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PREFACE TO SECOND EDITION

Tue first edition of this work, though not by any means an abbre-
viation or epitome of the two volumes entitled Principles of Pathology,
almost necessarily followed the same general lines of presentation.
Both works, in short, reflect the arrangement which the subject had
naturally assumed in the minds of the authors after years of study
and considerable experience in teaching. Logically the resultant should
afford the simplest and most natural presentation for other minds to
grasp. The subject, however, is vast and complicated, and no book
can do more than to aid the student in his earnest efforts. That this
Text-book has measurably succeeded in its purpose is inferrible from
the early exhaustion of the large first edition.

In any department of science the multitude of ohservable facts
quickly overwhelms the mental capacity of the beginner. IHence it
becomes the instructor’s duty to classify and correlate them forthe
student’s easier comprehension, and eventually to teach him to apply
the same principles in his independent observations of the concrete.
Ability to recognize individual pathological phenomena is of prime
importance, but the power to grasp the meaning of the general laws
according to which tissues act and react is paramount.

In this the second edition of our text-hook the reader will find that
continued emphasis is placed upon the reasons underlying patho-
logical conditions; although we trust the facts themselves have not
been neglected. Careful attention has been given, in the revision of
each subject, that it should include all reliable advances that the past
two years have brought forth. A new chapter on “The More Impor-
tant Infections and Their Prominent Features,” has been inserted.
In this we have attempted to marshal under one head information
that in the previous edition was widely scattered, together with the
addition of necessary new material.

We have endeavored to simplify the classification of tumors, to
substitute in some degree the term “hyperblastosis” for the less
clear “blastomatoid,” to indicate the scope of recent work dealing

(v)




vi PREFACE TO SECOND EDITION

with toxins and the effects of “split products’ in causing disease; a
syllabus is placed at the beginning of each chapter detailing i*s con-
tents with page references; the chapter upon “ Monstrosities and Abnor-
malities” has been relegated to an appendix; ninety-one engravings
;llul two ('HIHI'I‘!] |v|.‘|lt'\ |u;|\!' [n'vll ;ull]l'~|, ;lIHl I]H' \n]llnn' ‘\ l'UlIl])l!'H"\
1'rlr\\-i|lr]¢‘\('1l.

Our thanks are due to our former colleagues, Prof. Oskar Klotz, of
Pittshurgh, and Prof. S. Burt Wolbach, of Harvard; to our present
colleagues, Prof. J. L. Todd, Prof. L. Rhea, and Dr. Maude Abbott,
curator of the MecGill Pathological Museum, for illustrations and

assistance, as well as to those who have favored us with many ’I('IP'IHI
suggestions.
J. G. A,
J. McC.
MoNTrEAL, 1914
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A TEXT-BOOK OF PATHOLOGY

PART 1
GENERAL PATHOLOGY

CHAPTER 1

INTRODUCTORY: CELLS AND TISSUES
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THE HISTOLOGY OF THE CELL

Tue human body is made up wholly of cells and the products of
cells; it takes origin from a cell, and carries on its life by cell activity;
even its food is not available for its use save by the intermediation of
cells. It is, therefore, reasonable that in seeking to understand the
diseases of the human body one should study the diseases of the individ-
ual cell. This was realized by the great German pathologist, Virchow,
in the middle of last century and, thanks to his influence the pathology
of today is a cellular pathology, is based, that is, upon a study of the
disturbances affecting the individual cell. But to understand these
disturbances and their significance it is absolutely essential in the
first place to be familiar with the healthy cell and its properties. It
might be urged that such a familiarity on the part of the medical
student should be taken for granted. Unfortunately there are certain
properties of the cell of first importance for the pathologist which receive
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little attention ordinarily from the histologist and biologist; these
have to be brought forward in their proper relationship. This first
chapter, therefore, is devoted to the properties of the cell, and attempts
to show how it is constituted, how cell interacts on cell, how a com-
munity reacts upon community—in short, how the cell is at once a
unit and a necessary part of a great aggregation of units. If the cell
be regarded as an individual, it will be seen that, like a human being,
it is born, grows, eats, casts out excretion, rests, is active, becomes
useful, learns the work it is destined to do, fills its place in the community,
falls sick, recovers, meets with accidents, is set upon by enemies in the
shape of infections, enemies which it conquers or by which it is over-
come, grows old, dies, and has its place taken by another like it. So
far there is a parallel between a man and a cell; and it may be carried
farther. The statement is made upon good authority that no man
liveth unto himself, because a man’s deeds react not only upon himself
but upon others, in however indirect a way: so the cell, as part of a
community (the organ), cannot withdraw itself from communication
with its fellows, but must bear its share of the labor of the organ, and
its ill or well-being will react upon the cells that are near it or that
depend in any way upon it.

The Constituents of the Cell.—I'he animal cell consists of two main
parts, the nucleus and the cell body, and even if it cannot be agreed
that there is, in all animal and vegetable cells, a nucleus in definite form,
we can at least say that there is nuclear and cytoplasmic material.
In the cells of man the nucleus has a definite form, generally round
or oval; a nuclear membrane can frequently be made out, and inside
this the substance shows an alveolar or netted arrangement. The
nuclear matter can be demonstrated to consist of (1) the linin or
achromatic (non-staining) network in which is deposited (2) the
chromatin—the material which is stainable by nuclear dyes. 1In the
spaces 1s (3) the nuclear fluid. Not always distinguishable are the
following: (a) The nucleolus, (Fig. 1, b), an accumulation of nuclear
material which stains differently to the nucleus at large, and is pre-
sumed to be of a different, or at least temporarily different, composition;
(h) vacuoles, which are rare, but may be seen in the nuclei of fat cells
(see Fig. 2) and () erystals. The last two are products of the activity
of nuclear metabolism.

The type cell has but a single nucleus; but at times two or many
nuclei may be present, a condition which may be due, on the one hand,
to division of the nucleus with failure of the eytoplasm to divide, or, on
the other, to fusion of separate cells. Both processes evidently occur,
as will be discussed when dealing with giant cells.

Although we say that the nuclear material is confined to the nucleus
proper, it must be realized that there is a constant interchange of
material between nucleus and cytoplasm. Many of the granules or
formed bodies seen in the cytoplasm, such as the Nissl or tigroid bodies
of the neurocyte or nerve cell (Fig. 1, ¢), are now recognized as of
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chromidial nature. By chromidia we mean extrusions of chromatin
from the nuclens, which undergo modification through interactions

with cytoplasmic substances,

Fia. 1 Fia, 2

.mnw-.-i,m*www

255

AN A

Motor nerve cell from ventral horn of Vaeuolation of nuclei of fat cells Fat cells of
spinal cord of rabbit. a, nucleus; b, nucl retroperitoneal tissue stained by hematoxylin,
lus. The ungular and spindle-shaped Nissl's and examined under the high power, to show
bod f ohromidial nature re well the nuclear vacuoles, characteristic of this order
shown Y of cell. a, nucleus seen from above; b, seen in

profile

The cell substance gives evidence of structure, to the extent that
one sees a condensation of the eytoplasm at the periphery, which
condensed plasm is designated ectoplasm and passes insensibly into
the main mass of the endoplasm. The
constitution of this endoplasm is a matter Fia. 3
of debate, but it may be said to consist of
1) a reticulum, the cytoplasm, in the
meshes of which lies (2) the cell sap;
there are also (3) the paraplasmic sub-
stances. The paraplasm includes (a) food
particles ingested, foreign or excrementi-
tious particles that, being unassimilable,
are to be cast out; (b) crystals or granules
which have been manufactured by the

cell; (¢) the above-noted chromidial gran- R SGe of prickie ol of
epidermis  (From a photograph by
Schridde.)

ules: (d) the fluid contents of vacuoles, and
¢) inactive substances laid down as a
framework in the cell, such as fibrils or calcium deposits.  Altmann
has pointed out the existence of fine granules which are called by his
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name, but of which the significance is as yet not understood. Lastly,
at certain times specially connected with cell division, and preceding
this process, a centrosome appears which is of eytoplasmic origin.
From this centrosome run fine rays of the cytoplasm, and hefore
nuclear division occurs it divides. As to its function, there is no
agreement.

Cell Connections.—There is a definite connection between cells,
although it is not an easy thing to prove; the hotanists first were able
to show that fine connections of protoplasm bridge the space between
cell and cell, and the cog-wheel appearance of the so-called prickle
cells of the epidermis is due to fine protoplasmic extensions running
from one to another, while the endothelial cells that line the blood-
vessels have like junctions. We can even go so far as to observe that
in the eggs of sea-urchins, when the cells cleave one from another in
the 8- and 16-cell stage, fine protoplasmic threads reach across the
intervening space, and, in these, granules can be seen to stream from
one cell to another. The detached cell is the exception, not the rule.
The leukoeyte, it is to be noted, is a wholly independent cell, but if
we follow the leukoeyte downward into the lower invertebrates, we
find that the corresponding cells have series of connecting processes.
The nerve cell or neurone is, according to present teaching, wholly
detached, at least from other neurones. Granting this, we may say
that the individual is not a colony of separate units, as blocks in a
pavement, but a connected whole in which the individuals are, in
general, semidetached.

The Significance of the Cell.—The cell’s most noteworthy character
is its minute size; few cells are large enough to be seen by the unaided
eve; when they are, we find one of the following circumstances:

1. The cell may contain much stored-up food material, as in the
ova of many species; the cytoplasm forms a thin skin over the food
material or yolk, and in this “skin” lies the nucleus.

2. The cell may have its protoplasm developed into radiating pro-
cesses, as in the infusoria; the nuclens and every part of the cell
remains close to the surrounding medium.

3. There may be great enlargement of the cell associated with the
development of multiple nuclei.

It will be noticed that in all these cells, large though they become,
every particle of the cytoplasm is near to the surface, if not to the nucleus,
and that there is a relationship as regards size between the nucleus, the
cytoplasm, and the surrounding medium (Ilertwig’s nucleopiasm ratio);
this relationship is determined by the size of the nucleus. The nucleus
is the dominant part of the cell, governing the cytoplasm, and this
governance must depend on the contact of nuclear matter and cyto-
plasm; so that the nucleus which has the largest surface relative to
its mass, will, other things being equal, be exerting the greatest effect
upon the eytoplasm, will be the most active. If the nucleus be very
large it is conceivable that the centrally situated nuclear material

;
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may be comparatively inactive, so that we may say that the little
cell, whose nuclear mass is small compared with its surface, will be
active, and fitted to survive, while the cell whose nucleus is of large
mass and small surface, relatively, will be compelled to divide, and so
increase its nuclear surface or be handicapped in the race. This is
the principle on which is developed the multinucleate cell.

If this be true of the interaction between nucleus and cytoplasm,
it holds also for the eytoplasm and the surrounding medium. The
external surface of cytoplasm can be greatly increased by prolonga-
tion into processes, but with the disadvantage that some of the cyto-
plasm is far removed from the nucleus; the most economical form is
the spherical. This indeed is the form naturally assumed by a semi-
fluid or fluid mass suspended in another fluid under the influence of
molecular interaction and surface tension. We now recognize with
increasing force that this surface tension is of basal importance in
cell activities. As the cell absorbs material and the cytoplasm
increases, the surface becomes less, relative to the increasing mass,

Fia. 4

Cell bridges of vascular endothelium. (After Kolossow.)

and the efficiency of the cytoplasm with reference to the surrounding
medium becomes less. The eytoplasm can now increase its surface
only by division, and thus the multinucleate cell leads to the multi-
cellular organism. The multicellular organism is thus to be regarded
not as a codperative society brought about by the fusion of separate
individuals, but rather as the optimum amount of protoplasmic matter
of any particular order capable of economic existence as a single mass
in any particular environment, the maximal amount and maximal activity
of such protoplasm being attained by nuclear and cell division.

THE PHYSIOLOGY OF THE CELL

The views that we state regarding the nucleus as the dominating
part of the cell are not everywhere taught at the present day. Butitis
fully established that, without a nucleus, growth and reproduction of
the cell cannot occur. The cell deprived of its nuclens can be the seat
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of certain metabolic activities, but the eytoplasm is progressively used
up and is not renewed, there being no eytoplasmic or nuclear material
formed. On the other hand, the nucleus without the cytoplasm is
equally incapable of regenerating the cell, for it has been proved that
there is a minimal limit to the amount of cytoplasm necessary for
its combined existence. If there be less cytoplasm than this, no growth
or regeneration can occur, and we add this statement to what we have
already said of the dominance of the nucleus, that nucleus and eyto-
plasm are equally essential, though not of equal value to the cell.
The nucleus cannot treat directly with the medium around the cell,
but requires the intermediation of the cytoplasm for its vital processes.
We need only refer to the part played by the nucleus in cell division,
to the series of processes by which it insures that each daughter cell
obtains its share of the nuclear material, to the part it plays in fertiliza-
tion and the reproduction of the individual, and we shall refer in some
detail to the great activity of the nucleus in cell metabolism. In basing
its dominance upon these facts, we do not lose sight of the fact that
the eytoplasm is able to manifest certain definite, if lower, vital activi-
ties, such as absorption, respiration,
Fio. 5 mobility, and contractility, and
these independently of nuclear con-
trol.

The Part Played by the Nucleus
in Metabolism.—The specific function
of certain cells, especially certain se-
creting cells, seems to be governed

zymogen granules and s

of secreting cell: a, intranuclear plasmasomes
(nucleolar bodies granule (extranuclear
plasmasome or chromidial body) in eyto-

largely by the nucleus. The calcar-
eous frame of the foraminifera is not
formed if the nucleus be absent; the

plasm, near nucleus, having same staining EIIII(X‘INI cannot fll”\' (“g(‘.\t, tllﬂllgll lt
reaction as, and evidently discharged from, X

the nucleus; ¢, conversion of same intomore  Can  Kill living organisms if it have
fecbly staining secretory  (prezymogen) no nucleus; the formation of chitin
ﬁ;,'f:";’l'):;l:'"“"“:f":c;'l'n"r:‘;;l e frer aain insect cells occurs only when the
mow.) nucleus is present, and the nucleus is
essential to the production of slime by
the ameeba. Inmucous goblet cells and in the cells of salivary glands
the process of secretion is accompanied by and probably depends
upon the separation from the nucleus, and that more especially through
the nucleolus, of granules, or chromidia, which stain deeply at first
while they lie near the nucleus, and stain less deeply as they move
away, until they appear actually to become the secretory granules.
The secretory granules are either actually extruded parts of the nucleus,
or the products of interaction between such extruded parts and certain
constituents of the cell body. The “prezymogens” of the cell are
given off from the nucleolus, and in the cytoplasm become zymogens,
being again given off from the cytoplasm as specific secretions.
The formation of fat in fat cells is evidently a nuclear process, for
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the vacuoles in their nuclei give the reaction for fat, and have some-
times been fixed at the moment of extrusion into the central fatty

globule of the cell. It is long since the changes were described which

Fia. 6

Developing egg of Antedon bifida, showing extrusion of nuclear matter Young oieyte, the nuclear
chromatin in the form of scattered branching threads. The deeply stained nucleolus is seen in the
act of extruding spherules (chromidia) into the eytoplasm. X 2000,

the nucleus undergoes in salivary cells during and after secretion, and
nuclear alterations have been frequently observed in the nerve cell

hodies of vertebrates after natural and experimentally produced fatigue.

Fia. 7

Section from the liver of a child that died from acute sepsis, to show various stages of karyolysis
of the first order: 1, unaffected nucleus; 2 and 3, paler staining nuclei, with some swelling and diminu-
tion of chromatin: 4, nuclei still more swollen, the membrane only and an ocecasional nucleolar mass
taking on the stain: 5, nuclei present as little more than unstained vesicles

The changes in fatigue in the Nissl bodies, which are of nuclear origin,
are very noticeable. In general it may be said that, taking the resting
: cell, under moderate stimulation its nucleus increases in size and in the
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amount of contained chromatin. This increase may persist for a con-
siderable time; if, however, the stimulation is continued for too long a
period, or if again it be too severe, the chromatin becomes used up more
rapidly than it is produced: the nucleus stains

Fia. 8 more feebly and either shrinks or becomes
cedematous, and later vesicular, little beyond
“the inclosing nuclear membrane continuing to
stain. Besides this karyolysis, or reduction of
the chromatin, and wdema there may be still
further grades of alteration; such are abnor-
mal arrangement of chromatin with clumping
(karyorrhexis), vacuolization, nuclear disintegra-
tion, with scattering of masses of the chromatin

Leukoeytes with disintegra- — throughout the cytoplasm (pyknosis).
:‘I,‘.T..'-Irl:::lw:nyr",'.I.‘:»‘.M:’h:-"“:»’\‘r.:‘.l-l Summary.—The following summary of our
plasm (karyorrhexis) conception of the physiology of the cell may

be given:

i. The nucleus is the dominating part of the cell, which cannot
act save in association with the eytoplasm.

ii. The nucleus initiates growth, reproduction, and often function,
and reacts upon the cytoplasm, taking substances from it and yielding
substances to it, but not acting directly upon the medium which sur-
rounds the cell,

iii. The eytoplasm takes up and acts upon matter from without
and gives out in turn other substances; this it does partly on its own
account and partly as intermediary for the nucleus. These acts it
performs in the process of absorption and respiration.

iv. It can be mobile and contractile.

Lastly, we only mention another important class of activity, the
production of organic ferments by cell metabolism; these can be dis-
charged from the cell, and can act as intermediate bodies between the
external medium and the cytoplasm. The indications are that some,
at least, if not all of these enzymes are of chromidial and, therefore,
nuclear origin.

THE CHEMISTRY OF THE CELL

All cells possess, in common, water, lipoids, and proteins; the
proteins, at least, are to be extracted from all cells as soon as they
are dead, and exist in the living cell as such, or as proteidogenous sub-
stances, which give origin to proteins. There are many other sub-
stances to be found in cells, such as salts, alcohols, carbohydrates,
and so on, and many of these we regard as products of disintegration
of proteins or as going to be built up into proteins. None of them,
however, is common to all cells. Although protein: are dead, inert
matter, and have undergone change before we obtain them, yet we
believe they are bound up intimately with what we call “life,”” and
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when we refer to the active, living part of the ‘cell as composed of
biophoric' molecules, we mean proteidogenous matter; that is to say,
matter which, by rearrangement of its molecules or satisfaction of
its affinities, becomes converted into proteins. The lipoids above men-
tioned are, as will be pointed out later, closely related to the proteins.

Proteins and Lipoids.—The Constitution of Proteins.—Proteins are
complex compounds of nitrogen, carbon, oxygen, hydrogen, and sulphur;
some, too, contain iron and phosphorus. So large and so complex
are the molecules that in general they are incapable of crystallization
and remain in a colloid state; some of the simplest proteins, it is true,
are crystallizable, and can be obtained pure. The hemoglobins (in the
plural, for they are multiple) have been analyzed, and samples from
different species of animals have varied between CsoH 1008N 2100200 €S2
and CrgHugoNaOoleSs; and they are among the simplest. The
molecules of many proteins are far larger, and an average molecular
weight for a protein has been estimated as 15,000; it can thus be under-
stood that many protein molecules do not make their way through
animal membrane, and do not diffuse.

Classification.—We speak of proteins as free or combined. Free
proteins are the albumins (serum albumin of blood, egg albumin),
the globulins (serum globulin, fibrinogen), and the vitellins (the “yolk
plates” of egg yolk).

The combined proteins are in combination with various bodies,
including other proteins. Hemoglobin, for example, can be broken
up into hematin or more accurately hemochromogen—an iron-contain-
ing body with protein characters—and globin, an albuminous matter
which, according to Gamgee, is not a globulin. The nucleins are com-
pounds of protein and nucleic acid, which, in turn, is a compound of
phosphoric acid and the so-called nuclein bases; the nuclein bases are
closely related to proteins. The nucleins, again, combine with free
proteins to make the nucleoproteins. These and yet other proteins
combine with carbohydrates to make glycoproteins, important among
which are the mucins,

It has been said that if individual specimens of proteins be analyzed
they do not give identical proportions of C, H, N, and O. All of them,
however, may be broken up into simpler bodies, which, in turn, have
proteid characters. This is true not only of the combined but also of
the free proteins; for example, proteolytic ferments break down albumin,
globulin, myosin, etc., into peptones, and albumoses (proteoses), which
are still proteins but with smaller molecules; smaller molecules they
possess, because they can diffuse through membrane; the peptones,
ete., are degradation products of the proteins, and we can infer that
the ordinary protein molecule is a combination of like molecules, and
is thus an example of polymerization, or the formation of a large mol-
ecule by the aggregation of a series of smaller ones which are alike,

L B, life; gepery, to bear
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or of like order. The peptones and albumoses afford a still further
series of degradation products, the group of the amino-acids, which
together make up about three-fourths of the albumin molecule. These
amino-acids are first cousins of the fatty acids, are indeed fatty acids
with qualities tending to be basic by the addition of NHy molecules;
which again by hydration or by the addition of an OH molecule
become the hydroxyl fatty acids. These amino-acids, always present
as degradation products of protein, are in reality the basis of proteins;
the protein is built up by a linking together of numerous amino-acid
”l“l('('"'l'.\'.

Chemists have now been able to obtain pure, and to study, a series
of these amino-acids, and have been able to obtain optically active
forms of them, the significance of which fact will appear. It had been
noted for a long period that if a substance were the product of vital
processes, it was optically active, but if it were synthetically produced
by the chemist, it was optically inactive. The optical activity of the
new synthesized amino-acids indicates that they are, so far as human
observation can go, absolutely identical with the amino-acids of the body.

The amino-acids are amphoteric, that is, they possess both acid and
basic properties, acid by reason of their COOH group and basic by the
NH; groups, and it is this duality of affinity that permits linkage.
To use a homely simile, let us imagine the place of an amino-acid taken
by a man, with two artificial arms; at the end of one is a hook (the
hasic affinity), at the end of the other, a ring (the acid affinity); if
there were a large number of such men they could form a complete
circle, hook in ring, hook in ring throughout the entire group. If,
now, we imagine the children of each man hanging on to his coat tails,
we have a large colony (the compound molecule) depending for perfect
cohesion upon the hook and ring men. These rings of varying number
of amino-acids are the polypeptids, and a linkage of eighteen individ-
uals has been experimentally obtained. It is not even necessary that
the links should be the same amino-acids, just as it is not necessary
that the men be of the same race. These synthetic compounds prove
by their character to be all but identical, if not identical with the
peptones of the body.

The conception we have here given may be erroneous in particulars,
but we have attempted to give the idea that the complete molecule
is a ring, and that ring we have suggested by the bizarre simile of the
group of men hand in hand or “ring in hook.” This, be it remembered,
indicates only the simpler molecule; the more intricate proteins,
polymerized forms, are aggregations of such rings, and it will readily
be seen that a very slight change in the individuality of one sub-group
will change the composition of the whole. Reverting to the group
of men with the children hanging on to their coat tails, we have to
picture these groups as being surrounded by a concourse of individuals,
who are constantly moving to and fro; such a picture, for example,
as a bird’s-eye view of a fair ground would afford; these individuals
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(ions or radicals) as they pass a group invite (by their unsatisfied
affinity) an individual of the group to leave it, and every now and then
one of these free individuals is impelled to attach itself to a group.
Let us suppose we have twenty such groups, and this compound group
(or giant molecule) by actual count has this formula:  Whites, Negroso,
Indiang, Chineseg. If a couple of children stray away the group be-
comes whiteap, negrogs, Indiang, Chineseg, and the group is no longer
the same. This is precisely what is occurring in the giant molecules
of the body; the arrival of a new ion of food material, the separation
of a few ions of excreted matter make for the moment a new aggrega-
tion, and these small changes mean a constant rearrangement, and
constitute the matabolism of living matter.!

The Chemistry of the Nucleus.—The composition of the nucleus
differs from that of the cytoplasm; it contains no potassium, no carbo-
hydrates, and, speaking generally, no fats, but, on the contrary, does
contain phosphorus and ‘“‘masked” iron (that is, iron in a complex ion),
which appear in the cytoplasm but rarely and in small amount,

The proteins of the nucleus show some peculiar characters; gastric
juice will dissolve ordinary proteins, but the nucleus of a cell is resistant
to it, because its nucleoproteins consist of albumin and nuclein com-
bined, and the latter is resistant. Nucleins contain 2 to 9 per cent.
of phosphorus, can be split up into albumin and a nucleinic (or nucleic)
acid, of which there are several. Nucleinic acid can be further dis-
integrated into the xanthin and other purin bases (uric acid, xanthin,
guanin, adenin, and hypoxanthin). These derivatives are important
clinically because they exercise a toxic effect upon tissues, especially
the kidney, and it is these which constitute the drawback to a protein
diet in persons whose powers of elimination are imperfect. The exi
ence of phosphorus and the xanthin-base groups constitutes the differ-
ence between the nucleus and other protoplasms. These groups and
the “masked” iron and phosphorus are specially concerned with
oxidation, the importance of which for the cell is absolute.

Before leaving this part of the subject we would recapitulate our
idea that the “biophoric molecules” or masses are the active part of the
cell; that they are huge molecules aggregated of many large groups, of
which each may be considered a ring of molecules with affinities which
are being satisfied by various other groups; that some affinities are
constantly unsatisfied; that ions and molecules are being shed off
and taken on, and groups are joining groups by new affinities, that
groups are breaking off and that this activity means metabolism,
means life. It must be understood, too, that while from moment to
moment the composition of the biophore may vary, the average com-
position over long periods of time remains the same.

! For a fuller statement of these views regarding the structure of the protein
molecules see Adami’s Principles of Pathology. A very clear expression of similar
views is given in the first chapter of Vaughan on Protein Split Produets (New York

and Philadelphia, 1913), a work that well deserves study.
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Enzyme Action.—We lay stress upon a proper understanding of
enzyme action because we regard it as being a type of much of what
we call metabolic processes in the cell; we shall constantly recur to
the conception here indicated. We understand first of all, that there
are enzymes' in the cell and enzymes outside the cell, the latter being
elaborated in the cell and discharged. Each enzyme acts upon a par-
ticular substance or series of substances in the external medium—
ptyalin upon starches, making sugars; pepsin upon proteins in an acid
medium, making peptones; trypsin upon proteins in an alkaline medium,
and steapsin upon fats. It is not possible to obtain the enzymes free
from combination with protein bodies; as the proteid material dis-
appears from the solution the enzyme action disappears. Finally,
an extremely minute amount of combined enzyme and protein can
convert a maximum amount of fermentescible substance, and yet the
enzyme itself be not used up; the action does cease, however, when
the products of fermentation have accumulated up to a certain point.

It will seem strange to the reader, at this juncture, to say that
enzymes do not exist, but such seems to be the case. Enzyme action
does, but enzymes as definite chemical entities in all probability do
not. Enzyme action is an interaction between a proteidogenous mole-
cule, and a fermentescible substance present in the same medium,
part or the whole of the molecule acting on part or the whole of a
molecule of the fermentescible substance with the result that a new
substance appears—the product of fermentation.

The Enzymes.—Enzymes are intracellular and extracellular; the
former act in such close combination with the biophore, the com-
pound protoplasmic molecule, that we have to conclude that their
action is part and parcel of the activity of the biophore. This is proved
by the fact that such enzymes cannot be extracted, in fact, are not
existent in the molecule unless it be alive. If this be true of the intra-
cellular enzymes, it is also true of the extracellular; these enzymes,
in fact, are free protein molecules, divorced from cellular relationship,
but still manifesting a characteristic of life, viz., that of being able
to act upon other molecules and cause their rearrangement.

Some hold that enzymes act by katalysis, but this view we do not
advocate. They consider the ferment as a body possessing active
molecular vibration, so that, in apposition to molecules of the fermentes-
cible substance, it communicates to them its vibration with the result
that their particles are shaken into a new arrangement and the fer-
mentescible becomes the fermented substance. This is the explanation
given of the process by which finely divided platinum converts hydrogen
peroxide into water and oxygen, and this process is katalysis. A more
satisfactory explanation of ferment action seems to be that exemplified
by making sulphuric acid from sulphurous anhydride by the mediation

! To prevent confusion we employ the term enzyme to designate those ferments
which are produced by the living cell, to distinguish them from inorganic ferments,
e. ¢., gold and platinum,
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of nitrie acid: the nitric acid gives up an atom of oxygen which con-
verts the sulphurous anhydride to sulphuric acid, thus:

H:80;, 4+ HNO;, = HS0, + HNO,

The nitrous acid, so formed, exposed to the air, combines with its
oxygen and forms nitric acid, thus:

HNO; 4+ O = HNO;

Theoretically, a single molecule of nitric acid can convert an infinite
number of molecules of sulphurous anhydride into sulphuric acid and at
the completion of the action (if infinity could be completed) still exist
as a molecule of nitric acid.

Schema of ferment-like aetion of nitrous oxide in the formation of sulphurie acid from sul-
phurous anhydride. The completed circle represents the successive stages of activity of the HNO,
molecule, first attaching to itself an O molecule from an O, combination, and then yielding this to
an unsatisfied H,80, molecule. To the left of the diagram it is suggested that the other O molecule
liberated from the Oy combination may also eombine with an HgS0; molecule to form a second

molecule of sulphurie acid

In this process there are three factors—the sulphurous anhydride
represents the fermentescible substance, the oxygen the fermentator
or complement, and the nitrous acid, which alone is present in both
reactions, the ferment. The process can be represented as above.

If instead of the bodies in the above picture, we consider that we
are dealing with protein melecules with their unsatisfied affinities, we
can conceive the process as being instigated by their unsatisfaction
and concluded by their satisfaction. Enzyme action is one form of
the interactivity of the biophores. This being so, one of our com-
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pound protein molecules may be intermediary body, or it may be
fermentescible substance; or, since each individual part of the
huge ring has its own peculiar characters, and its own unsatisfied
affinities, the same huge molecule may be in a sense both at the same
time. If we consider the biophore in activity, reacting thus, let us
say, with proteins in the food and discharging fewer metabolites than
it attracts, we find it getting gradually larger. This is growth,

At this point we may review the subject, pointing out that we have
now three orders of proteidogenous matter concerned in metabolism:

1) Nuclear matter, capable of metabolism and growth in a medium of
proteins; (2) cytoplasmic matter, capable of independent metabolism,
hut incapable of growth save in combination with nuclear matter, and
(33) the free organic enzymes, capable of causing metabolism, but incapa-
ble of growth. Are we to admit all these into our conception of what
is living matter? This is a moot point. For ourselves, we are inclined
to regard growth as the all-important property of living matter; but if
this view be accepted, then it may be held that the biophores ~|t||.ltul
within the nucleus are the only truly living elements within the cell.
This is contrary to the usual conception of the cytoplasm as being also
living matter; the question must be left open.

The Reversibility of Enzyme Action.— Since we count enzyme action
so important for an understanding of metabolism, we must indicate
that it is reversible, and in fear of making the subject too complex,
we shall merely exemplify this. The enzyme maltase splits up maltose
wl10y) into two molecules of glucose (CgHiOg), but in the test
tube the reaction is never ‘omplete— there remains a mixture of maltose
and glucose. Maltase really can split up maltose into glucose or build
up glucose into maltose, and so long as the products of disintegration
or of synthesis remain in the solution, neither the glucose nor the maltose
can be used up.  The enzyme will cease to act when a stage of equilib-
rium is reached, when the tendency to disintegrate the one balances
the tendency to synthesize the other. This action may be expressed
thus:

CpHpOyy + HO + Maltase & CiHyi04 + CeH 0O + Maltase.

Maltose Glucose, Glucose

We have at the present writing evidence to indicate that all enzyme
action is potentially reversible (although recently it has heen shown
that the reversed action may require a temperature different from that
required for the original action), and this of itself is good evidence in
favor of the supposition that an enzyme is not a chemical entity, but
a varying state of satisfaction between the affinities of two molecules.
What was meant in saying that the enzyme as an entity does not exist
may now be better understood. Equilibrium and arrest of enzyme
action occurs when the products of that action accumulate up to a
certain point, while, if the products be removed, it goes on until all
the fermentescible substance is used up. In the alimentary canal, the
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products of action of the various extracellular enzymes are absorbed,
finally reaching the lymph; in health, thus, the proteins, starches, fats,
and other food substances become fully disintegrated. In the cells,
the action of the intracellular enzymes occurs, and its extent is largely a
matter of diffusion. Take, for example, the glycogenic activity of the
liver cell.  For our purposes we can regard that cell as a sac, suspended
in the lymphatic fluid, formed of a lining membrane which permits
certain substances to diffuse freely in one or other direction. Among
other contents are glucose and glycogen. If the cell in its metabolism
has burnt up the glucose it has, and becomes deficient in carbohydrates,
more glucose will diffuse in; the ferment in the cell will synthesize
this to glycogen, and will continue so to do till there is a local equilib-
rium between the intracellular glycogen and sugar (glucose). Glycogen,
being insoluble, remains in the cell, stored up. There it remains until one
of two things happens: until either (1) the cell is using up glucose faster
than glucose can diffuse into the cell from the lymph, and the glycogen-
glucose equilibrium is destroyed, when the reverse enzyme action
begins to break down glycogen till so much glucose is formed that the
equilibrium is restored, or until (2) the glucose in the lymph is reduced
to a point below the amount in the cell by the tissues using it up faster
than the alimentary tract supplies it. If this happens, the glucose,
being soluble, diffuses out into the lymph, and similarly the glycogen-
glucose equilibrium is destroyed; the ferment action will break down
glycogen again, and if the equilibrium be not restored by a fresh supply
of glucose, the glycogen of the cell will be used up.

This process we have just described, essentially an enzyme process,
is really what we have been accustomed to call metabolism; the cell
equilibrium depends upon the enzymes in the cell quite as much as,
or more than upon the material absorbed. If the enzymes of the ec¢!l
be interfered with, the essential agent in absorption is lacking, and
we find disturbance of metabolism. As free enzymes in the cell are
associated with discharge from the biophoric molecules forming the
nucleus, we see how the foreign agents of disease, by disturbing the
biophores, strike at the very foundation of metabolism, nutrition, and
the well-being of the body.

Lipoids.—During the last few years, the importance of the lipoids
in cell activity has been more and more recognized. Under this term
we include those bodies which have the common property of being
dissolved, like ordinary fats, in ether, alcohol, chloroform, ete. Nearly
all of the bodies having this property are fatty compounds, hence
the term lipoid, although it is usual to include here also cholesterin,
which has no fatty moiety. They may be classified as:

I. Bodies containing neither phosphorus nor nitrogen: fatty acids,
neutral fats, soaps, cholesterins.

II. Nitrogen- and phosphorus-containing lipoids. The phosphatides,
such as lecithin (a glycerin phosphoric-acid ester of two fatty acids
plus cholin) and kephalin (having two fatty acids and two bases),




32 INTRODUCTORY: CELLS AND TISSUES

as well as sphingomyelin, the most important constituent of the so-
called protagon of brain substance.

I11. Nitrogen-containing phosphorus-free bodies, e. g., the cerebro-
sides, which resemble glucosides in their composition.

IV. Bodies of fatty nature, not yet analyzed, e. g., the lipo-
chromes.

Recent investigation indicates that the lecithins and cholesterins
are intimately associated with the development of protective sub-
stances of the body and the production of immunity.

Fats, Soaps, and Alcohols.—This group of metabolites may possibly
be split off from the cell protein; they are not found in the nuclei (save,
as already noted, that fat has been found in nuclear vacuoles), and are
to he considered as acted upon mainly by the eytoplasm. Certain
cells are found to contain insoluble neutral fats of which the most
important are stearin, palmitin, and olein; these fats, according to their
formula, contain a very small quantity of oxygen with a relatively
large amount of carbon, which means that their dissociation and com-
bination with absorbed oxygen is capable of setting free a great amount
of energy; hence their value to the cell.

These come from the food almost entirely as neutral fats; they are
emulsified by the action of the bile, and, to some extent when emulsified,
may be absorbed by the phagoeytic action of the intestinal epithelium
and leukoeytes. But this is by no means all. It would seem that free
fatty acids are to some extent split off, soaps being formed and glycerin
liberated; while again there may be actual solution of the fats by the
colloids of the cells and body fluids. This matter is not yet determined.
The presence of the fat-splitting ferment steapsin (discharged by the
pancreas) in the intestinal contents favors the division of the fats into
free fatty acid and glycerin. The latter is probably taken up by
the intestinal epithelium; the fatty acids are partly dissolved by the
bile salts, but most of them, in an alkaline medium, are transformed
into soaps of sodium, potassium, calcium, and magnesium. As soaps
they pass through the intestinal cells and are to be found in the chyle
and lymph as neutral fats. Neutral fats are rarely found in the blood,
while soaps commonly are; so it is evident that a second conversion
oceurs; it is as soaps that the fats are ultimately taken up by the cells.

Microscopically, the cells of an organ, e. g., the kidney, may show
no fat nor do they yield fat forthwith to ordinary fat solvents; yet
the dry substance of such a kidney affords as much as 17 per cent. of
fat; this means that the fats here are not free, but combined.

Soaps are evidently very important as an intermediate stage in the
utilization and synthesis of fats; lipolytic and fat-forming ferments
have been isolated and designated lipases.

Do proteins give origin to fats or fatty acids? They probably do to
a slight extent, but at present it appears as if the fats of the body are
almost entirely the fats of the food.

The lecithins (phosphatides) are almost constant constituents of
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the animal cell, and form a considerable factor in nerve cells and in
the cells of egg volk. They have a fatty portion indicating a relation-
ship with the proteins; and they are richly phosphorized. The last
two facts suggest that they are cleavage products of the nucleins, or
combinations of such cleavage products with fats.

Parallel to the lecithins as protein-fat compounds are the glycoproteins

or protein-carbohydrate compounds—chief of which are the mucins.
These are to be seen in the cell as globules of mucinogen, which by
imbibition of water become mucins. They are modified, largely inert,
proteins; among them are gelatin, elastin, chondrin, amyloid, and mucin,
which are poor in carbon and rich in oxygen, and yield on dissociation
carbohydrates. A few other “albuminoid” materials occurring in and
outside the cell are to be mentioned: the products of dissociation
of hemoglobin, such as hematin, together with melanin, the pigment
of the skin and hair, which recent observations indicate are allied to
the lipochromes, compounds of lipoids with protein derivatives. These
will be discussed with the infiltrations and degenerations.

Water.—Cell activity is associated with the presence of water, water
being the medium in which metabolism occurs, If the amount of water
be reduced below a certain percentage, lateney of activity supervenes,
and if the water be removed entirely, molecular death; 60 per cent.
of the human body is water, and 80 per cent. of certain organs, such
as the kidneys. The average cell of the human body may be considered
as seven-tenths water and three-tenths proteins and other constitu-
ents. It is still debated whether living matter is existing in a soluble
state in water, or as solid undissolved molecules suspended in a fluid
medium.  As to whether the cell is liquid or solid, it may be said that
the relation of molecule to molecule is variable, and yet at times is
relatively fixed; the truth is that protoplasm is colloidal, that is, the
molecules are so large that they cannot enter perfectly into solution,
and as a colloid it possesses many of the properties of a liquid together
with the persistence of form characteristic of a solid body. Our idea
of a solution is that the molecules of the dissolved body lie in the
interstices of the solvent: in a colloid, protoplasm for instance, we
have to imagine the molecules of water as lying in the interstices of
the huge protein molecules. The question is of importance because
of what we know of ionization. When NaCl, for instance, is dissolved
in water some of the molecules become dissociated into Na and (1
and these free constituents are charged, some with positive electricity
(anions) and some with negative (kathions); these act as separate
nmh'(‘ll'vs‘, and may be attracted by molecules or by other ions having
an opposite charge. By increasing the dilution all the molecules may
be thus ionized. Stable chemical compounds are made by the union
of such ions—or electrolytes—with liberation of energy. Such com-
pounds may be broken up by heat or electricity, on the one hand,
or, on the other, by solution, and the dissociated ions are ready for
fresh chemical combinations; the assimilation of food by the cell depends
3
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upon the separation and rearrangement of ions. If this is not to be
accomplished by heat it must be done by solution, and water becomes
an essential. It seems thus that the relatively abundant water of the
cell offers a means whereby chemical changes —metabolism —may be
carried on with the least expenditure of energy and greatest economy.
Enzyme action is largely accomplished by hydrolysis, and the setting
free of active hydrogen and hydroxyl ions in a watery solution, and
these ions are most important in the process of metabolism.

Simple Salts. - Certain salts without being built up into the protein
molecule are obviously essential to the cell, for the protein molecule
does not exert its activity in a pure watery medium, but in dilute
saline solution. The salts usually met are chlorine salts, alkaline
carbonates, phosphates, and sulphates, and salts of the alkaline earths,
especially sodium, potassium, ammonium, calcium, and magnesium.
We know little about their disposal, but we assume, from the minute
quantities present, that they probably are mostly dissociated into
their ions and so help to promote activity of metabolism. The dis-
sociation of salts, and their buildi \g-up into the biophore are accom-
panied by various phenomena which we call endosmosis and exosmosis,
which is the diffusing, into or out of the cell, of water and salts in solution.
A salt of high concentration in the cell will pass out of the cell to a
medium where the concentration is lower, and vice versa, and at the
same time a corrective reverse passage of water occurs. The colloidal
cell substance is sufficiently permeable to allow the molecules of the
salt in solution to pass. We believe, too, that colloids of different
composition differ in their permeability, and, therefore, in the time
required for the passage through them of solutions. This relative
impermeability of the colloidal skin (ectosarc) of the cell explains
why the huge protein molecules are kept in the cell while the smaller,
partly dissociated ones can escape. There are some of these which
are almost small enough to escape, and their retention depends on the
state of the cell in relation to the external medium, depends upon the
nature of the cell membrane and upon its surface tension. An example
of this is found in the red corpuscles, which lose their hemoglobin when
the salt in a salt solution reaches 0.47 per cent. If the osmotie pres-
sure be less than this, salts diffuse out and water in, till the ectosare is
ruptured and the hemoglobin is dissolved in the surrounding medium
and colors it. But corpuscles do not lose their hemoglobin till the
osmotic pressure is much higher than the tonicity of the serum of
man (0.9 per cent. sodium chloride). Solutions with an osmotic pres-
sure higher than this are hyperisotonic, with one lower, hypisotonic.
The blood serum must be very hypisotonic before hemoglobinemia,
from passage of the hemoglobin out of the cells, can occur purely from
this cause.

Carbohydrates.— Free carbohydrates as such do not enter into the
composition of the biophore, and when found in the cell are true metab-
olites; they have been or are ready to be dissociated. It must, how-
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ever, be recalled that the dissociation of nueleie acid yields a pentose
sugar) IN'l‘n!‘i“H: o |.1'\|'l|t' ;||ul 4|;||‘n|>~, i |||'\n~l' :u‘t'nl‘l“ll;_' to .\'Il'lnll'l
and Halliburton.  From the dissociation of sugars energy is liberated,
and on the contrary energy is conserved when lfu-‘\ are stored as

built-up glycogen molecules.

GROWTH

In all our previous considerations of the biophore we have dealt
with metabolic activity, but we have made only passing reference to
growth. If we think a little it will be seen that the growth of living
matter demands a process whereby two molecules exist where there was
one before. Our conception of the biophore is as a ring, or a ring
of rings, and growth occurs by inerease first of the individual smaller
groups or rings. These groups, from their very inception present a
series of unsatisfied affinities, and each or any of the molecules is con-
stantly attracting molecules of a like order, and on the first of these is
built up a second and a third until the group is complete. Along these
lines we can imagine the development of a new ring of which each
individual component is the reflection of the components of the original
ring: in its turn this ring attracts, and so builds up other rings in
due order until eventually there is produced a completed compound
molecule, reproducing the parent molecule. We use the illustration of
the ring to indicate a degree of completeness; the ring can break, it
is true, and in its repair, be enlarged or be made smaller, or it can join
with another broken one, but the molecules of the formed ring are
less likely to be attracted away just because they are in a ring, 1. e.,
in a state of relative completeness.

The Relation between Growth and Other Cell Activities. —The
consideration of this subject demands a few words on the dynamics
of the cell. In the performance of function of whatever kind, the
cell is a machine discharging potential energy. The body warmth
means that cells are liberating 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 demand, not the evolution,
but the storage of energy, and this comes from the food. The proteins,
carbohydrates, and fats are carbon-containing bodies the ultimate result
of whose decomposition is a yielding of much energy. The excreta of
the organism, carbonic acid, water, urea, etc., on the other hand, store
up comparatively little, and the cells acquire most of the difference.

Strictly speaking, energy is nof evolved in the dissociation of matter;
but dissociation and the freeing of ions mean that combinations im-
mediately occur which liberate far more energy than was lost in the
dissociations of a moment before, so that the ultimate result of disso-
ciation is, paradoxically, the production of energy. To give a familiar
example: heat has to be applied in the first place to the wick of the
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candle to light it; in other words, energy is used up in bringing the
contained waxes or fats to the dissociation point; when this point is
reached the resultant products combine with the oxygen of the air
and in so doing evolve so much heat that flame results. It is a similar
combination of the cell substances with oxygen that is the main source
of heat in the body. The biophores are not to be compared to simple
salts, but rather to nitroglycerin. A blow dissociates it, and though
there is a theoretical momentary loss of energy, there is a vastly greater
immediate production of energy—an explosion—brought about by
the reconstruction of the ions of €, N, H with O, into more stahle
compounds.  Dissociation, then, tends, ultimately to the liberation of
energy, and growth, or building up, to the using and storing of energy,
the conversion of kinetic into potential energy. The energy of the food
is thus:

(a) Katabiotic, dissipated in the performance of function.

(b) Bioplastic, stored up in the formation of the complex biophore,
i. e., in growth.

Can these two contrasted processes, growth, and the performance
of function proceed simultaneously in the cell? They can, as we shall
show.

To digress again, growth is an intracellular affair, governed by condi-
tions in the biophore, while the performance of function is a response
to external stimuli of some kind. If the cell has abundant food, and
the stimuli to function be strong, all the acquired energy may be used
up at once, and no growth ensue. If the stimuli he yet stronger, all
the food energy may be used up, and the cell substance be dissociated
to supply the further energy required. 1If the food energy be little, the
cell may require to use up its substance to provide the energy needed
for function. There is, however, a grade of adequate food supply and
of moderate external stimulus, in which the dissociation of the food-
stuffs provides more energy than the cell is called on to dissipate and
the surplus is used in growth. The development of muscles under
proper exercise illustrates this. Conversely, with adequate food,
and not enough activity, muscles do not develop, but the contrary;
a certain optimum of activity is necessary for the maintenance of
nutrition and of growth. There are apparent exceptions to this, in
the embryo, in tumor growth, and in the fact that under exercise and
adequate nutrition there is a limit beyond which growth cannot go.
Whereas growth and function have thus a definite relationship, there are
circumstances under which growth is quite independent of function.

Active assimilation and growth with little functional activity char-
acterize the embryonic and fetal stages of existence. The more the
cells become differentiated (for their proper function in different organs),
the less capacity they show for growth and the more for katabiotic
activity,

Growth of the cell and of the individual progresses until the volume
of the cell (and of the individual) reaches the point beyond which increase
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in mass is not only uneconomical, but harmful. Not only is there, as
Hertwig has pointed out, a definite ratio between nuclear mass and
cell mass for each order of cell, but similarly for each order of cell then
there is a relation between surface area and mass, and when the mass
exceeds a certain amount, the surface area is too small, and assimila-
tion and discharge are hindered. The cell has now the alternatives
of cell division (by which there is a rapid increase of surface area rela-
tive to mass) or of lessening its mass by the performance of function,
that is, of dissociating some of its cell substance. As long as the cell
or the individual is below the economical ratio between its mass and
its surface area (relative to its external medium), it chooses the first
(cell division); as this ratio is approached it tends to employ the second
(functional activity.)

The size of the individual is thus a function of the constitution of
the biophores; it is the expression of the optimum economy of inter-
action between the biophores and the external medium. We explain
the apparent exceptions above noted by realizing that growth of
cells and of individual continues till this optimum is reached. In the
developed cell there must be a constant alternation between growth
and functional activity; in performing function the cell dissociates
some of its substance, and falls below the state of optimum efficiency,
and it is in a position to take up new matter and grow; Weigert’s
statement is “the katabiotic use of material in function removes the
obstruction to growth.”

Physiological Inertia and Habit.—A wheel set spinning continues
to spin after the hand is withdrawn; a gland stimulated to secrete
continues to secrete after the stimulus is removed. A resting muscle
continues to rest (during the latent period) before it acts in response to
a stimulus. The cell, like matter in general, tends to continue in the
state in which it is, whether of rest or activity. This inertia is the
precursor of habit. A cell stimulated to perform an act continues to
perform it after the stimulus is removed; on a second occasion, a slighter
stimulus suffices to make it repeat the act, until a period is reached
when a minimum stimulus will produce an optimum reaction, and
the cell, tending to employ its energy in one particular direction, tends
to lessen its activities in other directions. It becomes adapted to its
work. Once a cell starts to grow it has a tendency to continue to grow
rather than to perform function, until its increased size and increasing
tension and other external stimuli attain such power that it is com-
pelled to functionate. This, in turn, once started, is apt to continue.
We have thus attempted to show the biological process by which one
cell becomes many cells, and the many cells attain a certain size by
individual growth, and finally, by which the energy that is put into
growth becomes, at the proper time, directed toward the performance
of function and a continuance of the same,
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RESERVE FORCE

An important character of living matter is what is termed reserve
force; upon it depends the process of healing. Just as a wall, a bridge,
or a hoiler, built on sound mechanical principles, is able to stand a
strain several times greater than it is ordinarily expected to carry
(the “factors of safety” of the engineer), so are the cells of the organism.
There is a large reserve of force or energy in them above that which they
exert under normal conditions. [llustrations of this are known to
everyone, The patient who seems so weak that he can scarcely raise
his arm may become in delirium a match for two men. The heart can
do thrice its normal work without overstrain; three-quarters of the
rabbit’s liver may be removed, and the remaining quarter serve its
purpose; the whole of the spleen of a dog may be excised without
injury to the animal’s health.

In the last case, other related tissues take up the functions of the
spleen, exercising a vicarious activity; yet vicarious activity is a pure
example of reserve force. Such also is compensatory activity, e. g.,
one lung will suffice for respiration, one kidney for urinary excretion;
even in the brain, one of a pair of centres can take up the work of its
destroyed fellow. In short, the organism is so constructed as to possess
in most of its functions an abundant margin of reserve force. 'This reserve
force lies at the root of the healing of injuries and of immunity to disease.

Reserve force is yet one more result of physiological inertia. Life
has been defined as the continuous adjustment of internal conditions to
external changes of environment. It is more, it is overadjustment;
when the cell assimilates, it continues to assimilate more than is needed
at the moment; when it starts to grow it continues to grow above the
extent of the original stimulus; and the excess remains as reserve force,

THE STATES OF CELL ACTIVITY

The state of the cell at any given moment depends upon the sum
total of assimilation, growth, and external stimulus, and this state
is variable, and the variations carried far in one or another direction,
constitute cell disease.

1. Subnormal Activity.—Even in normal tissue the accumulation of
eserve force leads to the presence of redundant cells, which, receiving
relatively little stimulation pass into an inert, latent state. These
cells, with lack of stimulation, atrophy, and some of them actually
disappear. Not only does this occur with redundant cells, but even
with normal cells under abnormal conditions; this can be well seen
in the atrophy which an immobilized leg undergoes; and the actual
disappearance of cells is seen in the cases in which the lower motor
neurones atrophy and disappear as a result of lack of stimulation
from the upper ones, in cases where the upper ones are destroyed.
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2. Vegetative Activity.—Cells in the process of active growth present
certain well-marked characters. The nuclei are large, round or oval,
staining deeply; paraplasmic granules are not prominent; the cell body
is round or oval. Cells of this character are prone to reproductive
activity and have been called embryonic cells. The name is not a good
one, because such cells occur at all life periods, and a better term for
them is vegetative cells.

3. Functional Activity.—Cells in functional activity show signs
of differentiation according to their specific function; in muscle or
nerve cells the cytoplasm is highly elaborated; in gland cells, there
are paraplasmic deposits, in the form of granules or globules; the nuclei
are not large, and their staining differs according to the stage of cell
activity.

4, Hyperactivity within the Limits of the Reserve Force of the
Cell. —When increased stimulation is accompanied by adequate nutri-
tion, the functional activity of the cell is, to a certain extent, accom-
panied by growth, and this constitutes hypertrophy.

5. Excessive Functional Activity.—When the cell work is extreme,
the energy used up exceeds the supply from the food, the paraplasmic
material disappears, the protoplasm is dissociated, and if the stimulus
be continued the cell is exhausted; the nuclens stains poorly; the
cytoplasm in the case of cells like those of the kidney tubules may
be disintegrated and partly discharged; or there may be abnormal
deposits in the meshes of the cytoplasm; or the cytoplasm may become
wdematous and vacuolated.

CELL MULTIPLICATION

Increase in size of the individual is brought about in two ways:
by enlargement of the individual cells, and by intercalation of new
cells. We speak of increase in size of the individual as growth, whether
it arise from one or the other of these processes, but it is necessary to
remember that cell multiplication and cell growth are not synonymous
terms. Cell multiplication is of two main types —direct, or amitotic
and indirect, mitotic or karyokinetic.

Direct Division; Amitosis.—This is the rarer form of the two, and
may be said to occur not at all in the development of the mammalian
body, but in fully developed adult tissues it does occur, and is par-
ticularly frequent in cells that are multinucleate. In leukocytes and
endothelial cells it occurs, and is the rule in the syneytium of the mam-
malian embryo, and in the rapidly growing envelopes of the embryo.
In the last named, it will be noted that the tissue is but a temporary
one. There seems to be a certain amount of truth in the statement
that cells which exhibit amitosis are on the way to degeneration. As
far as the leukocytes are concerned, in lymph nodes where cells are
being continually produced mitosis is seen, and it is only in the blood
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and in leukoeytes in inflammatory areas that we encounter amitosis.
Possibly we cannot enunciate this view so confidently as we were
accustomed to do; of late years attention has been called with increas-
ing frequency to the oceurrence of amitosis in active tissues. We
must, however, admit that we cannot follow the fate of cells originating
by this method.

In amitosis, the nucleus divides without any preliminary rearrange-
ment of its structure. It becomes elongated, then dumb-bell shaped,
the neck breaks, and the daughter cells separate, either followed or
not followed by a corresponding division of the eytoplasm. The centro-
some plays no noticeable role in this form of cell multiplication.

Fia, 10

Amitosis. Stages of direct division in tumot cells: A, from an ovarian cancer: B, from an epithelioma
of the lip. (Nedjelski )

Indirect Division; Mitosis. — In this form of division the nuclear
material is divided with exactness between the two daughter cells.
If the nuclear material were uniform, it would not be necessary to have
the elaborate “quadrille,”” but each daughter cell would take its half
as happens in indirect division; that the nuclear material arranges
itself indicates that there is a differentiation of the biophores, so that
cach daughter cell obtains a group of biophores identical with that
obtained by the other. We shall merely indicate the stages in the
process.

1. Prophase or Preparatory Stage.—The nuclear chromatin in the
resting stage of the cell is an irregular or nodulated network; it becomes
a continuous single thread which appears as if in a tangle, and then
divides into a definite number (in man, thirty-two) of short lengths
called chromosomes. As this is progressing the nuclear membrane
disappears and the chromosomes lie naked in the cell. While this goes
m in the nucleus changes appear in the cytoplasm. The centrosome
ippears and divides into two halves, around each the cytoplasm be-
comes concentrated into radiating fibrils, forming a star or aster, and
as the two halves of the centrosome separate and journey to opposite
ends of the cell, a spindle of fine fibrils is seen to stretch between them.

2. Metaphase.—Fach chromosome splits longitudinally into two like
halves, the daughter chromosome appearing to become attached to
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the mantle fibres of the spindle. This splitting of the chromosomes
is the fundamental process in cell division.

3. Anaphase.— The daughter chromosomes diverge, a member of
each pair going to one or the other pole of the spindle. Here the
chromosomes crowd near the centre of the aster.

4. Telophase.'—The cell body divides into two, the line of division
passing through the equator of the spindle. Each daughter cell now
contains half the chromosomes, half the spindle, and one centrosome
and aster. The two last may persist, as the attraction sphere, or may
disappear. The daughter chromosomes fuse into a tangle, which
becomes irregularly swollen or nodulated and forms the network of
the resting nucleus,

ADAPTATION

We have already made the statement that the organism can adapt
itself to its surroundings, and the doctrine of the survival of the fittest
indicates that where there are many individuals undergoing change
to become better suited to their environment, the ones who best meet
the new requirements are the ones who survive and their progeny,
so modified, force out of existence the fewer, weak progeny of those
less well ;|1[;||xlu|. A large element of chance enters into such a process.
This, however, while true, is not the whole truth. Adaptation is not
a passive fortuitous modification of living matter in a favorable direc-
tion, but an active process, whereby a change in surroundings brings
about a change in the composition of the living matter.

Examples of adaptation are numerous; bacteria which ordinarily
split up carbohydrates can be made, by growing in special media, to
split up proteins; bacteria which can ferment one sugar but not a second
may be “trained” till they ferment the second and not the first; bacteria
which were not [m('ln;.’t‘llit' can l!(‘ I\I:Itll' to become so. '”n-\v ;1]!1‘”'1]
powers are due to the acquirement of new qualities by the bacteria
adapting themselves to their particular surroundings; the alteration
can occur in so short a time as to make it certain that it is an active
process. The acquired immunity in man against disease is an example
of adaptation, the cells adapting themselves to one more foreign agent,
in this instance the toxins or dissociation |)rml|lt't\ of the ~]u'«‘i.‘|| bac-
terium. This adaptation may remain for a long time after the toxins
have ceased to be present, because there is impressed on the cell some
alteration in constitution which is passed on even to the progeny of
the cell. The capacity to adapt itself is inherent in the molecules of
the cell, and the molecules become changed in response to some agent
or agency in the environment; it is not that the tendency to vary is
inherent, but rather that the power to change in a particular direction
is present, the change being in response to the action of a specific

1 mpé, before; perd, in the middle of;; avd, backward; w7200, afar,
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agent.  Expressed more coneretely, a particular modification in the
environment is able to « hange the ]!Tl!l“[ll:hlliit‘ molecule in a |n:|rtit'|l|:lr
way. If the cell remain in the same environment with the same kinds
of food molecules coming to it, the cell response will be to build up
the same side-chains within limits; in short, the cell will not vary.
But as soon as a new foodstufl is brought to it, and dissociated, an
entirely new set of ions may be produced, and new combinations
entered into, new side-chains may be built up, and the protein mole-
cules in the cell itself thereby altered. This particular cell has gained
a new character by adaptation, by undergoing a molecular rearrange-
ment; growth goes on at the same time, and the new side-chains may
be detached into the surrounding medium or may remain and be built
up into the cytoplasmic or nuelear molecules,  If then a cell has adapted
itself, and has multiplied, the process of adaptation is not over, for its
progeny will partake in the altered composition of the molecules in
the parent cell.

Adaptations such as these will occur in response not only to the
foodstuffs, but likewise to toxins; and changes in temperature, vibra-
tion, light, and other physical agents, not introducing any new ions
or molecules may yet cause a rearrangement of the molecules in the
biophore, and so an actnally altered composition of the cell, with
altered characters.

CELL DIFFERENTIATION

A corollary to this is that a cell becomes adapted to its particular
set of circumstances, its food, and so on, and thus becomes different
from its neighbor; this is the reason that underlies cell differentiation.
If we begin with a cell, which multiplies itself into a mass of cells, it is
obvious that the cells on the outside of the group are in a relation to
the surrounding medium which differs from the relationship of those
on the inside. If we begin with two separate cells, exactly similar,
each of which grows into a multicellular organism, if each be exposed
to exactly the same environment the daughter cells will be differ-
entiated in exactly the same way. But if the biophoric composition
of these two cells is different, even if the environment be the same,
we shall have the daughter cells in the multicellular organism differ-
entiated according to a plan that differs from the differentiation of
the last example. To state this otherwise, we would say that cell
differentiation is due to two factors, biophoric constitution and physical
influences, and that in practically every case, both are at work. We
could thus understand, albeit in a hazy way, how the one adult individ-
ual differs from the other, even if we were to presuppose that the ovum
was exactly the same in each case; the more difficult task is to determine
why one individual is like another individual, why son is like father, and
this leads us to inquire wherein one ovum is different from another
ovum. Two ova, side by side, look to our eyes alike, let us say: why
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is one going to become an elephant and one an insect, and how comes
it that the elephant is certain to have a trunk and the insect wings?
Is there, in the ovum, a part of the protoplasm that is definitely of
uch composition that it must form a trunk and not a tail? And where
is the protoplasm hidden in one cell which will determine that this
particular elephant will have tusks like his grandfather, a trunk like
that of his great-grandfather, and the temper of his great-grandmother?
Does the ovum contain a vast accumulation of molecules of different
orders and properties which have directly descended from each of
his thousand ancestors? This cannot be: we can prove, from what
we know of the protein molecule, that there is actually not room for
them. The theory of “the continuity of the germ plasm,” as it is
called, which presupposes the descent from generation to generation
of an infinitesimal part of the protoplasm  of each, is a physical

impossibility.

Such “determinants” carrying particular
one or other ancestor, which shall in due t
or other tissue or arca of the fully grown ind I and shall endow
that particular tissue or area with the propertic: scen in one or other
ancestor demands, it will be seen, that every separate feature in the
body, even down to the particular markings of the thumb prints

which are alike in no two individuals), shall be present in the fertilized
ovum, demands, in short, that not merely the microscopic nucleus
of that ovum, but the chromatin or whatever part of it conveys the
hereditary characters, shall be made up of these innumerable determi-
nants. Now, according to Weismann, these determinants cannot he
simple molecules of matter, but must be molecular groups, and as we
have pointed out that living matter is proteidogenous, each individual
molecule must be of a size which, according to physicists, is almost
visible by the ultra-microscope.! Regarded thus, it is a physical impos-
sibility that the minute nucleus of the impregnated ovum can contain
all the determinants demanded by this theory. If, therefore, we can-
not accept the idea of determinants, is there any other means by which
we can visualize the facts of inheritance and of individual variation?
This biophoric hypothesis appears to us to afford the only means of
explanation at present possible. The elephant ovum develops into
an elephant and not into an inseet because the elephant ovum is made
up, in the main, of molecules of a certain average composition, a ring
made up, let us say, of smaller rings each represented by A:

properties derived from
distributed to one

That is, in the neighborhood of 0.1x in diameter
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A bird ovum, on the other hand, may be made up of X rings, thus

These may thus differ one from another not only in genesul com-
)

position (as A is different from R or X), but also in number, and
mode of apposition. The fundamental grouping of the molecule of all

elephants is the same, thus:

the biophoric molecules of the ovum of one elephant differ from those
of another in certain slight modifications of one or more of the constit-
uent parts of the ring, which may be represented as side-chains; thus
for one elephant:

for another elephant

as no two individual elephants are identical or can he represented by
the same formula, it is evident that progeny of any two will present a
modification of the formula seen in either parent; these modifications
arising by elimination, interaction, or summation of the characters
represented as side-chains.

Having thus dealt with inheritance and the effects of fusion of the
male and female elements in the new individual, let us now consider
the modifications acquired by environment.

Acquired Modification.—Passing on to the evolution of the indi-
vidual from the ovum and the differentiation of his various tissues and
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organs, it must be clearly realized that when the ovum divides into two,
cach daughter cell has runu‘\m| to it |:|u|l|mr1<' molecules, and that so
these biophoric molecules while coincidently multiplying by the successive
division and multiplication of the cells of the growing individual come to
be distributed to all the tissues of the body. So far as we can see they
pass to the germ cells in an unchanged condition, but in the succession
of divisions which give rise to the somatic or body cells, the influences
to which the successive generations of cells are exposed in the different
{ parts of the growing embryo differ very greatly. It is due to the differ-
ence in position plus the difference in foodstuffs and physical and
chemical agencies to which the cells are exposed, that the contained
hiophores become modified, until eventually, the modification becomes
o great that instead of these biophores being able to reproduce the
whole individual, they now become capable of controlling the formation
of only one particular diffcrentiated order of cell.

Following upon this, the general statement may be made that the
more pronounced the differentiation of a cell, the less is its capacity for
reproduction. Yet there are certain cells that are specialized, and can
vet reproduce; but they reproduce only their own differentiated and
modified kind, gland cell reproducing gland cell, muscle cell, muscle;
and even this multiplication can occur only after the differentiated cell
has “undifferentiated” itself again, that is, has reverted to a simpler,
less differentiated stage. The cell that has become differentiated, that
is, loses the characters it has acquired, and becomes a “vegetative”

cell in form, and yet when this cell reproduces, its progeny assume
once more the differentiated type characteristic of the adult cell

FERTILIZATION

We shall take up very briefly some of the facts concerned with fertili-
zation; that it has not hitherto entered into this text, is due to the
fact that growth, adaptation, and cell differentiation can proceed with-
out it; study of the lower invertebrate forms indicates that it is, in
them, a means of rejuvenation of the biophore, but that among them it
; is not an essential to the continuance of the species through considerable
numbers of generations. In its simplest phase, conjugation is the direct
union of two like individuals; but even low down in the scale we begin
to find a differentiation between the male and the female germ cell; the
male tends to show itself motile, invasive, while the female tends to
he passive, chiefly because the cell is loaded with the yolk necessary
for the support of the new individual after fertilization. Of this food
material the male element or spermatozotn shows little; it consists

of a nucleus, a centrosome, and a small amount of cytoplasm which
appears chiefly as the flagellar tail; the male cell is, in fact, of a dis-
proportionate smallness.

From a very early date in the development of the individual ovum
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the germ cells hecome marked off from the somatic or body cells; the
germ cells remain rich in chromatin, none of which is cast out.

The observations of Boveri and others indicate that the cells destined
to give rise to the tissues in general undergo a process of reduction
of their chromatin; very possibly this process of reduction renders
them incapable of being totipotential, 7. ¢., of giving rise to the whole
individual, leaving them capable only of giving origin to a specific
tissue or tissues according to their environment. Nor does it seem
that the eventual sexual cells are of necessity absolutely identical in
the amount of chromatin which they contain; a study of the sperma-
tozoa, especially of insects, and of the pollen of plants, has shown |
recently that in any particular instance their spermatozoa may be
separated into two approximately equal groups, of which the members
of one gronp contain either one chromosome in excess of the number
contained by members of the other group (accessory chromosome), or
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D fferentiated somatic tissues of adult

Sehema of germ and somatie cell differentintion.  (After Klebs.)

one chromosome llluFlwn”) |.‘|r;,:t'l' l||;l|| the t'nrrt'\lmlnﬁllg chromosome
in that other group. More rarely species are encountered in which
one-half of the ova possess the accessory chromosome; in this case the
spermatozoa all have the like number of chromosomes, and as these
species afford approximately equal numbers of male and female progeny
and no other functional difference can be detected or imagined between
the two groups of spermatozoa, it is presumed that the one group
(that with the accessory chromosome) conveys female, the other male
attributes.  This conclusion is now becoming generally accepted by
|Viulngi~l\.

We have stated that there is no reduction in the chromatin of the
undifferentiated germ cells; but we have now to add to this statement,
that the generation of germ cells immediately preceding the formation
of the ova and spermatozoa does undergo a reduction of chromatin
during the process of maturation, so that the mature spermatozoén or
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ovum contains just one=half the number of chromosomes characteristic
of the species (and it will be recalled that this is a fixed number for
\;,“Il "]\11 105).

In the maturation of the spermatozoon, we may state briefly the
fact that a [»:lir of spermatozoa arises from a \('4‘u|n|:|l‘.\ spermatocyte,
this in turn comes from a primary spermatocyte, this from a spermatogo-
nium, and this from a primordial germ cell, and by the time the sper-
matozoon is formed it has one-half the normal number of chromosomes,
The four cells derived from the primary spermatocyte all become
spermatozoa, whereas, in the case of the ovum, the primary obeyte
gives rise also to four cells but only one of them becomes a functional
ovum; the other three are degenerate, and are cast out of the cell as
polar bodies, and this casting out does not oceur till the spermatozoin
has entered the ovum. This intracellular oceurrence is for the purpose
of reducing the chromosomes of the ovum, so that the ovum proper
is the only one of the four which remains, and it functionates with its
chromosomes reduced to one-half of the number present in the cells
of the adult individual. The steps of the process of maturation of
the spermatozoén and of the ovum we have omitted, but these
intricate “nuclear dances” are evidently a means of ensuring that the
chromatin of the original germ cell shall be impartially divided among
all the daughter cells—the spermatozoa or ova; and the reduction of the
chromosomes brings it about that the fertilized cell, summing the two
ets of chromosomes, each reduced by a half, shall begin life with
exactly the normal number of chromosomes, and these contributed
equally by the two parents. The eytoplasm of the new individual
fertilized ovum) is supplied practically in its entirety by the maternal
germ cell, the centrosome by the paternal. The very fact that
the nuclear chromosomes are the only constituent supplied with striking
equality by both parents, coupled with the observed fact that the indi-
vidual inherits properties indiscriminately from both parents, indicate
together that the chromosomes convey the essential heritable matter.

INHERITANCE

The importance of the problem of heredity in disease is great, and
we make no apology for insisting on its consideration.

Heredity is the conveyance to the offspring of the properties of the
parents and of the parental stock, so that the child inherits familial,
racial, and specific characters. But this does not describe the child,
hecause interwoven with heredity is variation, and this of several orders.

1) There is the variation that comes from one’s course of life, as is
seen in the type that is recognized as the sailor, the farmer, or the
undertaker; variations so acquired are known as modifications and
can be divided into those acquired in intra-uterine and in postnatal
life. These are not heritable—included among them are fluctuations.
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If, for example, we measure twenty members of one family we shall
find them to vary in height, length of limb, etc., but the smallest
member of the series may be the parent of children of height, ete.,
over the mean; the variations being apparently due to external
environmental influence. (2) There are variations that arise because
the individual is the result of amphimixis, 7. e., the fusion of the germ-
plasm of two individuals who differ one from the other. The child
cannot, on this account, be an exact copy of either parent, but must
show variation from each. (3) The molecules of germ plasm of two
parents are so complicated that their interaction never produces the
same result twice; even the thousands of fish from the same spawning
differ from one another, so that, finally, we must admit that the bio-
phores of the parent which supply the germ cells are prone to variation
during the individual life of the parent.

The Different Forms of Inheritance (i. ¢., Heredity Plus Variation).
The properties possessed by the individual are these:

l. Individual, 7. e., those peculiar to the individual, and not recog-
I|i‘/.:]|i|)‘ inherited.

2. Parental, 7. ¢., properties possessed by and peculiar to one parent
and nl\\iulhl} inherited from that p:lran .

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

4. Racial, i. e., properties common to a particular race.

One may go farther, and indicate that the individual has specific
or ex specie properties, such as those that distinguish him as a human
being from an ape, and even class and order distinetions.

We see that there is an ascending order of fixity in these characters,
viz., that, dealing with man, his vertebrate characters are more firmly
imprinted on him than his mammalian, his mammalian than his human,
his human than his racial, and his racial than his familial characters,
and so on. His least imprinted characters (. ., his individual char-
acters) are those most liable to change, and among them the ones he
has possessed longest he gives up least readily.

Racial Characters.—To go no farther back than this, everyone is
familiar with racial differences, evidenced by the color of the skin,
the shape of the skull, and the stature. In more strictly pathological
fields, one may recall the differences in reactive power to certain
microbic diseases; thus the Japanese and the native Austrian cattle
are less susceptible to tuberculosis than most others; one race of
Algerian sheep can scarcely be inoculated with anthrax; negroes and
American Indians are highly susceptible to tuberculosis, and so on.
In non-microbic diseases, it is a matter of common knowledge that
the Hebrew is prone to diabetes; the French, to functional nervous
diseases; the English, to gout, and the American to disorders of diges-
tion. To say that these are due to the particular mode of life is
precisely what we wish to indicate: primarily they must be regarded
as the outcome of particular environment.
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Familial Characters.— Not only do the members of a family tend to
resemble one another, but there are certain distinctive traits that are
found in many successive generations—a peculiarity of stature, a
shape of some special part—“that thou art my son,” said Falstaff,
“I have partly thy mother’s word . . . . butchiefly . . . . a
foolish hanging of thy nether lip”—or a morbid condition such as
albinism (deficiency of cutaneous pigment), color blindness, hemophilia
liability to excessive hemorrhage as a result of insignificant injury),
or actual malformation such as the possession of an extra digit. When
we consider that such peculiarities as the last have been traced in a
family for centuries, despite the constant introduction of new blood, it
is evident that these are dominant properties possessed by the germplasm
of particular strains. The further study of some of these characters
reveals the fact that there are some of them which appear in one sex
and are transmitted by the other.

? Sex-limited Inheritance.——Ilemophilia, for example, rarely appears in
the females of an affected family, but frequently in their sons. Char-
H acteristics may skip a generation or more, so that the appearance of

such in children whose parents were free from but whose grandparents
or preceding forebears were affected by them, is designated atavism.
Parental and Individual Characters.—The characters that descend
from the parents to an individual may be blended, that is, he may possess
a mixture of the paternal and maternal features, intermediate between
the two, or they may be particulate, that is, he may resemble one and
not the other. There are certain parental characters that ordinarily
cannot blend, and sex is the most striking of these. Less important
is such a character as the color of the eyes; one parent may have blue
and one brown eyes; the children generally do not show an inter-
mediate color, but either blue or brown eyes, exceptionally one hrown,
the other blue. One of the two parents, in properties that are unlike
or antagonistic, is apt to be dominant, and the other is then recessive.
Mendel's Law.—Without going deeply into the particulars of
inheritance in the matter of antagonistic characters, we shall indicate
the exactness with which nature works, as it was observed by the
Austrian monk Mendel, whose work has in this century been revived.
Let us take for example, as he did, the flowers of the pea; some strains
have white flowers, others colored. Color is a positive acquirement,
and whiteness most often means latency or loss of this acquirement.
If now red and white flowers are crossed upon one another, the hybrids
which result follow a law in regard to manifesting this particular char-
acter and the first generation is red. The red color is dominant, and
there is no indication of the white color—the white being recessive.
But in this experiment the white color is only latent, and this fact will
appear if this first generation (red) be allowed to fertilize itself; among
its progeny one-quarter of the individuals will be white, that is, will
show the recessive quality. If this white individual be self-fertilized
again, all its progeny will be white. Now, of this second generation
1
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Schema showing the orders of inheritance of a unit charncter necording to the Mendelian Law

A dominant character in either parent is represented by black. This dominance may be duplex, a
in I, where the character has been received from both parents, or simplex as in 111, where the char
weter is conveyed from one parent on | individuals receiving thus the dominant charaeter will
be of dominant type whether they and their cells be of simplex or duplex constitution. The gern
cells a, &

in the duplex individuals are all of the same order; in vimplex individuals one-half

the dominant character, one-half, b or y, convey the recessive character. The a mutings

ure represented by unbroken, the b matings by dotted lines
1. Mating of two pure, duplex dominants ult: All the offspring duplex dominants
1. Mating of two pure, duplex recessives. Result: All the offspring pure recessives

111. Mating of duplex dominant with duplex recessive. Res

All the offspring simplex domi
nant (or heterozygotes, Mendel's F, generation in hybridization)
IV, Mating of

or duplex dominant, two simplex (dominant)

plex dominant with simplex dominant. Result: Offspring in ratio of one pure

id one pure duplex recessive (Mendel's I,
generation)

V. Mating of duplex dominant with simplex (dominant). Re

sult: Offspring one-half duplex
dominant, one-half simplex (dominant), pure’ recessive, one-half simplex (dominant
VL. Mating of pure or simplex recessive with simplex (dominant). Result: Offspring one-half
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f tour ;»Lllxl three red and one white), of the threc red, one, when
self-fertilized, will give only red progeny, the other two of this second
veneration will have the characters of the first generation of hybrids,
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Schemn of Mendel's law for a single pair of " antagonistic” properties: A, the results of hybridi
zation of a pure dominant (D) with a pure recessive (R) form. (Bateson.)

that is, they will give rise in the next generation to one dominant, one
recessive, and two hybrids that again will produce this same percentage
of dominants, hybrids, and recessives. This will be understood better
from Fig. 13.
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The formula may be set down as follows: if ) represent a plant with
the dominant red and its germplasm and R one with the recessive white
and its germplasm, then the first generation of crosses of ) and R will
all be DR, and if these DR individuals be crossed the result will be
2 (DR 4+ DR) = 2 (DD + 2DR + RR), or in other words, a dominant
crossed with a recessive gives in the second generation, as regards
this one particular feature, one dominant, two hybrids, and one reces-
sive, and of these, each pure dominant crossed with a pure dominant
can give nothing but dominants, each recessive nothing but recessives,
and each hybrid the same proportion of dominant, hybrid, and recessive.

The essential point to be grasped here is that while one property
dominates, the other is only latent, and may show itself in the absence
of the dominant property or mingled with it in a blend. The law, too,
does not hold in the crossing of distinet species, and we quote it only
to indicate how accurate a basis even with our imperfect knowledge we
have for the consideration of problems of heredity in the human species.
This is the observed law of appearance of one differential feature; where
the two mating varieties differ in more than one set of features, the
formula becomes more and more complicated the greater the number,
although constantly the members of the first generation exhibit dom-
inant characters, the recessive only reappearing in the second generation.
We must, however, refer those interested in this subject to one of the
many works devoted to the exposition of the Mendelian law.!

Atavism.—This is the appearance in a given generation of traits
not present in the parent but characteristic of earlier generations,
and is seen to be in accordance with Mendel's law. If, however, we
find traits appear which are characteristic of an earlier state in the
phylogeny of the species, we designate this regression. In reversionary
inheritance or regression we have always a return to a lower type
a development not completely up to the present type but attaining a
stage characteristic of an earlier period in the development of the
species.  An example of such is the appearance of a microcephalic
child or of a child with indications of persistent gill clefts; not all such
cases are true reversion; very many are the results of intra-uterine arrest
of development. A perfect example of regression is found in Darwin’s
experiments and those of others, in which when widely differing breeds
of pigeons were crossed, the progeny, disregarding, as it were, all the
recent acquirements, have appeared exactly similar to the form of
wild pigeon from which all the different varieties took their origin.
One seems to see, from time to time, the offspring of parents of widely
diverse stocks showing this reversion to a lower type.

Familial Degeneration.—This is a form of degeneration which we
ascribe not to the interaction of two antagonistic germplasms, but
to a defect in one or both induced by toxic influences, which modify

' Among these may be noted: Bateson, “Mendel’s Principles of Heredity,” Cam-
'!lllh.,!' l nv. I Darbishire, “*Breeding and the \lvmh]l an I)Nmu\ " ad
Edit., Casse , 1012; and Walter, H. E., “Genetics,” Macemillan Co., 1913,
the last being un (.\LL“(’IH presentation of modern views.
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the constitution of the parental germ cells. The class so produced
we designate degenerates— the product of those leading vicious lives.
The degenerate is of poor bodily development, the brain is smaller
than normal, its convolutions less marked, there is little capacity for
prolonged thought, and a lack of moral sense—in all these points, there
is a resemblance to a lower, less-developed race of our species. Such are
apt, in turn, to produce children who are idiots, stillborn, or monstrous.

Spontaneous Variation; Mutation.—We have previously been deal-
ing with conditions appearing in the ancestor, and conveyed to the
offspring; but there appear in the offspring conditions and relationships
that are new to the stock, that have arisen, and these are called sponta-
neous variations. The clover has a tri-partite leaf, but a four-leaved
clover is occasionally found, or even five- and six-partite leaves; this
does not mean that the ancestors of the clover plant had a four-, five-
or six-partite leaf. We describe this as a spontaneous variation. We
find the same thing occurring in the human species; supernumerary
i mammee, fingers, or vertebre occur, and, once present, tend to be
i inherited. The first of these in any series to happen was a mutation,
a spontaneous variation; and botanists have been able to show that a
new variety will suddenly arise, and, self-fertilized, remain true to its
new type. Some say that evolution works in this discontinuous way,
and that a new variety or new species does not come by slow gradation
but by sudden genesis. It may be, of course, that we have here an
example of cumulative inheritance; that is, where a blend, instead of
showing a feature intermediate between two differing parental features,
shows this feature exaggerated in the direction of but far beyond that
feature in one parent; but we have also to remember that mutations
have been obtained by various physical effects, e. g., the influence of
chemical agents acting upon ova.

The Theory of Inheritance.—The consideration of fertilization and the
processes that precede it leads us to suppose that each parent contrib-
utes one-half to the germ cell of the offspring; half the chromosomes
are of paternal, half of maternal origin, and the heritable material is
evidently in these chromosomes and any theory of inheritance must
deal with the chromosomes and their constituents—that is, with the
biophorie molecules conveyed in the chromosomes.

We may group the various forms of inheritance, most of which
have been referred to, as follows:

(1) Presenting itself also in the offspring:

1. Dominant, wholly replacing the corresponding but divergent
feature seen in the other parent.

2. Blended, this particular feature in the offspring heing inter-
mediate in character between that exhibited in the two
parents,

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

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

A
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(B) Unrecognizable in the offspring:

1. Recessive, and replaced by corresponding feature derived
from the other parent, but as such latent, capable of
reappearing in later generations.

2. Absent, wholly wanting in subsequent generations, the

absence being due either:
(a) To casting out of an inherited condition, or
(b) To the feature seen in the parent being an acquire-
ment and not an inheritance.
Or, on the other hand, considering the individual, we note that as
regards any particular feature or group of features, there may be:
(A) Normal Inheritance: The offspring not being in this respect
advanced beyond either parent, but at the same time not
fallen behind.

(B) Progressive Inheritance: 'The offspring being advanced beyond

the more advanced of the two parents and exhibiting either:

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

2. Spontaneous variation (mutation), 7. e., the appearance of
conditions not previously noted in either parent or either
parental stock.

(") Retrogressive or Reversionary Inheritance: The offspring revert-
ing as regards any feature or group of features to a lower
stage in the phylogeny of the species.

(D) Non-inheritance: Apparent or actual.

It will be seen that qualities conveyed by the parental biophores
may be retained even if in a recessive, latent condition. The fact that
the Mendelian hybrid after a number of generations can produce a
purely dominant or purely recessive individual shows this, and con-
jugation cannot, therefore, be a chemical union of two biophores
with a resulting new biophoric substance. Nor can there he separate
biophores representing each individual ancestor. The following is our
conception of the process of conjugation between parental biophores in
the fertilized ovum. We may picture these biophores as lying side by
side in a common cytoplasm from which they extract and to which
they give ions, so that some side-chains are being built up and some
dissociated. Of these side-chains many are identical, common to the
molecule of each parent; these possess the fixed characters of the species,
the race, the order; others are unlike, and these evidently mark the
individuality of each parent. The molecules and their side-chains will
have certain affinities for the side-chains of the molecules of the germ-
plasm of the other parent, and with the constant interchange which
we consider the essence of the life process, some of these will be incor-
porated into the ring and others will be cast out completely. There
will be a kind of contest between the parental biophores, and as a
result a re-arrangement, so that the characters represented by side-
chains with strong affinities will appear in the offspring, and characters
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represented by side-chains with weak affinities will be cast out and will
not appear, nor even exist in the new germplasm. Without increasing
the number of individual molecules, this semichemical process allows a
constant number of hiophores to bear properties of many generations.

Fia. 15
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Schema to illustrate Mendel's law regarding the second hybrid generation, to illustrate the effects

of reduction of the chr 8 in ¢ and spermatog ‘ach germ cell (first row) is
originally provided with chromosomes of paternal (black) and of maternal origin (white). The
existence of the

row) become provided with chromosomes (and biophores) that are of either paternal or of maternal

w demands that in the process of reduction the ovum and the spermatozodn (second

descent, but not of both; although, as above noted, the biophores may in their growth and develop~
ment have attracted side-chains formed primarily by the opposed order of biophores, to the exclusion
of those originally belonging to them.

If then one considers a scheme such as that afforded by Fig. 15
it will be seen that in the process of reduction undergone by their
chromosomes the mature odcyte and spermatozoon each undergoes a
process of casting out of chromosomes derived originally from one or
other grandparent. As the same order of chromosomes is not cast
out in each ovum and spermatozodn, the data obtained from Mendelian
experiments show us that the casting-out process evidently in each
case involves the biophores derived from one or other of the grand-
parents. With promiscuous mating of ova and spermatozoa, this
alone can give us the Mendelian formula.
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We think such an explanation suffices to show how hereditary char-
acters of many generations may be conveyed in a small number of
complex molecules; how these molecules may be altered (being pro-
teidogenous molecules) by amphimixis (that is, mingling with other
molecules) and by environment (that is, by interchange with the
surrounding cytoplasm); how they may lose entirely certain side-
chains, and thereby certain properties, even if these are hereditary.

The Inheritance of Acquired Characters.—Are acquired characters
transmitted? is a long-argued question. Contrary to the dominant
teaching of the morphologists we think that some few, but by no means
all, may be. Tt has been indicated before that we picture the biophorie
molecule as in interaction with the eytoplasm that surrounds it, giving
up to it and taking from it ions, and this in its turn interacting with the
surrounding medium, the lymph. The biophoric molecule weaves into
itself, thus, some flavor of its surroundings, and can transmit whatever it
has. It will be evident that there are some kinds of acquirement that
san be transmitted, and some that cannot. The so-called “maternal
impression,” by which a pregnant woman seeing or imagining some-
thing which mentally impresses her, is supposed to transmit it to the
offspring she is carrying, is a myth. “Use acquirements” are not
transmitted; by this we mean that the blacksmith’s arm is not repro-
duced in an unusually large biceps in his son. We have not as yet
definite evidence that acquired immunity can be transmitted, although
the offspring can obtain immunity during intra-uterine growth; to
prove that immunity can be transmitted, it would be necessary to
have only the male parent immunized, and to find the progeny so
immunized. It might almost be predicted that immunity would be
transmitted according to the Mendelian law, some of the progeny
being immune, others not. Mutilations, loss of limbs, etc., are not
transmitted. On the contrary, there is a series of retrogressive changes
in the tissues, the result of toxic influence, which does seem to be able
to affect the progeny. For example, it seems as if the drunkard begets
children who are the worse for his habit; we need scarcely point out
how difficult it is to prove this statistically, because there are so many
factors to consider, such as these: the mother, being sound, may domi-
nate the offspring, and the child be normal; if the child be abnormal,
an we say that the father’s alcoholism was the prime cause? May
it not be that the father's alcoholism and the child’s weakness are
alike expressions of an hereditary taint in previous generations of the
father’s family? Or, again, may not the child’s incapacity be due to the
misery and want that so often go with alcoholism in the homes of the
poor? Nevertheless it has been proved experimentally by treating
the male guinea-pig with alcohol that his progeny is defective; where
not stillborn it is liable to succumb easily in early life, or, surviving, is
stunted and stupid. What is more, Stockard has shown that the
offspring of this second generation of guinea-pigs are similarly stunted
and stupid. It is not easier in tuberculosis and syphilis; but in all
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these instances, as well as in poisoning by such chemicals as lead,
series of cases do present a high percentage of monstrosities, still-
births, short-lived and mentally defective children. This, it is true,
is not the transmission of characters acquired by the parent: at most
it is proof—equally important to us as medical men that conditions
affecting the parent may simultaneously influence the germ cells and so
tell upon the next generation. The germ cells of the parent are capable
of modification by modifications in the constitution of the parental
blood and lymph. The only true inheritance of acquired conditions
that we can comprehend is in connection with the organs supplying
an internal secretion. If such an organ be so affected in the parents
as to produce an internal secretion altered either in amount or com-
position, there are indications that the secretion circulating in the
blood may affect the germ cells. In this way we occasionally observe
that parents with acquired goitres have goitrous progeny. Whether
we accept this evidence or not, whether we accept or deny that there
is a true transmission of acquired conditions, it is all-important for us
to realize that infections and intoxications seriously affecting the parental
tissues may simultaneously exert a deleterious influence upon the germ
cells and, modifying them, may lead to the offspring being defective. As
the brain is the most highly and most recently developed of all the
tissues, defective development is especially apt to show itself by imper-
fect mentality and mental instability.
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IN the cell, the organ, or the individual, any deviation from the
normal is a pathological condition.

The normal is the state, customary to a series of individuals, in which
they perform their functions easily and unconsciously, and this con-
stitutes health; this normal, natarally, will not be fixed, but will be a
varying state, and will be only arbitrarily separated from the state on
which it borders, viz., disease.

The diseased state arises in the individual (or the cell or the organ)
either from the parent, in which case it is inherited, or as a result of
some influence after the genesis of the individual, in which case it is
acquired. "I'he genesis of the individual is the moment of fecundation
of the ovum; and any pathological state that is entered upon after
this, is acquired, unless it be the result of qualities which were in the
germplasm of one or other parent or which arose by the junction of
the If it be such a result, the pathological condition is an inherited
one, even though the appearance of the pathological condition be
delayed for years (as is most often the case with gout); an example
of this, indeed, is “old age,” an inherited pathological condition which
the individual has potentially possessed all his life. On the other hand,
an acquired pathological condition may arise while the embryo is
still but a few weeks old, and this, arising from an intra-uterine dis-
turhance, is a “congenital” but not an “inherited” pathological condi-
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tion. In differentiating between inherited and acquired conditions,
it is necessary to date the life of the individual from his beginning
and not from the comparatively accidental period of his birth, which,
even among mammals, is a varying point of time. Yet since birth is
the most important change of environment that the individual under-
goes, we may distinguish acquired pathological conditions as either
antenatal or postnatal, and those few which are due to something
happening to the individual at the moment of birth as parturient.

While pathological states may be separated, as above, into groups
which differ from one another in the period in which the causative
agent acts, it is necessary to indicate what these causative agents are,
and it is a perfectly sound method to consider them as direct and pre-
disposing. Fifty years ago, physicians knew many predisposing causes
but few direct ones; today we are finding out one direct cause after
another (witness the specific microérganisms), and we tend to lose
sight of the |>rv(lisposing or assisting causes. For example, many
individuals carry in the throat the germ which we count the direct
or exciting cause of pneumonia; the assisting cause l])]ml‘(‘llll) must
act before a man is attacked by pneumnni.l. and this assisting cause
is not the same in all cases, and frvquvntl\ is entirely intangible; we
hide our ignorance behind the term “lessened resistance,” and although
this may be as yet only a name, we must not fail to keep in mind that
assisting, indirect causes exist. It even happens that the same agent
may be at one time an exciting cause and at another a predisposing
cause; such is cold, which at one time freezes a tissue, and at another,
paves the way for the inroad of pneumonia.

Predispositions are thus the result of the presence of assisting causes,
or of the absence of preventing properties. When we say that there
is in an individual a predisposition to tuberculosis, we mean this. We
have in our mind a series of generations of a family in which cases of
tuberculosis arise more frequently than in the same number of individ-
uals, taken at random; in this family we note certain peculiarities of
build of habit of life, of constitution, which we suspect have a relation
to this increased tendency to tuberculosis. An individual possessing
all these peculiarities may, it is true, escape tuberculosis, but his chance
of escaping it we hold to be less on account of his possessing these
peculiarities and the history of increased incidence of tuberculosis
that has arisen in conjunction with them. We say that such a person
diathesis: a diathesis, therefore, is an inherited constitutional
state which renders the individual predisposed to or liable to be affected
by a particular disease or group of diseases.

Diseases and Affections.— Here, for clear thinking and sound treatment,
a word must be said against the prevailing lax employment of the word
disease. "Too often we speak of a patient as affected with heart disease
or kidney disease, and doing this almost inevitably our thoughts turn
toward the employment of drugs and other means of acting specifically
upon the particular organ with the underlying idea that if we relieve
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the affected organ we can’cure the individual. Nine times out of ten
this is false procedure: nine times out of ten we can by this means at
most temporarily ameliorate certain symptoms. Nine times out of
ten, and not oftener, the morbid state of an important organ is the
outcome of disease originating elsewhere, affecting the body in gen-
eral, but especially telling upon some one organ. Thus, for example,
most often heart “disease™ is the result of either recurrent rheumatic
| infection or of that condition which, for want of a better term, we call
| general arteriosclerosis; and today we would think the man a fool
who sought to cure a syphilitic rash by local instead of general anti-
syphilitic treatment directed toward the destruction of the treponema
throughout the body; so our duty is, when possible, to determine
the primary and underlying cause of disease, to speak and to think not
of heart discase but, for example, of acute rheumatism affecting the
heart. For clear thought, therefore, it is well to distingnish between
diseases and affections, to speak of primary diseases and secondary
pathies —of cardiopathies, nephropathies, hepatopathies' and the like.

INHERITED PATHOLOGICAL STATES

It may be repeated that the results of all the morbid influences which
bear upon the feetus in the womb are acquired; mutilations are never
inherited, and the statement may be safely made that infectious disease
in the parent cannot be inherited by the child, although it may be com-
municated to the child in utero. The cases in which children are born
with tuberculosis, syphilis, smallpox, or other such diseases, are cases in
which the child has contracted the disease while in the mother’s womb.
These diseases are transmitted by some germ, known or yet to be
discovered, and to say that they could be inherited means that the
germ must be in the spermatozoén or the ovum as a foreign body,
for we cannot imagine it as heing incorporated with the protoplasm
of the spermatozoén or the ovum and retaining its individual power
to cause disease; but it is not conceivable that a minute germ cell with
a bacillus or a protozodn inside could perform the delicate function
of fecundation. As readily should we look for good time keeping in
the hatter’s watch, which, it will be remembered, was full of the best
butter. It is true that in animals where there is a large yolk with the
egg, the yolk may become infected almost immediately after fertiliza-
tion, as happens in the ticks that cause Texas fever, and as is seen in
the eggs of experimentally tuberculous hens; but the human ovum is
so minute, and so free from yolk that infection of it can scarcely happen
at so early a moment; nor if it could so happen, would it lessen the
truth of the statement that it becomes an example of a pathological
condition, acquired, not inherited.

U ravoe, suffering: xapdia, the heart: vegpdc, the kidney: 'srap, the liver.
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This matter of acquirement as distinet from inheritance especially
interests us at the present time in connection with syphilis and tuber-
culosis,  We would like to make the distinction between congenital
syphilis and tuberculosis respectively and parasyphilitic and para-
tuberculous lesions. We have evidence, that is, that without suffering
from the actual infection—without congenital transmission of the
germs of these diseases—the offspring of the syphilitic and tuberculous
parent may exhibit certain defects of development due to the syphilitic
or tuberculous intoxication and deterioration of the germ cells. We
have to admit, however, that the abundant employment of the Wasser-
mann test during the last few years has shown actual infection of the
child to be so frequent that at the present moment it is difficult to
determine whether certain stigmata, such as “Hutchinson’s teeth,”
which we used to regard as parasyphilitic, are not truly indications of
intra-uterine infection. There are debates, likewise, covering the
frequency of intra-uterine transmission of the tubercle bacilli. Hence
today parasyphilis and paratuberculosis are terms to be used with
great caution.

Where a parent is constitutionally diseased we may have the effects of
that disease manifested in various ways, depending upon the extent
of the disease in the one parent, and the relative activity of the germ
plasm of the other parent:

1. Sterility, no offspring being produced.

2. Imperfect development of offspring, giving rise to (a) intra-uterine
death, or (b) physical malformation, (¢) lowered resistance, of so frequent
oceurrence as to be called “ paraspecific” in its nature.

3. Imperfect development of offspring, appearing later than the
succeeding generation.

1. No apparent effects.

The Inheritance of Abnormalities Passed Down from Previous
Generations.—If abnormalities can be transmitted, it will readily be
understood that the oftener they appear in a series of progenitors, the
more certain they will be to exist in offspring. Without attempting
to explain its origin, an abnormality becomes in this way more fixed,
more likely to appear after each appearance; such are polydactylism
and hypospadias. It is not yet evident if color blindness and hemo-
philia be such anatomical inheritances, but they probably are. To go
a step farther, there are nervous imperfections that appear to us merely
as predispositions or tendencies, that are really dependent upon the
anatomical lack of certain nerve-cell groups; some of these nervous
imperfections are now classed as instances of ablotrophy (Gowers),
a premature exhaustion of nerve-cell groups, but this failure in com-
plete function may really have a strictly anatomical, if yet unseen
basis.

Diatheses.—While we deny the transmission of infectious disease
by the germplasm, we admit that an attack of infection may modify
the next germplasm for better or worse, in the direction of giving the
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offspring greater protection or greater liability. We are unable to
localize this quality, and probably we shall never understand what
it is, but as a result of it there is the existence of “racial” diatheses,
or, stated otherwise, the absence of racial immunities, The Hebrew
has a certain racial freedom from tuberculosis, and a racial liability
to metabolic disturbances such as diabetes and, in the female, obesity;
the white rat has a racial freedom from anthrax, and many carnivorous
animals from evil results of septic wounds. A man’s offspring inherits
from him qualities which render it liable to or exempt from a certain
disease just as it inherits a likeness of feature. We cannot take two
needles and tease out of an ovum the particular piece of protoplasm
that possesses these potentialities; but there is something actual in
the germplasm, in the relation of one part to another, or in the mole-
cular grouping, that constitutes a real basis for the “diathesis”; and
when we go farther and find that diseases such as hysteria and epilepsy,
which we frequently name functional diseases, are inherited, we realize
that there may be a chemical and cellular basis for the transmission
of “nervous diatheses”; but if we cannot find the organic change in
the tissues of the diseased individual, it is yet more futile to attempt
to find it in the germplasm.

INTRA-UTERINE AND PARTURIENT CAUSES

Morbid Conditions Acquired in the Womb. —Widely varying results
accrue from influences acting upon the embryo or the feetus, and
althongh the morbid states will be discussed from the standpoint of
causes rather thau results, it is well to indicate what these results are.

1. Death of the embryo, with absorption or “blighted ovum” or
abortion, the feetus being imperfect: or premature labor.

2. Monstrosities.

3. Malformations of excess or of defect.

4. Impaired vitality, with imperfect development, without gross
anatomical change: (a) General—infantilism, ete. (b)) Systemic
especially of the nervous system.

5. Cachexia.

6. Infection.

7. Traumatism.

On the other hand, if we classify the causes that lead to the above
results, we find that there are certain influences acting on the embryo,
as follows:

1. Physical and mechanical causes, including injuries.

2. Malnutrition.

3. Intoxications.

4. Infections.

1. Physical and Mechanical Causes.— By violent shaking, the eggs of
certain invertebrates in the four- or eight-celled stage may have the
individual cells wholly separated, with the result that each cell may
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sive rise to a complete individual, or partly separated with the produe-
tion of double or multiple monsters. Constant vibration may produce
abnormalities, presumably by disturbing the relation of the molecules
one to another; but we know of no parallel facts in the case of the
mammalian embryo. We do know, however, that when the amnion
is incomplete there may be unequal pressure brought to bear upon
the embryo, or adhesions may form between embryo and amnion,
producing malformations; and that occasionally, the movements of
the foetus may result in knots of the cord, so that limbs are thereby
amputated. Feetal fractures occur without any external traumatism,
and are, in such cases, due to abnormal fragility of the bones.

2. Malnutrition.—Beyond the simple statement that malnutrition of
the mother may cause puny development and weakly constitution
of the child we cannot go. Definite anatomical defects are probably
not so caused.

When there is disease of the placenta also, nutritional defects in
the foetus are very readily seen, because oxygenation of feetal blood
is imperfect, and feetal death may ensue. Even where a monochorial
twin pregnancy exists, that is, where there is a common chorion and
-‘ fused placenta, the more vigorous twin may usurp more than its share
|
|
.

of the placental circulation until finally it drives its blood by anastomos-
ing vessels into the umbilical artery of its weaker companion, whose
heart fails to develop, and whose weak circulation gives rise to cedema
of its tissues; the feebler twin may thus be born acardiac (without a
heart).

3. Intoxications.—It has been experimentally proved that poisons,
uch as lead, mercury, arsenie, carbon monoxide, morphine, and aleohol
pass through the placenta and can be found in the feetal tissues. In
lead poisoning the offspring is frequently idiotic, imbecile or epileptic;
and it has been shown that where the mothers were exposed to lead
absorption, 88 pregnancies resulted in only 12 healthy children; in 32
pregnancies where the father alone had been exposed to lead poisoning
only 3 of the offspring survived their third year. In a large series
of alcoholic mothers, it was found that the percentage of abortions,
stillbirths, and children dying before the third year, was nearly two
and one-half times as great as normal. Where the mother became pro-
gressively a vietim to alcohol, the high death rate of the later offspring
and the lowered vitality of the living children became more marked.

4. Infections.—When the mother suffers from an infectious disease,
the absorption of toxins by the child in the womb is often sufficiently
great to result in its death, a state of affairs identical with the cases
just described. But occasionally, though not often, the infective agent
finds its way into the feetal tissues, and the child is born with the disease
which afflicted the mother. With doubtful cases carefully excluded,
there yet remain instances of the transmission in this way of syphilis
(the mother alone being infected), tuberculosis, varicella, variola
(though not vaceinia), measles, scarlatina, erysipelas, rheumatic fever,

Mm-m‘
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typhoid fever, cholera, epidemic cerebrospinal meningitis, influenza,
relapsing fever, malaria, and yellow fever. The explanation of these
cases is probably that a gross lesion of the barrier between the maternal
and feetal cireulations oceurred, and not that the causative agent
“filtered through.” |
The Effects of Placental Disease upon the Feetus.—The placenta |
is essentially a part of the feetus, and is a mass of finger-like projec- |
tions (the villi) of the outer coat of the feetal sac into the uterine wall; j
the epithelium of these finger-like projections has great phagocytic
power, and absorbs the tissue of the uterus until each finger-like pro-
cess comes to lie in a large blood sinus of the maternal organ. Each
finger-like process contains a vascular loop and the feetal blood flow-
| ing in this loop exchanges oxygen and other diffusible materials with
| the maternal blood, through the wall of the villus. |
It is obvious that these finger-like processes, with their phagoeytic
power tend to weaken the walls of the maternal sinuses, so that hemor-
rhage is apt to occur; in fact, normally, hemorrhages do occur, forming
accessory sacs into which new villi make their way; with heightened
maternal blood pressure or with maternal tissues ill-nourished, extensive
hemorrhage may oceur. Such blood being effused gives no oxygen
or nutrition to the feetal blood, and by its very presence prevents,
wholly or partly, the normal circulation, so that the feetus may perish
from asphyxia. This is a cause of premature labor and stillbirth. If
the hemorrhage be not sufficiently severe to bring this about, it will,
nevertheless, be followed by thrombosis, and finally, by fibrosis of the
areas affected. This will reduce the area available for the nutrition of
the feetus, which will necessarily be impaired. Impaired nutrition
of the fatal structures may be exemplified in disease of the finger-
like processes, the villi themselves; they are at times cedematous,
! i cystic, or they may become partly fibrosed, any of which conditions
i may give rise to pressure upon the vascular loops, with consequent
lessening of the efficiency of the cirenlation. The nutrition and growth
of the feetus thus appear to depend directly upon the amount of good
i placental tissue, and the more numerous the villi, and the more active
| they are in phagocytic properties, the better will be the nutrition
and the greater the growth of the child.
| Of infections of the placenta the most important is syphilis. In
this, there is cellular overgrowth of the villi with cedema, and both
of these features tend to increase the size of the placenta. Thus in
syphilities, the placenta may weigh half as much as the child, although
| in normal persons its weight is about one-fifth. A puny child, of course,
is partly responsible for this altered ratio. Multiple small abscesses
are also frequently found in the syphilitic placenta, and the co-existence
| of these with the changes mentioned above is characteristic. To the
{ eye, the placenta is large, pale, and may have yellowish-white fibroid
areas. A further character in syphilis is the leukocytic infiltration of
the umbilical cord.
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Hydramnios (excess of amniotic fluid) often arises in syphilitics,
although cardiac defects of the feetus may also cause it; hypamnios
deficiency of amniotic fluid) is also sometimes a result of syphilis.

An abnormally long cord may become knotted, and so obstructed;
or it may wind around the feetus compressing or grooving the body
or limbs, the compression being associated with the atrophy conse-
quent upon obstructed blood flow; an abnormally short cord may
interfere with labor; and, finally, the amnion may be fused to the feetus,
giving rise to bands and so interfering with the growth of some part,
or by obstructing veins or lymphatics may even cause a localized
giant growth.

The Causes of Pathological States Acquired During Parturition.
The causes of these are mechanical, traumatic or infectious. Mechanical
causes are either shortness of the cord, preventing descent or producing
strangulation, or undue narrowness of the pelvie channel causing pro-
longed labor and the results that arise therefrom. Traumatic causes
are the manual or instrumental aids that may be necessary to complete
the process of parturition; such also is the pressure that produces
hematoma of the scalp; such the accidents that bring about fractures
or dislocations of hones, or birth palsies or hydrocephalus. The chief
infectious cause is the presence of pathogenic organisms in the genital
tract, especially the gonococcus, leading to ophthalmia. Finally,
improper treatment of the umbilical cord may lead to hemorrhage,
local suppuration, or to general bacteriemia.

Monstrosities and Abnormalities.—Iere in connection with ante-
natal disturbances we should properly discuss the subject of mon-
‘trosities and abnormalities, for these as being away from the normal
are pathological conditions. Yet it must be admitted that, with rare
exceptions, they are outside the domain of “practical polities.” Occa-
sonally, that is, we may remove a supernumerary digit, still more
rarely separate “Siamese tvins’ or remove a teratoid growth, but even
then our surgery is largely independent of any knowledge of causation
and classification of the conditions. On this account we have relegated
a rapid review of the subject to an appendix (p. 813).

POST-NATAL ACQUIREMENT OF DISEASE

Classification of Causes.—The causes of disease acquired after birth
are necessarily external. The environment may be altered so as to
cause disease, or injurious substances, living or dead, may be introduced
into the system. The agents which thus produce disease are:

|. Mechanical —inducing “trauma.”

2. Physical —under which can be included:
a) Alterations in the pressure of the atmosphere, including both
diminution and increase.
b) Alterations in temperature, local and general, including both
heightened and lowered temperature.
5
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(¢) Effects of electricity, both atmospheric and induced.

(d) Effects of light and of other forms of radiant energy.

(¢) Effects of soil and climate.

(f) Sociological effects, habitation, clothing, dwelling, occupation,
and other environmental conditions.

3. Chemical Causes—under which, besides (a) the gross effects of
caustic and other agents upon the tissues, we should include (b) the
main effects of vitiation of the atmosphere by various gases, and (¢)
the main deleterious effects of improper food and defective nutrition,
as again, to some extent, the deleterious effects of certain occupations.

4. Parasitic—under which heading are to be included the deleterious
effects of:

() Minute “protista” and vegetable parasites—bacteria and fungi.

(b) Minute animal parasites—sporozoa, ameebe, ete.

(¢) The larger animal parasites, including worms (cestodes, trema-
todes, nematodes) and arthropods (arachnids and insects).

As one reads the foregoing table, he will be conscious that many
of the agents mentioned are things not in themselves hurtful; some are
even therapeutic agents of definite value; it depends upon the degree
with which a physical or chemical agent affects the tissues, whether
the result will be physiological or pathological.

Mechanical Causes of Disease. —Mechanical causes of disease are:

1. Concussion,

2. Puncture, with which may be included the effects of projectiles
under high velocity.

3. Section.

4. Contusion, with which may be included lacerations and tearing.

5. Compression.

6. Distension.

7. Atmospheric pressure.

1. Concussion.— This is the effect produced upon a soft, fluid or
semifluid body by the momentary application of force; familiar examples
are blows upon the brain, or upon hollow viscera with gaseous or fluid
contents, such as the lung, the bladder, or the stomach. The brain
is a soft substance lying in a bath of fluid; if a blow of sufficient force
be struck upon the skull, without fracturing it, the brain may be
damaged by being propelled against the opposite side of the skull,
inasmuch as, being denser than the fluid in which it lies, it takes more
momentum from the applied blow than does the surrounding medium.
The small hemorrhages that appear in the brain are not necessarily
the result of a direct blow, but of the shaking-asunder action applied
by the brain being suddenly brought up against an unyielding surface.
A similar result is seen in the case of soft tissues bordering upon a cavity
containing fluid or air; a blow may be struck upon the thorax, and
imparted to the lung; the part of the lung nearest is set in motion away
from the blow, and the air within not being set in motion with as much
velocity, the conflict of two degrees of force acting upon the tissue
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tears it. Thus is to be explained the rupture of a full viscus such as
the urinary or gall-bladder or the intestine. Inseparable from the
conception of concussion is the idea of molecular, if not visible, change
in the tissues affected.

2. Puncture.—A stab wound is a familiar example. The damage
may be wrought in various ways; there is a certain destruction of
tissue in the path of the blade; there may be great damage done by
the weapon piercing a large artery or an important nerve trunk; bacteria
may be introduced into the tissues by the instrument, or from a hollow
viscus opened up, or along the track of the blade from the air. The
puncture of tissues by projectiles is to be considered here; generally
speaking, the higher the velocity the more a bullet wound approxi-
mates to a “puncture”; with low velocity the character of the wound
is more of the nature of a contusion. It will be obvious to the reader
that in discussing these mechanical causes, one can rarely adduce
examples that are purely of one character; with a punctured wound
there may be contusion, and nearby tissues may be compressed against
other more solid tissues; and with projectile wounds there will often
be concussion.

3. Section.—This consists in the cutting asunder of tissues by an
edged instrument, and as it occurs surgically, entails a minimum of
effect upon tissues other than those cells actually injured.

4. Contusion.— Differing from the condition of concussion, we have
here the effect of force applied directly to the tissue concerned, forcing
cells asunder from cells. The disintegration may be slight, as in con-
tusion, where, it is to be noted, the resulting hemorrhage is mainly
responsible for the visible signs; or more severe, as in laceration, or
separation of one part from the rest may be brought about. In this
form of lesion, also, the injury may afford opportunity for the intro-
duction of bacteria from without or from within.

5. Compression.—Compression tends to affect rather the fluid part
of the tissues than the solid, and we thus search for its effects in changes
in the nutrition of the part; compression made by the weight of the
hody when blood force is low may so empty the capillaries that the
tissues are ill-nourished, and a bedsore is produced. In the part beyond
a tight bandage, the stagnation of the body fluids may induce necrosis,
and the tissues actually compressed are even more liable to suffer.
The effect of the gradual pressure exerted by tumors upon neighboring
organs causing poor nutrition and necrosis in them is well known.

6. Distension.—The principle here is the same as in the last case;
a familiar example is the destruction of renal tissue in hydronephrosis,
where the increasing urine acts as the distending force, until the kidney
becomes a large thin-walled cyst.

7. Atmospheric Pressure.—Differences in the tension of gases in
atmospheric air bring about changes in the tension of gases in the
blood and the tissues. If the atmosphere be much rarefied, the amount
of oxygen taken up is so reduced that asphyxia supervenes. Where
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the atmospheric pressure is greatly increased, as in caissons, there is
a greatly increased amount of air taken up. As in a soda-water bottle
the greater the atmospheric pressure to which a fluid is subjected the
greater the amount of gas that can become dissolved in it. Remove the
cork and so remove the pressure and the excess gas becomes liberated.
This increased absorption at the moment does no special harm, but
when the subject passes rapidly from compressed air to ordinary
atmospheric pressure, much of the nitrogen so taken up is suddenly
liberated in the form of discrete bubbles which may mechanically
interfere with the cireulation in the capillaries.  The oxygen of the air,
it may be added, has become fixed in the tissues. It deserves note
that diminished supply of oxygen, whether by exposure to high altitude,
or by partial replacement by carbon monoxide, leads rapidly to an
increased production of erythrocytes and a condition of polycythemia at
high altitudes. There is also an increase in the circulatory lymphocytes
and blood platelets (Webb).

Physical Causes of Disease. —Temperature.— By reason of a very
responsive heat-regulating apparatus, the human body can stand expo-
sure to great extremes of temperature, from 100° F. below freezing
point to 50° F. above the boiling point of water. Protoplasm will
freeze at the one, and coagulate at the other; but the body is protected
in the case of cold by a layer of warmed air, and in the case of heat by
a layer of air cooled by the evaporation of moisture given off on the
surface.  If the air be so moist that this evaporation cannot occur,
the high temperature at once hecomes effective upon the hody cells
and, therefore, dangerous. The dangerous effects of heat and cold
are manifested in local change, which may be called primary, and in
certain subsidiary changes affecting the whole system which are
secondary. These secondary changes are remarkably similar in the
case of heat and cold. Following the initial paralysis of the vessels
of the part which are the heat-regulating mechanism, the vitality of
the cells is arrested, and they may die, or at the best may throw into
the circulation deleterious materials; in addition the sensory nerves of
the part are profoundly irritated.

It is thus evident that while heat or cold may cause death, yet short
of this the effects are primary and secondary; while the disease-causing
agent operates the primary effects are produced, and after it ceases
to operate, we have yet to reckon with a train of secondary effects.
Here exists the difference between physical and parasitic causes of
disease; in the latter we have the continued effect of a constantly
present agent, while in the former, we have to meet the after-effects of
a temporarily applied disease-causing agent.

Light and Radiant Energy. The most definite evidence that radiant
energy can cause disease is connected with cases where the tissues are
affected by the w-rays and radium emanations. It has been estimated
that if an ounce of radium could be collected in one mass, merely to
pass within a certain distance of it would cause death, and this, of
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course, without there being any sensation of heat.  Such action we do
not vet understand beyond recognizing the existence of rays of different
order— a=, 8-, and y-rays—of which the alpha and beta-rays are “soft”
and of little penetrative power, whereas the gamma rays are “hard”
and most effective in cell destruction, arresting the activity in particular
of vegetative cells, such as the germ cells, the cells of lymph nodes
and of malignant tumors. These j-rays, however, are produced in
very small quantities.  With radium, for example, for them to be
produced in affective amounts it is found that as much radium (or
mesothorium) must be employed as possible, at close quarters over
periods of several hours, the tissues at the same time being shielded
from the irritative, more local action of the a- and g-rays either by
metal or rubber shields which these latter rays do not penetrate.  Where
sunlight appears to cause conjunctivitis and inflammation of the skin,
it is combined with ultraviolet and other spectral rays, and these last
are perhaps the more potent agent of the two. In sunstroke, these along
with radiant heat, are beyond question the active cause; in heatstroke,
the rays are not a factor, but this is due to accumulation of body heat
in conditions where proper loss of heat from the body is prevented.

The ahsence of light does not seem to be an active factor in the causa-
tion of disease, although its combination with certain frequent accom-
panying conditions, such as impure air, does in time produce deleterious
effects upon the human system.

Electricity.— It is as vet difficult to give much definite information
about the effect of electricity upon the tissues. The effects of the
constant current are different from those of the alternating; it seems
that the former produces less nervous and muscular excitation than the
latter. The constant current of considerable strength can produce
decomposition of the tissues in the neighborhood of the negative pole,
apparently just as it produces electrolysis of water and other Auids.
Alternating currents of high potential, the ordinary “live” wire of
commerce, appear to cause death by inhibition of respiration. It is
a necessary thing for every house physician to know that in cass of
accident from electricity the worst thing that can happen to the patient
is that he should be carried off to a hospital. Artificial respiration
should be bequn at once and persisted in; the loss of time involved in
moving the patient may be fatal. It is to be remembered that alter-
nating currents of extremely high rapidity and very high potential
can be passed through the human body without injury, although less
rapidly alternating currents cause death.

Chemical Causes.—['nder this heading are included all those causes
in which a direct molecular interaction occurs between the noxa and
the cells of the organism.

This interaction may be of the nature of a gross effect, as in the
action of a caustic, or of a more indirect effect by which the cells,
although not destroyed, have their functions disturbed. Any solid,
liquid or gas which is capable of heing incorporated with the body
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fluids, and thereby coming to act deleteriously upon the cell substance,
may give rise to morbid changes, and thus be a poison.

Poisons.—We have just stated that chemical substances that act
deleteriously may do so, either as caustics, that is, as substances that
injure and kill cells by direct contact with them, or as intoxicants,
that is, as substances that act harmfully upon cells by reason of being
incorporated with body fluids and exerting their influence upon cells
anywhere in the body, even at a distance from the point of first contact.
Intoxication is the process by which such indirect action is brought about.
The term poison is so wide, that it includes not only substances that
we consider noxious in their very nature, but also substances in them-
selves harmless which by reason of their amount can interfere with
the orderly and proper performance of the duties of the cell. A poison
is not only that which induces molecular disturbance and disorderly
chemical change in the cell, but also that which interferes with or
inhibits the normal molecular changes in the protoplasm. An example
of this poisonous action, by a substance in itself no poison, is found
in the case of water, which is essential to existence, and constitutes
70 per cent. of the body weight; if it be introduced into the tissues
abhove a certain amount (60 c.c. per kilo of body weight) it may kill.
This will indicate how wide a meaning we bestow upon the term poison.

Poisons may be at once divided into two groups, exogenous, arising
outside the system, and endogenous, arising within. In defining what
is exogenous and what is endogenous, we must be careful; food material
in the alimentary canal has not yet become a part of the organism,
and is as yet external to the lining epithelium of the body; yet many
wrongly speak of the absorption of decomposition products of it as
auto-intoxication,' as if such poisons were endogenous instead of being,
as they are, exogenous. The strict and useful definition of the two
terms must be held to be: endogenous poisons are substances actually
derived from the cells; exogenous those set up by substances foreign
to the cells. This latter will include even the products of bacteria in
the tissues.

The intoxications then may be grouped as follows:

1. Exogenous Intoxications.

1. Non-parasitic.—Intoxications due to the actions of poisons not
produced in association with the organism, which gain an entrance
into the system through the skin, digestive, respiratory, or urinary
tracts.

2. Parasitic—(a) Parasitic proper, due to the introduction into,
and growth within the tissues of parasites of various orders, animal
and vegetable, which, growing, give rise to toxic substances.

(b) Saprophytic, due to the growth of parasites of various orders
on one or other surface communicating with the exterior of the organ-
ism, the products of growth becoming absorbed and diffused into the
tissues.

\ airag, self,
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II. Endogenous Intoxications.—(Of pure type; auto-intoxications
proper.

1. Internal secretory, intoxications due to altered internal secretions
on the part of the body cells affecting (a) the secretory cells and tissues
themselves, and (b) the other tissues of the organism, through diffusion
of the altered products of cell activity.

2. Disintegrative, due to the absorption of the products of disinte-
gration of dead cells (e. g., in burns, internal hemorrhages, ete.).

3. Metabolic, the results of impaired metabolism and imperfect
excretion.

III. Intoxications of Defect.—Under this heading must be included
a remarkable series of morbid states, due to defective nutrition, to the
absence of an essential food constituent, the relationship of which has
heen recognized within the last few years. We refer to scurvy, infantile
scurvy (Barlow’s disease), beriberi, and ship beriberi.

EXOGENOUS INTOXICATIONS - NON-PARASITIC

Foreign substances entering the body or absorbed by it act (1)
locally, at the point of application, and (2) in a general way. Wherever
sufficient time elapses, there is a local change, degenerative or necrotic;
this may be followed by inflammatory reaction. If a poison like
hydrocyanic acid be taken in sufficient amount, the general effects
are produced so quickly that the local effects have no time to assert
themselves.

Poisons may bring about their general effects in the following ways:

1. By arrest of cell activity.

2. By increase of cell activity, followed by exhaustion and paralysis
of function.

3. By increase of cell activity, followed by disintegration.

To classify the poisons under such groups would be merely to cata-
logue them; it is better to realize that toxic agents have selective effects
upon different tissues, and in connection with each order of tissue to
attempt to arrange the poisons with some reference to the modes of
action stated above.

Poisons Acting upon the Nervous System.—The nervous system,
on account of its delicate organization, is liable to be relatively often
affected by poisons, and we find, therefore, great differences according
to the intensity of the dose. By reason, too, of the high degree of
development of the nervous system in man, we find that animal experi-
mentation often fails to give us correct analogies, for severe cerebral
disturbance (delirium) may be created in man by substances that have
little or no effect on lower animals.

Poisons acting upon the nervous system may be grouped as follows:

1. Those causing arrest of cell activity: (a) Immediate, e. g., hydro-
cyanic acid; (b) not immediate, e. g., hypnoties and sedatives.
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2. Those causing increase of cell activity followed by diminution
of funetion, e. g., alcohol, aldehydes, atropine, ete.

3. Those causing increase of activity, followed by exhaustion and
at times disintegration; e. g., strychnine, tetanus and rabies toxins.

It is notable, also, that many of these poisons select particular
parts of the nervous system as the sites of their greatest activity.
Areas so selected are:

1. Higher cerebral centres: Hypnoties, carbon dioxide.

2. The medulla: Picrotoxin, apomorphine.

3. The spinal cord: Strychnine, brucine, quinine, thebaine, salts
of potassium and ammonium.

4. Peripheral nerves: Ether, chloroform, carbon dioxide (altering
electromobility), diphtheria toxin, and, possibly, lead and alcohol.

5. Nerve terminations: Curare, cocaine, veratrine, nicotine,

Confronted by the question how this selective action is brought
about, we may say that it is suggestive that the hypnotics, as a group,
are soluble in fats and lipoid substances, and the abundance of cerebro-
sides, cephalins, ete. (which are lipoids) in the nervous system, seems to
account for the amount taken up by this particular class of tissue.

Poisons Acting on the Muscular System.—Apart from the effects
| produced upon striated muscle by the mediation of the nerves, there
vet remain some poisons which appear to act directly upon the muscle
cell; these either excite increased contractility or make the contrac-
tion more feeble. Of the former, the irritative examples are quinine,
caffeine, veratrine (small doses), hypoxanthine, and creatine, as well
as the toxins of the Bacillus coli. Of inhibitive poisons may be men-
tioned the potassium salts, the alkaline earths, and copper.

It is supposed, too, that certain poisons produce definite effects
upon unstriated musele, and it is with this idea that atropine is admin-
istered to excite peristalsis in cases of so-called “paralytic distension
of the intestines” occurring in peritonitis; morphine appears to arrest
peristalsis by a direct action, while ergot and ergamin (g-iminazoly-
lethylamin) are found to stimulate unstriped muscle to contract.
Adrenin and barium chloride cause the muscle of the arterioles to
contract, although there is evidence that the former influences also the
terminal vasomotor apparatus.

Poisons Acting upon the Blood Corpuscles.—The blood corpuscles
| are protected from many injurious substances by the alteration that
14 such substances undergo in the process of being absorbed; but if injected
directly into the blood stream these are effective.

1. Hemolytics (IHemoclastics).—The destruction of many blood

{ corpuscles may be brought about by physical means, such as altering
ft the tonicity of the plasma by the injection of water, or by freezing or
i by thawing. Some drugs, such as saponin, abrin, and ricin are effective,
i and many bacterial toxins and animal venoms. Also dangerous to the
* body, though without there necessarily heing hemolysis, are those
iv ) stable combinations of hemoglobin with carbon monoxide, carbon
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dioxide, eyanogen, and the eyanates which prevent the proper absorp-
tion of oxygen and carbon dioxide in the normal process of respiration,
and so cause asphyxia.

2. Leukolytics.— T'here are some poisons which can cause destrue-
tion of white blood corpuscles, but one must be careful to note that
leukopenia (lessened number of leukoeytes in the cirenlating blood) may
not be due to destruction of leukocytes so much as to altered distribu-
tion in the body at large. Pancreatin can, however, cause their destrue-
tion, as also can the presence of bile salts in excess. Where the destruction
can be recognized, it is quickly followed by the appearance of a leuko-
cevtosis, which is, again, at first not so much due to regeneration as to
redistribution.

Poisons Acting on the Organs of Circulation.—Poisons may affect
(1) the heart, or (2) the vessels, particularly the arterioles, or (3) the
nerve centres that control the cardiac mechanism; it is extremely diffi-
cult for the observer to know which of these is being acted upon the
most, because their relationship in funetion is so intimate.

Poisons Acting upon the Heart.—It has been determined, however,
that certain substances such as digitalin, digitalein, digitoxin, strophan-
thin, and the barium salts cause stoppage of the heart in systole, whereas
arsenic, antimony, potash, chloroform, and alcohol in sufficient doses
can cause stoppage in diastole—which last is perhaps the reason for
the occurrence of acute dilatation of the heart in drunkards. The
heart whose ventricle stops in diastole fails not because of inhibition,
but because of paralysis of the accelerator nervous mechanism.

Poisons Acting upon the Vessels.—These cause (1) contraction or

2) dilatation, by direct action. Ergot and ergotin cause contraction
of the arterioles by direct action, apart from their influence upon the
lieart.  Adrenin and barium chloride do the same. Dilatation, on
the other hand, is directly produced by the nitrites, chloral, quinine,
and atropine (small doses). It is a strange fact that some of the drugs
mentioned have a selective power upon the vessels of certain organs,
Quinine acts especially upon the spleen, digitalein upon the kidneys,
amyl nitrite upon the superficial facial vessels and upon the respiratory
tract. Adrenin, while it causes the vessels of most organs to contract,
when applied to the surface of the pancreas causes vasodilation.

Poisons Acting upon the Digestive System. It is necessary when
examining the effect of a poison upon the digestive tract to ascertain
its effect when introduced into the digestive channel, (a) with the
vagi and sympathetics intact, and (b) with the same divided, and also,
when introduced subcutaneously. It will be seen that, by reason
of the intricacy of the mechanism, the possibilities of error are great.
Apomorphine, to induce emesis, must be injected subcutaneously,
ipecacuanha must be put into the stomach with the vagi intact. If
the vagi are cut, even large doses are ineffective. Magnesium sulphate
introduced into the blood or subeutaneously will cause only moderately
increased peristalsis; introdaced into the bowel it causes abundant,
watery evacuations.
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Poisons Acting in the Mouth.—All the poisons which cause increase
or diminution of salivary secretion require first to be absorbed, and
their action is thus reflex.

Poisons Acting upon the Stomach.Vomiting is a process in which
the nervous system is dominant, whether the impulses be originated
from the medulla or from the nerve endings in the stomach. There
are many irritant poisons which can set up irregular peristalsis, con-
traction, and relaxation of the stomach walls.

Poisons Acting upon the Intestine.—Diarrheea is to be recognized as
a term which may refer to two distinet processes. These are: (1) the
premature discharge of the contents of the small intestine without due
14 absorption and modification, and (2) the discharge of excessive secre-

| tion from the mucosa of the intestine. The first of these is due to
| increased peristalsis. Croton oil produces this directly; rhubarb or
» senna injected into the veins will cause it, and aloes when injected,
| only when there is a free flow of bile. The second process, the increase
| of secretion, is produced by the saline purgatives and by sundry bacteria,

such as cholera vibrio.
‘ Actual lesions of the intestinal wall are produced by poisons in two
ways: (1) by direct effect, and (2) in the process of being eliminated
! into the bowel after being absorbed there or elsewhere. The former
i1 are most likely to be situated in the upper part of the tract, and, in
the case of caustics, at narrow places. The latter, the eliminative
lesions, may occur in any part of the tube where the secretory struc-
tures are numerous. Duodenal ulcers, as they are observed in burns,
may be of this nature; the so-called uremic ulcers undoubtedly are.
Ulcerations and other lesions seen in the colon after the ingestion of
corrosive sublimate may be reproduced if the poison be introduced
by other paths, and thus are definitely due to elimination.

Poisons Acting upon the Liver.—One of the most important, if not
the most important, of the functions of the liver is to stand between
bodies of a poisonous nature absorbed from the alimentary tract and
W the body. By its site at the head of the portal system it comes in
i contact with, neutralizes or eliminates these bodies brought by the

portal blood. This it does sometimes at a heavy cost to itself. Nor
| is it only with portal blood that it has to deal, for sulphindigotate of
1l sodium introduced into the circulation entered the bile one minute
! later, and must have passed to the liver directly by the arterial supply.
' The various poisons with which the liver has specially to deal and
i ! which are prone to cause damage to it, may be grouped as follows:
i 1. Metals and metallic salts, phosphorus, arsenic, lead, mercury,
1 and copper.  After ingestion, upon analys

A

these substances will

)
i be found in greater quantity in the liver than elsewhere; and as they
i are excreted in the bile they are in part again absorbed by the bowel,
1 and carried once more to the liver.
] 2. The toxic products of digestion, indol, skatol, phenol, the poisonous
4 diamins, kyrins, are due either to the action of the digestive juices or,
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perhaps more frequently, to the fermentative activities of the intestinal
hacteria upon the foodstuffs. When these are in excess, the liver cells
cannot handle them, and the overplus goes into general circulation,
to the detriment of the body.

3. The toxins of pathogenic bacteria. It is one of the most frequent
of observations that the liver suffers in acute infections, either show-
ing cloudy or more severe degeneration, or even actual cell death
(focal or general necrosis).

4. The products of destruction of the red-blood cells (hemolysis).
It has been found that as a consequence of certain toxemias the liver
becomes incapable of dealing with the excess of blood pigment given to
it; and although the original toxemia may be partly to blame, the excess
of pigment itself appears to take a part in causing the damage.

Poisons Acting upon the Kidneys.—The general statement just
made, that the organ whose duty it is to handle toxing must itself
suffer, applies to the kidneys as it does to the liver; the kidneys must
bear the brunt of the toxic substances in the systemic circulation;
certain of the metals mentioned in the case of the liver are equally
effective upon the kidneys; while certain other substances, such as
cantharidin and uranium nitrate and the toxin of scarlet fever evince a
distinet predilection for these organs.

EXOGENOUS INTOXICATIONS—PARASITIC CAUSES

The parasitic causes of disease are: (1) microparasites of vegetable
nature; (2) microparasites of animal nature, and (3) larger animal
parasites. Some of the intoxications so caused are from toxins manu-
factured outside the body, as, for example, where the parasite infests
the alimentary tract (strictly outside the body tissues), as happens with
the ectotoxins of the B. botulinus in certain cases of meat poisoning.
By far the most, however, are intoxications caused by parasites living
within the tissues.

The Normal Defences of the Organism.—It is necessary to consider
the ways in which bacteria gain entrance to the tissues, and the means
possessed by the body of defending itself against them. The human
hody has a continuous external covering, one purpose of which is to
prevent the entrance of organisms; this means not only the skin, but
also the lining of every cavity or space that opens directly or indirectly
upon the surface. The only break in this continuity of covering in
the human body is in the case of the opening of the Fallopian tube to
the peritoneum; this has so fine a channel and is so deeply situated,
that it is, to all intents and purposes, closed. Yet this opening has
proved, even in apparent health, the port of entry for organisms,
peritonitis being set up. With this single exception, the human body
is a “close corporation.” On the outside, on the skin, in the mouth,
in the upper air passages, in the intestines, in the female genital tract,
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are countless billions of bacteria. Do these never succeed in getting
past the barriers? A small proportion of them do so constantly, but
there are many mechanisms waiting to deal with them, and in health
their tenure of existence within is a very short one.

The mechanisms referred to are these:

1. Surface Washing.- The bacteria on the skin are being constantly
removed by washing or by friction, and those in the mouth are washed
down by the saliva to the stomach, where the acid gastrie juice kills
the majority of them. The mucus in the mouth, the respiratory tract,
the alimentary tract, and the female genital tract, while it catches
bacteria as a flypaper catches flies, offers a physical barrier to their
contact with the surface cells, and is itself by gravity or by peristaltic
movement or by ciliated epithelium apt to be carried away. It is con-
sidered by some that mucus, itself, has bactericidal power.

2. Gastric Juice.— The action of the gastric juice has been mentioned.
The food contains countless bacteria; yet the duodenal contents at
times are almost, if not quite, sterile. It is a common observation
that most peritoneal infections from perforation of the stomach or
the upper part of the intestine are less virulent than from perforation
of the ileum or colon, which is doubtless due to the killing of many
and the attenuation of other bacteria in the stomach. With diminu-
tion or absence of the hydrochloric acid in the gastrie juice this no
longer is true, because the bacteria unkilled in the stomach pass down
living to the more alkaline, and, therefore, more suitable medium in
the lower bowel, where their multiplication may do damage. It is to
be noted that the musculature of the stomach is so arranged that fluid,
such as water, taken between meals, 7. e., without solid food, may pass
without arrest along the lesser curvature into the duodenum. In this
way the contained bacteria may escape destruction. In the feces,
of course, enormous numbers of bacteria are removed from the body.
As an indication of the extent of bacterial growth in the intestines
it may be said that on an average 25 per cent. of the dried feces
has been found by competent observers to be composed of bacterial
bodies, the vast majority dead—killed it would seem in the progressive
concentration of the intestinal contents which takes place in the
colon.  According to Mattill and Hawke the average daily amount of dry
bacteria discharged per anum is 8.27 grams, or otherwise, over 2 drachins.

3. Physical Hindrance in the Respiratory Tract.—If air containing
dust and other particles impinges upon a moist surface, the solid
particles adhere to it; the breath that is drawn through the nose,
passing through the devious maze of the turbinate bones and deflected
by the pharyngeal surface is very thoroughly purified before it reaches
the trachea, and in health the expired air is found free from organisms.
It has been pointed out that the varying caliber of the larynx and
trachea induces a spiral motion of the inhaled air, thus bringing each
successive portion of it in contact with the lining mucosa, so additionally
insuring the arrest of solid particles. The particles that lodge on the
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surfaces are either expelled again with the nasal mucus in blowing the
nose or by expectoration, or they are swallowed, or, in the case of a
small percentage of them, absorbed into the tissues that surround the
upper respiratory tract. These particles are of many sorts—bacteria,
dust, smoke, and so on.  Among them there are sure to be many that
are a menace to the individual, and it is for the disposal of these, in
part, that nature has provided! so large a mass of lymph tissue in the
neighborhood of the upper respiratory tract. Between the level of
the roof of the pharynx and the top of the sternum there are very
numerous colleetions of lymph nodes, varying in importance from the
tonsils to the smallest cervical nodes, all together constituting a large
amount of tissue. Just as a country places most garrisons near the
frontier that is most open to attack, the body has its garrisons of
protective lymph nodes around the road by which the invaders are
most likely to come—the upper air passages. Particles on the surface
are constantly being deported by the mucus and saliva, in which they
lie, being carried toward the entrance by the cilia of the epithelium
lining the tract.

|. Protection by Leukocytes.— On mucous surfaces there are fre-
quently free leukocytes that have wandered from the blood stream
hetween the superficial cells. These engulf particles of dust, bacteria,
ete., and wander back with them into the tissues. Apart from the
digestant or solvent effects of the cytoplasm of the leukoeyte upon
its captive, the foreign body is thus imprisoned, and for the time being
not capable of doing hurt to the body. No commonwealth fears very
greatly eriminals or other enemies, if each criminal is handcuffed to
a policeman. The leukocytes which wander back to the tissues are
carried by the lymph stream to the nearest lymph node where the
intruder, if a bacterium, is killed by the leukoeyte or if the leukocyte
he weakened by its struggle with the bacterium both are engorged
by one of the large endothelial cells— the macrophages— which line the
lymph sinuses. Bacteria are, thercfore, constantly finding their way
into the tissues, but under such circumstances do not cause infection.
In health they are destroyed soon after their entry.

This process is going on constantly in the tissues underlying all the
moist surfaces of the body, and in none to a greater extent than in the
intestines. It is scarcely credible that the absorption of so many
and various substances from the bowel cavity takes place without there
heing included many bacteria; these have to run a triple gauntlet
before they are free to do harm—first, the lymph tissue which is so
abundant in the submucosa; second, the mesenteric and retroperitoneal
lymph nodes; and third, the liver itself. Finally, bacteria which escape
these may become free in the blood, and although we have hitherto
said nothing of the bactericidal property which the blood and the
hody fluids possess, yet these are of the very first importance.

The impression is widespread that the systemic blood is sterile, but
this is probably only relatively true. Evidence seems to indicate
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that bacteria enter the blood, but are quickly attenuated and killed,
whether they exist for this short time free in the fluids or engulfed by
leukocytes. The solid internal organs—spleen, kidney, ete.—have been
proved to contain bacteria, but appreciable growth from them is slow,
presumably because most of the bacteria in a given organ at the moment
at which the animal is killed are in an attenuated state, and probably
die in the culture medium, while those deposited there at the latest
moment before death are the only ones that are viable, and they are
in so small number that appreciable growth in the culture medium is
delayed for a time. This is the reason why cultures made from such
organs, if observed only for two or three days, are reported as sterile,
and in any case, appear to grow but sparingly. As an illustration of
the protective mechanism of the body, may be quoted the experiment
that if large quantities of bacteria, even pathogenic, be injected into
the blood stream, a few minutes later only a few colonies can be grown
from the circulating blood, and after an hour probably none at all.
The endothelium of the blood vessels of all the organs has been active
in removing the bacteria, the leukocytes have been engulfing them,
and the bactericidal substances of the blood killing them. A few
hours later, however, the blood is again teeming with them. This
is because some attenuated, half-killed, or uninjured bacteria, tucked
away in some corner with insufficiently powerful cells opposed to them,
have waited their opportunity, have won their local battle, and multiply,
soon flooding the tissues now exhausted of their protective forces. If
one uses a homely example, the inroad of the bacteria is like a prairie
fire, attacked and beaten out by an army of fire fighters; some spot left
smouldering bides its time, and blazes up; the fire fighters exhausted
by the previous struggle cannot cope with it, and it sweeps every-
thing before it. It is possible to find in microscopic sections of the
liver dots, single, double, or treble, which are the remains of bacteria,
and often whole bacteria themselves, Granting all the foregoing evi-
dence, nevertheless, the healthy tissues are potentially sterile.

Modes of Infection.—Since there are many ways by which bacteria
enter the tissues, it is evident that there are many ways by which infec-
tion can arise. Infection implies not the mere presence but the success-
ful multiplication of bacteria in the tissues. The factors that make
possible the latter are these:

1. Traumatic Solution of Continuity of the Surface Layers.—Iere an
ingress is provided for the bacteria, and the damaged tissue is a favor-
able ground for them in which to multiply. This lowered vitality of
tissue is most important. The result is familiar to everyone who has
seen an infected wound. Let us follow the process in a wound of the
skin. Lying deep down in the layers of the skin, and in hair follicles,
is the Micrococcus epidermidis albus—pe "aps an attenuated form
of the ordinary staphylococcus, but leadi a harmless saprophytic
existence. Let a tight suture in a wound lessen the blood supply of
the underlying tissue, this organism, so weakly pathogenic that it
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cannot ordinarily live within the tissues, has power to grow, to increase
its virulence, and to break down the tissues already weakened by the
trauma of the knife cut. This is the genesis of “stitch abscess.” Further,
the organism which infects the wound need not be a local inhabitant
of the tissues; we have pointed out that there are bacteria of many
sorts leading a brief existence in the circulating blood; one of these
in the few moments of life that would, under normal circumstances,
remain to it, may be carried to the damaged area of the wound, where
it finds the tissues in a state, not only not inimical, but even favorable
to its growth. Such is the genesis of some wound infections. Every-
one who has followed the work of a busy surgeon has seen “aseptic”
operative cases become infected, and die; heart burnings and self-
accusations, and suspicion of the assistant’s fingers, and of the instru-
ments, and of the ligatures have followed, all of which tends to keep
an operating staff eternally vigilant. This is a good result following
a tragic affair; we would not lessen, for an instant, the mental effect
of such cases, but we cannot in justice refrain from indicating the
method in which such an accident may occur.

2. Alteration of the Surface Discharges and Secretions.—\When in a
fever the salivary secretion is lessened, the mouth becomes foul and
hacteria, instead of being swept away, remain in situ and multiply;
their toxins cause necrosis of the underlying surface epithelium, and
an uleer results, so that there is now provided a suitable medium for
growth of the bacteria in the damaged tissue and an entrance into the
hody. Similarly in the bowel, if an obstruction occur, the bacteria
in the contents above the obstruction multiply, give off increased toxic
products, and rapidly increase in virulence, an observation that is
readily verified by experiment.

. Growth of bacteria and infection in an internal organ with no recog-
nizable solution of continuity of the surface - “‘Cryptogenic infection.”

An osteomyelitis of streptococcic nature, for example, is seen to
arise without any surface injury or recognizable trauma, or a joint
affected by rheumatic arthritis is aspirated and a coccus is cultivated
therefrom. This is clearly a case of cryptogenic infection. Why, then,
if bacteria are in the circulating blood, is it not a constant occurrence?
There are doubtless several factors which must be concurrent, but one of
them is that there must be the requisite quantity of infection. Just
as one swallow does not make a summer, one bacterium does not make
¢ infection. An organism, carried into the tissues or the blood stream
by a lenkoeyte, unless it be exceedingly virulent, can hardly set up an
infection, because the tissues, if not the leukocyte, are able to over-
come it. We suppose that a number of associated circumstances are
necessary: (1) the presence of a goodly number of bacteria upon some
mucous surface; (2) a congestion with many leukocytes passing out and
returning with many bacteria; (3) accumulation of so many bacteria at
one spot that the tissue resistance become: exhausted, and probably
(4) lowered vitality of the tissue at this area before the bacteria were




SO THE CAUSES OF DISEASE

introduced.  One need only strike a joint of the rabbit’s limb with the
side of the hand and then inoculate in the blood a suspension of
streptococei to insure that that joint becomes the seat of an acute
streptococeal arthritis,  Infection is thus the outcome of a contest
between the bacteria and the tissues, in which the former win.

How Bacteria Enter the Body. Pathogenic bacteria have different
habits of growth; some require the animal body for their nidus, others
the human body, and such, if discharged from the body, do not multiply,
although they may for a long time retain their vitality. It is essential
for such bacteria that when discharged from one body, they find another
in which to grow. They can be carried by direct contact, or by the
air, or through the medium of fomites (i. e., in garments, in dust, in
scales of shed skin), or by the discharges of one person getting into the
water, milk, or food taken by another. Insects, too, may carry the
bacteria, but they act only in a passive way, that is, the bacteria do
not actually undergo any definite cycle of life while in the body of the
insect. There was a time when “contagious” diseases meant some-
thing essentially different from “infectious” diseases; the distinetion
is now a useless one, since we know that it was not the “contact” that
mad: a contagious disease contagious, but the infection. Infectious is
the better term to apply to all these diseases.

The habitat of a bacterium will be of some effect in determining
the portal of entry to the body; thus (1) organisms floating in the air
are likely to be taken up by the respiratory tract, especially the nose,
pharynx, or tonsils. (2) Any bacterium entering the upper respiratory
tract may be entangled in saliva or mucus and swallowed. Bacteria
which can multiply in water, like the Spirillum cholere and the Bacillus
typhosus, are liable to gain entrance hy the intestinal tract in food or
drink; similarly, any bacteria which, though not able to proliferate
in the water or in milk, yet gain entrance to such supply, and are in-
geste 1 before they die, may infect by way of the intestinal tract. (3) The
organisms which normally inhabit the skin, and others whose presence
on the skin is adventitious, may be carried into a wound, or an instru-
ment or weapon may itself carry in bacteria, as occurs, for example,
in tetanus following a wound from a dirty, often rusty instrument.
Further, (4) bacteria infesting the genital passages may be conveyed to
the other sex in sexual intercourse, and (5) infection of the placenta may
pass to the feetus by the umbilical vein.  With these various facts it is
also necessary to remember (6) that the bacteria may pass the portal
of entry and manifest themselves at some point of lowered resistance
in an entirely different part of the body. Recent observations have
shown that a normal lymph node is not a perfect filter and that within
a very few minutes after inoculating bacteria into the tissue of the leg
these bacteria may be found in the circulating blood, past the inguinal
nodes; if, however, a preliminary inflammation of the lymph nodes
be caused, the bacteria are wholly arrested, not appearing in the blood.
The inflamed node is then a perfect filter by reason of the complete
filling of its sinuses by cells.
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Bacteria as Causes of Disease. —With the exception of the “filterable
viruses” to be discussed later, bacteria are the most minute forms of
life known to us; they seem of uniform consistence, have no nucleus,
do not conjugate, but multiply by fission; some are motile, by means
of flagella, and some have a resting stage of distinet character—the
spore; according to their shape, for purposes of description, they are
separated into the spherical or bluntly oval cocei, the rod-like bacilli,
and the spiral or curved-in-more-than-one-plane spirilla.

Bacteria grow between widely separated limits of temperature, and
in widely diverse media; of pathogenic bacteria in general it may be
said that they grow best at a temperature near the body temperature
of the host, and in faintly alkaline media containing organic matter.
Most bacteria grow best in the presence of free oxygen (aérobes);
many can exist also in the complete or almost complete absence of
free oxygen (facultative anagrobes); some can grow only in the absence
of free oxygen (obligatory anagrobes), obtaining the necessary oxygen
by breaking up organic material. Bacteria take their food by absorp-
tion, and secrete enzymes, by means of which they can bring about
in various substances the changes necessary to render those substances
capable of absorption. The enzymes are of different orders in different
species, proteolytic (protein splitting), diastatic (carbohydrate-splitting),
glycolytic (sugar-splitting), and so on; and the distinctive power possessed
hy a species may at times be changed, so that bacteria in a proteid medium,
which are capable of forming proteolytic ferment, may, by being grown
in a carbohydrate medium, in course of time, become capable of form-
ing a diastatic ferment; and forms which are inert toward certain sugars
may in course of time become capable of fermenting them. What for
our purposes is most important, certain bacteria have toxic properties:
into the nature of these we must enter in more detail. According to
the presence or absence of such, bacteria are divisible into three groups:

1. The non-toxic.

2. Those ordinarily incapable of multiplying within the tissues,
mt grown outside the body capable of producing toxins which, if
absorbed, are injurious. Here belong many saprophytic and putre-
factive bacteria, which may become lodged in wounds and set up
irritation there, and may give off for absorption their toxins, without
themselves gaining entry to the tissues. IHere also belong some of the
normal inhabitants of the intestine, which, in excess, may give off
toxins that are dangerous to the host if absorbed. Some of these last,
at times, are converted into members of the following group:

3. Bacteria capable of growing in the tissues (and giving off toxins)
ind there sctting up infection. From the foregoing it will be apparent
that a bacterial intoxication is the condition in which the action of
the products only of bacterial growth is considered; while an infection
is that condition in which, in addition to the intoxication, the bacteria
themselves are in the tissues and are multiplying there. The pre-
requisite of an infection is that the pathogenic agent grows within the
tissues,

6
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Toxins. —IHitherto it has been usual to recognize two orders, namely,
the ectotoxins discharged by the growing bacteria, and the endotoxins
liberated only upon the death and dissolution of the bacteria. Within
the last year or two, thanks especially to the labors of Vaughan, of
Ann Arbor, strengthened by those of Abderhalden and Friedberger,
there has been increasing realization that the mode of action of the
two orders of toxins is widely different and a tendency to confine
the use of the term toxin to the former. For the time being we shall
employ both terms, emphasizing that they indicate in all probability
bodies of widely different nature.

Stated briefly, the modern conception of these bodies is as follows:

The observations of Abderhalden and others upon parenteral diges-
tion indicate that whenever a foreign protein gains entrance into the
blood and tissues, as distinct from the alimentary canal (enteral diges-
tion), within a few days the body cells elaborate and discharge into the
blood a specific enzyme, acting upon this particular protein and breaking
it down into proteoses and simpler molecules, a process in every way
comparable to that to which the ordinary food proteins are subjected
in the digestive tract, but differing to this extent, that the proteoses
and possibly other dissociation products of a distinetly toxic nature
in their absorption through the intestinal wall undergo, normally,
conversion into harmless bodies; whereas in parenteral digestion this
conversion may not take place.

When first a foreign protein, such, for example, as the white of egg,
is introduced into the tissues it is relatively inert and harmless; at most
it may be broken down partially by certain non-specific proteolytic
enzymes during the first few hours, and the products absorbed into the
cells and irritating them set up a certain amount of fever, but very
little beyond this. It requires ten days or so before the cells gain the
power, through enzyme action, of active dissociation of this particular
protein.  Once gained, following the general law to which reference will
later be more fully made (p. 157), the specific enzyme is produced in
excess and discharged from the cells into the blood and lymph, so
that if now a second injection of the foreign protein be made, that is
dissociated so rapidly that a sufficient amount of toxic material is
liberated at one time to set up an acute intoxication, the condition, in
short, of anaphylatic shock.

Now on the one hand pathogenic bacteria gaining entrance to the
tissues may be regarded as foreign proteins. What is striking is that
the majority during their growth discharge little active irritative
material. We may grow forms like the typhoid and tubercle bacilli
and streptococci outside the body for several days, filter off the bacteria
and inject the fluid of growth into animals in relatively large quantities
without setting up serious disturbance. Such microbes we are accus-
tomed to say produce only endotoxins. The process of events when
these gain entry into the body for the first time appears to be this:
As totally foreign proteins the body cells and fluids are unable to
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digest and act upon them. Some may be taken up by cells and par-
tially acted upon by the ordinary non-specific proteolytic enzyme, but
the majority finding suitable foodstuffs in the body fluids grow and
multiply actively. This period of growth with little reaction on the
part of the tissues constitutes the incubation period. Gradually those
cells which have taken up the bacteria gain the power of forming a
specific enzyme, capable of breaking down rapidly the bacterial pro-
teins and, producing this in excess, discharge it. This acts extra-
cellularly upon other bacteria whose products of dissociation, diffusing
out and absorbed by other cells, stimulate them to produce specific
enzymes, until eventually so considerable an amount of the enzyme
is freed and acts locally upon the invading bacteria that they are
digested, broken up, and dissolved. It is in this process of parenteral
digestion of the bacteria that the toxic moiety of the proteins is liber-
ated, and it is this toxic moiety that constitutes the endotoxin, and
gives rise to the specific symptoms of the disease.

Expressed otherwise, the tissues gain the power of bacteriolysis, and
it is certain of the soluble products of hacteriolysis which, diffusing into
the lymph and blood and taken up selectively by one or other order
of cells, so disturb the metabolic processes in these cells as to induce
the symptoms of disease.

This on the one hand; on the other, it has to he realized that
just as certain cells of the body, such as some of those lining the
digestive tube, discharge enzymes which break dowi the more solid
foodstufls, converting them into soluble substances which can be
absorbed, so certain bacteria secrete enzymes, proteolytic, glycolytic,
cellulose-fermenting, and so on, by which they disintegrate the food-
stuffs in their immediate neighborhood and prepare them for absorp-
tion and assimilation. The evidence is increasing that the ectotoxing
are bodies of this nature, that they are enzymes which split up the
proteins of the host, and, doing this, split off toxic proteoses. Thus
with the endotoxins it is the .\'/;]il products of the bacteria which cause
disease, with the ectotoxins the split products of the body proteins of the
host.  In favor of this view are the following facts: (1) Like enzymes,
minute quantities of the ectotoxins produce maximal disturbances;
(I1) the poisonous action is not immediate but cumulative, showing
itself after several hours; (I11) they are extracted and precipitated by
the same bodies which extract and precipitate enzymes. (IV) Both
orders of bodies are thermolabile, destroyed by a temperature of 50°
to 60° C.; (V) both diffuse slowly. (VI) It has been shown by Abder-
halden by optical methods that the ectotoxins have a cleavage effect
upon proteins, i. e., that they act as proteolytic enzymes, splitting
complex proteins into simpler bodies. (VII) Their presence in the
animal body leads to the production of specific neutralizing antitoxins
in every way comparable with the antienzymes by which the body
neutralizes foreign enzymes.

Long years ago Sidney Martin called attention to the fact that a
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toxic albuminose is to be found in the spleen and other tissues of animals
inoculated with diphtheria, whereas it is present in minute amounts
only in the diphtheritic membrane, 7. e., in the region where the diph-
theria bacilli are growing, and from his observations concluded that
the bacilli elaborate an enzyme which, diffusing slowly into the tissues,
thereby its action produces the true toxic substance. The evidence,
therefore, is that the ectotoxins are not themselves poisonous substances
or toxing, but are forases or torogens, giving origin to toxins.

It is to be noted that relatively few pathogenic bacteria produce
ectotoxins in appreciable quantities:  B. diphtherie, B. tetani, B.
botulinus (meat poisoning), and B. pyocyaneus.

The Virulence of Bacteria. —T'he virulence of a bacterium is measured
by the amount and the quality of the toxic substances it liberates
either in its growth or in its disintegration. From what has been said
previously, it will be inferred that virulence depends upon three
variable factors —the quality and the amount of toxins, using this
term to include both ectotoxins and endotoxins, and the number of
bacteria.

The quality of toxin is specific in a two-fold sense: different species
of bacteria produce different toxins, and toxins are active upon some
species of animals and not upon others.  Regarding the first of these
statements, it is true that bacteria of allied species produce multiple
toxing, some of which are common to all the members of that group
of allied species; yet others are specific for each member of the group.
With reference to the second statement, it is necessary only to men-
tion the gonococeus which is active for man but not for the lower
animals, and members of the group of the hemorrhagic septicemias
of various mammals and birds which are without effect upon man.

Nor are these the only variations, If the same organism be isolated
from two individuals, the virulence of the one strain is never, or hardly
ever, experimentally identical with the virulence of the other. Further,
alterations of virulence can readily be produced experimentally by
“passage” through the bodies of animals susceptible to the bacterium
coneerned,  If inoculation of a pathogenic dose be performed, and if
as soon as symptoms of disease present themselves, the body fluids
containing the bacteria be inoculated into a second animal, and so on,
the virulence can be heightened by a few transmissions, so that a much
smaller dose will cause disease in a much shorter time than was at first
the case. It has been occasionally noted that this procedure, while
increasing the virulence for the species concerned, lessens the virulence
for certain other species,

In a manner contrary to the above, there are certain methods at
our disposal by which the virulence of a bacterium can be lessened.
Thus, by prolonged growth upon media, with transference at long
intervals, the virulence of all pathogenic bacteria is lessened; bacteria
“stewing in their own juice” rapidly lose virulence. Certain other
procedures effect the same end, such as prolonged growth at a tempera-
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ture near the maximum at which vitality can be preserved, exposure
to sunlight, exposure to small quantities of antiseptic substances and
increased atmospheric pressure. It may be broadly stated, that for
bacteria as for men, within certain limits, the struggle for existence
improves the breed; if circumstances be made too easy the breed ceases
to advance; if too difficult, it becomes enfeebled.

Other Pathogenic Vegetable Forms.— Biologically higher in the scale
than the bacteria or schizomycetes, but of lesser pathogenic impor-
tance are sundry “hyphomycetes,” and blastomycetes, simple forms of
vegetable life characterized, the former group by the development of
long-branching filaments or hyphe, the latter by the presence of rounded
or oval elements much larger than cocci, multiplying by budding as
well as by sporulation. These forms are closely connected; thus the
organism of blastomycetic dermatitis, a skin affection which was first
observed in North America, when within the tissues, exhibits only the
rounded, budding form, although when grown in media outside the
body it develops distinct hyphe. Intermediate between these and
the bacteria proper are the so-called streptothricee, forms much more
minute than the ordinary hyphomycetes, of which the ray fungus or
actinomyces may be taken as type. These are forms which, while
having the same diameter as the ordinary bacilli, unlike those bacilli,
exhibit true branching and tend under favorable conditions to form
a mycelium or felted mass. These, indeed, are very closely related to
the tubercle bacilli and “higher bacteria’ which also under favorable
conditions may exhibit true branching. The more highly differentiated
are these forms, the less frequently are they found as causes of disease.
The moulds, for example, have rarely more than a superficial develop-
ment, and that upon the skin or in the passages communicating with the
exterior, especially the respiratory tract, and with rare exceptions their
growth is purely local, setting up little general reaction, and exhibiting
little or no power to form toxins. Among these may be mentioned the
isms of ringworm, favus, pityriasis, thrush, and aspergillosis.

s” or blastomycetes may be found multiplying within the
stomach and urinary bladder, there showing no tendency to invade
the tissues. It is only in connection with the skin and subcutaneous
tissues that these set up a low intractable form of inflammation, though
eventually the organism of blastomycetic dermatitis may grow in all
the tissues of the body. The most serious local and generaiized lesions
are set up by members of the intermediate group (the streptothrice)
which cause lesions of a tubercular nature resembling in man;* respects
those induced by the tubercle bacillus.

Filterable Viruses.—There is a group of important infections which
in their clinical course resemble those induced by pathogenic bacteria,
but for which, despite abundant investigation, n6 bacteria proper
have hitherto been isolated: we refer to the group of acute exan-
themata—smallpox (and vaccinia), chicken-pox, scarlet fever, measles,
ritheln: to rabies, acute anterior poliomyelitis, and yellow fever in
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man, and among lower animals, horse-pox, sheep-pox, contagious pleuro-
pneumonia of cattle, and several other infeetions. With these are to he
included a group of evidently contagious epidermal disturbances

trachoma, molluscum contagiosum, verruca vulgaris (the common
wart), verruea peruviana in man, and other “epithelioses™ in birds

and other animals.

The first light thrown upon this group was the determination by
Nocard and Roux more than twenty years ago that contagious pleuro-
pneumonia of cattle is due to an ultramicroscopic organism, or, more
accurately, to an organism just visible in cultures, but so small that
the highest power of the microscope gave no satisfactory indication as

¥ to its morphology. They were able to cultivate this, recognizing the
growth by a clouding of the medium; others since, employing special
media, have gained more visible growths of minute polymorphous
forms unlike bacteria, but more nearly resembling those than any ‘
known form of life ‘
Fia. 1t {
2 3
\ - -0
. LA
S3er)
“
e S
‘1,'.'/
Chiamydozea, to show various stages according to Prowasek and da Rocha-Lima. 1, a cell from
the corneal epithelium after inoculation with vaccinia lymph. The bodies in the centre of each
granule of the " Guarnieri bo (') are more of the nature of “initial”" than of "' elementary bodies
‘ lial cell from case of molluseum contagiosum treated with water 50 as to swell and ruptur
t liberuting the minute elementary  bodies 3, conjunctival cell from ense of trachoma
howitg (IB) the larger *initial bodies™ and (EB) the minute “clementary | After da

Rocha-Lima

Gradually it has.been demonstrated that in one after another of
diseases we deal with a virus so small that it will pass through
a moderately fine biscuit poreelain filter, a filter which arrests all
bacteria proper: the filtrate from the infective material inoculated
into susceptible animals will reproduce the disease. Clearly, therefore,
whatever the nature of the virus, in one stage of its existence it is so minute
as to be filterable. 'That the virus is particulate is shown by the fact
that employment of colloidal membranes gives a harmless filtrate.

"It is deserving of note that Wolbach and McKee are inclined to regard these
initial bodies as degenerated bacteria, e, g., gonoecocei,
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We thus recognize today that variola, measles, rabies, yellow fever,
acute llll“lillll\l'hli‘. and, in fact, [lr;u'li(';l“) all the conditions above
enumerated are due to filterable viruses, and as with the pleuro-
pneumonia organism, some at least, such as those of acute poliomyelitis
(Flexner and Noguchi) and rabies (Noguchi), have been gained in
pure culture.

Now, in rabies (Negri bodies), molluscum contagiosum, smallpox
(Guarnieri bodies), trachoma, and several other conditions, cell-
inclusions have been described |>_\ several observers, bodies so |:Il';.[1' as
to be easily recognizable and, indeed, used for diagnostic purposes.
On this account von Prowazek describes these organisms as Chlamy-
dozoa. The organisms themselves he regards as ultramicroscopic, and
as gaining an entrance into particular cells, sometimes, indeed, into
their nuclei. But, gaining entrance, some at least set up such a reac-
tion that the cell forms a coat or garment' around them, and it is
this cellular deposit with the minute organism or a group of organisms in
IIII‘ centre 'Il”[ i“‘li"i”v\ ‘]I(‘ l‘\i\t('ll('l' llf ll]!' (“\(':l\i'v Ill' illl‘l hi‘
fellow-workers distinguish two stages, namely, the very minute “elemen-
tary corpuscles” and larger “initial bodies™ from which the former are
l“"'llill'L_’i‘lI.

Fia. 17

Spirochetes in liver of congenital syphilis (oil immersion): a, spirochete; b, nucleus of
degenerated liver cell

Spirochetes and Treponemas.—(Great interest has centred of late
upon the spirochetal organisms causing European and African relapsing
fever, certain diseases of geese and other birds (spirillosis), frambeesia
(or yaws), and syphilis. These organisms are minute, elongated spiral
bodies, differing radically from the spirillacess, more particularly in

1+ X2api: (chlamys) a mantle,
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that their bodies are not rigid, and in the absence of terminal flagella.
They are actively motile with a corkscrew-like motion. There is
still some uncertainty as to their mode of division, there being posi-
tive observations that this is longitudinal, but this does not wholly
exclude the observation by other equally competent observers, that
transverse division obtains. There is also evidence that in many of
them another process of multiplication occurs, the spirochete breaking
up into a number of granular, spore-like bodies, so small as to be
filterable, from each of which a new organism develops. Their behavior
toward salvarsan is so similar to that of the trypanosomes to other
arsenic compounds, to that of the piroplasma, the intracellular parasite
of Texas fever of cattle, to trypan blue, and the organism of malaria
toward quinine, as to weigh down the scale in favor of their protozoan
relationships.  Here we would emphasize that the more we study these
lower forms of life the more we become convineed that the “fixed idea™
that any given living form must be either an animal or a plant has to
be given up. These lowest forms of life are neither—or both. They
must be regarded as Protista, as belonging to that nethermost kingdom
from which in one direction animal forms, in the other plants, have
been evolved.

PROTOZOAN PARASITES AS CAUSES OF DISEASE

There are certain parasites belonging to the division of the protozoa
which can cause disease in man; these belong to different orders of
protozoa; thus, for example, the entameba is one of the sarcodiniwe,
the trypanosome of the flagellata, the malarial organism belongs to
the sporozoa, and Balantidium coli to the ciliate infusoria. One is
tempted to try to find analogies between the protozoan parasites
and the bacteria, but the development of ectotoxins by the protozoa
is s0 slight and the toxins are of so low an order that it has not yet been
possible to develop antitoxins or passive immunity by experimental
means.

We have not yet enough knowledge of protozoan parasites to allow
us to make general statements about them as a class, and we must
be content to set forth individual points about the most important
of these,

Order Sarcodiniee. Entameba.—The FEntamaba histolytica is a
motile mass of protoplasm with a nucleus and a contractile vacuole
which in appearance is similar to the ameeba that inhabits ponds of
stagnant water. The entamaeba gains entrance to the colon, where it
may set up dysentery; it attacks the mucosa and submucosa, ingests
cell debris and red-blood cells, and may exist in great numbers. When
it infests the bowel, its action is aided by pathogenic bacteria, which
constitute a secondary infection. The entamceehw are carried to the
liver, where they often set up abscesses. More rarely similar abscesses
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form elsewhere. There is a eycle of development in the colon which
results in the formation of encysted stages; it is through these resistant
forms, extruded in the feces, that the disease is transmitted. It appears
that the cycle of development can be mmpltml without an intra-
cellular stage. It is not known that there is a toxin produced by the
organism; the remote toxic effects seen in amebic dysentery may he
due to the secondary infection, or to the effects of cell disintegration

Fia. 18

Schematic life cyele of the Entamaba histolytica: 1, the adult ameeba with nucleus (n) and
contractile vacuole (1); 2, the same, multiplying by amitotic division; 3, appearance of chromidial
granules in eytoplasm, which enlarge and become the spores in 4; these spores become discharged
or liberated (3) and develop (6, 7, 8) into the adult amaba, or (9) under other conditions the amamb

passes into an encysted stage. (After E. L. Walker.)

Order Flagellata.—Of these, the trypanosome is a very important
type. This is an elongated, spindle-shaped parasite with an undulating
membrane along one side. It possesses two nuclei, a main nucleus and
a kinetonucleus. Irom the blepharoplast, a minute chromatinic mass
in juxtaposition with the kinetonucleus, arises a chromatinic filament
which runs along the free edge of an undulating membrane and, in most
trypanosomes, is continued beyond this into a free flagellum. A
vacuole of doubtful function is often present close to the kinetonucleus.
The dimensions of this protozoan may reach 30 or even 50u, with a
breadth of 2 or 3x; and in freshly drawn blood it may be seen lashing
to and fro in the field among the blood corpuscles like a wounded
snake among dry leaves. In the vertebrate host the trypanosome

T
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multiplies most often by longitudinal division; other methods of
division have been described, but have been less studied.  There is
evidently not a little variation in the morphology and mode of multi-
plication of the various forms.

T'rypanosomes are parasitic in all forms of animal life from the insecta
to the higher mammalia. Many appear to cause no symptoms; others
are highly pathogenic.

Civilization might overlook the 30,000 blacks who are estimated
as the annual vietims of sleeping sickness in West and Central Africa
from 7. gambiense, but deplores the millions of dollars annually lost
from T. evansi, T. brucei, and other trypanosomes infecting horses

Fia. 19

T'rypanosomes (T gambiense) from the blood in sleeping sickness. X 2000

and cattle. The forms of disease so caused are surra in Assam, India,
and the Philippines; n'gana or tsetse fly disease in Southeast Africa;
dourine or mal de coit in Algeria and Southern Europe, and in North
America by importation, and mal de Caderas in South America. There
is evidence that the trypanosomes of disease have a minute latent
intracellular stage.

These forms of protozoa are conveyed to man and warm-blooded
animals by the bites of blood-sucking parasites. Fish trypanosomes
may be transmitted by leeches, those of warm-blooded animals by
dipterous insects. Tsetse fly disease, which a quarter of a century
ago invested this insect with all the fatality and mystery of a mediweval




EXPLANATION OF PLATE 1L
PLASMODIUM VIVAX (TERTIAN PLASMODIUM)

Stained with Wright's modifieation of the Romanowsky method

Fia. L=—Young schizont, the so-called * ving-form.”

[QTH Slightly older schizont
IG Double infeetion of red corpusele with schizonts
Fras 5, and G.—Young pigmented forms of the tertian schizont

Fias, 7, 8, 9, and 10— Tertian schizonts showing the division of the chromatin
of the nucleus, enlargement of the infeeted erythroeytes, and increase in the amount
of pigment.

Fia. 11.—Pre-sporulating tertian schizont

Fra. 12 —Sporulating tertian schizont

FiG. 13.—Free spores, or merozoites, of Plasmodium vivax

Fig. 14.—Microgamete of Plasmodium vivax

PLASMODIUM MALARLE (QUARTAN PLASMODIUM
Stained with Wright's modifieation.,

Fra, L—Young schizont, or so-called * ring-form

16, 2.—Double infection of erythroeyte, with quartan sehizonts
Fras. 3 and 4.—Young pigmented sehizonts

Fias

and 6. —Half-grown forms of Plasmodium malariee, showing the division
of the chromatin

I16. 7.~ Pre-sporulating schizont of Plasmodium malaria

FiG. S.—Sporulating schizont of Plasmodium malarie Note smaller number
of merozoites, and lack of enlargement of the erythroeyte, as in the tertian plas-
modium,)

Fia. 9. —Free spores or merozoites of Plasmodium malarie

Fra. 10, Microgamete of Plasmodium mal:
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dragon, is conveyed by Glossina morsitans, sleeping sickness by Glossina
palpalis—hlood-sucking flies. Taken up with the blood the trypano-
somes undergo a development in the new host which varies according
to the species. When their development in the fly is complete they
are conveyed by the fly’s proboscis into the tissues of a new host. There
is a certain amount of evidence that they produce toxins, but the
mechanism by which these induce symptoms has not been fully worked
out. Those symptoms are anemia, glandular enlargement, circinate
erythemas, moderate fever, the existence of cedemas, depression of
cerebral activity and, finally, coma.

. Fia. 20
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Glossina palpalis (X 33), the carrier of the trypanosome of sleeping sickness,

Other flagellata—the trichomonas and megastoma (Lamblia infes-
tinalis)—are found in the intestine, but the cases in which they have
been proved to be associated with disease are distinctly rare. The
so-called Donovan-Leishman bodies found in the enlarged spleen in
kala-azar, or dumdum fever of man, have been proved to have a stage in
their life ¢ycle in which they assume a herpetomonas form. The para-
site is, therefore, classed now with the Flagellata, as is the allied body
found in the sores known variously as Oriental sore, Aleppo button, ete.

Order Sporozoa.— Typical members of this order are character-
istically intracellular. The parasite enters an individual cell, arrests
its function and causes its death, the cycle of life of the parasite being
such that the spore formation roughly corresponds with the time of
death and disintegration of the host cell. The spores set free grow

T ———
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into small ameeboid forms, which enter other cells and repeat this
asexual process.  But a sexual cvele also exists, especially in the process
of transmission from host to host, and this sexual ¢yele is carried out
in the body of the carrier, which is of another species.  In malaria,
for example, the asexual cyele is carried out again and again in the
human body; the mosquito (Anopheles) sucks infected blood, and
the sexual cyele oceurs in the body of the mosquito, the sporozoites, the
products of the sexual cyele, being introduced into another human
host with the proboscis of the mosquito, there to enter once more
into a series of asexual cyeles. Transmission by insects, though the
most frequent, is not the only mode of transmission of sporozoa,
for coccidia enter the digestive tract, and others supposedly by the
respiratory tract,

Hemosporidia.The parasite of malaria is the type of this sub-
order, and our knowledge of it has been greatly assisted by the study
of allied forms in birds and other animals. The most important facts
relating to malaria are these:

I. The disease is transmitted by certain anopheline mosquitoes,
and is endemic or l'|»i<]( mic nl||.\ where these are.

2, The Anopheles lays its eggs in still water, and the larve are
aquatic; the mosquito does not travel far, save with high winds, and
malaria is thus largely confined to the neighborhood of swampy or
badly drained regions.

3. The Anopheles in general does not bite in broad daylight. TInfec-
li«ll\. ['n‘l't-l‘nl'r, oceurs il! the v\l'nill: or at Ili:;lll,

. The asexual eyele of development requires different periods of
time for the different species of hematozoan—forty-eight hours for the
organism of tertian fever; seventy-two for that of quartan; forty-eight
(with irregular variations) for that of the estivo-autumnal type. The
periodic chills and fever coincide with the maturation and sporulation
of the parasite, the damage heing probably wrought by the liberation
of hematin and products of cell disintegration, when the host erythro-
evte ruptures and the spores are set free, rather than by any specific
toxin of the parasite itself.

5. The cell debris and ]ii_L[Illl‘II( so liberated are carried to the \]II(‘('II
and there set up the changes that lead to the enlargement of that organ.

6. Prolonged asexual reproduction seems to weaken the parasite,
so that if reinfection does not oceur the disease gradually passes
off.  Yet it appears that the parasite may lie latent in the tissues for
IUH: |wl‘i<n|\ .’I|11| Iln'n }n'mmn' :u'Ii\l' il'_“:lill: (‘“Ilii';l] 1‘\;vl'ri|'lll‘4‘ seems
to show this especially in the case of the estivo-autummal type. In
malarious districts it appears evident that individuals gain a certain
tolerance of the parasites, since they may have parasites in their blood
without the symptoms which accompany infection in *“non-immunes.”
Other sporozoa are unimportant, so far as the human race is concerned.

Order Ciliate Infusoria.'T'he Balantidium coli is found in the
illillll‘lllilr.\ 4':|n:|l, associated with inflammation of the colon.

SO




EXPLANATION OF PLATE 111
PLASMODIUM FALCIPARUM (TERTIAN ESTIVO-AUTUMNAL PLASMODIUM

Stained with Wright's modification of the Romanowsky method

Fia. 1.—8porozoite, just attached to an erythroceyte
1. 2.—-Youn led

Fia. 3.—Double infection of erythroeyte by two young schizonts, or *“ring-forms

schizont, the so

Fia. 4.—Fully developed “ring-form

n estivo-autumnal plasmodium
Fias. 5, 6, 7. and 8. Developing schizonts of Plasmodium faleiparum, showing
imerease in size, development of pigment, and division of the nuelear chromatin
Fia. 9.—P

1. 10, Sporulating schizont of Plasmodium faleiparum

c-sportlating stage of Plasmodium faleiparum

i, 11— Macrogametoeyte, or female gamete of Plasmodium faleiparum.  The
o=called erescent form

Fra, 12—Microgametoeyte, or male gamete of Plasmodium faleiparun

PLASMODIUM FALCIPARUM QUOTIDIANUM (QUOTIDIAN ESTIVO-AUTUMNAL
PLASMODIUM
Stained with Wright's modification
Fia. L—Sporozoite just attached to the erythroeyte
F1G. 2.—Young schizont, or “ring-form Note very minute siz
Fia. 3.—Triple infection of the erythroeyte, with “ring-forms" of the quotidian

estivo-nutumnal plasmodium
FiG. 4. —Fully developed “ring-form™ of the quotidian species

Fras. 5, 6, 7, and S.—Various stages in the growth of P

modium faleiparam
quotidianum, showing inerease in size, development of pigment, and division of the
nuclear chromatin

16, 9.—Pre-sporulating schizont of the guotidian estivo-nutummnal plasmodium

Fia, 10.—Sporulating schizont of Plasmodium faleiparum quotidianum,  Note

minute size of the s
preserved

wes, or merozoites, and large amount of erythroeyte still

Fias. 11 and 12.—Female and male erescents of this species,  Note small size

GAMETES OF TERTIAN AND QUARTAN PLASMODIA

Fig. 1.—Young microgametocyte of Plasmodium vivax

Fig. 2.—Well-developed microgametoeyte of Plasmodium vivax

Fia. 3.—Young macrogametocyte of Plasmodium vivax

Fia. 4.—Fully developed maerogametoeyte of Plasmodium vivax

I'16. 5.—Flagellated microgametocyte of Plasmodium, the flagella constituting
the microgametes

Fia. 6.—Young macrogametoeyte of Plasmodium malaria

FiG. 7.—Developed macrogametoeyte of Plasmodium malaria

Fia. 8.—Young microgametoeyte of Plasmodium malaria

Fia. 9.—Fully developed microgametoeyte of Plasmodinm malaria

Fia. 10.—Flagellated microgametoeyte of Plasmodium  malarize, the fagella
being the microgametes. Note the lighter staining of the male, or microgametoeytes,
md the different arrangement of the nuclear chromatin
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METAZOAN PARASITES AS CAUSES OF DISEASE

The parasites of the metazoan order which are of importance as
causing disease are of the classes of the Platyhelminthes or flat worms,
the Nemathelminthes or round worms, the Insecta and the Arachnide
(spiders).

The metazoan parasites, in general, take their food in a prepared
state from their host, so that their digestive system need be only of
the simplest sort; some, as the tapeworm, dispense with an alimentary
tract and feed by absorption; their organs of locomotion need not he
complicated; their organs of offence are only such as enable them to
penetrate the body of the host to their food; their organs of defence are
such as to protect them from digestion by the body juices of the host.
A certain power to live apart from the host assures the continuance
of the species, but this last is safeguarded best by their enormons
reproductive capacity. Some of them are merely animated masses of
reproductive glands, the quantity of ova heing great, because most
of it is destined to fall on barren ground. The simplicity of structure
tends to greatly lessen the adaptability of the organism, so that we
find hat in the process of time a species becomes able to grow actively
only in a particular species of host, or, if there is alternation of hosts,
in a particular series of hosts. It follows, thus, that each particular
species of host has a particular set of parasites.

The capability of causing disturbance in such forms is not great, a
state of affairs which is to be expected with parasites of comparatively
slow development.  Such disturbance, too, is brought about in several
different ways, as:

1. Displacement or Pressure Due to the Presence of the Parasite.
Although this is in general negligible, a Filaria nocturna may block
a lymph vessel and cause elephantiasis of a member. A eysticercus
in the brain may cause death, or the cyvst of Tenia echinococeus in
the liver may be very large, and may menace life.

2, Injury Caused by Migration.—The filaria migrates through the
tissues but causes little or no damage in doing so; however, on the
contrary, there may be much pain and inflammation of the muscles
caused by the passage of larval T'richine.

3. Destruction of Tissue.—This is of very slight importance, and
only to be considered in the case of a parasite like Ankylostomum
opening up a large capillary, causing hemorrhage, or where a parasite
like T'richocephalus boring through the bowel wall leaves a hole through
which infection may pass.

4. Loss of Food Material Used Up by the Parasite.— Contrary to a
common belief, this loss is so slight =5 to be negligible.

5. Disturbance Caused by the Excretions of the Parasite. It has been
supposed that the metazoan parasites excrete toxins as do bacteria;
some of them certainly produce substances which protect them against
the digestive juices of their hosts, and in many cases the bodies and
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hody juices of the parasites themselves are toxie, but this is to be
expected, and does not give any additional proof upon the question
at issue. More important is the fact that all verminous parasites
set up eosinophilia, an increase in the number of eosinophile leuko-
evtes in the circulating blood. This undoubted fact is evidently due
to an excitation of the bone-marrow tissue by some irritant produced
by the parasites, and it may be surmised that the anemia and the
condition of ill-being are due to the same or parallel intoxicants.

(i. Nervous Irritation or Discomfort Brought About by the Presence of
the Parasites.—I'his refers mostly to the Insecta and Arachnidae, and s
an obvious, though unimportant effect; yet the presence of seat-worms
and other migrating intestinal parasites may cause itching, grinding of
the teeth, nervous irritability, and even convulsions in the very young.

THE ENDOGENOUS INTOXICATIONS

Internal Secretions.—There are cortain glands, such as the liver, with
external secretion, which form and (li~('l|:\rgt- into the blood a further
secretion, having no or little connec-
Fia. 21 tion with the first. There are glands
like the thyroid which, having no
obvious secretion, and no duet, have
been found, nevertheless, to discharge
internally into the body juices secre-
tions of great importance to the body.
There are even structures that are
not recognized as glands at all, such
as certain sympathetic ganglia, which
appear to form an internal secretion.
And the end is not yet, for we know
that certain portions of the mucosa
of the alimentary tract have secre-
tions, called hormones, which are
necessary for the full activity of other
digestive glands, even those situated
at a distance. As distinet from en-
zyines, these hormones can be isolated
in a state of relative purity and are
unaltered by heat. In this class we
include such bodies as adrenin and
iodothyrin.  Much of the information
we possess about the internal secre-
k) iR entn tions is yet fragmentary and we are
(Bourneville and Bricon.) not able to lay down general rules,
but must be content to indicate some
of the most important facts bearing upon the defect or excess of the
same-as factors in the production of morbid states.

Cretin, male
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Disturbances Related to the Thyroid Secretion.—Deficient thyroid
secretion may show itself in the child as cretinism, or in the adult as
myxedema, the iatter arising from mechanical removal of the gland
cachexia thyreopriva) as well as from more obscure causes leading to
its atrophy, or interfering with its proper action. Cretinism is con-
genital; the cretin is physically and mentally in a state of retardation:
the adult in years remains a child in intellect, or even an imbecile;
dentition is late, and the sexual organs and functions <|.l‘|‘\('l| and
imperfeet; the stature is small, the limbs short and thick, the features
coarse and expressionless,

Myxeedema developing in adult life has many similar features; there
is a mucoid cedema (hence the name) of the subeutaneous and other
tissues, gradually robbing the face of its expression; the features
hecome heavy, and the subeutaneous tissue suffers a connective-tissue
overgrowth. The skin becomes dry, the hair coarse, thick, and tending
to fall out; the mentality becomes slow and the memory defective.
The same train of symptums may be set up by complete removal of
the thyroid gland. Thyroid extract can cure myxeedema, and cretinism
in the child, but requires to be given from time to time to prevent
recurrence, It is to be noted that in some cases of my xcedema and
cretinism, the thyroid, far from being absent, is enlarged; despite its
size, we do not suppose that it functionates properly. It may be that
the vesicles are expanded by secretion as the air sacs by air in emphy-
sema, so that the walls and the bloodvessels are compressed, with
resulting arrested absorption.

The opposite condition, clinically, to myxwdema is exophthalmic
goitre, known also as Graves' disease and Basedow’s disease; here
one finds too much thyroid, or too active thyroid tissue, with result-
ing nervousness, tachyecardia, tremors—features opposed in character
to those of myxwdema
the exophthalmos (probably due to irritation of the sympathetics),
and the goitre.  Tremors, great nervousness, and tachycardia may be
present, indicating a nervous energy far different from the placidity
of the myxecedematous patient. There is heightened metabolism and
increased discharge of the products of tissue disintegration. Thyroid-
ectomy often produces good results.

Disturbances Related to the Secretion of the Parathyroids.—Situated
in or near or under the thyroids, varying in number, are small pea-
like glands called the parathyroids, which histologically look not
unlike the immature thyroid. Their removal in animals is followed
by tetany, exophthalmos, rapid respiration, etc., which symptoms are
ameliorated or removed by the use of calcium salts. This fact leads
to the belief that they play an important part in regulating the calcium
metabolism of the body. In many operations for thyroidectomy in
the human being they are doubtless removed, without any apparent
change being wrought, although the frequent presence of accessory
thyroid and parathyroid nodules in the neck region makes it difficult to
be sure in any individual case whether there has been complete ablation.

The striking features of the disease are
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Disturbances Relating to the Secretions of the Pituitary Body. —I'he pitu-
itary body is composed of an anterior glandular portion, a pars inter-
media, containing both glandular and nervous elements, and a posterior
nervous portion which is a continuation of the infundibulum. The
glandular portion to some extent recalls the stiucture of the thyroid,
since at times the cell collections take on a vesicular arrangement, the
vesicles containing colloidal material.  This colloidal material may
ape or be passed through the intermediary and nervous portions
into the third ventricle of the brain. It is the posterior particularly,
and to some extent the intermediary, which afford an extract, or
hormone, capable, like that of the medulla of the adrenal, of causing
a great rise in blood-pressure, a rise more prolonged than that produced
by adrenin. In addition the extract produces a marked polyuria, and,
as Ott has shiown, has a pronounced galactogogue effect, causing ex-
traordinary increase in the secretion of milk, As chown by Cushing,
stimulation of the posterior part is followed by glycosuria; removal,
by an opposite condition of increased tolerance of sugar.

The effects of pituitary disease vary according as to whether they
manifest themselves (1) prior to, or (2) aftcr, adult stature is attained.
Growths present in early life of the glandular portion, such as lead
apparently to increased activity, are found accompanying a large
number of cases of giantism. Such growths developing after adoles-
cence are associated with the remarkable condition of acromegaly.
This disease is characterized by increased development of the bones,
more particularly of the face and the extremities, though the whole
body skeleton is apt to be involved. With this overgrowth there is a
corresponding development of the surrounding tissues. With enlarge-
ment of the maxillary and mandibular bones, the nose broadens, lips,
cars, and eyvelids enlarge. The hands and feet become, as it were,
out of focus by being too near the camera. Other “neighborhood
phenomena” such as hemianopsia and blindness are due to pressure
of the enlarged pituitary upon the neighboring parts.

The opposite condition of hypopituitarism, if occurring in early life,
is found associated with a form of infantilism and dwarfism with
arrest of sexual development with or without pronounced obesity,
increased tolerance of sugar, and at times liability to epileptic attacks.
Developing in adult life there may be obesity with loss of sexual power,
with the same tolerance of sugar and lowered mentality.

Just as in connection with the thyroids we not infrequently observe
a condition of dysthyroidism, with some combination of symptoms of
hyper- and hypothyroidism, so also we recognize conditions of dys-
pituitarism. In other words, overstimulation resulting in symptoms
of overactivity of either organ may rapidly give place to symptoms
of exhaustion and depression of function.

Disturbances Relating to Secretions of the Pineal Gland.-—T'he pineal
gland is the representative of the original median eye which, present
in our more spider-like ancestors, can still be recognized in some of
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the lizards and lower reptiles. In mammals this vestige has a more
glandular character.  Several cases are recorded in which tumors of
this organ have led to disturbances of nutrition with increased growth
of adipose tissue, and stimulation, with premature development, of the
sexual funetions and body growth.

Disturbances Related to the Secretion of the Adrenal and of the Chromaffin
System.—The medulla of the adrenal, appar.ntly the more important
part of the organ, is related embryologically to the sympathetic ganglia.
The extract of it (adrenin) leads to great increase in blood-pressure; it acts
in part upon the vasomotor nerve system, but also directly on the
plain muscle fibers of the arteries, contracting the arteries when the
nerve endings are degenerated. The extract of the sympathetic ganglia
has the same effect upon blood-pressure, and the effer. of adrenin upon
a part is identical with the result of stimulating the sympathetic fibers
to that part  Both in the medulla of the adrenal and in the sympathetic
ganglia is to be found a remarkable series of cells of sympathetic-nerve
origin, the chromaffin cells, so called because of their affinity for chrome
salts, the cells taking on a strong yellowish-brown color after immersion
of sections in potassium bichromate. The indications are that where-
ever those cells are present, adrenin or a body having like effect upon
the arterioles is also present. We use the term adrenin rather than
adrenalin or epinephrin because the latter are names of proprietary
‘I]Ii‘[il]l(““.

There are several patl:ological states which, acting upon and destroy-
ing the adrenal, give rise to the disease known as Addison's disease.
[t is characterized by great physical w akness, feeble heart action
and pulse, nausea, vomiting, and pigmentation of the skin. The
pigmentation is most marked upon exposed surfaces, and in regions
normally pigmented, and varies from a yellowish tint to a deep brown.
Fibrocaseous tuberculosis, atrophy, malignant growths, hemorrhage,
and inflammatory changes of the adrenal may produce it, and it has
even been known to exist where the adrenals are healthy but the sympa-
thetic ganglia diseased. It may well be imagined that the lack of
blood-pressure-raising material due to the destruction of the organ
accounts for the cardiovascular depression. As regards the cortex
of this gland, it is interesting to note that just as overdevelopment
of the glandular portion of the pituitary body is found associated with
acromegaly and increased growth of skeletal tissues, so there are several
cases on record in which hyperplasia and tumor growth of the adrenal
cortex has been found associated with excessive and premature obesity,
precocious muscularity (“infant Hercules”), and premature virility
with precocious development of the external organs of generation.

Disturbances Related to Secretions of the Testes and Ovaries.—It is
known that in castrated animals the secondary sexual characters fail to
develop, and this is due, in the male, to the loss of large interstitial cells
in the testes and of their internal secretion; there are homologous cells
in the ovary, although the proof of the effect of their secretion is by no




98 THE CAUSES OF DISEASE

means as clear as in the case of the male. *Heat” in castrated animals
can be produced by the injection of the ovarian extracts. Not only
do internal secretions of the testes and ovary affect sexnal maturity,
but they are also evidently concerned in the full physical development
of the body. The function of the corpus luteum is of another sort;
the secretion of the interstitial cells that lie external to the Graafian
follicle is evidently potent to stimulate the uterine mucosa to respond
to the presence of the ovum and permit its fixation; where the ovaries
are removed after the fertilized ova are set free, these do not become
adherent in the uterus. A secretion acting in this way is a good example
of a hormone.

Disturbances Related to Various Other Internal Secretions.— 1'he Faelus
and the Mammary Gland.— It has been proved, according to Starling and
Claypon, that the hypertrophy of the mammary gland in pregnancy
is due to the internal secretion, so to speak, of the fetus. Watery
extracts of rabbit feetus injected into a virgin rabbit caused in a few
weeks hypertrophy of the mammary gland and the formation of a
thin fluid secretion; in multiparous, unimpregnated rabbits this was
true milk. To disprove the supposed effect of nervous influences,
a mammary gland in the guinea-pig was transplanted to the region
of the ear, where it underwent hypertrophy in pregnancy, and, finaliy,
produced milk. It is thought that the substance in the feetus which
does this acts upon the mammary gland causing anabolism and growth;
when the child is born, lactation begins because this substance is no
longer present, and the cells which before, under its influence, mani-
fested anabolism and growth, in its absence break down and form milk.
Thus lactation is apt to cease with the onset of a new pregnancy.

Doubt has recently been thrown upon these observations, other
observers associating the growth and activity of the mammary gland
with the corpus luteum of pregnancy.

Disturbances Related to Secretions in the Intestinal Tract.—It is but
recently that we have discovered how intricate a system of internal
secretions exists in the alimentary tract, and we shall rather try to
indicate what these are than to deal with their derangements. The
acid contents of the stomach passing into the duodenum cause an
increase in the flow of pancreatic juice; this happens not because of
reflex nervous stimuli, but because of a chemical substance which is
secreted by the duodenum and carried by the blood to the pancreas.
If the mucosa of the duodenum is scraped off and an extract made
of it with hydrochloric acid added, this extract, which has been called
secretin, if injected into the blood of a mammal, causes an abundant
secretion of pancreatic juice. In a somewhat similar way the secre-
tion of pyloric glands stimulates certain glands in the cardiac portion
of the stomach; these instances enable us to surmise that not only
does nervous mechanism stimulate the flow of digestive juices, shown
by the mouth “watering” at the sight or smell of food, but also that
there exists a series of secretions developed by the mucosa of one part
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after another, each of which secretions can, if absorbed by the blood,
excite to secretion some neighboring part of the tract. Of what are
the diseased conditions of the tract due to absence or perversion ol
these secretions, we can as yet only conjecture

Disturbance Related to the lnternal Secretion of the Parcreas.Apart
from its digestive secretion, there appears to be an internal secretion
of the pancreas; without recapitulating the proofs that exist, we may
state that this secretion, a true hormone, being put into the blood
enables the liver and the muscles to properly handle carbohydrates. We
are able to say this much: (1) the normal pancreas forms a prosecretin;
(2) the liver and muscle are the main seats of deposit and utilization
of carbohydrates; (3) that, unassisted, they cannot break down these
carbohydrates; (4) that with its help they can convert soluble carbo-
Il)lll'il[l'\ into insoluble ;:l‘\‘vu;_'n-n and vice versa; (5) that it is the
secretin of the pancreas which acts as a hormoue and activates or
renders capable these tissues. This explains why the extirpation of the

pancreas in dogs leads to glycosuria, and why certain lesions of the
pancreas in the human being are followed by diabetes; but there
remain many cases of diabetes that are not as yet explicable.

To recapitulate briefly the points we have been considering, we have,
in all these disturbances due to improper action of internal secretions,
a problem into which two or more factors enter; there is first, the
internal secretion, second, the substratum or substance on which it
acts, and third, in many cases, a hormone by virtue of which it acts
Disturbance may oceur (1) by diminished secretion with normal amount
of substratum; (2) by normal secretion with excess of substratum,

and (3) by absence or diminution of the hormone without which the
interaction cannot happen. Thus in (1) the lesion may be in the organ
supplying the secretion, in (2) in the organ supplying the substratum,
and in (3) in the organ supplying hormone, and it is conceivable
that in all three cases the symj might be the same. Further,
it deserves note that the work « e last few years is indicating that
the healthy state of the body gely dependent upon the interaction
of the secretions of the duct ands; that, to a certain extent, one
ductless gland and its secr can replace another. The reader will

have noticed the parallelism between the adrenal and pituitary bodies,
each formed of a ;I;llltllll:lr and a nervous area, the active [ll‘ilu'i]tlt' in
each more intimately associated with the nervous portion, though the
indications are that the glandular portion plays a part in the develop-
ment of the active principle. Structurally, a likeness may be traced
between the thyroid and anterior glandular tissue of the pituitary,
and as a matter of fact atrophy or removal of the one is found to be
followed by hypertrophy of the other organ. A similar intimate rela-
tionship is to be noted between the functional activities of adrenal,
thyroid, pituitary body, and pineal on the one hand, and of the testes
and ovaries on the other. Hyperactivity of the chromaffin system,
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also, is seen to lead to glycosuria, presumably through influence upon
the pancreas.  We are coming to recognize increasingly the existence
of a polyglandular syndrome, to see, that is, that disturbance of one of
these organs of internal secretion is surely associated with disturbances
of the others.

Non-eliminated Products of Katabolism. Intoxications may be
caused by these in two ways: either the excretory organs, being diseased,
fail to eliminate products of katabolism or even if the secretory organs
climinate, there may be resorption of the excreted material owing to
obstruetion in the ducts.

The Resorption of Excretions.——There is a normal resorption of
excreted material constantly going on in the body; the feces solidify
in the lower bowel because of resorption of fluid; the increase in solids
in gall-bladder bile over that of hepatic-duct bile indicates absorption,
while some physiologists hold that urinary water is reabsorbed as it
passes down the tubule; this suggests that there are many series of cells
which work in two directions, that is, which excrete in one direction,
and absorb in the reverse direction. An example of this resorption to a
serious degree is found in obstructive jaundice; here the bile is not dis-
charged, and is reabsorbed by the lymphaties and the blood.  Accom-
panying such jaundice are certain cerebral symptoms, slowed pulse,
itching of the skin, lessened coagulability of the blood, and a tendency
to hemorrhage. Some of these symptoms can be set up by the experi-
mental injection of bile salts, although normally these bile salts are
reabsorbed in the alimentary tract, whence, however, they are carried
once more to the liver by the proper channel. It is the resorption
at the wrong place of such an excretion as the bile salts that causes
the disturbance, rather than their deleterious nature, per se. The
same statement holds with regard to the pancreatic juice, which,
if reabsorbed by reason of the obstruction of the pancreatic duct,
can set up pancreatitis; while, if bile be absorbed by the pancreas
from a blockage of the ampulla of Vater by a caleulus or by spasm of
the same such as oceurs when the gall-gladder is removed, or the eystic
duet obliterated, a yet more severe pancreatitis may ensue.

Certain cases of uremia are to be viewed in the same way. Uremia
may be due to renal incompetency, where dangerous constituents
fail to be abstracted from the blood, but in other cases, the kidneys
perform their part, but the ureter or the urethra is blocked, and the
urinary epithelium passes back into the blood materials from which
it had previously freed the blood. What the substance or substances
may be that cause uremia is yet unknown, though many different
ones have been suggested.

Disintegrative Intoxications. Autolysis. T'his is the process of self-
disintegration that tissues undergo; if, for example, liver tissue he
removed from the body and protected from septic infection, it becomes
soft, by reason of enzyme actions, the most important of which is that
one which breaks up proteins.  To illustrate this, one may take the fol-
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lowing figures (Wells): a liver in which only one-tenth of the nitrogen
was in a soluble form, after being kept twenty-two days aseptically,
contained six-tenths of its nitrogen in a soluble form. The enzymes
which bring about this change are elaborated within the cells them-
selves, and all soft tissues behave in this way, the liver and renal cortex
among the most active, the brain substance and skin among the least
so.  Autolysis occurs most readily in a slightly acid medium and at
a temperature slightly higher than that of the body. The tissues are
naturally alkaline in reaction, and the process begins only when this
alkalinity has been neutralized by the production of carbon dioxide
and organic acids, such as lactic and butyrie, which are formed in
dying tissues. This process of autolysis takes place in the living
organism. Thus, if a piece of liver have its blood supply cut off,
autolysis will occur in the more central parts, but not in the per-
ipheral, because the alkaline lymph diffuses into this part of it. There
is, however, an exception even to this, viz., wherever leukocytes gain
entrance in large numbers. Leukocytes possess enzymes, the leuko-
proteases, which act most powerfully upon the leukocytes themselves,
but once liberated act also upon other tissues. This explains the
softening of septic infarcts, and of the outer zone of simple infarcts,
into which areas great numbers of leukocytes migrate; it explains also
the softening and absorption of the exudate in a pneumonic lung.
Lymphoeytes have not these strong proteolytic enzymes, and so
lymphoeytic exudates do not show the same autolysis; there is, for
example, no such softening @nd absorption of the exudate (of lympho-
eytes) in (tuberculous) caseous pneumonia.  The softening of a tissue by
the effect of this leukocytic enzyme is called heterolysis, as opposed to
autolysis, where the cells of the part themselves supply the enzyme.
But, to prevent this universal heterolysis wherever there are leukocytes,
there is an antibody in blood-serum which tends to neutralize the enzyme
of the leukocytes, provided these be not present in overwhelming
numbers (Opie).

Autolysis is seen in the liver in cases of acute yellow atrophy, phos-
phorus and arsenic poisoning, chloroform poisoning, and in the group
of cases characterized by pernicious vomiting (oftenest cases of preg-
nancy). In these the end-products found in autolysis are present,
viz., leucin, tyrosin, etc. The operative toxin has evidently destroyed
the cells without destroying their ferments.

There is a partial explanation possible at this point of gangrene
as it occurs in diabetic cases. Acidosis, as it is called, is a condition
of heightened acidity or lessened alkalinity of the tissues, with the
production of acetonuria; suclis frequently present in diabetes, and
this lessened alkalinity permits the occurrence of autolysis, although
the gangrene is probably precipitated by associated obliteration of
the vessels of the part.

Autolysis is able to cause certain disturbances of body mechanism,
which can be classed as (1) disturbances due to liberation and diffusion
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of the enzvmes, and (2) disturbances due to toxic action of the diffused
products of autolysis. It is quite likely that in some cases both actions
are at work. Albumosuria is an indication of such a diffusion, the
albumoses appearing in the urine when there is extensive aggregation
of leukoeytes, with its accompanying heterolysis, such as happens in
the resolution of pneumonia or in empyema; albumoses appear also
when large tumors undergo softening or necrosis. Fever, too, as it
occurs in infarets, internal hemorrhages, burns or suppuration, is an
indication of the liberation of intracellular enzymes; the experimental
production of fever by ferments of all orders injected into the blood
has been often demonstrated. Rarely the production by autolysis of
acutely toxie substances oceurs. Cholin is liberated in the autolysis
of nerve tissues; it is not highly toxie, but it is readily converted into
neurin which is.  Cholin has been found in the cerebrospinal fluid

of cases of nerve degeneration and softening, and it is suggested as
the cause of convulsions and other serious disturbances that happen
in these subjects (Mott). Perhaps a similar formation of toxin from the
disintegrated cells is accountable for the toxic manifestations seen in
cases of severe superficial burns

Impaired Metabolism as a Cause of Disease.—At times the cells
of certain organs of the body do not carry out the process of metab-
olism to its normal termination, and discharge substances that are
toxie, or, through deficient oxidation, there may accumulate in the
ystem, bodies not themselves toxic, but obstructive to the proper
activity of the tissues. At other times, although metabolism can
carcely be aid to be i!u|r;|il’<'l]. yet the metabolites fail to be r\('rt'h'l|.
and by their accumulation tend to cause disease

Gout.— Gout is a condition characterized by attacks of acute arthritis
and other constitutional symptoms: clinically, by the excess of urie acid
in the blood, and anatomically, by the deposit of sodium biurate in the
cartilages and elsewhere. It must not be imagined that this excess of
uric acid in the blood is the cause of the disease, for uric acid in excess
exists in the blood in a number of different states without gout being
present.  The urates are inert bodies, and the most that can be said
is that they are an indicator; that is, the faulty metabolism which pro-
duces them produces also substances that are toxic. These substances
we do not know with any exactness.

Urie acid is one of a group of substances called purin bodies, of all
of which, purin (C;HgNy) is the nucleus. These bodies are uric acid,
xanthin, hypoxanthin, guanin, adenin, and so on. By some they are
termed the alloxuric bodies, and (with the exception of uric acid) some-
times the xanthin, purin, or alloxuric bases. These bodies are derived
from nuclein, which shows that they originate from the disintegra-
tion of nuelear substance. This nuclear substance may be from the
food (meats), in which case the purins are exogenous, or it may be
from the nuclear substance of the tissue cells of the body, in which
case they are endogenous.  There is normally a certain small output of
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endogenous purin bodies which represents the natural wear and tear
of tissue. The muscles are constantly putting out hypoxanthin, and
exercise increases the output of uric acid, suggesting that one purin
body is readily converted into another in the body, as happens in
vitro. If the pancreas be chopped up and allowed to act on guanin,
it can convert guanin to xanthin by means of a ferment which has
heen called guanase. Similarly, adenin can be converted into hypo-
xanthin by the adrenal, the thymus, the pancreas, or the liver, by the
action of the ferment adenase. The different glands, in fact, contain
ferments or groups of ferments; and in this series a ferment, an oxidase,
is found in the lungs, liver, muscles, and spleen, which can convert
the alloxuric bases into uric acid. Yet another oxidase, found in the
kidneys, the liver, and the muscles, can oxidize uric acid into urea.
Finally, or perhaps one should say firstly, there is in cells generally
a nuclease by which nucleoproteins are disintegrated, liberating the
purin bases

Step by step the following process can be seen to occur: (1) nucleo-
proteins, exogenous from foodstuffs, or endogenous from the body cells,
acted on by nueclease, yield (2) purin bases, which, acted on by guanase
or adenase, yield (3) xanthin and hypoxanthin, which, acted on by
an oxidase, yield (4) uric acid, which, acted on by an oxidase, yields
(5) urea.

There are other much more important sources of urea; but this
will indicate the variations in the amount of uric acid that may be
derived from (he same diet, and the importance of the action of certain
ferments that are constantly present in the body.

It is necessary to know, more fully than we do, the toxic effects of
the purin bases, for they are toxie, and it is perhaps the purin bases
that are responsible for gout. Gout, therefore, is probably the outcome
of insufficient oxidation, whereby the precursors of uric acid, and
similar bodies, are not fully oxidized, and by their accumulation
and their toxicity, set up morbid changes; and the urie acid formed
is in its turn imperfectly oxidized, and accumulates; this diminished
oxidation 1s due to a constitutional deficiency of oxidases, inherited or
acquired.

Cystinuria.—The appearance of cystin in the urine is an unimportant
matter, save that it may lead to calculus formation; but it is worthy
of note at this point, as somewhat parallel to gout. It tends to be a
familial disease, characterized by the appearance of cystin in the urine.
Cystin is a sulphur-containing amino-acid, and the evidence seems to
show that it arises from an abnormal disintegration or conversion of
the sulphur-containing part of the protein molecule.

Alkaptonuria.—This condition, in which the urine turns dark on
exposure to the air, is due to the absence or deficiency of a specific
oxidase with the result that final oxidation of the aromatic con-
stituents of the protein molecule is imperfect. It, again, is unimportant
clinically.
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Obesity.— The accumulation of fat in the tissues is not a toxic mani-
festation, but follows an incomplete oxidation of the foodstuffs; when it
brings about impairment of locomotion, the oxidation process becomes
yet more incomplete, and the ill is cumulative. The normal fate of fat
in the body is to be burnt up, yielding ultimately carbon dioxide and
water, and a fixed amount of heat and energy; in obesity, fat is stored
up to such a degree that 38 per cent. of the total weight has been found
to be fat. This state of obesity is due either to (1) excessive absorp-
tion of food, either fats or substances, like carbohydrates, whose kata-
bolism yields fats, or to (2) inadequate combustion of the fats so
acquired. A given case of obesity may be due to both; but in those
cases of obesity which show anemia, deficiency of hemoglobin and
corpuscles, it seems likely that deficient oxidation is to blame.

In the plethoric, obese man, who has no such deficiency, the explana-
tion is either overeating or an hereditary tendency to store up fat upon
a normal diet; such an hereditary tendency is often combined with
goutiness, and just as the goutiness means imperfect oxidation of one
group of the products of metabolism, the proteins, so the obesity may
mean imperfect oxidation of another group, the fats.

Acidosis, Acetonuria, etc.—The group of cases which show lessened
alkalinity of the blood, and the accumulation of acetone and the acetone
bodies (7-oxybutyric and diacetic acids) in the blood, is characterized,
in general, by grave intoxication, air hunger and nervous symptoms,
leading even to coma and death. We cannot as yet say definitely what
is the origin of these bodies, whether from the amino-acids of the pro-
tein molecule, from the fatty acids or from the carbohydrates; perhaps
in different diseases the source may differ, for acetone and the acetone
bodies appear in diabetes, in hyperpyrexia, in wasting diseases, in
cancer, and in starvation; carbohydrate starvation seems to be a con-
stant factor, whether this arise from actual lack of carbohydrates or
from impaired ability of the body to use what it does receive.

The accumulation of jJ-oxybutyric and diacetic acids in the blood
of diabetics seems responsible for the main symptoms of diabetic coma,
for herbivorous animals to which they are administered develop the
same group of symptoms—the blood is less alkaline, they are stuporous,
dyspneeie, the blood is bright red and contains less carbon dioxide
than normal. If alkalies be given the symptoms pass off, just as may
occur clinically in diabetic coma. The explanation is that normally
the alkalies of the blood take up carbon dioxide from the tissues, carry
it to the lungs, where by the help of the oxidase present, the carbon
dioxide is split off, and the salt, once more basic, is prepared to take up
more carbon dioxide from the tissues. Where there is excess of acids
in the blood these combine with the basic salts, and as a result the
carbon dioxide remains in the tissues, causing symptoms of asphyxia.

Before leaving this subject, it may be recalled to the reader’s mind
that this condition of acidosis seems to underlie the disturbances
found not only in diabetic coma, in certain cachectic diseases, and
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in starvation, but also in the pernicious vomiting of pregnancy, the
ceyelic vomiting of children, chloroform poisoning, and certain other
less common states where grave hepatic disturbance has been deter-
mined; at the present time we can do no more than state the
observation.

Dyspneea and Asphyxia.—These symptoms, it will be seen, depend
upon acidosis. It was for a long time debated whether they were
caused by deficiency of oxygen or excess of carbon dioxide, and the
decision is in favor of the latter. The tension of oxygen in the inspired
air may be reduced from 20 to 8 per cent. without inducing dyspnaea, but
an increase of tension of 0.5 per cent. of carbon dioxide in the inspired
air and so in the blood, leads to such increased activity of respiration
that the volume of inspired air is doubled. Be it noted that the increase
is not in the amount of carbon dioxide in the blood, but in the tension
of free carbon dioxide in it; for in diabetic coma, as has been said, acids
combine with the alkalies present in the blood plasma, and less carbon
dioxide is actually taken up; but it still diffuses in the blood, and is
present in a free state, giving rise to the asphyxia.

Eclampsia.—There is a most grave condition which occasionally
shows itself during the last few days of pregnancy or in the few hours
immediately following parturition. It appears in the form of con-
vulsions, followed by coma, and frequently is fatal. Postmortem
examination shows that there are two orders of cases; in the one there
is extreme degeneration of the kidneys, in the other, the brunt of the
disturbance is seen to have fallen upon the liver, which exhibits areas
of degeneration even to complete necrosis of the parenchyma of the
organ. The condition is essentially associated with childbearing, is
not of infectious nature, but has all the ear-marks of a grave intoxica-
tion, but as to what is the exact nature of the intoxication, we are
still wholly in the dark. While some attribute it to the feetus, others
bring (inadequate) evidence that the toxic material originates from the
placenta. Others, again, ascribe it to want of balance between the
internal secretions of the maternal organism. The latest suggestion
is to compare it with the milk fever of cattle, and as this last can be
cured in a remarkable way by distending the udders with air, which
acts, it appears, by reducing the circulation through and absorption
from the mammary glands, so eclampsia may be due to resorption of
cell disintegration products elaborated in the production of the milk.
We are not in a position to classify properly the condition.

INTOXICATIONS NOT PURELY EXOGENOUS OR ENDOGENOUS

Gastro-intestinal Intoxications.—It is a common observation that
constipation in a person whose habits are regular induces a feeling of
lessened well-being, and, it may be, actual headache and malaise—in a
person whose habits have become irregular it may be so pronounced
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that he is unmoved for several days, but this without grave disorder
being the result. The malaise in the first case is best explained as
due to absorption of toxic substances from the intestinal canal. Herter
has shown that indol introduced into the tissues sets up headache,
muscular weakness, and sense of fatigue, conditions resembling those
ascribed to constipation.  Now indol is a tryptophane derivative
a product of protein disintegration: it is formed, for example, by the
proteolytic activities of the colon bacillus, and along with ecresol and
the ethereal sulphates is absorbed, more particularly in obstruction
of the upper part of the small intestine, being discharged into the
urine as indican.

This is stupidly termed auto-intoxication by many writers. So far
as we can see there is not the slightest evidence that the indol is pro-
duced either from the tissue cells, or even by the digestive juices. The
only possible known auto-intoxication of gastro-intestinal origin is
by B-imidazolylethylamin, a highly toxic derivative of histidin, which
can be isolated from the mucosa of the duodenum and upper part of
the small intestine; but some hold that this again is produced by
bacterial agency. The fact that it is easily obtainable from the normal
mucosa indicates that normally it fails to be absorbed; possibly in
obstructive cases it may accumulite and set up serious symptoms.

The indications are that many of the grave symptoms of chronic
constipation and obstructions are of the nature of low infections rather
than intoxications.

Among the decomposition products of proteins due to bacterial
activity are the ptomaines. 'These form a large class of substances
obtained from the decomposition of animal matter; they are diamins,
the results, although not the ultimate results, of the disintegration of
proteins, for if the decomposition be continued beyond a certain time
the ptomaines diminish in amount, giving place to simpler substances.
The well-known ptomaines are methylamin, di- and trimethylamin,
cholin, neurin, muscarin, cadaverin, and putrescin. They are found in
certain bacterial putrefactions, but in very minute quantities, so that
there is grave doubt whether they play any part in alimentary intoxi-
cations.

Diseases of Defective Nutrition.— For long years confusion has
reigned regarding certain diseases which have been recognized to
follow defective nutrition. As to the exact nature of the defect there
was no unanimity of opinion. In the old days of sailing ships it was
recognized that, however abundant and varied the food-—necessarily
preserved—given to the sailors, they were apt to suffer from scurvy,
with purpurie eruptions, softening, swelling, and bleeding of the gums,
shortness of breath, intense weakness, ete. In Japan and the Malay

peninsula, among those living mainly upon rice, a disease was, and
still is, common and fatal, known as beriberi, characterized by paresis
of an ascending type, with cedema and weak heart action, muscular
pains, and progressive loss of weight, in which at autopsy the only
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striking anatomical change is a degeneration of the peripheral nerves.
Sometimes in poorhouses and asylums and in fishing fleets off the
hanks a very similar disease shows itself, ship beriberi. With the
increasing employment of patent foods and sterilized milk for babies,
a new disease has shown itself—Barlow’s disease or infantile scurvy,
characterized by agonizing pain upon moving or even touching the
limbs, accompanied by swellings upon the long bones due to peri-
osteal hemorrhages, with, in addition, cutaneous and other hemor-
rhages, loss of weight and inanition. All these conditions, when not
too advanced, can be arrested by affording change to a diet of fresh
food, particularly fresh fruit or fruit juice, and fresh, uncooked vege-
tables; or in the case of Barlow's disease, fresh as distinet from sterilized
milk along with orange or grape juice.

Until recently there was complete ignorance as to what caused
cooked and preserved foods and prepared grain, like rice, to lose their
nutritive qualities and set up these disturbances. The first step toward
solving the problem was taken by Axel Holst, of Christiania, by
demonstrating that feeding fowls and pigeons with an exclusive diet
of canned or salted meat, or upon prepared grain, he could induce in
them within a very few days an extensive degeneration of the periph-
eral nerves— polyneuritis gallinarum—with progressive paralysis. He
draws attention to the similarity between the experimental disease
and ship beriberi as seen among Norwegian sailors. Independently
Braddon, in the Malay peninsula, renewed the old theory that Oriental
beriberi is due to an exclusive rice diet, calling attention to the fact
that this disease attacks those living upon polished rice, but not those
whose diet consisted of the unpolished and unhulled rice. Acting
upon his suggestion, Fraser and Stanton, using for their experiments
prisoners condemned to death, found that as a fact they could set
up beriberi in those fed almost exclusively upon polished rice, and
could arrest it if they now added to the diet the polishings or bran
discarded in preparing the rice for sale; nay, more, could arrest it by
administering an alcoholic extract made from these polishings. Fvi-
dently, therefore, the outer coat, or pericarp of the rice grain, which is removed
in polishing, contains a something essential to nutrition. This “some-
thing” is not a proteid, a fat, or a carbohydrate. Its recognition
renders it evident that we have to add another essential element to the
dict necessary to sustain life. It is affected by heat (over 100° C.), and
hecomes slowly inactive by keeping. What is more, while having none
of the physical properties of an enzyme, it is effective when present
in most minute quantities.

To this new factor Funk has given the name Vitamine, and using
large amounts of material, he has been able to make a preliminary
chemical determination of its nature. Thus 380 kilograms (over 700
pounds) of rice polishings afford 215 grams of a curative vitamine,
reduced to 1.8 grams on recrystallization. From this and the vitamine
obtained from 100 kilograms of dried yeast he obtained nicotinie acid
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(m. pyridin-carboxylic acid), probably a decomposition product of the
vitamine, though this in combination with another product (Cy HgOsN;)
seemed essentia. for arresting polyneuritis in pigeons

The ohservations «

f Funk indicate that these vitamines have a
marked influence in building up the phosphatides. The brains of
pigeons fed on vitamine-free diet are distinetly reduced in their nitrogen
and phosphorus contents.  The degeneration of the peripheral nerves
appears to be connected with disintegration of the myelin sheaths,
rather than of the axis-cylinders.

Yet another disease may possibly have to be placed in this category.
It is an old belief that pellagra, with its train of cutaneous and nervous
diseases, is associated with a diet in which corn (maize) is a predominant
factor; whether it plays a part is very hotly debated at the present
time. It is at least a curious coincidence that in the United States,
with more perfect systems of milling, the vitamines are removed from
the flour to a greater extent than in Italy with its more imperfect
methods, and that whereas the milder chronic form of the disease
is common in Italy, the acute form is frequent in the United States.

The moral to be gained from these observations is not that we are
to eschew the use of white bread, corn flour, canned meats, and sterilized
milk, but that we are to shun their too exclusive use. The dietary should
contain green vegetables, fresh fruit, fresh milk, and meat; these
afford sufficient vitamines, if taken daily along with the preserved and
prepared foods which, today, form so important a part of our diet.

BODILY STATES AS DIRECT AND PREDISPOSING CAUSES OF
DISEASE

Overstrain. — Overstrain and fatigue are the results of work, with
the difference that while fatigue is the natural, physiological sequel
of activity, overstrain goes a step farther and indicates an abnormal
degree of fatigue or a pathological effect wrought by activity; exhaus-
tion goes farther yet, and implies overstrain carried to such a point
that continued activity is impossible unless a period of rest intervene.

Everyone knows by experience that fatigue is a natural consequence
of work and demands rest; if adequate rest be obtained, fatigue dis-
appears, and the worker is left better able to work than before—the
result being that in course of time that maximum state of ability to
work is reached in which we term the worker or the athlete “trained.”
If, however, the rest be not adequate, or if work be carried to such
an extent that the fatigue is excessive, or if the work be of the nature
of violent effort-—the return to the normal is secured only after a rest
unduly prolonged, because we have gone past mere fatigue and have
got “overstrain.”  Further, the person or organ that has experienced
the overstrain is the worse for it, is not stronger from the exercise,
bt is less l';||):lh||‘ of rtwpnlu]inu to a gi\'('ll demand. l'ruvlirull),
this is becoming daily of more importance to the physician, and an
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under: tanding of the principles of work, fatigue, overstress,' and rest is
essential to him.  Whether work and fatigue concern more the nervous
or the muscular mechanism matters not; in either case, if the work
done equal in units of energy the food taken in, the body does not suffer,
hecause the energy that the body possesses is like a bank account,
to which there is a daily income and from which there is a daily draft;
if day by day the amount drawn out exceeds the income, the account
diminishes, and a sudden large call upon the account will require many
days of income with careful expenditure before the amount of the
account is restored. The reader can supply other analogies in the
same line of thought; and we may be forgiven for the digression if we
recommend every practising physician and every student to read the
classic “Rest and Pain” of Hilton, which excellently demonstrates how
valuable a therapeutic prineiple is judicious inactivity.

The results of overstress are various according to the organs involved
and to the degree of overstress; there is either direct production of a
morbid state, or an increased susceptibility to disease.

Direct Production of Morbid States by Overstress.—The degrees of
overstress have been classified as superacute, acute, and subacute; they
will be considered in this order.

Superacute overstrain has not lacked examples since the soldier
dropped dead at Athens after gasping out the news of Marathon.
There are all gradations from this down to the few moments of suffocat-
ing breathlessness of the “commuter” who has had to run hard to catch
his morning train. The symptoms of the lesser grades of superacute
overstrain seem largely due to cardiac inadequacy, the heart not being
able to pass on the blood as rapidly as the muscles demand. The cases
in which death follows intense prolonged strain suggest in many ways
that there are discharged into the blood toxie products of muscular
activity,  Cadaveric rigidity immediately follows death; the dark
venous blood fails to coagulate; the capillaries are dilated. The acute
degree of overstrain may be excited in such a case as where a man not
in training is severely indisposed after a mountain climb; he has
anorexia, fever, pain in the limbs, and is restless and sleepless. From
longer-continued, but less extreme effort, come such results as writers’
and pianists’ cramp, and the labioglossal paralysis of flute players;
and there are undoubtedly local and general manifestations of dis-
turhance from overstress of the ocular muscles in their attempts to
keep accommodation perfect.

Overstress as a Predisposing Cause of Disease.—It is long known to
clinicians and experimenters that overstress makes the subject of it
more liable to infection, that hard work, long hours, and inadequate
rest make men more liable than normal to acute diseases, such as
influenza and pneumonia. If resting animals and animals under-
going forced labor are subjected to the same doses of bacterial cultures,

! Overstress is the physical cause; overstrain the bodily state produced by it.
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the resting animals resist much the better; if into any such animal,
along with the culture, lactic acid be introduced, the bacteria grow
the more readily; this is interpreted to mean that the acid produced
by the muscular activity of the exhausted animal assists the growth of
certain bacteria in the tissues.

In a way entirely local, also, overstress renders the organ concerned
specially liable to disease, and this is true not only of overstress, but
also of stress; in the feetus, the right heart bears the brunt of the circu-
latory work, and in the feetus cardiac disease is rlgllt-\ll](‘{l' subsequent
to birth, the stress on the left side of the heart is greater, and heart
disease tends to be left-sided. It is notable in this connection, too,
that vegetations grow on the heart valves as a result of infection plus
stress; the entire surface of the valve is exposed to the insult of the
infection, but the entire surface of the valve does not develop vegeta-
tions; the area near the valve edge where one valve strikes the other
in closing is the part that is exposed to both the insult of infection and
the insult of stress, and here it is that the vegetations develop.

The last-named principle works in both directions, so that not only
are “strained” organs, or parts thereof, liable to infection and other
damage, but infected or damaged areas are more liable to overstrain
than healthy or.2s, or, stated otherwise, what is merely stress for health)
tissue is overstress for damaged tissue. It is the subjects of chronic
intoxications, such as syphilis or alcohol, in whom the ordinary work
of the circulation produces aneurysmal and other evidences of vascular
overstrain.

Muscular Fatigue and Overstrain.—Muscular fatigue has been con-
sidered by some as fatigue of the muscle fiber; by others, as fatigue
of the nerves concerned; it is one or the other or both. The muscle
itself can be fatigued by direct stimulation, because the substances
produced by contraction inhibit further activity; when the nervous
mechanism is considered we cannot experimentally fatigue the con-
ducting axone; nor can we fatigue perceptibly the reflex centres in the
cord; but what we do observe is this: if a reflex centre for a particular
muscle be selected, a centre that is amenable to influences from several
afferent tracts, and we stimulate one of these tracts, we produce in
time the phenomenon that the muscle no longer responds; if, now,
another afferent tract be employed, the muscle at once responds.
This shows that the muscle itself is not exhausted, nor is the axone
exhausted; what is exhausted is the synapse, the junction between the
afferent nerve tract and the nerve cell of the reflex centre; these two
are parts of different neurones. Let us here digress to give a “ working
idea” of the connection between neurones. One nerve cell does not
actually join another nerve cell, but we may say that it is in contact or
almost in contact with it; terminal filaments of one cell are in “almost
contact” with the dendrites of another, like the branches of one tree
intermingling with but not actually touching the branches of another;
impulses skip across the space from twig to twig, when they are in a
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state of “almost contact.” Fatigue of a nerve cell may be practically
thought of as a shrinking, by which the twigs or branches of one are
drawn away from the other, so that impulses have farther to jump
from one to another than before, and do so less readily; if cells are
fatigued, the impulses pass poorly because of this withdrawal from
contact; with sleep we may suppose that the rested dendrites or axones
are expanding out once more to a position of almost contact; so that
on waking, the impulses (or thoughts or whatever they may be) pass
readily once more. Reverting to the specific example we are consider-
ing, we may imagine that the constant stimulation of one afferent tract
makes the processes of that neurone draw away till the impulse no longer
readily jumps the gap, and the neurone governing the muscle is no longer

Fia. 22

A B
1, resting nerve eell with large rounded nucleus, showing chromatin network, the Nissl
bodies in the eytoplasm (derived from the nuclear material), also large and prominent; B, ex-
hausted nerve cell of same order, with shrunken irregular nueleus, cl atin network indis-
tinet, Nissl bodies diminished in size and poorly staining After Gustay Mann.)

stimulated; the state of “almost contact” is lost, the “synapse” fatigued;
when a new neurone is used, which is in “almost contact” with the
neurone governing the muscle, the impulse passes readily, and the
neurone and the muscle respond.

Fatigue of the muscle itself appears to be due to the formation of
products of muscular activity—sarcolactic acid, carbonic acid, and
others. - These substances have effect probably also on the nerve
mechanism; and finally, we have to admit that nerve cells themselves
are capable of organic change through use—that even the process of
reasoning tires—although the experimental proof is not to be obtained.
This exhaustion of the neurone has been well demonstrated by Hodge
and others by comparison of the staining power of nerve cells and nuclei
in rest and after prolonged activity.

Lack of Activity and Disuse as Causes of Disease.—Tissues atrophy
if unused, and the atrophy so produced is not in any sense different from
the atrophy that follows diminution of blood supply to a part; the
most that can be said is that tissues in activity tend to have a good
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circulation, adequate nourishment and prompt removal of waste
products. Al this is lacking in muscle whose nerve supply is cut
off, and amid these various coincident circumstances it is not possible
to say which is most responsible. A word is necessary here about
so-called trophic nerves; these were supposed to be fibres which had
special governance over the nutrition of the tissues; but the atrophy
or other derangement of tissues separated from central control need
not be due to the section of trophic nerves, but may surely arise from
lack of properly governed activity, from consequent inadequate food
supply because vasomotility is not rightly governed, from delayed
removal of waste products. Since perfect health of tissue depends
upon the right coirdination of nutrition, vascular supply and cell
activity, it seems reasonable to suppose that the lack of this coordina-
tion may be attended by actual tissue alterations and by increased
liability to infections,

PREDISPOSITION AND SUSCEPTIBILITY

By these terms we mean an abnormal liability to be influenced by
some environing factor, whereby a morbid state is set up. Living
under different conditions, it has come about that no two of us respond
in exactly the same way to the same external influence; even in an
individual, different tissues respond with varying degrees of reaction
to the same stimulus. Sensitiveness above the degree that is usual
is susceptibility or predisposition. As was shown earlier, this predis-
position may be inherited or acquired.

Inherited predisposition may be (a) specific or ex specie, as is shown
by the predisposition of cattle to pleuropneumonia, dogs to distemper,
man to gonorrheea and typhoid. Or it may be (b) racial, as seen in
Europeans and yellow fever, Hebrews and diabetes, or it may be (¢)
familial, as in certain exanthemata, particularly neuroses, and gout.

[t is necessary to digress at this point to indicate that error may
casily occur here. A family may really be comparatively immune to
a disease because, by survival of the fittest, the stronger members of
the family have, by virtue of some characteristic, been able to resist
a disease to which they were liable and have been enabled to hand
down this characteristic strengthened. But where a disease has been
endemie, there are many individuals who have acquired, in an unnoticed
manner, their immunity. They have had unrecognizable or unrecog-
nized mild attacks of the specific disease which have sufficed to protect
them. This is seen in the apparent immunity of the natives of many
countries to malaria, the children when examined having the malarial
parasites in their blovd. Nay, more: they may only have taken in
minimal amounts of the infection, which their tissues have overcome,
and in this very act they have manufactured an immunity because
they have been constantly attacked by minimal amounts of the toxin.
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In an infectious hospital it is often noted that where diphtheria is
heing cared for, attendants are liable in the first few days to sore throat,
but should no actual attack of diphtheria supervene, they are often
found to be subsequently immune. The presumption is that they
absorb a small number of diphtheria bacilli frequently, and that these
stimulate them to build up an immunity to the disease.

Classification.—Predisposition may be classified according to:

1. Sex.—The female is exposed to a series of disorders connected
with menstruation, childbirth, and the menopause.

2. Life Period.—Infancy.—Disorders of maldevelopment and in-
anition (to the end of first year); athrepsia, various forms of enteritis
with diarrheea; meningitis.

Childhood.—Rickets, measles, scarlatina, diphtheria.

Puberty and Adolescence.—Chlorosis (in female); acute rheumatism
and rheumatic heart disease (ten to fifteen); ty1 'oid; tuberculosis.

Adult—Typhoid (twenty to twenty-five); tuberculosis (twenty to
thirty).

Middle Age—Gout, lithiasis, and chronic Bright's disease (thirty-
five onward) ; arteriosclerosis, aneurysms (thirty to fifty); cancer (forty
to \ixt_\').

Old Age.—The same continued, along with atrophic conditions.

3. Habit of Life at Different Life Periods.—In the years of infancy
when growth is proceeding rapidly, the digestive system is under most
stress; limited power of locomotion prevents much exposure to infec-
tious diseases, which occur at a later time when the child mingles freely
with his fellows; the age of work produces often a more sedentary life
in more confined and often less well-ventilated surroundings (the
period of tuberculosis); with increasing age, lessened exercise and yet
more sedentary life tend to constipation, gallstone formation, ete.

1. Previous Infection.—Although in some diseases an attack confers
immunity, there are others in which there remains a greater liability
to a second attack; such are erysipelas, furunculosis, acute rheumatism,
and influenza. It may be that the germs of the disease are not destroyed,
and that a low state of general health permits them to flourish once
more. Not only this, but an attack of one disease is frequently followed
by an infection of a different kind, as when one exanthem is imme-
diately followed by another.

5. Malnutrition.—To exemplify how malnutrition predisposes to
disease, it is necessary only to cite the severe epidemics of infectious
disease that, at different times, have followed upon famine in Russia,
India, and TIreland.

The Susceptibility of Particular Tissues.—Reference is made here not
to the susceptibility of an area that is injured or badly nourished, for
this has been already dealt with, but to the fact that certain tissues are
prone to permit the growth of certain infectious agents. The channel
of entrance has something to do with this, so that inhaled germs often

attack the respiratory, and ingested germs the digestive tract. In
S
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foci that are clearly secondary, and evidently selective, we find the
tubercle bacillus growing readily in the pia-arachnoid, but infrequently
in the brain; infrequently in the stomach, and often in the small intes-
tine. Even if injected into the blood stream, colon bacilli are apt
to set up enteritis. The fact of the susceptibility of special tissues
remains, but we have no adequate explanation for it. Consideration
of these data brings us to an important conclusion that an infection
does not involve the whole body. Coincidently with the growth of the specific
germs in individual organs, there tends to be a reaction to and destruction
of the same in other parts. We find typhoid bacilli in a patient suffer-
ing from that disease, in the spleen, liver, skin, and kidneys, but with
much difficulty in many other organs; yet we know that the infection
is a universal one, and that these other organs have their chance to
become infected. It seems that in susceptible regions the bacteria
are winning, and in others losing their battle with the tissues.
Idiosyncrasy.—This term is applied to the exhibition of extreme
susceptibility to the influence of substances that are not hurtful, and
even beneficial to the average of people. Strawberries, shell fish,
certain fish, in some people cause urticaria or other skin eruption,
headache, and in fine, indications of an intoxication; idiosynerasy to
drugs is familiar to every physician. Hay fever is an idiosyncrasy
to one or more particular kinds of pollen; and the presence of a cat
in the room, although unseen and unthought of, produces in some
people a state of nervous apprehension, explicable by some unper-
ceived olfactory impression; these as vet are curious facts lacking
explanation, save that the recent study of the phenomenon of anaphyl-
axis has introduced us to a possible explanation of at least some cases,
The administration of minute doses of protein followed, after a few
days, by larger doses of the same protein, results in a general systemic
disturbance resembling that seen in some of these cases of idiosyn-
crasy—malaise, profound depression, coryza, erythematous and other
eruptions on the skin, or even in some cases severe respiratory distress
of an asthmatic type, the phenomena, in short, of “serum sickness.”
It is evident that the system may develop an extraordinary suscepti-
bility toward one or another protein, by the exhibition of relatively
minute quantities of the same. The food idiosyncrasies, hay fever, and
some cases of asthma seem thus to come into line with serum sickness
and anaphylaxis in general,
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THE LOCAL REACTION TO IRRITATION—INFLAMMATION

It is very necessary for the student to obtain a clear understanding
of what inflammation is, and how it begins, progresses, and ends,
because a large fraction of all the pathological specimens he will ever
see and a majority of the clinical cases he will be called to treat involve
in some way this process. e can become conversant with the thousand
special cases of inflammation only by knowing that the same general
laws underlie them all, even those most diverse in appearance.

In whatever member of the animal kingdom we examine it, the
response to an irritation is similar; if we scratch the tissue of an inverte-
brate with a needle, certain effects are produced; if we scratch the skin
of a human being we find effects that at bottom are similar; in other
words, the tissues from their simplest to their most complex type have
learned only one way to behave when they are irritated or injured;
the complex body has more ways of exhibiting its reaction because it
has more differentiated tissues, but the process we see in the simplest
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animal we find also in the most complex animal, and it is this unity
that makes it possible for us to construct certain rules which underlie
every case of inflammation.

Inflammation is the series of local adaptive changes in tissues that
result from actual or from referred injury. By injury we mean all grades
of stimulus, from a mere irritation which only quickens the activity
of the cells, to a damage which kills or all but kills them; and we
insist upon some such understanding of the term inflammation; because
those who work in a special field are apt to restrict the term, and here
the physician, the surgeon, the phy \lllll)},{l\t. and the medical student
must meet on a basis common to all; the tissues behave after the same
manner whether they are injured by the aseptic knife of the surgeon,

Fie. 23 Fia. 24

Larva of one of the simplest metazoan forms The plasmodium of fused mesodermal cells
(Astropecten) to show eet., ectoderm; end., end seen in the previous figure, higher magnifica-
derm; mes., wandering mesodermal cells which at tion; nuel, nuclei of individual cells. (After
pl. have attached themselves to u foreign body and Metehnikoff )

formed a plasmodium around it

the poison of the Staphylococcus aureus, the flame or the frost, and
it would be wrong for us to lay down restrictions that nature has indi-
cated so definitely to be false. There are those who say that inflamma-
tion of a wound occurs only when infection invades it; not so; the
wound itself implies inflammation; and this broad view of the case,
having priority and right upon its side, has two good reasons for being
admitted. There are those, on the other hand, who go even farther
than we, and say that inflammation includes not only the changes at
the site of injury, but every other change in the body at large that
accompanies this; this is apt to confuse the learner, and the distant
changes will be dealt with by us in considering general reaction to injury
and infection; so that we restrict the term inflammation to the local
changes in any tissue that reacts.

The process of inflammation, occurring in the invertebrate animals,
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we shall touch upon merely to illustrate two fundamental principles,
two modes of defence against injury, and at the same time two modes
of repair of the damage inflicted, for thus early in our consideration of
the subject, it is necessary to show that the processes—inflammation
and repair—are inseparable. These two principles are (1) that sooner
or later a proliferation of cells of the part concerned occurs, and (2)
that there is a determination of wandering cells to the injured area.

If we take the simplest form of ccelenterate, we find a differentia-
tion into ectoderm, endoderm, and mesoderm, as in Fig. 23. The
mesoderm cells are formed from the other layers, and represent what
will become, in higher forms, the supportive structures of the body;

Foreign body giant cells in thyroid vesi

le, to show similar plasmodium formations surrounding
foreign body, or its equivalent, in man: a, remnant of mass of colloid in centre of vesic le; b,
ells attacking the colloid; e, giant cells that have already dissolved colloid
uterstitial thyroiditis, Dr. Rhea.)

giant

(From ease of chronie

it will be noted that in this simple form they are either relatively fixed
or free, some being joined loosely by cell processes, others wandering.
If an irritant body be introduced into this cavity the cells travel toward
it and stick to it; its very presence irritates to reproduction cells in
contact with which it lies, and thus new cells are born; these cells, new
and old, surround it and if it be digestible, they digest it; if not, they
fence it off and render it as harmless by this isolation as they can.
Here are both principles illustrated, positive chemiotaxis, or attraction,
and cell proliferation. This must be kept in mind later on when we find
that the wandering cells, mesoblastic in origin, are the cells that
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exhibit chemiotaxis and rally to the site of injury, whereas the fixed
cells of the body tend to proliferate and regenerate.

As we advance farther up the zoological scale to those animals that
have an open vascular system, but no proper vessels, we find another
fundamental principle illustrated; if the ectoderm be punctured, the
Iymph which bathes the cells of the body coagulates and temporarily
seals the hole; this is to be remembered when we find in our studies
on the human body that a scaffold of fibrin is constructed throughout
the injured area. As we advance once more to the higher animals,
which have a closed vascular system, we find that these same simple
features persist, and that the vessels serve to convey more readily
and more rapidly lymph and wandering cells to the injured part, there
to carry out their functions—the same functions that we find their
counterparts performing in the lowly organized ccelenterate.

The detail of the inflammatory process must be dealt with farther
on with more particularity.

The Causes of Inflammation.—1. Bacterial.- Bacteria are most fre-
quently the exciting cause of inflammation, whether by their direct
action in originating the process, or as an adjuvant to trauma, as in
infection after a wound, or as in secondary infection after a burn or
after the action of some corrosive. It becomes at once evident that
this admits a very large number of bacteria to our consideration; there
are the pathogenic organisms, such as the Bacillus typhosus or the
Streptococens pyogenes, which can inaugurate inflammation; there are
the saprophytic organisms which cannot grow in the body normally,
but which can multiply in surface discharges or on mucous membranes,
and there liberate toxins which can be absorbed and cause inflamma-
tion; the non-pathogenic forms are able to do nothing of this kind and
for our purposes are negligible.

If we are dealing with a microbe capable of setting up or of assisting
to set up the process of inflammation, it is by no means certain that
the inflammation will be of a definite, fixed degree of severity; every
case of bacterial inflammation is a problem in which it is necessary
to gauge the virulence of the organism and the resistance of the patient;
and we shall see that varying grades of intensity and rapidity of the
process are thus set up.

Bacteria may attack the body directly, being carried to and im-
planted upon it from the outside, or from the mucous surfaces of
the throat or intestine, just as the Adsopian viper bit the country-
man who warmed it in his bosom. Another form of infection is of
great clinical importance. It sometimes happens that an operation
wound, made with the most careful asepsis, becomes infected; it is
possible that there may have been some fault in technical work, and
the bacteria may thus have come from the outside; but it may also
happen, and does happen, that the patient supplied the infection him-
self, and that bacteria were carried from some of his storehouses, the
throat or the intestine, by way of the blood to the wound, because
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the wound is at the moment the part of least resistance in the body.
This implies that there are bacteria in the blood; such we believe actually
to be the case. It is true that blood enltures of the healthy yield no
growth; nevertheless, there are indications that from time to time
hacteria are being picked up from the upper air passages and from the
intestine, and that under ordinary conditions these are rapidly destroyed
hy the agency of the blood and endothelium; but if living bacteria be
carried to a part where the resistance is low, as a wound, then in place
of undergoing destruction they are able to make a foothold and multiply.
One very important function of the liver is to kill off the bacteria carried
from the intestine in the portal blood; for the portal blood picks up
not only food particles from the bowel but also organisms, whose
remains can be found in the liver at any moment. It is true that the
bacteria which escape into the blood are quickly destroyed by several
agencies, and the internal organs are potentially, if not actually, sterile.
It is these “chance” organisms which cause the latent infections
and the terminal infections, which last so often supervene upon some
chronic disease; an example of this is that a man dying slowly of heart
disease is generally found to harbor some inflammatory process such
as pneumonia, which arises not by infection due to highly pathogenic
microbes brought in from without, but from bacteria, often of low
virulence, which hitherto have been impotent to obtain a foothold
within the tissues. In such a case the resistance is at a low ebb, and
a small number of bacteria of low virulence doubtless suffices.

The process of inflammation is caused not by the mere presence of
hacteria but by the effect of the toxins given off from them. To use a
homely example, one may think of each bacterium or group of bacteria
as surrounded by a little halo of toxin which it gives off either during
its life or at its death and lysis through the action of the cells and tissue
juices; the tissues lyving within the influence of this toxin becoming
inflamed.  The cells which face the toxin in its least diluted form suffer
the most severely and the cells farther away in a constantly lessening
degree.

2. Traumatic.— Inflammation may be set up by a very numerous class
of physical agencies; the surgeon’s knife, a blow, a crush, a puncture,
friction, movement (reéxciting an inflammation that has subsided),
clectricity, heat, and cold are all capable of injuring or killing cells;
the cells, once killed, have to be got rid of and their dead bodies them-
selves are irritant by reason of the chemical produets of the disintegra-
tion of protoplasm; so that in every case of trauma we have two factors
assisting one another in the production of inflammation. When the
minimum of destruction is wrought, as in an aseptic wound, we have
the process of inflammation in a simple form, viz., the series of events
which we call repair.

3. Chemical.—Strictly speaking, the products of bacteria are chemical
canses of inflammation, but under this heading we deal with substances
or gases which have a destructive effect on tissues; it is a familiar fact
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that antiseptic solutions have the power to kill and injure cells to a
certain depth; and the action of certain products of the animal and
plant body is well known, e. g., the venoms of insects and reptiles,
cantharides, mustard, and croton oil.

3. Nervous.—Nerves can not only stimulate tissues, but can irritate
them, and we find tissues that undergo inflammation solely from this
cause. Herpes zoster is a well-known example; this follows upon irrita-
tion and inflammation of one or more posterior root ganglia; again,
at times the cheek becomes swollen, red, and painful, in short, inflamed,
because a tooth in the area of distribution of the same facial nerve
is the seat of trouble; this is the form of inflammation we had in
mind when we defined inflammation as a reaction to referred injury;
here the injury is elsewhere, but is referred to the part affected.

The Different Grades of Irritation.——It was stated that the cells
exposed to the most undiluted toxin are most damaged, and those
farther away are less damaged, so that in the same field of inflammation
there are cells reacting in different ways; it may be further said that
if the same grade of toxin be applied to two cells of different orders
they will react in different degrees. Thus there is found the very
greatest variation in grades of response to irritation, even in the same
limited area.

This question of the different resisting powers of different kinds of
cells will repay closer consideration. We are able roughly to divide
the cells of the body into the parenchymatous and the supporting;
the former are specialized to do special work, and are exemplified by
the nerve cells, liver cells, kidney cells, and so on; the latter perform
more lowly funetions, and are concerned in no skilled work, as it were;
such tissues are the fibrous connective tissue, subcutaneous, or as the
framework of organs, tendons, ligaments, fascie, and so on. The body
may be likened to a community of which the parenchymatous cells
are the professional and the skilled members, and the supportive strue-
tures the “laboring classes.” In a general way, the professional clas
are more highly trained, less robust, do not reproduce readily, and if
one die, his place may be filled only by a person trained like himself.
So it is with the parenchymatous cell in each of these particulars.
On the other hand, the laborer does relatively simple work, reproduces
readily, is unmoved by the ordinary turmoils of public questions, and
if he die, his work is done by a neighbor who needs no special training
to take his place. So it is with the supportive cell, in all these particulars.
If now we have a poison of a certain intensity acting upon a paren-
chymatous cell and a fibrous connective-tissue cell side by side, the
former is more damaged than the latter, and what is sufficient to kill
the former may only irritate the latter to proliferation.

At this point we shall consider the effects of irritation on the individual
cell of whatever kind. Let us suppose a toxin of very slight severity.
It will at most, stimulate the cell to greater activity; if a secreting cell,
to secrete; if a supportive cell, to reproduction. If now the poison
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he a stronger one, it has the power of producing change in the cyto-
plasm of the cell:—first, the change we are accustomed to call cloudy
swelling or cloudy degeneration; the cytoplasm swells, the outline of the
cell may become less distinet, the plasm may appear more opaque;
if the degenerative process goes farther the cell becomes granular,
like ground glass, and it may show fatty, hyaline, or other degenera-
tion (although we do not know exactly what circumstances determine
one form of degeneration and what another), and finally may die.
This gradual advance toward death we have designated as a bionec-
rescent process. 1f the toxin be yet stronger the cell may be instantly
killed. We can thus picture to ourselves a toxin killing at once the

Inflamed mesentery of frog: a, margination of leukoeytes in the tilated capillaries; b, migration

vtes; ¢, eseape of red corpuscles; d, sccumulation of leukocytes outside the capillaries.  (After

cells nearest, causing the bio-necrescent process with subsequent death
in those a little farther away, the same process with recovery in those
vet farther away, and cloudy swelling in those still more remote, while
those farthest removed, yet within the sphere of influence of the toxin,
are merely irritated to activity of function, phagocytosis, chemiotaxis,
or reproduction. In every composite picture of inflammation, the
student must keep in mind that although we may lay stress upon
other more macroscopic features, yet in each field there may be cells
in all stages of “sickness.”

Inflammation in a Vascular Area.—lLet us consider what happens
in such a tissue as the ordinary lax subcutaneous tissue, plentifully
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supplied with bloodvessels. In this, let us suppose that the irritant
say a clump of bacteria-—is multiplying; the toxins are being given
off in all directions. The first step which is observed on the part of
the tissues is that the capillaries dilate, and the stream, though larger,
becomes slower; at the same time the leukocytes begin to drop out
of the blood current and lag along the walls of the capillary, where
presently a whole row of them is seen.  These begin to progress through
the capillary wall, by a flowing movement of the protoplasm-— diapedesis
and soon some are to be seen outside the vessel. Serum has also
been exuding at the same time, so that the connective-tissue cells come
to lie well apart; many of these last are noted to be in a swollen state.
What is now going on is a struggle
between bacteria and serum aided
. by leukocytes and sometimes by
\. tissue cells, for if the last are not
too severely injured they will pro-
liferate, urged thereto by the irrita-
tion of the toxin. The leukocytes
and the newborn cells of the part
are actively “ phagoeyting” the
bacteria, and many microbes are
thus destroyed. In the meantime
the blood in the capillaries is circu-
lating, and the lymph outside of
them is also, in its own slow way,
circulating, so that it will readily
appear that there is great activity
in such anarea; the area in question
is now a mass of leukocytes, of cells
of the part, old and newborn, soggy
by reason of the excess of lymph
which has exuded from the capil-
laries. Up to the present moment,
+the walls of w then, we have a preliminary dilata-
capillary in an inflamed area; 2, mode of migra= 160 of yessels, margination of leu-
tion of a polynuclear leukoeyte seen under higher : ;
magnification, (Lavdowsky koeytes, diapedesis of the same,
exudation of serum, and phago-
evtosis. At this stage the part inflamed will show the classic signs of
inflammation: dolor, rubor, calor, tumor; dolor, or pain, because of the
irritation of the nerve endings; rubor, or redness, because of the excess
of blood which is present by reason of the dilated vessels; calor, or heat,
because of the increased flushing of the part by the warm blood; and
tumor, or swelling, because the tissue is bulkier than it was by reason
of the excess fluid, by the leukoeytes newly brought in, by the tissue
cells newly born, not to mention the greater bulk of blood in the vessels.
This mass of leukoeytes and other cells is now on the point of becoming
an ahbscess; if, however, the resistance of the body be sueccessful, the

1, adhesion of lenkoeytes
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Lacteria become eaten up by the cells, or attacked by the lysins of the
erum, and the leukoeytes, which have not died, wander away again
or are carried by the lymph; the excess lymph itself disappears, the
hodies of the cells which have died are disintegrated, and the pieces

cavenged’” or cleared away by their living fellows, and the tissue
hecomes as it was at first, with the exception of the proliferated
cells of the part, which remain. These fibroblasts in time hecome true
functioning connective-tissue cells, and the total result of the inflam-
mation is that there is a fibrosis, an increase of these fibers at the spot
where the inflammation existed. This constitutes the process of repair
and absorption in an inflamed area.

If, however, the fight is not won by the cells but by the bacteria,
let us consider what happens. We revert to the stage at which we have
a soggy mass of leukoeytes, new cells of the part, bacteria and serum,
in fact, “the inflammatory mass.”  As the bacteria multiply and give
off more toxins, more and more leukoeytes die by reason of bacteria
ingested or of toxin absorbed; especially those leukocytes and cells
that are most in the centre of the mass are apt to die, because their
oxvgen and food supply is cut off by the dense erowd surrounding them,
and their exeretion is not carried away freely from them for the same
reason; when they die, we find that the centre of the inflammatory
mass becomes a mass of dead and living leukocytes and bacteria float-
ing in serum—in other words, pus, and the whole area with its contained
pus forms an abscess. The tissues yet alive bordering on this liquefied
centre are in a case that is little better, and suppuration spreads, and
the tissues bordering the abscess, as it were, melt into it until the abscess
cither breaks to the outside, is n|n'l|w| by ineision, or stops }"\ virtue of
the tissue resistance.

Before we consider how such a lesion is repaired, let us glance a

moment at the varving grades of cellular implication we meet. At
the edge of the tissue bordering on the pus, the cells, leukoeytes and
tissue cells alike, are in a bad way; many are severely hit by the toxin
and are dying; as we progress outward where the toxin is less strong
we find cells that are severely but not fatally “sick”; farther out,
cells that are perhaps in the state of cloudy or granular swelling, only
lightly “sick’; whereas on the outside is a ring of cells only excited,
called in by chemiotaxis, irritated, and these form a kind of lenkoeytic
ring like policemen surrounding the area of disturbance to see that
none of the offenders—the hacteria—escape; and, once the disturb-
mee has subsided, to carry off the maimed or dead. In every “inflam-
matory mass” we can find cells showing every grade of damage, and gener-
ally speaking, the connective-tissue cell will suffer less than any of its
fellows, parenchymatous cells or leukoeytes.

The Repair of an Abscess.—If the pus be evacuated, it remains for
the tissues to fill in the gap; this is done by the cells of the part; the
connective-tissue cells, irritated to reproduction, bring forth fibroblasts,
large, soft, vegetative cells, which heap up, taking their nourishment
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from the lymph and from the slips of new capillaries that begin to
grow between them. These cells in the mass form granulation tissue
(in the words of the laity “proud flesh”). If the abscess be drained,
there is no great amount of severe toxin in contact with them, and they
rapidly proliferate and fill up the cavity; if the pus still remain in con-
tact with them, this acts as a permanent irritant and they are prone
to be killed by its toxins; if the wound be much washed, the washing
is apt to float them away; in either case the process of filling up is
retarded. If, however, they get a chance, the space is quickly filled up,
even overfilled by these big, soft, voung cells; in the course of time these
cells become more fusiform, throw out processes which anastomose
with one another (see Fig. 31), and later give off or control the forma-
tion of fine fibrils which appear in the intercellular spaces, gradually
grow smaller, firmer, more like adult fibrous connective tissue, till finally
each fibroblast has become a connective-tissue cell, tightly bound to its
fellows, strong, and smaller in bulk than when it was younger and softer.
This is the scar; it occupies less space than did the granulation tissue
it represents, and therefore occurs the contraction which characterizes
the scar; it is dense, and this accounts for its hardness and unyielding
character; it is also relatively bloodless, through pressure upon the
previously abundant capillaries. If the pus has not been evacuated,
it remains as a kind of foreign body; its serum drains away, and from
being liquid it becomes of the consistence of butter, then of the con-
sistence of cheese, and finally, dry or inspissated. Meantime, the
surrounding tissue has been forming granulation tissue about it, and
this granulation tissue becomes in time scar tissue, and the scar instead
of filling up the gap where the original loss of tissue occurred, sur-
rounds the dried-up pus, as with a wall. The remains of the pus in
time frequently become permeated by calcareous material deposited
from the lymph, so that such an abscess may be finally represented
by a mass of calcification, surrounded by a wall of fibrosis.

The various changes noted in an inflamed area call for a more
precise description than we have given, and some particulars may
be outlined. )

Circulatory Changes.—With the advent of the irritation, the vessels
momentarily contract, and then dilate; and yet at the same time the
flow of blood is not quicker. but rather slower, and the serum of the
blood flowing out of the part is more abundant and contains a higher
percentage of solids than is ordinarily found. The change in calibre
of the vessels is not due to the influence of the central nervous system,
but is probably brought about by some local effect on the vessel walls,
The margination of the leukocytes is not so much an active quality of
the leukocytes themselves as caused by a change in the endothelium
of the capillaries, by which it gains an agglutinative quality.

The exudation of serum is not merely an accompaniment of the
dilatation of the vessels but is an indication of some change in the endo-
thelium; the exuded serum is more bacteriolytic than normal blood
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erum, although most of this quality is gained at the site of inflam-
mation, where it picks up proteolytie, antitoxic, and bactericidal sub-
tances, the products direct and indirect of cell dissolution, especially
of leukocytes.

In all the preceding paragraphs we have said nothing about fibrin
formation, which is so obvious an accompaniment of inflammation on
a serous or a mucous surface. Yet even in deep tissues it may exist.
I'he serum supplies fibrinogen, the leukocytes fibrin ferment, the body
fluids the necessary calcium in the medium, and fibrin is deposited in
the tissue, where ordinarily its existence is but a short one, because
of the presence of proteolytic ferments which, readily produced by the
pyogenic organisms, quickly dissolve it.

The Endothelium of the Bloodvessels.— We have indicated that the
endothelial cells lining the bloodvessels and constituting the walls of
the capillaries are not “tiles” laid in, as in a mosaic, but are active
cells joined to one another. They can expand and contract, they can
govern to some extent the quality of fluid passing between and through
them; they have even been seen to send out pseudopodia and seize
hacteria in contact with them, and they are active phagocytes. It is
possible, though not proved, that the large mononuclear cells of the
blood are the progeny of these endothelial cells. When the capillary is
contracted, the spaces between them are small, but when the vessel is
dilated, they are large, and it is through these spaces that diapedesis
of leukoeytes oceurs; it may happen that red-blood cells are pushed out
through these large openings, especially those which have been stretched
by the previous passage of a leukocyte; but the existence of red-blood
cells outside the vessels in an area of inflammation is no essential part

of the process.

Closely related to these endothelial cells are the endothelial cells
lining lymph spaces and the body cavities. These are capable of
reproduction; and the cells that we see born from them are large,
acidophilic, hyaline cells that are actively phagocytic. These cells
we find lying amid the tissue cells, and they are of the same order
as the large hyaline cells given off by a serous surface. The fibrous
connective-tissue cell which we picture as the basis of supportive
tissue is actually lining a potential lymph space; end the cells that
we recognize as lining lymph channels and lymph sinuses are the
same kind of cell; the capillary endothelial cell is the same cell
directing the flow of blood instead of lymph, and the serous surface
cell is once more the same cell with a special function of protection.
Therefore, it matters not whether the progeny of these cells be set
free in the blood stream, the lymph stream, the tissue spaces, or
the serous cavities, for they, the progeny, are like cells, playing a
like part in protecting the body during inflammation.  This part is
to perform phagocytosis, and, as fibroblasts, to be the cells that will
fill up the gaps that have occurred in the tissue, and ultimately to be
the cells of the scar., This, it is but right to the reader to mention, is
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tream again or remain to be eaten whole or in pieces by the endothelial
cells, and take no part in tissue formation. These originate most
frequently from the bone marrow, although sometimes from the spleen,
liver, and hemolymph nodes. The lymphocyte plays a much more
ubordinate part in acute inflammation, though an important part in
later stages and in more chronic disturbances; weakly ameeboid and
weakly phagoeytic, it yvet has been seen to wander through the vessel
wall, and to ingest particles, but not the bacteria of suppuration.
I'he lymphoeyte can give rise to the plasma cell, of which more anon.

nuclear leukoeytes infiltrating the circular muscle layer of an acutely inflamed appendix
1, a, endothelinl cells; b, b, polynuclear leukocytes; e, nucleus of muscle cell

The important point to note is that while in a very acute inHamma-
tion, the result of virulent toxin, they are rare, in a 'ow grade inflam-
mation, caused by a less active toxin, they are common. So much
is this the fact, that in a serous-sac inflammation we are in the habit of
counting the cells in the exudate, and of concluding that a large per-
centage of lymphoeytes speaks for an inflammation of second-grade
intensity like tuberculosis, and not for one of first-grade virulence like
that set up by the pyogenic organisms. The lymphocyte originates
in greatest abundance from the lymph nodes; it has, however, to be
kept in mind that in the sheaths of most veins there is normally present
a zone of lymphoeytes, and that those which accumulate in an area
of inflammation are not necessarily all derived from the blood, but
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some at least are the result of proliferation of these local lymphocytes.
The eosinophiles we cannot yet rank in their proper place; they have
the same power of migration as the ordinary leukocytes, less power
of phagocytosis, and appear early in some acute inflammations. Like
the polynuclears they originate mainly in the bone marrow and they
have no part in the formation of new tissue. We may say here that
no cell with multiple nuclei or a partite nucleus does enter into tissue
building; these cells, as we stated before, are marked for an early death,
and are already on the downward road.!

Fia, 30

Y/
&

Acute lymphadenitis, showing a lymph sinus contuining (a) large endothelial cells, some breaking

down, others wting as phagoeytes. To the left ure numerous lymphoeytes (b) for comparison

The Fixed Tissues.—These play a very important part in inflammation,
despite the fact that their cells are less prominent than the leukocytes;
if the irritant be one of slight degree, proliferation of the stroma cells
appears from the first; if of high degree, the stroma cells at the centre
of activity may be killed, but those in the surrounding areas are excited
to phagocytosis and to proliferation, and the degree of toxin that is
able to kill a leukoeyte is probably not able to kill a stroma cell, or a
fibrous connective-tissue cell as we have called it previously. In the
area of inflammation, and appearing there as a result of the process,
we find three sorts of cell, which we will describe one by one: (1)

U The fullest recent work upon the blood cells is that of Gruner. The book
is highly technieal, but no other work in our language gives so fully the latest
results of hematological observation, more especially of Pappenheim and his school
and its portentous nomenclature

.
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I'he endothelial or hyaline, mononuclear leukocyte (see Fig. 30), a
relatively large cell, non-granular, actively phagocytic for erythrocytes
md other cells, which is like the cell appearing in the blood, which,
too, we have stated above to originate, in all probability, from the tissues;
2) the fibroblasts proper, oval, becoming spindle-shaped, originating
from the fibrous connective-tissue cells, and (3) the so-called plasma
cells.

nulution tissue seen from the deeper toward the upper surface: f, spindle cells (fibroblasts
bundant in deeper portions, where they also are becoming shrunken; ly, lymphoeyte
lurics.  (Ribbert.)

The Endothelial Cells.—These are especially numerous on inflamed
crons surfaces, and are definitely known to arise from the endo-
thelium of those surfaces; some observers studying other areas of
the body consider that they come from the lymphocytes, but this
we are inclined to doubt. Their funetions of phagocytosis we have
dready mentioned and they appear to enter into connection with
the surrounding cells and to build up new tissue. As already noted we
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are not convineed that all these cells originate from lymphatic endo-
thelium: in the inflamed lymph node, for example, they appear to
originate also from the cells of the reticulum, and in the early tubercles
we find it difficult to believe that all the epithelioid cells are of endo-
thelial source, and not, in part at least, proliferated connective-tissue
cells. With these reservations we aceept the term “endothelial” which
today is gaining vogue, regarding it as useful to the extent that it
indicates that these are of local tissue development.

The Fibroblasts. T'hese are born as large, round cells becoming
oval, and in time they form fine fibrillary connections with the cells
nearby, become spindle-shaped, and ultimately form connective-tissue
cells such as their parents were,

Fia, 32

From a ease of subacute colitis, demonstrating abundant plasma cells (b, ¢, d) surrounding a
degenerating follicle of Lieberkithn (a) in which the colummnar cells have become detached from the
basement membrane

Plasma Cells. We here approach a topic still causing considerable
confusion.  An important group of observers regards the plasma cell
as of lymphoeytic origin. It is a cell, found in the tissues in cases of
subacute rather than of acute inflammation, rounded or polygonal in
shape (Fig. 32) with eccentric nucleus and basophile cytoplasm, often
exhibiting a clearer space or zone at one side of or around the nucleus,
Once recognized it is quite characteristic. It shows little or no phago-
eytic powers, nor, according to these observers, does it play any part
in the development of fibroblasts. These considerations coupled with
its frequent presence, not to say abundance, in cases of inflammation
of moderate grade have led observers to promulgate that it acts by
affording an excretion.

On the other hand, Maximow, a very capable observer, has a
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considerable following in support of the view that the plasma cell is but
one phase in the life history of what he terms the “polyblast,” a cell
that is, which may originate either from lymphoeytes or connective-
tissue cells, which may develop into fibroblasts and so into connective
tissue, or into clasmatocytes, large cells with pronounced processes,
which are constantly shed, into “mast cells” of the tissues, or cells
filled with large basophile granules or into cells of the above-deseribed
plasma-cell type. The matter is still under debate.

Tes ' ¥

\
Polyblast —YY

Developing connective tissue Muximow

Inflammation of a Mucous Surface.— In putting together the details
which characterize an inflammation of a mucous surface we have to
consider not unl_\ the surface itself, but also the tissues that underlie
attacked |>'\ the irritant.
In them the process is that which we have just described. 1In the
milder conditions what we observe is a swelling and active prolifera-
tion of the epithelial cells of the mucous surface, and the production
hoth by these cells and by the small mucous glands of the part, of abun-
dant mucin. There is thus produced a surface discharge of serous fluid
mixed with abundant mucin, loosened columnar cells, some few leuko-
cytes, and where these are more abundant, there may be present in
this discharge scattered threads of fibrin. This is what is termed
catarrhal inflammation. Where the irritation is more extreme, there
the columnar epithelium of the part may be completely® cast off, and
with ‘this the character of the exudate is changed from a mucinous to
a more serous one with abundant leukocytes, and with the formation
and deposit of fibrin this forms a moist layer of interlaced fibrils that
entangle in their midst leukoeytes, often bacteria, while the interstices
are full of serum. Add to this, there are generally superficial cells that,
attacked by the toxin, damaged or killed, have become separated and

it for a short distance, because these also ar
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now lic in the exudate, for such is the name applied to the material,
solid and fluid, which is given off by the surface. If the exudate con-
tain much fibrin and lie upon the surface, its tough consistence has
given to it the name of a membrane.

We are accustomed to use many adjectives in describing an inflamma-
tion of a mucous surface, designating it by that term which expresses
its most striking feature. Thus, if there be plentiful clear secretion,
we call it serous or catarrhal; if the leukocytes be relatively numerous
in proportion to the amount of fluid, so that the latter is slightly opaque,
we use the term seropurulent or mucopurulent; if the leukocytes are
so numerous that the fluid is yellow or white, we call it purulent; if
there be much fibrin, fibrinous; if less, but still an appreciable quantity,
serofibrinous; if there is much fibrin and also pus, fibrinopurulent; if a
membrane appears, membranous; if the surface sloughs away, necrotic
or ulcerative; if abscesses under the surface do not burst, or until such
time as they do burst, phlegmonous; if bloodvessels be ruptured, either
on the surface or under it, hemorrhagic. It will appear that there
are many modifications of the same process; if one judged merely by
the salient feature, one might think that we had to deal with many
different kinds of disease, vet in each case the same march of events
is happening, with the difference that in one it is this character which
predominates, in the other that. Let us designate each feature in the
process by a letter— thus, let a represent the hyperemia; b, the exuda-
tion of serum; ¢, the diapedesis of leukocytes; d, the proliferation of
the cells of the part; e, the formation of fibrin, and so on. Each case
of inflammation is represented by a, b, ¢, d, ¢, f, etc. 1f, now, we repre-
sent each salient characteristic by the heavy type, we find a particular
case represented thus: a, 6,C, d, e, f,or A, b,e,d, e, f,ora,b, ¢, d, e, F.
Looked at carelessly or from a distance, it might seem as if these were
different cases, the salient feature only being distinguished; but looked
at closely, all are at bottom the same familiar process. Thus it has
come about that we speak of so many apparently different forms of
inflammation; the truth is that the tissues are not educated to dis-
tinguish different irritants, and respond to all in precisely the same
manner, showing differences of degree but none of kind.

Inflammation of a Non-vascular Area.—The non-vascular areas of
importance are cartilage, the lens, the cornea, and the outer half or two-
thirds of the cusps of the heart valves. Of these the cornea affords the
most favorable region for study of the process. Here, in the slighter
grades of inflammation, the main change seen is a swelling with sub-
sequent proliferation of the corneal corpuscles. The leukocytes are
necessarily few in number because only the lymph has access to the
tissues; while few, it can be seen that these gather, attracted by chemio-
taxis, in and around the injured area. In severer grades of irritation,
such as can be produced experimentally by inoculating into the cornea
with a fine needle a small amount of pure culture of one of the pyogenic
organisms, successive stages may be made out. As in the course of a
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few hours the inoculated microbes begin to proliferate, it can he ohserved
that the surrounding corneal corpuscles become distinetly swollen and
show evidences of degeneration.  With this there is a similar accumula-
tion of leukoeytes out of the surrounding lymph spaces toward the
focus of irritation. In a few hours more, the circular vessels at the
periphery of the cornea become dilated, and with this there sets in
a migration of leukocytes from the vein. While this is proceeding the
corneal corpuscles in the immediate area of bacterial growth break
down, and the proliferating bacteria infiltrate over a larger area until
such time as the accumulation of leukocytes from all sides forms a
harrier arresting their further escape. From this point on, the inflamma-
tion is similar to that seen in a vascular area with this notable exception,
that obviously the chemiotactic influence which led to the migration
of the leukoeytes, exerts itself also upon the wall of the circular vein,
so that now buds or processes pass inward toward the affected are:
and then become developed into true capillaries, which may persist
weeks and months after the acute inflammation has subsided.

In the heart valves a process similar to that in the cornea is seen;
the area here is exposed to the double insult of a toxic or bacterial
irritation, and seventy-two blows per minute, so that ulceration is
likely to ensue. On this is laid down fibrin and in it leukocytes, for in
addition interaction ensues between the ulcerated surface and the bloo