonokonioscs, 973 
Poisons, 298 
Polar bodies, 151

double monsters and, 284 
dichotomy, 240 
hyperplasia, 288 
hypogenesis, 200 

Polarity of ovum, 188 
Poliomyelitis, epidemic, ultramicmscopic 

organisms of, 990 
Pollen as cause of hay fever, 410 
Poly blasts, 005 
Polycyanic acids, 04 (note)
Polycythemia, 744 

after burns, 291 
Polydactylism, 04

a dominant condition, 174 
due to mutation. 182 
inheritance of, 209, 214 

Polydactyly, 258 
Polymastia, 258
Polijdan spathulu, pancreatic cells of, 

911 (note)
Polyp, nasal, 719

recurrent, 070 
Polypeptide, 57. 59 
Polys|>ermy. 234 
Postmortem imbibition, 957 
Potash, salts of, 807 
Potassium soaps, 94

monophosphate, fatigue and, 401 
Précipitais, 624

extent of specificity of, 525 
nature of precipitate, 520 

Prccipitoids, 527 
Precocious development, 858 
Predisposition, 404

Predisposition, forms of, 401 
of individual tissues, 408 
to infectious disease, inheritance of,

17'i
racial. 162 

Preformation, 131
Pregnancy, influence of, upon mammary 

glands. 808 
Preparator, 500 
Pressure, atmospheric, 285

effects of, m developing ovum and 
embryo. 217 

Prezymogens, 50 
Prodromal, 455, 457
Professional palsies. See Occupational 

palsies.
Progressive tissue changes, 687 
Prolamine, 50 
Prophase, mitotic, 115 
Prosoplasia, 041 
Prostate, adenomatosis of, 789 

calculi of, 937
carcinoma of, métastases in, 082 

Protagon, 90
in autolysis, 372 

Protamins, 56 
Proteans, 57 
Proteases, 371 
Proteidogenous matter, 54 

essential to life, 77 
Proteins, alcohol soluble, 50 

classification of, 55 
conjugated, 66 
constitution of, 55 
defective intake of, 393 
derived, 57 
general survey of, 64 
molecular weight of, 55 
non-specific immunity in, 501 
simple, 66
synthesis through reversible enzyme 

action, 82 
Proteoses, 57 
Pro tones, 58 
Protoxoids, 515
Protozoa, asexual multiplication of, 339 

as causes of disease, 331 
reaction to injury in, 410 
regeneration in, 601 

Prozymogens. See Prezymogens. 
Psammoma, 823 
Pseudohermaphroditismus, 279 
Pseudohypertropliy, 592 
Pseudoleukemia. See Lymphoma. 
Pseudomelunosis, 902 
Pseudomucin, 889 
Ptomaines, 384 
Ptyalin, 70, 91 
Puncture, 288
Purgatives, mode of action of, 308, 309 
Purin bases, classification of, 04 

toxic effects of, 377 
bodies, 375 *

Purpura. 312 
Pus, 431
Pygopagus, 247, 253
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l’yknosis, 53 
Pylephlebitis, 434
Pyococcus, infection through skin and, 327 

aureus, inflam mat ion set up by, 437 
opsonins and treatment, 555 

Pyogenic membrane, 432 
Pyrexia, 465, 478 

causation of, 483 
from heatstroke, 289 
from increased external temperature, 

186
neurogenic, 486 

difference from infective, 487 
Pyrctogenic stage, 456 
Pyrimidin bases, 64 
Pyrocatechin, 306 
Pyrogallic acid, 306

Q

Q1 • AI >R IL' R ATKS, 378 
Quinine, 304, 306

action of, on vessels, 308

R

RABBIT, bacteria in lymphadenoid tis
sue "I normal, 319 

coecidiosis of, 777
embryos of, transplantation of, 633 
Mendel’s principles affecting, 172 

Rabies, incubation period of, 458
transmission of, acquired immunity 

against, 194 
llaehischisis, 263, 265 
Rachitis. See Rickets.
Racial inheritance, 162 
Radium rays, 293 
•' Rankenneurorn,” 759 
Ranula, 858

pancreatica, 858, 936 
Hal, grafting, 631 (note)

reaction of, to anthrax, 405 
Receptor, 517

multiplicity of, 536 
orders of, 571 

Recessive characters, 168 
Recklinghausen's disease, 759 
Recurrent fever, 467 
Red corpuscles. See Krythrocyte 
“ Red degeneration,” 746 
Reduction of chromosomes, 146, 151 

influence of. on zygote, 190 
Referred inflammation, 449 
Regeneration, 418, 601

capacity of different orders of cells, 
141

as distinct from hypertrophy, 596 
Relapse, 456 
Relapsing fever, 467 
Remittent fever, 466 
Rennet, 508 
Rennin, 71. 577 
Repair, 447

Replantation, 631 
Reserve force, 106 
Resistance period, 501 
Resolution of abcess, 432 
Resorption of excretions, 387 
Respiratory system in febrile state, 473 
Retrograde metastasis, 680 
Reversibility of enzyme action, 79 
Reversion, 164 

diathetic, 177 
general and systemic, 211 

Reversionary atrophy, 641 
degeneration, 632 
inheritance, 176
metamorphosis, 878. See also Kata- 

plasia
Rhahdomyona, 760 
Rhabdomyosarcoma, 752, 773 
Rheumatism, acute, etiology of, 161

gouty diathesis and, 212 
Rheumatoid conditions, 386 
Rhinolith, 935
Rhubarb, elimination of, by liver, 310 

mode of action of, 309 
Ribbert’s theory of neoplasia, 837 
Ribose, 65 (note)
Ribs, accessory, 257

due to mutation, 182 
deficiency of, due to mutation, 182 

Ricin, 306
adaptation to, 122 
immunization against, 505 

Rickets, 394 
fœtal, 224 
giantism and, 228 

“ Riesenwuchs," 714 
Rigor, 469

mortis, 993
immediate, 397 

Robin, 507
Rodent ulcer, 790, 798 
Romer’s experiment, 516 
Rout gen rays, 293

effects of, on frog's sperm, 877 
Rouiul-worm. See Ascaris.
Roux’s experiment., 137 
Russel's bodies, 793

8

SALAMANDER poison, 550 
regeneration in, 601 

Salicylic acid, action of, on skin, 312 
Saliva, a protective mechanism, 317 
Salivary concrements, 935

glands, cells of, metabolic activities 
of nuclei of, 47 

regeneration of, 620 
secretions and, 365 
serous, formation of secretory 

granules, 50 
Salivation, 309, 312 
Salmine, 56
Saponin, hemolysis and, 306
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Saprophytes, 314
Snrmlactic acid, fatigue and, 401, 
Sarcoma, 070, 763 

definition of, 707
giant-celled. See Myeloma, giant- 

celled.
intermediate forms, 770 
melanotic. See Melanoma, 
pun* forms of, 766 

Sarcnpsylla penetrans, 351 
Sarcosporidia, 339
Saturnine poisoning. See Lead poisoning. 
Scabies, 351
Scarlet fever, Mallory’s bodies in, 332,340 

Wassermann reaction in, 549 
Schlummerzellen,” lit), 60S 

Scleroproteins, 56 
Scombrone, 56 
Scorbutus. See Scurvy.
Scorpion, antivenin, 550 
Scrotum, hydrocele of, S60 
Scurvy, 393
Sea-urchin. See Echinus.
Seat-wonm. Sir Oxyuris.
Secretin, 364. See also Hormone. 
Section, 283
Semipermeable membranes, SO

of cells, part played by phos- 
s, 96

Senna, action of, 309 
Sequela*, 456 
Sequestration cysts, 862 
Sequestrum, 988
Serosa*, fibrinous inflammation of, 430 

hemorrhagic, inflammation of, 435 
mesothelioma, 812 
suppurative, inflammation of, 433 

Serous atrophy, 904 
Serum albumin. 56 

globulin, 56
soap compounds as complements, 540 

Sex, accessory chromosomes and, 153 
differentiation of, 278 
as example of particulate inheritance, 

167
influence of parental nutrition upon. 

199 (note)
mosaic inheritance and, 175 
predisposition according to, 406 

Sex-limited inheritance, 179 
Shamrock\ mutation in. 181 
Sheep, Ancona breed, mutation and 

descent, 213 
Shock, 680

after burns, 291
distinction of, from collapse, 585 
with excitement, 585 

Side-chain theory, 616
of immunity, 616, 670 

Siderosis, pulmonary, 973 
Silicosis, 973
Silk-worms, Mendel's principles affecting. 

173
Sinus, 433 
Siphonoclailus, 42 
Siren, 261

Situs inversus, 277 
Skatol, 384

action of, on liver, 311 
Skin, action of poison on, 311 

atrophy of, senile, 874 
bronzing of, 358 
cheloid of, 716 
in febrile state, 477 
grafting, 635 
heterotopia of, 640 
horns <*f. 777 
ichthyosis of, 182 
leiomyoma of, 750 
regeneration of. 618 

Sleeping sickness, 336 
Smallpox, (luarnieri’s bodies in, 332, 340 

incubation period of, 458 
inoculation against, 492 
ultramicroscopic organisms of, 995 
vaccination in. I1»:: 
vésiculation in, 903

Snail, Mendel’s principles affecting, 173 
Snake venom, 511

neurotoxin, combination of, with 
nerve matter, 514 

Soaps, 92, 94
action of, as complement, 540 
hemolysis and, 306 
Wassermann reaction and, 549 

Sodium soaps, 94
sulphindigotate, elimination of, 310 

Solution, crystalloid and colloid, 87 
hyperisotonic and hypisotonic, 90 
solute and solvent, 87 
water-solid and solid-water phases, 88 

Sow, mamma* of, 181 
Spallangani’s law. <194 
Species and varieties, what should deter

mine, 172
S|H.*rmutoevtes, primary and secondary, 

148
Spermatogenesis, 148 
Spermatogonia, 148 
Spcrmatoxin, 533
Spermatozoa, effects of x-rays on, 878 

evolution of, 145
human, incapable of conveying infec

tion in fertilization, 206 
maturation of. 148 

Spherolithe, 954 
Sphingomyelin, 93, 96 
S piller antivenin. 550 

parasitic, 351 
Spina bifida. 266

causation of, 217 
' ‘ Spinal shock,” 584 
Spirillum choleric, nggressins of, 557 

endotoxins of, 543 
immunity toward, 121 
Pfeiffer’s reaction in, 543 

Metchniknri, immune serum of, 45 
“ Nasik,” 300 

Spirochala pallida, 207 
Spirochete associated with malignant 

growth, 840
Spirogyra, amitosis and mitosis in, 114

13
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Spleen, accessory, 040
degeneration in, elastoid, 81)8 
lymphomatoid conditions of, 743 
origin of myelocytes in. m l 
regeneration of, 022 
sago, 892

Splenic anemia, 743 
Splenomegaly, 743
Spontaneous variation, 180. See Muta-

Spores of bacteria, 313 
Sporozna, 336

cancer and, 341, 794 
Squamoue-oelled cancer, 797 
Staphylococc us pyogenes aureus. See

Pyococcus aureus.
Staphyloschisis, 271 
Starch, absorption of, from lungs, 975 

metabolism in vegetables cell, 00 
Star-fish (Astcrias), connections between 

blastomercs, 36 
between larval mesoderm 

cells, 36
Starvation, 395, 872 

acidosis in, 381 
Status lymphaticus, 360 
Stcapsin, 71. See also Lipase.

fat necrosis and, 984 
Stearin, formula of, 93 
Steatopygia, 210, 723 
Stentor, nucleus of, 30

and growth of, 43 
Stercobilin, 968 (note)
Sterility from modification of germ cells, 

208
Stcrnopagus, 257 
Stillbirths from alcohol, 221 

from cardiac disease, 219 
from imperfection of germ cells, 208 
a result of familial degeneration, 177 

Stitch abscess, 324 
Stomach hypertrophy of, 594 
Streptoeoceus, cryptogenic infection hv,

infection through skin and, 327 
normal presence of, in pharynx, 317

pyogenes, opsonins and, 556 
Stroma of neoplasms, source of, 687 

of tumors, origin of, 787, 790 
Strongyloeentrot us, 139 
Strong yloùl es intestiiuilis, 346, 347, 348 

stcreoralis. See Strongyloiites intes
tinal)*.

Strophanthin, action of, 307 
Struma suprarenalis, 809

thyroidea ovarii, 686 (note) 
Strychnine, 304 

immunity, 504 
St urine, 56, 58 
Stylom/ehia, 145 
Subinfection, 462
Submaxillary gland, tumor of, mixed, 662 
Substance sensibilitrice. See Ambocep

tor.
Suctorw, 342

| Sugars, fermentation of, by bacteria, 119 
Sulphocyanates, action of, 306 
Sulphuretted hydrogen, 306 
Sunstroke, 290 
Superiortation, 229 
Suppuration, 430 

aseptic, 431 
Surface action, 78

membrane of colloids, 88 
“Surmenage,” 396 
Susceptibility. See Predisposition.

increased in descendants by abrin 
poisoning, 194

in offspring by parental infec
tion, 197 

to infection, 454 
Symbiosis, 344, 417 
Syinmelia, 261
Sympathetic nervous system, abdominal.

and Addison's disease, 358 
Sympus, 261
Synapse theory of fatigue, 400 
Synapsis, 141

its significance, 153 
Syncephalus, 248 
Syncope, 580
Syncytioma. See Chorio-epithclioma. 
Syncytium. 31 (note)
Synechia, 430 
Synotia, 260. 272, 273 
Syntoxoids, 515
Syphilis, congenital, not inherited, 207 

effects of, upon fœtus, 218 
upon offspring, 197 
upon placenta, 218, 223 

Wassermann reaction in, 548 
“Syphilitic antigens,” 549 
Syringomyelocele, 266

T

TAIVXmSlS. 974 
Tubes dorsalis, 877 
Ta nia eehinoeoecus, 345, 348, 351 

cystic stage of, 865
Talipes e«|uinovarus from pressure in 

utero, 217 
Tape-worms, 343 
Tattooing, 973 
Taurin, 378 
Teeth grafting. 636 
Telangiectasis. 815 
Telophase, mitotic, 115 
Temjierature, adaption to changes in, 

127
amphibolous, 466 
as a cause of disease, 285 
of body, centres for regulation of, 480 
of inflamed areas, 450 
influence of, upon Lepidoptcra, 135 
vital manifestations and, 69 

Teratoblastoma, 660, 750 
Teratogenic termination period, 235 
Teratogenous blastema, 663 

1 Teratoid. 257
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Temloma, 2 .“>*>, 050, 662

congenital sacral, 239, 054, 050 
difference in properties from blaste

ma, 837 
lilial. 2*7 
ovarian, 250, 667 
tes! iciilar, 668

Testes, action of x-rays upon, 294 
chondroma of, 720 
compensatory hyperplasia of, 595 
extract, 352
internal secretion of, 301 
interstitial cells of, 302 
regeneration of, 022 
tumors of, 807 

Tetanotoxin, 523
junction of, with nerve matter, 511 

Tetanus antitoxin, 510
incubation period of, 458 
toxin, properties of, 514, 515 

Tetany, 350
Tetrnhydronupthalumin, 480 
Texas fever, 335

conveyance of, through ovum, 
206

Thalassicola pelagica, 40 
Thehaine, 304
Theobald Smith's phenomenon, 559
Thermogenesis, 478. .Sec also Pyrexia.
Thomsen's disease, 877
Thoracopagus, 240
Threat!-warm. .See Triehocephalus.
Thromhokinase, 374
Thrombophlebitis, 434
Thrombosis, 977
Thrombus, organization of, 428
Thymin, 04
Thymonucleic acids, 05 (note)
Thymus, fat cells of, 008

involution of, fatty dégénérât ion and, 
909

Thyroid, adenomatosis of, 789 
colloid matter of, 890 
compensatory hyperplasia of, 595 
effects of removal of, upon offspring, 

219
internal secretion, 352 
regeneration of, 021 
transplantation of, 033 
tumors of, 685 

Thyrolingual cysts, 852 
Ticks, conveyance of Texas fever through.

•206
Tissue differentiation, 129 

extracts, pyrexia and, 485 
hylic, 701 
lepidic, 701 
of predilection, 082, 
proliferation of, in inflammation, 444 
resistance of to freezing, 286 
susceptibility of 408 

Toad venom, action of, 307 
poison. 550

Toluylenediamin, 306, 907 
Tongue, “ hairy,” 902

05

l Tonsillar concretions, 935 
Tonsils, protective action of, 319 
Tophi, 378
Totipotent cells, 053, 055 
Toxins, 316

action of, on liver, 311
through nervous system, 408 
on vessels,308 

adaptation to, 121 
antitoxins and. 610, 520 

nature of union of, 511 
production of, 125 
their reciprocal nature, 502 

bacterial, 314
comparison of, with enzymes, 570 
distinction of, from ordinary poisons, 

299
intracellular, 315 
mode of action of, 519 
nature of, 512

of union of, with antitoxin, 520 
pyrexia and, 483
relat ionship of, to enzymes, 513, 519, 

522, 574 
Toxoids, 515 
Toxones, 515 
Toxophone, 515, 517 
Trachea metaplastic bone in, 045 

ossification of, 730 
Transplantation. 631

of tumor cells, 074, 080 
Transposition of viscera, 277 
Trauma as cause of infection, 324 
Trematodes, 343

regeneration in, 003 
Tricephalus, 243 
Trichirut, 346 

spiralis, 805 
Trichinosis, 350, 351 
Triehocephalus, 340, 347 
Trichomonas, 330 
Trichotoxin, 533 
Trigonocephaly, 200 
Trimethylamin, 385 
Triplets, 235
Triton, experiments on embryos of, 140 
“ Tropfische Entmischung,” 885 
Trophic nerves, 403 
Tri/panosotna, 334 

hrucei, 334 
era moi, 334 
gambierue, 334 

figure of 331 
iiujeus, 334 
nor hue, 206 
theileri, 334

Trypanosomes, adaptation of, 120
transmitted immunity to arsenic, 195 

Trypan roth, 335 
Trypsin, 71 
Tryptophane, 59 
Tsetse III/, 336
Tubercle, absorption of, 442 

development of, 440 
Tuberculin, action of, on vessels, 308 

reaction, anaphylactic nature of, 560
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Tuberculosis of cervical glands, 325 
effects of, upon offspring, 197 
giant cell in, 444 
mesenteric glands in, 325 
of placenta, 223
predisposition toward, inheritance of, 

17»
pretuberculous stage of, 458 
racial susceptibility to, 162 
ulcerative, 442
vaccination and opsonins in, 555 

Tul)ularia, geotropism in, 602 
Tulip, mutation in, 180 
Tumors, action of .r-rays upon, 294 

benign, 669 
cells, latency of, 686 
connective tissue, 710 
due to mutation, 182 
glycogen in, 922 
malignant, 670

autolysis in, 373 
mixed, 667

forms of, 808 (note) 
multiple, 796 

primary, 694 
ordinary. See Hlastoma. 
stroma of, origin of, 787, 790 
in turaore, 657, 837

Turpentine, aseptic suppuration by, 431 
Twins, 228
Typhoid fever, course of, 455 

rose spots in, 312 
Tylosis, 224 
Tyrosin, 59, 379 

produced in autolysis, 371, 372 
Tyrotoxicon, 385

ULCERATION, exogenous, 433 
inflammatory, 432 
tuberculous, 442 

Ultramicroscopic organisms, 995 
Ultraviolet light, treatment of malignant 

growths by, 693 
rays, 292

Umbilical cord, disturbances of, 224, 225 
effects of compression by, 217 

Unrinario. See Ankylostoma. 
Uniceptor, 572 
Urachal cysts, 852 
Uracil, 64 
Uracy I, 376 
Uremia, 388 
Uranoschisis, 271 
Urates, amorphous, 954 

in gout, 375
Urutic deposits in tissues, 953 

inspissation of infancy, 941 
Urea from alloxuric bases, 377 

non-toxic properties of, 390 
Ureters, ligature of, effects of, 387 
Urethra, development of, 275 
Uric acid, 64, 376 

calculi, 941

Uric acid, causes leading to increased 
production of, 377 

infarcts, 941 
Urinary calculi, 938 
Urine, bactericidal action of, 318 

i in fever, 474
resorption of, 388 

! Urobilin pigmentation, 967 
! Urobilinuria, 958 
! Urogenital ducts, tumors of, 806 
Uroleucic acid, 379 

! Urostealitb, 945 
Urtica, hybrids of, 169 
Urticaria, 312
Use acquirements, non-inheritance of,

II
Uterus, arteries of, degeneration of, 

elastoid, 896
carcinoma of, inestastases in, 682 
cervix of, tumors of, mixed, 662 

! duplex, 278
mucosa of, regeneration of, 20 
muscle of, involution of, 868, 909 
pregnant, hypertrophy of, 593

1 VACCINATION, Jennerian, 493 
l'asteurian, 494
Wright’s, against various pathogenic 

organisms, 554
, Vaccinia, (Suarincri's bodies and, 340 

ultramicroscopic organisms of, 995 
Vacuolar degeneration, 904 
Vacuoles in nuclei of fat cells, 51 
Vagina, tumors of, mixed, 662 
Variability, disease and, 17 

law of chance and, 18 
Variation, adaptation and, 116, 122 

biophorcs and, 157 
correlated, 182

1 as distinct from modification, 159 
due to interaction of parental bio- 

phores, 188 
spontaneous, 180

Varieties, distinction front species, 172 
Variola. See Smallpox.
Varix, 815, 850 
Vegetations, 438 ,
Venoms, animal, 560 
Ventricle, fourth, hydrocele of, 861 
Veratrine, 304, 306 
Veronica, hybrids of, 171 

mutation in, 183 
Vertebra-, accessory, 257

supernumerary, due to mutation, 182 
Vesication from burns, 290 
Vessels, blood, regeneration of, 614

of invertebrates, inflammation and, 
IIS

part played by, in inflammation, 415 
i poisons act ing on, 308

secondary role of, in inflammation,
444

transplantation of, 637
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Vessels of vertebrates, inflammation and,

110
Vibratory motion, 298 
Vibrio. See Spirillum.
Vicarious activity, 108 
Virility, premature, 358 
Virulence, 327

of bacteria producing endotoxins, 557 
exaltation of, 495

bacterial antiliodies and, 557 
by passsage, 328 
through obstruction of passages, 

323
by transference in vitro, 328 

Vitellin, 57
Vitello-intestinal cysts, 852 
Vitreous degeneration. See Klastoid de

generation.
Vomiting, 309

collapse and, 581 
pernicious, of pregnancy, 381

W

“ WALLBILMJNG," 432 
Wallerian degeneration, 020, 870 
Warts, :::»
Wassermann reaction, 648 
Water, as a constituent of cell, 85

deficiency and excess of, us causes of 
disease, 392 

hemolysis and, 300 
inoculation of pyrexia and, 485 
ionization and, 85 

Water scorpion, nucleus of, 30 
Waxy degeneration. See also Amyloid 

degeneration.
Weigert’s hypothesis, 589 

law of inertia, 518

Weil’s disease, 907 
Weismann's theory, 131 
Wharton's jelly, 720 
Wheat, serviceable hybrids of, 173 
Whip-worm. See Trichocephaus. 
Widal reaction, 528 
Wolffian body, 274

cysts of, 853 
duct, 274

cysts of. 85-1 
Worms, intestinal, 343 
Wright’s phenomenon, 552

X

X-RAYS, 293
dermatitis, 840
treatment, of malignant growths bv,

Xanthelasma. See Xanthoma.
Xanthin, 04, 370 

calculi, 945 
Xanthoma, 723, 972 
Xeroderma pigmentosum, 293, 830 
Xiphopagus, 240 
Xylose, 05 (note)

Y

YKAST, Buchner's experiment, 315 
Yellow fever, organism of, 995

racial suceptibility to, 102 
Yolk granules, origin of, 49 

nucleus, 50

Z
ZK1N, 50
Zenker’s degeneration, 979 
Zymogen granules, 50


