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PREFACE.

IN 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 distinet from the practice of medicine; the science

upon which that practice is, or should be, based. Preéminently 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 such data 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 symptoms not as isolated
facts, but as indications of definite orders of disturbance affecting one or
other organ, and, knowing what in general induces those disturbances,
may form a judgment re

rding the causation and meaning of the sum

total of symptoms in a case.  As Bacon laid down, “Vere scire est per
causas scire”—To know truly is to know through canses—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 case with other subjects,
what is needed in a text-hook of Pathology is not the mere record and
description of phenomena, but the attempt to analyze those phenomena
in an orderly manner.  That text-hook 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 heen 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 General Pathology; the second dealing

with Systemic (including Special) Pathology. T 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 swenly, and thus, eventually, to guard against constant
reversion to elementary bat basal and all-important matters, was com-
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pelled to write an introductory section upon the cell and its properties,
more particularly in relationship to morbid changes.

The work has thus far assumed a novel, hut what T am convineed is a
logical, form. Tt begins not with a study of the blood and of eireulatory
disturbances, as has heen usnal with most works on General Pathology,
but with a study of the 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 whoie.  As such
it is treated in the second volume. It would he as appropriate, if not
more 50, to begin the study of Genera! Pathology with the discussion of
nervous disturbances and their effects upon the body at large

’l"ll'l'l' are 1“”‘1"'1'“' lb]"l"r\ l"‘ |||i|"]\, ““11 no \\lll'l\ can ;ll‘lN'il' to ?l”.
For myself, in beginning my studies, I found that I could easily remember
the matter of such works as the larger Lyell'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. | 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
:ll’th'l‘\\(‘il.

It wouid be false modesty on my part were I to pass by in silence the

welcome with which he first edition of this work has been greeted.  T'o
put forth two ver ge volumes, in which the subject of Pathology was
treated along u ustomed lines, was a bold venture, and when, in
addition, I h iesitated to express individual views often at variance
with time-l 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 T have endeavored to the best of my ability to remedy
some at least of the defects of that first edition.  More particularly in
Section 1 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 eytoplasm upon the developing
individual, together with some of the more important recent studies
upon hybridism and Mendelism. In Section I1 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
I 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. ‘T'he chapters upon Grafting and
Metaplasia have been rearranged and, it is hoped, rendered clearer. In

the chapters upon Neopls

a, 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 ase 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
ultramicroscopic 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, l);lr;lxil(lln}_"\_ histol-

ogy, and physiology, and at the same time to master the literature of

immunity, there i

hology proper.  In bacteriology alone and its one branch, the study of

enonugh 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 hearing 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 making his own deductions independently of the
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opinion expressed by the writer of the text-hook. T'here is no difficulty in
obtaining the leading American and English medical journals, and when
once the student appreciates the added interest and strength that come
from first-hand reading, he will not be 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?

I cannot conclude without expressing my most hearty appreciation of
the cordial cooperation I have received from my publishers in preparing
this edition.  For such new illustrations as are not my own I would espe-
cially thank Professor Reichert, of Philadelphia; Professors Mallory and
J. H. Wright, of Boston; Dr. Fordyce, of New York, and Dr. Bashford,
of London.

T'he heaviest debt of all T owe to my old teachers,  Under the gunidance
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, in their gifts, have each
possessed that intangible something that we recognize as greatness; men
who have inevitably moulded my thoughts— Milnes Marshall and Francis
Maitland  Balfour, Michael Foster and Rudolf Heidenhain, Julius
Dreschfeld and Charles Smart Roy, Emile Roux and Elie Metchnikoff.
T'o 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 Kkind
enough to send me reprints, in order that it may be kept up to date.

d. G, A,

331 Peen Steeer, MoNTREA
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THE PRINCIPLES OF PATHOLOGY.

ECTION L

PROLEGOMENA.

CHAPTER L
INTRODUCTORY,

Definition. Just as physiology is the study of the functions of the
hody in health, so is pathology the study of the same functions in disease.
T'o this extent we can aceurately define the scope of our subject, but a
moment's thought reveals that the definition is only superficially precise;
rlll'llll'l' I'IHHL"II shows that, strive as we may, we cannot ;|])|Il‘n:|('|l 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-—hetween 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, althongh belonging to the tame \)uw‘il'\. and the same
family, are structurally identical, nor even horn 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
hetween 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.  T'o give an example: There is no absolute standard of
height for humuan beings; the average height varies in the different
branches of our race, and differences, sometimes pronounced, occur

9




18 INTRODUCTORY

among the members of one and the same family.  But if, as Quetelet!
first noted, we take one thousand, or preferably ten thousand, full-
grown males— the larger the number the better— helonging 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—i. the fashionable height; or again, taking the
i sum of the heights and dividing by the total number measured, we can
I 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, and we can on either side of the mean (or of the mode)
determine the median or probable deviation (A A, and B B, in our first

o, 1 Fia.

4 . X B

\
Grades, or Dimcnsions

Normal curve of frequency.  This is a flowing A shew vurve of frequency in which X X,
curve symmetrical about the mean (which corre the ordinnte of mean or type, does not corre-
sponds with the mode) and without limit at pond to MM, the ordinate of the mode
vither end. X X, «
(and of mode); A A, B B, ordinates of lower timuted (theoretical) curve of frequency, the

ute of mean or type Fhe continuous line here represents the es

and upper median deviation interrupted line joins the numbers of the
clusses or grades found in a particular euse

curve) above and below which fall 50 per cent. of the measurements,
We can go farther and assume that the 50 per cent. within these limits
,2“ constitute the normal elass, those outside the abnormal.  We, in short, ?
t obtain a curve which, in an uncomplicated case, corresponds curionsly
with that of the law of chance (Fig. 1), To illustrate: Taking the case
f 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
I being v\|m~ml. Plotting out these probabilities, they are found to
form an exact curve.  "This has heen tested by Weldon, who selected
a somewhat simpler case.  Taking twelve dice, he threw them several

! Anthropométrie ou Mésure des différentes Facult's de U'Homme, Brussels, 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 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.!

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 of the mode, the least frequent classes being those situated farther

Fic. 3

-

o

f—

" -
| -
8
g .
1
w | =5

il

i o L 0o 0o

Curve of variation in the head breadth in millimeters of 3000 criminals. Irregular continuous

line = polygon of observed frequency; darker continuous line ~ normal curve of frequency us
estimated by law of chunce; dotted line — estimated skew eurve of frequency of type 11 (Pearson's
table).  (After MueDonnell,)

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

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

''A concise and excellent account of the mather

s of variation is given by
R. P. Bigelow, art, Variation, Buck's Ref. Handbook, second edition, 1904 See
also Elderton, W. P., Frequency Curves and Variation, London, 1907: Davenport,
C. 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 Soc. Lond., 1895 to 1905. The journal Biometrika has
been established to deal with studies of this order.
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mean in one or other direction; we only obtain an approximate standard.
We need not here discuss skewness, or want of correspondence he-
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
hetween cases which approximaie to the mode, and so may be 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 be accepted from the heginning, 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
oceurrence.'

Local Disease, its Relationship to General Health. If the difficulty
in drawing a sharp line of distinetion between the normal and the
abmormal 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 malticellular organisms-— it is seen that, while the 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
('Ulllpll\'illj_“ them are at the same time —to an extent \'ul“\'ing in the varions
organs—interdependent and independent.  So far as they are inter-
dependent, disturhance or disease of a given organ is liable to affect the
other organs, and the body as a whole, cansing 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 ane 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 he
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.  T'hus 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,

' As was first laid down by Michael Servetus.  See Osler, Michael Servetus,
Baltimore, 1909:13,
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In the forthcoming chapters we shall have to consider the more
important features bearing upon the production of the conditions of
d s, 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 inereased 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 vears enjoy life
and carry out well all the ordinary duties without obvious bodily dis-
turbance.

Diseases and Affections.- Irom the time of Galen onward there has
heen discussion and confusion regarding the relationship hetween local
and general disturbances, so that as an aid to exact thinking and clear
conception an increasing number of French and German writers empha-
size the distinetion between “maladie” and “affection,” * Krankheit”
and “Leiden.”  Disease is the process leading to affection of one or
other organ.  Pneumonia, as Roger aptly illustrates, is at the same time
an infections disease and an affection of the lungs. It is u {
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 hut resultant states, we should designate
these as * pathies"—cardiopathies, nephropathies, neuropathies, ete.

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

!For a résumé of French opinions upon this subject see Roger, in Bouchard's
Pathologie Générale, 1:1805: 18 and for the latest German pronouncement, Aschoff,
Ucher den Krankheitshegrifl und verwandte Begrifle, Dent. med. Woch., 1908
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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 cedema 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 ohstrue-
tion to the onward flow of blood.  Aeute rheumatism is here the remote
cause, the mitral stenosis the direet.  The above syndrome of vascular
disturbances constitutes a definite morbid process, obstruetive  heart
disease.  Or, to sum up:

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

Such disease may have purely a local seat, modifyving the function
and activities of an individual organ or portion of an organ, or may
coincidently affect several organs.

3. In the latter case it frequently happens that the brunt of the dis-
turbance I';|||~ tupon one organ or Ii\\“l‘, S0 I||.'|I we are apt, llli~|:l|\l'lll.\. o
Yl rd the affection of that organ as the lll'illl;!l'.\ disease,

1. The affection of an organ or part may be of such a degree as not
serionsly to disturb the working of other parts of the organism; or, on
the other hand, may be the direct canse 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 distinetions in practical medicine is of the
mee,  He who, for example, treats a case of obstructive
orts purely toward

highest impor
heart disease as a primary condition and directs his ¢
overcoming the disturbances due to cardiae inadequacy, may, it is true,
bring about temporary alleviation of the condition, but only temporary.
The primary cause may still be effective, he 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,
connteracting this, gives the fullest opportunity for the measures directed
against the secondary effects to be permanently serviceable. It may
ure of the primary cause,
ble tissue changes; so

not always be possible to determine the
Again, the local affection may have led to irrepa
also serious lesions inducing characteristic trains of symptoms may
show themselves as remote effects long vears after the acute incidence
of the primary di
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 prm'm"lwl to the stage of
setting up irreparable injury.

Cellular Physiology and Cellular Pathology. If, then, we take the posi-
tion that for every strneture and every funetion of the body, and for the

ase (e, g., the nervous lesions causing locomotor
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body as a whole, there is a certain mode within the confessedly vague
limits of which conditions are to be 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 us must constitute disease; it is
these we have to study. It follows also that constantly in our study
of pathology we must hase ourselves upon physiology and, so far as it
throws light upon functions and functional disturbances, upon anatomy;
for, obviously, |n|l|ln|u;_'i(':|| 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.  Unfortunately, however, this is not always possible.
More correctly, we should say that a knowledge of the physiology
generally taught is taken for granted; certain hranches of the subject
must be considered with a fulness which is regrettable so far as, having
regard to limitations in the size of our work, we thereby become com-
pelled to condense our presentation of other matter, but 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
al principles will suffice in later sections.

Why we have to dilate upon certain matters physiological hecomes
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 — mechanieal, 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 bearing
upon what may be termed mass effeets.  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 cvlinder,
and Kjeldahl'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.  His teaching was based upon exact study of diseased organs
and the correlation between gross and microscopic appearances, It w
largely histological, and, as a result, mass effects were followed back
to the disturbances in the individual cells composing the tissue.  In
place of anorgan, 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 cell
and the modifications undergone by it must be studied if we are to

reference to gene
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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 Vir-
chow'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 di
couraging pathological speculation.  He recognized that more facts
must be accumulated before sure advance could be made. These facts
preparatory to advance were in the meantime heing 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. Tt was left to a
zo0logist (Metchnikoff) to realize the hearing of these facts nupon the cell
in disease, and, by his studies upon the leukoeytes, to emphasize the
importance of the study and to develop new methods,

So strong was the influence of Virchow that through the Tast half of the
nineteenth century pathology, as usually tanght, consisted  of little
beyond the facts of gross and minute morbid anatomy.  The text-books
on oursubject 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 reduced to a minimum.

It has taken many years— Metchnikofi’s studies upon the leukoeyte
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, and
more partieularly along chemical lines and 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 hack 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 bearing upon certain pathological processes, which again
receive but the most summary treatment in the ordinary text-hook of
physiology.

cope and Order of the Work. - 'I'hese 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 noxie, or serious alterations in environment, as they bear upon
the bodily functions), then elearly onr 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 le
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 the other hand, studying all the conditions which
cause disease, we can endeavor to clussify the etiological factors, grouping
together those influences which, acting on the organism, are seen to
produce allied morbid conditions; similarly, from a knowledge of the
course of varions diseases, we can attempt to distinguish and deseribe
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 pathology, so-called; it
is the method employed in text-hooks of medicine and surgery; indeed,
on the European continent, what we would term general works upon
medicine and surgery are entitled text-hooks of internal and external
pathology.  Dealing, as is our purpose, with the broad principles of
pathology, the second is the only possible 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,
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the results of dise As will readily be 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 resulis of the same.  Nevertheless, this is, I feel assured, the
only satisfactory and logical method of covering the vast territory before
us. It is the means whereby the surest grasp is obtained of the principles
underlying and governing those disturbances of vital activity which we
recogniz 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 ave first diseussed. 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 preseription.  When pathology is taught pari pussu
with medicine and surgery it is undoubtedly convenient that the student
obtain a knowledge of such predominant processes as inflammation and
infection as early as possible m the course, and when inflammation was
regarded as essentially a vaseular disturbanee, it was natural that other
vasceular disturbances should be taken in close association.  The resnlt
has been that the ordinary student has obtained an exaggerated idea of
the importance of vascular disturbances, whereas what is of equal value
for a general understanding of disease namely, the pathology of the
nervous system - has been 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, conforn ably
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
vear”—whether given by pathologist or physiologist is a matter of
indifference—and at the end of the second yes course on causation
or etiology may well be introduced also. By this means the teaching
upon the morbid processes comes to he 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 upon ** Internal and External Pathology.”

We recognize, howgever, that the teaching and the periods of teaching
of our subject vary greatly, and do not believe that the student should
he o man of one book, mastering that book from alpha to omega.  Hence
we have arranged our mater ¢ that,
while it forms a more or less progressive system, any one section or
important  sub)
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 be termed .\-.l/,vh'nu'r p:nhuluu_\'. 1'|m|)lt'l'.~‘»
dealing with the main outlines of special pathological histology.  For

. so fi

15 possible, in such a wi

ot lnwnnu-x, |:~\ ('I'li\w-l'l'f(‘l'('lll'l'\, ete., (‘ulll]l]l‘ll' ill
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these chapters, upon the special pathology of the different organs, the
reader is indebted to our colleague, Professor A. G, Nicholls.

The Principles of Pathology. One more word before embarking
upon ourcourse,  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 erroncons or inadequate.  With this, a second
(reactive) stage becomes manifest, in which it is appreciated that before
any sound generalizations or laws can be established the facts and data
of the science must be carefully acenmulated and marshalled. Tt is
when this has been accomplished that the science can enter upon its
third (complete) stage, in which an adequate 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 heginning, born complete,
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 establishment leads us to further possibili-
ties, to the study 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 faets 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 ereated 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 hypotheses, as one
series of observations followed another. The new development of
mechanies and physies led to Borelli's investigations upon animal
movements and the appearance of the jatromechanical 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 be found to approximate to the truth. "The more imme-

diate outcome was the development of the iatrochemical school under

Sylvius, in which, more particularly in connection with digestion and

respiration, chemical processes were seen to be at the basis of animal v

activities.  And so, to the middle of the,nineteenth century, school

stuceeeded school-—mechanicodynamical, Brunonian, vitalistic, Cullen’s

system, and so on; the last of influence, more particularly in Germany,

being that of Oken, Syslvln after system was overthrown as successive

h observations demonstrated their inadequacy.  Virchow repres ented the H

revolt against all such.  His teaching was that hitherto theories had been

founded on insufficient data; the time had come to gather facts and

cease theorizing; and so potent was his influence that we have had the

i remarkable spectacle of the workers in pathology among that most

philosophical of peoples, the Germans, restraining themselves for fifty

vears 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,

i 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 been such a period;

much more has been garnered than in all the preceding ages together.

| If in 1858' the data were inadequate, today we experience the contrary
danger of being overcome and blinded by excess of detail. The time
has surely arrived to attempt to svstematize 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 ripe 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.

! The year of publieation of Virchow's Cellular Pathologie, and of Darwin's Origin
of Species.



CHAPTER IL

THE HISTOLOGY OF THE CELL

As already stated in our introductory chapter, we owe it to Virchow
that, for more than half a century, pathology has held steadily hefore 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.

T'he animal cell, we recognize, consists of two main parts, the cell body
and the nuclens; 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 tanght that the lowest “animal” forms— Haeckel's order of
Monera—and the lowest plant forms—the Sehizomyeetes, or bacteria
are non=nucleated; but with the elaboration of more perfect staining
methods, either a definite nuclens has been determined in those of the
monera so far examined for this purpose; or again, in some, as shown hy
Gruber, granules of nuclear material are to be seen seattered through the
cell body (Fig. 4).  As regards the bacteria, there are parallel observa-
tions, observations which at first sight appear contradictory. 'Thus,
Biitschli, from his ohservations, regards all the stainable substance of the
hacterial body as equivalent to the nucleus, and studying some of the
larger forms demonstrated the existence of a fine surrounding substance,
apt to be gathered at the poles, which he holds to represent the cell body
or eytoplasm.  "T'his view is confirmed by other workers.  Several more
recent observers, dealing with the smaller forms, figure minute granules
of stainable material diffused through the hacterial 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 l\i;:lu-r forms of life.
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A full study of the divergent observations upon this subject up to the
year 1900 is given by l'mf(-wur A, B. Macallum.'  Macallum 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.  He 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 Cyanophycew, or as scattered granules. "Thereis 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

Fia. 4 forms of life, animal and vegetable, from the

lowest to the highest, nuelear and eytoplasmic

matter co-exist in the cell. To the signifi-

cance of their co-existence we shall revert
later.

In the cells of man and of all save the
lowest forms of life it can he seen that neither
the nucleus nor the cell body is homogeneous.
We are still very far from having resolved
the minute anatomy of either. "T'hat anat-
omy, indeed, is bevond the power of the
lllil'rnwu]n- to determine.

This much may here be laid down, that
Absence of nucleus proper with— the nucleus is a well-defined body, most often

b diffusion of seattered granules of imati i : > 9 Sl

{ siclear materi through body of  APPTOXimating in shape to the ~|1h|‘ru al or
i amonera,  (After Gruber,) oval; at times greatly elongated (as in plain,
i non=striated muscle tissue); at times irreg-

ularand lobate (as in the polymorphonuelear leukoeyte); at times monili-
form or beaded, as in Stentor; or, rarely, exte lN\ll\ I)I‘.III( hed, as in
certain gland cells of insects, or 'NI\\I'\\HIL' psendopodis processes, as
) in the egg rays of the water scorpion.®  In the higher animals, a more or

less distinet nuelear membrane is to be made out, within which the sub-
stunce exhibits an alveolar or netted areangement.  Of this nuelear
matter, at least three constant constituents are to be distinguished: (1)
The linin or achromatic (non-staining) network in which is deposited
(2) the chromatin, or material which is rendered noticeable by nuclear
dyes.  In the spaces of the network is (3) the nuelear jl:ml or sap.
Inconstant features are (1) the nucleolus, a minute accumulation of
chromatin-like substance, varving 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; (¢) definite erystals; these have been recog-

Y On the Cytology of Non-nucleated Organisms, University of Toronto Studies;
Physiological Series, No. 2, 1900,
2 Vide Korschelt, Naturwissensch, Rundschan, 18; 1587 409,
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nized by Marchand, Podwyssozki, and others, "These last two constituents
indicate that the nucleus is not inert- that active metaholic processes
ocenr 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 ooeyte of Antedon bifida (a evinoid ** starfish™) this
single nucleolus may be half the diameter of the nueleus (Chubb). O,
on the other hand, there may be multiple minute nueleoli situated at points
of intersection of the chromatin network,  Of these, there may he as
many as 300 (Montgomery; unicellular glands of the leech, (Piscicola).
All ohservers agree that they are intimately related to the chromatin.
Thus, as M. Heidenhain 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,  “I'he main opposing views:
(1) That the) waste producets of chromatin activity (Hicker); (2) that
they supply nutriment to the chromatin (Flemming, Bambeke, Korschelt,
Lubosch); (3) that they are the means through which the unorganized
chromatin assimilated from the eytoplasm is converted into the organized
chromatin of the nucleus (R. Hertwig); and (4) that they represent the
dissociation produet, rich in albumin but devoid of phosphorus, of the
nucleo-albumins taken up from the eytoplasm to provide the nucleo-
proteins of the chromatin (M. Heidenhain')—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 eytoplasm the general principle, to which attention must be
frequently drawn in these pages, that profeid matter tends to present like
intermediate products 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 multinucleate.  T'wo 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.*  We have evidence that

! For bibliography, sce Chubb, Phil. T il Soe, Biol,, 98: 1906 447, and
M. Heidenhain, Plasma und Zelle, Vische e 121007212,

* Some writers draw a distinetion hetween the syneytium, caused by the fusion of
cells, and the plasmodium, eaused by nuclear multiplication without cell division ;
others include both forms as plasmodia.
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hoth processes take place, and shall have to refer to these matters more
fully i 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 strietly 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 hody away from the nucleus.  These
and other not so definitely chromidial substances have Lieen shown by
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Disgram of component % of el illustrating the various theories of the structure of the

extoplasm.  The lower segment represents the fibrillar or sponge theory: the upper, the granular
theory: the left, t wam theory At the right the protoplusmie threads (archoplasm) v
from the ventrosome.  (Szymonowics

numerous ohservers to be derived and discharged from the nuelens.
Of late years there has heen 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 strueture.  Without
there being in the animal cell the distinet membrane or wall so conspic-
uous in many vegetable cells, there is, nevertheless, often to be
recognized a condensation of the extoplasm or cell substance at the
|wriph(-r.\'. homogeneonus, and constituting the ectoplusm, which passes
almost imperceptibly into the main mass of cell substance, or endoplazm.
"This endoplasm is seen by careful study to possess, like the nucleus, an
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alveolated arrangement, regarding the 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
by the death of the cell or hy the action of reagents (Fig. 5); thirdly,
save for deposits within it, the cell substance is obviously fluid; we have
to differentiate hetween 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 would lay down the general con-
clusions reached, which are that the cell substance consists of (1) a
coarse or finer reticnlum, which may be termed the cytoplasm 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 phagoeytic action and
not yet dissolved or discharged; (b) granules of solid or semisolid
matter, erystalline or amorphous, which are the produets of cell metabo-
lism; (¢) the fluid contents of secretory vacuoles: and (d) inactive sub-
stances laid down as a framework within the cell.  Passing beyond
purely histological appearances, we may say that the eytoplasm 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 precipitated form, which is within
the cell, and represents matter resulting from the cell uetivity, whether
products of disintegration of the cell substance or the unassimilated
pnrﬁnll\ of :l'Nyl‘lil'(l llmlt‘l'i:l'.

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 Altmann' has regarded these as the “elementary organisms, or
bioblasts,” as the units or fundamental 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 nuclens, further study shows that
Altmann’s® methods bring out granules of more than one order, and that
there is no apparent relationship between the number 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
diseredited. ?

"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-

! Die Elementirorganismen und ihre Bezichungen zu den 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 sitvated toward the centre of the
cell in the neighborhood of the nucleus; in some rare cases it has been
described as actually within the nuclens. 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 thére
has been keen debate— whether it be an independent constituent, carried
over by division from cell to cell, just as are the nucleus and the eyto-
plasm, or derived from the nuclens or from the eytoplasm. Martin
Heidenhain,' for example, in a singularly full study, has suggested that
it is the homologue of the micronucleus of the infusorian cell.  (‘The
infusoria have two nuclei, of which the larger, the macronucleus, is most in

Fia, 7

Section of normal tubule of Kidney, stained to show the Leukoeytes from larva of salu-
regular arrangement of Altmann’s granules in- the cells mander, showing ventrosome with
(After Altmann.) surrounding ey toplasmic radintion

(Flemming.)

evidence in the functioning organism, hut disintegrates and disappears
during the process of conjugation and ferti ion, the micronuelens
then hecoming active.)  More recently, Yatsu,” confirming 15, B. Wilson,
has shown that if the eggs of Cerebratulus be cut up, and fragments,
devoid of nuclei and centrosomes, be placed in sterilized caleinm 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 he formed de novo from the eytoplasm-—that it is of cytoplasmic
origin.

' Arch. . mike. Anat., 43: 1804 :423; &
1:1805:473.
* Proe. Soe, Exptl. Biol, and M

so Arch. f. Entwickelungsmechanik,

2: 1905, L:si, and Amer, Med., 1905 493,
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CELL CONNECTIONS.

These are the main histological details regarding the constitution of
the animal cell.  But if our pathology is to be cellular, more is needed.
The organism heing multicellular, but 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 distinet separate entities, acting the one on
the other, either hy 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 henefit, 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 to each
other by fine hridy It has been proved by them that by the inter-
mediation of these bridges stimuli are directly conveved 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 indication of a system of filaments passing from one cell to its
neighbors, and Kolossow" has shown, and MacCallum, of Baltimore,
has confirmed, that similar bridges pass hetween apposed cells of the
endothelin.  Ciliated and columnar epithelial cells are likewise joined
together (Barfurth®) and similar divect connection has been deseribed
between the cells of both plain and striated muscle (Kultsehitzki®),
Even the neurons, which have been regarded so generally as independent
cells, have now, hy Apathy and others, heen 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 conmections are evidently present from the
very earliest period of individual existence, Mrs, Andrews,' studying

P Arch. f. mikr. Anat., 42; 1803; 318, and Ztsehr. f. wiss. Mikr., 9, Heft 1 und 3;
see alto W. B. MacCallum, Johns Hopkins Bull,, 14: 1903 105, and Museatello,
Virch.  Arch,, 142: 189 ; (8

* Anatomie, 1897 : 79, *Quoted by Waldeyer, Arch. f, mikr. Anat., 57;1901:

‘Mrs. Go F. Andrews, Jour. of Morphol, 12:1807, and E, A. Andrews, Zool.
Bull,, 2; 1808: 1; confirmed by (. Shearer, Proc. Roy. Soe., 13, 77: 1006 498, who
gives recent literature.  The fullest study of this subject is by Schiberg, 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

s of

fine threads across the intervening space, resulting in the union of the

cells by protoplasmic processes.  These

Fia. 8 conld well be seen in the 8= and 16-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 leukoevtes the
wandering cells of the org
wholly independent; but this, judging
from MacBride’s' observations, is an

the blastomeres hecome separate, there follows an active discha

nism- are

Coll bridges of *‘prickle cells® of - : .
kit From a photoeraph by Acquired and not a primary characteris-
Schridde ( In the larval echinoderm (starfishes

and the like), whose wandering meso-
dermal cells are the earliest homologues of the leukocvie, these cells
Hoating in the body cavity are found to be connected by a network of
singularly fine processes

Cell bridges of vaseular endotheliom Kolossow

The organism or individual, there-
fore, is not to be regarded as essen-
tially . 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 the living matter; the cells

A y 7/ | in [_'l‘ll(‘l':ll are not detached, ""I.\ semi-
“f “.,,;1/ y.v/’ iy /1 detached.
Cell bridges between eartilage cell The Significance of the Cell. 'I'his

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

' Proe, Camb, Phil, Soe., 9: 1806 153,
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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 —are of three order

1. Where the cells contain a large amount of stored-up food material,

"T'his is notably the case with the ova of very many species.  Here, on
fuller study, it is found that the eytoplasm forms a delicate membrane,
spreading over and limiting the yvolk.  In this superficial layer lies the
nueleus, which thus, with the extoplasm, is close to the exterior.
In certain of the infusoria the increase in size of the cell, until it
becomes visible to the naked eye, is bronght about by the development
of the cell substance into a series of delicate radiating processes. By this
means neither the nuclens nor any part of the cell is at a distance from
the surrounding medium,

A As in Gromia and sundry other protozoa, the enlargement of the
cell may he associated with the presence of multiple nuclei.!

In all these cases we appear to have a mechanism wherehy no portion
of the extoplasm 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 nuclens, the eytoplasm, 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
evtoplasm; the larger it hecomes the greater the disproportion between
its surface area and its mass, and, as interaction between it and the eyto-
plasm must in the main take place at the surface, the greater its size the
less its relative efficiency.  If the nuclens exceed a certain size, the more
centrally situated nuclear material must be largely inactive, and so use-
less.  T'hus, 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 angmented its substance and mass.  Thereby the
maximum activity of the nuclear material has been insured.  Hence
the development in the first place of the multinucleated cell,

But if this be true of the interaction between nucleus and eytoplasm,
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
adiolaria, 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 nuelens, by the reaction between
nuclens and evtoplasm, such extension of the eytoplasm 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

by 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

' A stage leading up to this is seen in Stentor and other ciliated protozoa, in which
the relatively large nueleus is moniliform, headed, and clongate
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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 eytoplasm
ubversive 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
seattered through the eytoplasm.

2. The unicellular organism having the nuclear matter aggregated
into a central mass, the nucleus,

3. The multinueleate unicellular organism.

{. "The multicellular organism.

It follows, thus, that the multicellular organism is not to he rded
as the outcome of the fusion of a number of separate individuals for
mutual advantage.  Such fusion, it is true, does oceur in nature; wit-
ness the myxomyeetes. 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 Germans term it, ** Baustein” theory, must be
replaced by one more directly in harmony with the facts of individual
development and our knowledge of evolution—hy what we may term
the theory of decentralization, which regards the individual as the sum
total of protoplasmic matter capable of existing as an entity under par-
ticular conditions of environment, the multicellular individual aequiring
ils greater size and more mul/;/: te activities /rI:/ means nf nuclear division
ful/nu'n/ ’lII/ eell 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 eytoplasm, 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 horne in mind that the nucleus cannot persist without the eytoplasm;
that there evidently is an intimate relationship between the two such that
the nuclens is acted upon not directly by the external medium, but
through the intermediation of the eytoplasm.  From this it follows that
eytoplasmic alterations, if conveyed from cell to cell, are 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 ¢ells 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 eriticism.  T'o some of this, as, for example, to the
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non-existence of a discrete nuclens in the very lowest forms of life, we have
already incidentally referred.  The Baustein 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
distinet organs when there exist sundry higher unicellular organisms
among the ciliate infusoria which, possessing a single or two nuclei,
possess also distinet organs, such as contractile internal fibrils (muscle),
a peristome of cilin direeting food to a distinet 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 ||.\pnlh4'\i~. But 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
\\hn“'\ ll[m'l, 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 lamellie of bone? Are these alive, or are IlH‘A\ to be
rded as dead matter?  Recently a leading German histologist,
Professor Martin Heidenhain,' 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

I'c

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 i bulk. A similar origin is upheld for
the cartilaginous matrix; that, according to Schaffer, hegins as a modi-
fication of the ectoplasm of the » 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, ‘

T'o this it may be replied with, I 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 hodies as possessed of the power of recurrent satisfaction and
dissatisfaction, which we regard as the prime attribute of living matter.

' Plasma und 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, ete.—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, ete., 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.

That, as regards actual growth of the connective and yellow elastie
fibrils upon which Heidenhain lays so much emphasis, we obtain, as
Professor Leo Loeb has shown “growth’ of a curiously similar type
outside the body in lymph or blood subjected 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.  But the lines of this precipitation are evidently
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,
ete., bears a direct relationship to the strain to which the tissue is habitu-
ally exposed.

That if cartilaginous matrix is to be regarded as living, then, also,
the hyaline and amyloid deposits in pathological conditions are to he
regarded as living.  But among these we have every transition to con-
ditions of deposit in successive layers, to conditions elearly 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 Ophiils has shown, it may
take on the type of deposit of successive layers of needle-like erystals of
hyaline matter.

In his Cellular Pathology (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 (associated) 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 lln-vw-mmlllhnnguhhmg
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 property, 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 Heidenhain, but the discharged cell molecules,
which act upon substances present in the surrounding Iymph.  And it
has to be 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 pnuhu'linn of the like pruripil!lm. 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 be 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.
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CHAPTER I1L
FHE PHYSIOLOGY 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 aceepted, but is apt to he propounded with some hesitation
in works upon physiology, and because a correct appreciation of the
influence of the nuclens is, us we shall I'l'pl':lhw”) 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 evtologists had estab ished a basis of
knowledge regarding the normal nuelens did it become possible to study
departures from the normal.!

It has, in the first place, been fully established that without a nucleus,
growth and reproduction of the cell cannot occur.  The cell, |I|-|u~i\mf
of its nuelens, can exist for a time, can be the seat of certain metabolic

activities, but its substance 1s progressively used up, and, Judging from
its complete incapacity to reproduce itself, it cannot form new living
material, either eytoplasmic or nuclear.  "T'he red corpuscle, for example,
the type of non-nucleated cell in the normal vertebrate organism, can
act as a carrier of oxygen, but cannot perpetuate itself,  The individual
ervthroeyte, 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, ut most, three or four weeks,  Quincke® and Worm Miiller' give a
life of about fourteen days to the red corpuscles of the dog.  Throughout
life there 1s a constant «

welopment of new ervthroeytes to take the place

of those undergoing disorganization

What is true with regard to the red corpuscles has heen experimentally
proved with regard to unicellular organisms.  Brandt,” in 1877, showed
that pieces of Aetinospharium Eichhornii containing a nuclens assume a
characteristic form typical of the whole organism; those without a
nucleus fail to do so. — With Siphonocladus (another simple multicellular
form), Schmidt,” many vears ago

showed that when broken up the proto-
plasm formed into spherical masses; those not having a nucleus failed

' For a fuller statement of these views regarding the dominanee of the nueleus 1
would refer to my address at the meeting of the British Medieal Association st
Loronto, in 1906, Brit. Med. Jour., 2: 1906

? Brit. Med. Jour., 1887 :ii: 192

¥ Deut. Areh. £, Klin. Med., 25: 1880 567, and

$ Transfusion and  Plethora, (
03: ISS3: 125

1880 193,

hristiania, 1875; see also von Ott, Virch, Areh.,

S Ueher Actinospharium Eichhornii, Dissert., Halle, 1877
* Festschr. d. naturforseh. Gesellseh., Halle, 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 Nussbaum' with Oxytricha,
and by Gruber® with Stentor.  Klebs' noted that enucleated cells of
algwe, 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 afiecting the tissues we
shall see that so long as the nucleus is intact, however grave may be the
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
Boveri' and Lillie® have pointed out, there is a minimal limit to the
‘il" ”r Ill(‘ ﬁl'])il"illl' (e ]('Nl(“l’ ("'” IH)I"i”“\ l'ill“l'll(' lif ”“ll"l";l’i“;_':
further development." The nuclens, with the surrounding eytoplasm,
is capable of regeneration and growth, provided that the amount of
cytoplasm exceeds a certain minimal volume relative to the normal cell.
For, as Verworn” was the first to emphasize, the nucleus without the
surrounding eytoplasm is as incapable of regenerating the cell as is the
eytoplasm without nucleus.  Nevertheless, Verworn takes a position
which is untenable. He admits freely that cell growth and reproduc-
tion are not possible in the absence of the nuclens, 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. e, however, denies wholly that the nucleus is
the dominating portion of the cell, pointing ont that, although the sper-
matozoon, in ferti ion, introduces a minimal amount of cell substance
into the ovun, and is composed, as regards its functional head, almost
wholly of nuclear matter, nevertheless that minimal amount is introduced
and cannot be neglected;® that if the cell without nucleus cannot exist
neither can the nucleus without cell substance, and demonstrates abso-

" Arch. £ mikr. Anat., 26: 1886: 485,
Biol. Centralbl,, 4:1885: 717; 5: 1885

Ibid., 7: 1887: No. 6, und Unters. a. d. botanisch. Inst., Tubingen, 1887

¢ Arch, f. Entwickelungsmech,, 2:1 1. ®Jour. of Morphol., 12: 1806 241,

* In the eases studied, about one-twenty-seventh of the whole mass,

T General Physiology, translated by 1. 8. Lee, Macmillan, 1899, 504 et seq

* But, as Strasburger points out, in the flowering plants the male sexual eells lose
their cell-body when passing down the pollen tube and the nucleus only reaches the

53; and 6: 1886: 1,

b

egg.  (Darwin and Modern Science.)  Cambridge, 1909: 104,
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lutely from his studies upon the ciliated infusorian Lacrymaria olor
that the nuclens does not control the motor apparatus of the cell —that
non-nucleated sections of the organism move as actively as do nucleated
sections, and this for a day, sometimes for several days. What he
proves is not that the nucleus is not the dominating portion of the cell
complex, only that the association of nucleus and eytoplasm is essentiol
Jor full eell activity.  He thus fails to grasp the significance of the nuclens,
and his whole treatment of cell processes, if not vitiated, is, at least,
greatly weakened.,

All that Verworn's facts prove is that nuclens and eytoplasm 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 individual drone 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 eytoplasm 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 act upon the .\'ul'ruulu//u_r/ medium, and that so the ‘I'um'lfuu
of the eytoplasm is to act as ar intermediary between the nucleus and the
environing substances.

The prominent part played by the nuclens in simple cell division;
the series of processes insuring that each daughter cell obtains an
equivalent 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 nuclens in the processes
of cell and individual reproduction.  ‘T'he evidence that the nuclens is
active in matters of cell metabolism is not so fami arly 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 pl in cells deprived of their nucleus; even so elaborate a
process as the formation of starch in the \'t“,:l‘l:l‘l'l‘ cell can oceur under
the same conditions.  As already noted, enucleated cells having these
properties cannot grow, but eventually become exhausted and disin-
tegrate.  The nuclens 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 nuclens
from the extoplasm and subsequently discharged.
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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 Heidenhain 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, but carrving 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 [ wholly agree; the part played by it in cell division (p. 11
and in fertilization (p. 144) would seem amply to support this view;
and, as Professor A. B. Macallum® has suggestively bronght 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 c¢hlorides and phosphates and potassium, sodium, and ealeium
salts may be present in the eytoplasm, his extensive studies show that
the nuclens, whether vegetable or animal, is absolutely free from phos-
phates and chlorides; nor has he been able to detect either potassium
or caleium.  So also, as in the liver cell of pernicious anemia, the cyto-
plasm may be charged with fnorganic iron, but the nuclens contains
not a trace.  On the other hand, both Browicz® and Sutherland Simpson
and Herring® have demonstrated the passage of hemoglobin (containing
organic iron) into the nuelei of hepatie cells and the presence of the same
there in a erystalline 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 heing such that mechanically it
permits the passage through it of certain hodies, whereas it is impervious
to others. There is evidence that the surface layer of the cytoplasm
constitutes similarly another semipermeable imembrane 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 erystalloid or colloid nature of the substances
in solution on one or other side, nor, again, their nature as electrolytes
or non-electrolytes. A caoutchoue membrane, for example, will keep
hack the simple and highly soluble sodium chloride, and if ether be
dissolved in methyl alecohol will permit the passage of the former but
not of the latter; similarly, if the more colloidal copper oleate and the
erystalloid 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 Barlow* has

Soe. Can., 3d ser.
2 Bull. Internat, de 1'"Acad. des Seiences ¢
' Proc. Roy. Soc., B., 78: 1006: 455,

4 Philosoph. Mag., 6: series 8: 1904: 1,

! Proe. and Trans, Roy

1908 see. 4: 145,
Cracovie, July, 1599,
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shown that a cupric ferrocyanide membrane is more readily permeable
under pressure to the larger molecules of aleohol than it is to the smaller
molecules of water.  "T'his 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, but, as Kahlenherg' has shown, the membrane permits the
passage of those bodies for which it is a solvent, for which, therefore, it
has an affinity of a particular order.  "The indications are that the outer
layer of the evtoplasmcertainly in red corpuseles, and probably to a
large extent in cells proper —is of a lipoid nature, formed of or containing
bodies such as “lecithin,” cholesterin, ete.; whereas the nuclear mem-
brane (as shown hy its staining properties) is of nucleoproteid nature.
We are ready to admit with Macallum?® that to the extent that this does
not admit the passage of inorganic salts, and it may well be various
other bodies, like glyeogen, 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 protein 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,
distinet chemical differences have been determined between the nuclear
constituents of the different tissues of the animal— hetween those isolated
from hepatic, pancreatic, and renal nuelei; 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. 31,
it may well be that matter thus taken up but not yet differentiated or
structurally worked up into the nuclear chromatin is to e recognized
in the form of nucleoli.

If there are these indications that hodies of certain orders penetrate
the nuclear membrane, and are built into the nuelear 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.  Verworn noted that non-nueleated pieces of foraminifera
did not show the slightest l-;llun'il) to secrete the ealeareous salts which
form so characteristic a framework in these unicellular organisms.  In
another lowly form, Thalassicola pelagica (and the same is true in the
ameeba), while non-nucleated 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 Greenwood,?

! Jour, Phys, Chem,, 10; 1908 41,
* Macallum is wrong in stating that fat is not found in normal nuelei,
TJour. of Physiol., 7:1886:254; S: I1887:263; 11: 1800 576,
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!

Le Dantee,' and others, is determined by the nuclens.  Hofer’ has
shown that the excretion of slime by the amaha does not ocenr when the
nuclens is absent; Korschelt," that the formation of chitin by insects is
associated with change in the characters of the nuelens; Haberlandt!
has demonstrated that in the formation of the cell membrane in plants
the nucleus bhecomes eccentrie, passing to the immediate neighborhood
of the site of deposit of the cellulose; a similar localization is i

en in
cells developing root hairs; Schniewind-Thies” 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 Huie," to the marked changes
that oceur in the nuelei of the secretory cells of the leaves of the well-
known insectivorous plant, the Drosera, when fed with egg albumin.

T'hese, it will be seen, are observations of many vears' standing,
which could he abundantly extended from more recent botanical and
zoological literature.  Coming nearer home, there are ,-.ur;.llv-l observa-
tions by ||||_\«itnln;:i~|~.‘mvl histologists.  Thus, I would reeall R. Heiden-
hain’s” observations, made long years ago, upon the differences in the
appearances of the nnelei of salivary gland cells at rest and after stimu-
lation, confirmed by Greenough® in his observations upon the cells of
the submaxillary gland, and to the interesting observations of Hodge"
(confirmed by Gustav Mann," Lugaro," and others) upon the nuelear
alterations in the motor ganglion cells of hees, hirds, eats, and other
vertebrates, bhrought about by naturallv and « xperimentally produced
fatigue,

But now, in addition to these, are abundant observations upon the

direct passage of material from the nueleus into the evtoplasm, and that

in very immediate and significant relationship o the development of
\\h.‘ll wWe now ]‘1'|‘|v£|ii/:' as the 'ymlin mv“'ul.‘wnn constituents of par-
ticular orders of cells,  All the observations have this in common, that
llxr‘\ record the appearance of minute globules within the nuclens which,
like the nucleoli, take on a differential stain with nuclear dves, and
these tend to aceumulate immediately heneath the nuclear membrane.
Following upon this, either (1) these become smaller and diminish in
number, while coincidently the perinuclear evtoplasm takes on a diffuse

stain of the same character, or (2) the actual passage of these globules out

Ann. de U'Inst. Pasteur, 4: 1800 273, and 5: 1801 163

? Jenaisch, Zeitschr, f. Wissenseh,, N. 17, 17: 1800 105

wl. Jahirbuch, Abth, f. Anat.,, 4:1809: 1, and Naturwiss. Rundschau, 1887

100

* Die Bezichungen zwischen Funktion Lage des Zellkernes bei den  Pflanze
Jena, I8S7: also Sitzungsher. d. Kaiserl, Akad, . Wiss,, Vienna, Math. Natur
wisgenchs, KL, 18: 1880: Abth. 1: 190

' Beitr, 2. Kentniss der Septalnectarien, Jona, 1807

* Quart, Jour. Mier, Sei,, N. 8., 39: 1807 : 487

" Hermann's Handb. der Physiol,, 5: 1883

* Jour. of Med. Research, 7: 1902: 360 ¥ Jour. of Morphol,, 7: 1802; 95
19 Jour, of Anat., and Physiol. 20: 1804 : 100

"' Lo Sperimentale, 44: 1805: Soe, Biol,, 2
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of the nucleus into the eytoplasm is deseribed.  With improved tech-
nique observations upon this second order of events are becoming more
and more common, and we have different orders of workers giving to
these nucleolar derivatives varions names— plasmosomes, chromidia,
mitochondria, ete.'  Orgunized chromatin as such is not discharged from
the nucleus, nor is it to be found free in the <-A\In|.|;|~m_ save in the rare
cases of aberrant mitosis, as in cancer cells, when sundry chromosomes
may fail to be gathered into the danghter nuclei.  What is dis-
charged is nueleolar matter, and this

Fia. 11 cither by a process of diffusion or

) :
i as diserete globules or granules,
/ : : T
1 ARN Once free in the eytoplasm, it is
\ ~ . b 3
“~‘*'r/ / acted upon and interacts with the
‘f’ \ﬂcl‘ evtoplasm and its contents, and,
(P‘ p ' according to the nature of the cell
!'\‘ /} HIIIIHfil\l'_\lﬂlil:l\lll.\n(ltl{'\il take
i \M ’f{,‘ an active part in the formation of
| \\"f /| one or other ~|-|'t'ili4' cell substance.
\ '”, Modification and 1“~:|'»]u-;||':|ln‘<- or
“l\ / conversion of the plasmosomes is
| n seen to take place pari passu with
Y \ the aceumulation within the cell
1, re -.H;v nerve ".u with large rounds of these specific substances,
Al .,m::‘”.“n.. ..I\‘;’,‘. . detived  feus "T'he process, in the first place, has
the nuclonr material) nls and prominent; — been made ont in the vegetable cell,
| 8, exhavsted nerve ¢ me order, with — Tope may be recalled Torrey's® ob-
hrunken irregular nucleus, chromatin network i Y, :
y indistinet, Nissl bodies diminished in sige and  S€PVations upon the secretion of
poorly staining.  (After Gustay Man diastase in maize seeds, ete. At
] the heginning of germination of the

Is the nuclei of the colummnar dittstase-producing cells contain dark-
staining granules, with but a few in the evtoplasm.  Small breaks are
to be made out in the membrane of the heavily loaded nuelens, and
lhrnlluh them the gl';n|o|||.-~ exude in small streams The: e, at first
spread through the cell, become later colleeted at the end next to the
endosperm.  Here they become ultimately dissolved. It is following
L upon their «lii\uln’iuu that the first action of a ferment upon the cell
wall and matrix of the endosperm is ohservable.
[ It is deseribed also throughout the animal kKingdom from the protozoa
‘; upward. R, Heriwig" and his pupils afford numerous instances of the
i

-

development of such chromidia in the protozoa, in the form either of
fine granules or of fine filiments or filamentous network.,  He has
deseribed their conversion into and relationship to the development of

* Memoirs of the Torrey Botan, Club, New York, 20 1902 421

*Arch, f. Protistenkunde, 3:1902; Sitzungsber. d. Gesellseh. f. Morphol, u
Physiol., 18: 1902: 77; Festsehr, £, Ernst Hacekel, 1904: 301, See also Gerussimow,
Beihefte z. Botan. Centralbl, 18: 1904 and Goldschmidt, Biol. Centralbl., 24
1904; Arch, [. Protistenkunde, 5: 1904 ; and Zool. Jahrb., Anat, Abt., 21; 1905,

o
’ ' As per example Archoplastic loops, controphormia, trophopspongia, ergastoplasm!
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VETABOLISM 19
pigment granules of melanin-like nature in the evtoplasm in certain
abnormal states of the individual Aetinospherium. A, B. Macallum,'
in 1800, studving the nuelei of developing ova in the ovaries of the
lake lizard (Necturus) and of the frog, gave a very clear description of
the formation and discharge of those
into the volk granule

nucleoli and their conversion
Montgomery,” in Piscicola (a leech ]ml‘:l‘nir

pherules from the
1000

with umulatior

upon fresh water fish) found the discharge most active and abundant
We append certain figures from a verv full study by Chubb® of the
ovarian ova of Antedon, a crinoid starfish, or, more accurately, brittle fish

"Proe. Can. Instit., Toronto, 1:1806: 11, and Trans, Can. Instit.. Toronto, 1
1891 : 247

Jour, of Morphol., 15; 1508 Phil

I'rans, Roy. Soc. Biol., 95: 1906: 447
I
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Fig. 14 shows, in addition, how the plasmosomes may hecome swollen,
fused, and modified into such intracytoplasmic accumulations as the
“volk nucleus” of the ovum, the “archoplasm” of spermatocytes, and
other cells,

It is in gland cells, with their characteristic granules, that the stages
of the process have been ]'l-|w;|ll'1”‘\ observed. In mucous ;_'nllh'l 1‘1'“~‘
F. Hermann has noted that during active secretion minute globules
taking the same stain as nueleoli appear immediately around the
nuclens, these being absent in the resting stage.! Maximow gives a
fuller account of like appearances in the serous salivary gland cells of
the dog. The 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 appear to give place to

Fio, 15 definite secretory granules,  Stein-

haus and Macallum give a very
similar tlt'\(‘l’iplinn of the mode of
production of the granules in the
panereatic cell,  Bensley,* Carlier,”
e : Mathews, all record the prezymo-

ks s 7 S

gens, or graniles becoming  con-

Relationship of nuclear plasmosomes to 2y 2 ~
secretory substances of verted into the zymogens  of the

ell: o, intranuclear plasmosomes; b,

mogen granules w

seereting

secreting cell, as of nuclear origin,

granule (extranuclear plasmosome) in cyto gl :

plasm, near nuclous having. snme stalning re Mathews,* of Chicago, studying
wtion, and evidently discharged from the  the development of the well-known
s of e nto more geepetory  (zymogen) grannles  of

feebly staining se prezymogen) gran . . :

ules; d, further stage; zymogen granules shout  the pancreatic cell, noted first the

to be disehary Ater Maximow appearance of a ** Nebenkern™ (or

paranuclear body, similar to the
volk nueleus figured in Fig. 14), within and in direct association with
which were to be noted spiral twists or coils, which eventually became
distributed through the eytoplasm.  These coils proceed to decompose
and a stage intervenes between their 1li~;|'v|u-;||’;||u ¢ and the appearance
of the zymogen granules in the cell, It is interesting to note that C. E.
Walker,” has deseribed an almost identical mode of development of the
granules in the leukoeytes of the hone marrow of the rat and guinea-pig.
The |||l'l'.‘ul~. it will bhe seen ( l"i-_'. 16), are rh;n';u'h'l'i~l|(';|||\ |u';|<|w|. and
the beads hecome the eventual granules, )
So, also, Macallum has shown that the |||-|||n;;]nl>il| of the red cor-
puscles of amphibia is derived from the nueleus, the hemoglobin, or its
antecedent, diffusing through the nuclear membrane and becoming

See also Reichenow, Areh. f. Mikr. Anat., 72: 1908 671

Proe. Can, Tnstit,, Toronto, 1: 1806: 1, and Quart. Jour. Micros, Sei., N. S, 41
IS8O8: 301

Brit. Med. Jour, 1900 ii: 740, and La Cellule, 16: 405

“Jour, of Morphol., 153: 1809, Supplement

¥ Proe. Roy, Soc., B, 79: 1906 491
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fixed in the eytoplasm.  Arrigoni,' by a process of intravital staining of
the nucleated red corpuscles seen in the blood 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. 18), the development of metachromatic granules in the cytoplasm,
and their solution in the cell substance as hemoglobin.  "T'he 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

case

Cells (leukoeytes) from bone marrow of guinea-pig showing: (a) development of thread in the
archoplasm or ehromidial mass in the eytoplasm apposed to the nucleus; (b) extension of thread
through the eytoplasm, and commencing segmentation into cytoplusmic granule ) granule
scattered through cell substance, their chain-like arrangement still noticeable,  (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 eut vacuoles,
Shattock® has demonstrated that these take on the specific stain with
Sudan I1I; in other words, that they contain fat. T'o our
these are the only nuclei in the body that are consistently
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 produets.

I give this evidence in such circumstantial detail hecaunse, in the first
place, it is of the highest importance as throwing light upon the nature
of specific cell activities and the part l)l:ll\'l'll 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-hook available to
the ordinary student.

r knowledge,
vacuolated,

Data so abundant and harmonious, recorded
by so large a number of independent ohservers 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 \'[n‘rilit' activities of the cell, or, [n'rhup\'
more correctly, of the substances which are necessary for the performance
of those specific activities.

! Folia hematol., 6: 1908: 444 Jif s. Path, Soe. London, 54: 1903; 216.
* Trans. Can. Instit., Toronto, 6: 1899: 405, See also Hatai, Jour Comp. Neurol,,
9: 1901,
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It is deserving of note that both these processes, of what we may term
chromatolysis, or diffusion outward and disappearance of the modified
chromatins from the nucleus, and of chromidiation, or discharge of
nucleolar glohules from the cell,
oceur as, or as the result of, patho-
logical conditions. 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 first order, in which the nu-
cleus swells up, becomes vesicular
or wdematous, and takes on the
nuclear  stains  more and  more
feebly until eventually it becames
invisible, indistinguishable from the
4 5 2 surrounding eytoplasm. This is not
infrequently encountered in areas

Sevtion from the liver of u child that died ) ; L
from aeute sepsis, to show various stages of — of inflammation and in the condi-
k i lysis of the "]' orver; | ";""""" tion of acute cloudy swelling (see
mucleus; 2 and 3, paler staining nuclei, with il 4 v s
e ~welling and diminution of ehmation;  Seetion I, Chapter XXV). - Ithas

1. nelei still more swollen, the membrane only — still to be determined whether inall
el sn oveasional nucleolue mass tiking on the g 05 the modified chromatin has
diffused out of the nuelens or
whether (as would seem to be the
case in the temporary invisibility of chromatin in certain stages of
cell division) the reaction and  constitution of the chromatin still
yme altered, so that it no longer has an affinity for
) I\'vu“//u/‘r;‘\‘(’\ of the second order, or pulhn-

taing 5, nuelei present as little more thun

present has he
the hasic nuclear dyes,

Fia, 18 Ie. 19

b
©)
37 ( ool
\ /
2
Hyperchromatosis of nuclear wall: nuclew Karyolysis: extreme reduction or solution of
esicular, with disappesrunce of chromatin nuclear chromatin, from a renal infaret,  In b
network and  secumulation  of chromatin the nucleus is wholly disclosed save for some
musses upon the nuclear membrane, (Schmuu fine ehromatin granules.  (Lubarsch.)

andd Albrecht

logical chromidiation.  In the liver cells in phosphorus poisoning
Stolnikow has described the extensive passage out of minute bodies
from the nucleus into the cell body, at first taking the nuclear stain, then
later |n\in;_' the power of \l:lillih;_’. so that the cell |m||_\ becomes filled
with shell-like, scarce staining globules and smaller particles, while the
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NUCLEAR DEGENERATION 53

nucleus becomes faded and scarce visible. Lukjanow, Galeotti, 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
hyperchromatosis.  "This is apparently a preliminary stage. (3) There
is, thirdly, an acute process of karyorrheris, which is of a different order,
the nuelear membrane breaking down and the nucleus disintegrating
with tliwll;n';_'n- of masses of chromatin into the cell substance.  Certain
authorities make a distinetion between this condition and pyknosis, in
which the nuclens 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.

Fia. 20 Fia, 21
@ 4 ¢
X /
%
» "
[ ] g ’
Discharge of chromatin granules (plasmosome Leukocytes with disintegrating masse
from the nuclear  wall  into 1) ytoplasm nuclear material ttered  through the
Schmaus and Albrecht eytoplasm (karyorrhexi

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 eytoplasm, what must be our conception
of the relationship of these two components of the cell and of the nature
in general of cell activities? This question can, we think, best he
answered after discussing the general prine i]xlm of the chemistry of the
cell. In the meantime the conclusion to be reached is that in the cell
we have indieations 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, can only

ct upon the eyvtoplasm, taking up sub-
stances from, and yielding other substances to this, and cannot react
upon the external medium; in the eytoplasm, 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 ;.nlmxr'»[inn_ respiration,
Illnhi“l‘\', and 1-n||ll':n‘ti“(‘\, and these inx||~]n-||r||~||l|\ of ||||('||‘le'1‘nl|ll'<||,
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 hy cell metabolism, capable
of discharge from the cell and acting as a second group of intermediate
bodies, this time between the external medinm and the evtoplasm.




CHAPTER 1V.
IHE CHEMISTRY OF THE CELL
THE PROTEINS.

I¥ we make a broad survey of all forms of life, animal and vegetable,
we find 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 be 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, aleohols (ethylaleohol,' cholesterin), and lipoids (the lecithins,
so-called, cerebrin, ete.), carbohydrates (starch, glycogen, ete.), 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 be accumulated in
such abundance as to be the main constituents.  But each of them may
he 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 proper to living matter.  We must, nevertheless, conclude
that “life” is bound 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 laboratorv.  T'o be more exact, life is bound
up with the presence of proteidogenous matter, and if later, in order to
prevent any possible confusion between the living substance and the
dead proteins, we speak of biophoric molecules,” it must const ntly
be 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, hecomes converted into compound proteins,

"This has been distilled from normal brain and other tissues in recognizable
amounts
* Vide foot-note, p

i
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THE CONSTITUTION OF PROTEINS

THE CONSTITUTION OF PROTEINS.

What, then, are these proteins?

They are singularly complex compounds of nitrogen, carhon, oxygen,
h\dmgvn, and sulphur; the highest forms contain also iron and phos-
phorus.' Their molecules are of ¢ and complexity that in
general they are ine npuhh- of undergoing crystallization, so that they
remain in a colloid state. "This colloidal character renders it un]mmhl(-
for us to be sure that we are dealing with pure substances, and so makes
analysis in most cases at the best approximate.  But some of the simpler
prul('l(h are crystallizable; these can be obtained pure, and can be
analyzed,  Of such, the most familiar is hemoglobin, or, more accurately,
are the hemoglobins, for the analysis of |unm‘Ju|nn 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 ~hu|u~ is sufficient to indicate variation in
composition. T'his difference is well shown in Plate I, which we an- tn
Professor Reicherb. \lml(-rn analyses vary between Cg H (N, O,
FeS, and C,,H, N, /0, FeS,. Whatever formula we t .ll\(' we clearly
have to deal with a molee ||||-nf¢-nnrmn||~ size, and this, to rep ,.ll(ll“ll}"l
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 15,000; 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? have a molecular weight in the
neighborhood of 5000,

Classification.'I'hese proteins are of varions orders. Material aid
in their classification has been afforded recently by the labors of two
committees of physiological chemists, the one .q»]mmlml by the Physio-
logical Society of Great Britain,” the other appointed a little later l)\ the
American Soc iety of Biological Chemists and American l’h\ﬂnlnp(ul
Society.*  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 ¢ s 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-

ch s

' For a full and elear presentation of the chemistry of the proteins, see Gustay
Mann, Chemistry of the Proteids, London and New York, 1906, or the Practical
Physiological Chemistry of Hawk, 2d edition, Philadelphia, 1909,

2 The formula of egg albumin is regarded as approximately Cu H Ny O3S,

*See Jour. of Physiol., 34: 1907: 17,

4 See Proe. Amer. Soe. Biol. Chemists, 11908 : 142,
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Iytic 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 a-amino-acids or their derivatives on hydrolytic cleavage,  Many of
these are 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 are available whereby the
chemical individuality of any protein can be established, those isolated
from animal and vegetable tissues are so well characterized by constaney
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, eqy albumin, lactalbumin, ete.).

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

3. @lutelins.— Insoluble in all neatral solvents, but readily soluble in
very dilute acids and alkalies (simple proteins of this ovder—glutelin, ete.

oceur in abundance in the seeds of cereals).

1. Gliadins (Br.), Prolamins (Oshorne), or Alcohol-soluble Proteins
(Am.).—Soluble in relatively strong alcohol (70 to S0 per cent.), but
insoluble in water, absolute alcohol, and other neutral solvents (gliadin
of wheat, zein of maize, hordein from barley, ete.).

5. Albuminoids (Am.) or Scleroproteins (Br.).— 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 111;//11,/1'1!, keratin, elastin, .Ii/:rm'u, Gelatin is not here included,
being a derived protein, from collagen).'

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.  On hydrolysis they vield a large number of amino-acids, the basic
predominating (globin, scombrone, ete.).

7. Protamins.— T'he simplest proteins hitherto  found in nature,
approximating in simplicity of constitution to the synthetically derived
polypeptids. — Soluble in water, uncoagulable by heat, precipitate
aqueons solutions of other proteins: possess strong basic properties,
form stable salts with strong mineral acids.  They vield compara-
tively few amino-ncids, among which the basic amino-acids greatly
predominate (sturine, clupeine, salmine, ete., from fish sperm).

I1. The Conjugated Proteins. In these the protein moiety is united
to some molecule or molecules of another order otherwise than as a salt.

! Although Emmett and Gies elaim that gelatin is not a produet of hydrolysis,
but the outeome of intramolecular arrangement
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1. Nucleoproteins.-— Compounds of one or more protein molecules with
nucleie acid (see p. 63).

2. Glycoproteins.— Compounds of the protein molecule or molecules
with a substance or substances containing a carbohydrate group other
than nucleie acid (mucins and mucoids, chondromucoid, amyloid, chon-
dro-albuminoid, etc.). :

3. Phosphoproteins (N ucleo-albumins).— Compounds of the protein
molecule or molecules with an as yet undefined phosphorus-containing
substance other than nucleic acid or lecithin (casein, vitellin, ete.).
T'he British Committee include these among the simple proteins on the
ground that the cleavage products still contain phosphorus.

4. Chromoproteins (Dr.), 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 zine (hemoglobin, hemocyanin).

5. Lecithoproteins.—Compoundsof the protein molecule with ** lecithins™
(phosphatides, lecithans). '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. 96).

6. Lipoproteins.—T'he 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."  On pathological grounds
the existence of these compounds must be postulated, although as yet
they have not heen isolated.

I11. Derived Proteins.- T'hese 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, ete.), coaqulated proteins.

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

PEPTONES, AMINO-ACIDS, AND POLYPEPTIDS.

"T'o the opening years of this century helongs the solution of the prob-
lem as to the nature of the proteins. Valuable preparatory work had
been accomplished in the preceding thirty vears. Schaal (IS71),
Curtius (from 1881 onward), Grimeanx (1882), Schutzenberger, of
Paris (1888-01), and Lilienfeld (1894) had each prepared synthetically
bodies giving proteid reactions, and in 1802 Tofmeister had postulated,
as we now know correctly, the mode of linkage of amino-acids in the

'Thus Bondi has eombined glyeocoll and alanin with both laurie and palmitie
acids, Biochem. Zeitschr., 17 : 1909 : ul
included in either the Ameriean or British elassifieations

These lipoproteins are not
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b protein molecule. Tt 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 Im\'v 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 ean but indicate broadly the direction taken by these
researches and their singular significance.
i It is to be noted, in the first place, that if individual proteins be
b analyzed, whether these be only obtainable in the colloid state or be,
| like hemoglobin, crystallizable, successive analyses, while approximating,
i do not give identical proportions of C.HLN. and O. In other words,
while these clearly represent distinet compounds having well-defined
1 properties, the constitution of each of them is not absolutely fixed. An
! interesting and profoundly suggestive feature in all of these forms is that
‘ i 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-
Iytic enzymes break down albumin, globulin, myosin, ete., into peptones
1 and albumoses.  In other words, hydrolysis, whether produced by the
i 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. ¢., the hiuret 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 peplones may be \p(il\(ll of as degradation produets.  Thus
the ordinary protein molecule is ev idently a compound of like molecules,
and is an l\.lllllll(' of lml\nu wtion, or the formation of a molecule of
4 large size by the junction of a series of smaller similar molecules,
i But now, by a continuation of this process, the peptones and albu-
moses afford still simpler degradation produets, 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, ete.) 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,H N O, They all give the biuret test, and by
hydrolysis give first bodies of the nature of peptones (protones), and
by further action hreak up into still simpler nitrogenous bodies.  Thus,
by hydrolysis, sturin, C,H N O, + 51O, affords:

P ey

N

CHNO, + 3CH,NO, + 20H,N0,

Histidin Arginin Lysin
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, 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.!

The Amino-acids. 'I'hese amino-acids are intimately related to the
fatty acid series; they are, indeed, fatty acids—aminated fatty acids,

e., fatty acids given partial basic properties by the addition of NH,
molecules.  "Thus, glycocoll is amino-acetic acid, acetic acid being C,H,0,,
and glycocoll having the formula C,HNO,.  Similarly, alanin is amino-
pmpinnit acid, C,JILNO,, Iurnw’u s —u\\'plu nyl-a-amino-propionic
acid, C;H, NO,, n,,m.,,lmm is indol-amino-propionic acid, €, H,,N,0,.
By proc esses 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— Curtius, in the first place, and of late,
more particularly, Emil Fischer and his pupils.  T'heir constant presence
as degradation products of proteins and their relative great abundance
indicated not only that they are to he regarded as plnu.l ' nuclei of the
protein molecule, and that the proteid ‘molecule is (w-n!l.lll\ 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 heen
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 (glycocoll, alanin, amidovalerianic acid, leucin, asparagin (amino-
suecinic acid), aspartic acid (amino-succinamide), phenylalanin, glutamic
acid),  Others of the long series they themselves synthesized, so
that now some thirty members of the group are known. Fischer
devised a method of gaining the mono-amino-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-
molyhdic acid method).  From Biot (1815) and Pastenr (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 np[i ly inactive. Now,
Fischer shows that he can gain both optically inactive and optically
active forms of these amino-acids—that chemical methods outside the
body can rqmnlun- the products formed within, and that one of the last
ph_\au al distinctions, if not the last, between “vital” and “laboratory”
producets has been swept away.*

! Deutseh Med. Woch, 2

2 It deserves note that prior to Fischer, Alex. Mackenzie, of London, had achieved
the production of optically active asymmetric earbon compounds (not, however,
amino-acids) by direct synthesis.

§: 1898: 581,




e IT————

|
|
|
60 THE CHEMISTRY OF THE CELL
I A characteristic feature of these amino-acids is that they are ampho-
‘ teric; they possess both acid and basic properties, being acid to a greater
| or less degree through the contained COOH group or groups, slightly
& hasic through the NH, group or groups. It is this property that permits
linkage. Thus, to take one of the simplest of the mono-amino acids

| glveocoll (NH,.CH,.COOH), or as, for convenience, we may write it,
‘ reversing the order of the NH, component, HNH.CH,.COOI- by
dehydration two molecules may hecome linked us follows:
oH 1
HNHLCH,CO - NH.OHLCO0H;

| Glyeyl Gly

| S ans 0 . :

| and in this way glyeyl-glyein' be produced. If this be acted upon again

| by a halogen-containing acid chloride, and the halogen-salt be treated

| with ammonia, the di-glyeyl-glyein can be obtained :

|

| OH 1

HLNLCHLCO - HNLCHL.CO — HN.CHCOO0M
Glyeyl Glyeyl Glyein

|} . . . . . .
i | and this synthesis and process of polymerization ean be continued until

first the pentapeptid was obtained, with five nuclei linked in series; more
recently the linkage of eighteen nuelei in series has been announced.
"T'his linkage, it may be added, has been obtained not merely hetween
identical nuclei, but between nuclei of different amino-acic Thus,
for example, Fischer has combined leucin and glycocoll into leueyl-
tetraglyeyl-glyein and leneyl-pentaglyeyl-glyein. - Leuchs and Suzuki
have formed glyeyl-phenylalanin and lenevl-phenylalaning Fischer and
Konigs, glyeyl-asparagin, and, among the di-amino acids, Fischer and
Suzuki have formed lysyl-lysin and histidyl-histidin (dipeptids), etc.
These polymeric amino-acid compounds thus gained have been termed
by Fischer polypeptids. They are hodies 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 that, to
quote Fischer, they must be regarded as their nearest relatrves.  What is
more, hodies of this order have been recovered from organic substances,
f P AL Levene has discovered glyeylproline anhydride among the products
! of the digestion of gelatin.  Fischer and Aberhalden have isolated a

1' weptid from silk fibroin, ete.; and, lastly, Fischer® notes that /<leneyl-
’ triglyeyl-l-tyrosin, prepared artificially, has all the properties of the
H‘ albumoses, ]
!1 Couclusion.  Let it be clearly understood that these polypeptids are

not as ret demonstrated to be 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 io a conception of these peptones and the higher proteins as

I will be observed  that glyeocoll, glyeyl, and glyein differ aceording to the
L or U of Hoand OH components
s 1007, Jour, Cheme Soe, 91 19071719 s

presen

Faraday 1s
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composed of polymerized molecules—as giant molecnles, formed in the
main of amino-acid molecules linked tgether by their otherwise un-
satisfied NH and CO affinities.  Thus, to modify Hofmeister’s illus-
tration,' we may represent a |m|‘liu||. at least, of the |lrnll'ill molecule,

as follows (Fig. 22):
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So as not to confuse the student, we have in our diagram indicated the
nuclei as leuein, tyrosing lysing ete.; it will be seen on study that the
lenein is minus an Hoon the one hand and an O on the other; thus,
to wnphv‘\ Fischer's ll'|'ll|il|l|ll"'_\. it is a |t'll1'_\|, The same is true of
the other bodies, Tt will be seen that we represent the protein mole-
cule as composed of a main chain in serial repetition with a number of
side-chains of varving constitution.  Further study will show that in
ain as here indicated each separate link in its simplest form may

the ¢
be regarded as:
) NHOH OO Ol
)

that is, as a glyeocoll molecule, which the NI affinity on the one side
and the CO affinity on the other have been satisfied by linkage with a
like molecule, while one T of the CHL, is substituted hy butane, methyl-
paraoxybenzene, acetic acid, and butylamin.  In other words, we have
a main glyveocoll chain with a series of free swinging chains capable of
being replaced or modified by processes of oxidation or by the action
of bacteria and enzymes,

"T'his 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 be so
simple as here indicated, and the preponderance of nueleoproteids in
the cell nuelens 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 nuelei,

"Vide B. H. Buxton, American Medicine, 6:1903: 581, A clear and concise

presentation of the data supporting this coneeption of the nature of the proteid

molecule.
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It may be added that 1 have represented these links as portions of a
cirele in order to indicate that the complete molecule is of the nature of a
ring.! This idea, nevertheless I hold, best fits in with what we know
regarding the proteins, namely, with their fixity to this extent; that we
encounter in nature proteins of characteristic types and properties, 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,
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Dingram of suggested main ring of u orotein molecule, without attached side. chuins,

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 albumins, while certain amino-acids are
split off with relative ease, a certain proportion of the proteins are
found most resistant, constituting the so-called kyrins, or, according to
Fischer and Abderhalden, bodies of polypeptoid nature, yielding, on treat-
ment with acid, certain amino-acids not present in the products of the
tryptic digestion, along with othe s that are. Indeed, the existence of
intermediate hodies like the peptones and albumoses, hetween the com-
plete protein molecules and the amino-acids, suggests strongly that
the amino-acids are built up into groups, of 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

 Against this view may be advanced the amphoterie eharaeter of proteins which
would seem to suggest a free amidogen radieal balanced by a free earboxyl group,
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as compared with the cell substance in general. As a matter of fact,
there are pronounced differences.

In the first place, we find certain substances stored up in the nuclei
which are present to but a slight extent, if, indeed, at times they are at
all recognizable, in the cell hody,  Of the wown by Lilienfeld
and Monti' and by Macallum,* phosphorus is most noticeable; another
constant in nuclei, not so constant in the cell body, is “masked iron,”
i. e., iron so united that in ionization no free Fe jons are dissociated,
the Fe being present as a constituent of what is probably a very complex
ion® which has to undergo further dissociation hefore 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 proteid contents of
the nuclei, these are found to exhibit certain pronounced features.
Ordinary proteins, it is needless to say, are completely digested and
dissolved by the gastrie juice; but if a richly cellular tissue, or if free
cells, such as are present in pus, he subjected to gastric digestion, as
shown by Miescher,' the nuclei are found largely unaffected; they
show little decrease in volume, and on further study, as shown by
Malfatti,® the portions which are thus unaffected are the chromatin of
the nuclear network, and the nueleoli.  "T'he linin or non-staining basis
of the nuclear network is also undigested. We owe, especially to
Kossel'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 nucleoproteins, which split up into a simple
protein, usually a histon, and nuclein, and it is the nuecleins which are
unacted upon by gastric juice, and, further, are characterized by a high
phosphorus content, the amount of phosphorus varying in the different
forms between 2 and 9 per cent. They are insoluble in water, dilute
mineral acids, ether, and alcohol, but are soluble in alkalies. Like the
nucleoproteins, they arve of a proteid nature, affording 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 Mathews’ from herring sperm gave the formula C H, N O,P .

! Zeitsehr, f. Physiol. Chemie, 17: 1893: 410,

? Proe. Roy. Soe., 50; 1891 5:175.

* A relatively simple example to the point is that KFe (CN), dissociates into
potassium and ferroeyanic (Fe(CN)) ions.

Verhandl. d. Naturforseh. Gesellseh,, Basle, 1874,

§ Ber. d. Natur. med, Verein z. Innshrack, 20 1891-92,

* Zeitschr, f. Physiol. Chem,, 22: L0172, 188 26: 1899 588; also Deutsch, med
Woch,, 24: 1808 .

 Zeitschr. f. Physiol. Chemie, 23: 1807:599.  Other observers (Schmiedeberg,
Herlaut, Bang, ete.) give figures fairly consonant as regards the phosphorus and
nitrogen contents, not so consonant as regards the hydrogen and oxygen,




1 THE CHEMISTRY OF THE CELL

Miescher' found that 96 per cent. of the proteins of the heads of fish
spermatozoa consist of nucleoprotein—these heads, in fact, are formed
of nuclear material and little else; according to Lilienfeld,” 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 nucleoproteins in the organism.

The more generally accepted formula for the ordinary nucleic acid
of higher animals is C H_N PO, And this nucleic acid can be
dissociated into the purin bases—adenin (CHN,),* guanin (CHN0)
aanthin (C;HN,0,), hypoxanthin (C;H N O), and uric acid (CHN,Oy).
Of these, the first two would seem to be the primary bodies, the others
being derivatives by the removal of an N, group and oxidation.  Along
with these, other nitrogenous bodies (pyrimidin vather than the allied
purin bases), are capable of being sphit off, namely, eytosin, uracil, and
thymin, together with a hexose sugar,' and phosphoric acid in notable
amounts, namely, about twelve times as much as is obtainable from the
phosphoproteins of the eytoplasm (easein, ete.).  So that Steudel has
suggested the following equation:

CulgNOul’, + 8H,0 + 0,
Nueleie acid

CHNO 4+ GHN, + GHNO, + CHINGO 4 4CH, 0, + 4HPO,

Guanin Adenin Thymin Cytosin Sugar  Metaphosphoric acid

And the following provisional formula:

OH I’ — Sugar — Adenin

OH II’ Sugar — Guanin,
OH |I' Sugar — Thymin,
ol l' Sugar — Cytosin®

U Mieseher and Sehmiedeberg, Areh. £ Exp, Path, u. Pharm., 37: 1806: 1.

* Arch. . Anat. w. Physiol., Abt., 1802: 128,

*Ihe important part played by these bodies in the animal economy recalls Pfliger's
classical article upon the nature of living matter and the suggestion that it is
from the “half tiving molecul yanie acid, with its remarkable power of poly-
merization into the polyeyanie acids HoC N, Oy, that living matter originated.  Areh.
f. . Gesammt, Physiol., 10: 1875; 251,

“The previous teaching that nueleie acid afforded a pentose was due, according to
Halliburton, to its frequent admixture with the allied guanylic acid (of Bang),
relatively abundant in panc ie nuelei, which is dissociated into guanin, phosphorie
acid, and a pentose.  (Science Progress, No. 14, October, 1900:197).

5 While the edition has been passing through the press there has appeared an
important study by Levene and Jacobs (summarized by Levene in the Jour.
Amer. Chem. Soe., 32: 1910: 231), establishing yet more definitely the components
of the nueleoproteins and the constitution of the nueleie acids. They found
(with Steudel and others) that the acids and bases are present in equivalent pro-
portions, the number of molecules of acid, earhohydrate, and bases being equiva-
lent, and they give the following elassification of the nucleie aeids: (1) Contain-
ing one purin base, no pyrimidin, phosphorie acid, and a pentose (guanylic

and i(nosinic acids).




THE CHEMISTRY OF THE NUCLEUS 65

T'hus, to epitomize, the nueleoproteins, as regards their protein moiety,
give origin to the mono-amino and di-amino-acids, and as regards their
nucleie acid moiety, to certain important purin bases, pyrimidin bases,

a carhohydrate, and phosphorie acid.

Thus, so far as we can at present see, it is the ¢
and of these purin-hase groups, or of compounds vielding these groups,
that differentiate the nucleus from the cell hody.  How the iron is com-
bined, which is also a feature of nuclear composition, is as yet unde-

nuclens, as distinguished from the eell hody, of iron and phosphorus,
To quote Herter:!
s of the utmost importance in bringing about the oxidative
ses in the body, and any consideral
iron of the cell is probably attended by a diminution in the intensity of

sociated with oxidative changes.”

It is, indeed, these oxidative powers of the nuclear matter that are,
perhaps, its most striking features,  Spitzer* has pointed out that those
cells which are characterized by most active metabolism-— the cells,
for example, of the liver, kidne

Lillie has demor

istence of phosphorus

We would emphasize the coincident  presence in the

This masked iron, as it is sometimes called, is

liminution of the organic

. As regands the phmphnrln_ this also appears to he

and thymus, along with blood cor-

puscles —exhibit the greatest oxidative powers, and, what is more, that
the nucleoproteids derived from these cells exhibit these properties to
a marked degree, even when isolated, By appropriate staining methods

rated that in the living cell oxidation proceeds in

immediate association with the nucleus. 1t may thus well be that, as
suggested by Loeb, the explanation of the difference between the nucle-
ated and the non-nucleated cell is, that in the absence of the nuelens
and its nucleoproteids, those oxidative changes that are at the hasis of
growth and regeneration cannot proceed,

(2) Containing two purin bases (guanin and adenin, two pyrimidin bases (eyto-
sin and uracil), and phosphorie acid (phytonucleic acids).  (3) Containing two purin

s (guanin and adenin), two pyrimidin bases (thymin and eytosin, one hexose,

and phosphorie aeid (nueleie acids of animal tissues, thymonucleie acids

By a most ingenious series of analyses Levene and Jacobs showed the order of
combination of the eomponents of the simple nueleie aeids (those of the first

They found,
connects the phosphor

s Steudel had surmised, that the pentose in these acids

aeid on the one side with the purin base on the other.

Contrary to all previous oshervations, they discovered the phosphorie acid to be

orthophosphorie, and that the pentose is d ribose

nd not xylose, as usually taught.

Thus, Levene determines the following formula for guanylie ueid:

Orthophosphorie s

N 9 N
OH CH
/ H H n n |
O—CH, —0— ¢ — l=C=N= C
X | o oH |
OH | 0 o
Pentose Pu
(o Ribose) (Gunn
Y Chemical Pathology, Lea Bros. & Co., p. 75
2 Arch. £ d. gesammt, Physiol,, 67: 1807 : 615.
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Attention has already heen drawn to the histological evidence of the
relationship between nuclear matter and the cell enzymes (p. 47); it
will not, therefore, he surprising to find that, from a chemical stand-
point, intimate relationships have been detected between the two.  As
pointed out by Gustay Mann, the nucleoproteins and many enzymes
have like solubilities, and as a consequence are brought down together
in the attempt to analyze the tissues and body fuids. Thus, Ham-
marsten obtained nucleoprotein along with trypsin from the pancreas,
Pekelharing and many other workers have noted the association of pepsin
and nucleoproteins in analyses of the gastric mucous membrane and
gastrie 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. et 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 medinm.

2. One particular group of proteins, the nucleoproteins, forms the
main mass of the cell nuclei,

3. The presence of iron and phosphorus in these nucleoproteins
differentiates them from the proteins of the cell hody asa general group.
While some of the cell hody proteins contain iron (e. g., hemoglobin) and
other phosphorus (e, g., casein and the nucleo-albumins), none con-
tains both combined.

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

5. Both histological and chemical considerations indicate an intimate
relationship between the nucleoproteins and the cell enzymes,

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

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

"T'hus far we have dealt with dead cell substance.  We can by chemical {
and physical means break down these proteins; we cannot obtain
subistances 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 upon what we regard as life.  How are we to correlate our
chemical with our physiological findings?

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

R
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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
are forced to conclude, that 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
equilibrium,” 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 type 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 be 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 carbon atom is tetravalent, the number of satisfiable affinities
will be very great.! Accepting, also, what we know is the condition
under which the protein molecules exist in the living state, these rings
must be conceived as present in a fluid medinm containing free atoms,
molecules and ions of electrolytes; and we must regard the difference
hetween 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
ide-chains have all become satisfied, and, being satisfied, the molecule is
inert—that is, unable to form other combinations.

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

! Here, in relationship to the prominent part played by carbon atoms in proteid
and proteidogenous material, and to the constitution of the same, it is deserving
of note that the earbon atom is not merely tetravalent, but, as shown by the organie
chemists, these carbon atoms have a pronounced tendeney to become linked to one
another to form chains, and, thirdly, these chains tend to group themselves into ring
formations,

? Herbert Spencer’s eelebrated definition of “life,’
vitinted by his negleet to reeognize this necessary association of the phenomenon
with proteidogenous matter. It is, in short, not a definition, heeause, wanting this
limitation, it includes a series of manifestations which are not gencrally aceepted
as manifestations of the state of “life,”

given in his First Principles, is

&
i
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lism—the constant reaction and interaction between these molecules
and the medium in which they exist—must be 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 proteidogenous molecule, are either attracted in toto, or some
of their dissociated component ions become attracted, with the result
that the molecule hecomes 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,

Fia, 24

Dinggram of unsatistied proteidogen v D and

s ring, formed of nuclei At F,owith sidesc
unsatisfied affinities (M),

The above definition demands that life be regarded as a Kkinetie
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 can be immersed in liquid air for as long as six months with no
impairment of vitality.  The temperature to which these organisms have
thus been exposed is one equal to about — 190° €, On removal, the
organisms were found still to retain unimpaired their pathogenic and
agglutinative properties; the pyococeus aureus still gave rise to active
hemolysis,  Dewar has obtained like results employing boiling liguid
hydrogen, thereby subjecting the hacteria to a temperature which was
surely within 20° €. of ab 273° C.). At these profound

lute zero (2
temperatures not merely is there a very g eat absence of heat, but also of
what we have shown (o 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

'Proe. Roy. Soe, October 31, 1902, Some eighteen years earlier Pietet and
Young had published similar observations, though the temperature they gained
was not so low (< 70° to = 130° ), Compt. rend. Aead, d. Seience  IN84: 747,

{
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living matter in the spores of many bacteria seems to point in the same
direction, i. e, that for life to continue it is not necess: v that there be
constant interaction with the surrounding medinm.  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 —190° () 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 hacteria, 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 sub 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 hetween
living and non-living matter is this: that certain complex proteidogenous
compounds form systems in which this recurrent satisfaction and dis-
satisfaction of the constituent molecules proceed, in favorable cirenm-
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—(CoxtiNuEp).
ENZYME ACTION.

I will he noted that in the above suggested definition of life we state
*“certain protein or proteidogenous molecules.”  Why, it may be 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 be broken off.  We introduce
this word “certain™ because it is still undetermined what is and what
is not to be included in our conception 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 that typical examples of
this class exhibit a single metabolic activity, acting specifically upon one
single order of bodies in the medium that surrounds them. Of these
free organic ferments here referred to numerous examples immediately
present themselves: the ptyalin of the saliva, pepsin, rennin, trypsin,
and the extensive series of other ferments of the pancreatic juice and of
other digestive secretins. 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 proteidogenous molecule are to be
included under this term.  Constantly 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 medinm— ptyalin upon the starches, converting them into
soluble sugar, but not upon proteins; pepsin upon proteins in an acid
medium, converting them to peptones, but not acting upon starche
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rennin 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 nucleo-
protems.

4. Even though these apparent combinations of ferment and protein
are present in extraordinarily minute quantities, 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 |
destroyed. ‘

5. The attempts 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 died when she
succeeded in reducing that fodder to a wisp or two of hay daily, so with ]
the reduction 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 acenrately, 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 aimlnl‘\'
the expression or outcome of the molecular arrangement of the com-
pounds exhibiting this property; may there be several different classes
of substances possessing ferment action? When we find that pure
metals, like platinam, gold, iridium, and silver—or, again, metallic
oxides—can exhibit properties identical in their nature with those
possessed by the highly elaborate cell substance, and that the more we
study chemieal 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. h

The Enzymes. We may, that is, proceed 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,

SRR T

“ That eertain observers have recory

I 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 chemieal tests may well be too gross to demonstrate their presence, and, in

the second plac
so simple as not to afford the protein tests. At the same time we frankly admit
that the ¢ all enzymes are of this protein —or amino-acid —type is
presumptive, and has still to be proved,

¢ presume that, like the amino-acids, their composition may be

e the
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the extracellular and the intracellular enzymes, of which the former act
when completely freed from the cell body, the latter only when in con-
nection with the cell substance, and 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.  "T'o quote a familiar
example, the yeast cell, growing actively, secretes and discharges some-
thing—invertin—which, when the st cells are wholly removed by
filtration, is still capable of acting upnn the malt sugar present in the
solution, inverting it, that is to say, changing it into glucose, but this
cannot proceed farther and break up the sugar into aleohol and carbonic
acid.  That process necessitates the presence of the living veast cell, or,
as Buchner demonstrated, the expressed living substar 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 ave ruptured, the cell substance is not
actually destroyed, but still is able to manifest certain properties. The
further conclusion is that some so-called intracellular enzymes do not
exist as free hodies; were this so, we could extract from the veast cell
or from this emulsion the specific alcohol-producing ferment, and that
we cannot do.  We are foreed, 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 be asked whether this is not the explanation of the
activity of the other enzymes (7. e., free organic ferments).  These, as
we have pointed out, are, with rare and possibly doubtful (\(1'|ll|l)l|s
found constantly associated with, or affording, the reaction of proteins.
May not enzyme action be a function of act protein molecules, each
particular enzyme action being due to the specific structure of a particular
variety of these molecules?  In other wonds, if we admit, as we have to
admit, that metabolism thronghout 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
ptyalin,d pepsin, and so on-as free living protein molecules, divorced
from cellular re |.mn||~ln|. but continuing to manifest the one |m|mrtum
function characteristic of living, as distinet 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
the simplest manifestation of life?

ymes as
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THE MODE OF ACTION OF ENZYMES.

This may, to most of our readers, be 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, /. e., 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 hringing
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 hydrogen peroxide into water and oxygen, is held to he
best explained.  This we may speak of as catalysis proper.

The second mode may also be exemplified from inorganic chemistry
by the manufacture of concentrated sulphuric acid from sulphurons
anhydride by the agency of nitric acid.  In this process the nitrie 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 the nitrie being converted
into nitrous acid.  "This first stage affords the formula:

HS0, + HNO Hs0, + HINO,

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

HNO, & O = HNO,

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

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

A

=

D
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Fig, 25

F., the enzyme molecule or ferment; F. 8., the fermentescible substance; F. R,, the fermentator
or body which, with the moiety detached from the fermentescible substance forms the resultant
compound

And we can along these lines represent the particular reaction here

described as:

o~
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Many considerations lead to the conclusion that it is reactions of this
order, and not simple eatalysis, 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 be placed in an acidified
solution of pepsin at 0° C. (at which temperature the pepsin is inactive),
left there for a little time, and then be given suceessive washings in
ice-cold water to remove all adherent pepsin solution, upon  being

r—
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brought to body temperature it undergoes solution without further
addition of lu-psin. 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. 67), 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 medinm 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. It may be serviceable
to express this diagrammatically (Fig. 24).

The extracellular enzyme may be regarded as one of the side-chain
molecules (1), or even as only one of the components of the same (M),
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. ‘T'he exact nature
of such dissociations will be discussed later.  In other words, we regard
llll‘\'l' rrl'l' llll)l(‘(‘llh'\ as Ihl‘ fl'l'“"'”l\ nf common pil rlll“('(" 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 J
the active protein molecule, or, as we may term it, for convenience in
subsequent description, the biophore, nsing that term to indicate the ulti-
mate molecule possessed of what we regard s the properties essential
to life.'  In its fully developed form that molecule, as stated (p. 67), is
obviously polvmerie, composed of a chain or ring of primary molecules, i
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 acconnt.  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

This term was originally introduced by Weismann to indieste the ultimate
collection of molecules of living matter endowed with speeifie properties.  He had
not apparently regarded the molecule as polymerie, and so demanded an aceumu-
lation of several moleeules to earry 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 coneeption as did he, and that the word has
priority over Verworn's biogen, which has the same significance, but what we regard
as o faulty root meaning 7. e, we postulate that these molecules do not produce
life, but inherently bear the vital properties.  Rubner, whose recent Kraft und Stoffe
im Haushalte der Natur (Leipzig, 1909) well deserves perusal, terms them “ bionts,”

- d—
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not all the atoms taken up in the form of side=chains hecome released
to form metabolites; some at least must undergo rearrangement and
become built up into new biophorie 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 coincidently possess this property of growth,

Diagram of wrowth, o e, formation of new biophorie moleenles. A side-chain of the main (dark
shaded ) ringe has built upon it o like series of Qight shaded) nocle

We have already hrought forwardthe most prononunced confirmation
of this statement, althongh its bearing may not have been imme intely
ealized; we have shown that the non-nucleated cell may  continue
alive™ for days, and, it may be, weeks can perform several activities
which we regard as characteristically manifestations of vitality —and
vet it cannot grow; it hecomes more or less rapidly used ap’in the
performance of function. Translating this into the terms of proteid
activities, it is obvious that the ordi proteins of the evtoplasm,
while capable of sundry enzyme actions of respiration, for instance
(which now we recognize more and more clearly is associated with the

presence of osydases), of converting stareh into sugar, and so on
wules of matter like unto them-

cannot grow, cannot ||||I|t| Hp new mo
selves

The nueleoproteids alone (in forms, at least, possessing nucleated
eells) are associnted with this capacity for growth, and, when present,
the associated not merely with multipheation of the number of
molecules of nucleoproteid, bhut also with the inerease in the amonnt
and number of molecules of the eytoplasm, and, lastly, Judging from
the observations of the ||i~|n|ngi~l\ l|n~‘\ are dirn'll_\ concerned in the
growth, if we may venture so to term it, of the enzymes, or otherwise
discharge of nuclear matter precedes the evidenee of active enzyme
action in the eell (p. I8 '
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THE ORDERS OF LIVING MATTER.

What, then, to come at last to our point, are we to regard as life? 1f
we say that our conception must include the capacity for independent
growth, it follows that we must regard the evtoplasm as not living
as dead.  If, on the contrary, we deny that growth is an essential part
of our coneept, then, comparing the free enzymes and their properties
with the extoplasm and its properties, we must recognize three onders
or grades of living matter:

1. ‘The nuelear matter, capable of hoth metabolism and growth in a
medinm of cell proteins,

2, The extoplasmic matter, capable of independent metabolism of
several orders, but incapable of growth, save in relationship with the
nuclear matter.

3. The free organic enzymes capable of cansing
or other order, hut incapable of growth.

We confess that it is difficult to lay down positively which of these
two views should be aceepted as correct.  Upon first consideration, we
should be inelined to lay down that the property 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 non-nucleated cell
the red corpuscle, for example with its active powers of metabolism,
as nonliving.  For our purposes it is perhaps fortunate that we are not
compelled to arvive at a positive conclusion.  We have in general to
deal with the cell, which, as a whole, manifests growth,  We do not,
however, think that the matter hronght forward in the preceding para-
graphs has merely an academic value; we shall, that 15, have so fre-
quently to deal with enzymes and ferment actions that at the outset it iy
important to possess an appreciation of the same and their relationship
to the proteins and cell activities,

These considerations, it will be seen, taken alone, wonld lead us to
regard these free moleenles possessing enzyme action as the most
elementary forms of life.  Some would urge that, since this mode of
i to other substances,

‘metabolism™ of one

action is common to these organic molecules
therefore inorganic matter
with vitality: that logically, therefore all matter, as urged by Haeekel,
and yet earlier by the elder Lankester, is endowed with life, A little
thought will show that we do not advance thus far. - We do bt lay
down that enzyme action is a property of unsatisfied proteid —or
proteidogenons — matter, and doing this we limit our conception of life
to [irulrh/:u/rmmx matter, cxhibiting o Intrl/ru/ur order of changes,
Objections to the Above Hypothesis. \We have here, perhaps,
overboldly laid down one view regarding enzyme action. We  have
done this after not a littde consideration, believing that for didactie
purposes this is the better conrse The matter, however, is very
far from being settled, and it is but due to our readers to point out
that at the present time many leading physicists and ph.\\iml chemists

woing chemical change is also endowed
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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
l)h ically, and by propinquity, without combination. It has, indeed,
seen doubted whether the type c-\umplv here afforded of what may |u-
termed inorganic ferment action —the action, namely, of nitrous acid upon
sulphurous anhydride (p. truly represents what happens, the sug-
gestion being that here again what really occurs is a true catalysis.'  Yet
it has to be admitted that the objections brought forward are of a com-
parative nature and theoretical; no positive proof is adduced that the
reactions indicated do not oceur, and the actual detection of the inter-
mediate bodies, even if only in relatively small amounts, definitely
favors the oceurrence 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 negative catalysts, in which, if there be a direct
chemical action, it must proceed more slowly than the direct action
which takes place in the absence of the (negative) eatalyst.  These
negative catalysts are hodies which, instead of aceelerating, delay reac-
tions; 00000014 gram per e.c. of mannite, for example, reduces hy one-
half the velocity of oxidation of SO0 times its amount of sodium sulphite
in solution.  Here, however, we are once more confusing catalysts and
enzymes,  We are prepared 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,? no proteid
or “proteidogenons” bodies 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 thind theory, that of surfuce action, first propounded by
Faraday to explain the catalytic action of spongy platinum, powdered
charcoal, ete.  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 fermenteseible 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 seem to promise most valuable vesults in explaining many
vital phenomena.  The conception, it will he seen, is for practical pur-
poses not very far remote from that of the loose chemical union on the
one side and on the other demanded by the intermediation theory. It
does not, however, fit in so well with the facts of growth and increase
in substance hrought about by the intracellular enzymes, for growth
demands actual chemical union.  Further, if, as we shall point out

' Vide Moo

FThese negative eatalysts are not to bhe confused with antienzymes, hodies pro-

e, et po 126

dueed by the organism after injection of foreign enzymes which neutralize them,
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later, the amboceptors (in hemolysis, ete.) 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 hody upon
P which they exert specific action are able to withstand a higher tempera-
ture without loss of properties than they can in the absence of these
hodies, 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 adsorption during 0
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, Bayliss' points out
that were this purely chemical in nature then concentration of an
enzyme to twice its value should donble 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
stich are heterogeneous systems (Bredig), favors the view that they form
adsorption compounds.®  We must, however, confess to some sympathy
with the views expressed by Brailsford Robertson® * It certainly appears
- premature at the threshold of onr physicochemical knowledge of proteins
to declare a group of their compounds or reactions to be ‘adsorption
compounds’ or ‘adsorption 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 misty as that of “mechanical affinity.” "
That adsorption very probably occurs in the cell in connection with
its lipoid 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. [n this connection, as throw-
g a peenliarly strong light upon the nature of metabolism, attention
must be called to a remarkable property of the enzymes first demon-
strated within the last few vears hy Croft Hill,* of Cambridge. The
stgar, maltose (€ HLO O, s split up by the enzyme maltase into two
molecules of glico WHLO0, but in the flask or test-tube the reaction

T ' Reience Progress, 1906 see also his artiele upon © Adsorption Phenomena,™
Biochemienl Jour., 12 1906: 175
*For fuller studies upon ferments and enzyme action, consult Reynolds Green,
The Soluble Ferments: Fermentation, Cambridge, 1809; Duclaux, Traité de Micro-
biodogie, 12 1800: 1; and A, E. Tavlor, Fermentation, Univ. of California Publications, |
Pathology, No. 8, 1907, Other important studies are O'Sullivan and Tompson,
72 IN00: 834 Croft HlL ibid 1808
sl Chiem, 16: 18092 340, See also the very full article by 18, Moore,

Jour. of the Chem. Soc ; and Jacobson ,
Zasehr, £, P
already eited

Y Jour. of Biol, Chem,, 4: 1908
INOS: 6

i
[SENTLN

Trans, Chem, Soe, also Proe. Chem. Soc,, 1801000184, and

7
I'rans, Chem. Soe., 83: 1%
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is never complete; there remains a mixture of maltose and glicose.  Hill
found that if the enzyme maltase be 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 cireum-
stances, either Jisintegrate maltose into glucose or accomplish the reverse
process of synthesizing glucose into maltose, and having these propertie
it is inevitable that, so long as the products of cither the disintegration
or the synthesis are not removed from solution, neither the glucose nor
the maltose can be entirely nsed up i the reaction; there must result
a stage of equilibrinm at which the enzyme becomes inactive, the
tendeney to disintegrate the one substance balancing the tendeney to
synthesize the other,
T'his reversible reaction we may express as follows:

Col O ¢ 1O+ Maltase " CHOp & GO, + Maltase
Maltose Glueose + Glucose

Here the resultant molecules, being of the same structure, it might
seem at fiest sight that the enzyme splits the maltose into equal halves,
A little consideration shows that this cannot be.  From its constitution
the simplest dissociation of maltose is into one molecule (CJH O,
requiring for its completion an hydroxyl ion, and into another (CH O,
that is completed by a hydrogen ion.  We might represent the action of
the enzyme as being primarily upon the molecule of water, the resultant
O and O jons combining with the maltose and leading to reduplica-
tion; or, on the other hand, regard the primary action of the enzyme as
being upon the maltose. "The latter elearly is the reaction that oceurs,
and this beeanse the enzyines as a body acts by hydrolysis, and thus,
were the splitting up a molecule of w into free jons of H and OH
their primary action, then a multiplicity of specific enzymes such as we
find in nature would be unnecessary.  T'he maltase must act upon the
maltose primarily,  "The steps in the process must, therefore, he (1)
attraction hetween enzyme molecule and either the C O, moiety of
the maltose, or the C 1L O, (2) this hecomes detached from its fellow
and jnim'-l to the enzyme; (B3) a yet greater attraction between the |||ni|'l'\'
thus detached and joined on to the enzyme and an hydroxyl or hydrogen
ion, respectively, free in the medinm with (4) combination with the same
and simultaneons detachment of the enzvine ion which now hecomes
free to repeat the process with another molecule of maltose.  Where the
reverse action ocenrs, there the surronnding conditions must be such
that the enzyme ion is so placed as to exercise a greater attraction upon
the glucose moleenle, combining with it and leading to the similtaneous
liberation of either an hydioxyl or a hydrogen ion

Even in cases in which, through enzyme action, the fermenteseible
moleenle s splic up into still more dissimilar molecules, the same
reversible action is found to oceur.  Wells! gives a good illustration of this

1 dour, Amer. Med, Assoe, Junary 25, 1902, gives an excellent résumé of the work

accomplished in this direction
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in a reaction noted by Schmiedeberg in 1881, although its significance
was not comprehended by him. It is a well-known fact that benzoic
acid and glycocoll introduced into the circulation are synthesized in
the kidney into hippuric acid, and Schmiedeberg found that, similarly,
hippuric acid can in this organ be split up into benzoic acid and glycocoll,
What is more, he succeeded in extracting from renal tissue an enzyme
histozyme—which brought about the sphitting-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
he evident; it may be expressed thus:

CHLCONHOCHLCO0H ¢ Ho 1lﬂ.w.’4‘.ll,('nu|| # NHLCHLCOOH 4 ()

Hippuric acid + water + enayme + Benaoic acid + glycocoll + 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 hippuric acid so as to form benzoic acid and
glycocoll. - We may express this graphically as follows (Fig, 28):
Fio, 28
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The evidence now accumulated indicates that all enzyme action is,
at least potentially, reversible,  Kastle and Loevenhart' have shown
that this is the case with lipase or steapsin, the fnl-x]llilling ferment of

" Amer. Chem. Jour., 24: 1900 491; and Chemical News, 83: 1901,
0
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the pancreatic juice, and Hanriot' has confirmed.  Wroblewski® has
studied the reversible action of invertase.  E. Fischer and E. F. Arm-

strong® have noted the like action of kephir lactase.  Acree and Hinkin:

have found that the hydrolysis of triacetyl glucose by pancreatin is
reversible, while Emmerling' has shown that yeast extract will syn-
thesize glucose and mandelonitrile glucoside into amygdalin. - Quite
recently and independently, A. E. Taylor* has described the synthesis of
a protein (protamin) through the action of a trypsin obtained from the
liver of a soft=shelled Californian elam, and Brailsford Robertson’” has
synthesized one of the first products of the peptic digestion of casein,
gaining the substance or substances to which the name ** paranuclein”
has been applied.  The latter subjected an alkaline suspension of casein
to peptie 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, he gained in two
hours a thick white precipitate giving the reaction of paranuclein,

The observations of Kastle and Loevenhart are of peculiar interest
for our present purpose.  Lipase acts on all the fats proper, 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 aleohol and butyrie acid, but could unite these two
latter to form the fat; and 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 small intestines and in the Kidneys,
and to some extent in nearly all tissues,  We 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 Robertson™ has pointed out that with
pepsin it procesds actively at a temperature from 10° to 157 € above
that at which the ordinary direct action on proteins (casein) is wholly
arrested At this hi-,;hl'l' temperature the soluble peptones are recon-
verted by the pepsin into a precipitated protein. Tt is diffienlt to reach
any other conclusion than that this difference connotes some change in
chemieal composition, and Robertson suggests that the direct action
is indueed by the hydrated form of the enzyme (F.OH), 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 Iime with the conception of enzyme action laid down hy ns,

Compt. rend. de PAewd. de sei, B520 09010212
P Bull. Aead. e, Cracow, 190191

PBer o Chem Gesell, 35: 1902 3146 S Ui, S 1001 S810
S Amer. Cheme Jour, 28 1902570
*Jour. Biol. Chem., 3: 1907 : 87 Ihid, 3 1907 .95

! Univ. of Calif. Publieations, Physiol,, 3:1909: No, 16: 188
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Thanks to 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.  Equilibrium and arrest
of enzyme action, we see, oceurs when the products of that action
accumulate up to a certain point, while, on the other hand, if those
products be 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 absorhed, diffusing into the mucons mem-
brane and thence passing into the blood and lymph; there is thus in
health complete disintegration 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
metabolic activities, has used or burnt up the sugar, glucose, hrought
to it by the blood, and so hecomes deficient in earbohydrates, 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 equilibrium between the sugar and the glycogen in the cell,
Glyeogen, 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 eell from the surronnding medium.  So soon as this happens,
the glycogen-sugar equilibrium is destroyed, and now the reverse enzyme
action comes into effect and the glveogen is dissociated, until, through
this formation of sugar, the equilibrium is restored, when the dissocia-
tion comes to a stop.  Or, again, the amount of sugar in the cirenlating
blood and lymph becomes lowered in consequence of dissociation and
consumption by the tissues occurring at a greater rate than the ahsorp-
tion from the digestive tract.  When this happens, so soon as the
pereentage of sugar in the surrounding Ivmph becomes lower than that
i the cell, the cell sugar, being soluble, will tend to diffuse out into the
lymph.  Here, also, the glycogen-sugar equilibrinm within the cell
will be destroyed, and the enzyme will become active until it may be, if
the sugar contents of the blood remains lowered for any considerable
period (as it happens in prolonged starvation), with the steady passage ont
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 are seen to he dependent primarily upon the
enzyme activities of the cell: the cell equilibrium, in fact, depends upon
the amount of enzymes of diflerent orders present within and produced
by it, and this to a greater extent than it does upon the material absorbed
by the organism and acted upon by these enzymes. By 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
without, but if enzyme production be interfered with, then the regulating
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power is largely destroyed.  If our conception be correct, that the
enzymes are ||rnh-in~, or, more v\m-l|). that enzyme action is a property
of the constitution of the protein molecule, we find ourselves brought
back to the fundamental coneeption that the due and orderly earrying
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 biophores,
the primary molecules of living matter,




CHAPTER VL
PHE CHEMISTRY OF THE CELL - (Coxtivven
NON-PROTEID CONSTITUENTS OF THE CELL.

We 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, but to bring together those facts which have a direct
bearing upon cell function, and more especially upon perverted function,

or lli‘vi‘\l"

Water.  First and foremost, it is well to take into consideration
the water contained in the cell.  "T'hat water is an essentinl constituent,
It may be reduced to a minimum, as in the seeds of many plants and
the spor i, but when this is the case we find that the living
substance passes into a state of latency, or inaction.  Cell llt"/’l'l”‘l’ s
associated with the presence of water, or otherwise water is the medium
inwhich oceur the chemical  processes constituting  metabolism.  So
important a constituent is it that close upon 60 per cent. of the human
body, as a whole, consists of water, and of certain organs, like the
Kidney, water forms rather more than SO per cent.  Leaving out of
account matricial, extracellular, matter, such as bone substance, it is
safe to state that the ording A active cell of the human tissues contains
not less than about cent. 1LO; 7. e, 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 existing and acting in a state of solution o
molecules suspended in a Huid medium.

The diseussion is of something more than academic importance,
especially in the light of the more recent studies of the chemicophysicists
upon the nature of solution and the molecular changes which take
place in dissolved substances.  These studies, in short, suggest that an
mtimate know » of the physics of solutions must be of the very
highest importance for a correct understanding of metaholic processes,
At the same time it must be admitted that we are only at the threshold.
We know from these studies that when a simple salt like sodium chloride
is suspended in water and sundry other media, a certain number of its
molecules hecome dissociated into their constituents, and these free
constituents (Na and Cl, for example), charged some with negative,
others with positive, electricity, we term fons— cathions and anions,
respectively; that, if the dilution be sufficient, all the molecules undergo

s of hacte

as solid undissolved
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this jonization; that these free ions thus charged conduet themselves
like independent molecules and are ina state in which they may readily
be attracted by other ions having an opposite charge, and thus simply,
but indirectly, pronounced chemical reactions may be hronght 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 nentralizes or liberates
the energy represented by these charges,  These combinations in the
case of solid substances may he hroken apart in two ways, either hy
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 aet of solution, provided the
amount of water be adequate, will similarly bring about the dissociation
of all the molecules of u salt; or, more correetly, at a given temperature
each molecule requires a certain fixed amount of water to effect its
dissolution.  We say “at a given temperature,” for here, also, in
solution heat favors dissociation. It is when molecules are thus disso-
ctated that fresh chemical combinations can oceur. It is the liberated
ions and not the llillll)tillntlx 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 are essential to metabolism and growth, and this
without the eell or the ecconomy being called upon to afford abundant
enerqy tn the form of heat, ete, to bring about the dissociation

The presence of so large a proportion of water in the cell cannot but
indieate that metabolic processes are hronght about essentially by ioni-
zation, resulting from solution and not primarily from the dissociative
effects of heat, although the bodily warmth  promotes the process.
Whai is more, judging from what has been gleaned coneerning hydro-
Ivtic aetion and saponification, it would seem that the dissociated
hydrogen (acid) and hydroxyl ions (alkaline) play dominant parts in
metabolic processes in gene
itsell largely into processes of hydrolysisand dehydrolysis —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 jons. But so far anvthing like adequate studies upon
ionization in connection with the protein molecules are very largely
wanting, ‘althongh a distinet advanee has heen made by Brailsford
Robertson in his studies upon “Iiltl—lll'\ill'itl\ " We have to '\t‘l") in
mind the point upon which we have already laid stress, namely, that the
chemical composition of the dead protein molecule is not identical with
that of the living a point demonstrated by the fact that, while living

ral Euzyme action would seem to resolve

Jour of Phys Cher, 100 19006 524, and 112 1907 £ 847, e
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cell substance is alkaline or nentral, with death it takes on an acid
reaction; from which it follows that observations upon albumins, ete.,
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 he regarded as
<l 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 distinetion,
it 1s true, 1s only relative, and in the cell we encounter conditions which
are, to say the least, ambiguous; on the one hand, by eareful study of
certain cases— the white corpuscle, for instance we can observe a
streaming motion of the cell substance, 7. ¢., a free change in the rela-
tionship of the constituent molecules.  On the other hand, the nuclear
material is, to a large extent, fixed both in relationship to the eytoplasm
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
explanation of our difficulty depends largely upon the colloid constitution
of living matter.  The cell in general and proteids in particular are
colloidal, 7. ¢, are composed of molecules, or molecular aggregates, so
lurge that they cannot enter into perfect solution.
- On Solution : Crystalloids and Colloids. - Ohservations 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, composed as it is largely of colloid matter,  They differ from
erystalloids in not erystallizing 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
Graham, 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
(soups and the simpler albumins and hemoglobin), are definitely ervstal-
lizable, us also that a colloid may enter into true solution, comporting
itself thus like a erystalloid, althongh the tendeney is for them not to

L enter into true solution
Our 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 optically inactive, obeying the same laws
as govern the mixture of gases.  T'he colloid mixture is of a different type;
characteristically the molecules tend to form looser or firmer aggregates,
floating in the solvent—aggregates so large as to interfere with the
passage of light through the mixture, which thus becomes optically
active. so large also that the aggregates are capable of detection by
the nltramicroscope.  In such a mixture, as demonstrated by Hardy,
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there exist two phases: one termed by 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 case, the water is the solvent; in the second, is the solute; and
these two states are 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, ete.—the smaller
colloidal aggregates are apt to “conglutinate,” or join together into
floceuli, threads, ete. 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. "T'he cell membrane interposed between
the nucleoproteins of the nucleus and the eytoplasm may be instanced
as concentration films of this order.! "T'o the physical properties 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, are 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, potas:ium, ammonium, calcium, and
magnesium.  From the more recent studies upon electrolytic dissocia-
tion we have learned to be 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 jons, and so must actively promote metabolism. That
their presence is essential for cell activity was shown many years ago
by Ringer.  More recently, Jacques Loeb 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, Raulin® showed that while a minimal trace of zine (0.07 gram
to 1500 c.c. of the medium) favored markedly the growth of aspergillus
niger, silver in amounts too small to be detected (the mere keeping the

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

2 Anu. des Sei. naturelles, Botanique, 1870,
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water to be used for growth in a silver jug for a short time) absolutely
arrested the growth of the sume. A similar deleterious effect has been
noted in connection with forms much higher in the eirin of living forms:
a strlp of copper placed in a vessel mnlululng tadpole: leads to arrest
of activities in two or three hours; while, again, it is a rutter of familiar
knowledge that hydrocyanic acid can arrest enzyme - tiow, and arrest
cell and individual life when present in 4|mmtmes whe''y dispropor-
tionate to its effects as a mere acid. The observations of Rankin,
carried out in our laboratory at the Royal Vietoria Hospital,' upon the
influence of metals upon bacterial gm\\th and destruction, lead to tlu-
conclusion that the liberation of ions of oxygen (*‘nascent oxygen”)
lhruugh 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, pc-rlmps more exactly, llu-lr dissociation and the building up of
‘certain of their ions into the biophores, and the combinations under-
gone in the cell sap, are ‘l('lullllhllll('ll 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 versa, and this process is accompanied by a reverse passage
of water into and out of the cell, the colloidal cell substance, and more
particularly the more condensed ectosare, 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.
y, more, it is found that in rv;,:.nrul to snuph- salts there is with
:hﬂvn-nt colloids a marked difference in the rate of escape.

This matter of csmotic 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, puss 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.
"T'here are yet other proteins which apparently are on the borderline.
"I'heir 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. NaCl;

! Proe. Roy. Soe,, B, 910:78.

* Ramsden has shown that solid or highly viscous films are rapidly formed at the
surface of protein solutions, and probably, as Brailsford Robertson points out, it is
such a concentration film, rather than the coarser ectosare, that is the agent mainly
involved. Ztschr, f. phys. Chem., 47 36; B. Robertson, Jour. of Biol.

Chem,, 4:1908: 1; Hardy, Jour, of Phys
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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 be less than these amounts, the
diffusior of salts out of the corpuscle is associated with so extensive a
passage ‘award of water that the ectosarc is ruptured, and now the
hemoglobin—which is one of the simple, crystallizable proteins—under-
goes solution in the surrounding fluid, and colors it.

"T'his limit of tonicity at which the corpuscles lose their iemoglobin is,
we may point out, very different from the normal “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 hyperisotonic 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-
sotonie to bring abont a condition of hemoglobinemia, 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 cedema of the cell, and
how far, again, considerations of isotonicity helps in explaining general
wedema,  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.  I'rom the fact that free carbohydratesare never found
in association with the nucleus, notwithstanding the existence of a carbo-
hydrate radical in the nucleoproteins, 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 eytoplasmic activity; .
through the cell energy other substances have been dissociated, certain of
their ions have become seized by the eytoplasm, while those not so seized
have interacted between themselves to form carbohydrate molecules.
T'his 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 sunlight, 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, ’
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In the animal cell the direct synthesis of carbohydrates from carbonic
acid and water, if it occurs at all, must be 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
cases of diabetes in which carbohydrate food has been wholly cut off
can have no other explanation than this, while Lusk’s observations on
phloridzin diabetes. 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, absorbed
from the food —assiwilated; 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 partici-
larly in certain cells, notably in the liver and the muscle and (in patho-
logical states) the leukoeytes.  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—hy the ptyalin, which converts them into the sugar
(maltose), and by the amylopsin of the pancreatic juice, which is even
more active, although, as Herter 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 ¢ireu-
lating through the liver falls below a certain percentage; when this
happens the altered relationship between cell and 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 ahsorption by the muscle
cells.

I. S, Lee' has proved clearly that these utilize carbohydrates in
their activity, that deprived of carbohydrates by phloridzin poisoning
they pass into a state of fatigue, from which they recover rapidly when
carhohydrates 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.

P Amer. Jour. Physiol, 4: 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-
-ated 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.' 'These form another
important group of metabolites—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 histologicai-
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 (Bang?), 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. Either definition
includes substances like cholesterin, which, although constantly found
in association with fatty compounds, do not themselves possess a fatty
The study of these bodies has been carried forward with great
v 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.

|. 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.

I1. Nitrogen and Phosphorus-containing Lipoids— Phosphatides.

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

2. Mono-amido-diphosphatide, ¢. ¢., kephalin, from the brain
substance, having two fatty acids, one unsaturated {kephalic
acid), and two bases, one being cholin.  Other lecithin-like
bodies having an acid reaction are here included.

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

* Biochemie der Zelllipoide, Ergebnisse d. Physiol., 6: 1907, and 8: 1909; alo
Frgeb. d. inner Med. n. Kinderheilk, 3: 1009 447,
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J. Diamid hosphatide, ¢. ¢., ,vllhuu/uuu/rlm the most
important constituent of the so-called protagon of brain
substance,

4. Triamidophosphatide, found by Fraenkel in the kidney.

I11. 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

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

1V. Bodies of Fatty Nature Not as Yet Analyzed, ¢. ¢.:

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 hy the action of intracellular enzymes—lipases.
T'hese nentral fats are triglycerides of the fatty acids— combinations of
a triatomic alcohol (an alecohol containing three hydroxyl groups C,H,
(OH),, with one of the fatty acids, the fatty acid replac in;: the hydroxyl
groups.  The three most nnpml.un of these are stearin (tristearin),
CHy(C L H,0,), palmiting C;H(C H, O,); and olein, C,H(C a0y
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 Leathes has demonstrated the existence of glycerides
of higher unsaturated fatty acids of the linoleic acid series. It will be
seen from their formule 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 be asked, are they acquired ?

While we must admit that the glycerin moiety may be 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 neatral fats found in the body
cells.

We know that the fats of the food are emulsified by the action of the
various 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-




0 THE CHEMISTRY OF THE CELL

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 Arnold' and Fischler,” 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 erystals, but only
in degenerative or necrotic conditions, as in pancreatic fat necrosis (see
Part 111, 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 ITI being somewhat
similar. T'he studies of Dr. Klotz," 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 heen demonstrated
in areas of old fat necrosis of the pancreas, in the atheromatous
aorta, and other areas in which caleification is proceeding, and,
according to Klotz, these bodies form a necessary phase in the process
of calcification.  T'o these observations we shall refer when discussing
that process.

Cholesterin.' —Cholesterin, C;H, O, is, on the one hand, a monatomic
unsaturated alcohol; on the other, a complex terpene; and in constitu-

'Vireh, Arveh, 171: 1904: 197; Munchener med. Woeh., 1903: No. 43; and Anat.,
Hefte + 1904 389,

* Virch, Areh,, 174:

Jour. of Med. Res,, 21 Windaus has confirmed the isolation of a sodium
soap from the Kidney. (See Aschoff, loc. ecit.)

1t is the fashion now on the part of certain chemists to speak of this as cho
terol,  The law deserves to be 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 seience, 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 gome newer and possibly transient code, shall be 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 wo
sense on the part of certain purists,

18 by the lack of common
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tion is wholly unlike the proteins, carbohydrates, and fats.! 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 ph_:/hmlrnuv. Saturated com-
binations, possessing two molecules of hydrogen, are found in certain
excretions —isocholesterin in the skin and hair fats (lanolin), and copro-
sterin in the intestinal contents, the latter evidently derived from biliary
cholesterin. -~ Part 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,
2.3 per cent. of the whole hrain tissue (dried), 5.9 per cent. of dried
human liver, 0.5 per 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 thomboid 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 cystidis fellew, or
obliteration of the eystic 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 phosphatides of the cell, or does
it, as Moore holds, enter into loose combination with the fats, the fats
taking the place of **water of erystallization,” 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. Hiirthle 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 heen 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 he doubly refractive. As shown by Adami and
Aschoff,? this doubly refractive quality indicates that they are of crystal-
line constitution-—the *“fluid ery " 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 he

' For a very full study of its constitution and properties, see Moore, Manchester
Med. Chron,, 47:1907:
* Proe. R Soe., B, 78

48 190: 463,

See also Adami, Jour. Amer. Med,, Assoc,,
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added that another group of myelin bodies, seen in autolysis, exhibits
no double refraction.

T'he widespread diffusion of the cholesterins 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 aresigns 2lso 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 thé confusion
that has reigned regarding the protagon which Liebreich (1865) regarded
as the main constituent of nervous matter, and the lecithins.  Although
there are those who, like Gamgee, and Wilson and Cramer' have valiantly
upheld the chemical existence of protagon, the tendency is now to accept
the conclusion of Rosenheim and T'ebb,? and of Posner and Gies,* 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 pure
state free from cholesterin,  For the sake of clear conception it would be
better to banish both terms and speak of phosphatides and cerebrosides.

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 erythroeyte;
are to be obtained in abundance from egg volk, and are & 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 semipermeable cell membrane, although, as we have pointed out,
Brailsford Robertson demands a concentrated protein membrane, with
underlying lipoids.  Koeppe, Peskind,* and others conclude that the
hemolytic activity of substances such as chloroform, ether, bile salts,
gte., probably depends upon their being solvents of lecithin,

' Quart. Jour, Exp. Physiol.,, 1: 1908: 101 and 102: 1909: 91.
? Jour. of Physiol., 3 ¢ 34, and Quart, Jour, Exp. Physiol., 1: 1908: 300,
3 Jour, Biol, Chem., 1: ¢ Plliiger's Arch., 99: 1903 33.
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Oerebrosides. We know less regarding these, save that phrenosin 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 nitrogenons
hodies, the lipoproteins, whose existence is indicated by Bondi's syn-

" thesis of amino-ucids with fatty acids, the study of antolysis has opened
up a fertile field of conjecture.  Itisa commonly known fact that tissues
which, like the kidney, may afford on section not a sign of fat upon
histological examination with Sudan I 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,  "I'he 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," 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 Fraenkel® demonstraie
that the lipoproteins which they synthesized are wnacted 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 heen
postulated by Quincke, Klotz, Gies, and others.  But it is deserving
of note that the proteins themselves are compounds of amino-acids,
that is, of aminated fatty acids; that the phosphatides, again, like the
nucleins, are compounds of aminated fatty acids with much plmxphnru\-
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 hrown atrophy, in senile nerve ganglion cells, in the
e cells of the vesiculw seminales, 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 «\ulvnll\
we deal with bodies of more than one nature, for some (like the |nLnu'nl
granules in heart and liver cells) are stained by Sudan [11; others give
(althongh 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) antignes we shall have something to say later when
discussing the Wassermann reaction.

! See Leathes, Lancet, London, 1909: i: Feb. 27,
? Biochem, Zeitsch., 17: 1909, p. 555.




CHAPTER

NIE
GROWTH - RESERVE FORCE—STATES OF CELL ACTIVITY.
GROWTH OF THE CELL.

I¥, as has been indicated, we leave it an open ||||A-~linll whether
growth is to be 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 vident, 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 livieg 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,
15 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 he 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 (@) be eventually reached a point at which the series is complete,
and the biophore, as such, becomes an integral whole; but (h) 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 |i||[\ (Ill".‘

We can best visualize this process by regarding the complete hiophore
as a ring, or, more exactly, a ring of rings, each constituent being con-
structed after the type of the henzole 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
built up in ring fashion we do not pretend to lay down

Dingram of growth, 4. e., formation of new biophoric moleculs A side-chain of the muin

dark shaded) ring has built upon it a like series of (light led) el

but such ring formation best fulfils the requirements of the
that the |ml‘\ merization of the |u|'i|
to the formation of larger units.?

nse, Il:llln-l_\,
'y mnolecules is determinate, leading
To represent the primary molecules
as arranged in linear series would fail to indicate rationally the need for
the series to combine or break up into these larger units or the inevita-
bility of this process (Fig. 29).

Such a conception of the building up of new biophores may seem at
I L}

first sight to assume a selective ¢ pacity on the part of the preéxisting

"In an interesting and valuable eriticism of the first edition of this work
Dr. C. P. White (Med. Chron., Manchester, June, 1909) takes objeetion to thi
conception of growth, doubting whether it is in accordance with *“biological
principles,” and laying down that “all living units grow by interealation and
divide by fission I'his I know is the ordinary routine statement, but 1 have
never he

n able to in the

st comprehend it or to understand how new living

matter is formed by ilation.”  The statement is in my opinion meaning
less, i. ¢, inconeeivable, 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 conelusions
as to the essential nature of growth

fThe use of the term polymerization is here convenient, but possibly, from a
chemical standpoint, not accurate. Your true polymer is formed of

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,
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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 erystallization.  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 erystals, 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 erystals of sodium chloride.
We might have chosen for an illustration some salt of more complicated
constitution, but this simplest example is adequate for our purpose.
What is demanded in growth and multiplication of the hiophores 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 erystallization.

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 nueleus, eytoplasm, and excreted enzymes has
hecome 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
rowth.
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 eytoplasm.

3. In the completely developed cell the first stages of assimilation are
accomplished by these subsidiary cytoplasmic molecules; the material
is tuken 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 eytoplasm, and so bring about cytoplasmie
growth; (¢) 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 controlling the 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,

"
o
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[t 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 nuelens and cvtoplasm, and
if, further, we have before us a series of facts hearing upon the relative
activities of those two constituents, we surely are bound 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 the
activities, and the disturbances in the activities of the cell, we must form
for ourselves some working scheme which shall take into acconnt the
indications afforded by the cell structure.  With the aceumulation 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 subsequeat 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 the
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.
Each complicated molecule of proteid type represents a relatively great
store of potential energv.  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
case this is stored up, in the other it is dissipated. It is nseful, 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-
containing bodies, which, when lh‘('nlll'um‘ll 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 inconstitution, ave dissociated with diffieulty, and yield little
energy in the process. In the breaking down of the foodstuffs by the
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cell it 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 arve 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 having greater aflinities it is that an amount of enerqy
is evolved, much greater than that set up in the primary act 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 oceurs in the combination of the carbon and oxygen to form
CO,. 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 CO,, with hydroxyl ions to form H,O. It is these ultimate com-
binations that are the great source of energy.

In short, the hiophores 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 Ige 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 by a loss of energy, but by a rapid and abundant evolution
of the same—hy an explosion—with the production of light and heat,
this heing brought about by a reconstruetion of the ions of O, C, H, and
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, 7. e., a conversion of
kinetic into potential energy.  Or, in other words, the energy provided
by the assimilated food may be:

(a) Dissipated in the performance of function (katabiotic).

(h) Stored up in the formation of the ('n||||1|1~x molecules of the ecll
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 ene compared with the grade of functional activity of
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the cell.  And here we require another distinetion between 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 the
cell, and if at the same time the cell be highly stimulated, all the energy
so acquired may be 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 food
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 surplus energy may be rendered
|ml|-lllizll in I|ll' process of gl'n\\lh, 1 can, that I..‘l, coneerve yrrm-lh
and the performance of function as occurring pari passu, and, what is
more, this 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 perform-
ance of funetion 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 case 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 be essential, not merely for the maintenance
of the status quo 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 obtain; by
steady exercise the museles 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 rela-




104 GROWTH -RESERVE FORCE—STATES OF CELL 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 foetal stages of existence,  "T'he
more the cells become differentiated and recognizable as the specific
constituents of the different organs the less capacity they exhibit “for
growth and the more their katabiotic activity

Aceumulation 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 bevond which further inerease in mass becomes not
merely uneconomical, but actually harmful to the system. To repeat,
we have to recognize that there is a definite relationship hetween surface
aren 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 (hy
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.  "T'he 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 hetween its mass and surface ares
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 biophores; is the expression of the optimum
economy of interaction between those hiophores and the external medium.
Growth of cell and individual continues until this optimum is reached.
Funetion—Kkatabiosis—with the liberation of Kinetic energy is the means
wherehy 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, hy
the disintegration of the cell substance.  Therehy the cell falls helow
the limit of optimum efficiency, and here, again, it is in the position to
take to itself new matter and grow; or, as Weigert' expresses it, *the
katabiotic use of material in function removes the obstruction to growth.”

The most highly differentiated of all cells, 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 thronghout the whole period
of existence of the normal organism.  Cell differentiation, in short,

' Deut, med, Woeh,, 1896 635,
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manifesting itself mainly as evtoplasmic change, necessiti tes a modified
metabolism. It may well be that the formation of more complex
ceytoplasmic molecules in itself is a hindrance to the formation of new
biophores; that these cytoplasmic olecules have to be 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 Harris' 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.  Contrariwise, 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, Weigert® 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 oceasion 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

! Brit. Med. Jour., 1900:§i: 741, See also the Funetional Inertio of Living Matter,
London, Churehill, 1905,
*This at the conclusion of debrated address (Deutseh, med, Woeh., 1896: 635,

und Gesamm. Abhandl, 1906: 1), already referred to, in which Weigert considered

the relationships between the functional and vegetative activities in the cell. In
this address Weigert laid down most decidedly that the doctrine that growth
may be introduced directly by stimuli from without is purely hypothetical,
and, what is more, is an hypothesis that cannot be sustained. These views of
Weigert have had great influence in pathology ever since their enunciation.  But it
will be seen from what has already been said that I do not agree with him. New

v
in leash; consequently, with the removal more ean pass over into the kinetie form,
The weakness in Weigert's reasoning lies in the fact that he failed to appreciate the
possibility that stimulation of & certain grade, by causing inereased metabolie activity

growth, he holds, is due to removal of the resistance which keeps the potential ene

coineidently favors inereased associative changes in the eell, therehy setting up
growth. We shall, however, in a later portion of this work, have to again refer to
Weigert's doetrine

—r |
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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 distinetly
lessened.  Once a cell starts to grow, there is a tendeney for it to continue
to grow rather than to perform function, until the increasing size and
increasing tension and other (external) stimuli att such an extent
that now functional activity is called into play. ‘This, in turn, once
started, is apt to continue,

It may be 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. g., 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.*  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 plnnnm nt 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 mechanical principles, we construct, or
ought to construet, a wall, a floor, or a bridge, so that it is capable of
hearing 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

! He used a “ sensitive cell”—a photo-cieetrie cell—composed of brominated silver
plates conneeted with a galvanometer to record changes in the eleetrie current through
the system, and was able to show that every kind of response ch
vital organ, such as the eye, could be obtained from the non-living meehs

eristic of a

nism. ' In

both we have under normal conditions *a positive variation” (of the injury or resting

current, or current of
% with the dur

, in hoth the intensity of response, up to a certain
1 of the illumination, in both there is compara-
tively little fatigue, the inerease of response with intensity of stimulus is similar in

limit, ineres

both, and, finally, even in abnormalities, such as reve

al of response, preliminary
negative twitch on cessation of illumination, and decline and reve
tinued action of light

| under con-
arallel effeets are noticed.”  He even obtained electrie after-
oseillation strietly comparable with the after-action (after-image) in the reting when
light is shut off.—Response in the Living and Non-living, 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 Meltzer' points out, the ordinary hoiler
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:
T'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 he 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
caleulated 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 be 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 museles, 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.

!There has been no such full study of this subject as that afforded by Meltzer's
lecture (The Factors of Safety, Harvey Lectures, 1906 1907: 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 secem that I had
“stolen his thunder.” Nevertheless, although, as he states, * the question of the

body being provided with factors of safety (had) never been elearly raised,” it had
been in the air for many years, and pathologists the world over had very gencrally
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 Nothnagel, in the eighties. A
had been written by me some years before publication.

a matter of fact, this section
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Where the spleen is removed other related tissues take on and per-
form its functions, exercising thus a vicarious activity, just as does
the pituitary body (hypophysis cerebri) when the thyroid is atrophied
or removed,' or, as, according to others, do the Brunner's glands of

the duodenum when the pancreas undergoes loss of funetion.
the organism as a whole into consider:

Taking
ion, it is clear that these (\\ulnplc-s
of vicarious activity are at the same time examples of reserve force. Yet
other examples indicating the existence of abundant reserve force are met
with in connection with the varions paired and multiple structures of the
body; a single lung iscapable of carrying on

process of respiration; a single kidney, urinary secretion; numerous lymph
glands, teeth, or fingers may be 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 ¢y

satls

wetorily the all-important

wse of the heart, larynx, and alimentary canal (organs
of median line development), it governs muscles which normally con-
tract simultaneously on hoth 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 30,000 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 constructed as to possess

in most of its functions an abundant margin of reserve force. 'This is
apable of explaining how it is that the human body is at once so mar-

vellously complex and delicate a mechanism rv~|m|nhng 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
heing 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 r\phumliun, as we shall point
out, of immunity to disease, and of the healing of |n|unt s 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 mechunism 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 leuk

yies
¥ I(ugn\nv/ /wLI-'l s Beitrige, 4: 1888;

; Boyee and Beadles,
i » also Sel hum-munn Vire h Arch., 120: 1892:
Quart, Jour, Exp. I’ l|\~|nl‘ 1908: 281 (with hibliography)

Jour. of Path,,
310, and Herring ;
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in inflammation 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
he taken, the contained leukocytes can be shown to have these phago-
cytie properties; in short, that it is a normal property of ~||mh';\' leuko-
cevtes 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 equal 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 fo 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 dissoci
changes are initiated, they continue until the cell is completely disinte-
gr:m-d.

THE STATES OF CELL ACTIVITY.

These considerations prepare us to recognize cerfain 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 distinet
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,

E
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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 limh 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 compared with the free limb.
l A similar and more extreme atrophy is to he 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
svstem, it is still a matter of debate to what extent injury to the *
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 exemplified 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 hy
removal, the second series of neurons with which they communicate
can receive no ilnplllw\. 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 nuelei 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 hy
connection with more than one peripheral centre

trophic”

‘e been, and are, in

. thus continuing to
i receive stimuli, although not to the normal extent,
1 While we cannot follow Grawitz to the whole extent of his theory,
1 i§ or accept all the arguments upon which that theory is based, we have
| : to admit the existence of certain orders of Sehlummerzellen, or “sleeping
cells”

cells atrophied through inaction, but capable under stimulus of

returning to full vigor and full development. "T'hat these undergo such
a grade of atrophy that, as he insists, while continuing to exist they

| become invisible, I cannot aceept.

2, Vegetative Activity.

Cells in the process of active growth
ki present certain well-marked characteristics,  The nuclei are relatively
E; 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 eytoplasm exhibiting
i 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 embryonie cells, This




THE STATES OF CELL ACTIVIT) 11

is & misnomer, leading to false conceptions, for cells of this type are to be
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 funetion.
Either, as in the case of muscle or nerve cells, the evtoplasm is highly
elaborated, or, as in the case of ;_'|;mt| cell 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:

erating liver, rounded, large, and elear, owing to relati

ow the distinetion between functional and vegetative cell I'wo “clear cells™ of regen

bsence of the paraplusmic granules seen
in surrounding sctive cells,  One of these exhibits mitosis.  (Adler

|. Hyperactivity within the Limits of the Reserve Force of the
Cell. - When, as already indicated, increased stimulation is accompanied
by adequate nutrition, the functional activity of the cell is, up to a
certain extent, 1|I'1'(b|l|]b:llli!'|l |l.\ grn\\lh In this way and to this extent
increased work of the cell leads to what is termed hypertrophy.  "The
dimensions of the cell are increased, the nucleus is of good size, the cell
hody presenting well-marked differentiation.

5. 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 exhansted, 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. T'he nucleus becomes poorly staining; the
cell body exhibits a variety of changes, according to the specifie activity
of the cell.  In some cases, /. e, cells of the convoluted tubules of the
Kidneys, there is actual breaking off and discharge of portions of the
l')'ltl'ﬁlil‘ll!l in other cases, abpormal <I(-|m\it~ oceur within the meshes
of the (-)’Inll»|;|~||n; in others :A:.:;lin, n\\in;_' to osmotic l'll;!ll;_’(‘\ the 1-.\(1:-
l'lﬂ\”l Iil“'li"l(‘\ \ill'l“ll“((‘ll. 'l'h('\" we \II.‘ 'Iil\l‘ to lI"\('l'”N' more
fully when dealing with the degenerations. If the stimulus be further
continued, the result is cell death and complete disintegration,




CHAPTER VIIL
CELL MULTIPLICATION.

IncrEASE in size of 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, by 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 distinet 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.

"I'he rationale, if we may so express it, of cellular structure has already
heen touched upon (p. 100). It has been shown that the nucleus is to
he regarded as the dynamic centre of the cell; that the nuclear hluphnn-
are to be regarded as requiring for their full activity a certain proportion
of evtoplasmic matter, and that, in its turn, this eytoplasmic 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
dinmeter, 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 be employed to increase the surface in proportion
to the mass of the ¢ytoplasm; that when this is accompanied by coin-
cident growth of the nuclear matter, means have also to be t'mplmml
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, llnrumrlmnl the cells of the higher animals, which more espec dally
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
or 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 leukoceytes. 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,' 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 Flemming® held, necessarily indicative of degeneration. In
the fully developed organism, in tissues formed of aggregations of
similar cells, in the liver,? for example, we may encounter it, and it would
appear to be particularly liable to occur in cells having the tendency to
be multinucleate, cells exhibiting two or more nuclei without immediate
separation of the cytoplasm into distinet 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 syneytial (epiblastic) cells of
the mammalian embryo. Al 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 Iymph glands, where the lymphoeytes 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 Rath,' 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 ahove, Bashford®
records, in connection with the connective-tissue cells of the host in the
neighborhood of transplanted portions of mouse cancer, that these cells
at first divide by amitosis, and that eventually the products of amitotic

' Anat. Anzeiger, 32:1008: 117, In the frog and toad, Reichenow (Arch. f.
mikr, Anat,, 72: 1908: 671) could, however, find no instances in which it was not a
precursor of cell degeneration, or oceurred in cells very slightly differentiated.

¥ Arch. 1. mikr. Anat., 37: 1891:249

¥See Reinke, Verhandl, Deutsch, Anat, Gesell,, Kiel, 1902

4 Zool, Anzeiger, 14: 1801: 331,

# Second Report of the Imperial Cancer Commission, London, Part 2, 1905,

8
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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.'
"T'he conclusion to be reached—provisionally—would seem to be 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,

Fic. 31

Amitosis. Stages of direct division in tumor cells: 4, from an o
epithelion

n cancer; B, from an
r of the liver, showing

of the lip; €, from a uterine sarcoma; D, froin a metastatic
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 ameeba) there is a certain amount of streaming
of the nuclear material between the poles, the connecting neck becomes
hroken 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 danghter cells are developed; in other cases this further
division is wanting, and the hinucleate or multinucleate 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

! Similarly in the simple plant, Spirogyra, Pleffer (Beriehte Konigl. sachs,
Gesell. d. Wissensch., 1899, July 3) has shown that in water containing 0.5 to 1.0
per eent. of ether the cells continue to multiply, but that by amitosis: transferred
to ordinary water the cells now return to the normal mitotie division,
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sphere forms a ring around the equator of the dividing nueleus, i. e.,
the part played is distinetly abnormal and unlike what is seen in mitotic
division.

INDIRECT DIVISION: MITOSIS.

This is, par excellenee, the natural mode of cell division, and that in
animals and plants alike. That it should be so widely distributed
indicates that the remarkable succession of changes seen in both nucleus
and eytoplasm is not a matter of chance. 'T'he full significance of these
changes we are still far from comprehending.  One thing is obvious,
namely, that they indicate a mechanism wherehy 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
“quadrille” 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 hiophores, 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 11.)

The Stages of Mitosis. Ior 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-
aph.'  Here T can but in the briefest
possible way recall the main features of the process,

1. Prophase or Preparatory Stage. 'I'e 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
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 |'|'|~|||wnl|.\, while the nucleus is still at rest, this divides

fessor Wilson's valuable monog

appearance of a skein or tangle, and then proceeds to

' The Cell in Development and Inheritance, 2d edit., New York, Macmillan, 1906,
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into two similar halves; around each minute dot the protoplasmic
network of the eytoplasm 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 hecoming apparently attached
to certain mantle fibres of the spindle. "This splitting of the chromo-
somes, discovered by Flemming in 1860, is the fundamental process of
cell division.

3. Anaphase.—'I'he daughter chromosomes diverge, the two members
of each pair passing to opposite poles of the spindle.  Here the chromo-
somes become closely erowded near the centre of the aster.

4. Telophase.—T'he cell body now divides into two in a plane passing
through the equator of the spindle. Thus, each daughter cell contains
half the daughter chiromosomes, 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 nuclens.  T'he
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 distingnish the course of the original chromatin thread, and even of
the different chromosomes that go to compose that thread.




CHAPTER IX.
ADAPTATION

Wi have suggested (p. 115) that the procession of changes seen in
mitosis indicates that the biophores or specific ultimate molecules of
living matter are not all identical, and in this and the suceeeding chapters
it will be seen that what we have to say practically centres around bio-
phoric modification; around the extent to which the biophores, and
through them the cells in general, become modified in their properties,
and-—as the properties of any substance depend upon the constitution
of the same—in constitution.  Here, again, it may at first seem a
far ery 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 branch of pathology which has received of late more
attention than has any other.  And, although it is far from being gen-
I'I':I”.\ |‘('ru;_rl|in'c|, it is lhl'nngh these studies that the |n|t|m|u;_'i~( and the
hacteriologist 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. But, admitting this, we are apt to
ascribe the process of adaptation to chance. The zoologist and the
hotanist, 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 are adapted to their particular surroundings.
This is the prevailing doctrine.  Studying it, we see that adaptation
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m of

is regarded as based on chance; chance variations are at the bot
the whole process,

If our studies in infection and immunity have any meaning, they
teach ns that this is not the trath  or at least not the whole truth,
Adaptation is primarily an active process, or al least inevitable, and only
subject to chance to this extent, that the individual may be impotent to
choose or to control the changes in environment to which it becomes
subjected, but once subjected to those changes the results are
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 surroundings, a given change in those surroundings
leading to definite and corresponding alteration in that living matter.
"T'his 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-kknown faet that bacteria, like other living organisms,
assimilate food through the action of enzymes, and these both extra-
cellular and intracellular.  Some hacteria, for example, living in media
containing proteins and albuminoids possess active ,»ruh-ul_\'lin- ferments,
wherehy 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 (I 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
varving degrees: some have little or no proteolytic activity, others little
or no glyeolytic power; some ferment one particular sugar only, others
a variety,  We have, indeed, established our classification of the B. coli
and allied forms largely upon these fermentative properties.!  But
now, as we believe was first pointed out by Peckham,* if the typhoid

Vsee Ford, The Flora of the Human Intestine, Studies from the Royal Vietoria
Hospital, 1:1903: No. 5. In this most painstaking and elaborate study of the
1y as 50 different

haeterial contents of the intestines of 50 cases Ford isolated as many
“species” of bacterin,  OF these, 36 were non-spore bearing and non-pigment

producing, and of these it will be seen that there are several groups eontaining 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
st five “species” (some observers

the bacillus of epidemic dysentery recognize at |

elaim very many more) indistinguishable morphologically, but each having a dif-
ferent action upon a series of sugars added (o the medium of eulture.,

* Jour. of Exp. Med., 2: 1807 : 514,
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bacillus, which normally does not produce indol, be grown in a relu-
tively strong proteid mediom free from sugar, and be passed, over a
considerable period, from tube (o tube of this medinm, there is eventual
indol production. Phis cannot be said to be the result of chanee it is
inevituble. “Take any apparently normal culture of the B. typhosus
and place it under one partienlar set of conditions, and the proteolytic
indol producing function will manifest itself. - Similarly, as pointed out
some years ago by Sir Lander Branton and Macfadyen, 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 acquived immediately, but, with a given species,
we can foretell absolutely that it will he acquired within the course
of a few days, or at most weeks,  Thus, in a recent paper, Klotz* has
pointed out that the B. perturbans  a form intermediate between the
B. coli and the B. typhosus - was able to ferment glicose when first
isolated from water, but only gained the power of fermenting laetose and
saccharose after growing in lactose and saceliarose hroths for some days,

The organism was then placed in a celloidin 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=cight hours” sojourn (two passages) in
harose broth; as regards lactose, after four days” incubation.  The
experiment was repeated by placing some of the stock culture in a
celloidin capsule in the peritoneal cavity of a rabbit and leaving it there
for one hundred and forty-fonr days.  On removal, there was a slight
fermentation of the glucose hroth 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;
hy the eighth transfer gas appeared in fair quantity.  Work along these
lines has recently been carried still farther by ‘Twort," who, taking a
series of members of the B. 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
unaceustomed sugars, to canse a certain number to eventually dissocinte
sugars which at first they did not ferment.  He thus found that all
members of the paratyphoid subgroup would ultimately ferment sae-
charose; the typhoid bacillus acquired the property of fermenting lactose
and dulcite, and the dysentery bacilli of Shiga and Flexner ultimately
fermented saccharose within twenty-four hours

T'he same is true as regards resistant powers toward deleterious agents.
Growing the Bacillus coli in broth made up with progressively inereasing
strengths of corrosive sublimate solution, beginning with 1 part in
100,000, von Hansemann® was able to obtain active growth of the

' Proe. Roy. Soe., 46: 1580
* Jour. of Inf. Dise supplement, 2; 1906 45,
' Proe. Roy. See., Biol, 70: 1907
* Descendenz und Patho

pie, Berling 1908
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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 confirmed
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 arsenie-containing
drugs.

T'he same is true also as regards pathogenic properties.  As Vincent!
has shown, it is possible to take absolutely non-pathogenic forms, like
the B. megatherium and B. mesentericus vulgatus— forms which may
be inoculated by the million into warm-blooded animals without the
slightest disturbance heing 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 eapsules, it may be explained, permit the diffusion of
the body fluids, and so of nutritive materis 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,
are 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 resulls.

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.

T'o 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 Iu/nr/ matter to vary—it ]I.l]l]wll\ that
some exhibit variation such that now these particular bacteria are able
to ferment the unaccustomed sugars, ete.; that these having gained the
new power, by chance, are at an advantage as compared with the others

' Ann, de lnst, Pasteur, 12: 1808: 785,
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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 to vary farther in the same divection, so that the particular property
hecomes 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 new property is not gained at a bound; that a con-
siderable number of *“generations™ of bacterin: must pass before the
acquired property is pronounced.!

So far as it carrie

, as affording an alternative explanation of the
phenomena, but not, it must be noted, as proof positive that adaptation
1s not active, this argnment is quite valid, 1t 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.
,Im/ufrnl immunily in man, as in all animals, is mlulnluh'nu, 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 seene and aided in their
distribution, germs \\lnic'h, lhl-l'v'ful"-, cannot at any time have affected
ain 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 subject to infection I._\, or had rm|m||¢|<w| to, those |u|rliru|;u'
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 canse the death of 100
grams of guinea-pig, rabbit, or other animal, within forty-cight hours.
And, having determined this, we can by repeated injections of frae-
tional portions of the lethal dose 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. Tt is along these lines that Pasteur initiated
the process of immunization ;l;_f:lilhl anthrax and other l“\l':l\l'\. and
upon these is hased the now very considerable industry of antitoxin
preparation.  Here, 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 been caleulated that bacteria growing actively and under favorable
conditions ean divide, and so give rise 1o & 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 sume 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 permanent, 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-
hering that the cells, as such, have most of them but a limited life period,
becoming replaced hy others of like nature) is conveved 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 within certain limits can adapt itself adequately to alteration
in the cell environment.  And what is true of hacterial 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 hy breaking down the active cell
substance, or by forming with it combinations which satisfy the bhio-
phorie. molecules and so arrest metabolism, thus bringing about cell
and systemice 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 what previously had been lethal.

Some of the most remarkable studies in this direction are those by
Ehrlich and his pupils upon abrin, the active principle of the plant
Abrus precatorius, and ricin, that of Ricinus communts, the castor oil
plant.  Both of these are intensely poisonous, are 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
il hundred times the ordinary lethal

so that they can stand doses seve
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 the tendency to vary is
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, ¢. e., according to law, ) ‘

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




THE PHYSICAL BASIS OF ADAPTATION 123

by bacterin of new, or at least greatly exalted, powers of dissociating
and fermenting unacenstomed foodstufls — proteins or sngars,

We have already shown that substances in aqueons solution (and all
the foodstuffs of the hacterin are assimilated in o state of agqueons
solution) are linble (o 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, potential foodstuffs undergo dissociation  that the more
complex hodies are broken down into others of a simpler type. "This
may well be a most important factor in the process we
the eytoplasmic molecules combining not with the molecules of the
unaceustomed foodstuff as such, but with bodies of a simpler type,
vielded by it, with bodies which are either ordinary constituents of the
eytoplasmic and biophoric molecules, or which are so relatively simple
that direct combination is possible between them and the molecules of
living substance.  An unacenstomed sugar, lactose, for example, may
in this way be broken down and afford assimilable material to the
hacterial cell.

This is, however, only one stage, the stage favored by the conditions
under which the cell substance exists. Tt explains at most the assimi-
lation of unusual foodstuffs, not the active adaptation to the
For this latter we have to fall back upon the considerations already
brought forward regarding the structure of the eytoplasmic and biophorie
molecules —upon what, in brief, we may term the “side-chain theory’
(p. 66).  We are led, that is, to regard the molecules of living matter
as a ring of subordinate radicals, each having numerous satisfinble
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 eytoplasmic and biophoric molecules are
satisfied in one particular manner, associated with which growth pro-
ceeds.  With a given environment, that is, these molecules build np
side-chains which, having a particular composition, manifest particnlar
properties

But let the environment be altered; let a new potential foodstuff he
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 moleenles of
living matter and combined as side<chains, it 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 properties.

At this stage we can figure to ourselves the central constituent rings
as unaltered—merely the side-chains different. So long as the new
foodstufl is presented, for so long will the cell molecules continue to
form the new order of side-chains. And here let it he clearly under-

e disenssing;

sune,
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stood we do not regard these side-chains as composed of the mole-
cules of the foodstuffs combined in their entivety with the central eyto-
plasmic or biophoric molecules. "The side-chains must, from every
consideration, be regarded as tending toward the type of primary
protein molecules. “T'he new ions are built into them. It 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 hy a process of
aceretion or building up of side-chains until these become uited 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 nuelei 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 medinm, a series or
chain of like side-chain molecules will he developed within the cell.

T'wo, 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 specifie
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
foodstutfs.  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 antitoxing by combining with
certain constituents of the toxins.

2. The second possibility is that these new side-chain molecules
hecome utilized to form constituents of new cytoplasmic or biophoric
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 nueleie aeid) 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 biophoric 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.

3. 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 biophoric rings. "Phis is
likely to be the case if, us has been suggested, the biophores do not take
up their specific constituents directly from the external medium, but
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lilll'\ from the r\(n|»|;| s, aneld |||l'nl|;{|» its intermedintion.  1is, indeed,
possible to vegard the extoplasmic substance as of the nature of biophoric
side<chain molecules,

The very fact that adaptation is in no case immediate, but requires
some little ]wr|m| for its lll'\l'|n;|lll<'lit and this even in the \illlllll"\'
forms of life, favors this view of the existence of a snecession of stuges
in its development.

But thisis not all.  Onee the living matter of the cell hecomes modified
the modification is apt to persist, and apt, as we have said, to be earried
on to later cell generations. A microbe that from the first moment of
study has exhibited the 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 medinm, - Under these conditions, no
stigar being present, it cannot manifest this particular property, but,
grown onee more in the sugar-containing medinm, it may immediately
canse the fermentation. "This must he said, that the power is apt to
he weakened and not to show itself for a little lilul', and that the more
recent the acquirement, the more rapidly is the power lost.  Whether
this last is o constant law we cannot say with absolute certainty, It
larly wide ;||-|>|it ation, this law that cha
of more recent acquirement are those which are most easily lost,

is, however, a law of sing wetersy

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.  But, 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 nnl‘\ t-\]»l.lill it In.\
constitution of the side-chains and primary molecules was due to the
actual incorporation of dissociation products of the novel foodstuff,
onece these molecnles hecome part and I cel of the |viu|l|lt:l"~. these
have the power to attract and combine not merely the already partly
elaborated dissociation products of the foodstuff, but also simpler com-

ssuming that, whereas at first the modified

binations of other origin, and to combine these in due proportion
We must admit that the biophores are capable of synthesizing (if the
expression be permitted ) the simplest hydroxyl ions, carbon compounds,
ete., present in the cell sap, so that from them rings or prima
identical with the original continue to he produced.

In favor of this hypothesis, certain caleulations of MeFarland may
here he 4,||un-¢l:‘

v molecnles

A horse may easily be so immunized against diphtheria that each
cubie centimeter of its blood serum comes to contain 500 immunizing
units of diphtheria antitoxin, - Sueh a horse, it is calenlated, has ciren-
lating sufficient blood to furnish 30 poundsor 15,000 c.e. of antitoxic
serum, of which 1 ce. will proteet against, or neatralize, 225 c.e. of

Text-book upon Pathogenic Bacteria, fourth edition, Philadelphia, 1903: 125,
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the toxin.  The amount of toxin injected to furnish such an immunity
is 4200 c.e. As against this amount injected, the productive energy
of the immunized horse is adequate to neutralize 3,375,000 c.c. of
toxing or, in other words, the blood drawn from his body is sufficient
to protect 806 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 wuntreated horse
would lead to its death (1 c.c. of strong diphtheria toxin administered
to an untreated horse has, on more than one oceasion, been followed
by the death 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 hleeding.

Resume.  Before proceeding farther, it will he well to sum up the
sHecessive 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 eellular adaptation.

5. Study of individual and cellular adaptation demonstrates clearly
that adaptation is a regulated process, and not the result of chance.
Maodify 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,

1. 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. Maodifications in- properties demand modification in the consti-
tution of the cell substance; at hase, 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.

6. 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 huilding these up into side-chains,

7. The rings of which the hiophores are composed are, we hold, of
proteid nature, and the tendeney of protein molecules to undergo poly-
merization indicates that the side-chains are huilt up as polymers, i ¢.,
are also of proteid type.

8. What happens in adaptation, therefore, would seem to be this,
that with modifications of environment new compounds are intro-
duced into the cell sap; these undergo or have undergone dissociation
into their constituent ions, and these new jons, either replacing other
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groups of ions in the cell sap, or having greater afinities to the mole-
cules of living matter, hecome 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 (@) when complete hecome 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 ceytoplasmic and bio-
phoric (nuclear) molecules,

10. Once the living matter of the cell hecomes modified to the extent
that new biophores have been produced by reduplication, or, more
exactly, growth, that modification is apt to persist and this long after
the agent which cansed the modification in the first place has ceased to
act.  "The only valid explanation of these facts is that, while at first the
specifie 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. ‘I'hus 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 be included every-
thing capable of providing ions which can he 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 and other
poisons, for example—which ordinarily do not enter into our coneep-
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 direetly 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 conmecting 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, evtoplasmic, and paraplasmic,
and modifying the number and relative abundance of the different
orders of free jons, they in a similar indirect manner must bring about
change in the constitution of the biophoric molecular complex.

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

_
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earliest were those of Dallinger," who by a very gradual increase in the
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° C. - Davenport and Castle? have
shown that tadpoles reared from the egg and Kept at 15° €. for a
month pass into heat rigor at a temperature of 10.5° €', whereas those
reared at 24° to 25° C. do not manifest heat rigor until 43.5° €. is
attained. Lastly, the experiments of Standfiiss® 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 distinet as hitherto to have heen regarded as different species are
simply due to physical changes in environmen’, and that these diverse
forms can be produced with exactitude.

From a general biological point of view these data rvegarding indi-
vidual and cellular adaptation are of the very highest importance, and
our conception of the means wherehy 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
alteration 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.
‘\'(' \lliln see lll.lt lli\":l\l' i\ l\\li—\i’ll'l \\( Il“\l‘. on 'hl' one \'i‘l!', 1o
regard the noxw, 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 noxie.  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.  But in all the reactive
processes we can recognize the existence and action of the same hasal
principles which are to he made out governing the microbe when its
environment is altered — when a new sugar is introduced into its pabulum,
and it proceeds to hecome modified, owing to the presence of that sugar
and its dissociation products, with the result that the sugar becomes
utilized as a foodstufi, 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, 7. 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 hody are reactions to
normal stimuli,

! Jour, Roy. Mier, Soc., 3: 1880: 1 * Arch. f. Entwick, Mech,, 2: 1895; 227,
3 Handb. der paluarktischen Grossschmetterlinge, 2 Aufl,, Jena, 1896; Denkschr,
d. Schweiz. Naturforsch, Gesellsch., 36: 1898, ete
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CHAPTER X.
CELL AND TISSUE DIFFERENTINTION INDIVIDUAL DEVELOPMENT,

Merery to deseribe in outline 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 pro For our present purposes all that is necessary
is to luy down that, by successive divisions and redivision, a single cell
the fertilized ovam — gives rise to all the cells which form the tissnes
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 hecomes
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
li“ur\

What we have now to consider is the means whereby this differen-
tintion has been bronght about, and this, again, not merely as an
academic quest, but because in various states of disease we encounter
"\l('ll\i\"' "I'l' i““\ ||| [ll" "I“I' clers il'l‘l ;I]’l"':lr“ll"l'\ ‘lf "]Q' “"”\ ()f
affected areas, and a knowledge of the laws governing the normal
process of cell dfferentintion is essential for a comprehension of the
:Illll'bl‘lll:l] llr'"’l"\(". »\“ll II"l"‘. at ('l(‘ outset, we \\(H]I‘l il‘k |']|' I'l‘;lll('l‘
for the time heing 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 he discussed in a subsequent
chapter. "T'he 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 spermatozoic fertilization, which we owe, in the first place, to
Jacques Loeh,' prove that tissue differentintion 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. 36) regarding our

' For a fuller study of these observations and of vital phenomena in general the
reader may be recommended to Loeh's most interesting and suggestive lectures
on the Dynamics of Living Matter, Columbia University Biological Series, New
York, 1906,
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130 CELL AND TISSUE DIFFERENTIATION

conception of the multicellular individual, namely, that this is to be
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 eytoplasmic substance

the former being directly acted upon by the sur-

Fio, 82 rounding medium and becoming modified into the

denser ectoplasin—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 are exposed to conditions distinet from

the conditions acting upon the cells of the interior

of the mass (Fig. 3 \nd, remembering what

has been said in the preceding chapter regarding

the capacity of living matter to adapt itself, it

is obvious that [|||'n||;:|| ;|1|;||)l;|(inn the |;iu||||nl'i|' matter of the ~Il|i1'l"i('i:ll

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 primarily the rvesult of adaptation to
maodified environment.

2. Accepting this as the primary canse 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 differentintion.  "This, incidentally, is a basal law of
heredity proper.

3.1, on the contrary, the composition of the hiophoric material in
two such primordial cells varies, then, although these he 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 distinet.

Granted the existence of living material after the order of hiophores
(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 be regarded as essen-
tially the outcome of relative position in a complex of cells derived
from one common biophoric material of particular constitution, sub-
jeeted to the influence of a particular environment; that biophorie
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,
constituted of an aggregation of molecules of like order? There
the possibility that (even in the parthenogenetic ovum) the hiophoric
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 waged for close on a century and a
half, now one party, now the other, appearing to gain the upper hand
the controversy hetween the upholders of epigenesis and preformation,
respectively.  Althongh 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 hy Aristotle and sup-
ported by Harvey as the result of his naked-eye studies of the developing
hen's ¢ 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 hetween
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 eyghteenth century was this view called in
question.  Bonnet' recognized in the developing ovum an unfolding
or “evolution™ of invisible small parts.  These parts, he held, ar
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 sayv 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 Wolf*
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-

t Considerations sur les corps organisés, Amste

am, 1762

* Theoria Generationis, 1759,
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formation.'  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 Wolf's “epigenesis”
was the accepted doctrine, and this even after the development of studies
of the cell showed that the ovam 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 Wolfi'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 preformation theory.

Neither doctrine, as originally enunciated, is valid in the light of
our present knowledge, but still the contest continues, and has, by
Weismann,” been brought down to the biophores.

“T'wo fundamental assumptions,” he states, “ present themselves, and
these can be related to every conception of germ plasm. . . . Either
we may think of the id* 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
S0, to some extent, represents its primary constituents,  The assump-
tion of a germ plasm composed of similar parts, which has heen made,
for instance, by 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 evervwhere 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 hear 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
cqual value, so that if in the process of cell division the hiophore which
finds itself in a nerve cell will have undergone those changes which
convert it into a neuronic hiophore; 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 biophores present in the ovam are
most varied in their constitution— that there preéxist in it hiophores

P We use this term in place of Bonnet's own “evolutio,” so as to prevent a very
possible confusion

* The Evolution Theory. Translated (and that into elear and excellent English)
by J. Arthur Thomson, London.  Arnold, 1904, vol. 1, P

*T'he unit mass of biophores, or, according to Weismann's terminology, of nuelear
chromatin, eapable of giving origin to the complete individual,

W et seq.
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of the neuronic, hepatic, muscular, osseous, connective tissue, germ
cell, and other types (the list could be lengthened prodigiously) which
in the process of segmentation of the ovum are sorted out and distributed
into the cells which form the anlagen, or basis of the different specific
organs and tissue cells, and, entering these cells, control, or, more exactly,
cause the differentiation of the same? !

"T'he 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.  Weismann upholds strenuously the preformation theory, and
as his views are widely quoted, it is necessary to inguire 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.  Outogeny must be explained
in harmony with phylogeny (the evolution of the race), and on the same
principles. "The assumption of a germ plasm without primary con-
stituents, or of rm |>|;|~lll. is irreconcilable
with this, for it contradiets 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 lepidopterous
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 phylogeny. The retention
of these features does not, however, demand the existence of determinants,
i. e., of biophores or groups of biophores of special constitution having the
particular function of developing these particular features of special
biophores 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 eells
which are ultimately to form certain organs shall have passed (or their
progenitors shall have passed) through certain stages, in order that the

completely homogeneous

S —
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contained biophores may undergo a particular line of modification, When
the same result can be attained by a “short cut,” this is done; whence
it happens that the ontogeny does not by any means represent the full
phylogeny. A very little knowledye of embryology furnishes abundant
examples of these short cuts and of cases in which, in elosely allied
, development is abbreviated by widely different **short cuts,”

This argument, then, against epigenesis— if we understand Weis-
mann’s argument aright—is not unanswerable. His next appears,
prima facie, to be more convineing. 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 pl ism, 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 1 call it the deferminant 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 paralecta, in
which the variation is in the markings on the under surface of the
wing, while the upper st face is alike in all.  How is this to be ¢ |n|.|i|n~d
hy the epigenetic theory? If each individual variation of the species
nlqwml('nl 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
il 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 hear against this chain of
oning of Weismann's; could inquire, in the first place, whether
nann 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 numerons 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 heen regarded
as essentially due to difference in constitution of the germ substance

of the biophores 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

Vanessi levans ¢ to show influence of temperature during the larval period: A, winter form

B, sum form, which used to be conside

d u sepurate species (Vanessa prorsa).  (After

Grobben

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
absurdum of Weismann's theory.'  Weismann® 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 1 should
be inclined to picture the determinants as a group of biophores which
are bound together by internal forces to form a higher vital unity.  "T'his
determinant must live as a whole, that is, assimilate, grow, and multiply
by division, like every vital unit, and its biophores must be individually
variable, so that the separate parts of a cell controlled by them may
also be capable of transmissible variation,

! Adami, Inheritance and Disease, Osler's System of Medicine, vol, 1,
! Loe, eit,, p. 370,
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We employed previously Lord Kelvin's estimate of the size of a mole-
cule of water, pomting out that, according to his figures, in the chromo-
meres or bead-like granules seen in certain chromosomes, which have
been taken to represent Weismann’s ids, there could be 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. But 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,' indeed, accepts van der Waals’ calculation, based upon the
molecular kinetic theory, that the magnitude of the molecule is one five-
millionth of a micromillimeter (0.000002y), or otherwise that along a
line 0.5¢¢ in length there could exist not 150, but 2500 molecules of
water, FEven 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 nuclens 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 case; 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 cells of the developing animal is sub-
jected to varying influences whereby it hecomes modified, and whereby
the cells governed by it come to assume diverse functions and diverse
structure,  There is a preformation, but of the imon  biophoric
substance alone; this must differ in the different species.  And there

! Theoretical Chemistry, translated by Palmer, pp. 348 et seq
TAsdemonstrated inter alia by its non-filterable eharaeter, through a poreelain filter,
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is an evolution, or unfolding, but the nature of this unfolding is of this
order, that, given growth and cell division, the biophoric 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 biophoric material of the ovum.

So far, let it be remembered, we have studionsly 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 gamogenetic individual
the individual resulting from the union of the male and female germ
cells—there is not a common biophoric substance; in them, at the
moment of fertilization, at least, there are biophores of two orders, and
it may be of many more, for, the parents being unlike, the biophores
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 biophoric material (minus
determinants, in Weismann's sense) with this necessary existence in
the fertilized ovum of biophores of different constitutions?  This we
shall discuss in the next chapter.

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 blastomeres or
resultant segmentation cells begin to show signs of differentiation.
In other words, cells apparently subjected to identical environment exhibit
structural differentiation.

This point was emphasized strongly by Weismann in some of his
earlier writings, and has heen more particularly studied (1888) by
Roux, of Breslau. The ovum in its earliest stages segments first along
one median plane into two cells (or blastomeres), then each of these
subdivides along a plane at right angles to the former, a four-cell stage
being produced, and subsequently un eight, sixteen, thirty-two cell
stage, etc.  In certain most interesting observations upon the germinating
frog’s eggs, Roux' showed that by destroying one or other of the blasto-
meres in their earliest stages he could produce 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 blastomeres
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 Archiv, 114: 1888: 113; see also Anatom. Hefte, February, 1893,
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segmentation of the ovum, with the first division the determinants from
one-half of the hody 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
blastomere, for the hinder half of the left side into the left posterior
blastomere, and so on.  And more particularly from these observations
he 4[1'\|'|u}ll'1l what has been termed the ** mosaic I|n~ur_\ w nl'«lv\t'lnpnn'm,
that “the development of the frog gastrula and of the embryo formed
from it is, from the second cleavage onwanrc

a mosaic work, consisting
of at least four vertical illll(‘l)i'llil(‘lll[\ u||'\|'|u;||n;: |'i<'l-|'~," orgamzation,
that is, precedes cell formation.

But in the course of these observations Roux himself was the first to
note I||:|I, where he l]l'-ll'n.\l'll one of the cells in the I\\ll-l'l‘“ stage,
instead of gaining a half embryo (unilateral), he might gain a whole,
though dwarfed, individual; and later, Driesch' conducted a most
snggestive 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. Wilson® obtained even
more striking results with ;unphin\lh eges, while, not to mention several
other confirmatory observations, Zoja,” in certain jelly-fish (medusw),
obtained perfect embryos, though correspondingly dwarfed, from the
st ihll.!“‘l‘ blastomeres 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, 1s the case in the later stages, the division of the cell—the
ovam-—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.*  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 |nn~illu||. a half I‘III|!I'.\U IIl'\O']H'I\. con=
formable with Roux's observations; if, on the other hand, following
the action of gravity, it becomes inver

1, it most frequently gives rise
to a whole dwarf, although in some of his experiments, even under
these conditions, the half embryo developed.  Wilson has obtained
similar results with .xln;r‘nu\xh eges.  Through these and allied obser-
vations it has been determined that the diferent components of the
ovum assume naturally particular relations, the one to the other, This
is largely a mechanical matter.  "T'hus, in the frog's egg the stored food
material, yolk or deutoplasm, is heavier, and sinks, while the lighter
nuclens and cytoplasm rise, and so far, it would seem, from purely
mechanical causes there is developed a polarity in the ovum Similarly

Zeitsehr. f. wissensch. Zoologie, 53: 1892 Jour, of Morphology, 8: 1893,
Arch. f. Entwickelungsmechanik, 1 and 2: 1895,

C Anat. Anzeiger, 10

1895 623
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the pigment in the frog’s ege collects, or is developed, at the upper pole

the 'mrl r\'mwl to the greater amount of ||:||l. '|'|||1~, we have
indications that in the very earliest stages the fertilized egg obtains
polarity; or, otherwise, that the different constituents —nucleus, eyvto-
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, ',;i\l'n these data, har-
monize apparently contradictory facts, and, what is more, can from

them guin 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 wl‘;jllll'lllillg egprs, “l'it'”'\, while the nuclear
hiophores are to be regarded as the controlling agents in the cell, their
activity is determined by the surrounding eytoplasm and deutoplasm,
and the relations of these three again are determined by physical agencies.

Observations 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 Godlewski' in the course
of an active controversy upon the respective influences of the paternal
and maternal germ plasms upon the development of hybrid larvee, 1t 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 sperm of a crinoid
(Antedon) the resultant larva had sea wrchin and not erinoid characters.
There could be no more telling example of the influence of this cyto-
plasm upon development.  Butif the general conclusions we have reached
ding the relationship between eytoplasm and nucleoplasm be kept
in mind, the case is seen to afford an exquisite example of adaptation
The nucleus for its growth depends upon what it can assimilate from
the l'i\lnpl;mn; the cyvtoplasm 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

re;

of the means whereby the newly formed hiophores are modified in accord-
ance with their environment

This controversy is still raging regarding the “mosaic theory,” or,
more definitely, regarding prearrangement of blastomeric constituents
prior to segmentation and the meaning of the same. The reader will
find a fuller discussion in Professor Wilson's work on T'he Cell. 1t 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

' Arch, f, Entwickelungsmechanik, 1906,
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dwarf individuals, but always—under the conditions of experiment
develop into partial larvie.  Nevertheless, these cases cannot be addued
in favor of determinants.  In the individual blastomere of the four-cell
stage of the embryo of the gasteropod Ilyanassa, 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 blastomere if separated from the rest is never found itself
to originate a complete, if dwarfed, larva, but only a quarter larva,
The matter capable of developing the whole individual is present;
there must, however, be some arrangement, some mutual relationship
of biophores, cytoplasm, and paraplasm which inhibits the full develop-
ment.  Modifying Driesch’s' conclusions, we may say: The relative
position of a blastomere in the whole agglomeration of blastomeres,
coupled with the relation of the parts in that blastomere, 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
blastomere is a function of position"—acting upon biophoric constitution.
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 Hydra
and the Begonia; but 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 distinetion between
germ cells and somatie cells is very marked, and it may be laid down
as a general principle that the more pronounced the differentiation of
a cell, the less its capacity, not merely to reproduce the individual, but
also to reproduce itself.  In these higher animals, judging from the data
regarding homologous twins and multiple births, and more particularly
from Spemann’s experiments upon the eggs of the newt, not beyond
the gastrula period ave 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 epiblastic
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,

! Studien, 1IN, Zeitsch, f, wissensch, Zoologie, 55: 1893: 39,
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namely, the neurons, or nerve cells proper, 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, but 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 * Entdifferenzierung,”” 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
specific granules and paraplasmic matter, the cell hody swells and
stains poorly; the squamous epithelial cell hecomes 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 hy 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 corneum certain cells are swollen as above
indicated, and show 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. T'his, as every student knows, is a
palisade layer of small, simple cells with deep-staining nuelei.  These
are present throughout life; they never hecome converted into squamons
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
““‘." IN'('"""' |'“|"p|('“‘|_\' kl'!‘uﬁllizt'd. 'l‘hl'l'(' are ~i|l|i|:||’ Illli(h('l‘ ('('”\'
for cartilage (perichondrium), hone (periostenm, osteoblasts), mucous
membranes, and their grand follicles, lymph nodes, ete.  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 heneath the endocardium of this mother-
cell type;' 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 development into
neurons.

! The remarkable observations of wara in Axchoft’s laboratory upon the “ Reiz-
leitung System” (Jena, Fischer, 1906) render it urgent that these observations he
repeated to determine the distinetion between such eells and those connected with
the bundles of His and the condueting 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
Entdifferenzierung 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 eytoplasmic body, it becomes identical
with the spindle cell of developing connective tissue.

How are we to explain these facts in the terms of the |m-plmn- coneept
already laid down?  Our conception of the biophores, it will be remem-
Iwml, is that these primary molecules of living matter have, within
relatively wide limits, the capacity of adaptation, 7. 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 |»mp||urv~ which
rvhnn all the properties possessed by the hluphmn of the ovum, and

like the ovum, are capable of giving rise—if the blastomeres be
st‘pnrutul to complete individuals; if they be not separated, 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 hecome so specialized that
they give rise to hiophores 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
lnulllplu ation, but this is inhibited by the extreme differentiation of the
(.\hllllul.\lll.

Reverting to what we have written ugurnlingull energy (p. 101), it
will be realized that the immediate reaction to external stimuli and
the pufurnnnm' of function is exerted through the eytoplasm; that
this is to be regarded as intermediary between the biophores and the
external medium; that the |u-rfu||n.uu ‘e 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 eytoplasm 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 Entdifferenzierung above




THE MOSAIC THEORY 143

described; 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 sufficiently emphasize this antagonism between the kata-
biotic 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 he overpast, and the
more the cell prepares itself for the performance of special function the
less hecomes 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.




CHAPTER XL

FERTILIZATION,

T'wo facts in themselves indicate that sexual conjugation and fer-
tilization, the result of that conjugation, essential as they have become
for the continuation of the bulk of living species, are ney vertheless of
secondary import, or at least not primordial; the facts, namely, that
growth, adaptation, and cell differentintion can proceed in animals

t of the
of like sexuul cells: 1

v Pandoring morum, to show conjugation
teen like cells (persistence of morula stage
of r colony in which each cell has developed into a daughter
colony of sixteen cells; 111, colony like 1, in which the cells are escaping from the gelatinous envelope
for purposes of conjugation; IV, ) ation of two like individus ell; VI w X, subsequent
stages leading up to development of ms s in £ (After Pringsheim.)

vial fagelluted  Infusori
linary «
1, simi

ibryo of higher forms)

developed parthenogenetically, 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
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at times it has 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 Fia. 35
after everything not directly due
to sexual differentiation has been
ed in review,
ere 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 pustulata, confirmed as
they have been by Calkins' recent
most painstaking studies upon long
generations of  Paramacium, that
fertilization is essentially a means of — Vaw of an ¥
biophoric rejuvenation.  Indeed, Permatomon to show differentiation in size of
invasive male, and yolk containing femule germ
our treatment of the whole of ey (Korschelt and Heider.)
what has now become a very
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 supply 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 wmulticellular forms, whether of
animals or plants, we find similarly, low down in the scale, that little
differentiation is to he 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, hecause 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 bevond
nucleus, centrosome, and actively motile tail or flagellum.  The dispro-
portion in size of the two elements involved in the act of fertilization
hecomes 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 hack and recog-
nized at the blastula stage; in the nematode worm, Ascaris, Boveri

wderm  with  surrounding

' Archives de Zoologie, second series, 7: 1889,
10
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has succeeded in tracing the differentiation back 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, und 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 cells of segmenting egg of Ascaris megalocephala, J | to give rise to body cells,
shows diminution and easting out of some of its chromutin, B, the germinal blastomere, shows
no such reduction.  (After Boveri.)

retain only a portion of the same.  Following back the descent of cells
destined to be 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 oceur.  *“The original nuclear consti-
tution of the fertilized cell is transmitted, as by 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 part degenerates, in part
is transformed, so that all the descendants of these side branches receive
small reduced nuclei.”  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 open question how far the nuclear chro-
matin is to be regarded as identical with biophoric matter; from the fact
that chromatin (stainable material) may disappear from view entirely
at certain stages of cell activity in certain of the lower forms, there are
those who regard this not as the active living substance, but as 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

! Boveri: Merkel and Bonnet's Ergebnisse, 1: 1891: 437,
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unsatisfied nucleic acid in the nuclens 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 nucleoproteids, the
compound losing its strongly acid properties.! 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.
Fig. 37 expre graphically this relationship in descent of the germ
cells to the rest of the organism.

Fio, 87

Fertilized

« Undiffeventiated
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Germ cells. Differentiated somatic tissues of adult

Schema of germ and somatic cell differentintion.  (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 spermatocytes, 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

' It may, indeed, happen that at the period of mitosis when the nuclear 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, 168 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 number of chromosomes (36), 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 number characteristic of the
somatic cells of the particular species. 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. ‘T'hus, 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,* term these A, B, C, D, and a, b, ¢, d. But

! Here for the moment we leave out of consideration the “aceessory chromo-
some” that has been determined in many speeies.  To it and its
shall revert later.

¢ Harvey Lectures, 1906-1907: 212,

ignificance we
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now in the maturation process the primary spermatocyte exhibits
a modification of this process, a modification known as synapsis, the

Fia, 38

The stages of Spermatogenesis in Ascaris megalocephala bivalens: 1, spermatogonium, with four
chromosomes (the normal number for the cells of this species); /7, primary spermatocyte with
two tetrads; 111, primary spermatocyte undergoing division into two sec
ench with two dyads; 1V, ondary spermatocyte; V, se
in wtozon, each with two monads; VI, tw
monads - chromosomes  (After A. Brauer,)

pdary spermatocy tes,
dury spermatoeyte undergoing division
young spermatozon, each bearing two

) two spe

Fia, 30

oo

Ov. Sp

The stages of reduction in the Ovum and formation of polar bodieg, Dingram bused upon
Boveri's observations on the maturation of the ovum of Ascaris megalocephala bivalens: 1, en
of spermatozoon, sp., into ovum; 2, formation of two tetrads in place of four chromosomes
division—formation of two pairs of dyads; 4, expulsion of first polar body (1 7. b.) con
two dyads; 5, second division of nucleus of ovum, and division of nucleus of first polar bady

formation in each of two pairs of monads; 6, expulsion of second polur body and division
of first polar body —ovum and each polar body provided with two monads, The arrows, point=
ing to O ndicate subsequent enlargement of the nucleus of ovum and conversion of the two
monads i 1 chromat work similar to that developed in Sp., the nuelens 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, Ce, Dd
(in Fig. 38, 11, with 4 chromosomes, these are represented by tetrads),
and in the subsequent mitosis to form the secondary spermaiocyte,
each group of bivalents divides so as to supply the complete series to
each daughter cell. F 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, €', D—remains associated and passed over
to the one spermatozoon, or whether there is distributed an admixture,
e. 9., A, b, ¢, 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 proce

s
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 eytoplasm, 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
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nucleus of the oocyte. This first polar body now undergoes mitosis,
its daughter nuclei receiving each one-half the normal number of chromo-
somes, and coincidently the nucleus of the oocyte undergoes a reducing
mitosis, the third polar body 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
‘_\'I'i('lll ('l”‘”"l“.\()ll"‘»\.
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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 be 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
number 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. One of these we have already
noted—namely, that if blastomeres be shaken apart in the early phases
of segmentation, they give rise to dwarfl larvie, those from the four-cell
stage ‘wing 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 larvee,
The other is that similar dwarf larvae have been produced by fertilizing
the enucleated ova of certain species (such larvie thus possess only the
paternal chromosomes).  Obviously, for due metabolism and growth
to the normal size, there must exist a very precise quantitative relation-
ship between chromatin and eytoplasm. This reduction on the part of
both ovum and spermatozoon preserves that precise relationship.

An equally striking feature is that, leaving out of consideration
the *“accessory chromosome,” these chromosomes are contributed to the
new individual equally by both parents. These are, 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 parent We have
seen what curiously elaborate methods have been developed to insure
their equalit)

6. Equally striking and equally 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 daughter cell, so that each
cell of the various tissnes of the adult is influenced by chromosomes
derived from both parents.  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 be the more potent, 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 opportunities to both paternal and
maternal chromosomes to influence the progeny.

Nay, more, we cannot but be led to the conclusion that in the
chromosomes which become converted into the chromatin network of
the functioning cell there must be contained the active controlling
living matter of the cell- the biophoric matter. 1f we admit—as from
everyday observation we are compelled to admit—that the properties
or characteristics from both parents are conveyed to the offspring, and
this variously in different members of the same family, we are equally
compelled to admit that the chromosomes are the one component of
the fertilized ovum capable of bringing about these results.  The eyto-
plasm of the beginning individual is derived in the main from the mother,

' Vide p. 153
* Strasshurger, indeed, points out that in the flowering plants the nucleus alone
is contributed by the male sexual cell to the egg that is fertilized, its eell body
being left behind during the passage down the pollen tube (Darwin and Modern
Thought, Cambridge University Press, 1009: 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 Mendelian principle (p. 168), the
data bearing upon synapsis 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 ovam 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 of thought 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 heen 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 assayvers 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 aceuraey the amount
of precious metal in a ton of the material.  T'o 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 diagonally opposite, and discard the
other two, mix these thoronghly together and again divide, and continue
the process until, finally, the amount is obtained just sufficient for melt-
ing in a small crucible, is curionsly 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 sy
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 denving 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 members of one set of chromosomes, and that inheritance is
largely governed by the proportion of biophores of the different orders
gaining entrance into the fertilized ovum.

The ‘*Accessory Chromosome' and 8ex.  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 vears which indicate that the number of chromosomes in a

=
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cell is not necessarily even, and that herein male and female individuals
show a constant difference,  MeClung,' of Kansas, was the first to
investigate and draw conclusions from the appearances in question.
Studying the spermatogenesis of certain insects, he noted that the cells
could be 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 . B. Wilson, of
New York, who has demonstrated the existence of the two orders of
spermatozoa in close upon sixty species of insects, the difference involving
the members of one, or, in a few cases, of two or three pairs of chromo-
somes. It is not necessary that the other member of a pair be entirely
absent— either there is an unequal pair, one large member corresponding
with & minute chromosome, or the latter has wholly disappeared.  Now
that Correns has discovered the same order of affairs governing the
pollen and ova of dicecious (or ordinary flowering) plants, it is evident
that we deal with a phenomenon of wide oceurrence.  "The indications
are that the cells of the female possess two complete series of chromo-
somes (Aa, Bh, Ce, ete.), those of the male the like series, minus one
(A, Bb, Ce, ete., or Aa, Bb, Ce, ete.); 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.*  Nevertheless, in certain conditions
this irregularity may appear in the ovam; thus, in insects producing
a series of parthenogenetic generations (without fertilization) like the
Aphides and Phylloxerans, and in which the parthenogenetic ova give
origin to both males and females, while fertilized ova produce only
females, "I, 11 Morgan® 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, Morgan* 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

! Biolog. Bulletin, 3: 1902: 43,

* It will be seen that, strietly speaking, the term “accessory chromosome' is
inaceurate and somewhat misleading.  Compared with the number of ehromo-
somes in the ooeyte, neither order of gpermatozoon possesses an additional ehro-
mosome, but one order is deficient in one or more chromosomes

* Proe. Soe. for Exp. Biol. and Med., 5: 1908: *1hid., p. 56,
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female contain six. At some period, therefore, in the life of the parthe-
nogenetic ooeytes one chromosome disappears in cells destined to become
males.

If this hypothesis be applicable to vertebrates, then it must shortly be
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. "T'his has not to our knowledge been demonstrated.
At the same time we admit that this hypothesis, based as it is upon our
positive eytological 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 unconvineing that it is useless to enumerate
them.

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

' The Heredity of Sex, Bull. Mus. Comp. Zool., Harvard, 40:1903: No. 4.

* Mendel's Principles of Heredity, Second Edition, 1909, and The Methods and Scope
of Geneties, Cambridge, 1908,

3 Mendelian Action on Differentiated Sex, Edinburgh, Neill & Co., 1909,




CHAPTER XIIL

A RESUME: THE BIOPHORIC HYPOTHE

Ir will be well at the present point to pause and, looking backward,
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 capable of being
satisfied by the attachment of groups of free ions from the surrounding
medium whereby *“side-chains' are built up (synthesis).

These side-chains are capable of detachment (dissociation) when
through alteration in the surrounding medium, ions are present in the
same which exert greater attraction. By this means the biophores
n become wnsatisfied.  Further, the side-chains themselves are
to be regarded as unsatisfied bodies, able to build up like side-chain
bodies 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-
faction 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 medinm, 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 be 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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biophores.  So long as the environment remains unchanged, so long
the basal constitution of the biophores remains unaltered; modify the
environment, and, provided the modification be not so extreme as to
arrest the series of 1onic interchanges, the molecular constitution of the
hiophores becomes modified. It is this property of the biophores that
is the basis of variation, adaptation, and evolution.

We have equally to recognize the co-existence of another property
in the biophores, that of fixity of constitution, inherent in the relation-
ship of the constituent atoms and radicals the one to the other. The
biophores, 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 inter

red 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 biophores are contained in the nucleus;
that they are intimately associated with the chromatin,  The fact that
the main bulk of (dead) nuclear ehromatin is formed of nucleoproteins,
leads us to the conclusion that, :||I||nl|g|| the llin]i'lnl'(\ cannot be
regarded as essentially nucleoproteins (for nueleoproteins, 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 biophores convert them largely into nucleo-proteins.

The extent of growth of the unit mass of biophores is determined
by two factors: (1) The extent of surface of the same in contact with
the intermediate medium (eytoplasm) in relation to the mass, and
(2) the extent of the surface of the cytoplasm exposed to the external
medinm 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 matter is most economically insured, with due retention of the
above relationship of surface to mass.  When this mass of biophoric
matter passes the optimum the above relationship is preserved by
nuclear division (with coincident inerease in biophoric surface exposed
to the eytoplasm), followed by cytoplasmic division (with like increase
in cytoplasmic surface exposed to the external medium). In the
multicellular organism the cyvtoplasmic division is in general incom-
plete, eytoplasmic bridges uniting related cells.  With each segmenta-
tion of a cell, following upon biophoric growth, there is equal division
of the biophores 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 eytoplasm 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 eytoplasm 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, . e., 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
i5 the process of fusion of the male (invasive) with the female (receptive)
germ cell. The process is essentially one of combination of equal
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 number of the same, so
that the proportion present in the fertilized ovum is identical, relative
to the eytoplasm of the same, with that of the unaltered germ cells
of the parents, or, more exactly, in the ovam from which thes gained
development.




CHAPTER XI11,
INHERITANCE,

W 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 pussed 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

stals of the sume salt—or were they
horn identical, and did they owe individual differences purely to the
diverse influences to which each individual becomes subject after
birth, the problem hefore us would be relatively simple.  But 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 undertuker, assume pronouneed types; they have
hecome modified by their course of life.  In man and mammals we can
subdivide these modifications (as one would term them, in contra-
distinetion to inherited variations, or variations proper) into those
acquired during intra-uterine 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.
"T'his, 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 hy 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 horn identical; no two fish, even of the same spawning
(in which thousands of ova and millions of spermatozon are matured
at the same time), though these, admittedly, more nearly approach
identity. 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 conclusion
that during the course of the individual life of the parent individual,
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biophores 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 biophores, 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
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 proportion 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.
Thisswe 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, is 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 inculeate 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 upon record as having definite views upon this subject of
heredity,' 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 are the other theories and what their salient
|)1iilll~.

THE DIFFERENT FORMS OF INHERITANCE (/. .., HEREDITY
PLUS VARIATION).

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

1. Individual, 7. e, properties peculiar to the individual, and not
recognizably inherited from either parent or from any ancestor.

! British Medieal Journal, 1901 )
Osler's Modern Medicine, 1: 1906,

June 1; and article © Inheritance and Disease,’

with so many ~
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2. Parental, i. e., properties possessed hy and peculiar to one or
other parent and obviously inherited from that parent.

3. Familial, 7. e., properties possessed by and peculiar to the family
of one or other parent.

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

5. Specific or ex-specie, i. ¢., properties peculiar to the species, those,
for instance, distinguishing the human individual from the ape.

6. Class, i. e., properties peculiar to the class: those distinguishing
man from animals that are not mammals,

And we can continue the classification yet farther to ordinal distine-
tions, peculiar to the particular order, i. ¢., 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 are
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 hroadest aspects confirms the view,
already indicated, of the progressive building up of the hiophores 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,
itis seen that ontogeny, 7. e., the course of development of the individual,
becomes an epitome of phylogeny, i.e., theevolutionof the phylumorrace,

P Our terminology is here a little indefinite; we speak indifferently, for instance, of
the human race and of races of mankind, hereby meaning two different things. Of
the human species we recognize several subspecies: Indo-European, Mongol, Aus-
tralasian, ete,, and of each of these several racex, of the Indo-European for instance,
the Teutonie, the Celtie, ete., and of each of these races several stocks.  Thus,
among those of Teutonie deseent, the Anglo-Saxon differs in eertain recognizable
particulars from the North German, the North German from the South German.
Some of these differences are doubtless due to the faet that the stoeks are not pure,
that at one or other period there has heen extensive intermarriage with individuals
of other stocks, hut some at least are independent of this cause, as witness the differ-
ences that already show themselves hetween the Anglo-Saxons who have remained
in England and those whose ancestors migrated to North America or Australia,
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not as a matter of mere historical survival, but as an epigenetic necessity.
For the biophores 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. T'o 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 contained biophores reproduce the conditions under-
gone by the race in its evolution—this being essential for the due pro-
duction of the speciz lized 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."

Racial Inheritance. [t 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.  Everyone is familiar with, for example, the differences
in the form and strueture 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 vet 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-microbic. ‘These we
find well marked in the different races of domestic animals. "Thus,
the native cattle of Japan and the buffel, or native cattle of Austro-
Hungary, are much more susceptible to tuberculosis than are ordinary
European 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 European descent
and Malaysians subjected to the same conditions react very differently
toward plague and heriberi.  Both, it is true, are susc c-pnhlq- but a far
smaller  proportion of Europeans exposed become vietims to these
diseases, and a far smaller proportion of those taking the diseases
suceumb.  The reverse would seem to be the case as between those of
':llrup("m descent and negroes in regard to vellow fever; here it is the
Europeans that are far more susceptible, while, contrariwise, negroes

! See more |-min ularly Hurst, Natural Seicnee, 6: 1885, 1t is also laid down at
length by Reid, The Prineiples of Heredity, London, Chapman and  Hall, 1905,
without, however, any clear recognition of the underlying eauses,




THE DIFFERENT FORMS OF INHERITANCE 163

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. T'hose 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 charucter. It is not necessary to quote Shake-
speare or Sir Thomas Browne 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 convineed 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.  But
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
distinetions in entaneous 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 whele.

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 limh, shape of some special part, as, for example, the * Hapshurg
lip,” which has characterized the present reigning House of Spain for
so many centuries; actual malformations, like accessory digits, which
have, in certain cases, heen traced back for close upon three centuries;
morbid conditions or tendencies to the same (diatheses), such as
albinism (deficiency of entaneous 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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s0 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,
although 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 seax-limited descent is mos
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 be 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
polydactylism (supernumerary digits), for instance, occurs in a family
whose members are otherwise provided with the normal number of
fingers and toes. "T'o 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 heen no inbreeding—four g grandparents <|ghl great-grand-
parents, sixteen great-great-grandparents; thus, an intimate I\nu\\lmlut
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.  T'he family and the descendants of the one brother have
since then shown no abnormality; in the children of the other brother,
himself, according to tradition, polydactylons, polydactylism
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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FAMILIAL INHERITANCT 165
His great-grandfather was free, though other members of that gen-
eration were
although an unele and aunt were affected,  Of 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 aceessory digits were perfeetly formed.  What is more, his young
son has them all perfectly complete,  Another characteristic of the
family history is that, whereas the daughters of the family may show
the effeet, it tends to die out with l|||'|||; their children have normal ||lgil~.
In this way, according to our patriarchal method of determining the
family, the defeet tends o remain familial, descending only through

allected; his grandfather was also free, as was his father,

e
L
L ~ a ., & ®m L N
* a - - B
| - - » & ’ W
the male The potency 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 ll.|\t'”lll:_' in the \\«‘\I. “Good
morning, Mr. X,” and have him return the salute, * Good morning,
Mr. X" with the further remark: “1 see you have the family sign
(referring to his six fingers). | do not possess it, but my father did,
and so does one of my eight children.”  And, on inguiry, the cousin-
ship between the two was found to be at least heyond the third degree
of removal.  The following exbilits the genealogy of my informant's
hranch of the family

A careful inquiry made by my friend, Dr. Brockbank, of Manchester,
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has sueceeded in bringing to light a family of the same name in
England, two members of which migrated to America in or about 1620,
and in this at least one member of the present generation exhibits poly-
dactylism. It is evident, therefore, that the tendency to polydactylism
must date back to the generation preceding the emigres of 1620, and
may have originated much earlier.  "There are, indeed, indications that
the tendeney may be traceable back to earlier than 1500,

. &
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CHAPTER XIYV,
PARENTAL AND INDIVIDUAL INHERITANCE

Stricrey speaking, every property possessed by the individual which
is not and cannot be aseribed to intra-uterine and postnatal acquirement
is the individual inheritance of the individual. It has reached him
through the parental germ plasms.  Specific (er-specie), racial, and
fumilial traits become the property of the individual.  But 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
cither parent but present in the offspring, can only be ascribed to the
interaction of the two parental plasms.  What has once been inherited
may be conveyed to a subsequent generation.

Aldittle 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 obseure our
view, as regards the majority of properties, this must be regarded as
the most usual type.  Of 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
tendency of fertilization is to preserve the mean and perpetuate the type.

13. Particulate Inheritance. ‘I'here are, however, many exceptions
to this law of blended inheritance, nor have we as yet determined ade-
quately what it is that determines these.  All that we can say is that
we are foreed to recognize that, in respect to certain properties possessed
by the parents, we have to note an incapacity to blend; they are antago-
mstie,  First and foremost among these is the series of associated
sextal properties; the offspring 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 funetion
of either, and is an attribute of imperfect organization.  We see the
sume in many properties which we may regard as of subsidiary impor-
tance.  When one parent has brown eyes, the other blue, the children
have either blue or brown eyes, rarely those of an intermediate color.
And what is more, as hetween 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,' upon hybridization, 7. ¢., upon the cross-fertilization
of well-marked varieties of certain flowers, notably of the pea: obser-
vations which, ne;

lected for long vears, have of late been widely con-
firmed, by zoologists as well as by hotanists.  1f two well-differentiated
varieties of such a |bll||ll as the pea be selected and grown, varieties
presenting, when grown pure, constant differences, ditffering 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 crossfertilized, 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 .un.uwnhlu prope rties uunrnllng
to a very definite Iu\\ One of each pair of properties is dominan
present, in these “bastards™ of the fiest generation, overwhelming in
them wholly or mainly the corresponding character present in the other
parent.  Thus, if we hybridize a red-flowered pea with a white-Howering
species, the first set of hybrids will have red flowers, and in this respect
be indistinguishable from the red-flowered parent. In this respect
they will show no relationship to the white-Howered parent.  Red
color of flower here is dominant, white recessive, and this irrespective’
whether the pollen of the red-lowered variety be nmplmwl to fertilize
the white-fowered, or vice versa. Almost always it is the progressive
characteristic whic || is dominant.  In this case, for example, red color
of Howers is the positive acquirement; white color is lateney, or loss
of this acquirement. It is the positive acquirements — color, hairiness,
presence of starch, in seeds ete.  characterizing the species as a whole
that are dominant; absence of these, that

But while this is the case, 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 eells, hiophores derived from
both parents are conveyed 1o 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, s pointed out by Mendel )

CPecessive,

' Verhandl . Natar. Vercines in Brann, 1566, reprinted by Gobel in “ Flora,'
901 364, and translated by W Bateson in Mendel's Proneiples of Heredity: A
Defence, Cambridge Univ, Pross, 1902, 2ol Edit, 1909, De Vries, who rediseovered
Mendel, gives u singularly elear aceount in his Species and Vorities, Chieago, 1906,
leeture 10
*In the main, Heider (Ceber Vererbungsgesetze, Berlin, Borntrager, 1903) gives

some exceptions among plants, in which differences are noted. There are peeuliar

s in the development of the plant ovam - got seen in the animal -~ which help 1o
expluin this,
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Peas have this advantage, that they are ¢ apable, under ordinary con-
ditions, of self-fertilization, and so the disturbing effects of eross-fertili-
ation with pollen from other sources can be prevented.  If
offspring of this bastard first generation be
in their characteristies they

now, the
grown and brought to flower,
e found to follow closely a numerical rule;
the recessive character reappenrs in one n‘u.nh r of this second genera-
tion, and if the flowers of this o

quarter be allowed to self-fertilize
themselves, the subsequent generations show constantly the r
character; the dominant is wholly cast out,
of Hower color, f ¢

Ossive
\s regards this one feature
for example, one can, after hastardization, regain a white-
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or one-half of the whole
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with a varietal deficiency on the part of other members, and this varietal
deficiency is not to be regarded so much as an absence of a particular
property, as a lving latent of the same: the phenomenon, that is, is not
strictly the result of interaction of opposed properties.
2. Where in the hybrid the one property dominates, it does 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
longifolia 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.  Bud varieties may show themselves,
that is, with the recessive property in the ascendaney. It is there all the
time, as shown hy 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. 17

3. At times the coincident influences of both dominant and reces-
sive unity is recognizable; in other words, we have indications of
apparent blending rather than of particulate inheritance, indicetions
that the one form passes into the other, as shown in the accompanying
figure from Correns of the result of hybridizing two varieties of Mirabilis
Jalapa, rosea and alba. Al 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 ont obviously into DD+ 2DR
+ RR.!

L The law is of no avail in connection with hybridizations between

e

distinet species.  As is well known, it is only hetw

'n species that are
closely allied that such hybridization has any result, and then the
offspring tends to be infertile.  There are, nevertheless, cases in which a
somewhat fertile progeny results, more particularly among plants.  As
de Vries points out, the conditions here are different; in the Mendelian
cases we deal truly with pairs of conditions; the species and its variety
differ in the presence or latency of a given property.  Different species
, it is true, if allied, have many properties in common.  Their dif-
mee lies in the fact that one has an acquirement in one or other
dircction (or, it may be, several) which is wholly unrepresented in the
other; as a result the g is Ilu‘nmpl--lv and unbalanced, one or
e 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:

Bateson affords an equally striking instane he blue Andalusian fowl is a
hybrid of the DR type, produced by mating a dominant black Andalusian with
a recessive white splashed with bluck.  Breeders have striven in vain to raise & pure
strain of the blue variety; mating two blue birds gives progeny in the proportion
1 black, 2 blue, 1 white splashed with black ; mating black with splashed white gives
n first generation all blue

>
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as to whether the male

(«) Different types are produced according
ize the ovum of B, or vice

element of the one parent, A, is used to fertili
rersa.,

(b) The hybrids yield ver
are as fertile as the parental stocks.

() Self-fertilized, they remain true to type and constant; there is no
segregation or reversion to either purental 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 heen a great
vagueness as to what constitutes a species, what a variety., Such
hybridization would appear capable of affording an answer in any given
ca while, conversely, cases which do not conform to the Mendelian
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 hetween the two is not a retrogression,
but a positive acquirement.  Nevertheless, this cannot be affirmed with
absolute precision, or, more urately, 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 distinet 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 respeet 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 he sixteen possible combinations
bétween germ cells carrying the different admixtures of these properties,
and of these 16 possible combinations, externally, 12 will show the
dominant A, 12 the dominant B character, 9 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 " 4" 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.
T'o show this in algebraic form, illustrating the different possible com-
binations, AB.AB, AB: to ab. ab, would oceupy more space
than perhaps the subject demands.  Those who would follow it may

o little seed, whereas Mendelian hybrids

-l



-»

MENDEI'S LAW 173

be referred to Bateson's work.!  I'wo important points are deducible
from a mathematical study of  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 pu|r~ 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 he propagated,
showing no trace of the mésalliunee (as regards these two characteristies);
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 subspec ¢ be developed which retains
this particular combination of features. This, for breeding purpose
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 Howering 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 varions
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 chtain
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 he noted that this law, shown
to he of wide application, among plants has, where tested, been found
to apply also to animals.  Coutagne® has proved it for silkworms;
Lang® has shown that it holds in snails; Bateson' with fowls; Cuenot,’
Darbishire,” and G. M. Allen’ in mice; Castle,” Woods,” Hurst," 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 e the other blue,
the children do not have eyes of intermediate color, but either hrowi
or blue.  Davenport™ and Hurst" have independently shown that there

8,

! Bateson, loe. eit also Brit. Med
* Bull, Seient, d. 1. Franee et L. Belgiqu
' Festschr. f. K. Haeekel, 1904: 439

* Repts. to Evolution Committee, Roy. Soc., 1: 1902, and -
* Arch, de Zool. Exp., Notes et Revues, 1902 and 19
* Biometrika, 3 1904

T Proe. Amer. Aead. of Arts and Seiences, 40: 1904

* Carnegie Institution Reports, Washington, No, 2:4: 1905
* Biometrika, 2: 1903 )
W Jour, of Linnaen Soe., Zool., 20; 1905

" Biometrika, 4: 1905; 1. 2 Seience, 26: 1907 589,
" Proe. Roy. Soe. B, 80: 1908

e, 19062 i1 61
21902
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are two orders of eves, the blue and hazel group, \\'ith pigment only in
the back of the iris, the bhrowns, greens, “ringed,” and spotted group,
with plunwnt 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 nh\‘vr\unimw where each sue-
ve marriage introduces widely different “blood.”  We can recall
one other definite ohservation made upon man, namely, that of Castle.!
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
character, a retrogression, is recessive, and not dominant.
Bateson® 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.  "T'he case already noted (p. 164) of polydactylism,
« along the male line,” and the opposite conveyance of hemo-
through 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 Darhishire® and Correns to be another, llmu;.h 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 |||mn a very extensive analysis of the coat color of
Basset hounds, tru nnplmwl a pair of p.nmul.n 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 nm--(lu.um (or each one=sixteenth), and
S0 on. \uurnlmgtnilnslm\ the series } + § + } + {, ete. = 154, ¢, it
equals the total inheritance.  Karl P «.nwn. a strong adherent of Galton's

! Seience, N. S, 17: 1903 75.

# Contrib, from the Zool, Lab., Harvard, 40: 1903: No. 4

# Address to Zoological Seetion, Brit, Assoc., Cambridge, 1904,

*This is by no means constantly the ease with this partieular abnormality,
* Proe. Manchester Lit, and Phil, Soc., 49: 1905,

* Proe. Roy. Soe., London, 1897,
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methods, from a study of other sets of features (the color of the eves in
man and the color of the hair in horses— hoth, again, Mendelian or
antagonistic properties), arvived at slightl different results, giving the
grandparents and earlier generations <omewhat greater influence,
Without discussing the matter in detail, it may be pointed out that if we
cross a Mendelian bastard (first generation) with the recessive parent
(see Fig. 43, B), 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;
30 per cent. of them are pure dominants, the other 50 per cent. hybrids
(Fig. 43, ('), These figures fit in, it will be seen, with Galton'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 eell 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
vesult being a stredking or dabbling with the two colors without hlending
of the same; we obtain the effeet (distantly, it is true) of a mosaic work.
T'he 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 rave ones in which the eves are of a different
color—and, possibly, the still rarer condition, in which the internal
sextial 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 bevond 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 hoth 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.

D. Sex Limited eritance.  More than one reference has heen
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. g., 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 hetween
the elements governing the development of these peculiarities and those
governing the attributes of maleness, and that if the former be recessive
the latter ave 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, although 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 danghters 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 distinet 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 (afavus, a grandfather). 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 phylogeny.  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, hut present in the grandfather or some
relatively recent ancestor—is seen to fall in with Mendel’s law. That
law and the obs - ations on which it is based demonstrate that a con-
dition may remaun latent through several generations, to reappear
eventually in a definite proportion of the members of a stock.  We gain
also an understanding of ecollateral inheritance, 7. ., of possession of
properties corresponding with those of members ol collateral branches
of the family —uncles, aunts, or distant cousins, and unlike those of the
parents.

So, also, looking to the future, 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 hoth
parents vary in the same direction, the probability hecomes 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.

I. 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
arlier 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 microcephalic, 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 be due to no primary defect of the parental germ
plasm, but to disturbance affecting the foetus in utero. Nor can we
always determine with precision which order of events we have to d
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. T'he 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 *“bhird
hardly distingnishable from the wild Shetland species™ (of blue-rock
pigeon, Columba livia). 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 heen obtained
by Ewart.*  Crossing an absolutely white fantail, with thirty feathers in
its tail, with an owl-archangel hybrid (the “owl™ a powdered blue pigeon,
with short beak, the “archangel” (-np'wwnlnr('nl. 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.

! Animals and Plants under Domestication, 1: 204,
2 The Penycuik Experiments, 1899: 26,




178 PARENTAL AND INDIVIDUAL INHERITANCE

Here, obviously, by crossing widely separated varieties of a species,
we obtain not the domination of the characteristies 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, but coming of widely dis-
tinet stocks, have a series of children who in bodily constitution and
mental growth are distinetly of lower type.
amilial Degeneration. \Move often, however, in man we encounter
cases in which reversion is to be aseribed not to antagonism of the germ
plu\'ms, but to defeet in the sume, defect which, as we shall point out, is
to be regarded as primarily hrought about by toxic influences telling
upon and modifying the constitution of the parental germ cells,  Such
are the elass which nowadays, though we do not wholly like the term, it
is the custom to describe as degenerate —the progeny of those leading
vicious lives,  T'he typical degenerate is of poor hodily 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
(‘\““I'lll' |If lhi\ lIl‘(ll'I' oan '.ilil to IN' illllll‘('\\."l l'.\ ll"' |'|'\l‘|‘\ili|| toa Ill\‘l'r
type.  "T'he fortunate tendency is for families of this type to deteriorate
in suecessive 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 stock dies out.

G. 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 develop-
ment, 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

atest development are those
most easily lost; those of oldest phylogenetic acquirement are most
firmly retained.  The widest and latest evolved distinetion between
man and the other animals is the development of the higher nervons
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 he measured, but the variation is well indicated
by certain figures from Cambridge University.! 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 vears. The choice is thus singularly wide. The
most celebrated of these tripos courses is that in mathematies; it draws

! For these T am indebted to my friend John Greaves, Esq., M.AL, Christ's College
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the best men from all over Great Britain. The questions given range
over a wide area, and the papers are set and marked not by one, but by
several mathematicians of distinction, the candidates being in each
paper given a choice of more quastions than it is possible to cover in
the time.

The examination, we repeat, is not compulsory; all who enter have
had a mathematical training and a penchant for the subject. 'l'h('
following figures give (1) the maximum marks obtainable were eve
question answere -«I and every problem worked out on each of the mghl
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 unulnlnln to obtain first class honors; (4) the mean
mark of the “ Wooden Spoon” in those two years, 7. e., of the last candi-

date to be granted a * pass,’

Avirace oF Two Oroisary Years, Camprioge Matnesatioan Trivos

Maximum Maximum
marks abtuined Lowest Waooden
obtainable. Senior Wrangler. Wrangler Spoon
T'otal examination INTS 1596 942 190
First four days only 1486 177 170

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-
maties and the ordinary man often has little knowledge of the advanced
hematics of the last four days. The mean *Wooden Spoon”

secured only 20 marks in the second, advanced part of the tripos, out
of a possible 3400 or so.  Even in these routine mathematical ~u||jm'(\
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 \I.n|nt\ s Ministry) secured twice as many
marks as the second on the list (now a university professor of world- wide
rvput.u(lulli.

It is difficult to imagine the difference in the development of the
associated centres for calenlation, figures, expression, and writing
between the Senior Wrangler and the * Wooden Spoon™ (the lowest

v on the pass list)and also hetween the latter and the born idiot.

While, here again, mental development may be arrested by 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 desc end; 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 homeomorphic; in others, heteromorphic. 'I'he
former type would seem to indicate the inheritance of some par-
ticular anatomical imperfection, or the subjection of the members of
suceessive generations of the weak-headed to like ns, 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—aleohol, syphilis, or other infectious disease, anxiety, religious
emotion, or intense mental activity of other nature—and the hrain gives
way in one or other direction, according as the strain falls on one or
other centre.  Thus, the mother may have religions 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 distinet 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, ¢
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 distinetly inherited, so do we
ohserve 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.  T'hus, Mendel noted that the hybrids of certain peas,
short-stemmed and long-stemmed, respectively, developed constantly a
much greater length of stem thun either parent form, or than the pure
progeny of the longer stemmed subspecies.  Nor can the cases properly
belonging to this cluss 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 vet 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 spontancous variations, Of such, numerous examples in
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animals and plants have been collected together by Bateson;' the most
easily grasped examples of the conditions oceur in flowering plants.
The (n!ip, for example, is a pl:uu having « three-partite arrangement of
organs, well seen in the flower.  Now, occasionally in a bed or field of
these plants, flowers are ‘o le 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 Li to which the
tulip belongs, are descended from a four- or five-partite ancestry, or that
the shamrock had originally cruciform leaves.  Or, otherwise, in this and
numerous similar instances, reversion is incapable of affording an expla-
nation. *

The frequent existence of these spontaneons variations has not been
sufficiently recognized in man. By hook or by crook, anomalies of
excess, supernumerary fingers, toes, vertebrie, ribs, teeth, breasts, hair,
ete,, 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 sc

| 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
aceessory mammie—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-hreasted 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 mammie in the lower animals ¥

And why, to continue this line of argument, do we not find the greatest
number of mammaee in the very lowest mammalian forms?  T'he ornitho-
rhynchus 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

' Muterials for the Study of Variation, London, Macmillan, 1804,

* For literature on supernumer:
stern, Vireh, Areh., 73: 1878: 222; Pueeh, Les Mammelles et lewr anomalies, Paris,

IST6; and Roger Williams, J. Anat. and Physiol., 25: 1891 225,

ry mammee, see Bateson, loc. eit, p. 81; Leichen-
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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 the more
casily when we recall that the mammary glands are not totally new
organs, but, strictly speaking, are 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 faetus in the position
of the mammary line already referred to; but in no mammal do mammae
present themselves normally along the whole length of this ridge, and
when variations do oceur the existence of this ridge does not make them
“".\v Il'\'\‘ \I)I)ll“l"l‘l)|l\<

Regarded thus, the more we consider the subject the
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 he regressive, but
15 isolated and unaccompanied by other indications of regression and
incomplete developraent, then the indications are that we deal with
spontaneous iation rather than with reversion,  We would thus
equally include in this elass of cases of polydactylism and bradydactylism
(shortness of certain phalanges), supernamerary vertebrie, as well as
reduction in the number of the same, supernumerary and deficient ribs.

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

Closely allied, and apparently due to the action of the sarie causes,
are certain conditions of defeet, which neve theless cannot be attributed
to reversion; they reproduce no stage the previous history of the
race, and these, too, are singularly |
articular laxity (with liability to
joints), iehthyosis (with pm'nli;u

5

ter appear

le to be inherited; such are
meons  dislocation of various
fication of the growth of the
epidermis, so that the cells produ thundantly do not scale off, but
acenmulate to form thick masses or scales over the body), hemophilia
(with its peculiar instability of the vascular system, rendering hemor-
rhage liable to oceur upon the slightest provocation, and with inheritance
not direct, but through the female who herself does not show the affec-
tion), Possibly in this elass is to be included Daltonism, or color blind-
ness, in which, while we have no evidence that the formation of the eve
is modified, the individual is unable to recognize certain colors, This
as noted on p. 175 would seem to be 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), enchondromas (cartilaginons), and
exostoses all tend to be inherited. Al tumors proper, it may be noted,
are progressive in type; as to how far they are to be regarded as primarily
the result of spontaneons variation will he discussed later.

This may be noted, that the spontaneons variation, even when liable
to be inherited, is not necessarily nseful,

T'here is some evidence that
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if its rh~\|‘|np|n|'n| be correlated to that of some useful prope
or apparently useless, variation may become a specific character,  Thus,
Bland-Sutton' 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 Vries® has thrown
considerable light upon the appearance of this spontaneous variation.
Cultivating the plant (Enothera lamarckiana (one of the evening prim-
roses) for some fifteen years, he 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 pl;mh which, as a mass,

tv, i useless

did not depart from the parent stoek; and, what is more, these * muta-
tions,” as he terms them, were true to seed. Thus in 1805 to quote
an instance  there .|';!n‘.|l4‘|l the relatively huge Enothera gigas.  "Uhere
had been no L‘l'.lllll‘ll variation l:";u'lll_: up to it the appearance was

sudden, and, subjected to self-fertilization, this single plant afforded

seeds giving origin to several hundreds of the gigas type.  Here, at a
hound, a new species was seen to develop, and de Vries lays down

very decidedly that new species are not hronght about by the aceumu-
lation of small individual variations, but in nature and during the

course of the artifi

al culture of plants there appear occasionally, if
not periodieally, individuals manifesting changes so pronounced from
the heginning, and these so distinetly heritable, that one has to regard
these individuals and their descendants as constituting a new species.
Similarly, de Vilmorin® points ont that species which in the wild state
are remarkably stable, are apt to become highly variable after several
generations of culture.  Under these conditions, Klebs' has obtained
mutants among the seedlings from Veronica chamaedrys.  De 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.  T'o quote Jacques Loeh:? “If the determinants are com-
of aleohols, there is no more

parable to a series of compounds, ¢. .,
a transition possible hetween two species separated by a difference in
only one determinant than there is a transition possibie between two
neighboring aleohols 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 ~|n~(-i(-~ is ||n'l'l'|_\
one of degree.  There may, that is, in the terms of our theory, be modi-
fications in the constitution of the biophore so slight that in fertilization
the modified and the unmodified do not interfere, the one becoming

" Introduction to General Pathology, London, 1886: 166

¥ Die Mutationstheorie, Versuche u. Beobachtungen, ete., Leipzig, 1: 1901
Notices sur lamélioration des plantes, Paris, 1886: 36

{ Kiinstliche Metamorphosen, Stuttgart, 1906; 152

8 The Dynamics of Living Matter, 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
oceasionally 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 hetween, 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
cuses at least, the prime cause. "Thus, Macdougal' notes that, taking
Raimannia odorata, another member of the evening primrose family,
and subjecting its ovules to 10 per cent. sugar solutions and solutions of
caleium 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 (Enothera biennis. These mutants bred true to the third generation.
Similarly, Tower® reports that subjecting certain beetles 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,

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

* Investigntion of Evolution in Chrysomelid Beetles of the Genus Leplinotarsa
Carnegie Institute Publications, No, 48: 1906, '



CHAPTER XYV.
INHERTTANCE-—(ConmiNven),

THE THEORY OF INHERITANCE.

"I'ris 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 cases. Certain facts,
however, stand out, and utilizing these, we may advance to a certain
extent:

1. In the first }nl:u-t', it is evident that, .'||l|m||;_v|| ('Ull\idl‘l'ill;_’ any one
feature, it may happen that that feature does not present itself in the
immediate offspring, nevertheless the whole modern study of heredity
proves convineingly that where the individual is the offspring of two
members of the same species, each parent affords equivalent contribu-
tions to the offspring. These equivalent 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 of that offspring,
they may demonstrate their existence in the individuals developed from
these germ cells,

T'his 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
|>“\i|ll" “l [Il('\\' l'll]'“l]lli"“““".

2. 1f 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 biophoric 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:
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Present itself also in the offspring:

Dominant, wholly replacing the corresponding but diver-
gent feature seen in the other parent,

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.

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

(B) Be unrecognizable in the offspring:

Recessive, and replaced by corresponding feature derived
from the other parent, but as such latent, capable of reap-
pearing in later generations,

Absent, \\ImH\ wanting in subsequent generations, the ah-

sence hei ding due either:

(a) To easting out of an inherited condition, or
(h) 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) Normal Inheritance: "Ihe offspring not being in this respect -
vanced bevond either parent, but at the same time not fallen
|n'|li|ll|.

(B) Progressive Inheritance: 'I'he offspring being advanced beyond

the more advanced of the two parents and exhibiting either:

1. Excessive development of the condition or conditions already

ohservable in one or hoth parents, or

Spontaneous variation (mutation), 4. e., the appearance of
conditions not previously noted in either parent or either
lun'rm:vl stock.

/n't/rm/r:. ve or Reversionary Inheritanee: "I'he offspring revert-
ing as r «r.m|~ any feature or gmnp of features to a lower stage
in the ]vll\ln;_l ny of the species,!

(D) Non-inheritance: .\|)'i.lll nt 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 he more accurate, that qualities conveyved by
the parental biophores may he 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 h)ln‘lnl

0

' We are acquainted with no satisfactory evidence that this elass should be re-
divided into recessive and complete.  On the contrary, it is the experience of pigeon
breeders that onee, by eross-hreeding, the old blue color and characters of the wild

pigeon reassert themselves it is hopeless to use such hirds for breeding  purposes,
Even 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 mot, therefore, be of the
nature of a chemical union of the biophores from the two sources with
resultant formation of a new hiophoric 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.
T'his 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 Seylla and Charybdis.  Still, between
those two the cautions mariner could advance his eraft and, the gods
helping, could achieve through the straits.  And here we would urge that
our conception of the constitution of the biophore affords us a proper
equipment to achieve the passage.  We have, it will be remembered, been
led onward to regard the biophoric molecule as composed of a central

+ dissociated

body or ring of nuclei provided with side-chains which
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 hiophores, 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. 136).  As regards the germ cells, their bio-
phores must similarly be influenced, for it is upon their modification that
the w hole l'\‘|i|l|linll of “\'illL’ forms has 1|l'|)t'lll|ml, (.ll';n".\ the ||iu|||lnl‘('\
of the human ovum are vastly more complicated than those of the
ameeha, 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 throughont the course of the ascent has been the outcome of the
germ plasm and the hiophores of the same within ovary and testis.
6. There are two, or three, possible causes for the progressive v
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 number 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 adwmitting that through the action of both
causes it comes to pass that the germinal biophores in no two members
of the same species 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 sume cell, the fertilized
ovuam?

The facts of inheritance, and what we know regarding its histological
basis, entirely refute the hypothesis that the biophoric molecules as a
whole undergo chemical union.  We may, however, conceive these, in
the first |»|:|un as lying side by side in a common eytoplasm or, to he,
more exact, nuclearsap, in the process of assimilation attracting ions from
the surrounding medium, building these up into side-chains of different
orders.  Of these side-chains, some of them are identical — common, that
is, to the molecules of hoth 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 eyto-
plasm.  Again, as we have pointed out (p. 98), we must regard growth
and increase in the number of hiophores as hrought 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” hiophores of the other set? T cannot but
hold that under these conditions — that is, conditions under which we have
compound molecules of very similar structure hecoming built up side
by side-—this must inevitably oceur 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 he
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 nuelei.  “This rearrange-
ment in the simplest ease 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 properties determined by their
presence 1li~:||v|w.n' in the next ;:!'Iu'l'ulinn_ In other cases, agam, we

can premise an interaction hetween certain side-chain groups derived
from the two parental biophores, the resultants of this interaction he-
coming built up into the growing biophores, this interaction having as a
result either an exaltation or a depression of parental character, or,

again, leading to the production of mutation.

B i =

Sehemu of mode of interaction of two biophoric molecules in a common cell sap: A, of maternal
B, of paternsl origin. 1 allelomorphie side-chains, which, when liberated into the cell sap,

will be attructed 1o the biophore exercising the strongest affinity; 4 hains 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 biophorie or living molecules partake of similar con-
stitution, and that our conception of growth is that which must he
accepted, then under these conditions growth, in a common medium, of
biophorie 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. T'wo sets of hiophores
may still be traced in the blastomeres, in germ cells, and other cells
derived from the fertilized ovim; 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 purposes of growth allelomorphic' matter formed similarly
by the other. By this method, apart wholly from what may be regarded
as external influence acting upon the germ cells during their existence
within the organism of the individual, it must come to pass that throngh
conjugation the biophores giving rise to a new individual are not identical
with those of either parent, and that each comes to lose certain properties
which helonged to the biophores of the one, and gain some belonging
to the biophores of the other.  If this he so, then we can picture that in
the process of reduction and casting out of hiophoriec material in the
dl'\('lnpnwnl of the oocyte and of the spermatoeste, while there are
delivered to the ovum molecules of living matter which in direct descent
have been devived from one parent only, those molecules may convey to
the ovum constituents and properties which have 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 properties
derived from a long series of ancestors.

We purposely do not here consider all the different type 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, 1t appears to us to have the
it advantage of explaining how hereditary characters may be con-
ed through a relatively small number of molecules of hignly complex
organization; how those molecules can m the course of amphimixis
undergo  modification  through interaction; how they can  bhecome
madified through the action both of amphimixis and of environment;
how similarly they may undergo retrogressive changes and lose certain
properties under the same influences.

8. With reference to the action of environment on the germinal bio-
phores, it is still necessary that something be said, but our treatment of
the subject of amphimixis will not he complete without reference to the
remarkable reduction process which precedes fertilization. "T'he mode
of that reduction we have already described (p. 1S et seq.).  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 spermatozoon contains only one-half of the chromo-
somes proper to the male parent.  As shown by the abundant recent
studies on Mendelism, the results of this reduction may be very remark-
able; certain properties may at a single conjugation he 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
prnp(-rliw derived from the one parent may thus be thrown out; and
vet when the parents had differed in several particulars, at this same
moment properties derived from the other parent may likewise disappear.

Ve

! Bateson employs this term in connection with Mendelism, to indicate the corre-
sponding or antagonistic property, either dominant or
morphs forming a “ pair.”

ssive, the two allelo-
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Iy And as in such hybridization there may be as many as a score of
| properties in which the two parents had been contrasted—size, color
e of flower, position of flowers, shape of leaf, hairiness of leaves, shape of
h seed, ete.—the process of sorting prior to this easting out, ‘if we regard
il these qualities as conveyed by distinet ids or determinantis, is beyond
™ conception. It demands so exact a localization in each chromosome of
Il the particular determinants, and at the same time so precise a distri-
n
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though. ax ahove noted, the

lopment have attraeted side-chains formed primarily
the opposed order of biophores, to the exelusion of those

wiginully belonging to then

bution 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 hiophores 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 biophores
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 nuelear thread and
in the chromosomes derived from that thread.

Thus, it will happen that in the process of reduction, as indicated hy
the studies upon hybridization, the maturing ovum, or the spermatozoon,
may come to contain biophores purely of paternal or purely of maternal
origin.' 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
amphimixis aceretions 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. T'o apply these considerations to the facts of hybridi-
zation, ete., 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 cavsing
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
orgmates primarily in the action of modified environment upon the
labile hioplasm.  Nay, 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

! So far as we can see, there are no indications that a given germ cell contains, for
example, thr

quarters of the grand paternal and one-quarter of the grand maternal,
The rule appears to be that there is exclusive representation or it may also be equal,
the one series lying latent; although there are difliculties in connection with this
latter conception. This in itself indicates that the number of biophores gaining
entrance is relatively small.



that
ores
ntal
een,
lave
rom

first
1on,

e
to
gh
ms
ils
on

g
e
to

THE INHERITANCE OF ACQUIRED (CHARACTER 193

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.

T'o 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 disense,  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
hacteria 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 therehy to either heaping up in the system of the deleterions sub-
stances which should he acted upon hy 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, beeause 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 hearing her child has been frightened by a toad jumping
toward her unexpectedly, and subsequently brings forth an anencepha-
lous, toad-like monster, it must, imprimis, e advanced that the mother
has not acquired that toad,  None of the cases on record (and American
medical literature a few decades hack 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
he adopted and it he 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 pregnancy,
when the different organs and parts of the faetus 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 foetal

13 .
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life. Al these tales are at the most examples of coincidence, where they
are not the bizarre product of the female imagination.'

2, Use Acquirements. Of acquirements inthe 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 the ordi-
nary individual, nor, with our knowledge of the relations of the germ
cells to the rest of the organism, can we conceive why he 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 therehy
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 arvise between
preéminent qualities that are inherited  the results, in the first place, of
fortnnate amphimixis —and such use acquirements. A great composer,
for example, may have descendants with musicianly qualities above the
normal: we have the Bach family, and, more recently, the three genera-
tions of Stranss, 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 cases have we the slightest evidence that the
peculiar ability was acquired in the first place.  More often than not
the great genins has mediocre descendants; more often than this, none
at all,

3. Acquired Immunity. ‘I'he evidence until vecently has heen defi-
nitely against this becoming inherited.  "T'he observations of Lustig® npon
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
Conradi® has reported upon the transmission of acquired immunity to
rabies in the dog. e found that the offspring of a dog which had been
immunized to this disease for three and one-half vears, and a biteh im-
munized for five months showed very definite ine

wsed immunity, even
to the most severe form of inocalation (intradural).  Four of the six
puppies survived doses of the virus which Killed the controls in eight to
ten days, and the two that sucenmbed did so only after lengthened
periods of incubation. "T'here have heen not a few investigations along
these lines with the infections diseases, in general with negative or dis-
cordant results, or withont adequate recognition of the conditions
demanded for the proper carrying ont of the experiments.  Even here
we deal with hut one litter, and it might be ohjected that the immunity
was of intra-uterine acquirement, from the blood of the fmmunized
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 he

! See MeMurrich, The Physician and Surgeon (Ann Arhor, January, 1905), for an
interesting study of the subject
TCthl f. Pathol., 15: 1904: 210,
TCthl £, Bakt,, Abt, I, Originale, 46 1908: 139,
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expected under these conditions is a Mendelian inheritance, certain of
the progeny being immune, the others not. | would, however, recall here
Ehrlich’s convineing evidence that among protozoa — trypanosomes - the
immunity to arsenic acquired by one generation becomes the property of
sticcessive 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.

I. Mutilations and Loss of Parts. [t is a commonplace that the
man who has lost an arm or a leg does not heget 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
on record in which loss of a part by either parent has led to the
offspring being minus that part. - Weismann' et the tails off successive
generations of mice as soon as they were born; the twenty-second
generation showed tails of perfect formation and normal length,  We
have the trite example of the Jews who have been cireumeised religionsly
since the duys of Abraham, and in whom the hoy children have still to
be cireumeised . Here, again, as in connection with overdevelopment of
one or other region of the body, it is not unlikely that the loss of a limh
or important organ may have influence on the hodily health, and so tell
in this case deleteriously — on the nutrition of the germ cells, but such
influence must he general and not specifie, leading te arrested develop-
ment of one special organ or part in the embryo.

5. Arrested Development of Parts Due to Intra-uterine Disturb-
ance. We have heen able to colleet 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 amniotic pressure or adhiesions, 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
diseussing abnormalities, in determining in very many instances whether
a given arrest is inherent, due to the imperfeet constitution of the embryo,
or of external cansation, brought about by intra-uterine conditions,
But so far as we can see, a local arrest of l|l‘\l'|4ipllll‘lll of nlo-ﬁnill'l_\ intro-
uterine cansation is not inherited.  T'he earliest disturbance of develop-
ment at all consonant with continued life namely, the production of
monochorial twins (from separation of the first two Llastomeres) 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-

.
' The Evolution Theory, 2; 1904 : 66,
* It has been objected that a definite pereentage of modern Jews are born with a

short foreskin, naturally circumeised.  But so are “ Gentiles,”" and it has not been
shown that the pereentage is grester As 1 have pointed out elsewhere, although
in different regions of the world circumeision is a religious rite, it must have been
originated primarily from the observation that in hot elimates those * naturally

circumeised” were at a distinet advantage,
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viduals born without limbs, apparently from intra-uterme amputation,
heing the sires of well-formed families,

(. Disuse Atrophy.— "I'hesame considerations must apply to this order
of cases, 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
hetween 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. Tt is in investigating these conditions that the
pathologist can perform yeoman service to the study of heredity.  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 himsell 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 faetus; 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.  "T'hus, take
the commonest intoxication of all-— the aleoholic.  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,! with unstable self-control.
It is, however, next to impossible to prove this statistically, and this
hecause:

1. If the mother he sound, her influence may be dominant upon the
offspring; we must expect that a certain proportion will be of average
development.

It is next to impossible in the majority of cases to determine whether
already there be not hereditary taint in the father’s family, and if there
be, that this hegan from abuse of alcohol in a past generation to show,
in short, that aleoholism is the primary acquired condition and not the
accompaniment (as apparently it often is) of retrogressive changes.

3. Aleoholism 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,

Hlhus, for example, Imbault (Thése de Paris, 1901) found that of 100 tubereulous
children, 36 per cent, were the offspring of aleoholies, 41 of tuberculous parentage
He quotes Arrivé’s observations on 1506 cases of meningitis in children, that this
ocenrs twice as often in those of alecoholies as in those of tubereulous parentage.
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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 difficnlt 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 ohservers,' cannot he
merely a coincidence, while Mott has produced interesting data upon
inherited parasyphilis, and notably upon the liability of the children of
syphilities to suffer from early general paralysis, and Georghiu,* 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 Carritre® upon guinea-pigs.  He inocu-
lated his guinea-pigs ove iod of several months with various soluble
products of the tubercle bacillus, making altogether thirty separate
matings in the course of two years.  His results may be summed up in
the following table:

a ll(

Dying before

Stillborn 16th day Surviving.  Total

No. Percent. No. Percent.  No. Per cent. hotn
Male and female both inoenlated 13 520 7 28.0 5 20.0 5
Female alone inoculated 7 26 9 9 36 10 484 26
Male alone inoculated 5 166 3 10.0 22 730 30

might be expected, the influence of the intoxication was found
greatest when hoth  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, 16.6 per cent. were horn dead, and of the 22 who sur-
vived beyond the sixteenth day, 7 are described as weaklings.  There
can be no doubt from this series that a bacterial poison such as the
products of the tubercle bacillus has a distinet action on the paternal
germ plasm—as, indeed, on the female. Lustig’s* figures for the results
of inoculations of fowls with abrin give parallel results; and hoth
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.

!'Vide Legrain, Compt. rend. Soe, de Biol., 10 8., 2; 1895; 5634,

* L'Obstetrique, January, 1900 6:

3 Arch, d. Méd. 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

conelusions from the frequency with which he encountered monstrosities and abnor-
malities of various orders,
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With these figures may be compared those of Constantin Paul' upon
the effects upon the offspring of saturnine poisoning in men working
in lead, the wives not being subjected to the same influence.  Of 32 pr
nancies in which the husband alone was exposed to lead, he recorded 12
abortions; while of the 20 children born living, 8 died in the first year,
4 in the second, 5 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 idioey, 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.)

"
3
4 Remarks
i
2

Mothers alone exposed 3 7 i 3

Father and mother ex-

posed P | 11 ] O Of these, only 3 survived
filth year,
Father alone exposed T 12 ll 8 Of these died  before

fourth vear. One alone
vigorous

We possess, thus, clear evidence that substances cireulating 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 hy 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 ('llelllgt'\; the progeny tend to revert to a lower \lu;_'(' as Illnllgll,
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
we can demonstrate that retrogressive changes are possible, then wnder
like influences progressive changes are equally so: if side-chains can be

Y Arch. gén. de Méd,, 15: 1860: 513, fUnion M&d., 25 L 1862: 106
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pon removed from the biophores, other side-chains would seem capable of
ting being added; so that here we have the first clear light thrown upon the
PR mechanism whereby alteration in the environment of the individual, by
12 telling upon his soma, may either:
il 1. "Tell coincidently upon the germ cells.
mly 2. "Pell indirectly upon the germ cells, the modified internal secretions
the of one or other organ in the blood and lymph adding to or subtracting
18, from it substances capable of acting upon the germ cells,
the If the latter is demonstrable, then we are able to state definitely that
ith- the body cells themselves throngh their acquired conditions influence
oIy the germinal hiophores,
','f‘lv All this is but just heginning to be realized"- as it is that different toxins
il and nutritive substances proper in the general civculation may have a
Do specific action on the germ, causing modification in one or other direction.
the We have, it is true, indications that the offspring of the tuberculous,
syphilitic, and aleoholic parentage differ somewhat in their degenerative
stigmata, but these differences have not been determined experimentally.
Further researches :||n|1_\_- these lines may show that the :l('l|l|il'<'l| dis-
turbance L given organ may, through the consequent presence ol
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 Brown-Séquard’s* remarkable observations upon guinea-pigs
gaim their explanation; observations which in our opinion have never
ved been satisfactorily disproved, which further have heen confirmed by
ore Obersteiner® Romanes, and others. * Brown-Séquard found that by
plig 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 disturhances.  Obersteiner found likewise
'rl that, of 32 young, the offspring of guinea-pigs in which he had cut the
w0 sciatie nerve of one or both parents, 13 were healthy, 19 showed disturb-

ol ances, 11 weakly, 3 paretic, more particularly in the lower extremities; 2
ed had epileptic fits on irritating what he refers to as epileptogenons zones,
n-

a P Thus, Walter Heape (Phil. Trans, Roy, Soc., B, 200: 1909: 271), from a very full
L study of the proportion of the sexes produced by white and colored people in Cuba,
'S can only explain the variations in these proportions by conditions other than heredity
h, by nutrition and physical conditions affeeting the vitality and life of the ovarian
Ve ova, He affords evidence that privation and unfavorable conditions of life are cor
Id related with an excess of males, prosperity with an excess of females, and suggests
= that extrancous forees may affect other than sex qualities of the ovarian ova, con
1, cluding with the remark that these deductions regarding the influence of environ-
U. ment on the ova in the ovary are, to his knowledge, new,

* Researches on Epilepsy, Boston, 1857 ; also various papers in Jour. de Physiologie

i de 'homme, 1 and 3: 1858 and 1860; and in Arch. de physiol. normale et path., 1 to
w

4: 1868 to 1872,
¥ Med. Jahrh., 1875, We quote Dietrich, Die Bedentung d. Vererburg 1. d. Path-
ulogie, ‘Tibingen, 1902; 14,
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and were also paretie, soon dying; 3 showed corneal opacities and ulcers
aseribed 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 be 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 «I«-\'(‘lu])lm'ul; or, secondly, that the
irritation of the higher centres, by modifving 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 would 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 hefore this
particular field of pathology is adequately worked over. Lastly, we
would add the caution that too much must not he 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. T'his
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 metah-
olism must proceed, and, as our examples must demonstrate, they can
be influenced by parental conditions.  We have, therefore, not a little
confidence that results of the highest value are to he 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 hasis for determining how
far the frailties of the father, or the misfortunes of the mother, affect the
progeny.
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SECTION IL

THE CAUSES OF DISEASE.

CHAPTER 1L
INTRODUCTORY.

Evenry 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
hetween 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 lax comprehension and use of terms. By many “inherited”
and “congenital” are employed as though they were interchangeable;
by others, as conveying distinet ideas; disturbances to the feetus, 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 he 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 introdueed owing to the vulgar error,
fostered by 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;
verything after, to anothe "T'he 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.  But a very little veflection suffices to
convince us that the individual existence of the chicken began even
before the egg was laid; and what is true of the chick is equally true
of the human being.  The individual begins to be 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
hecome one.”  Compared with this event, birth is of secondary impor-
tance.  ‘The intra-uterine association of the embryo and foetus' with the
maternal tissues is but one of the means employed hy certain species
only of the animal kingdom to insure the satisfactory nourishment of
the young individual. "The recognition of these facts is essential for

d any serious consideration of the canses of disease.  To retain, in con-
'8 ! nection with man, the vulgar use of the term inheritance wonld be to

| employ a terminology having a different significance to that accorded

| to it by workers in other branches 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 hiology, the right
to modify those terms for our own convenience.  That alone, therefore,
is inherited whieh is inherent, which is the property of the individual
al the moment of his becoming an individual, which is part and parcel
of the paternal and maternal ** germ Il/:mm” _frmu which he uriyiuulr.w.
or is provided by the interaction of the same.

[t 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 atter 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 make 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 distinetion 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 the relative positions possessed in later life: when, in short, all impor-
tant parts are recognizable in due position, itis a fatus.  The distinetion 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,  Ballantyne has usefully introdueed a third period, the
germinal, preceding the embryonie, and ending with the development of the neural
groove,
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THE CLASSIFICATION OF MORBID STATES.

According to Period. Inasmuch as birth is important as correspond-
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 cansa-
ton:

I. Inherited, due to influences affecting the ovum or the spermato-
zoom 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.’

(3) Postnatal, acquired after birth.

According to Cause. 'I'his 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 ~;|li~f;u‘tu|"\ as that jllwl yi\vu, since
the same agent may, according to circumstances, act in either way.
Study, for example, the action of a single agent—cold. T'his 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, hy reflex nervous action, may lead to such alteration
in the conditions of the cireulation in the respiratory tract that the
tissies there become less resistant to external agencies and afford a
nidus for the growth of microbes, wherehy a pnenmonia is set up.
Cold is the cause of disease in both cases, but in very different ways;
in the first, it is the definite exeiting canse; in the second, the predis-
posing canse. It does not directly cause pneumonia; the direct exciting
cause of that disease is the pneumococens, 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, mav again be classified into predisposing and
exciting, and these are in action in connection with both antenatal and
postnatal acquirements.  Imperfect development of the heart, whether
brought about by intra-uterine disease or by inherent imperfection of
d.-n-]upnn-m, just as well as imperfections in the organ, the result of
disease after birth, may directly induce morbid conditions cansing
obstruction of the circulation marbus caeruleus (in the former case),
wadema, ete.; or indirectly, throngh the impaired nourishment of the
tissues, may render them more vulnerable and easily acted on by external
agencies, . f

When we come to consider them more closely, we observe that inher-

This is a very minor class, but has to be ineluded, 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
|>.|rli1 alarly noticeable in the finer constitutional defects, which result
in the individual heing more susce ptible to one or other diseased state.
Such diathesis, or specific susce plllnlll\ to a particular disease or group
of diseases, is a predisposing cause.  "Tuberculosis, for q-\mnplv. 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-
(li\lkl\illg causes of disease.  We do but wish to emphasize the fact
that, in studying individual cases, we must constantly keep hefore us
(hl' l\l\l('ll( e, |||Il| most ““('” Ill(‘ CO= ('\l\'l nee, ”f 'lll‘ ftwo lll'll('l'. Uf
causation, and endeavor to 4|l\l|||}_'l|l\|l 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.  Reading the
works upon medicine and pathology of but a quarter 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 know ledge 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 heen
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 heen inevitable that, as a consequence, the study of pre-
disposition has been relegated to a very inferior position, and, indeed,
largely neglected.  But 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 mstance, more clearly nowa-
days than formerly, that the mere existence of pathogenic bacteria
within the tissues is not the sole canse of infectious disease; such bacteria
may pass into the lvmph glands and there be destroyed.  For such
bacteria (in gene to be in a pml(ltm to excite lllwlw there must
coincidently he 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 orde rly 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 plt'lll\pnﬂllull.
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CHAPTER 1L
INHERITED MORBID CONDITIONS,

WE have in the previous section laid down the general principles of
inheritance, and we have there indicated what can and what cannot
be inherited. [t 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 t{/' mutilations, as such, can be inherited, @. e., while
some may have a deleterions effect upon the gvlu-l‘:ll \\c‘”-]willu of the
offspring (this must he
the development of a particular system (which must he 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
heen laid down clearly by Francis Galton (1872), who also, it may he
added, was the first to enunciate the doctrine of the continuity of the
germ material,

2, /uvl'u'lfuux diseases in the parent cannot be inherited. "There may he
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 admitted 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 179, and again of inherited
,mr:l.v_u/ﬁ/n‘//ll't' 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 biophore. 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

Such transmissions can oceur 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 pébrine, which
now we know to be due to a microsporidian parasite (N'osema hombyeis),
Maillot and Pasteur noted that the eggs are infected; they nevertheless
develop, and only in the developing insect do the microbes so multiply

), and some even may possibly influence

lismissed.
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as to cause death.  Schaudinn' has shown the same to be the case with
mosquitoes infected by Trypanosoma noctue (the “halteridium™ of the
stone owl). These parasites may pass into and be laid with the eggs,
remain latent during the development of the young gnat, only hecoming
active when the latter is adult and begins to suck blood.  Like conditions
had previously been determined by Theobald Smith® in connection with
the ticks which cause Texas fever. "These, filling themselves with the
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 dis; toother
cattle. And in birds the same has been definitely proved to oceur. "Thus,
Maffucei® has demonstrated, and Baumgarten® has confirmed, that _in
fowls the eggs frequently convey the tubercle bacilli, and the same
latency of the microbes is noted.  From the eggs mmn.nl if weakly,

chicks hateh ont, which at first run about and eat just like the In‘.ullh\
chicks, and only after some weeks emaciate and e xhibit 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.  "T'hat the
minute spermatozoa should act as carriers is still more unlikely, and
the possibility that they do so has been negatived by Giirtner's® reductio
ad absurdum.,

According to Wyssokowiez, the minimal number of tubercle baeilli
that will set up pe itoneal infection in the guinea-pig is 8; in the rabbit,
24 10 30."  Giirtner, obtaining the seminal ejaculations from tuberculous
guinea-pigs, found that only five out of the thirty ejuculations contained a
sufficient number of bacilli to cause tuberenlosis.  Rohlff, employing
the semen of men suffering from phthisis, did not once succeed in ren-
dering rabbits tuberculous by inoculation into the anterior chamber of
the eve.  From these and other observations Giirtner 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 baeilli.

Now, on the average (Loeb), the human seminal ejaculations contain
more than 226,000,000 spermatozoa.  If the semen contained not 10 but
1000 bacilli, the chances that an individual spermatozoon, fertilizing
the ovum, should bear with it a tuberele hacillus, and so lead to ger-
minal infection, are as 1 to 226,000; if 1,000,000, 1 to 226. Only 1
out of about 85,000,000,000 spermatozoa has the chance of fertilizing
an ovim.  In short, the chance of a spermatozoon conveying tuberen-
losis from the father to the offspring is so absurdly minute that it may
be neglected.

PArbt, . do Kaiserl, Gesundheitsamt., 20 1904: pt. 3

*Smith and Kilborne, Bulletin of Bureau of Animal Industry, Washington, :

3 Ztschr, £ Hyg., 11: 1892, 445 CArb.asds Path, Inst. zu Tubingen, 1: p. 322,

¢ Ztschr., [, Hygiene, 13: 1803: 101,

* These figures are in fair agreement with those of Webh and Williams, who found
that 5 tuberele bacilli, followed later by 15, when inoculated subeutaneously, might
produce tuberculosis in the guinea-pig (Sixth Intern. Congress for Tuberculosis,
Washington, 1: 1908: 194),
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The same considerations may be brought to hear upon fatal syphilis,
in which, as must now be accepted, the Spirochata pallida is the cansa-
tive agent. That cases of syphilis in the newborn are most often of
relatively late intra-uterine acquirement is rendered evident by the fact,
to which Chiari has called attention—namely, that in more than 90 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 disense.  Infection through
the placenta amply explains the condition in the infant; for all the
blood on its way from the placenta passes through the liver, which thus
is the organ first subjected to infection.

It may, in fact, he Taid down that wherever there are active and specific
manifestations of tubercnlosis, syphilis, or other infections disease in
the newborn child, the condition is of intra-uterine acquirement, not
inherited, and the conclusion is supported by the very varions stages to
which one may find the disease developed in the newhorn, as also hy
the more recent evidence afforded by the Wassermann sernm reaction,
that the apparently healthy mothers of syphilitic offspring are, never-
theless, the subjects of syphilitie infection.'

Further support and illumination is given from Friedmann’s® 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
embrvo.  Other observers have noted that hacilli introduced into the
uterns outside the amnion may, some days later, e found in the amniotic
fluid.  Whether through the placenta (from maternal infection),
through the walls of the faetal sac, or by passage into the developing
ovum hefore that sac (|<‘\1'|np~, the hacilli may infect the <-||||n"\n. 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—feetal eachexia, malnutrition, senile expression, even mal-
formations, arrested development of the hony skeleton, of the teeth

! See, for example, Engelmann, Ztsehr, . Gynak., 33; 1909: No. 3, and the full
study by Baisch, Muneh. med. Woeh., Sept. 21, 1909, Colles' and Profeta’s laws
gain their explanation on the ground that mother and child remain refractory to
syphilis beeause they are already infected

# Ztschr. f. klin. Med., 43: 1901: 11 (with bibliography
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(Hutchinson's teeth), ete.; children of tuberculous parentage, delicate
constitutions, precocious mentality, ete. These characteristics, pre-
sumably due to the action of the toxin on the germ cells, we may refer
to as inherited parasyphilitic or paratuberculous lesions. In addition to
the experimental observations of Lustig and Carriere, which we have
given elsewhere, lmmng on this subject, we may recall the observations
of Charrin and Gley,' that among the nﬂ'sprlng of rabbits immunized
against diphtheria they had noticed a particular liability to definite
rickets: enlarged cartiluges, enteritis, pot-belly, and del Ll‘(‘(l growth;
whereas these appearances had been scarce noticed in their long series
of other observations. Such rachitis in the rabbit may he spoken of
as an inherited paradiphtherial condition.

Here, then, we have conditions in the offspring definitely inherited
Srom the parent and due_to_acquired modification or disturbance of the
parental_germ_plasm. e have not as vet determined ill!.\‘nllll(‘]‘\' the
specific inheritance of a particular order of lesions directly associated
with the action of a particular cansative agent. That may be so, or it
may not be. If the children of tuberculous parents manifest a liability
to tuberculosis, it has still to be pm\ml that this is somet ung over and
above the lmlnhl\ to infections in general brought ulumt h\ their lowered
vitality, and the same may be said with regard to Cay ore’s and Lustig's
“observations upon the ||IL|I('I SUSe (-llllluht\ of the progeny of mnnunmﬂ,
animals to_tuberculosis and abrin poison, respectively. More obser-
vations are requisite before anything definite can be laid down upon
this point. At most, the indications favor the view that there exist
specific p.tr.un\|_< lesions.

What is true regarding infections diseases must to some extent hold
also regarding chronic intoxic of varions orders, alcoholism,
plumbism, ete.

From these and the other considerations which we have discussed
elsewhere it will be made ont 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 thv germinal matter contributed by the other parent:

1. Sterility.— The germ cells being so profoundly modified that either
(a) Illc) are lh‘\lrn'\ml. (h) their development is arrested, or (¢) being
developed, they (ova or spermatozoa) are imperfect and incapable of
lenw with the germ cells of the other parent.

Imperfect Development of the Offspring. («) Of such extent
as to lead to intra-uterine death and abortion; (h) of less extent, a viable
individual being produced presenting either

(1) Gross anatomical defects;

(2) No gross anatomical defects, but lowered vitality, prvwmlng
llwli either in the form of \\lnll\l‘lll'il powers ‘of resistance
against disease in general, ?) proneness to develop the
same functional ulhum- as lln- puran

Compt. rend. de la Soe, de Biol,, 10 S, 2: 1895: 705,
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3. Perfect development of the offspring, with no appearance of
functional disease or lessened power of resistance, (a) the offspring of
these again being perfectly normal; (b) that offspring showing in subse-
quent generations constitutional weakness (recessive).

1. (7) 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.'

Spontaneous Variations; Mutations.'hese show a marked ten-
dency to be inherited (p. 180).  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 bheing
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
heing transmijtted 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-
vineing, 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 omalies.—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, bradydactyly and hypospadias among anomalies of defect

Certain conditions it is difficult to classify. There must, for example,
he an anatomical basis for color blindness (Daltonism), though that is

! 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 eapable 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 convineingly demonstrated.  So, also, as regards many inherited
neryous conditions; some undoubtedly 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,  Others, 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, hrought to bear upon particular centres in g w
system, that originates the particular form of nervous breakdowns.
Diatheses. —Irom these borderline cases we pass to the diatheses
proper. Some of these we have already discussed, notably those asso-
ciated with sundry of the infections di
1. We have shown how vague and unsettled is our knowledge regarding
acquirement of the specific lack of resisting power to particular infections.
"T'here 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, ete.—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

USes,

none of those traits.
9

Other diatheses are of the metabolic type, exhibiting themselves
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 are
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,
fuiling anatomical evidence of disturbance, we regard as functivnal
conditions. Epilepsy also is without a definite anatomical basis, and
is again transmissible.  "Thus, Echeveria' found that of the 553 children
of 136 epileptics, only 105 were healthy, 78 were epileptie, 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, qua 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.*

' Quoted by von Hansemann, Descendenz und Pathologie, p. 269,

*The following list of morbid states of nervous origin does not pretend to be
complete, but is sufficient to give some indieation of the extent and varied nature
of either homeomorphous or heteromorphous transmission of nervous disease
Mainly  Homeomorphous;:  Friedreich's  ataxin  (Marie’s  hereditary  carebellur
ataxia) : Thomsen's disease; Huntingdon’s chorea, as also convulsive tie and ehorea
minor; interstitial hypertrophic progressive neuritis of childhood (Dejerine and
Sottas); progressive museular atrophy (Charcot-Marie-Tooth); progressive bulbar
palsy (glosso-labio-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 (Strumpell-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 ob-
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,
he 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. T'he 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 90 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 non-gouty.  Bouchard' found the following
percentages of incidence of disease in the ascendants and collateral
members of the families of 33 gouty individuals.

1 Per vent,
Gout 1.0
Obesity 1o

! “ Rheumatism ™ 25.0

| \sthma 19.0
Diabetes
Gravel
Fezema 12.0
Biliary lithiasis, hemorrhoids, and neuralgia 6.0

In 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 cases was the gouty condition acquired without
antecedent  diathesis.  Similarly, data were obtained in studying a
series of cases of obesity, and rheamatism (both chronie 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
5 diabetes one finds the same tendency for members of this same family
{ of morbid conditions to preponderate in the personal and family histories.
N 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-Ebing, observed through five generations); amaurotic family idioey
| (Tay-Sachs disense) ; familinr form of lateral selerosis and spastie puralysis (ap
! | & pearing in males of a fumily between the ages of twenty and thirty years);
# myoclonus epilepsy (of this 75 per eent. of the eases are hereditary).  Liable to be
: Heteromorphous: Migraine, epilepsy, neurasthenia, hysteria,

! Quoted by Le Gendre in Bouchard's Pathologic Géndrale, 1: 1806: 348,
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to he affected by one or other of a large group of diseases.  There is,
undoubtedly, the tendency in the one direction, . g., if 44 per cent. of
gouty persons give a history of gont in the family, it cannot be denied
that there is a special liability toward this one disease; but in another
H 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 variationsein 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 gronp
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 suhjects of atavism and reversionary
inheritance, and the development of the so-called degenerates.  Here,
hefore 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 biophores of hoth 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 biophores, those side-chains cannot possibly be present in the
offspring.  In other words, we should expect the marriage of con-
sanguines fo reproduce with ater 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 are regarded as favorable or advantageous.

The union of those helonging 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 gonstitutional 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, 7. .,
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 property; 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 vesults can only be classified along the lines here laid
down. It is by “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. ‘I'he Ancona breed of silk-haired sheep trace back
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.' 'The village
of Iseanx, in Istre (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 Gendre.” At Orthez (Basses Pyrenées), the
Protestant families, being a class apart, were compelled to marry among
themselves. The members of these were, in general, according to
Réelus, poorly huilt and weakly, and among these were very numerons
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.

The village (bourg) 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.
Lavery cites a similar example in the commune Fort-Mardyck, near
Dunkerque.  Four families from Picardy were established there in the
time of Louis XIV. At the time of Lavery’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.

T quote from Le Gendre: Bateson (Materials for the Study of Variation, p. 399)
gives the name as Potton, but is unable to trace the original authority,
* Article Inheritance, in Bouchard's Pathologie érale, 1: 1896,
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CHAPTER IIL

IHE CAUSATION OF MORBID CONDITIONS OF INTRAUTERINE
AND PARTURIENT ACQUIREMENT.

T'ue subject of antenatal pathology is but yet in what may be termed
a feetal 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 |;|l‘l_:t-|_\. Add to this, that lil-;uliuu 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-uterine dis-
turbances than about the precise cause or canses 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. "T'he 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 con t-l'llin;_v their causation, This
chapter, therefore, will he 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,
(b) Abortion, the imperfect fortus being born dead or dying
immediately after birth
(¢) Premature labor.
Monstrosities.
. Malformations (not so extreme as those causing monstrous births).
These may be
(a) Of defect
(b) Of excess.
|. Impaired vitality, with imperfect development, without gross
anatomical change:
(a) General: infantilism, ete.
(b) Systemic: more particularly of the nervous system.
. Cachexia.
(. Infection.
. Traumatism (this distinet from the traumatism of parturition).
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The causes of disturbances are, it will be noted, clearly, thongh not
wholly, identical with those produced as a result of inheritance. As a
matter of fact, we must admit, with Woodruff,' 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

Fia, 46

cropod Hyanassa: 1, the first tw

2, the usual develop-
3 and 4, the first twi wstomeres having been shaken apart, each
proceeds to redivide independently, with the production of dwarf larvie,

variations (due to the former set of conditions) and modifications (due
to the latter). There are, however, many conditions which are only of
intra-uterine origin.

Basing ourselves very largely upon the results of more recent studies
upon the experimental pathology of the embryo, we may group the
canses of these intra-uterine disturbances as follows:

1. Physical and mechanical, including injuries of various orders.
2. Malnutrition.

3. Intoxication.

4. Infection.

1. Mechanical and Physical Causes.—T'o purely mechanical and
physical causes acting upon the earliest stages it appears evident that

! American Med,, 10: 1905; 661 and 706,
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some of the most remarkaple monstrons 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 by 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 ¥ia, 47

been noted by Bataillon' in the case of

teleostean (fish) eggs; by strong move- /

ments, the first blastomeres may he forced [

apart and separated by serous fluid to a /

greater or less extent, and undergo this /
independent growth.” / (

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 amniotie fluid; such may
lead to adhesions between the amnion and ;
foetus, the formation of amuiotic bands, ».-\\.41.‘:.';:“::.“.-..:l?v';."‘;.l:m:;:ll..m-
and consequent local retardationof growth, oflast phatans of second finge
or produce effects of like nature without ::'f\w,'.'n....k.:',i.'.r::'.‘.‘..l."“; :::'.'.'.l..:l"f.!nl.'.'-'r:,'.'{
adhesions. Certain orders of anencephalic 750 from the second finger
monsters, spina bifida, talipes equino-varus — Marehand
and yet severer forms of arrest of growth of
the limbs, have been aseribed to this cause.  Here, also, may be men-
tioned the oceasional amputation of limbs, and, r arrest of growth
of other areas, brought about by loops of the umbilical cord— the foetus
in its movements tying itself in a knot. It must not he 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 oceur of foetal fractures, and this usually unaccom-
panied by any history of maternal traumatism.  Labor may have heen

1+ Arch. f. Entwickelungsmech., 11: 1001,
* For a fuller deseription of the subject of double growths see Chapter IV,
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easy, and yet at birth, as in Linck's' and in Chaussier’s® cases, and

in Klotz's case,” published from our laboratory, as many as thirty to one
hundred separate fractures of long bones, ribs sternim; etc., may be
counted; obviously, the only satisfactory explanation in those extreme
cases is an abnormal fl‘llgllll}. due to unpe-rfut osteogenesis. In other
instances, many bones are found presenting a sharp angle, with cicatrix
above, strongly suggesting old compound fracture. Sparling* 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
ahsorption.

Malnutrition of the faetus 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 foetal side the placental
circulation is greatly lessened, or, on the maternal side, intra-uterine
hemorrhages, ete., so reduce the interchange between the feetal 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 monochorial twin preg-
nancies, where the twins, dv\'vln[:iug 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 cedematous.
In this way is developed a faetus 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
cireulation and placental hemorrhages and infarcts, leads to death of

! Arch. £, Gynak., 30: 1887: 264,

? Bull. Fae. de Méd. de Paris, 3: 1814: 301,
¥ Journ, of Pathol., 13:1909; 467,

4 Arch. f. (u-burhh u. Gyn., 24: 1892: 225,
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INFLUE

the foetus and stillbirth; at the other, infectious disorders may induce
the gravest anomalies and definite monstrosities. More particularly
it may be 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 Charrin® 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 foetal tissue and had exerted its specific action
upon the (foreign) liver cells of the faetus. Charrin is so experienced
an observer that what is stated hy him as a fact must be freely accepted.

It has been observed by Halsted,” 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 feetal thyroid

glands.

With reference to infections diseases, we have noted that toxins may
tell upon the germ cells. Their influence upon the developing embryo
and feetus is very noticeable. Very often acute infections diseases
smu“pm, scarlet fever, typhoid, ete.—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 fotuses
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, ocenr in the early stages of
pregnancy, if abortion is not brought about, the condition of blighted
ovam may be encountered, or the development of anomalies.

This influence of the mother upon the foetus 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 Paul® on
lead.  We here tabulate his figures:

! Semaine Méd., 1902; 413,

? Johns Hopkins Hosp. Rep., 1: 1896: 373; and Med. Record, New York, 34: 1888

368; see also Marine and Williams, Arch. of Int. Med., May, 1908,
3 Union Méd , 13 1862 : 106,
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Number of

L. Mother showing symp-
toms of plumbism - | 15

infant died within twenty-
four hours

Mother  working  in
type foundry, all of
whose previous preg
naneies had been nor-
B ey N
Mother who during
period of work in type
foundry had five preg-
pancies . . . . .

5 36 20 7 1 of these died in first year.

1 5 5 0 After eeasing to work had
healthy child.

. Mother working in-
termittently in type
foundry; while work-
ing there . . . 4 3 3 0

¢ from work for
ength of time gave
. Mother in whom blue birth to healthy ehildren,
line on gum the only
sign of lead poisoning 0 29 21 S
Husband  alone  ex-
posed to lead . . | ? 32 12 200 Of these, Sdiedin first
1 in second, 5 in third

From this table it will be 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.

We would here recall the other figures given by us elsewhere. There
can he no question that intoxication of the pregnant mother tends to
exert a most deleterions effect upon the offspring; several observers,
indeed, have proved experimentally that poisons, such as lead, mercury,
arsenie, earbon monoxide, morphine, aleohol,' pass through the pla-
centa, and may he detected in the foetal tissues,

As regards alcohol, Sullivan’s® figures are especially striking. He
investigated the histories of female chronie drunkards, choosing cases
in which other degenerative features were wanting. In sober mothers
the rate of stillbirths, abortions, and deaths of children before the third
vear 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 death rate increased progressively as the mother became longer

his has been absolutely proved by Nicloux, L'Obstetriqué, 1900; 97,
* Jour. Ment. Sei,, 45: 1809 489,
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and longer a victim to alcohol, and when the history of the successive
births was determined, thus:

Per cent. Per cent. dy- Total
Cuses.  born dead. ing befare :
First births 80 6.2
Second NO 11.2
Third  * S0 7.6
Fourth to fifth births 11 108
Sixth to tenth 17.2

The infantile mortality, it will be seen, shows the same tendency to
increase as do the stillbirths; if the foetus is impaired, s so is the
vitality of the offspring.

1. Infection. Normally, it is scarce necessary to say, there is no
communication between the foetal and maternal cirenlation, the eells
of the foetal villi acting as a barrier; and thus, as a rule, bacteria ciren-
lating in the maternal blood do not find their way into the feetus.  Direct
infection of the feetus from the mother is distinetly the exception and
not the rule. Nevertheless, it does occeur, and oceasional 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 heen
detected in the feetus 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 vaceinia,
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,
(likew , erysipelas, and septic d rders, acute rhenmatism, typhoid,
anthrax (in the lower animals), cholera, epidemic cerebrospinal menin-
gitis, influenza, mumps, relapsing fever, malaria, and yellow fever.!
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 tuken up
by the cells of the feetal 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 feetal blood into the foetal tissues.

PLACENTAL DISEASE AND ITS INFLUENCE UPON THE FETUS.

The placenta, while strictly a part of the foetus, may, nevertheless,
undergo primary disturbances, and, as upon it the fetus depends wholly

! The literature on this subject, as upon all branches of antenatal pathology, will
be found indicated in Ballantyne’s Antenatal Pathology, Edinburgh, Green & 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 & mine of information,
Another useful article upon placental transmission is that by Lyneh, 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 feetal; 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 feetus (i. e., feetal 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. ‘T'his
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 feetus; 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 feetus 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 ve: is such that with increased blood
pressure (coupled, it may be, with impoverished state of the maternal
blood and impaired nutrition of the villi) there may he very extensive
and widespread hemorrhages.  When this is the e and this happens
not infrequently in obstructive heart d the foetus is liable to
become asphyxiated, the effused blood being stagnant, affording little
nutrition and less oxygen to the foetus, 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 faetus, 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 syphi
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 foetal villi are liable to be diseased; to be
aedematous 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 feetus, 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

ls i
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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. “I'he more recent
work of Bondi,! and more particularly
of Thomsen,” affords a very different

Fia, 48
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latter observer examined the placentas
of 100 syphilitic women. He found, in
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the first place, that proliferation of the ’}
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vascular intima in the foetal 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 wdema
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 the
normal placenta relative to that of
the child is as 1 to 5 or 6, that of the
syphilitie is usually givenas 1 to3 or 4.
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 ur:»l”l ek
in cases not regarded as syphilitic, and  cord. At birth, according to the mother,
of these 5, three of the infants were the grooves in the abdowminal wi
s Jeft thigh were occupied by the cord
subsequently brought to the hospital  (juwthorne.)
with syphilitic lesions.

As a result of these changes the placenta shows general enlargement,
coupled with anemia; is pale, with vellowish whitish regions, indicating
the more fibrous areas. It will be readily understood that there is
obstruction to the cirenlation and malnutrition, and that the altered

howing cieatricinl
wstriction of wmbili

sl

? Ziegler's Beitr,, 38: 1005 524.

! Arch, f. Gyn., 69: 1903
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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 feetal 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 faetus is syphilized the mother also is infected,
even if the disease remains latent or largely localized in the uterus.

The foetal disturbance most frequently associated with the syphilitic
disease of the placenta is hydramnios, exc ‘e formation and accumu-
lation of the amniotic fluid, associated frequently with small size of the
foetus, It has to be noted, however, that this association is not constant;
on the one hand, the reverse conditions of hypamnios has heen recorded
in syphilitic cases; on the other, hydramnios may occur in the absence
of syphilis; thus cardiac defects in the fartus may be a cause.

Other disorders of the feetal adnexa may here be briefly noted. The
cord may be abmormally long, and thus liable to be knotted, with more
or less vascular obstruction; or, looped around the feetus, it may be,
causing compression, atrophy, and grooving of the body or limbs; it
may be excessively short, arresting the movements of the feetus and
seriously interfering with labor. The amnion may be imperfectly
developed and have undergone fusion with the feetus, causing the devel-
opment of bands, and by pressure arresting the development of one
or other area, or, contrariwise, as indicated by Klaussner,' 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 F@ETUS.

"T'here remain several disorders of the faetus, which Ballantyne 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, elephantinsis congenita, ichthyosis, tylosis,
hypertrichosis, achondroplasia (foetal rickets, osteopsathyrosis), con-
genital goitre, ete., 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 Gley's*

!t Ueber Missbildungen der menschlichen Gliedmassen, Wiesbaden, Bergmann, 1905,
* Compt. rend. de la Soc. de Biol., 10 8., 2: 1895: 705, and 3: 1896: 22 and 1031,
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results upon poisoning the male rabbit with the toxins of diphtheria
or tubercle, or blue 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 foetal
dropsy, ascites, hypertrophic stenosis of the pylorus, fetal endocarditis
and peritonitis, foetal nephritis, congenital obliteration of the bile duets,
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 infections. "The mechanical causes are more particularly strangu-
lation by short or shortened cord, abnormal shortness of cord obstructing
descent, and undue narrowness of pelvie 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 rapture of vessels of the scalp
through the intense compression of the head and the congestion produced
by 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 infections canses 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 1V.
MONSTROSITIES AND ABNORMALITIES,

Here 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 coeruleus (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 development 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.  We know no text-hook 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. 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

In their reeent Tert-book of Embryology, 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, better, abnormalities (for, as we have already insisted, they are
subject to vopoz, 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 Eulenburg’s Real Encyclopedie. There
is at the present time in the process of publication what promises to
be the leading work upon the subject, viz., Schwalbe’s Morphologie der
Misshildungen (Jena, Fischer, 1906 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.

1. General Excess.—This may be () universal, as in true giantism;
or (b) 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 (¢) 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
the ist 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 6 feet 6
inches, or about 200 ¢m.  Thoma places it at 188 em, (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. ‘The 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 hy 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
lymphatic 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 macrodactyly.
But 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 anlage 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 hetween h.\‘ll(‘l‘ll'llibll.\' and new growths of the
adrenals and precocions maturity and development of the external
genita 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 phalany on the other.

Twins (Gemini Zquales). If indi-
Fio 49 vidual twins in themselves cannot he
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 bizarre of monsters is very
slight.

We recognize two orders of twins:

egi with two embryos . »
ol dlxth d4y), Saihwith Weneite Yol the dichorial, or heteroophal, and the
(Panum.) monochorial, or monoophal. In the
former, each child is born with a
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

' An interesting study and 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 Soe. Lond., 40: 1907: 175, 1907;: 174; see also Bulloch and
Sequiera, Trans. Path, Soe., 1905,
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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 superfatation the ova are, it would seem,
discharged and 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 nterus.

Monoophal duek’s egg with two embrye seventh day) upon n single yolk, (Panum.)

Monochorial twins are the less frequent.  Ahlfeld’s statistics are,
that of 506 twin births, 444 were dichorial, 62 monochorial. ‘They
emerge fromn a single caul or chorionic sac, have a single placenta, are
always of the same sex,' and, when equal in development, are remark-
ably alike. "T'he condition is not hereditary, whereas in certain families
there is a distinet 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), ete. 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

! One or two exceptions to this rule are recorded, but these, if we mistake not, in
the older literature only
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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. Rabe);' on the other hand, numerous
zoologists (Roux, Endres, Morgan, in the frog; Herlitzka, in the newt;
Driesch, in sea urchins; Zoja, in the jelly-fish?) 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,

¥ia, 51

Dingram of A, monochorial twins, each with separate amnion (dotted line) lying in a common
2, dichorial twins, each with its own chorionic sac,

chorionic sac;

though dwarfed, individuals from the separated blastomeres. In the
newt, even as late as the gastrula stage. Spemann® 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 and Inheritance,
second edition, New York, Macmillan, 1906,

* Sitzungsber. d. Phys. med. Gesellsch., Wiirzburg, 1900,
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Two Similar Examples of Feetus Amorphus ‘







Foetus Acardiacus Acormus,
showing Vascular Relationship
to the Umbilical Cord of the
Schwalbe.) Healthy Feetus. (Barkow.)

Photograph and Skiagraph of a Feetus Acardiacus Acephalus







ACARDIAC MONSTERS 231

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 be 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 amniotic sheath,

Unequal Monochorial Twins (Gemini Inzquales). Fetus 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 possessing a distinctive small
umbilical cord. Such is a fatus amor- Fro. 52
phus.  Most often more complete
organization can be made out in the
mass; in general, the lower half of the
hody, with its limbs, is fairly developed
(Acardiacus acephalus), or the head
end, it may be little more than the
cherub-like head itself (Acardiacus
acormus), or, lastly, there may be a
feetus fairly complete as regards its
skeletal parts, and, unlike the other
forms, this may possess a partly de-
veloped heart; but this and the other
internal organs are imperfectly de-
veloped and the tissues are extremely
wdematous (4. anceps).

A subgroup is to be recognized, .\.pped twin and acephatic monster
including the cases of A. acormus, wndtheir relationship to a common pla-
in which the feetussis implanted conte (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 feetus 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 blood' of the stronger
feetus (A1), 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-

! It must be remembered that this blood while in the umbilical artery of 4 is in
quality venous, returning from the feetus to the placenta.
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bution to nourish portions only of B's economy, whereby the other
portions undergo aplasia and atrophy. The greater frequency of mal-
development of the cephalic half of the body is apparently due to the
fact that for a period the heart of B, repelling A’s blood, continues the
circulation of the upper half of the body with its own imperfectly aérated
blood.

"T'he above 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.

Schema of mode of development of acardine monsters.  (Ahlfeld.)

In the first place, the human embryo would not seem to possess the free
allantois assumed by Ahlfeld; the teratogenic period must, then, be placed
at a later date; in the second, if all hemi- and holo-acardiaci originated at
the same early period, it is difficult to uderstand the singularly wide
range of extent of development or retrogression.  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

-
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Schatz' is gaining adherents: It appears to me to be too elaborate and
involved to be correct, though it may well be that my difficulty in follow-
ing the lengthy exposition of the same
is at fault.  The outcome of the arrest
of the individual circulation of the
weaker faetus may lead to its death
long prior to full term. In this case,
pressure, autolysis, and .||»~n1'p|iun
may lead it to assume the form of
flattened mass within the uu-mlnumw
of the developing twin, and may result
in a fatus papyraceus.

Triplets and Other Multiplex
Births.—T'hese may be mono-or poly-
chorial, or a combination of mono-
and dichorial.

N I8

Wilder* gives careful notes of a case  Descelopment of two embryos of the
investigated by him of triplet sisters, chick on w common germinal arexs, the
4 0 : lower of the two imperfect from the first
evidently monochorial, so remarkable [ Dareste
Fie, 57

Marchand's schema of mode of development of Acardine monsters, A, the chorion ¢k is alre
equal hadves, d) und d*, in consequence of wh
els more ubundant nourishment than de

developed; the

the

vlummh the yolk ve
sult, its allantoie eireul
r embryo

ion develops more netively
moses with it. B, later stage;
r embryo gaining its blood entirely through

other em

oping allantoie artery of the smal
vessels of al usurp the whole of th
the anastomosis of its nllantoie urtery with that of o', and this, therefore, in the reverse direction
to the normal current

! Archiv f. Gyniik., 1901, 2 Amer. Jour. of Anat,, 3: 1904,
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in their identity that not even the mother (contrary to her conviction)
could surely identify them; for o1 one oceasion two of the sisters, in
answer to inquiry, stated that they had not received their bath 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 zodlogists 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,

T'he names that especially stand out in the study are those of Geoffroy
St. Hilaire (1836), whose classification is still quoted; Forster (1861),
who collected and classified what at the time was the fullest series of
cases; Dareste (1877-1801), 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, ete., 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 convineed 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,
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PLATE X

Mode of Origin of Different Orders of Double Monster
According to Fischel’s Theory.

A, monochorial twins without fusion; B, according to exact area of fusion
(the 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: (', the slighter cases of anterior
dedupl! by late dich y 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;* it differs from those which have hitherto gained
the fullest acceptance, viz., those of Rauber 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 gne 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 His, 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.

Rauber (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 1X). Fischel, starting from the same bas
points out that Rauber's conception is false in so far as the embryo is
not formed by a continuous infolding of the edge 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

VThese earlier theories are given fully by Schwalbe, ‘Die Missbildungen, Jena,
B. Fischer, Pt. 2, 1907, and are carcfully eriticised by Fischel, Verh. d. Deutsch,
Path. Gesell,, Karlsbad, 5: 1003; 272,
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eventual individual.  Starting from this, Fischel also ascribes the vast
majority of double monsters to fusion, as indicated by the accompanying
diagrams. e 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
Gerlach’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
atation of growt, the head centre gives origin to  the
wof the fish egg wsa eap head alone, the trunk centre being the

el e lh w0 g formative organ.
primitive streak I am inclined to hold that had
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-

Disgramms
of germinal

Fia. o9 Fro. 0

ponent parts of the plant are derived. Inthe plant the ce e 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 hecoming
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 point in relationship to the rest
of the economy,

Dingram of section of the growing point of o plant, 4, A, the apieal eells, which continually
divide, giving off backward u series of cells; B, €', D, which cells divide as in B, B, to form the
cells of the vegetative or cambinl layer, these ¢
to the former plane to give origin eventuully to the functional eells of the stem (or root); D, devel-
opment of & secondary growing point

o sgain, as in O, 1 and € divide at right angles

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
pole; 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 points, 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 single apical growing point cell, each of
the two products of division might assume equal properties and hecome
the progenitor of independent growing points.

So, in animals, what Fischel terms the head and trunk centres are
the superior and inferior growing points. "These, once formed, do not
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grow, but are projected apart; it is the successive daughter cells given
off 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 Assheton' 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

Sk

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 point are developed the brain, medulla, heart, and foregut;
from the inferior, all the rest of the body, 7. e., the primitive streak area.
There is, however, this difference between the animal and the plant,
that whereas in the latter the primary yrowing points may be active through
the whole of existence, in the former they cease to function as such so soon
as the anlage or matrixe of the main axis is laid down. So soon as this
oceurs, further inerease 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

! Quart, Journ, Micros, Sei., 37: 1894: 113, and Proe. Roy. Soe., 60: 1806: 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 are found to contain, when studied, representatives of organs

Se

jon through a congenital sacral teratoma, (Nakayama.)

derived from epi-, meso-, and hypoblast.  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
period 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,  "I'o this a like origin must be attributed.

These forms have commonly been regarded as examples of fotal
inclusion, 7. ¢., 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
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there must be “* 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. Granting that up to the beginning of the
neurnla 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,
heen 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 awell-
developed gastrula stage it is possible that from a single cmbryo there
may be produced dichotomy, or bifurcation, so that we may by 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 doubled' (Fig. 65, IT and T11),

2. Inferior dichotomy, affecting the inferior pole alone.

3. Both superior and inferior dichotomy, portions of the trunk region
alone possessing a single axis (Fig. 65, VI).

1. Mesial deduplication, the superior and inferior growing points
remaining single, but their cells projected backward from them on
cither side, failing to unite, or becoming
by mechanical means split asunder
mesodidymus (Fig. 65, VII).

5. Complete  cleavage along  the
whole plane, giving rise thus to two
embryos lying parallel, each provided
with its individual longitndinal axis
(Fig. 65, VII).

Regarding these figures, a few words
are necessary with regard to the dis-

Spemansmethod of producing varions— finetion marked between early and late
s { double monster from the newt's 2 —
ewg by tying o fine hair in th dichotomy. By early dichotomy, 1
Jongitadingl axis of the germinal aren mean that the cleavage occurs so early*

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,

hhe terms anadidymous and katadidymus have heen in the past employed for
conditions of superior and inferior deduplication, respeetively, but this with so much
lefinite movement to banish them,

* From Assheton's observations, already recorded, it is obvious that this cleavage
must antedate the period of development of the primitive streak,

confusion that there is now

-
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which, indeed, must be held to extend into the area of cell proliferation
from the growing point of the other pole, so that as growth continues

Fio. 65

Vil

Disgram of various forms of dichotomy or elesy
aren with 8, G, I, superior, and /. ¢
superior growing point, the separ;
inferior growing point; 111, lute
ntly from the

1. normal

arly primitive streak in germinul
« inferior growing point. 11, result of early dichotomy of
affecting also the lateral rows of cells given off from the
tomy of superior growing point, only the cells given off more
rior growing points affected. IV and V, similar results of early
of the interior growing point. V1, relutively la
inferior growing pe wdidymus: VI early (eon 1y involving both
W points fused =, lateral fusion. VIII, mesodidymus, the growing points

single, but the series of cells derived from t

16

o y of both superior

te) die

m either side undergoing separation,
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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 distinetions 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
cither 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 points—the oldest—will become
those farthest removed, while those
immediately behind the growing
Iniilll\ will be of most recent de-

{
o0 4- 00

Late dichotomy of superior growing point
Doubling of optic vesicles and forward part of
head only of newt embryo in one of Spemann's Early superior dichotomy in
experiments, (See Fig. 64.) from one of Spemann’s expe

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 Fischel and
othern modern observers class among examples of fusion.  Even
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 he tr:
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

“




Skiagraph ¢

PLAT

a Dicephalu

E XI

Dibrachius

(Schwalbe







POLAR DICHOTOMY 243

two complete individuals which have fused. In some fish monsters we
have, I think, evidence of this, but the sy are in the minority, and those
conform in (ln lateral deviation of the fins, ete., to the |nruu I|l|1'\ we see
in action in those cases in which there can be no question regarding
fusion (Janus forms, ete., see p. 248).
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In this class, therefore, 1 include all cases of double monstrosity in

which, at any part of its course, even if it be only at the extreme end, there
exists a single median axis
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Of superior deduplication we possess a greater series of forms from
mere hifurcation of the hypophysis cerebri through those showing more
or less imperfect deduplication of the head (Figs. 68 and 69), complete
double head (Fig. 70), dicephalus tribrachins (Fig. 72), to dicephalus
tetrabrachius (Fig. 71).

Of inferior deduplication the slightest cases are (not those of double
coceys, but) of deduplication of the external organs of generation,
Ballantyne and Skirving' have brought together some twenty cases of
double penis.  Next to this, we pass through more and more perfect
examples of Katadidymus tripus up to katadidymus tetrapus, -

In both these series of cases there is a single nmbilical cord, indicating
a common yolk sac, i e, development from a single ovum,

Cases of anakatadidymuos (Fig. 75) and mesodidymus are distinetly

ure,
Fusional Deduplication. [n this order are to he included all those
cases in which, whether the two elements are equal or inequal, each has
its individual main axis, not combining
Fie 74 with that of the other, even if, in some
cases, the two closely  approximate,
Keeping in mind the distinetion hetween
equality and symmetry, the latter term
referring to the position relative to a
common plane, we can make the re-
division into (1) symmetrical diaxial
double monsters, equal and unequal,
;ll I‘i“\iil' |I|)||Illl‘
monsters, these being always unequal
OFf these, the first form is a very well-

and (2) non=symmetric

defined class.

Biaxial Symmetrical Double Monsters.

There  are certain very  striking
features regarding these, which include
the majority of double monsters: (1)
First and foremost  their symmetry:
N like part is applied to like.  We never,
for example, encounter monsters applied

Watadidymus tripu \hilfel

side 1o side in opposite directions, or head to il (the nearest approach
to such s in the cases of epignathus and congenital sacral teratoma
already discussed,  (2) We may find them chest to chest (ventral fusion),
head to head, rump o rmp, side to side, but never wholly back 1o
hack with bony fusion

These facts in themselves prove that they are derived from a single
ovam and possess like polarity; had we o deal with two distinet ova
that had fused, however early, such symmetry would he a chanee ocenr-
rence, not a luw

We know that the ordinary egg has polarity. Take, for example, o

Ferntologian, 2 1895 92, 184 and 295




VONSTERS BY FUSION 2U5

hen's egg that has been incubated twenty-four to forty-eight hours, hold
it with the blunt end to the left, the sharper end to the right; the develop-
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.

Tnall 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 Fio. 78
the yolk, its dorsal surface toward
the surface of the ovum.  Did
two ora fuse, the commonest
form of fusion should be one
or other grade of back-to-hack
union,  This is the rarest, and
when it does oceur, it is partial
and easily explained. Al sym-
metrical biaxial double monsters
have had their ventral aspects
directed toward a common yolk.

T'his conclusion again gives us
anindieation regarding the period
of Leratogenesis, They  hare

originated  from a common ger-
minal area. At what period it is
difficalt to state with precision,

ave that the termination of the
period must coineide with that
of “complete dichotomy,” alveady
noted, viz., the separation of germ

matter to form two individuals
cannot be later than the end of
the gastrala stage; the probabil-
ity is that it is frequently mueh
carlier.  "The fusion of the two,
resulting in monster formation,
at
a definitely later period. “This
conception, it will he seen, gives

may, as we shall show, ocenr

a common origin for all tvnes of

double monster and thus har-
lllulli/l'\Illi'I\\nulll)nqug1||.~¢.|'i1-\_

Anukatadidymus of sheep, (' Alton

We have the three stages:

1. Partial dichotomy, giving origin to cleavage deduplication.

2. Complete dichotomy of germinal area, followed by subsequent
fusion, giving origin to fusional deduplication.

3. Complete dichotomy of germinal avea and yolk, giving rise to
monochorial twins,

Granting these postulates, it will be seen that there may be the fol-
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Fia. 76 lowing main 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 |~‘<'|‘u(|\'t‘|_\'

S common, although frequently it is com-
¥r) bined with a certain grade of

( \ 2. Lateral Fusion.— The two indi-

‘ Yo\ ) viduals not being absolutely apposed,

\ A 4 they may be regarded as not having

; accurately faced each other on the

= Tty sphere, the radii joining the centre of

/ the ovum to their mid-dorsal surfaces,

{ forming an angle less than 180 degrees.

The ze and development 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

/ cases, 1. ., such as \i]:hn]muui. in

! which fusion is by the xiphoid region

Disgram o demonstrate that two  alone (the Siamese twins).

embryos developing upon ’ i isi
ry loping uy : As regards lateral fusion, this isalways
wum will, if they fuse, show a v ‘s
extent of fusion ventrally than domally.  10re pronounced ventrally than dor-
Fia, 77 Fia, 78

Ventral fusion: Thorncopagus disymmetros Ventral fusion.  Skeleton of a thorseo
Heidelberg Pathological Institute, (Schwalbe,) pagus double monster After Haller.)
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Disgram of possible modes of fusion of two embryos developing on the surfuce of a single sph

avum): 1, fusion by a common yolk sue (Xiphopagus); 11, superior lateral fusion (various grs
of Cepha HI, medinn laternl (gra
erides of Pygopagus monosymmetron); V, sup V1, the same
of the head curvature; VI, superior apicopolar {
(Saniceps); VI, inferior dorsipolar fusion (Pugepagus disymmetros)

lothoracopag

of Iachiothoracopagus); 1V, superior lat

\

r dorsipolar fusion (Craniopag

to show nsymmetrie fusion in consequen
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~:|||} the l~u|u'|'|lliull of ;_’I'Il\\lll on the surface of a ~p|l«'rl' I'\]llllill\
why this must be so (Fig. 76).

3. Superior Polar Fusion. — Of this, two distinet subspecies are to he
recognized :

(a)y Superior Dorsipolar Fusion (Craniopagus). 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 upon the period of origin of the monstrosity. "T'he two
heads are rarely in absolute conformity; they may be with their sagittal
planes at angles of 90 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
after the head fu/l/ or curvature nj' the l'm/ﬁr_:,n has been lli'l‘l'lll/ll‘l’. It is
an interesting point that in all vertebrates the head of the embryo is not
in the direct hne of the main axis, but inclines to one or other side.
This lateral curvature is well marked in the chick.  Consequently, if
two steh heads fuse, the regions of fusion do not exactly correspond.

P s

W

oy

/1Y, 2F

)i~

- ,v( >‘v . ™\
4 Wogsew )« N |

superion dorsipolir fusion: Craniopagns.  (Allfeld's Atlas

|(‘| t\vlllll"'l.l”' ‘ IIN‘I'”IIU/”" I"“-Vl"lfl lu’l”'/l‘l 'LV or v\!‘l”'l I'Il”lllN ). ’I.l"'
picture afforded by the Janiceps monsters is very different, and is hest
indicated by the illustrations (Figs, S1to87). Where the axes are in the
same line there are two fully formed faces looking in opposite directions,
Where they meet at an angle of less thun 150 degrees the one fuce is
imperfect; 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 oceurred at an
early |u-rim|, before the ventral curve of the head has been deve /n’ut/‘
so that the growing points approximate. The accompanying dingrams
(Figs. 85 and 86) indicate what has happened.  In the fiest is repre-
sented the perfect Janus type. Tt will be seen (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, B.

We know that the site of what had bheen the superior growing point
is in the immediate neighborhood of the infundibulum; in other words,
that the cells derived from the growing point and those immediately
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behind it give rise by outward growth to the facial structures. If, then,
cells in the immediate neighborhood of the two growing points become
adherent, the only possibility on the part of their derivative cells is to
develop in the line of least resistance. I'he growing points, as such, do
not bifurcate, but their descendants grow out laterally on either side.

Fia, 85

’(,

.

1

i

!

“t-k.¢
_t-- .
A R
T ;

x

Disgram of mode of development of o disymmetrical Janiceps monster,  The longitudinal axes
v hus taken p early in front of the
d of the oells of the head region derived
liverted by the opposing pressure of the cells derived
the other from B (8"

of the component embryos are in the sume line Fusi

Krowing
f

wts A and B orespectively v result, inst

1 growing to resch A7, they &

frome B; ench faee on either side s thus made up one-half from A (A

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 180 degrees
a certain number of cells of the sume embryo destined to develop parts
of the face by growth in a laterosuperior direction (a) will, in their
growth forward, find themselves opposed and arrested by the equal
force with which the corresponding cells (b) of the other embryo are tend-
ing to grow in an exactly opposite direction.  Where forees, equal and
opposite, meet each other, as at a, b, ¢, 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 cases is that they exhibit also a
well-marked grade of ventral thoracic fusion.  Why this is so is illus-

Apicopolar fusion at an angle less (or gregter) than 150 degrees, with resultant failure to develop

parts of the secondary fuce on the side of the lesser angle,

Superior apicopolar fusion: a, approximation and fusion of the two embryos bhefore the head
curve has manifested itself; b, result of growth wnd development of hewd curve producing state

ol vephalothoracopagus

trated in the diagram (Fig. 87). Ajter fusion, each head, for its proper
development, must form its ventral curve; this inevitably brings the
bodies together ventrally.
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Luferior Fusion. - 1t is noteworthy that we have identical stibspecies at
the inferior pole.

Superion spieopolar fusion : early stage of development of & Cephalothoracopagis monoss et

in the chick aestuer

v dorsipalar fusion . Pygopie

' Ve with superior  dursipolis

the fusion in these eases  is prely

Iitely svmmetees) Ablfeld's Aty




PYGOPAGUS AND ISCHIOPAGUS 253

(a) Inferior Dorsipolar Fusion ( Pygopagus). Where the fusion takes
place after the ventral curvature of the tail end, it is parts that are dorsal
to the main axis that become united.

Inferior apicopolar fusion: Tschiopagus disymmetro Ahlfeld’s Atlas

In rare cases, as the bones form and become rigid the results of the
saeral fusion is that the two individuals go through life not merely back
to back, but with backs so close that the skin fuses; it is found, how-
ever, that the intimate hony union in them is only in the sacral region.

(\é&ﬁ?@)
G ,|  )
|

11

Dingram to show that in the ammiota onammmalisg, in which the embryo is formed not on the
surfuee, but within the

ovim and within the amniotic cavity, the same principles apply as in the

onse of the fish embiryos devel:

1 on the surfuce of the ovum, the embryn wping parallel to

the surface: 1, superior apicopolar fusion; 11, superior dorsipolar fusion; 111, inferior apicopolar

fusion; a, fused amniotic eavi

(h) Iu./}r/‘nr .I/m‘n,m/ur Fusion ‘I.w‘hm,ulyu.n_ I'his 1'1!I'|'I'\'Nilld\ in
every respect to the Janiceps fusion at the superior pole, only here it
is the lower extremities and not the face that become forced laterally,
and this in such o way that one of each lateral pair of legs is contributed
by each individual.  There may be the same union at an angle, so
that there is a pair of legs on the one side, a single, compound leg on
the other.  ‘There is the same, though slighter, tendeney toward ventral
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fusion as in Janiceps,' and similarly the 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
hody; 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 beconies more perfect in this latter case; the circu-
lation is stronger, the parasite is not wdematous, although there is,

coincidently, a preliminary stage in which
Fio, 93 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 body 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 body 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 ||;|I'lin||}' included as a
result of the infolding and closing in of the
body fissures.  In the second, there are
icus).  (Wirtensohn,)  several possibilities, the simplest of which

is that this same process has resulted in
complete inclusion and development of the state of “fetus in foetu.”

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. 56, p- 3
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 feetal inclusions of this second order can only develop in relation-
ship to the main fissures of the body, in relationship to the midline,

Thoracie purasite (Gustrothoraco-

pugus pa

1 For in the mammalian embryo the caudal eurvature is not so pronounced as is the cranial,
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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
either 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. 94) must hinder any such inclu-
sion. But in the thoracic and abdominal midline terata (i. e., monsters)
or teratomas are met with, and however rudimentary and chaotic the
collection of tissues found, provided that representations of all three
germ luyers be present, the simplest explanation is this of foetal inclusion.

Teratomas. —I'here 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

Fii, 04
I a
Diagrammatic representations of development of furtal inclusions,  With the n
opment of a, the larger of two embryos lying in & common germinal area, as the

exhausted, the smaller embryo (h) bhecomes dra

n into the infolding body cavity of the former.

or feetal 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 blastomeric, but still fofipotential, capable
of originating tissues of all three layers.
Here, as indicating what we believe to he their velationship, we would
sum up by classifying the different forms of double growth in accordance
with the conclusions arrived at in this discussion,

Ovarian terstoma (ovarinn dermoid), to show development of hair, ¢, and teeth, d

We may, in the first place, establish four main groups:

1. Twins.— Gemini.

2. Double Monsters Proper. Terata.

3. Teratoid Growths. Differing from the latter in that the weaker
menmber of the partnership hecomes subservient to and parasitic upon
the other, still, however, exhibiting the development of certain recog-
nizable organs, limbs, ete. This is an intermediate and often poorly
defined gronp, grading into the preceding and the following.

1. 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.
|. Twins. Gemini.
(a) Heteroophal or dichorial, from separate ova,
(h) Monochorial, from a single ovum (by complete cleavage).
(1) Equal.
(2) Unequal.  Acardiaci, or chorioangiopagi.
Hemiacardiaci; possessing imperfect heart.
Holoacardiaci; withont 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: .\l(-\m“il.\'lllllx
(h) By fusion (following primary complete cleavage, as in 1 (h):
Fusional Deduplication.
(1) Ventral: Thoracopagus, various grades down to xipho-
pagus.
Lateroventral: Sternopagus, various grades.
(:3) Superior apicopolar: Syncephalus or Janiceps.
(4) Superior dorsipolar: Craniopagus.
(5) Inferior apicopolar: Ischiopagus.
(6) Inferior dorsipolar: Pygopagus.
All these may be (1) equal, or (2) unequal.
}. Asymmetrical Double Monsters.— Parasitic foetus, teratoid.
1. Teratomas.
(a) Twin teratomas, due to inclusion and imperfect development
of a second embryo developing from the same ovum (and
thus equally to be regarded as a second division of Class 3).
(h) Filial teratomas, the products of an aberrant totipotential cell
of the host individual. ~ (See Section I11, Chapter XV.)
Multiplex births and triple monsters follow the same classification.

9

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, ete.,
so we may regard the different limbs and organs of the vertebrate as
developed from, or through, the ageney 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 asising 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 vertebrae, 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 inerease in
the number of vertebre (e. g., cervical ribs). "The ribs, indeed, ari
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)}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 donbling of the Litlue_\'s, the adrenals, testes,
ova, and other paired organs are usually instances of meristic excess in
ongitudinal series.

¥, 06

Fixamples of complete and incomplete polydactyly. (Ahlfeld’s Atlus,)

Accessory Organs.— Allied to, but different from, the above con-
ditions are the frequent examples of the presence of small isolated
y organs. ‘T'he spleen and 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, . ¢., capable of producing only
one type of tissue. ‘liese sometimes may come (o lodge in distant
parts.  Thus, the testes and the ovary originally lie in apposition to
the developing adrenal; in theiv migration they may carry down with
them some cells from the latter - »ean,  As Marchand has pointed out,
accessory adrenal nodules may - found in close connection with the
developed testes and ovary.

b



CHAPTER

MONSTROSITIES AND ABNORMALITIES - (CoNTINUED),
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 169 cm. in the male and 163 em. in the
female be taken as the mode, the mean embraces all those having heights
within 3.8 em. 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 169 and 163, respectively, to determine the heights below
which dwarfism is present ¢ 150 em. (59 inches) for the male,
144 em. (56} inches) for the female. It is found that only one individ:.al
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 d|-\|-|n|nm-n| is suggested by the fact that the
division of the ovum into two in the two-celled \l(lgv has heen found
by all ohservers 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. \\'ilh them should prob-
ably be included the cretinoid dwarfs (p. 353), in whom nnp('rf(-tt
duulupluvm is associated with deficient thyroid secretion. Undoubt-
edly, also, extra-uterine influences during ¢ ‘hildhood have their influence
upon the stature of the adult. "T'his has been well lunught out recently
in l,ng and by a study of prllmu\ 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
vears; if, after this, the w(«llng 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, pﬂllll(’(l out by Cantlie, that there is no fourth successive generation
of dwellers in London.

Yet another canse of dwarfism, rare in the human race, is inbreeding,
as all breeders know well.  Calkins’ observations upon the partheno-
genetic development of the parameeium, and the eventual dying out or
senescence of the stock, may be recalled in this relationship.

Fia, 97 Fro, 98 Fra.

eyclops formation.  Fig. 97, ¢

pils,  Fig, 95, cyclops pr

09, more extrer L with complete absence of nusal passa
Ahlfeld )

with synotia, the fused orbits

single orbit and pupil.  Fig
inotin, and microstomin,  (After

Regional and Organic Defective Development. ‘I'his is parallel
with regional and organic excessive growth, and, like that, may be of
nmn- than one form.  Thus, there may be:

. Hypoplasia. - Congenital or inherited hypoplasia, small size of
an ullu'r\\lw perfectly formed organ, due to relative deficiency of
matricial matterof one Kidney, of one or hoth ovaries or testes, “of a
limb, ete,

2. Polar Hypogenesis. —'I'lhere are certain striking conditions which
may best he explained as the converse of polar deduplication and
dichotomy.  These affect both the superior and inferior poles of the
body, as, again, the secondary growing points.

OF sueli at the superior pole are the various grades of eyelops
formation monsters with the two eves in a single fused orbit, the
nasal passage being deflected upward into a proboscis; with an imper-
feet double eve in one orbit; with a single median eye; with no eve
or medial facial parts.  The figures opposite illustrate the cases.
The slightest grade of all is that to which Welker gave the name fri-
gonoeephaly, showing peenliar smallness of the front of the skull, with
approximation of the orbits. The other grades have been termed arrhin-
cephalus, synotia, cyclops proper.  Where, as in the advanced cases, the
mouth also disappears, we have astomia.

Recalling our conception of the growing point, and how this gives
off backward in succession the cells destined to be the wother cells of
suecessive segments, the oldest becoming thus farthest away from the

L ]
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growing point, the most recent in its immediate neighborhood, it is
obvious that at the superior pole the anlagen for the extreme anterior
parts are the last to be laid down.  Along these lines eyelops 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 middie
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 Stockard' 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-

Disgram to illusteate mode of production of polar hypogenesis: A, the normal development

of the apical portion of the st the davgh

or cells given off by the growing point control

ling the development of the

ieal parts of the body; B, premature exhaustion of the growing

point cells, those controlling segments 7 and 17 not being developed,  As o consequen
111 meet in the middle line

segments

nesium salts, their growth was not absolutely arrested, but various grades
of eyelopia showed themselves.  With alcohol, from 90 to 98 per cent.
of the developing fish showed either typical evelopia, or symmetrical
or asymmetrical microphthalmos, one or both eyes being small, deeply
buried, or absent. He concluded that th 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: Sympus, 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

! Proe. Soe, for Exp. Biol. and Med.,, 7:1909: 1,




262 MONSTROSITIE!

AND ABNORMALITIES

generation, and only rarely, in the slightest grade, is the anus present.
"T'he ischia and acetabula are always fused, the pelvis greatly narrowed.

We would again emphasize that the end of the coceyx does not indi-
cate the site of the inferior growing point, but that lies at a point above
and anterior thereto. So that in polar hypogenesis it is not so much the
coceyx 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 claspers 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.

Fia. 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.

Hypogenesisof 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-
LS sgunur.\' degeneration with defective constitu-
) tion of the biophores, and so of parts of more

recent evolution; (2) quantitative defect in
the matricial matter set apart for the development of a particular organ;
(3) premature exhaustion of the matricial cells; and (4) intrauterine dis-
turbance, (pressure, formation of bands, adhesions, ete.).  While certain
of the results produced by these agencies are distinetive 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 acquired 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 beyond 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
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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 p;nllrllhu‘l‘\' 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 conclde 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.

"T'his 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 Rachischisis.

Anencephaly, Acrania, or Hemicephaly. Anencephaly, acrania, or
hemicephaly is a relatively frequent monstrosity. T'he 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 development 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 fawetal head there are accompanying grave
developments of skull and brain; and the lordosis, or curvature of
the cervical vertebre, 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
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we should expect in defective development of the amnion and escape
of amniotic fluid.  Another view is that there has been early foetal
hydrocephalus, with distension and rupture of the ventricles and arrested
development of the cranial vault.  There arve, however, no transitional

cases to support this ]I(\l)wll)(‘\lw.

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., arvested development
of the adrenals, while, as Shepherd and others have pointed out, the
paired musculus sternalis is often markedly developed. These facts

Anencephaly. Iniencephaly McGill College Museum

point to some general viee 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-
Iving canse. 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 n part :Ir\vlu]ml.
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 imperfectly formed brain substance, with its membranes,
protrudes behind as a sae overhanging the back

In most of these cases, however, as in meningocele, we deal with
deficient formation of the hony vault of the skull rather than lack
of closure of the neural canal.  These conditions, along with that of
hydrocephalus, will be discussed along with the regional malforma-
tions of the nervous system.  "T'he most extreme cendition of this nature
is Iniencephaly, in which, with spina 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 m'ri})lll is apy ximated to the sacrum, the skin Im“illg 1“11'!11‘\
from one to the other.

Fie. 104

1, schema of development ol eroove; B, formation of neural canal by closure of the

medullary g the medullary gre

e (

« remanins open; Epi., epiderm

1, nenral tract; p.a.s

Rachischisis, or Spina Bifida.- Strictly speaking, every case in which
the spine remains “bifid™ in consequence of taiture of the laminwe of one
or more vertehrie to unite, is a case of spina bifida, or rachischisis.  What
is all 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 completa, 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
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flattened superficial plate, as indicated in the diagram (Fig. 104, O),
Of this order we may distinguish the following grades:

(a) Spina bifida completa totalis, in association with anencephaly.
T'he neutral matter forms a broad plate extending down the back to the
coceyx, and fusing on either side with the skin of the back.

(b) Spina bifida completa partialis, also in association with anencephaly,
but affecting the cervical region only, the neural canal becoming formed
below this.

(¢) Spina bifida completa restricta, 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.  "T'he 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. ‘I'wo 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 (b) 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 \\'l)i(-h 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 laminwe 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.
T'his form is relatively common.

(b) Lack of pressure leads to aceumulation 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 eyst wall.

(¢) 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 laminw, the cyst projecting backward, or, rarely,
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of the nature of a cleft between the bodies of the vertebrie, "There are
no nerves in association with the cyst.

(d) Fluid accumulates in the posterior 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
rare)

(e) Localized lack of junetion of the laming, but no fluid projection,
a pad of fatty and muscle tissue filling the space between the skin and
the cord —spina bifida 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 Sterni.—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, dev vlnp-
ment of the pericardial sac.

Complete Abdominal Fissure.—Eventration.—'I'his is occasionally
encountered, the viscera in general protruding through the median
aperture.

Hernia Funiculi Abdominis.— IHernia 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 freely
communicating with the cloaca, the bladder !||'\'('lup,~, its ventral end
being continued as the urachus. The bladder thus is, from the first,
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closely connected with the cloacal membrane. "This latter eventually
hecomes perforated, the hind gut beyond it atrophies, and the rectum
thus opens into the anus. Reichel, Enderlen, and the more recent
workers on this subject hold that the various grades of ectopia vesice
are to be aseribed to a very early and abnormal division or fissure of
the cloacal membrane extending navelward in the region of the bladder
and abdominal wall, whereby the two sides of the abdominal wall do

Fia, 105
“
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Schema_ f development of rectwm and urinary passages from cloaca,

not come together, and the bladder, also being associated in the fissure,
is left open in front.!  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 abdominal 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 cas; short and imperfectly developed.
Another frequently associated condition is the persistence of the cloaca,

'For a full study of this complicated subject and eriticism of the literature,
reference may be made to Enderlen, Ueber Blasenectopia, Wieshaden, Bergmann,
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 development, 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

Fra. 106

MIDDLE
TENDON. '

ven years, partly false, there being at
and pleural eavities, from the edges of
thorax; partly true, the serous membrane
forming a coveri) pr the stomach and left kidney as they lay in the pleural cavity, The muscle
of the diaphragm is shaded durk

Congenital dinphragmatic hernia in man, aged fifty
[ B dire smmunications between the peritor

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 canses.! As a result, the pleural and peritoneal cavities
are in direct communication through an orifice frequently wide enough

! 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 tfle right half. 'When oceurring 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 oceur behind in connection with the aesophageal foramen, or
in front, from lack of development of the portio sternalis, when there
may be ectopia cordis abdominalis. 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 nsually
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.— lere, 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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‘T'o recite rapidly the various orders of defect in this region, they are—
following Marchand’s 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.

(Cheiloschisis.  Simple harelip.  See above,

Cheilognathoschisis,  Cleft of lip and jaw, usually bilateral, with the
intermaxillary forming an isolated median process (rare).

Chetlognathouranoschisis.  Cleft 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 arrhinencephaly).

(b) Unilateral cleft 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.

(¢) Bilateral cleft, with median or bilateral palatal 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
Jusion of the wpper 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 cleft.  Cheilognathoprosoposchisis.  Persist-
ence of primary condition, or separation between the maxillary prc
of one side and the lateral and median frontal or nasal processes.

Malkrostomia.  Fissura bucealis. Lack of union of the sides of the
mouth cleft, either unilateral or bilateral, the mouth 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.

Staphyloschisis. 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 disenssed here.
"
D

embryo of uhout twenty-nine days
ste differentinting into processus glohulares, toward which the maxillary pro
cesses of finst visceral arch are extending: #, embryo of
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ul frontal, and maxillary processes are in appe

wition; the primifive opening is now better
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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 (synotin). There is accompanying microstomia.
Winekel' aseribes the conditions as due to lack of growth owing to am-

Munchener med. Wochensehr,, 1896: No, 18,
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niotic pressure on the back of the head, the lower jaw area being thus
compressed u;,nn\( the neck. This, however, does not satisfactorily
explain the synotia, and, with Dareste and L. Blanc,' we would aseribe
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 \nnph- tube; the corresponding
parts of the face are not developed. There is lack of (I(-\oloplnvnl of
the first branchial arch, in consequence of which the lower jaw and the
basal pmlums 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 Blane terms eyelotia.
Whereas in eyclopia the eyes remain in the upper part of the face, here,
owing to the lack of development of the superior maxillaries, the ey
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 chinlessness, may possibly be due to the compression
suggested by Winckel.

('/l:/‘l tongue, median I'/I;/‘f of lower juu', ./i,vlu/ll and cyst of the lower Iip
are all rare conditions.

(Here, while diseussing 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
fistule and certain congenital cysts of the neck. These clefts pass from
the exterior to what becomes ultimately the pharynx. The fistula may
be 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 v\h'rn.nl or the more internal pm'hnn of
a cleft, so may it be lined with squamous or with ciliated l-pllhvlmln
Bland Sutton® more particularly has studied these conditions; he points
out that the outer openings of the fistulwe, according as they are developed
from one or other cleft, oceur 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

Y Jour. de U'Anat. et Physiol., 1805, See also Le Gendre, Bouchard’s Pathologie
1: 260,
* Tumors, Innocent and Malignant, 1st edit.,
18
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.. It is the second pair which most commonly pers
partially as an abnormality.

Cloacal Defects.—It will be remembered that, as at the front end of
the body, so at the hinder, there occurs a most ('umpli('x\tml series of
developments, which, by arrest or imperfection, favor the production
of numerous anomalies. To these we have already referred briefly in
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Redationship of the sexunl duets i their rudiments in the two sexes: 1, the indifferent primary
type; M, the differentintion in the femuale; 211, the differentintion in the male; Ped. Hyd., st lked
hydatids, the termination of the Woltfian duct; Hyd. Morg., hydatid of Morgugni, or terminal
hydatid of Fallopian tube,  The term organ of Rosenmitller, which shoull be used to comprise
the terminations of the Wolflian duct and the Wolffian hody, is used o variously t i
not to employ it, but rather to speak of Epoophoron (including the Wolffian tubules) and
Parsoophoron

discussing ectopia vesicie, T'o understand the other anomalies, it will
be well to review rapidly the main transformations. The gut, in its
earliest stage, ends blindly in the coceygeal region. It comes close to
the surface at the cloacal membrane and is continued a little beyond
this as the “post-anal gut,” regarding which all 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 cul-de-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 Miillerian 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 duets split off the ureters, which gain entry into the hase
of the bladder, while the main duct on either side atrophies in the female,
and, at most, at birth is represente