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PREFACE

It will at first glance be thought that two large publications upon
the same subject by the same author within a relatively brief space of
time must be alike. We venture to think that the reader will not find
in this work any lengthy excerpt from “The Principles of Pathology,”
but on the contrary will find considerable evidence of modification.
Its birth, however, in a certain sense may be laid at the door of the
previous work, to be presently explained.

Long ago one of the authors of this work was approached by its
publishers, and he agreed to write a text-book of pathology of some
seven hundred pages, a book, in fact, the size of this Iving open before
the reader. The result of many years of writing and re-writing was a
mass of material sufficient to make two volumes each of one thousand
pages or thereabouts, one upon General Pathology, the other in col-
laboration with our colleague Professor A. ;. Nicholls upon Systemic
and Special Pathology. The scheme and scope of the manuseript were
not what the publishers had sought; nevertheless with rare good-will
Messrs. Lea & Febiger undertook publication, and doing this took an
undoubted risk. The ordinary medical student could scarce he expected
to acquire, still less to master, the two ponderous tomes; it was prob-
lematic whether the more ambitious and advanced student and the prac-
titioner would be attracted to them. Fortunately, these two volumes
of the “Principles’ were well received, and when after the issue of a
second edition Messrs. Lea & Febiger asked that the original con-
tract be fulfilled and that we afford a text-book which should within
the covers of a single volume contain the gist of our subject, the loyval
support given by them to the previous undertaking rendered it difficult
to refuse. Their desire was seconded by appeals from colleagues in
not a few schools for something which would embody the main features
of the former work without its bulk.

Let us confess that we found ourselves in a quandary. We were
averse to what might so easily become an act of commonplace book
making. In the larger work a conseientious endeavor has been made to
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afford a due and ordered presentation of the subject matter. Merely
to epitomize would be to produce a “eram™ book. On the other hand
the larger work represented our matured conclusions regarding the
respective value to the student of general, systemie, and special pathol-
oy, and upon the orderly treatment of the different sectiens. From
that order we have seen no reason to depart. Superficially, therefore,
this text-book must follow the lines of the * Principles,” must run
the danger of appearing to be an abbreviation of the same, but must
at the same time be not an epitome of the different sections, but a
selection and dwelling upon what we regard as most important for the
student; and this when the subject is so vast and the number of mere
facts and names which it has been the custom to expect the student to
acquire is so considerable, that the text-book of pathology of the past
has often been little beyond a catalogue of terms with the briefest
linkage of connecting letter-press.

But facts and phenomena and their names are only the bricks with
which the seience of medicine has been built, and is still in the process
of building. We have to develop not the mere hodman, whose virtue
depends upon the number of bricks he can carry, but the engineer-
architect who, acquainted with materials and their employment, knows
the use of each particular room or passage, knows why this construetion
is called for here, that material there. If our building be somewhat
lacking in the elaborateness of its decoration, we trust that the founda-
tions have been so devised that the rooms above will easily support what
may eventually be placed within them, and that with no danger of
collapse [t is not the number of unit bricks that is of importance so
much as a knowledge of the principles of construction. To be brief, we
have endeavored first and foremost to make clear and intelligible what
is known concerning the deeper meaning of morbid states, and have not
hesitated to sacrifice lists of data and their names. The advanced
pathologist may look in vain for information that will add to his knowl-
edge in particular subjects; a specialist is certain to find his particular
specialty inadequately treated as regards detail; but to him who says
that much has been omitted we dare reply that much has been ineluded.
The all-important matter is to provide and familiarize the student with
the plan and working drawings of our science; once he has these in his
head it is a comparatively simple matter for him to pigeon-hole men-
tally new facts into their proper places as they come pouring in upon him
in the wards and dead house, in his reading and lectures.

This has been our aim and this 1s our apology for the present work.



PREFACE Vil

Those familiar with the previous volumes will recognmize that we
have departed little from the teaching and order of the first, that
upon General Pathology, save that there has been added an elementary
chapter upon pain and its significance; on the other hand, from the very
fact that it is difficult to be original in the treatment of special path-
ology we have labored with greater effort to give an adequate presen-
tation of our second part within the space at our disposal, and to that
end have written it afresh with little reference to the earlier volume.
With like ends in view we have discarded most of the illustrations
employved in the larger work, introducing some two hundred original
engravings from drawings made by Miss E. 5. Carrington from the
material in the MeGill Medical Museum and in our department, and
from the collections of our recent colleagues Professor Oskar Klotz,
now of Pittsburgh, and Professor L. Rhea, now of Harvard. To these,
to our colleagues Drs. Colin K. Russel, Hanford McKee, and Hamilton
White, for their advice with regard to special subjects, to Dr. Maude
Abbott, Curator of the MeGill Medical Museum, to Dr. MacLachlin,
of Pittsburgh, and not least to our publishers, we would here express
our sincere thanks for assistance so willingly rendered.

J. G. A.
J. MeC.

MoxTrREAL, 1912,
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A TEXT-BOOK OF PATHOLOGY

AR ]
GENERAL PATHOLOGY

CHAPTER 1
INTRODUCTORY: CELLS AND TISSUES

THE HISTOLOGY OF THE CELL

ThoE human body 15 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 1ts food is not available for its use save by the intermediation of
cells. It is, therefore, reasonable that in secking to understand the
diseases of the human body one should study the diseases of the individ-
ual cell, and not its disease only, but its health. This first chapter, there-
fore, is devoted to the properties of the cell, and attempts to show how
it is constituted, how cell interacts on cell, how a community of cells
forms an organ, how community reacts upon community—in short,
how the cell is at once a unit and a necessary part of a great aggrega-
tion 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 1ts place in the community, falls sick, recovers, meets with acci-
dents, is set upon by enemies in the shape of infections, enemies which
it conquers or by which it 1s overcome, 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), eannot with-
draw itself from communication with its fellows, but will 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.

2
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The cell in health les within the provinee of the physiologist; but
the pathologist, too, must understand, as well as he can, its properties;
especially must he attempt to know the cell’s abnormal states—its
overfed state and its starvation, its over-activity or its sluggishness,
the cell attacked, damaged, killed, or the cell attacked, resistant, tri-
umphant, the cell in the growth of its youth, or in the atrophy of its
age, the cell in its life and the cell in its death; all these he must study
if he is to understand the cell and its place in the community of the
organ, for with such knowledge only can he gain a sound comprehen-
sion of the disturbed states of the organs, and of the body as a whole.

Fia. 1 Fig. 2

Vacuolation of nuclel of fat cells.  Fat cells of Motor nerve cell from wventral horn
retroperitonenl tizaue stained by hematoxyling, of apinsl cord of rabbit. The angular
and examined under the high power, to show and spindle-shaped Nissl bodies are
the nuclear vacuoles, characteristic of this order well shown., a, axone. [(After Nissl)
of eell. a, nucleus scen from above; b, geen in
profile,

The Constituents of the Cell.—The 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 i1s stainable by nuclear dyes. In the
spaces 1s (3) the nuelear fluid. Not always distinguishable are the
following: {(a) The nweleolus, an accumulation of nuclear material
which stains differently to the nucleus at large, and is presumed to be
of a different, or at least, temporarily different composition; (b) vacuoles,
which are rare, but may be seen in the nuclei of fat cells, (see Fig. 1) and
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(e) 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 cytoplasm 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, at times it is found that particles of chromatin appear in the
eytoplasm, and there is evidence to prove that these have been dis-
charged from the nucleus; it is of mtere-,t to note that many so-called
intracellular l]aI"'l‘sl‘tE‘-—llﬂt"l]:l‘a. “cancer parasites”—are evidently
such masses, as again are the Nissl or tigroid bodies (Fig. 2) of the
evtoplasm of the nerve cell.

The cell substance gives evidence of structure, to the extent that
one sees a condensation of the cytoplasm 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 Fic. 3
of debate, but it may be said to consist of
(1) a reticulum, the ecytoplasm, 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) ervstals or granules
which have been manufactured by the _ :
cell; (¢) the fluid contents of vacuoles, Lpﬁiﬂn';:d";:;;;’rj;f‘};[tfﬁ:rﬂ:;m{;‘
and (d) inactive substances laid down as  schridde)

a frame work in the cell, such as fibrils or

caleium depmita, The ecytoplasm is the active agent among these,
a]thuugh it must not be forgotten that there is also an active part
in the nuclear material. Altmann has pointed out the existence of
fine granules which are called by his name, but of which the signifi-
cance is as vet not understood. Lastly, at certain times specially con-
nected with cell division, and preceding this process, a centrosome
appears which originates from the eytoplasm. From this ecentrosome
run fine rays of the cyvtoplasm, and before nuclear division oceurs,
it divides. As to its function, there is no agreement.

Cell Connections.— There 1s a definite connection between cells,
although 1t 15 not an easy thing to prove; the botanists first were able
to show that fine connections of protoplasm bridge the space between
cell and eell, 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 endothehal cells that line the blood-
vessels have like junctions. We can even go so far as to observe that
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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, oranules can be seen to stream from
one cell to another. The detached cell is the exception, not the rule.
The leukocyte, 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 conmecting 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 eircumstances:

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

Fic. 4

Cell bridges of vazeular endothelium. (After Kolossow,)

2. The cell may have its protoplasm developed into radiating pro-
cesses, as in the infusoria; the nucleus 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 eytoplasm, and the surrounding medium; this relationship is deter-
mined by the size of the nuclens. The nucleus is the dominant part
of the cell, governing the evtoplasm, and this governance must depend
on the contact of nueclear matter and eytoplasm; 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 cytoplasm, will
be the most active., If the nucleus be very large it is conceivable that
the centrally sitnated nuclear material may be comparatively inactive,
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so that we may say that the small 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 eyto-
plasm is far removed from the nucleus; the most economical form 1s
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 eytoplasm
increases, the surface becomes less, relative to the increasing mass,
and the efficiency of the eytoplasm with reference to the surrounding
medium becomes less. The cytoplasm 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 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 activity of such protoplasm being attained by nuelear 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 nucleus can be the seat
of certain metabolic activities, but the eytoplasm is progressively used
up and 1s not renewed, there being no eytoplasmic or nuclear material
formed. On the other hand, the nucleus without the eytoplasm is
equally incapable of regenerating the cell, for it has been proved that
there 1s a minimal limit to the amount of cytoplasm necessary for
its combined existence. If there be less eytoplasm than this, no growth
or regeneration ean 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 ecannot treat directly with the medium around the cell,
but requires the intermediation of the eytoplasm 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 ensures that each daughter cell
obtains its share of the nuclear material, to the part it plays in fertiliza-
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tion and the reproduction of the individual, and we shall refer in some
detail to the great activity of the nueleus in cell metabolism. In basing
its dominance upon these facts, we do not lose sight of the fact that
the cytoplasm is able to manifest certain definite, if lower, vital activi-

Relationship of nuclear plasmasomes to
gymogen granules and secretory substances
of secreting cell: @, intranuclear plasmasomes
inueleclar bodies); b, granule (extranuclear
plasmaszome or chromidial body) in eyto-
plasm, near nucleus, having same siaining
reaction, and evidently discharged from the
nueleus; e, conversion of same into more
feahly staining secretory  (prezymogen)
granules; d, further stage; zymogen gran-
ules about to be discharged. (After Maxi-
mMow. )

the amcoeba.

ties, such as absorption, respiration,
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
largely by the nucleus. The calcar-
eous frame of the foraminifera is not
formed if the nuecleus be ahsent; the
amceba cannot fully digest, though 1t
can kill living organisms if it have
no nucleus; the formation of chitin
in insect cells occurs only when the
nucleus is present, and the nucleus is
essential to the produetion of slime by

In mucous 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

Fia. 6

Developing egg of Antedon bifida, showing extrusion of nuclear matter. Young oocyte, the nuclear
chromatin in the form of seattered branching threads, The deeply stained nucleolus is seen in the

act of extruding spherules (chromidia) inte the cytoplasm.

X 2000.

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,
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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 eytoplasm become zymogens,
being again given off from the cytoplasm as specific secretions.

4

Section from the liver of a child that died from acute sepsis, to show various stages of karyolysis
of the first order: 1, unafected nuclews; 2 and 3, paler staining nueclei, with some swelling and diminu-
tion of chromatin: 4, nuelei still more swollen, the membrane only and an oecasional nueleolar maess
taking on the stain; 5, nuclel present as little more than unstained vesicles,

The formation of fat in fat cells is evidently a nuclear process, for
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
the nucleus undergoes in salivary cells during
and after secretion, and nuclear alterations Fig. 8
have been frequently observed in the nerve
cell bodies of vertebrates after mnatural and
experimentally produced fatigue. The changes
in fatigue in the Nissl bodies, which are of
nuclear origin, are very noticeable. In general,
it may be said that nuclear changes within
physiological limits, are manifested by (1)
changes in size and (2) alteration in the
amount, and (3) the disposition of the chro-  Leukocytes with disintegra-
matin. In pathological conditions, still further ::;f’E:ff“f]f’:ﬂ':;‘:“:;:“‘:;’:_'
grades of alteration are seen; such are reduc- plasm (karyorrhexis).
tion of the chromatin (karyolysis), abnormal
arrangement of chromatin, cedema, and swelling of the nuecleus, vacuo-
lization, nuclear disintegration (karyorrhexis), and abnormal discharge
of nuclear material into the cell substance.

Summary.—The following summary of our conception of the physi-
ology of the cell may be given: the nucleus is the dominating part
of the cell, which cannot act save in association with the cytoplasm;
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the nucleus mitiates growth, reproduction, and often funetion, 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. The cytoplasm, on the other hand, takes up and acts
upon matter from without, and gives out in turn other substances;
this it does partly on its own aceount, and partly as intermediary for
the nueleus. These acts it performs in the processes of absorption and
respiration, and it ecan be mobile and contractile, as well. Lastly,
we only mention another important class of aetivity, the production
of organic ferments by cell metabolism; these ean be discharged from
the cell, and can act as intermediate bodies between the external
medium and the eytoplasm, and can finally act, through the eytoplasm,
upon the nucleus.

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, aleohols, carlmhvdratcs,
and so on, and many of these we regard as 11mfhu::t:-,~ of disintegration
of proteins or as going to be built up into proteins. None of them,
however, is common to all cells. Although proteins are dead, inert
matter, .md have undergone change before we obtain them, yet we
believe they are bound up 1ntim.1tf-lv with what we eall “life,” and
when we refer to the active, living part of the cell as the biophorie!
molecule, we mean proteidogenous matter; that is to say, matter which
by re-arrangement of its molecules or satisfaction of its affinities,
becomes converted into proteins. The lipoids above mentioned 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 erystallization
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 CeggHigosNoigOzilfeSs
and CipH 50N 400:FeSs; 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 ean thus be under-
stood that many protein molecules do not make their way through
animal membrane, and do not diffuse.

o, lifi: dey e, fo bear.
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Classification. - We speak of proteins as free or combined. Iree
proteins are the albumins (serum albumin of blood, egg albumin),
the globuling (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 nuecleic 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. 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, II, N, and O. All of them,
however, may be broken up into simpler bodies, which, in turn, have
proteid characters. This 1s true not only of the combined but also of
the free proteins; for example, proteolytic ferments break down albumin,
globulin, myosin, ete., into peptones and albumoses, 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 molecule by the
aggregation of a series of smaller ones which are alike, 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 NH. molecules; which again by hydra-
tion or by the addition of an OH molecule become the hyvdroxyl fatty
acids. These amino-acids, always present as degradation produets of
protein, are in reality the basis of proteins; the protein is built up by
a linking together of numerous amino-acid molecules.

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, 1t was optically active, but if it were synthetically produced
by the chemist, it was optically inactive. The optical activity of the
now synthesized amino-acids indicates that they are, so far as human
observation can go, absolutely identieal with the amino-aeids of the body.

The amino-acids are amphoterie, that is, they possess both acid and
basie properties, acid by reason of their COOH group and basic by the
NH. groups, and it is this duality of affinity that permits linkage.
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To use a homely simile, let us imagine the place of an amino-aeid taken
by a man, with two artificial arms; at the end of one is a hook (the
basic 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
15 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,
polvmerized 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-eve view of a fair ground would afford; these individuals
(lons or I'dt]l(:l]‘-u} 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 1s 1mpelled to attach itself to a group.
Let us suppese we have twenty such groups, and this compound group
(or giant molecule) by actual count has this formula: Whitesyw, Negross,
Indiang, Chineses,. If a couple of children stray away the group be-
comes whiteay, negrosg, Indiang;, Chineses, and the group i1s no longer
the same. This is precisely what is oceurring in the giant molecules
of the body; the arrival of a new 1on of food material, the separation
of a few 1ons of excreted matter make for the moment a new aggrega-
tion, and these small changes mean a constant re-arrangement, and
constitute the metabolism of living matter.

Lipoids.—During the last few years, the importance of the lipoid
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, aleohol, 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:

[. Bodies containing neither phosphorus nor nitrogen: fatty acids,
neutral fats, soaps, cholesterins.
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I1. 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),
as well as sphingomyelin, the most important constituent of the so-
called protagon of brain substance.

II1. 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 cholestering
are intimately associated with the development of protective sub-
stances of the body and the production of immunity.

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 eytoplasm 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 nucleinie (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 exist-
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 ]e*n ing this part of the wh]ect we would recapitulate our
idea that the “biophoric molecule” or mass is the active part of the
cell; that 1t is a huge molecule aggregated of many large groups, of
which each may be considered a ring of molecules w ith affinities which
are being satisfied by various nther 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. [t 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.

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
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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 protein 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 1s 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 aet in such elose 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 ones; 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 re-arrangement.

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 hecomes the fermented substance. This 1s the explanation
eiven 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 sulphurie acid from sulphurous anhydride by the mediation
of nitric acid; the nitrie acid gives up an atom of oxygen which con-
verts the sulphurous anhydride to sulphuric acid, thus:

H.50; 4+ HNO; = H:S0, + HNO;
1 To prevent confusion we employ the term enzyme to designate those ferments

which are produced by the living cell, to distinguish them from inorganie ferments,
e. g., gold and platinum,
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The nitrous acid, so formed, exposed to the air, combines with its
oxyvgen and forms nitrie acid, thus:

HNO; + O = HNO;

Theoretically, a single molecule of nitrie acid ean convert an infinite
number of molecules of sulphurous anhydride into sulphurie aecid and at
the completion of the action (if infinity could be completed) still exist
as a molecule of nitric 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 follows:

Fig. 9

Schema of ferment-like action of nitrous oxide in the formation of sulphuric acid from sul-
phurous anhydride. The completed circle represents the suceessive stages of activity of the HNO,
molecule, first attaching to itself an O molecule from an Os combination, and then vielding this to
an unsatisfied H.503; moleeule. To the left of the diagram it is suggested that the other O molecule
Iiberated from the Oy combination may also combine with an H:50; molecule to form a second
melecule of sulphurie acd.

If instead of the bodies in the above picture, we consider that we
are dealing with protein molecules 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-
pound protein molecules may be intermediary body, or it may be
fermentescible substance; or, since each individual part of the huge
ring has got its own pi,ulllar characters, and its own unsatisfied
affinities, the same huge molecule may be in a sense both at the same
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time. If we consider the hiophore 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 1s 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—
but incapable of growth save in combination with nuclear matter, and
(3) the free organic enzymes, capable of causing metabolism, but incap-
able 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 situated .
within the nucleus are the only truly living elements within the cell.
This is contrary to the usual coneeption of the eytoplasm as being also
living matter; the question must be left open.

The Reversibility of Enzyme Action.—Since we count enzyvme 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
(C1aH0y) into two molecules of glucose (CgHwOg), but in the test
tube the reaction is never complete—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 produets 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:
C]gI[g:[}H —I— II:(] —|— JH{]-EI:{IEE : Cﬁ.I{]:{.lg + {.-:ﬁII!'E{}E + J-Zfﬂ“ﬂ'nh’-@.

Maltose, Glucose, Glucose,

We have at the present writing evidence to indicate that all enzyme
action is potentially reversible (although recently it has been 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 oceurs 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
products of action of the various extracellular enzymes are ahsorbed,
finally reaching the lvmph; in health, thus, the proteins, starches, fats,
and other food substances become fully disintegrated. In the cells,
the action of the intracellular enzymes oceurs, and its extent is largely a
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matter of diffusion. Take, for example, the glycogenic activity of the
liver cell. If the cell in its metabolism has burnt up the glucose it has
and becomes deficient in carbohyvdrates, more glucose will diffuse in;
the ferment in the cell will synthesize this to glyeogen, and will con-
tinue so to do till there is a loeal equilibrium between the intracellular
glycogen and sugar. Glyecogen, being insoluble, remains in the eell, stored
up. There it remains until one of two things happens: until either 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 the glucose
in the lymph is reduced, by the tissues using it up, faster than the
alimentary tract supplies it, to a point below the amount in the cell.
If this happen, the glucose being soluble, diffuses out into the lymph,
and the glycogen-glucose equilibrium is again destroved; the ferment
action will break down glyeogen again, and if the equilibrium be not
restored by a fresh supply of glucose, the glveogen of the cell will be
used up.

This process we have just described, essentially an enzyme process,
1s 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 enzvmes of the cell
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
biophore, strike at the very foundation of metabolism, nutrition, and
the well-being of the body.

Non-protein Constituents.— Water.—Cell activity is associated with
the presence of water, water being the medium in which metabolism
oceurs. 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 eent. of certain organs, such as the kidney. The average cell of the
human body may be considered as seven-tenths water, and three-
tenths proteins and other constituents. It is still debated whether living
matter 1s existing in a soluble state in water, or as solid undissolved
molecules suspended in a fluild 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 proto-
plasm 1s colloidal, that 1s, 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 charac-
teristic of a solid body. Our idea of a solution i1s that the mole-
cules of the dissolved hody 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
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question is of importance because of what we know of ionization.
When NaCl, for instanece, is dissolved in water some of the molecules
become dissociated into Na and Cl and these free constituents are
charged, some with positive electricity (anions), and some with negative
(kathions); these act as separate molecules, 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 chemiecal
compounds are made by the union of such ions—or electrolvtes—
and the energy represented by them is neutralized or liberated. Suach
compounds may be broken up by heat or electricity or by solution,
and the dissociated ions are ready for fresh chemical combinations:
the assimilation of food by the cell depends upon the separation and
re-arrangement of ions. If this is not to be accomplished by heat
it must be done by solution, and water becomes an essential. Enzyme
action 1s 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
gquantities present, that they probably are mostly dissociated into
their 1ons and so help to promote activity of metabolism. The dis-
sociation of salts, and their building-up into the biophore are accom-
panied by various phenomena which we call endosmosis and exosmosis,
which 1s the diffusing, in 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 wvice versa, and at the
same time a corrective reverse passage of water occurs. The ecolloidal
cell substance is sufficiently permeable to allow the molecules of the
salt in solution to pass. We helieve, 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 ecell in relation to the external medinm, 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 ectosarc is
ruptured and the hemoglobin is disselved in the surrounding medium
and colors it. But corpuscles do not lose their hemoglobin till the
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psmotic pressure is much higher than the tonicity of the serum of
man (0.9 per cent. sodium chloride). Solutions with an esmotic 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.— I'ree 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-
ever, be recalled that the dissociation of nucleiec acid yvields a pentose
(sugar) according to Levene and Jacobs, a hexose according to Stendel
and Halliburton. From the dissociation of sugars energy is liberated,
and on the contrary energy is conserved when they are stored as
built-up glycogen molecules.

Fats, Soaps, and Alcohols.— This is another group of metabolites,
which may possibly he split off from the cell protein; they are not
found in the nuclei (save, as already noted, that fat has been found
in nuelear vacuoles), and are to be 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 combination with absorbed oxyvgen 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 leukocytes. 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 hy the
colloids of the cells and body fluids. This matter is not yvet 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, caleium, 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; vet
the dry substance of such a kidney affords as much as 17 per cent. of
fat; this means that the fats are not free, but combined.

Soaps are evidently very important as an intermediate stage in the

g
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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. Here it is necessary to mention
the lecithins, which are almost constant constituents of 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 relationship with
fats; they are nitrogenous suggesting relationship 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
produets with fats. Parallel to the lecithins as protein-fat compounds
are the glycoproteins—or protein-carbohydrate compounds—chief of
which are the muecins. 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 muein, which are poor in carbon and rich in
oxvgen, and vield on dissoeiation carbohydrates. A few other “albumin-
old” materials occurring in and outside the cell are to be mentioned:
such are the products of dissociation of emoglobin, 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 mﬁltmtmns
and degenerations.

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 lemands a process whereby two molecules exist where there
was one before. Our coneception of the biophore is as a ring, or a ring
of rings, and growth occurs by increase 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 uriginal
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 ean 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 fnrtm—‘:d ring are
qua likely to be attracted away just because they are in a ring, . e.,
in a state of relative t:mnph,tuu.sb.
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The Relation between Growth and Other Cell Activities.—The
consideration of this subject demands a few words on the dynamies
of the cell. In the performance of function of whatever kind, the
eell 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,
earbohydrates, 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 not 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, a storage of energy. The biophores are not
to be compared to simple salts, but rather to nitroglycerin. A blow
dissociates 1t, and though there i1s 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
C, O, N, H into more stable compounds. Dissociation, then, tends
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,
1. €., In growth.

Can these two contrasted processes, growth, and the performance
of funetion 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 be yet stronger, all
the food energy may be used up, and the cell substance be dissociated
to supply the further energy required. If 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 aectivity is necessary for the maintenance of
nutrition and of growth, There are apparent exceptions to this, in
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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 funetion have thus a definite relationship, there are
circumstances under which growth is quite independent of function.

Aective assimilation and growth with little functional activity char-
acterize the embryvonic and fetal stages of existence. The more the
cells become differentiated (for their proper funetion 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 bevond which
increase in mass is not only uneconomical, but harmful. There is a
relation between surface area and mass, and when the mass exceeds
a certain amount, the surface area 1s too small, and assimilation and
discharge are hindered. The cell has now the alternatives of cell divi-
sion (by which there is a rapid increase of surface area relative 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 1s below the economieal ratio between its mass and its sur-
face area (relative to its external medium), it chooses the first (cell
division); as this ratio is approached it tends to employ the second
(funetional aetivity).

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. 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 funectional activity; in performing function the cell dissociates
some of its substance, and falls below the state of optimum efficieney,
and it 1s in a position to take up new matter, and grow; Weigert's
statement 1s “the katabiotic use of material in function removes the
obstruction to growth.”

Physiological Inertia and Habit.—A wheel set spinming continues
to spin after the hand is withdrawn; a gland stimulated to secrete
continues to secrete after the stimulus is removed. A resting musecle
continues to rest (during the lafeni 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 funection, until its increased size and increasing
tension and other external stimuli attain such power that it is com-
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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 funetion and a continuance of the same.

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 boiler, built on sound mechanical principles, is able to stand a
strain several times greater than it 1s ordinarily expected to earry
(the “factors of safety” of the engineer), so are the cells of the organism;
there 1s a large reserve ol force or energy in them above that which
they exert under normal conditions, Illustrations of this are known
to evervone. The patient who seems so weak that he can scarcely
raise his arm may become in delirium a mateh for two men. The
heart ean 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 the 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 viecarious activity; vet 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 1s 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 vet one more result of physiological inertia. Life
has been defined as the continuous adjustment of internal conditions to
external changes of environment. It s more, 1t is overadjustment; when
the cell assimilates, it continues to assimilate more than is needed at the
moment; when it starts to grow 1t 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 dizease.

1. Subnormal Activity.— Even in normal tissue the aceumulation of
reserve force leads to the presence of redundant cells, which, receiving
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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 1s 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.

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 oceur 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 eyvtoplasm 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 nucleus 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 eyvtoplasm; or the eytoplasm may become
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 eell growth are not synonymous
terms.  Cell multiplication is of two main types—direet, or amitotic
and indirect, mitotic or karyokinetic.

Direct Division; Amitosis.—This 1s 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
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endothelial eells it occurs, and 1s 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 exhibil amilosis 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 and
in leukocytes in inflammatory areas that we encounter amitosis. Pos-
sibly we ecannot enunciate this view so confidently as we were accus-
tomed to do; of late years attention has heen called with increasing
frequency to the occurrence of amitosis in active tissues. We must,
however, admit that we cannot follow the fate of cells originating by
this method.
Fic. 10

Amitosis. Stages of direct division in tumor cella: A, from an ovarian eancer: 2, from an epithelioma
of the lip. (Nedjelski.)

In amitosis, the nucleus divides without any preliminary re-arrange-
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.

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 nueclear material arranges
itself indicates that there is a differentiation of the biophores, so that
each 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 1s 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
on in the nucleus changes appear in the cytoplasm. The centrosome
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appears and divides into two halves, around each the eytoplasm 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.— FEach chromosome *spiit*s longitudinally into two like
}mh es, the daughter chromosome appearing to become attached to
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 ecan 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, foree out of existence the fewer, weak progeny of those
less well adapted. A large element of chance enters into such a process.
This, however, while true, 1s not the whole truth. Adaptation is not
a passive lnrtmtnm modification of living matter in a favorable diree-
tion, but an active process, whereby a -:*Inn,t:,e 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 ean ferment one sugar but not a second
may be “trained” till they ferment the second and not the first; bacteria
which were not pathogenie can be made to become so. These altered
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 eells adapting themselves to one more foreign agent,
in this instance the toxin of the special bacterium. This adaptation
mayv remain for a long time after the toxin has ceased to be present
hecause there is impressed on the cell some alteration in constitution

1 mpd, before; perd, in the middle of; avd, backward; Ty#oi, afar.
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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 environ-
ment; it 1s not that the tendency to vary 1s inherent, but rather that
the power to change in a particular direction is present, the change
being in response te the action of a specific agent. Expressed more
concretely, a particular modification in the environment is able to
change the protoplasmic molecule in a particular way. If the cell
remain in the same environment with the same kinds of food mole-
cules 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 foodstuff 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 molecules in
the cell itself thereby altered. This particular cell has gained a new
character by adaptation, by undergoing a molecular re-arrangement;
erowth 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 cvtoplasmic or nuclear 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 oceur 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 vet cause a re-arrangement of the molecules in the
biophore, and so an actually 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 cireumstances, 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 ecells 1s 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-
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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 1s 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
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
such 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?
Is there a special piece of protoplasm in the ovum which has directly
descended from each of his thousand ancestors? No, there is not;
and we ean 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 proto-
plasm of each, is a physical lmpﬂamblhtv
Such “determinants” carrying particular properties derived from
one or other ancestor, which shall in due time be distributed to one
or other tissue or area of the fully-grown individual and shall endow
that particular tissue or area with the properties seen 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 be
simple molecules of matter, but must be molecular groups, and as we
have pointed out that lnmg matter is proteidogenous, each individual
molecule must be of a size which, according to physicists, 1s almost
visible by the ultra-microscope. Regarded thus, it is a physical impos-
sibility that the minute nucleus of the impregnated ovum ecan 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 biophorie 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 insect 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:
A A
a— RN
A A A
i e WS
A=—A—n a—A—A
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A bird ovum, on the other hand, may be made up of X rings, thus:

X
R
X X
|

I
G &
S
X

The biophoric molecules of an inseet ovum might be represented by
R

I
R—E

These may thus differ one from another not only in general 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:
A
Sk
A A

B
A

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:
A
"
a—A  A—na
R
A

for another elephant:

as no two individual elephants are identiecal or can be 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 rep-
resented 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
organs, it must be clearly realized that when the ovum divides into two,
each daughter cell has conveyed to it biophoric molecules, and that so
these biophorie molecules while coincidently multiplying by the successive
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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 suceession
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
biophores become modified, until eventually, the modification becomes
so great that instead of these biophores being able to reproduce the
whole individual, they now become eapable of controlling the formation
of only one particular differentiated order of cell.

Following upon this, the general statement may be made that the
more pronounced the differentiation of a cell, the less s capacity for
reproduction. Yet there are certain cells that are specialized, and can
vet reproduce; but they reproduce only their own differentiated and
maodified kind, gland cell reproducing gland cell, muscle cell, muscle;
and even this multiplication can ocecur only after the differentiated cell
has “undifferentiated” itself again, that i1s, 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 yvet 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 it is not an
essential to the continuance of the species through considerable numbers
of generations. In its simplest phase, conjugation i1s 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 spermatozoon shows little; it consists
of a nucleus, a centrosome, and a small amount of eytoplasm 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
the germ cells become marked off from the somatic or body eells; the
germ cells remain rich in ehromatin, none of which is east out.

The obzervations of Boveri and others indicate that the cells destined
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to give rise to the tissues in general undergo a process of reduetion
of their chromatin; very possibly this process of reduction renders
them incapable of being totipotential, 7. e., 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 group contain either one chromosome in excess of the number
contained by members of the other group, or one chromosome (acces-
sory chromosome) markedly larger than the corresponding chromosome
in that other group. No such difference is observed in connection
with the ova, and as these species afford approximately equal numbers

Fig. 11
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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 13 now
hecoming generally aceepted by biologists.

We have stated that there 1s no reduection 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 furmntmn
of the ova and spermatozoa does undergo a reduction of chromatin
during the process of maturation, so that the mature spermatozodn or
ovum eontains just one-half the number of chromosomes characteristic
of the species (and it will be recalled that this is a fixed number for
each species).

In the maturation of the spermatozotn, we may state briefly the
fact that a pair of spermatozoa arises from a secondary spermatocyte,
this in turn comes from a primary spermatocyte, this from a spermatogo-
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nium, and this from a primordial germ cell, and by the time the sper-
matozoin 1s formed 1t has one-half the normal number of chromosomes.
The four cells derived from the primary spermatoeyte all become
spermatozoa, whereas, in the case of the ovum, the primary odcyte
gives rise also to four cells but only one of them becomes a funetional
ovum; the other three are degencrate, and are cast out of the cell as
polar bodies, and this casting out does not ocecur till the spermatozoén
has entered the ovum. This intracellular occurrence 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 spermatozoin 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
sets 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 cytoplasm of the new individual is
supplied mainly from the mother, but with the chromosomes (supplied
thus with striking equality from both parents) must come the most
important of all those factors which we are accustomed to consider
in the problem of heredity.

INHERITANCE

Heredity 1s the convevance 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 deseribe the child,
because interwoven with heredity 1s variation, and this of several orders.
(1) There is the variation that comes from one's course of life, as is
seen 1n 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. (2) There are variations that arise because the individual is the
result of amphimixis, 1. ¢., the fusion of the germplasm of two individuals
who differ one from the other. The child eannot, on this account,
be an exact copy of either parent, but must show variation from each.
(3) The molecules of germplasm of two parents are so complicated that
their interaction never pr{}:'lnces. the same result twice; even the
thousands of fish from the same spawning differ from one another.
Finally, we must admit, that the biophores of the parent which supply
the germ cells are prone to variation during the individual life of the
parent.

The importance of the problem of heredity in disease is great, and
we make no apology for insisting on its consideration,
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The Different Forms of Inheritance (. ¢., Heredity Plus Variation). —
The properties possessed by the individual are these:

1. Individual, 7. e., those peculiar to the individual, and not recog-
nizably inherited.

2. Parental, i. e., properties possessed by and peculiar to one parent
and obviously inherited from that parent.

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

4. Racial, 1. e., properties common to a particular race.

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

We see that there 1s 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 charaeters,
and so on. His least imprinted characters (i. e., 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.— 1o 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
microbie 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 1s 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.

Familial Characters.—Not only do the members of a family tend to
resemble one another, but there are certain distinetive 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’sword . . . . 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
1s 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
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and are transmitted by the other. Hemophilia, for example, rarely
appears in the females of an affected family, but frequently in their
sons. Characteristics may skip a generation or more, so that the appear-
ance of such in children whose parents were free from but whose grand-
parents 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 1s, 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 eyves; the children generally do not show an inter-
mediate color, but either blue or brown eyes. 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 means latency or loss of this acquirement. If now
red and white flowers are erossed upon one another, the hybrids which
result follow a law in regard to manifesting this particular character
and the first generation 1s red. The red color is dominant, and there
15 no indication of the white color—the white being recessive. But
in this experiment the white color 1s 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
of four plants (three red and one white), of the three red, one will give
only red progeny, the other two of this second generation will have
the characters of the first generation of hybrids, 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. 12,

The formula may be set down as follows: if D represent a plant with
the dominant red and its germplasm and Il one with the recessive white
and its germplasm, then the first generation of crosses of 1) and R will
all be DR, and if these DI individuals be crossed the result will be
(DR 4+ DR) = 2 (DD 4 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 dominant will give nothing but dominants,
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each recessive nothing but recessives, and each hybrid the same pro-
portion of dominant, hybrid, and recessive.
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Leaf characters of hybrids of Urtice pilulifera and U, dedartii (Correns):  Fy, of first hybrid genera-
tion: Fgsand Fs, of second and third self-fertilizations. The dentate character of the leaf edge 15 seen
to be a dominant property.
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Schema of Mendel's law for a single pair of " antagonistic’ properties: A, the resulis of hybridi-
zation of o pure dominant () with a pure recessive (R} form. (Bateson.)

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 distinct species, and we quote it only
4
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to indicate how accurate a basis even with our imperfect knowledge we
have for the consideration of problems of heredity in the human species.

Atavism.—This 1s the appearance in a given generation of traits
not present in the parent but characteristic of earlier generations,
and 1s seen to be in accordance with Mendel's law. [f, however, we
find traits appear which are characteristic of an earlier state in the
phylogeny of the species, we designate this reversion. In reversionary
inheritance or reversion 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 mierocephalic
child or of a child with indications of persistent gill elefts; not all such
eases are true reversion, for some may be merely examples of intra-
uterine disturbance. A perfect example of reversion 1s 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 tim : offspring of parents of widely
diverse stocks showing this revepsmitovd dofes type.

Familial Degeneration.— Jin a_form &?fd't neration which we
ascribe not to the interaftibn nt two untag..unﬁt f germplasms, but
to a defect in one or both indidg@d by hﬁ}t] dnflnegres, which modify
the constitution of the j rt‘ntdl rerm cells.  Thef class so produced
we designate degenerates— roduet “ﬁmw ading vicious lives.
The degenerate is of poor ht v Byl @ihest, 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 conveved 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, and does not mean that the ancestors
of the clover plant had a quadri-partite leat. We describe this as a
spontaneous variation. We find the same thing occurring in the human
species; supernumerarv mammge, fingers, or vertebree occur, and,
once present, tend to be 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 wvariety 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
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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 conveved in the chromosomes.

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

(A) 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 being inter-
mediate in character between that exhibited in the two
parents.

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

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

() Unrecognizable in the offspring:

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 ecasting out of an inherited condition, or
(h) 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 beyvond either parent, but at the same time not
fallen behind.

(B) Progressive Inheritance: The offspring being advanced bevond

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), i. ., the appearance of
conditions not previously noted in either parent or either
parental stock.

() Reﬁrr;qrfwii'c or Reversionary Inheritance: The offspring revert-
ing as regards any feature or group of features to @ lower
stage in the phﬂugun of the species.

( D) Non-inheritance: Apparent or actual,

o
e
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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 be separate
biophores representing each individual ancestor. The following is our
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Schema to illustrate Mendel's law regarding the second hybrid generation to illustrate the effects
of reduction of the chromosomes in odgenesis and spermatogenesis. Each germ cell (first row) is
originally provided with chromosomes of paternal (black) and of maternal origin {white). The
existence of the law demands that in the process of reduction the ovum and the spermatozodn (second
row) become provided with chromosomes (and biophores) that are of either paternal or of maternal
deacent, but not of both; although, as above noted, the hiophores 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.

coneeption of the process of eonjugation between parental biophores in
the fertilized ovum. We may picture these biophores as lying side by
side in a common eytoplasm from which they extract and to which
they give 1ons, so that some side-chains are being built up and some
dissociated. Of these side-chains many are 1dentical, 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
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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
represented by side-chains with weak affinities will be cast out and will
not appear, nor even exist in the new germpldmn Without increasing
the number of individual molecules, this semi-chemical process allows a
constant number of biophores to bear properties of many generations.

If then one considers a scheme such as that afforded by Fig. 14
it will be seen that in the process of reduction undergone by their
chromosomes the mature obeyte and spermatozoon each undergo 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 spermatozotn, 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.

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 eytoplasm); 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-argned question. Contrary to the dominant
teaching of the morphologists we think that some, but not all, may be.
It has been indicated before that we picture the hmplmrm 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 biophorie 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
can 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 probably
not transmitted; by this we mean that the blacksmith’s arm is not
reproduced in an unusually large biceps in his son. We have not as
vet 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
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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, ete., 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 1s 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 alecoholism 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 aleoholism in the homes of the
poor? It i1s not easier in the case of tuberculosis and syphilis; but
in all these cases, as well as in poisoning by such chemieals as lead,
series of cases do present a high percentage of monstrosities, still-
births, short-lived, and mentally defective children. While we think
that the germ cells of the parent are modified by modifications in the
constitution of the parental blood and lymph, we must admit that the
germ cells live a relatively latent existence; that in them metabolism
must, for considerable periods, be at a low state of activity, and that
this low degree of activity will tend largely, but not entirely, to
preserve from change the biophores of the germ ecells, because the
interchange of the side-chains of the biophore with those of the evto-
plasm will not be very active, and the environment will thus affect
the biophore only to a limited extent. That it affects it even in the
slightest degree 1s sufficient for our contention.



CHAPTER II
THE CAUSES OF DISEASE

In the cell, the organ, or the individual, any deviation from the
normal 1s 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, naturally, 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. The 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
these. If it be such a result, the pathological condition is an inherited
one, even though the appearance of the pathological condition be
delayved for vears (as is most often the case with gout); an example
of this, indeed, i1s “old age,” an inherited pathologieal condition which
the individual has potentially possessed all his iife. 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-
turbance, 1s a “congenital” but not an “inherited” pathological condi-
tion. In differentiating between inherited and acquired conditions,
it 15 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, 15 a varyving 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 perind in which the causative
agent acts, 1t 1s necessary to indicate what these causative agents are,
and 1t is a perfectly sound method to consider them as direet and pre-
disposing. Fifty vears ago, physicians knew many predisposing causes
but few direct ones; today we are finding out one direct cause after
another (witness the specific microiérganisms), and we tend to lose
sight of the predisposing or assisting causes. For example, many
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individuals carry in the throat the germ which we count the direct
or exciting cause of pneumonia; the assisting cause apparently must
act before a man is attacked by pneumonia, and this assisting cause
15 not the same in all cases, and frequently 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
-ause; 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
15 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
possesses a diathesis.

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 eannot be inherited by the child although it may be com-
municated to the child ¢n utera. 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 spermatozotn or the ovum as a foreign body,
for we cannot imagine it as being incorporated with the protoplasm
of the spermatozoin 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 protozoon inside could perform the delicate funetion
of fecundation. As readily should we look for good time keeping in
the hatter’s watch, which, it will be remembered, was fall of the best
butter. It is true that in animals where there is a large volk with the
egg, the volk 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
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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.

But if we say that such diseases as tuberculosis or syphilis are not
truly inherited, we must yvet admit that children are born with certain
stigmata, such as Hutchinson’s teeth, which, while not directly, are
indirectly due to syphilis; these lesions exist in the child because
syphilis has existed in the parent, and may be called if not syphilitie,
at least, parasyphilitic lesions. We may in the same way recognize
paratuberculous lesions, such as a thin skin, fine hair, or a weak frame.

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 occurrence as to be called * paraspecific’” in its nature.

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

4. No apparent effects.

An interesting possibility i1s that, whereas undesirable qualities may
thus be handed down to succeeding generations, there may also he
transmitted the quality of combating a certain disease, so that while
“paraspecific” qualities may appear as a result of inheritance, “anti-
specific’’ characters may also be seen, and the offspring be less liable
to a disease because the parent has suffered from it.

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 abiotrophy (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
offspring greater protection or greater liability. We are unable to
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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 hability
to metabolic disturbances such as diabetes and, in the female, obesity;
the white rat has a racial freedom from anthrax, and many carnivorous
anmmals from evil results of septic wounds. A man’s offspring inherits
from him qualities which render it hable 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 ecellular basis for the transmission
of “nervous diatheses™; but if we cannot find the organie change in
the tissues of the diseased individual, it is yvet 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 embryvo or the feetus, and
although the morbid states will be discussed from the standpoint of
causes rather than results, it is well to indicate what these results are.

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

2. Monstrosities.

3. Malformations of excess or of defect.

4. Impaired vitality, with imperfect development, without gross
anatomical change: (@) 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.

Intoxications.
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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give 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
15 incomplete there may be unequal pressure brought to bear upon
the embryvo, or adhesions may form between embryo and amnion,
producing malformations; and that oceasionally, 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.— Bevond the simple statement that maloutrition 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
15 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 eirculation until finally it drives its blood by anastomos-
ing vessels into the umbilical arterv of its weaker companion, whose
heart fails to develop, and whose weak cireulation 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,
such as lead, mercury, arsenie, carbon monoxide, morphine, and alcohol
pass through the placenta and can be found in the feetal tissues. In
lead poisoning the offspring is frequently idiotic, imbecile or epileptic;
and 1t 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 vear. In a large series
of alecoholic mothers, it was found that the percentage of abortions,
stillbirths, and children dying before the third vear, was nearly two
and one-half times as great as normal. Where the mother became pro-
gressively a victim to aleohol, the high death rate of the later offspring
and the lowered vitality of the hiving 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 oceasionally, 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 ecarefully excluded,
there yet remain instances of the transmission in this way of syphilis
(the mother alone being infected), tuberculosis, varicella, variola
(though not vaccinia), measles, scarlatina, erysipelas, rheumatic fever,
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typhoid fever, cholera, epidemic cerebrospinal meningitis, influenza,
relapsing fever, malaria, and vellow fever. The explanation of these
cases is probably that a gross lesion of the barrier between the maternal
and feetal circulations 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;
the epithelium of these finger-like projections has great phagoeytic
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 with the maternal blood, oxygen and other
diffusible materials 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 oceur; 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 thrombesis, 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 foetal structures may be exemplified in disease of the finger-
like processes, the villi themselves; they are at times cedematous,
cystie, or they may become partly fibrosed, any of which conditions
may give rise to pressure upon the vascular loops, with consequent
}eq:emn,t_, of the efficiency of the circulation. The nutrition and growth
of the feetus thus appear to depend directly upon the amount of good
placental tissue, and the more numerous the v illi, and the more active
they are in phugm:y‘ti{: 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
syphilitics, 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 leukoeytic 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 ammniotic 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 mechanieal, traumatie or infeetious. 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 bones, or birth palsies or hydrocephalus. The chief
infectious cause 1s 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 ABENORMALITIES

The terms denote grave anatomical departures from the normal,
either general or local, and the term monstrosity is applied to the more
pronounced of these. Departures from the anatomical normal consist
of variations either in the direction of excess or of defect, or of altered
relative position of parts.

Abnormalities of Excess.—This may show itself in excess of the
individual or in numerical excess.

Individual excess may be (@) universal, 7. e., giantism; (b) lateral,
1. e., where one side 1s larger than the other, as if there had been unequal
division when the first two blastomeres were formed; or (¢) local, where
one member or organ is markedly larger than the standard set by the
rest of the body. Giantism applies to those human individuals who
are more than 200 em. high, that is, 6 feet 63 inches, a height that is
usually due to the great length of the legs. Giants usually spring
from families in which the individuals are of medium height. Lateral
giantism cannot well be extreme. ILocal giantism may either be true
or may be aequired by disturbed nutrition, in which latter case it is
often of congenital origin. Thus, localized elephantiasis of a limb or
macroglossia or macrodactyly (where a finger is abnormally large) may
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be due to obstruction of the lyvmph channels, and consequent over-
growth of connective tissues. Where, however, there is not only
macrodactyly but duplication of fingers or a tendency thereto, it is safe
to assume that there has been a redundancy of vegetative matter at
the growing point. Hypertrichosis (hairiness) and lipomatosis (zeneral
obesity) are to be explained by a ecombination of inheritance and
metabolic modifications; precocity in the development of the muscular
and generative systems appears also to be associated with aberrations
in development of the ductless glands.

Numerical excess includes a wide range of abnormalities from multiple
births to partial duplieation of a phalanx.

Twins.— T'wins mayv be dichorial (heteroéphal) or monochorial (mono-
ophal). In the former, each child has its own membranes and placenta,
although the two placentas may ultimately fuse. The children may
or may not be identical in sex; they may or may not closely resemble
one another; in fact, thev obviously arise from two separate ova fer-
tilized at the same period. Should the dichorial twins be of the same
gex, and very much alike in characteristics, it mav be that two ova
from the same follicle have been fertilized, for multiple ova in a follicle
do occur; there is even one other possibility, that a single ovum after
fertilization has divided into two, and that the two halves become
separatelv implanted in the uterus. Superfeetation, in which the embryvos
are of different ages, obviously ean arise only from ova discharged and
fertilized at different periods,

Monochorial twins are rarer than dichoral. They have the same
chorion, the same placenta, are of the same sex, and if equally developed,
much alike. As the chorion is the outer wall of the ovum, it is evident
that here the same ovum has given rise to two individuals. Such
twins may even have identical abnormalities, such as spina bifida
or hypospadias or right-sided hyvdrocele. Experiment upon inverte-
brates and even upon the lower vertebrates has demonstrated the
possibility of one ovum giving rise to two individuals, and the eggs
in development may even be shaken apart, when dwarfed individuals
arise from the fractions of the original individual. The possibilities to
which monochorial twins are due are, then, these: (1) the two nuclei
of one ovum may be separately fertilized, or (2) a fertilized ovum may
break in two at a very early stage, as for example, when it is two-
celled, or (3) a cleavage of the germinal area at a comparatively late
period may give rise to two primitive streaks upon the one germinal
dred.

Unequal Twins.—This covers a number of cases in which a common
feature 15 that one of the twins 1s normally formed; the other may be
a lump of flesh, with smaller warty projections on it (not unlike a
potato with small supernumerary tubers upon it), whose only claim
to recognition is that the umbilical cord 1s attached to it; this is the
feetus amorphus. Sometimes there 15 a fair indication of the lower
limbs but no head (feetus acephalus), or the feetus may consist of little
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more than the cherub-like head (feetus acormus); the absence of a heart
in many of these classes leads to their being called acardiac in addi-
tion to the other distinetive names.  In some cases, like foetus acormus,
the feetus lies directly upon the placenta without the intervention of
any umbilical cord.

The cause of these acardiac monstrosities is that the cireulation
in the feetus concerned is a reversed one, because the stronger of the
twins in time comes to be driving the blood through both; the allantoic
and placental vessels become freely anastomosed, and the stronger

Fic. 15

Marchand's schema of mode of development of acardiae monsters. In A the chorion of iz alrendy
developed; the yolk sac has divided into two unequal halves, 4@ and o, in consequence of which
the one embryo ¢ receives through the volk vessels more abundant nourishment than does the other
'E]I'l.hl'_'l."l':l BE As a :I"Pr'-llh_ il:R :l,""nlniq' |:"-|r|:'|,|_|:|li1_|-:: 1||".'1~|.|a|_|:i Erpere :|r'1i1.'r'|_1.', :|||d 1_h|' later l:]1.“.'!:|1'.r‘|::l'!1'||!
allantoic artery of the smaller embryn anastomoses with it. &, later stage; the allantoie vessels of
el usnrp the whole of the chorion, the smaller embryo gaining its blood entirely through the anastomosis
of it allantoie artery with that of e, and this, therefore, in the reverse direction to the normal current
al and o indicate the ampiotie =xes of the embryos,

twin drives blood progressively into more and more of the anastomosis,
finally, into the weaker embryvo's umbilical artery and aorta; hence,
it is distributed in the branches and nourishes the tissues of the weaker
embryo; it may be sufficient to nourish a part onlyv, and the rest of
-the weaker embryo’s frame undergoes aplasia and atrophy; the heart
of the weaker embryo by arrested action, incomplete activity, and
relatively impaired nourishment fails to develop, but in its losing
battle, it yet keeps as its own province the head end of the embryo,
and it nourishes this so badly, that the cephalic end is more prone to
be maldeveloped than the caudal end-—fetus acardiacus anceps.
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Triplets and Other Multiple Births.— Triplets may be monochorial,
or monochorial and dichorial, or even polychorial; the rules as to
identity of sex and similarity of characteristics which apply to twins,
apply also to triplets. Seven children at a birth is reported upon
reliable () authority. In the cat, the monochorial development of five
kittens is recorded.

Double Monsters.— T'here has been for many years much diseussion
upon the reasons for diplogenesis, and in a field where so many theories
exist, we venture to put forward but one, which we term the “growing-
point” theory. This is based upon our knowledge of the growth of a

Fia. 16

Dingram of section of the growing point of a plant, A4, A, the apical cells, which eontinually divide,
piving off backward a series of cells; B, €, which cells divide as in 8, BY, to form the eells of the
vegetative or eambial layer; these cells again, as in C, C1, and O, divide at right angles to the former
plane to give origin eventually to the functional eells of the stem (or root); [, development of a
gecondary growing point.

plant. If we consider that the first cell is divided into two and then
four, and each of the four again into two, we find that the two poles
tend to become separated, one from the other, and each pole is advanced
by the cells that are built in behind it. There are in the plant, from an
early stage, two primary growing points—the superior forming the
stalk and the inferior the root; the entire plant arises from one or other
of these “points,” and the growing point is the most advanced part
of the plant; the plant increases by growth backward and not forward
from the growing point, whose position is thus fixed at the apex.

The growing point does not grow forward but is projected forward
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by the intercalation of the daughter cells behind it, and the daughter
cells are able to divide in a transverse way and give rise to the special
tissue cells. Secondary growing points can subsequently arise from the
daughter cells, but their vegetative function must be exercised now
in a direction more or less lateral, and no longer axial. Similarly in
animals there are two “growing points”; the superior growing point
is represented in the adult mammal by tissue about the situation
of the pituitary body, and the inferior by tissue somewhere in the
sacral region. These two points lie beyond the extremities of the
chorda dorsalis, an organ whose prominence in the early embryo and
whose apparent unimportance in the formed feetus, suggest that its
funetion may be partly the keeping of the growth axially, as a scaffold-
ing might do, in the earliest stages. These two growing points from
the very origin of the embryo are being projected apart, and the suc-
cessive daughter cells given off from these give origin to the different
organs of the body, and even form secondary growing points for the
limbs.

There 1s thus a close parallelism to be noted between the plant and
the animal embryo, nor need this be unduly disturbed by the fact that
symmetry in the plant is generally radial, and in the animal lateral,
because there are numerous exceptions to both rules, and the lateral
symmetry 1s the fundamental one, because cell division is binary.

But there 1s a fundamental difference to be observed. Whereas
in the plant the primary growing points are active through the whole
of existence, in the animal they cease to functionate as such when the
anlagen' of the brain and of the rest of the nervous system have been
developed.

If the superior and inferior growing points did not cease their activity,
we would have the following state of affairs: the expansions of the
neural canal which form the ventricles of the brain would have already
formed themselves, and the superior growing point which is situated
near the site of the pitwmitary body would blossom out into a mass of
tissue. This may actually happen. Where iz space to be found for
it? There is none available, and it forces its way through the roof of
the mouth to the outside as a large pediculated mass, which is called
epignathus. These masses have at times been found to contain bone,
and tissues representative of all three original layers, epi-, meso-, and
hypoblast. The fact of limbs actually developing on such a mass lends
additional weight to the supposition that this is but a continuance
of the original superior growing point. :

A precisely analogous case occurs at the hind end of the body. A
mass of tissue sometimes arises behind the rectum, at the extremity
of the sacrum, called congenital sacral teratoma. Among roses one sees
a similar happening when an imperfect flower stalk and head develop
from the centre of a flower.

! We have in our language no word to deseribe the matrix tissue from which
organs originate, and so are forced to take this word from the German,

5
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Polar Dichotomy (Branching of the Growing Points).—In plants
there is a liability for the growing points to branch, as when a fir
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INagram of various forms of l]il_-llf.lhrlul'-' or cleavage: I, normal i:;l.!'l.'g.' primitive streak in gern]ina[
area with S G.F., superior, and [0 P, inferior growing point; 11, result of early dichotomy of
superior growing point, the separation affecting also the lateral rows of cells given off from the inferior
growing point; LII, late dichotomy of superior prowing point, only the cells given off more recently
from the two superior growing points affected; I'V and V, similar results of early and late dichotomy
of the inferior growing peint; VI, relatively late dichotomy of both superior and inferior growing
pointg—anakatadidymus; VII, early (complete) dichotomy involving both growing points—fused
double monsters, laternl fusion; VIII, mesodidymus, the growing points remaiming single, but the
serics of cells derived from them on either side undergoing separation,
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tree, high up, divides into two or three trunks; the root of the radish
may similarly fork. In some plants, a division into numerous stems
is the rule. A plant may thus undergo dichotomy at anv period dur-
ing its growth because its growing points are always active, but an
animal—a mammal, for example—only

in that limited time during which the Fia. 18

growing points are active. In the newt’s
‘egg, it has been experimentally shown
that as long as the egg continues to
show growing points, double monsters
can be produced by partial physical
division of the egg, such as may be
brought about by the pressure of a hair
tied around it. After the growing
points cease, that is, when the medullary
groove appears, this can no longer be
done.

Even the period, short as it is, during R R
which dichotomy may occur, may be uint. Doubling of optic vesicles and
divided into its early and itslate part. If forward part of head only of newt embryo
the dichotomy occurs early enough that {2 il ::f’“:;”;t::’t g
every cell born from the superior growing ieft optie vesicle with left half of right.
point diverges from its fellow, we have a
duplication of the entire auimai, as far back as the cells which have
arisen from the inferior grcmmg point. Since a dichotomy has occurred
thus early, the divergence of the two groups of cells hrltlg, it about that
two dn'ergmg primitive streaks are formed and thus two anlagen will be
laid down, and in turn, the organs that anse from each anlage will be
the duplicate of those that arise from the other.

If, however, a relatively late dichotomy of one of the g_‘rm-.lug points
oceurs, time enough will have elapsed for the two growing points to
be separated from one another by fixed cells, which give rise to a normal
primitive streak, and the dichotomy can affect only certain parts of
one pole, thus:

Dichotomy of the superior pole gives anadidymus and of the inferior
katadidymus; of both, anakatadidymus, thus:

It happens in animals, although not yet seen in man, that the cells
in the middle projected back from the respective growing points either
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fail to unite or become separated, thus causing mesodidymus, which
might be indicated thus:

Finally, if the cleavage of both growing points happens very early,
two parallel primitive streaks are developed side by side, giving rise
to fusional duplication, thus:

a figure which differs from anakatadidymus in that the trunk has
two complete longitudinal axes and the skeletal parts of two complete
trunks.

There follows a large class of double monsters, to which the last-
named division is the key; first of all, a complete cleavage has occurred,
and a secondary fusion has been brought about between the parts of

Fra. 19 Fia. 20

Apieopalar fusion: disymmetrical Janiceps (Cephalothoracopagus disymmetros (Schwalbe's easc).
The two secondary front or fncial aspects are absolutely similar,

the body which are contiguous; the figure last given indicates the
“Siamese Twins” form, but it will be understood that there are many
possible modifications, as head to head, waist to waist, in an axial
direction, buttock to buttock, breast to breast, and so on. Some-
times the directions of growth, and interference of tissues with one
another lead to the suppression of certain organs; interesting as this
subject is, it is scarcely in place in this volume. Possibly the strangest
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of these monsters is the janiceps, in which, as one looks at the monster,
one sees a rather toad-like figure, with a face, two arms, and two legs;
if one walks around it one sees on the other side an exactly similar

Fia. 21

g, 22

Apicopolar fusion at an angle less (or greater) than 180 degrees.  Monosymmetrical Janiceps
{Cephalothoracopagus monosymmetros) (Vrolik's case): Fig. 21, the perfect secondary front view
Fig. 22, the defective secondary front view, with synotia (fusion of ears).

face, two arms, and two legs (Figs. 19 and 20). It is to be noted that
such fused monsters may be equal, or unequal, in size, until the
inequality becomes so marked that one has its frame “parasitic” upon
the other, the so-called teratoid.
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Duplication of Organs.—Just as there is cleavage of the axial grow-
ing points there may be cleavage, also, of the secondary growing points,
which ordinarily give rise to the limbs, so that abnormalities of these
arise.

These abnormalities of excess may arise in (1) longitudinal series and
(2) lateral series. Excess in longitudinal series is shown by the develop-
ment of extra vertebrse, or extra ribs; extra vertebrze need not have

extra ribs nor need extra ribs arise from

Fia. 23 extra vertebrie; the ribs even may show

i excess in lateral series, when for example,

the sternal end is bifid. Excess in lateral
series 1s oftenest exemplified by polydac-
tyly, in all grades from a double nail to
an accessory digit; polyvmastia (increased
numher of breasts), and duplication of
internal organs are familiar examples of
this abnormality.  Accessory organs
may exist by true duplication, but more

Thoracic parasite (Gastrothoracopagus Cyeclops proper, with median single orbit and pupil.
paragiticus). (Wirtensohn.) {After Ahlfeld.)

often this is due to segregation of certain cells from the rest of the
organ, which develop in some situation often quite remote from the
original organ. The spleen and the adrenal furnish the most frequent
examples of this.

Abnormalities of Defect.—Just as giantism is the expression of a
general abnormality of excess, dwarfism is that of a general abnormality
of defect. The minimum height of normal may be given as 4 feet,
11 inches, below which there will be a number of individuals who are
dwarfs by the operation of the law of chance. As with giantism, so
with dwarfism, inherited disturbances of some of the ductless glands
appear to be factors in the production of a certain number of cases.

Defect in Organs or Special Regions.— This may be due to (1) hypo-
plasia, where an organ is small merely by relative poverty of the amount
of matrix set apart for that organ; or to (2) polar hypogenesis, which
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is the opposite of dichotomy. Just as excess at the growing point is
manifested by a dichotomy, and the existence of two growing points,

Fio. 25

A B

Diagram to illustrate mode of production of polar hypogenesis: A, the normal development of
the apical portion of the organizm, the daughter cells given off by the growing point controlling the
development of the apical parts of the body; B, premature ¢xhaustion of the growing point cells,
those controlling segments I and fF not being developed. As a consequence, segments JIf meet in
the middle line.

instead of one, so defect at the growing point
may result in cessation of its growth, a pre-
mature dying out of growth; at the superior
pole, if the growing point die out, and the cells
behind are constantly pushing it forward, and
there 1s no new growth of cells in the mddle
to keep the lateral parts away from one
another, they never leave their state of ap-
proximation, and it may thus happen that
two eyes may develop as one (eyclops), or even
that no facial parts may develop at all.

Similarly, at the inferior pole we may find
a series of defects, which in its simplest form
15 seen as defect or absence of genitalia, and
in its more extreme grades, fusion of the
lower limbs or even the representation of the
lower limbs by a fused footless stump (sympus
apus). By a similar defect in lateral growing = o
points, arises syndactyly (fusion of fingers) or Férster.)
reduction in the number of digits.

Local Malformations.—Imperfect Closure of the Dorsal Groove.—
The neural ecanal originates as a longitudinal depression in the epiblast,
the epiblast lining the depression being differentiated into neuroblast,
which 1s the precursor of the nerve tissue. When the heaped-up edges
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of this depression meet one another they enclose the neural canal,
as if the banks of a ditch overhung it more and more until they met
over it. At times, this closure fails, either throughout the whole length
or in some part of it. If the failure to close be at the head, the vault
of the skull and the scalp are absent, and there is exposed congested
tissue which appears like a mass of vascular membranes. This con-
stitutes anencephaly, acrania, or hemicephaly. It has been supposed
that pressure upon the head by amniotic adhesions at an early period
causes some of these cases; parental infection in others is the basis
for this vicious development. With such cranial defect there is often
associated a failure in the closure of the spinal canal proper—the
so-called spina bifida. Exencephaly is the condition in which, while
the frontal region of the skull may be developed, though receding, the
imperfect brain hangs out through the back of the skull. In iniencephaly
the oceipital bone is deficient and the spine bifid, so that part of the
brain projects while the occiput and the sacrum are approximated,
the body being bent backward.

When the lamine of vertebrse fail to unite the condition is called
spina bifida; clinmeally, the important point in this 1s to know to what
extent the spinal cord is involved in the defect. Cases of spina bifida
may be classified as follows:

1. Complete Spina Bifida.—Here the groove fails to close and the
superficial layer of nerve tissue is continuous with the skin on each
side, lying as a broad plate. If only a small part of the canal be thus
open, the condition is compatible with life until the canal becomes
infected or until so much fluid is drained away that the child dies.

2. Imcomplete Spina Bifida.—Here there is failure of the bony struc-
tures, but the skin covers the protrusion or the gap. This form is
classified as meningocele, myelocele, meningomyelocele, syringo-
myelocele, and the least serious form known as spina bifida occulta.
The definition of these forms may be left with surgical text-books.

Imperfect Closure of the Anterior Body Surface.—The embryo is at
first flat, spread out over the surface of the ovum, and with time the
edges curve in to meet, forming the body cavity. For some time this
closure does not take place and the viscera actually protrude, as does
the allantois. The union ultimately may be incomplete, and according
to the region in which failure oceurs, we have:

1. Sternal Fissure.—1f the defect of closure be complete the thoracie
viscera protrude; if the lungs do so, they cannot expand, and birth
1s death. If the heart alone be left exposed, ectopia cordis results.

2. Abdominal Fissure.—This causes eventration, the protrusion of
the viscera.

3. Hernia of the Umbilical Cord—An incomplete closure of the
wall at the umbilicus may result in the proximal part of the cord being
enlarged to receive a portion of the viscera. A condition not unlike
this arises when the omphalomesenterie duet, which originally connects
the gut and the volk sae, remains open.
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4. Vesicogenital Fissure.—The allantois develops from the hind gut
and runs through the umbilical region; the part nearest the urogenital
sinus widens into the bladder, and the part distal to this closes, and
extends as a cord (urachus) to the umbilicus, The urachus may fail
to close, and may remain as a tube; the bladder may fail to close,
constituting ectopia vesicee. Associated or not with this, the urethra
may fail to close, constituting epispadias.

Fia. 27

Development of the face of the human embryo (His): A, embryo of about twenty-nine days,
The nasofrontal plate differentisting into processus globulares, toward which the moxillary processes
of first visceral arch are extending; F, embryo of about thirty-four days; the globular, lateral frontal,
and maxillary processes are in apposition; the primitive opening is now better defined; €, embryo
of about the sighth week: immediate houndaries of mouth are more definite and the nasal orifices
are partly formed, external ear appearing, D, embryo at end of second month. (Heisler.)

Imperfect Closure of the Facial Clefts.—The accompanying diagram
will remind the reader of the different fusions that occur, with obliter-
ation of clefts, when the face is formed. When the fusion of these
apposing surfaces is inhibited totally or in part, we have produced the
features of an earlier developmental stage. Of such failures, harelip in
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its various degrees, with the accompanying palatal malformations, is
the one of most clinical interest. In its simplest form, harelip affects
only one side of the upper lip; a severer form is that in which, in addi-
tion, there 1s a lack of union between the maxillary process and the
intermaxillary bone extending into the hard or the hard and soft palate
—cleft palate—or this may oceur on both sides—double cleft palate; or
the intermaxillary bone may be wanting—inedian cleft palate; or exter-
nally, the cleft may extend along the side of the nose to the orbit.

Imperfect Closure of the Branchial Cleits.—In the embryvo the second
and lower branchial clefts pass from the outside into what ultimately
will be the pharynx. If one of these do not close at all, a complete
fistula remains: if it close at the end, a sinus is made, and if it close
at both ends a evst; if the cyst be formed from the part of the cleft
nearer the skin, its epithelial lining is squamous, if from the pharyngeal
end, columnar and even ciliated. The Eustachian tube is the first
of these clefts, of which there are five; the second is the one which
oftenest persists.

Rectal Malformations.— T'he embryonic cloaca in the course of develop-
ment is transformed into certain external genitalia and the rectum.
[f the separation between the genital and the rectal parts do not oceur,
we have the condition of persistent cloaca; if it occur only partially,
a fistula is formed, the cavity of the rectum communicating with some
part of the genito-urinary tract, such as the vagina, the bladder or
the urethra. Also, the septum between the hind gut and the outside
may not be broken down, and the condition of atresia ani or imperforate
anus may result. There are various grades of this, according to the
distance from the surface at which the end of the hind-gut lies.

Hermaphroditism. — The matrix tissue (anlage) of the genitalia
remains the same in the two sexes up to the fifth week, and alike strue-
tures become transformed into the apparently widely differing organs
found in the two sexes. lZach part of the male tract has thus an analogue
in the female. It is not so strange that cases of blended sex should
occur, as that they should oceur so rarely.

True Hermaphroditism.—This is very rare; there may be an ovary
on one side and a testis on the other, or both on one side, and either
or neither on the other, or finally, both on each side. The secondary
sexual characters (the conformation of the body and its parts) are mixed.

False Hermaphroditism.—This i1s far more common than the former.
In it the genitalia are actually of one or the other tyvpe, but the second-
ary characters are those of the sex other than that te which the
genitalia belong.  The male individual with feminine characteristices
15 the more common of these (pseudohermaphrodismus masculinus).

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
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eause disease, or injurious substances, living or dead, may be introduced
into the system. The agents which thus produce disease are:

1. Mechanical inducing “trauma.”

2. Physical —under which ean be ineluded:

(a) Alterations in the pressure of the atmosphere, including both
diminution and inerease.

(b) Alterations in temperature, local and general, including both
heightened and lowered temperature.

(¢) 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, elothing, dwelling, oceupation,
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 () the
main effects of vitiation of the atmosphere by various gases, and (¢)
the main deleterious effects of improper food, as again, to some extent,
the deleterious effects of certain occupations.

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

(a) Minute vegetable parasites—bacteria and fungi.

(b) Minute animal parasites—sporozoa, amoeebee, etc.

(¢) 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 foree
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.
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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 hem;__, 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
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 veloeity 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 eauses, 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 t:unc'erned forcing
cells asunder from cells. The d151ntegrat1on 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-
duection 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
body 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 hable to suffer.
The effect of the gradual pressure exerted by tumors upon neighboring
organs causing poor nutrition in them is well known.
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6. Distention.—The principle here i1s the same as in the last case;
a familiar example 1s the destruction of renal tissue in hydronephrosis,
where the increasing urine acts as the distending force, until the kidney
becomes a large thin-walled eyst.

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
the atmospheric pressure is greatly increased, as in caissons, there is
a greatly inereased amount of air taken up. As in a soda-water bottle
the greater the atmospherie pressure to which a fluid is subjected the
oreater 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 is exposed to ordinary atmospherie pressure, much
of the nitrogen so taken up is suddenly liberated in the form of dis-
crete bubbles which may mechanically interfere with the ecirculation
in the capillaries. The oxygen of the air, it may be added, has become
fixed in the tissues.

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 oceur,
the high temperature at once becomes effective upon the body 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
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 vet 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
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affected by the a-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
course, without there being any sensation of heat. Such action we do
not yet understand. 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 acenmulation of body heat in eonditions where proper loss of
heat from the body is prevented.

The absence of hight 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, do 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 alternate; it seems that
the former produces less nervous and muscular excitation than the
latter. The constant current of considerable strength ecan produce
decomposition of the tissues in the neighborhood of the negative pole,
apparently just as it produces electrolysis of water and other fluids.
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 case 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 begun at once and perssted 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.— Under this heading are included all those causes
in which a direet 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 caustie, or of a more indirect effect by which the cells,
although not destroyed, have their funetions disturbed. Any solid,
liquid or gas which is capable of being incorporated with the body
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 causties, 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 ecells by reason of being
icorporated with body fluids and exerting their influence upon cells
anywhere in the body, even at a distance from the point of first contact,
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Intoxication is the process by which such indireet 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
1s 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 1s essential to existence, and constitutes
70 per cent. of the body weight; if it be introduced into the tissues
above 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
potson. '

Poisons may be at once divided into two groups, exogenous, arising
outside the system, and endogenous, arising within. In defining what
15 exogenous and what 1s endogenous, we must be careful; food material
in the alimentary canal has not vet become a part of the organism,
and 1s as vet external to the lining epithelium of the body; vet many
wrongly speak of the absorption of decomposition products of it as
auto-intoxieation,' 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:

I. Exogenous Intoxications.

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

2. Parasitic.—(a) Parasitie 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.

II. Endogenous Intoxications.— Of pure type; auto-intoxications
pr{}I}['IIZ

1. I'mternal secrefory, intoxications due to altered internal seeretions
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.

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

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

EXOGENOUS INTOXICATIONS-—NON-PARASITIC

Foreign substances entering the body or absorbed by it aet (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
hydrocyvanic aeid 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 sort 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: () Immediate, e. g., hydro-
evanie acid; (b) not immediate, e. g., hypnotics and sedatives.

2. Those causing increase of cell activity followed by diminution
of funection, e. g., d]{'lillﬂl, aldehvdes, atropine, ete.

3. Those causing increase of activity, followed by exhaustion and
at times disintegration; e. g., str;:clmme, 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: J’uml:mn, apomorphine.

3. The spinal eord: Strychnine, brucine, quinine, thebaine, salts
Uf I]f}ttl‘.‘:h“]“] -I.i'HI :I.I]'II]I”IHIII[L
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4. Peripheral nerves: Ether, chloroform, carbon dioxide (altering
electromobility), diphtheria toxin, and, possibly, lead and aleohol.

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 cerehro-
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
yvet 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 1s supposed, too, that certain poisons produce definite effects
upon unstriated muscle, and 1t 1s 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 is considered to stimulate
unstriped musecle to contract. Adrenalin and barium chloride seem to
cause the muscle of the arterioles to contract. These points still require
complete verification. =

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

1. Hemolytics (IHemoclasties).—The destruction of many blood
corpuscles may be brought about by physical means, such as altering
the tonicity of the plasma by the injection of water, or by freezing or
by thawing. Some drugs, such as saponin, abrin, and ricin are effective,
and many bacterial toxins and animal venoms. Also dangerous to the
body, though without there necessarily being hemolysis, are those
stable combinations of hemoglobin with carbon monoxide, carbon
dioxide, eyanogen, and the cvanates which prevent the proper absorp-
tion of oxygen and carbon dioxide in the normal process of respiration,
and so eause asphyxia.

2. Leukolytics.— There are some poizons which ean cause destruc-
tion of white blood corpusecles, but one must be careful to note that
lenkopenia (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 destruc-
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 lenko-
eytosis, which is, again, at first not so much due to regeneration as to
redistribution.

6
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Poisons Acting on the Organs of Circulation.—P’oisons may affect
(1) the heart, or (2) the vessels, particularly the arterioles, or (3) the
nerve centres that control the cardiae mechanism; it 1s extremely difhi-
cult for the observer to know which of these is being acted upon the
most, beeause their relationship in funection 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 aleohol in sufficient doses
can cause stoppage in diastole—which last i1s 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 paralvsis 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
heart. 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 kidnewvs,
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 vasodilatation.

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 subeutaneously. 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; introduced into the bowel it causes abundant,
watery evacuations.

Poisons Acting in the Mouth.—All the poisons which cause increase
or diminution of salivary seecretion require first to be absorbed, and
their action 1s thus reflex.

Poisons Acting upon the Stomach. Vomiting is a process in which
the nervous svstem is dominant whether the impulses be originated
from the medulla or upon 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
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absorption and modification, and (2) the discharge of excessive secre-
tion from the mucosa of the intestine. The first of these i1s due to
increased peristalsis Croton oil produces this direetly; 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.

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
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 uremie uleers undoubtedly are.
Uleerations 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
the toxins of the alimentary tract and the body. By its site at the
head of the portal system it comes in contact with, neutralizes or elimi-
nates the toxins that load 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 sodium introduced into the circulation
entered the bile one minute later, and must have gone in directly by
the arterial supply. In the case of the liver, then, we are dealing with
the effect of toxins directly upon the tissue. The various poisons with
which the liver has specially to deal, and which are, therefore, prone
to cause damage to 1t, may be grouped as follows:

1. Metals and metallic salts, phosphorus, arsenie, lead, mercury,
and copper. After ingestion, upon analysis, these substances will
be found in greater quantity in the liver than elsewhere; and as they
are excreted in the bile they are in part again absorbed by the bowel,
and carried once more to the liver.

3. The toxic products of digestion, indol, skatol, and the toxins
from bacterial growth in the bowel. 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
ot 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 (hemolyz=is).
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.
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Poisons Acting upon the Kidneys. —The general statement just
made, that the organ whose duty it is to handle toxins 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 evinee a
distinct predilection for these organs.

EXOGENOUS INTOXICATIONS—PARASITIC CAUBSES

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 (strietly owufside the body tissues), and the toxins
manufactured by it are absorbed. By far the most, however, are
intoxications caused by parasites living within the tissues.

Bacteria as Causes of Disease.— Bacteria are the most minute
forms of vegetable life, some of them too small to be seen by the micro-
scope; they seem of uniform consistence, have no nucleus, do not con-
jugate, but multiply by fission; some are motile, by means of flagella,
and some have a resting stage of distinet character—the spore; accord-
ing to their shape, for purposes of desecription, they are separated into
the spherical or bluntly oval cocei, the rod-like baeilli, and the spiral
or curved-in-more-than-one-plane spirilla.

Bacteria grow between widely separated limits of temperature, and
i 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 (agrobes);
many can exist also in the complete or almost complete absence of
free oxvgen (facultative anaérobes); some can grow only in the absence
of free oxvegen (obligatory anaérobes), 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 distinetive power possessed
by a species may at times be changed, so that bacteria in a proteid medinm,
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. Most
important of all, the pathogenic bacteria produce toxins, substances
that exert a polsonous action upon other living things.
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Having in view this power of producing toxins, bacteria are divisible
into three groups:

1. The non-toxic.

2. Those ordinarily incapable of multiplyving within the tissues,
but 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. Here 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)
and there setting 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
15 that condition in which in addition to the intoxication, the bacteria
themselves are in the tissues, and are multiplying there.

Toxins.—The term toxin is used somewhat laxly to indicate the
poisons which owe their existence to the bacteria; but this does not
mean that they are necessarily manufactured by the bacteria. An
example will make clearer this statement. In diphtheria a highly
toxie albumose 1s found abundantly in the spleen and other tissues,
but very little is to be found in the membrane in the throat. The
membrane is toxic enough, it 1s true; the mode of happening i1s, probably,
that an enzyme manufactured by the baecilli, and present in the mem-
brane, diffuses out and acts upon proteid substances, which become
converted into toxic albumoses; these it 1s which constitute the poisons
of the disease. This idea we would emphasize, viz., that in many
cases at least, the bacterial product is an enzyme which i1s not itself
the real toxin, but by acting on proteid materials produces out of them
the active toxic substances. It isonly right to say that this view 1s not
vet universally accepted, but there is much reasonableness in it. Like
enzymes, very small quantities of the primary toxin suffice to produce
maximal disturbances; action is not immediate and is cumulative. The
primary toxins, too, are precipitated like enzymes, are thermolabile, are
rendered inert by temperatures of 56° to 60° C., and they diffuse slowly.

The discharge of toxin in the active metabolism of some pathogenic
bacteria is very small in amount. If ecultivated outside the body,
these organisms set free but little toxic material; but if the bacterial
bodies are broken up, toxin is set free in adeguate amount. Such
toxins are evidently truly intracellular, and are directly comparable
to intracellular enzymes that have been discovered in tissue cells. We
thus divide the pathogenic bacteria into (1) the endotoxie, such
organisms as those of typhoid, tuberculosis, cholera, ete., and (2) the
ectotoxic, under which are included the h. diphtherie, the b. tetani,
b. pyocyaneus, b. botulinus of meat poisoning, etc.
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The Normal Defences of the Organism.—It is necessary to consider
the wavs in which bacteria gain entrance to the tissue, and the means
possessed by the body of defending itself against them. The human
body 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 eovering 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,
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 mueus in the mouth, the respiratory traect,
the alimentary tract, and the female genital tract, while 1t 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 cihated 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 i1s 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 gastric 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. 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
hodies, 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 drachms.
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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 reflected
by the pharyngeal surface i1s very thoroughly purified before it reaches
the trachea, and in health the expired air is again relatively free
from organisms. It has been pointed out that the varying ecaliber
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 ensuring the arrest of solid 'p:-lrilt les. The
par‘tl{'Ies that ]urigv on the 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 s0 on. Among
them there are sure to be many that are a menace to the individual,
and 1t is for the disposal of these, in part, that nature has provided
50 large a mass of lymph tissue in the neighborhood of the upper respira-
tory tract. Between the level of the roof of the pharynx and the top
of the sternum there are very numerous collections 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 i1s 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 muecus
and saliva, in which they lie, being carried toward the entrance by the
cilia of the epithelium lining the tract.

4, Protection by Leukocytes.— On mucous surfaces there are fre-
quently free leukocytes that have wandered from the blood stream
between the superficial cells. These engulf particles of dust, bacteria,
etc., and wander back with them into the tissues. Apart from the
digestant or solvent effects of the eytoplasm of the leukocyte upon
its eaptive, the foreign body is thus imprisoned, and for the time being
not eapable of doing hurt to the body. No commonwealth fears very
greatly eriminals or other enemies, if each eriminal is handeuffed 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 leukocyte or if the leukocyte
be 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, therefore, constantly finding their way
into the tissues, but under such ecircumstances 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 searcely credible that the absorption of so many
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and various substances from the bowel cavity takes place without there
being 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 mesenterie and retroperitoneal
lvmph nodes; and third, the liver itself. Finally, bacteria which escape
these may become free in the blood, and although we have hitherto
sald nothing of the bactericidal property which the blood and the
body fluids possess, vet these are of the very first importance.

The impression is widespread that the systemic blood is sterile, but
this 1s probably only relatively true. Ewvidence seems to indicate
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
leukoeytes; 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 pathogenie, 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 leukoeytes 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
15 because some attenuated, half-killed, or uninjured baecteria, 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 forees. 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 microscopie seetions 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:
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1. Traumatic Seolution 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 1s most important. The result 1s familiar to everyone who has
seen an infected wound. Let us follow the process in a wound of the
skin; lving deep down in the layers of the skin, and 1n hair follicles,
is the Staphylocoeeus epidermidis albus—perhaps an attenuated form
of the ordinary Ht‘l}l]l\]l)(u(‘ﬂll‘* but leading 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
cannot live within the tissues, has power to grow, to increase its viru-
lence and to break down the tissues already weakened by the trauma
of the knife cut. This is the genesis of “stitch-hole” 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 15 a good result following
a tragic affair; we would not IE"-:HE‘]I for an instant, the mental effect
of such cases, but we cannot refrain from lmllfratmg the method in
which such an aceident may oceur.

2. Alteration of the Surface Discharges and Secretions.—When in a
fever the salivary secretion is lessened, the mouth becomes foul and
bacteria 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 prm'itled a suitable medium for
growth of the bacteria in the damaged tissue and an entrance into the
body. Similarly in the bowel, if an obstruction oceur, the bacteria
in the contents above the obstruction multiply, give off increased toxic
produets, and rapidly inerease in virulence, an observation that is
readily verified by experiment.

5. 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
in rhenmatic fever is aspirated and a coccus is cultivated therefrom.
This is clearly a case of eryptogenie infection. Why, then, if bacteria
are in the ecirculating 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
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as one swallow does not make a summer, one bacterium does not make
an infection. An organism, earried into the tissues or the blood stream
by a leukoeyte, unless it be exceedingly virulent, can hardly set up an
infection, because the tissues, if not the leukoeyte, are able to over-
come it. We suppose that a number of associated eircumstances 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 becomes exhausted, and probably
(4) lowered vitality of the tissue at this area before the baecteria were
introduced. 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 (2. 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 eyele 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
15 now a useless one, since we know that it was not the “ contact” that
made 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 tim 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 cholers and the Baecillus
typhosus, are liable to gain entrance by the intestinal tract in food or
drink; similarly, any bacteria which, though not able to proliferate
in the water or in milk, vet gain entrance to such supply, and are in-
gested 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 baecteria, as oceurs, 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
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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.

The Virulence of Bacteria.—The virulence of a bacterium is measured
by the amount and the quality of the toxie substances it liberates
either in its growth or in its disintegration, for there are bacteria which
keep their toxins shut up in their bodies (endotoxins), to be set free
only when the body breaks up. These toxic substances—united under
the term “toxins’—are the protective substances of the bacterial
body, comparable to the protective substances of the animal body.
From what has been said previously, it will be inferred that virulence
depends upon three variable factors—the quality and the amount of
toxins 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
toxins, some of which are common to all the members of that group
of allied species; vet others are specific for each member of the group.
With reference to the second statement, 1t 1s necessary only to men-
tion the gonococcus which iz 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
concerned. 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 in a very short time, so that a much
smaller dose will cause disease in a much shorter time than was at first
the ease. 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 antiseptie substances and
increased atmospheric pressure. It may be broadly stated, that for
hacteria 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 pathogenie impor-
tance are sundry hyphomyecetes, and blastomyceetes, 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 coeei, 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 ti'-i“-;l.li.“'-':, exhibits only the
rounded, budding form, although when grown in media outside the
body i1t develops distinct hyphese. Intermediate between these and

the baecteria proper are the so-called streptothrice, 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 baecilli, unlike those baeilli,
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 traet, 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
organisms of ring-worm, favus, pityriasis, thrush, and aspergillosis.

“Yeasts” or blastomycetes may be found multiplying within the
stomach and urinary bladder, there showing no tendeney 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 hody. The most serious local and generalized lesions
are set up by members of the intermediate group which cause lesions
of a tubercular nature resembling in many respects those induced by
the tubercle bacillus. .

Filtrable Viruses.— In passing we may note that quite a number of
diseases are now regarded, where they have not been surely proved,
as being due to the growth within the tissues of forms so minute that
they cannot be seen under the microscope save as minute specks, which
further are so small that the v pass through the pores of a Pasteur or
Berkefeld filter. Of these diseases we may mention yvellow fever,
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pleuropneumonia of cattle, vaceinia, searlet fever, and probably measles.
It is possible that here we deal with ultramicroscopic organisms of
more than one order. Thus, the carriage of yellow fever by mosquitoes
suggests that this disease is cansed by an organism of protozoan nature,
while, on the other hand, recent researches upon the cultivation of the
organism of bovine pleuropneumonia indicate that this is allied to the
schizomycetes.

PROTOZOAN PARASITES AS CAUSES OF DISEASE

There are certain parasites belonging to the division of the protozoa
which can ecause disease in man; these belong to different orders of
protozoa; thus, for example, the entamceba 1s one of the sarcodinie,
the trypanosome of the flagellata, the malaria 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 toxins by the protozoa is so
slight and the toxins are of so low an order that it has not yet been
possible to develop antitoxing or passive immunity by experimental
means. IHere certain possible exceptions must be noted. There is
now no doubt that the Treponema pallidum (Spirocheta pallida) is
the causative agent in syphilis, a disease exhibiting a well-marked
immunity. The balance of evidence at the present moment seems to
be in favor of regarding this as an animal form, although there are
those who hold that it is more nearly allied to the bacteria. So also
protozoa have been deseribed as the causative agents in smallpox
and vaccinia, two disorders prvwlmng remarkably well-defined 1mmu-
nity. There i 15, however, increasing consensus of opinion that these
disturbances, along with scarlet fever, are induced by members of the
group of ultra-microscopic microbes.

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 Sarcodinize.—Entameeba.— The FEntamaba histolytica® is a
motile mass of protoplasm with a nucleus and a contractile vacuole,
which in appearance is identical with the ameeba that inhabits ponds
of stagnant water. They are not, however, the same species. The
entameceba 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 baeteria, which constitute a secondary
infeetion. The entameebm are carried to the liver, where they often

! Recent workers, following Schaudinn, make a distinetion between the entamaha

colt, a normal harmless inhabitant of the lower bowel, and the enfamaba histolytica,
the causative agent in tropical dysentery.
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set up abscesses. In the colon the entamcebie are found in a round,
encysted state, with the development of spores which in turn form
new entameebee, It is not known if these develop entirely extracellular,
or if they enter into cells for their development, nor is it known that
there is a toxin produced by the organism; the remote toxic effects
seen in amaebic dysentery may be due to the secondary infection, or
to the effeets of cell disintegration.

Fra. 28

Schematic hife evele of the Entomeba histelytica: 1, the adult ammeba with nucleus (n) and
contractile vacuole (¢); 2, the same, multiplying by amitotic division; 3, appearance of chromidial
granules in evtoplasm, which enlarge and become the spores in 4; these spores become discharged
or liberated (5) and develop (6, 7, 8) into the adult amomba, or (9) under other conditions the amoxba
passes into an encysted stage.  (After E. L. Walker.)

Order Flagellata.—Of these, the trypanosome is the most important
type. This 1s an elongated, spindle-shaped parasite, with an undu-
lating membrane along one side, which is connected at the head end
with a refractile granule, the micronuelens, and beyond the tail end is
elongated into a flagellum. There is a nucleus, and sometimes a con-
tractile vacuole; multiplication occurs by longitudinal division. The
dimensions of this protozoan may reach 30 or even 50 g, with a breadth
of 2 or3 u; and in freshly drawn blood it may be seen lashing to and fro
in the field among the blood corpuseles like a wounded snake among dry
leaves.

[ts 1mportance 1s great. Civilization might overlook the 30,000
blacks who are estimated as the annual vietims of sleeping sickness in
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West and Central Africa from T. gambiense, but deplores the millions
of dollars annually lost from 1. evansz, and T'. brucei infecting horses
and cattle. The forms of disease so caused are surra in Assam, India,
and the Philippines; n’gana or tse-tse 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. The
so-called Donovan-Leishman bodies found in the enlarged spleen in
kala-azar, or dumdum fever of man, have heen proved to be a stage
of a trypanosome, as is the allied body found in the sores known
variously as Delhi boil, Aleppo button, ete.

Fra. 20

e

Wl x

Trypanceomes (T. gambienze) from the blood in sleeping sickness. = 2000,

So far as 1s yet known simple longitudinal fission is the only mode
of multiplication; only this mode has been seen in trypanosomes grown
in media, but it is quite possible, even probable, that other stages in
the life eycle do exist. Without dealing at length with the evidence
that already exists in favor of this view, it may be said that in Halter-
idium, a parasite found in the blood of the owl, a free trypanosome
form has been found in the fluid part of the blood, and an ameeboid,
non-flagellate form in the corpuscles. 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 insects. Tse-tse fly disease, which a quarter
of a century ago invested this insect with all the fatality and mystery
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of a medizeval dragon, is conveved by Glossina morsitans, sleeping sick-
ness by Glossina palpalis—both flies of the “horse fly” type. These
take the trypanosomes into the stomach, whence they reach the tissues
and are discharged with the fluid lubricating the mouth parts into the
flesh bitten by the fly. No experimental means have vet demonstrated
the presence of toxins, and the symptoms are angemia, moderate fever,
the existence of cedemas, depression of cerebral activity and, finally,
coma.

Other flagellata—the trichomonas and megastoma—are found in
the intestine, but the cases in which they have been proved to be
associated with disease are distinetly rare.

Fia. 30

Glossina palpalis { % 33), the carrier of the trypanosome of sleeping sickness.,

Order Sporozoa.— T'hese organisms are characteristically 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 into small ameeboid forms, which enter
other cells and repeat this asexual process. But a sexual eyele also exists,
especially in the process of transmission from host to host, and this sexual
evele 1s earried out in the body of the earrier, 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 cycle oceurs in the body of the mosquito, the
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sporozoites, the products of the sexual cyele, being introduced into
another human host with the proboseis of the mosquito, there to enter
once more into a series of asexual cycles. Transmission by insects,
though the most frequent, is not the only mode of transmission of
sporozoa, for coceidia enter the digestive tract, and others supposedly
by the respiratory tract.

Hematosporidia.— 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:

1. The disease is transmitted by the Anopheles mosquito, and is
endemic or epidemic only where these are.

2. The Anopheles lays its eggs in still water, and the larvee are
aquatic; the mosquito does not travel far, save with high winds, and
malaria 1s thus largely confined to the neighborhood of swampy or
badly drained regions.

3. The Anopheles does not bite in broad daylight. Infeetion, there-
fore, oecurs in the evening or at night.

4. The asexual cyele 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
periodie chills and fever coincide with the maturation and sporulation
of the parasite, the damage being probably wrought by the liberation
of cell debris and pigment rather than by any specific toxin of the
parasite itself.

5. The eell debris and pigment so liberated are carried to the spleen
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 reanfection does not oceur the disease gradually passes
off; young children seem relatively resistant to the disease. Yet it
appears that the parasite may lie latent in the tissues for long periods
and then become active again; clinical experience seems to show this
especially in the case of the estivo-autumnal type.

Other sporozoa are unimportant, so far as the human race is con-
cerned. But it must be pointed out that forms very like stages in
the sporozoan life-cycles have been found in the cells in vaecinia, small-
pox, and scarlet fever. The relation of these to the diseases in which
they are found is not yet clear. Pathologists, in general, are doubtful
whether they are of protozoan nature. Bodies of a supposedly sporo-
zoan nature have been from time to time demonstrated in the cells
of malignant growths, especially cancer, but the idea most prevalent
at present is that these are not sporozoa, but that they arise by
degeneration of eytoplasm or of nuclei.

Order Ciliate Infusoria.—The Balantidium coli is found in the
alimentary canal, associated with inflammation of the colon, but its
causative relation is not, as yet, definitely proved.

7
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Spirochetes.— (Great interest has centred of late upon the spirochetes,
organisms causing European and African relapsing fever, certain diseases
of geese and other hirds (spirillosis), frambeesia (or yaws), and syphilis.
These organisms are minute, elongated spiral bodies, differing from
spirilla proper, morphologically, in the absence of terminal flagella,
these being replaced by a gradual tapering of both extremities. They
are actively motile with a corkscrew-like motion. There is still some

Fia. 31

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

uncertainty as to their mode of division, there being positive observa-
tions that this is longitudinal, but this does not wholly exclude the
statement, by other equally competent observers, that transverse division
obtains. 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 eattle, to trypanroth, and the
organism of malaria toward quinine, as to weigh down the scale in favor
of their protozoan relationships.

METAZOAN PARASITES A5 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 I'nsecta 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
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Fig. 1.—Tertian Malarial Plasmodium.

1. Hyaline form. 7. Segmenting forms. 9, Non-flagellate form. (Maero-
2. Pigmented ring form. 8. Flagellate form. (Microga- SABATLNLS:]
3 to 6, Pigmented forms. metocyte. ) 10 Segmenting form after de-

struction of red corpusele.

Fig. 2.—Quartan Malarial Plazsmodium.

1. Hyaling form. g, l'i-ci:luuhtir'ri; form  after the 9. Flagellate form, (Microga-
2 to 5. Pigmented forms, illl:ilrl.lcl:mn of red eorpus- metoeyie, )
o _ cle. Moo i
G and 7. Begmenting forms, 10. Non-flagellate form. (Macro
gamete, )

Fig. 8.—Tertian Astivo-autumnal Malarial Plasmodium.

1 and 4. Hyaline ring form, % Young intracorpuseular enes- 10, Flagellate form, (Microga-
¢ dand 7. Pigmented Fimge form, cent. metosvie. )
5 and 6, Pigmented forms, 9, Sermenting forms, il to 14, CUrescentic forms,

Fig. 4. —Quotidian Astivo-autumnal Malarial Plasmodiurm.

1tod. Hyaline ring forms. Some &. Segmenting form. Segmen- 10, 11, 13 and 15, Crescentic

cellz ghow infection with tation complete within in- forms,
more than one organism, fected red |'!||1|-n|iq’.‘.rJr|nl.-l3|u. 12, Owvold form.

5to 7. Pigmented forms. In 6 9. Flagellate form. (Microga- 14 Non-flagellate forms. (Ma-
one hyaline form. metoevie, )

crosamete, )
Nore.—Mark the larger size and greater amount of pigment in the tertian wstivo-autumnal plasmodiom
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METAZOAN PARASITES AS CAUSES OF DISEASE o

the simplest sort; some, as the tape-worm, dispense with an alimentary
tract and feed by absorption; their organs of locomotion need not be
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 enormous
reproductive capacity. Some of them are merely animated masses of
reproductive glands, the quantity of ova being 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 that 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 capahility 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, 13 brought about in several
different ways, as:

1. Displacement or Pressure Due to the Presence of the Parasite.—
Although this i1s in general negligible, a Filaria nocturne may block
a lymph vessel and cause elephantiasis of a member. A eysticercus
in the brain may cause death, or the cyst 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 Trichine.

3. Destruction of Tissue.—This i1s 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 Trichocephalus 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 1s so slight as to be negligible.

5. Disturbance Caused by the Excretions of the Parasite.—It has heen
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
body juices of the parasites themselves are toxic, 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-
cytes 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,
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(. Nervous Irritation or Discomfort Brought About by the Presence of
the Parasites.— This refers mostly to the Insecta and Arachnide, and is
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 certain glands, such as the liver, with
external secretion, which form and discharge into the blood a further
secretion, having no or little connec-

Fia. 32 tion with the first. There are glands

like the thyroid which, having no
obvious secretion, and no duet, have
heen 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-
zymes, 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-

Cretin, male, aged twenty-one years, tions is yet f[‘:]gi['[lﬂlltﬂ.]‘:.’ and we are

(Bourneville and Bricon.) not able to ]ﬂ_"g.' l,’ll:}"i\’i'l g{:neral I'lllﬂﬁ,

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.

Disturbances Related to the Thyroid Secretion.— Deficient thyroid
secretion may show itself in the child as cretinism, or in the adult as
myxeedema, the latter 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 imhbecile;
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dentition 1s late, and the sexual organs and functions delayved and
imperfect; the stature is small, the limbs short and thick, the features
coarse and expressionless, _

Myxcedema developing in adult life has many similar features; there
is & muecoid cedema (hence the name) of the subeutaneous and other
tissues, gradually robbing the face of its expression; the features
hecome heavy, and the subcutaneous 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 symptoms may be set up by complete removal of
the thyroid gland. Thyroid extract can cure myxoedema, and eretinism
in the child, but requires to be given from time to time to prevent
recurrence. It 1s to be noted that in some eases of myxcedema and
cretinism, the thyroid, far from being absent, 1s 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 saes by air in emphy-
sema, so that the walls and the bloodvessels are compressed, with
resulting arrested absorption.

The opposite condition, clinieally, to myxcedema 1s 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, tachyeardia, tremors—features opposed in character
to those of myxeedema. The striking features of the disease are
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 myxcedematous patient. There 1s 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 ecalled the parathyroids, which histologically look not
unlike the immature thyroid. Their removal in animals is followed
by tetany, exophthalmos, rapid respiration, ete., which symptoms are
ameliorated or removed by the use of caleium salts. In many opera-
tions 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.

Disturbances Related to the Secretion of the Pituitary Body.— T'he
action of the pituitary body is related in some obscure way to that
of the thyroid. Acromegaly is a remarkable disease which arises in
connection with disturbed funetion of the anterior glandular part of
the pituitary body, supposedly in the direction of overactivity. The
disease is characterized by great enlargement of the members; the
maxillary bones become thick, the nose broadens, the lips, the ears
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and the eyelids enlarge, the hands and feet become big and clumsy.
The progress of the malady is slow, and the extract of the pituitary
body is of no benefit to the patient. The extract from the intermediate
and posterior portions of the pituitary body causes a rise of blood
pressure similar to, but more prolonged, than that of the extract of
the adrenal, and, in addition, induces a marked polyuria.

Disturbances Related to the Secretion of the Adrenal and of the Chromaffin
System.— The medulla of the adrenal, apparently the more important
part of the organ, is related embryologically to the sympathetic ganglia.
The extract of it (adrenin) leads to great inerease in blood pressure; it acts
directly on muscle, even if the nerve endings are degenerated. The
extract of the sympathetic ganglia has the same effect upon blood press-
ure, and the effect of adrenin upon a part 1s identical with the result of
stimulating the sympathetic fibres to that part. Both in the medulla
of the adrenal and in the sympathetic ganglia is to be found a remark-
able 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 wherever those cells
are present, adrenin or a body having like effect upon the arteriole
is also present. We use the term adrenin rather than adrenalin or
epinephrin hecause the latter are names of proprietary substances.

There are several pathological states which, acting upon and destroy-
ing the adrenal, give rise to the disease known as Addison’s disease.
It is characterized by great physical weakness, 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, 1t 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 (“the 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 seeretion is by no
means as clear as in the case of the male. “Heat” in castrated animals
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ean be produced by the injection of the ovarian extracts. Not only
do internal secretions of the testes and ovary affect sexual 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.— I'he Fafus
and the Mammary Gland.—1t 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 feetus. Watéry
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 flmd 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, finally,
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 1s 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
once more 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
inerease in the flow of pancreatic juice; this happens not because of
reflex nervous stimuli, but because of a chemical substance which 1s
secreted by the duodenum and carried by the blood to the pancreas.
If the mucosa of the duodenum is seraped off and an extract made
of it with hydrochlorie acid added, this extract, which has been called
secretin, if injected into the blood of a mammal, causes an abundant
secretion of pancreatie juice. In a somewhat similar way the secre-
tion of pyloric glands stimulates certain glands in the eardiac 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
after another, each of which secretions can, if absorbed by the blood,
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excite to secretion some neighboring part of the tract. Of diseased
conditions of the tract due to absence or perversion of these seeretions,
we can as vet only conjecture.

Disturbance Related to the Internal Secretion of the Pancreas.—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 thv mmf les to properly handle earbohydrates.
We are able to say this much: (1) the normal pancreas furmbusec-r&hn
(2) the liver and muscle are tlm main seats of deposit and utilization
of carbohvdrates; (3) that, unassisted, they ecannot break down these
(‘;1rlmh;.1]r|tt* (4) that with help they can convert soluble carbo-
hydrates into insoluble glveogen and wvice versa; (5) that it 1s the
secretin of the pancreas which acts as a hormone and activates or
renders t'npahlv these tissues. This i-‘.:plaill'-: why the extirpation of the
pancreas in dogs leads to glycosuria, and w in‘ certain lesions of the
pancreas in the human being are followed by diabetes; but there
remain many cases of diabetes ‘that are not as vet at all ﬁhpllt’ﬁhﬁ&.

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
mmternal secretion, second, the substratum or substance on which 1t
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 supplyving the hormone, and it 15 conceivable
that in all three cases the symptoms might be the same. Further,
it deserves note that the work of the last few years is indicating that
the healthy state of the body is largely dependent upon the interaction
of the secretions of the ductless ;,I.md that, to a certain extent, one
ductless gland and its secretion can rﬂp]‘urt another. We have already
called attention to a certain parallelism between the functions of the
pituitary and those of the adrenal; but, also, several observers have
noted that atrophie disease or removal of the thyroid is followed by
distinet hypertrophy of the glandular portion of the pituitary. Pan-
creatic diabetes has been found assoeciated with hyperactivity of the
chromaffin system, and Addison’s disease with hyperplasia of the
thymus, We are not prepared as yet to explain what these data signify,
but they certainly support the view that there is much interdependence
hetween these organs.

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

The Resorption of Excretions.—There 1s 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-duet 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 exerete 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 1s re-absorbed by the lvmphatics 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 svmptoms can be set up by the experi-
mental injection of bile salts, although normally these bile salts are
re-absorbed 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 re-absorbed by reason of the obstruction of the pancreatic duet,
ean set up pancreatitis; while, if bile be absorbed by the pancreas
from a blockage of the Ampulla of Vater by a calculus, a yvet 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 i1s yvet unknown, though many different
ones have been suggested.

Disintegrative Intoxications.— Autolysis.—This is the process of self-
disintegration that tissues undergo; if, for example, liver tissue be
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 proteids. To illustrate this, one may take the fol-
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
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alkalinity has been neutralized by the production of carbon dioxide
and organic acids, such as lactic and butyric, 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 most 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 leukoeytes themselves,
but once liberated act also upon other tissues. This explains the
softening of septic infarcts, and of the outer zone of simple infarets,
into which areas great numbers of leukocytes migrate; it explains also
the softening and absorption of the exudate in a pneumonic lung.
The softening of a tissue by the effect of this leukocytic enzyme is
called heterolysis, as opposed to autolysis, where the cells themselves
supply the enzyme. But, to prevent this universal heterolysis wherever
there are leukoeyvtes, 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 vellow atrophy, phos-
phorus and arsenic poisoning, chloroform poisoning, and in the group
of cases characterized by pernicious vomiting (oftenest cases of preg-
naney). In these the end-produets found in autolysis are present,
viz., leucin, tyrosin, ete. The operative toxin has evidently destroyed
the cells without destroyving their ferments.

There is a partial explanation possible at this point of gangrene
as it occurs in diabetic cases. Acidosis, as it 15 called, i1s a condition
of heightened acidity or lessened alkalinity of the tissues, with the
production of acetonuria; such is frequently present in diabetes, and
this lessened alkalinity permits the occurrence of autolysis, although
the gangrene is probably precipitated by some active toxin.

Autolvsis 1s able to cause certain disturbances of body mechanism,
which can be classed as (1) disturbanees due to liberation and diffusion
of the enzymes, 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 leukocytes, with its accompanying heterolysis, such as happens in
the I'E‘-ﬂllltlﬁjll of pneumonmia or in empyema; albumoses appear also
when large tumors undergo softening or necrosis. Fever, too, as it
oceurs 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 toxic substances occurs. 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
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of ecases of nerve degeneration and softening, and it is suggested as
the cause of convulsions and other serious disturbances that happen
in these cases. (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
system, bodies not themselves toxic, but obstructive to the proper
activity of the tissues. At other times, although metabolism can
scarcely be said to be impaired, yvet the metabolites fail to be excreted,
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 uric 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 1s 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.

Uric acid 1s one of a group of substances called purin bodies, of all
of which, purin (C;H,N,) 1s 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 nueclein, which shows that they originate from the disintegra-
tion of nuclear 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
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 urie 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 ean convert guanin to xanthin by means of a ferment which has
been 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 faet, 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 alloxurie 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



108 THE CAUSES OF DISEASE

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 foodstufls, or endogenous from the body cells,
acted on by nuelease, vield (2) purin bases, which, acted on by quanase
or adenase, vield (3) xanthin and hypoxanthin, which, acted on by
an oxidase, vield (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 aecid that may be
derived from the same diet, and the importance of the action of certain
ferments that are constantly present in the bhody.

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

Cystinuria.— The appearance of eystin in the urine is an unimportant
matter, save that it may lead to caleulus 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.
Cywstin 1s 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, 1s due to the absence or deficiency of a specific
oxidase with the result that final oxidation of the aromatie constituents
of the protein molecule is imperfect. It, again, is unimportant clinically.

Obesity.— The accumulation of fat in the tissues i1s not a toxie mani-
festation, but follows an incomplete oxidation of the foodstuffs; when it
brings about impairment of locomotion, the oxidation process becomes
vet 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 carbohyvdrates, whose kata-
bolism yields fats, or to (2) inadequate combustion of the fats so
acquired. A given ecase 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 plethorie, obese man, who has no such deficiency, the explana-
tion is either overeating or an hereditary tendeney to store up fat upon
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a normal diet; such an hereditary tendeney 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 (3-oxybutyric and diacetic acids) in the blood, 1s 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 1n starvation; carbohydrate starvation seems to he 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 F-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
oceur clinically in diabetic coma. The explanation is that normally
the alkalies of the blood take up earbon 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 basie 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
in starvation, but also in the pernicious vomiting of pregnancy, the
evclic vomiting of children, chloroform poisonming, and certain other
less common states where grave hepatie disturbance has been deter-
mined; at the present time we can do no more than state the
observation.

Dyspncea 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 1s in favor of the latter. The tension of oxygen in the inspired
air may be reduced from 20 to 8 per cent. without inducing dyspneea, but
an increase of tension of 0.5 per cent. of earbon 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 inerease
15 not in the amount of carbon dioxide in the blood, but in the fension
of free carbon dioxide in it; for in diabetic coma, as has been said, acids
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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 oeccasionally
shows itself during the last few davs of pregnancy or in the few hours
immediately following parturition. It appears in the form of con-
vulsions, followed by coma, and frequently 1s 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. We are not, therefore,
in a position to classify properly the condition.

Ptomaines.—These form a large class of substances obtained from
the decomposition of animal matter; they are the results, although
not the ultimate results, of the disintegration of proteins, for if the
decomposition be continued bevond a certain time the ptomaines
diminish in amount, giving place to simpler substances. The well-
known ptomaines are methylamin, di- and trimethylamin, cholin, neurin,
and muscarin. While some of them are non-toxie, others are intensely
toxic. It is possible that the symptoms of constipation may be due
to absorption of small quantities of these toxic ptomaines from fecal
matter fermented by the agency of bacteria; bacteria are necessary,
for these substances have never vet been obtained from foodstuffs
without the action of bacteria. The same holds true for a group of
substances of a lower toxicity than the last, which are formed from
carbohydrates by the action of bacteria; these are the organic acids—
formie, butyrie, lactie, ete., and the interesting point about these is
that if they are repeatedly administered, they cause disturbance of
a chronie type such as cirrhosis of the liver. This is evidently not the
sole eause of cirrhosis of the liver, because it can arise from some such
circumstance as this; the obstruction may tend to increased bacterial
activity in the intestine, which irritates the mucosa, permitting to
enter the portal system bacteria of low virulence, whose endotoxins
are liberated, causing hemolysis and irritation of the liver. From what
has been said, it will be gathered that these intoxicants—ptomaines
and indol and such others—are rather exogenous than endogenous.
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INTOXICATIONS NOT PURELY EXOGENOUS OR ENDOGENOUS

Gastro-intestinal Intoxications. — Constipation.—It is a common ohser-
vation that constipation, in a person whose habits are regular, induces
a feeling of lessened well-being, and in some, actual headache or malaise.
What is the actual toxin or toxins at work we ecannot yvet say. In acute
obstruction of the alimentary tract, where vomiting, weakness, or
collapse is present, we are in a position to be more explicit, although
not dogmatic. Obstruction of the upper-bowel is more grave than that
of the lower, and the possible {:&t’fﬁ{:f:mf this severe intoxication are
two: either (1) the blockage lets unusual bacteria bring about abnor-
mal fermentation, or the baecteria produce their own toxins, or (2)
there are elaborated in the stomach toxie materials, which are in normal
digestion modified lower down. Both these may be true, although
the better evidence is in favor of the former; obstruction does permit
increase of virulence and increased multiplication of the bacteria above
it, though it has to be admitted that the toxins of intestinal bacteria
grown outside the body do not produce the marked symptoms found
in obstruetion. It is true that one group of toxins—the indol group—
does show some toxic power, but in the intestine it is as likely to be an
indicator of a high degree of intestinal putrefaction as to be the efficient
toxin itself. Indol, however, if ingested, sets up irrtability, mental
dulness, and headache; it can be formed in the test tube from peptone
by Bacillus eoli—the commonest inhabitant of the intestine—and is
found 1n the urine, in small quantity, it is true, in obstruction. One
may sum up by saying that part, but not all, of the toxic manifesta-
tions of obstruction, are probably due to indol, skatol, and related
decomposition products of proteins.

BODILY STATES AS DIRECT AND PREDISPOSING CAUSES OF
DISEASE z

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 vet, 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
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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,
but is less capable of responding to a given demand. Practically,
this is becoming daily of more importance to the physician, and an
understanding 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,
because 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 i1s 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 principle is judicious inactivity.

The results of overstress are various according to the organs involved
and to the degree of overstress; there 13 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 eatch
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 produets of museular
activity. Cadaveric nigidity immediately follows death; the dark
venous blood fails to coagulate; the capillaries are dilated. The acute
degree of overstrain may be execited 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 loeal and general manifestations of dis-
turbance 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

! Overstress, is the physical cause; oversfrain, the bodily state produced by it.



BODILY STATES A8 CAUSES OF DISEASE 113

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-
coing forced labor are subjected to the same doses of bacterial eultures,
the resting animals resist much the better; if into any such animal,
along with the culture, lactic acid be introduced, the bacteria gTOwW
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 right-sided; 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 conneetion, too,
that vegetations grow on the heart valves as a result of infeetion 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 ones, or, stated otherwise, what is merely stress for healthy
tissue is nveratre«m for damaged tissue. It is the auEurrta of chronie
intoxications, such as syphilis or aleohol, in whom the ordinary work
of the eirculation pmt]uceb aneurysmal and other evidences of vascular
overstrain.

Muscular Fatigue and Overstrain.—Muscular fatigue has been con-
sidered by some as fatigue of the musecle fibre; by others, as fatigue
of the nerves concerned; it 1s 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
eord; but what we do observe is this: if a reflex centre for a particular
muscle be selected, a centre that i1s amenahble 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 eell 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

8
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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
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
faticued, 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

Fia. 33

A, resting nerve cell with large rounded nuecleus, showing chromatin network, the Nissl
hodies in the cytoplasm (derived from the nuclear material) also large and prominent; B, ex-
hausted nerve cell of same order, with shrunken irregular nueclens, chromatin petwork indis-
tinet, Nissl bodies diminished in size and poorly staining, {(After Gustay Mann.)

makes the processes of that neurone draw away till the impulse no longer
readily jumps the gap, and the neurone governing the musele is no longer
stimulated ; the state of “almost contaet” is lost, the “synapse” fatigued;
when a new neurone is used, which is in “almost contact’” with the
neurone governing the musele, 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.

—

e
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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 1s that tissues in activity tend to have a good
circulation, adequate nourishment and prompt removal of waste
products.  All 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 codrdination of nutrition, vaseular supply and cell
activity, it seems reasonable to suppose that the lack of this cotrdina-
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
15 suseeptibility or predisposition. As was shown earlier, this predis-
position may be inherited or acquired.

Inherited predisposition may be (¢) 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.

It is necessary to digress at this point, to indicate that error may
easily 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
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parasites in their blood. 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.
In an infectious hospital it 1s often noted that where diphtheria is
being cared for, attendants are liable in the first few days to sore throat,
but should no actual attack of diphthera supervene, they are often
found to be subsequently immune. The presumption is that they
absorb a small number of diphtheria baecilli 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.—[nfancy.—Isorders 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 Adoleseence—Chlorosis (in female); acute rheumatism
and rheumatic heart disease (ten to fifteen); typhoid; tuberculosis.

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

Middle Age—Gout, hithiasis, and chrome Bright's disease (thirty-
five onward); arteriosclerosis, aneurysms (thirty to fifty); cancer (forty
to sixty).

(ld Age.—The same continued, along with atrophie 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 oecur 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.

4. 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 iImme-
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 Ireland. :

The Susceptibility of Particular Tissues.— Reference is made here not
to the susceptibility of an area that is injured or badly nourished, for
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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
focl 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 inrvolve the whole body. Coineidently with the growth of the specific
germs i individual organs, there tends to be a reaction to and destruction
of the same in other parts. We find typhoid baeilli 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
1s 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.

Idiosynerasy.—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; idiosyncrasy to
drugs 1s famihiar to every physician. Hay fever is an idiosynerasy
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, eryvthematous 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 idiosynerasies, 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 MORBID AND REACTIVE PROCESSES PROPER
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,
hecause 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. He 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 seratch 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
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
msist 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 physiologist, 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,
the poison of the Staphylococeus 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 oceurs 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
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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 tnfection; so that we restrict the term inflammation to the local
changes in any tissue that reacts.

The process of inflammation, oceurring in the invertebrate animals,
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 i1s 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.

Fig, 34 Fig. 35

Larva of one of the simplest metnzoan forms The plasmodium of fused mesodermal cells
(Astropecten) to show ecl, ectoderm; end., endo= seen in the previons figure, higher magnifica-
derm; mes, wandering mesodermal cells which at tion; nucl, ouclei of individual cells. (After
pl. have attached themselves to a foreign body and Metchnikoff.)
formed a plasmodium around it.

If we take the simplest form of ccelenterate, we find a differentia-
tion into ectoderm, endoderm, and mesoderm, as in Fig. 34. The
mesoderm cells are formed from the other layers, and represent what
will become, in higher forms, the supportive structures of the body;
it will be noted that in this simple form they are either relatively fized
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 rallv to the site of injury, whereas the fixed
cells of the body tend to proliferate and regenerate.

As we advance farther up the zoblogical 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
lymph 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 lyvmph 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.

Fic, 36

Foreign body giant eells in thyroid vesicle, to show similar plasmodium fermationa surrounding
foreign body, or its eguivalent, in moan: a, remoant of mass of colloid in centre of vesicle: b, gant
eells attacking the colloid; e, giant cells that have already dissolved colloid.  (From ease of chronic
interstitial I:'||_1,'|'1_|:-|1_|'|1,iecI Dir, H|||_';;|..}

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 beeomes at once evident that
this admits a very large number of baeteria to our consideration; there
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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 ean be absorbed and ecause 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 JAdsopian 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 1s
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
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 cultures of the healthy yield no
growth; nevertheless, there are indications that from time to time
bacteria are being picked up from the upper air passages and from the
intestine, and that under ordinary conditions these are rapidly destroyed
by 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 pofentially, 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
chronie disease; an example of this is that a case 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
H}iembes brought in from without, but from bacteria, often of low
virulence, which hitherto have been impotent to obtain a foothold
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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
bacteria 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 after its death through the action of the tissue juices; the
tissues lying 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 further 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),
electricity, heat, and cold are all eapable 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 chemieal
causes of inflammation, but under this heading we deal with substances
or gases which have a destructive effect on tissues; it is a familiar fact
that antiseptic solutions have the power to kill and injure cells to a
certain depth; and the action of certain produets 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 ean irritate
them, and we find tissues that undergo inflammation solely from this
cause. IHerpes zoster i a well-known example; this follows upon irrita-
tion and inflammation of one or more posterior root gangla; again,
at times the cheek becomes swollen, red, and painful, in short, inflamed,
hecause 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 concerned.

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
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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 functions, 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, fasciz, 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 classes
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 1t 1s with the parenchymatous cell in each of these particulars.
On the other hand, the laborer does relatively simple work, reproduces
readily, 1s unmoved by the ordinary turmoils of public questions, and
if he die, his work i1s 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 1s more damaged than the latter, and what 1s sufheient 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 irritate the cell, stimulate it to greater activity; if a secreting
cell, to secrete; if a supportive cell, to reproduction. If now the poison
be 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 distinct, 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 bio-
necrescent process; if the toxin be yet stronger the cell may be instantly
killed. We can thus picture to ourselves a toxin killing at once the
cells nearest, causing the bio-necrescent process with subsequent death
in these 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.— Let us consider what happens
in such a tissue as the ordinary lax subcutaneous tissue, plentifully
supplied with blood vessels. In this, let us suppose that the irritant—
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say a clump of bacteria—is multiplyving; the toxins are being given
off in all directions. The first step which 1s observed on the part of
the tissues is that the capillaries dilate, and the stream, though larger,
becomes slower; at the same time the leukoevtes 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
heen 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.

Inflamed mesentery of frog: o, margination of leukoeytes in the dilated capillaries; &, migration
of leukoceytes; ¢ escape of red corpuscles: d, accumulation of lenkocytes outside the capillaries.  (After
Ribbert.)

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 proliferate, urged thereto by the irrita-
tion of the toxin. The leukocytes and the newhorn cells of the part
are actively “phagocyting” the bacteria, and many microbes are thus
destroyed. In the meantime the blood in the capillaries is eirculating,
and the lymph outside of them is also, in its own slow way, eircu-
lating, so that‘it will readily appear that there is great activity in such
an area; the area in question is now a mass of leukoeytes, of cells of the
part, old and newborn, soggy by reason of the excess of lymph which
has exuded from the capillaries. Up to the present moment, then,
we have a preliminary dilatation of vessels, margination of leukocytes,

e el
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diapedesis of the same, exudation of serum, and phagocytosis. At
this stage the part inflamed will show the classie signs of inflamma-
tion, 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 leukocytes newly brought in, by the tissue cells
newly born, not to mention the greater bulk of blood in the vessels.
This mass of leukocytes and other cells is now on the point of becoming
an abscess; if, however, the resist-

ance of the bodv be successful, Fig. 38

the bacteria become eaten up by
the cells,”or attacked by the lysins
of the serum, and the leukocytes,
which have not died, wander away
again or are carried by the lymph,
the excess lymph itself disappears,
the bodies of the cells which have
died are disintegrated, and the
pieces “scavenged” or cleared
away by their living fellows, and
the tissue becomes as it was at
first, with the exception of the
proliferated cells of the part, which
remain. These fibroblasts in time
become true functioning connec-
tive-tissue cells, and the total
result of the inflammation is that
there is a fibrosis, an increase of
these fibres at the spot where the
inflammation existed. This con-
stitutes the process of repair or 1 adhesion of leukorytes to the walls of a
Bb-onption in an inflamed area. ile o un infamedav: 3 mode of e

If, llﬂ\‘r'E"'EI', the ﬁght 15 not won magnification, (Lavdowsky.)

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 leukoeyvtes die by reason of bacteria
ingested or of toxin absorbed; especially those leukoeytes and eells
that are most in the centre of the mass are apt to die, because their
oxygen and food supply is cut off by the dense crowd surrounding them,
and their exeretion 1s 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 hiving leukoeytes and bacteria float-
ing in serum—in other words, pus, and the whole area with its contained
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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
either breaks to the outside, is opened by ineision, or stops by virtue of
the tissue resistance.

Before we consider how such a lesion is repaired, let us glance a
moment at the varying 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
slightly “sick™; whereas on the outside is a ring of cells only exeited,
alled 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 bacteria—escape; and, once the disturb-
ance 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 leukocytes.

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 fibro-
blasts, large, soft, vegetative cells, which heap up, taking their nourish-
ment 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 absecess be drained,
there 1s no great amount of severe toxin in contact with them, and they
rapidly proliferate and fill up the ecavity; 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. 43), 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 sear; 1t 1s 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-
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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
deseription 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 caliber
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 mueh 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 i1s more bacteriolytic than normal blood
serum, although most of this quality is gained at the site of inflam-
mation, where it picks up proteolytie, antitoxic, and bactericidal sub-
stances, 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 1t may exist.
The serum supplies fibrinogen, the leukoeytes 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 contraect, they ean
govern to some extent the quality of fluid passing between and through
them; they have even been seen to send out pseudopodia and seize
bacteria 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 leukocytes occurs; it may occur that red blood cells are pushed out
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through these large openings, especially those which have been streteched
by the previous passage of a leukocyte; but the existence of red-blood
cells outside the vessels in an area of inflammation 1s 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 phagoevtie. These eells
we find lying amid the tissue cells, and they are of the same order
as the large hvaline cells given off by a serous surface. The fibrous
connective-tissue cell which we picture as the basis of supportive
- tissue 15 actually lining a potential lymph space; and the cells that
we recognize as lining lvmph channels and lyvmph sinuses are the
same kind of cell; the capillary endothelial cell i1s 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 i1s
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 sear.

The Blood Cells.— The leukocytes are called to the part that is inflamed
hy the process of chemiotaxis. This implies that there 1s a passage
of fluid not only from the vessels to the tissues, but from the tissues to
the vessels, and the leukocytes are impelled to the part where certain
substances are in greater or less concentration; it implies, too, a con-
siderable diffusion of the toxins from the spot where they are manu-
factured. We do not mean to say that a call reaches the leukocyte in
a distant part of the body, but we do think that of the leukocytes
that pass by way of the inflamed area the greater number are held,
caught by the agglutinative quality of the endothelium, and remain
to assist.

The leukoceytes that take part are the polyvnuelear (properly poly-
morphonuclear) ecells, the lvmphocytes, and the eosinophiles. The
first of these, the polynuclear, with a horseshoe-shaped or, more com-
monly, a partite nuecleus, are the most common in the affected area
in a case of acute inflammation; they are active phagoeytes, liberate
during disintegration, possibly in life and certainly in death, antitoxie,
proteolytic, and bactericidal substances, move away into the lymph
stream 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 'rom the spleen,
liver, and hemolymph nodes.  The lymphoeyte plays a much more
subordinate part in acute inflammation, though an important part in
later stages and in more chronie disturbances; weakly ameeboid and
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weakly phagoeytic, it yet has been seen to wander through the vessel
wall, and to ingest particles, but not the bacteria of suppuration. It
may be that the lymphoeyte can give rise to the plasma ecell, of which
more anon. The important point to note is that while in a very acute
inflammation, the result of virulent toxin, they are rare, in a low grade
inflammation, 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 econcluding that a large per-
centage of lvmphocytes 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 lymphoeyte originates

Fic. 30

Polyouelear leukoeytes infiltrating the cirenlar muscle layer of an acutely inflamed appendix:
a, a, endothelial cclls; b, b, polynuclear leukocytes; e, nucleus of muscle cell.

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 lvmphoeytes, aid that those which accumulate in an area
of inflammation are not necessarily all derived from the blood, but
some at least are the result of proliferation of these local lvmphocytes.
The eosinophiles we cannot vet rank in their proper place; they have
the same power of migration as the ordinary leukocytes, less power
of phagoeytosis, 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
9
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building; these cells, as we stated before, are marked for an early death,

and are already on the downward road.

Fic. 40
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Acute lymphadenitis, showing a lymph sinus-containing (a) large endothelial eells, some breaking
down, others (¢} acting as phagocytes. To the left are numerous lymph cytes (b} for comparison,
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The Fixed Tissues.— T'hese play a very important part in inflammation,
despite the fact that their cells are less prominent than the lenkocytes;
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 phagoeytosis and to proliferation, and the degree of toxin that is

Fia, 43

Cranulation tissue seen from the deeper toward the upper surface: f, spindle eells (fbroblasts),
most abundant in deeper portions, where they also are becoming shrunken: [y, lymphocytes; g,
capillaries. (Ribbert.)

able to kill a lenkocyte 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)
the hyaline-mononuclear cell, 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-
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shaped, originating from the fibrous connective-tissue cells, and (3) the
so-called plasma cells.

The Mononuclear Hyaline Cells.— These are especially numerous on
inflamed serous surfaces, and are definitely known to arise from the
endothelium 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 functions of phagocytosis we have
already mentioned and they appear to enter into connection with
the surrounding cells and to build up new tissue.

The Fibroblasts.— These 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.

=

From a case of subacute colitis, demonstrating abundant plasma cells (b, ¢, d) surrcunding a
degenerating folliele of Lieberkithn (g) in which the columnar cells have become detached from the
basement membrans.

Plasma Cells.— We here approach a topie still eausing considerable
confusion. An important group of observers regard the plasma cell
as of lvmphoeytic origin. It is a cell, found in the tissues in cases of
subacute rather than of acute inflammation, rounded or polygonal in
shape (Fig. 44) with eccentric nuclens and basophile eytoplasm, 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-
evtie 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 con-
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Granulation Tissue. The Upper is toward the Outer Surface.
(Maximow.)

e, capillary endothelivinm; newe ecop, endothelivm of newly forming
capillary; fbl.. fibroblasts; [, polynueclear leukoeyies: ., the polyblasts of
Maximow (inecluding plasma  eells); deb, debris of leukocytes: deg., a
degenerating ** polybiast.™”
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siderable 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 eells, 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-described
plasma-cell type. The matter is still under debate.
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Developing connective tissue,  (Maximow.)

Inflammation of a Mucous Surface.—In putting together the details
which characterize an inflammation of a mucous surface we have to
consider not only the surface itself, but also the tissues that underlie
it for a short distance, because these also are attacked by the irritant.
In them the process is that which we have just deseribed. In the
milder conditions what we observe is a swelling and active prolifera-
tion of the epithelial cells of the mucous surface, and the production
both by these cells and by the small mucouns glands of the part of abun-
dant muein. There is thus produced a surface discharge of serous fluid
mixed with abundant muein, 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 1s 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 muecinous to
a more serous one with abundant leukoeytes, and with the formation
and deposit of fibrin this forms a moist layer of interlaced fibrils that
entangle in their midst leukocytes, 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
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now lie in the exudate, for such is the name appled 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 aceustomed to use many adjectives in deseribing 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 leukoeytes 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 vellow or white, we call it purulent; if
there be much fibrin, fibrinous; if less, but still an appreciable quantity,
serofibrir ws; if there is much fibrin and also pus, fibrinopurulent; if a
membrane appears, membranous; if the surface slonghs 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; ¢, the formation of fibrin, and so on. Each case
of inflammation 1s represented by a, b, ¢, d, e, f, ete. If, now, we repre-
sent each salient characteristic by the large letter, we find a particular
case represented thus: a, b, C,d, e, f,or 4,b,¢,d,e,f,ora, b, ¢, d, e, F,
Looked at earelessly 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. Ilere, in the slighter
grades of inflammation, the main change seen is a swelling with sub-
sequent proliferation of the corneal corpuseles. 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, suceessive 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 be observed
that the surrounding corneal corpuscles become distinetly swollen and
show evidences of degeneration. With this there is a similar aceumula-
tion of leukocytes 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 leukoeytes 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
barrier arresting their further escape. IFrom 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 leukocytes, exerts itself also upon the wall of the circular vein,
so that now buds or processes pass inward toward the affected area
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 leukoeytes, for in
addition interaction ensues between the ulcerated surface and the blood
which bathes it. There are thus produced fibrinous vegetations, and the
fibrin, in the course of repair, is replaced by fibrous tissue. In those
cases in which the irritant is not very powerful, it seems that there is
a proliferation of the connective tissue of the valve, without anything
else, so that a heap of new fibrosis arises from the edge of the valve,
and constitutes a vegetation of a fibrous kind from the very outset.!

Chronic Inflammation.—From the way we have insisted upon the
uniformity of the process of inflammation so far, it may be inferred
that we are not in favor of building up a barrier between so-called
acute and so-called chronic inflammations; and such is the case.
Are we to call an inflammation acute if it reaches its height in one,
two, three, or four days, and chronic if it takes five or ten or fifteen?
We do so, but it will be seen that the distinction 1s arbitrary. Or, if we
are In doubt, as elinicians, whether an inflammation 1s acute or chronie,
are we to compromise and call it subacute? As clinicians, yes. But
from the pathological standpoint, it is unnecessary, because in all we
see the same mode of reaction, a, b, ¢, d, ¢, f, as we have said above.
It the irritant be of low degree of strength, there will be less killing of
tissue and more proliferation, if of high degree, more killing and less
proliferation, more serum, it may be, and less diapedesis, but in every
case the procedure a, b, e, d, e, f, runs through all, as the theme runs in
a piece of musie all but hidden under variations.

1 A frequent mistake of the student is to confuse jibrous and fibrinous. The term
Jibrinous can be employed only to designate the result of deposition of fibrin.
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The salient feature of an inflammation caused by an intense irritant
15 exudation; diapedesis oceurs but little, because chemiotaxis i1s nega-
tive, and the leukoeytes, wise in their day, remain away; proliferation
can oceur only at the outskirts, where the toxin is well diluted; at the
centre, even the strongest cells are killed. The striking feature of an
inflammation caused by a gentle irritant (such an one as we often
clinically call ¢hronic) 1s proliferation, because there 1s a minimum of
killing of cells, of irritation such as calls forth abundant exudation
and diapedesis. Between these two extremes occur many grades.

But there remains a frequently made error to correct. Too often
we speak of adhesions between the layers of the pericardium as chronie
pericarditis instead of correctly calling it the results of a past pericarditis.
Pleural adhesions, nine times out of ten, do not indicate a chronic
pleuritis, that is, a disease vet active, but indicate merely the repair of a
disease active long ago and now healed, as far as may be. Yet adhesion
might be slowly set up by a mild process of irritation, and such would
he correctly enough called chronic pleuritis, but this occurs rarely in
comparison to the rapidly produced pleuritis. Another similar mis-
take is to speak of a heart as the vietim of chronie fibroid myocarditis,
when we should say a heart with fibroses which have resulted from old
myocarditis. The terminology matters comparatively little, if it be
understood that the process is essentially a uniform one; the student
should take heart from the consideration of the simplieity of the inflam-
matory process; if he understand the invarable reaction of the tissues
he will see it in every case of the disease, even if it be for the moment
concealed by the predominance of some one feature.

The Vascularization of New-formed Connective Tissue.—In addition
to the proliferation of the cells of the part, that is the formation of
fibroblasts and, it may be, of plasma cells, and large hyaline cells, it
must be recalled that the vessels play an active part in the later repara-
tive stages of an inflammation and this particularly where there has
been active destruction of tissue. In all such cases what 1s termed
granulation tissue is formed. This name i3 taken from the appearance
of a healing superficial wound, the granulation being due to the presence
of closely set new capillary loops. On such an inflamed surface at
first is merely a layer of leukoeytes with, it may be, a few fibroblasts
and large hyvaline cells, but immediately beneath these it can be made
out that the dilated superficial capillanes show tiny buds or thicken-
ings of their endothelium directed toward the surface, and presently
these “buds” elongate, sending processes outward, which processes
from adjacent capillaries join, become more prominent, become thicker,
are hollowed by the blood stream and rapidly assume all the characters
of a new capillary. From these new loops other loops are formed,
advancing into the area which is to be filled up, until this area is filled
with a framework of new vessels, which are supported and separated by
the tissue cells which have continued to be simultaneously proliferated
in the meshes of this framework, - This constitutes granulation tissue,
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or, on a surface, what the layman terms “proud flesh.” Only those who
have watched a large deep wound heal in a healthy, growing child can
appreciate the truth of the adage, “There is in the tissues an almost
insuperable tendency to heal.” The physician may succeed in over-
coming this tendency if he be meddlesome and foolish. If there be a
granulating surface, remember that antiseptics will suecceed in killing

Fra. 46

Formation of new vessels in granulation tizssue: 1, from a Ziegler's chamber (formed of two cover-
alipa) left in the peritoneal eavity of s rabbit for forty-eight daya; portion of field bounded by two
fully formed new eapillaries; between them can be scen the solid buds and processes of developing
new capillaries; 2, from a similar preparation to show formative cells, or fibroblasts, in direct connec-
tion with the endothelial processes,  (Ziegler.)

these tender, newborn ecells, that a stream of water may wash them away,
and nature may have to do her work over again on yvour account. If
you see pus on the surface give it a chance to drain away if possible,
but remember that granulation tissue presents a very strong barrier to
absorption, and the pus may do less harm than the clumsy sponge
that removes it. The pus from a granulating wound was called by our
forefathers, who understood the drainage of wounds as well as we do,
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“laudable pus”; and when you speak of “exuberant granulation™
do not without thought run for the silver-nitrate stick; granulations
cannot help being exuberant.

The Infective Granulomas. — The infective granulomas are the
local effects wrought by certain protozoa, certain bacteria or other
forms of plant life, such as the B. tuberculosis, B. lepre, B. mallei,
actinomyces, blastomvees, Treponema pallidum, and even the larvee
and eggs of certain parasitic worms; the tissues build up a wall around
the irritant, so to speak, and this mass of new-formed tissue we call the
tubercle, the gumma, or the nodule, as the case may be. It i1s evident
at once that the process of formation of such a “lump” is a conserva-
tive one, and tuberculosis, the disease, does not so much consist of
the presence of the tubercle as of the destruction of the tubercle or
other tissues by the bacilli and their products. :

A word as to the classification of these diseases is in place. Long
ago it was realized that the result of the irritant of tuberculosis
was a “‘lump,” the tubercle; this was aforetime called a tumor,
and was classed among tumors; when it was found to be of fibrous
tissue, 2. e., of granulation tissue, 1t was called a “tumdor of granu-
lation tissue,” or a granuloma, using the termination—oma which we
have made to signify the idea of a tumor. When it was discovered
that the B. tuberculosis was the cause of -this granuloma, it was
designated an “infective granuloma.” Thus, one by one, the class
has grown, as each infective agent has been discovered; and now we
are able to state that the process 1s purely an inflammatory one,
and that the granuloma is merely the lump that results from the
proliferation of the cells of the part in response to the toxin of the
organism concerned. In fact, all that has been said of the “inflamma-
tory area’ above is true for the formation of the granuloma, although
the process is a longer one in time; the toxin of the B. tuberculosis
causes a dilatation of the bloodvessels, a moderate exudation of serum,
a slight diapedesis of leukoeytes, and a great proliferation of cells of
the part—the so-called epithelioid cells, which term we mention only
to reject; they should be called the endothelial cells or the proliferated
cells of the part; while the centre of an acute inflammatory area, rich in
serum and badly damaged by toxin, breaks down rapidly into pus and
an abscess 1s formed, the centre of the granuloma breaks down slowly
into a formless mass of dry necrosis—caseation—and a caseated granu-
loma is the result. Tuberculosis is, elinically, a chronic or at times,
a subacute inflammation. Another point of parallelism between these
agents and those causing acute inflammation is this: if tubercle baeilli
are in sufficient numbers they can exeite an acute inflammation not to
be distinguished from the results of the pyogenic bacteria. The same
has been shown to be true of the glanders bacillus, while in man,
the nodule of actinomycosis has very commonly a central area with
abundant polynuclear leukoecytes; in fact, contains true pus, while
around this is a zone of proliferated tissue cells.
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The tubercle, the gumma, or the nodule, thus, is a mass of new-formed
connective-tissue cells, and these cells are the essential part of the
tubercle; the trained microscopist must become used to recognize the
eranuloma by this; the giant cell, of which more anon, is unessential;
the caseation is an unessential, save that if sufficient time be given it
is an almost inevitable sequel, at least in cases of tuberculosis; the
ring of leukoeytes external to the mass is also unessential, although
the more acute the process the more likely it is to be present; the
proliferated tissue forming the “lump,” the tubercle, the gumma, the
nodule is the essential, and the only essential. And in most cases of
these maladies the unit is the granuloma, and a cavitated lung is
merely the final result of necrosis, secondary infection and what not
on an aggregation of small granulomas.

Fia. 47

Tubercle from n case of tuberculosis of medium severity of the lung: a, central easeation; b, a
giant cell; g, endothelial cells; &, connective-tissue zone infiltrated with lymphocytes,

Giant Cells.—Although not a necessary character of a tubercle, the
giant cell is very frequently found therein; this is characterized by a
large body, made up of ill-staining, acidophilie, necrotic material, with
a crescent, a ring, or a group of ordinarily stained nuclei; this is some-
times clearly the result of fusion of a group of cells to form a plasmodium
around a small mass of necrotic material or of bacili—in other ecases
there are indications of actual nuclear multiplication with incomplete
cytoplasmic division. The giant cell is often found close to the necrotic
part of the tubercle, and in this edge, or in the giant cells themselves,
the bacilli are to be most readily found. Interspersed, too, with the
proliferated cells of the part are lymphocytes and rarely leukocytes—
the former are the “small, round cells” of inflammation—and on the
outside is a more or less pronounced ring of lymphoeytes which have
been attracted to the area of inflammation by chemiotaxis.
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Here it may be useful to recall that the presence of the giant cell is
by no means limited to tuberculosis: we encounter similar giant eells in
other infective granulomas, in syphilis, actinomycosis, blastomycosis,
and glanders. A somewhat similar type of cell 1= seen filled with the

Fic. 45
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Giant cell or eells from a case of inflammation of the subeutaneous tissue: a, a, cells of endothelial
type; b, b, the same in process of fusion into the mass, (Dr, Rhea.)

Fia. 49

surrcunding endothelial cells (e, ¢) and ocensional lymphoeytes (£, ).

lepra bacilli in leprosy.  Wherever foreign bodies oceur in the tissue, as
shown in Figs. 36 and 48, plasmodial giant cells may be encountered.
Another type is seen in the osteoclasts of normal bone, and apparently
similar to this are the giant cells of myeloid or giant-celled sarcoma.
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Giant cell from ceotre of tuberele, showing processes and peripheral arrangement of puelei, and i
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Yet other multinucleated giant cells are not infrequent in other forms
of sarcoma, while in certain cases of Hodgkin's disease we may encounter
relatively huge cells which are truly giant cells, but have only one or
two nuclel.

Diffuse Inflammation.- Sometimes the organisms of the infective
granulomas do not set up the localized nodule, but we find a diffuse
fibrosis such as happens in the pia mater in syphilis; nor is this con-
fined to the group of orgamsms which eause the granulomas, for a
good example exists in cirrhosis of the liver, where there i1s a general
increase in the connective tissue of the part without there being any
particular localization. It may be, however, that this diffuse fibrosis
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Section from a syphilitie liver which presenfed gummata along with extensive cirrhosis. The new-
formed connective tizsue iz seen extending between and cutting off islandz of liver cells, which as o
result are shrunken and atrophicd.

is an after result of the existence of small multiple granulomas. At
times it appears to be caused rather by the toxins of the organism than
by the organisms themselves. Such a fibrosis—a eirrhosis—is common
in the liver in syphilis, as well as in cases where a long-continued expo-
sure of the liver to the bacterial and other toxins of the alimentary
tract leads to the fibrosis which is known as “eirrhosis of the liver.”
There is a further class of cases which we term “chronie inflammation,”
which arise in a way similar to this. Such are chronic nephritis,
thyroiditis, and hepatitis, all of which we recognize as caused by an
irritant, yet in which we think faulty metabolism and imperfect nutri-
tion are also of some effect. It is supposed that under the influence of
disturbed or excessive activity the secretory cells become degenerated
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and die, the fibrous tissue filling up the space left by them; the two
processes just referred to occur simultaneously, the same irritant
causing degeneration of the higher-class cells and proliferation of the
lower-class supportive cells.

Fibrosis and Inflammation.—So frequently has the proliferation of
connective tissue been dealt with in connection with inflammation,
that the question arises, “ Is fibrosis always the result of inflammation ?”
The answer is in the negative; the formation of a fibroma or a new
srowth is, of course, a case in point; the occurrence of fibromatosis,
of elephantiasis, of macroglossia all indicate the readiness with which
fibrosis ocecurs if there be an obstruction to the exit of the lymph by
its ordinary channels. The obstruction of the lymph prevents the
free drainage away of the toxins of the cells, which toxins, remaining,
may excite the fibrosis; this becomes thereby a case of inflamma-
tion; although, on the other hand, with the absence of obstruetion
of the veins there may be free diffusion away of any such toxins,
and the process may be regarded as a result of stress, to be presently
mentioned. Finally, there is the difficult problem that is presented
by fibrosis of the intima of a bloodvessel in arteriosclerosis. Here we
find two forms: in one, the intima is primarily the site of change,
and this we may attribute to irritation, but the others are adaptive,
to strengthen the wall at a place where the media has degenerated;
such fibrosis occurs without any leukoeytic infiltration or formation
of new vessels, and may be partly explained by what we have not
previously adduced as a cause of proliferation, namely, stress. If cells
are put upon a constant not excessive stretch, or even are intermittently
exposed to such a stress, if they be well nourished, proliferation ensues,
the distension acting as a stimulant. Here we have no injury; it is too
great a stretch of the imagination to consider this as an inflammation.

We feel that this is a prineiple of wider application than is generally
appreciated, the principle, namely, that mechanical force exerted
either as pressure or traction upon a cell, is able to cause the growth
and proliferation of that cell, so long as, at the same time, there is
no interference with its nutrition, and the force acting on the cell
is not excessive. Overstress or diminished nutrition will lead to the
opposite condition of atrophy. What applies to the cell individually
applies to cells in the mass; thus, as a matter of experience, it is found
that the constant pulling of a tendon upon a bony ridge is followed by
increase in the size of that ridge, 7. e., increased bony growth.

We may thus classify the fibroses:

I. Or InFrAMMATORY ORIGIN.

1. Replacement fibrosis, in which the fibrous tissue takes the place of
other tissue that has been destroved. The “scleroses” of the nervous
system, arising from glia, are here to be included, as well as in part
the fibrosis of “nephritis” and “hepatitis.”

2. .-”r-r.uh:j}*r.r;!;'r:.-; Tﬁhruxrw} such as -Irr.l,} the fibroses of the grumllﬂmata,
and those around foreign, inert bodies, and (b) post-inflammatory
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fibroses in which the fibrous tissue continues to grow even after the
irritant has ceased to act, as in keloid.

3. Post-fibrinous fibroses, which replace fibrin in a thrombosed blood
vessel or on a serous surface (adhesions); these partake of the nature
of both the above groups. They are replacement fibroses in that they
replace the fibrin, and proliferative in that they oceur where previously
no tissue proper existed.

I1. OrF NoN-INFLAMMATORY (RIGIN.

1. Due to strain, as in some cases of fibrosis of the intima of the
vessels.

2. Neoplastic, e. g., fibrous tumors.

THE SYSTEMIC REACTION TO MICROBIC INJURY—INFECTION

The term infection is used in different senses by the pathologist and
the hygienist. For our purposes, infection is a process; it consists not
in the mere presence of pathogenic bacteria in the mouth, skin, or
intestine, but in the growth of those bacteria in the tissues, in the diffu-
sion of their products, and in the reaction brought about in the body
by their presence. Infection is the interaction between the body and the
microdrganism growing tn it. This interaction may be local, and the
process will, in that case, be one of infective inflammation already dis-
cussed; but we are now concerned with the general disturbances which
follow such local growth, or the effects of a widespread proliferation
of the microbes.

The hygiemist, on the other hand, considers infection as the mere
presence of the harmful mierosrganism; thus water, air, or a community
may be infected; he distinguishes (1) sporadic infections, where isolated
cases occur; (2) endemie,' where a notable number of cases of a given
disease occurs vear after yvear in a certain area, and (3) epidemie, where
the disease suddenly affects a large number of people. Similarly,
diseases of amimals are sporadic, enzodtic,” and epizodtic.

Causation.—We have already considered the question of suscepti-
bility to infection; it may be repeated that there are various ways
in which susceptibility, inherited or acquired, may show itself, so that
the opposition to the bacteria is less than normal; on the other hand,
the bacteria may be of so great virulence that a normal power of opposi-
tion on the part of the body is not enough to protect it. Each case of
infection is, therefore, the resultant of forces which are always varying;
thus, there may be great susceptibility and virulent microbes, or great
susceptibility and microbes of low virulence, or great power of resistance
pitted against highly virulent microbes, or great power of resistance
against lowly virulent microbes. The result differs in every case.

The Course of Infection.—To indicate the course of an infection a
sketch may be given of a type case of typhoid fever. The patient on
a given date has taken into his alimentary canal some typhoid bacilli.

1 dypes, the people. 2 Jweow, animal,
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For a few days nothing i1s noted till symptoms of malaise appear—
lassitude, slight but persistent headache, constipation, pain in the
back, and so on. These grow worse instead of better, and ten days or
so after the ingestion of the bacilli the patient is so weak and feverish
that he takes to bed. This period has been the stage of incubation,
during which predromal or premonitory svmptoms declare themselves,
the stage continuing until the onset of a definite febrile state. For
clinical purposes, it 1s customary to date the illness from the first
prodromal symptoms, which generally correspond with a recognizable
rise of temperature. The patient now has fever, general weakness,
and various symptoms or signs referable to the different systems:
() in the nervous system, there may be irritability or dulness, head-
ache, and chilly sensations; (b) in the circulatory system, a rapid pulse,
vasomotor disturbances, such as Hushing; (¢) in the digestive system,
dryness of the mouth, by reason of diminution of salivary seeretion,
loss of appetite or a positive distaste for food, abdominal discomfort or
pain, constipation, or at times diarrhcea with foul stools. Day by day
the fever rises, and the symptoms grow worse; change of the urinary
secretion 15 evidenced by diminution of the salts, notably the chlorides,
and increase in other constituents, notably the urates; the character-
istic eruption may show itself. In the early part of this stage the
baecilli ean be found in the eirculating blood, and later the serum begins
to gain the property of being able to agglutinate the typhoid bacilli.
This is the stage of fervescence. Following this is the stage of high,
continued fever, or fastigium, with persistence of all the symptoms and
increasing weakness and loss of flesh. This may last for a couple of
weeks, after which the fever begins to fall day by day—the stage of
defervescence, which in turn is followed by convalescence, with a gradual
return to health and strength. Complications, which are morbid condi-
tions, either associated with the original cause or of other causation,
may oceur durtng the course, and sequels may follow. These latter are
morbid states due directly or indirectly to the original infection, and
are such happenings as abscesses due to B. typhosus or inflammation
of the gall-bladder from the same cause; the latter may be a compli-
cation or a sequel.

The Period of Incubation.—The period of incubation is that time
during which the growth of the bacteria 1s local and the disturbance
local, and that time which follows during which the diffusion of the
toxic produets of the baeteria is not sufficiently great to give rise to
general symptoms; as soon as these products have accumulated suffi-
ciently they give rise to the prodromal symptoms. It is to be remem-
hered that the prodromal symptoms may be due not only to the toxins
of bacteria themselves, but to the toxic bodies (albumoses) made from
body proteins by the enzyme action of the bacterial toxins. The period
of incubation will be understood to vary according to the toxicity of
the germ, the amount of toxin produced (that is, the number of germs
present), and the resistance of the organism,
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Grades of Infection.—It might appear as if a line of demarcation
were drawn between local infections and general infections, and yet
the differences between the two are differences of degree, rather than
of kind. The bacteria which by choice are of loecal occurrence may be
found in the blood; lately, the diphtheria bacillus which was supposed
to be strictly local in its habitation has been repeatedly found in the
blood; the seat of election of the pneumocoecus is the lung, but it also
is found in the blood; the typhoid bacillus works its local effects in the
bowel, but 1s found in the blood stream. It may be considered that
every organism capable of local proliferation is theoretically capable
of being found in the blood stream, and that in the case of organisms
like the pyococcei their presence or absence is due to the number of them
that escape at a given moment, and the antagonistic power of the
blood and the tissues. Further, with regard to the toxie products of
bacteria, we are accustomed to designate their presence by the term
intoxication, sapremic intoxication, or sapremia. This, again, is a matter
of degree of intensity of the toxic products; thus, a mild local infec-
tion gives off a certain amount of toxin, and this is carried into the
blood and tissue fluids, but is so diluted that we see no general bodily
change wrought thereby; we neglect such a mild intoxication, but it is
nevertheless present.

Before leaving the subject of terminology, it is necessary to define
the terms generally used; bacteria multiplying locally, and giving no
visible signs of their presence in the blood, even if there be indication
of toxemia, constitute a case of localized infection. If the bacteria not
only multiply locally, but are also evidently in the blood, and are getting
foothold in the tissues (metastases) the case becomes one of bacteriemia.
Each of the metastases now becomes a centre for the production and
diffusion of more toxin, so that with the bacteriemia the toxemia
advances equally.!

For elinical purposes we are in the habit of making certain rough
distinctions, dividing infections into: (1) fulminating; (2) acute; (3)
persisting; (4) subinfection.

1. Fulminating Infection.—This type of infection is characterized
by so great a flooding of the body by toxins, and presumably by the
infective organisms, that the resistance of the tissues is notably ineffect-
ual. The symptoms are those of great intoxication with depression
of the functions; the heart beat becomes rapid and feeble, the blood
pressure 1s lowered, the respiration is shallow and rapid, the patient.

! In our experience there is such painful confusion in the minds not only of students
but of medical men in general hetween the terms septicemia, sapremia, pyemia,
local and ‘general zepsis or blood poeisoning, that for the =ake of clearness we prefer
not to use them. There can surely be no doubt as to what is meant by toxemia and
bacteriemia; they explain themselves. For the instruetion of the student, we would
f:})' that, as popularly employed, localized septicemia is equivalent to localized
mnfection, (generalized) septicemia fto bacteriemia, sapremia to toxemia. Pyemia
= by many used as a term to describe septicemia with metastatic abscesses, and

blood poisoning™ as a euphemism for any or all of the above.

10
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becomes dull or comatose, and the temperature falls, becoming subnor-
mal. If the disease is one ordinarily presenting a leukoeytosis, a leuko-
penia is present. Such an overwhelming rapidity depends on a virulent
organism, or a large number of such organisms, or a low resistance, or
all these influences working together; but it has to be remembered that
there are only certain bacteria which have the necessary virulence.
It has never been possible, for example, to exalt the virulence of the
tubercle bacillus to so great an extent as to produce this fulminance of
syvmptoms. General bacteriemia,' secarlet fever, and epidemie cerebro-
spinal meningitis provide striking examples of it. So rapidly is the
toxin produced, and so potent is it that it produces a degeneration of
the walls of the capillaries, so that they burst, and petechize are
produced; hence the purpuric rash that may be seen on the skin, and
after death on the internal surfaces of such a case of intense infection;
a marked hemolysis 1s also present.

[t is a notable fact that these cases tend to exhibit, not only no rise
of temperature but even a subnormal one; this means that the ecells
of the body are not stimulated to that resistance which is evidenced
by an increase of heat production, and metabolic processes instead of
being rendered more active than normal are reduced to a low ebb.

2. Acute Infection.— This is the familiar form of infection which has
been deseribed, where in a non-fatal case there 1s a period of incubation,
of fervescence, of continued fever, and of defervescence. The gradual
defervescence is called lysis; at times, as in acute pneumonia, the tem-
perature falls suddenly, by crisis. The course of convalescence may
be interrupted by relapse (a repetition of all or some of the symptoms
of the primary infection); if this relapse occurs before the temperature
has reached the normal level, we eall it an intercurrent relapse.

3. Persisting Infection.— This is the form of infection generally called
chronic, which is characterized by long continuance, during the whole
of which time the infective agent appears-to be at work. Examples
of this type of disease are found in tuberculosis, syphilis, ete., as well
as in occasional cases of infection by the ordinary pyvogenic coecel.
At times the smouldering infection bursts up into a blaze, and we note
an exacerbation. Clinically, it is often the custom to divide these infee-
tions into stages, as 15 done in syphilis, but these have no special useful-
ness in the present connection, and it seems that, even among clinicians,
this mode of classification of symptoms 1s falling into disuse.

("losely allied to the above infection, 1s the remittent infection, as it
is seen in rheumatism; at present it seems as if more than one organism
were able to cause this malady, but the characteristic to which we refer
here, is that there is not with defervescence complete recovery or total
destruction of the organism; the germ seems to he latent, lighting up

1A tendency is manifesting itself at the present time to speak of bacteremia instead
of bacleriemin. Coming from the Greek Sescgpeee, n staff, the latter is correct, but
if it be earnestly desired to curtail the word, we suggest that there is the alterna-
tive bactremia, from Gastper, another form of the same word.
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from time to time into an acute form of infection. The germs appear
to work comparatively slowly and to develop neither a very high degree
of intoxication nor so active a resistance on the part of the body as
we are aceustomed to see in the acute infections. We now recognize
more and more fully the frequency of latent infection, of conditions, that
is, in which for months and it may be years, pathogenie bacteria per-
sist in the tissues or cavities of the body, setting up no disturbance,
but capable at any moment of so doing. We may instance the now
well-known “* typhoid carriers.”

Subinfection.—This term indicates a slight degree of infection such
as 1s expressed by the presence of bacteria in the blood, which are not
potent enough to cause gross symptoms of infection, vet which do
actually wear out the cells whose duty it is to combat with and kill
them. Normally, of course, bacteria are being carried away from the
intestine and killed in the mesenteric nodes and in the liver; when, in
addition to this constant action, we find that bacteria are locally active,
and that there 15 a loeal inflammation 1 the bowel, if we examine the
mesenteric node cells and the liver cells we find remnants of bactera,
often mere granules; the constant destruction of more than ordinary
numbers of these means the more than ordinary wear and tear upon
the cells; liver cells, for instance, are thus the more quickly destroyed,
and in many cases of cirrhosis of the liver, we believe this is a cause of
the condition, though not the only one. It is not necessary that the
organisms be very virulent; we think, in fact, that the ordinary bac-
teria of the intestinal tract can and often do constitute the agent in
these instances of subinfection.

Terminal Infection.—It must have struck evervone who has had
even a moderate amount of experience at the post mortem table that
in cases of chronie disease, such as heart disease, where death has been
gradual, there is frequently present some infection, such as a lobular
pneumonia, or turbidity, from infection, of a long-present aseites, or
what not. These infections we call terminal; and they arise not so much
by virulence of the organism as by weakness of the body. We mean
to designate by the words * terminal infection™ those cases in which
by reason of failing wvitality a germ, powerless at ordinary times, is
enabled to fasten upon the tissues and set up an aeute inflammation.
Such a process means that by reason of weakness of the body, a sub-
infection becomes an acute infection, the terminal infection bheing set

up by the chance microérganism which may be temporarily eirculating
in the blood.

THERMOGENESIS AND PYREXIA

Pyrexia is a heightened bodily temperature; the state of body in

which a pyrexia exists, with all its concomitants, we shall call the
iebrile state or, briefly, fever,
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Heat Production.—IHeat is liberated from the organism under the
following conditions:

1. From the food, 2. e., from the recombination of dissociated food-
stuffs. ,

2. From katabolism, 1. e., from the oxygenation of tissue products.
Metabolism breaks down the ecell substance, and the products so
obtained combine with oxygen, giving off heat in the process.

Fever is accompanied by increased heat production, and since the
intake of food is generally diminished and the output of heat greater
than normal, this increased heat production must be due mainly to
tissue disintegration and oxidation. The student may well think of
the febrile state as one in which the tissues are being * burned up.”

Heat Discharge.—Ieat is lost from the body by radiation and by
evaporation from the surface, and by the passage of excreta. The
discharge may be increased, and the body temperature lowered by
dilatation of the surface vessels, by increased amount of sweat, and
by increased respiration, in which more air than usual is passed over
the respiratory surface and warmed, and the evaporation in the lungs
thus inereased. This increased respiration (panting) is the means by
which the dog, unable to perspire, cools itself.

We express heat frequently in terms of calories, a calory being the
amount of heat necessary to raise 1 gram of water 1° C. at normal
atmospheric pressure; of the total diffusion from the human body,
less than 2 per cent. 1s lost in the urine and feces, less than 4 per cent.
in the expired air, 7 per cent. by evaporation from the lungs, 15 per
cent. in evaporation from the skin, while 73 per cent. is lost by radia-
tion and conduection from the body surface.

The lower the temperature of the medium in contact with the body,
the greater the loss of heat; if the external temperature be higher
than that of the body, and the air be so saturated with moisture that
evaporation is prevented, the body actually gains heat.

In spite of the variation of heat production and of heat discharge
at different times, the temperature of the warm-blooded animal is
very constant (save in hibernating animals during hibernation), whereas
cold-blooded animals have a temperature varying with the external
medium (poikilothermic). The adult healthy man has a temperature
(rectal) that varies little from 98.9° F. A bodily temperature of 107.5°
is generally considered the upper limit of temperature that is compatible
with continued life, although, of course, instances to the contrary are
here and there met. The lower limit is considered 93° F., with similar
qualifications.

Heat Regulation.—With conditions of heat production so complex,
a constant temperature maintained speaks for a heat-regulating
mechanism, even if we did not know that there are two sets of sensory
nerves, one for heat and one for cold; also, injury or stimulation of
certain areas of the brain or medulla raises or lowers the bodily tempera-
ture. In short, there is good reason to suppose that there are in the
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brain, or the cord, or in both, cells, some of which on stimulation cause
an increased production of heat, others an inereased loss of heat; these
cells are affected in various ways, for example, reflexly, or by the tem-
perature of the circulating blood, or by substances in the circulating
blood that act upon them. So perfect is the result that it seems hard
to think of the mechanism otherwise than as controlled by one centre
or a pair of closely connected centres. It must always be remembered
that the thermometer gives us information only as to the balance or
resultant between heat income and heat expenditure at a given moment
in a particular part of the body; we gain, therefore, by the use of this
instrument, no accurate measurement of the amount of heat developed
or lost.

FEVER, THE FEBRILE STATE

Fever, or the febrile state, is the train of symptoms and changes in
the organism which constitutes the reaction to infection, which changes,
although associated with increased heat production, may occur with or
without rise of temperature (be febrile or afebrile), and the rise of tem-
perature itself is best known as pyrexia. The febrile state is assoclated
with changes in the circulatory, nervous, muscular, respiratory, digestive
and excretory systems, which we shall take up in order.

Pyrexia.—In an infection we can frequently recognize the fervescent
or pyrogenetic, the continued febrile, and the defervescent stages; the
last named may be very short, the temperature descending sharply,
by erisis, or gradually, by lysis.

We are wont to distinguish the varieties of fever as continued, in
which the changes between maximum and minimum are as slight as
in health, but at a higher level; as remittent, where the changes in a day
may range over several degrees, as happens in bacteriemia, suppura-
tion, and tuberculosis with secondary infection; and as intermittent,
where a succession of febrile attacks, each with its fervescent, con-
tinued, and defervescent periods, oceur separated by a continuous
interval of normal temperature of a day’s or more duration—as in
malaria. Where several days elapse the fever 1s called recurremt, as
in relapsing fever.

The Associated Disturbances.—Disturbance in the Mervous System.—
Challs and Chilly Sensations.—It happens often in the fervescent stage
of infections that the patient feels cold, the teeth chatter, and yet,
in truth, the surface may be hotter than normal, and the temperature
high, and increasing in height. The face and extremities may be pale.
This pallor or local anemia suggests that the blood is attracted to other
organs, making a corresponding congestion somewhere, and that there
is a storage of heat in the body for the time. The chill is evidently
a phenomenon incited from the central nervous system: in fact, the
chill may occur without exposure to cold or infection, in which case it
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appears to be wholly a part of the function of the nervous system.
Closely associated with the phenomenon is the rigor, in which fine
fibrillary contractions of the muscles of the surface oceur, involuntary
in nature. Clinically, the term rigor is used to denote the entire oceur-
rence, including the chill. No wvisible muscular action results from the
rigor; in fact, opposing muscles synchronously contraet, with the total
result of a stiffening of the muscle as a whole (which is the strict signifi-
cance of the word rigor). When the muscle fibrils are active, just like
the flapping arms of the chilled coachman, these rapid contractions
mean work, and muscular work means the giving off, into the body,
of heat.

(ther Febrile Nervous Disturbances.—Here we refer to the effects
produced upon the whole mechanism, indicated by the state of the
central nervous system. These are periods of nervous irritation and
nervous depression. In some cases of fever, there are headache, irri-
tability, photophobia, sleeplessness, hallueinations, and active delirium;
in others, apathy, mental dulness, prostration, inability te eontrol
or notice the passage of excreta, quiet delirium, and coma. We may
consider that these phenomena are the result of the toxins acting upon
the cells of the brain and cord, especiallv as we know that certain toxins
have a direct affinity for the nerve cell body and its parts.

Disturbance in the Circulatory System.— The febrile state, in general,
is accompanied by a marked increase in the rate of heart beat, evidenced
by increased pulse rate. With this there may be a softer pulse, with
dicrotism, indicating arterial dilatation and lowered blood pressure,
or a full bounding pulse, so that it is even still a custom to divide fevers
into the sthenic—those characterized by a morbid excess of wvital,
especially circulatory energy—and the contrary asthenic. These deter-
minations are usually made only by observation of the pulse, which
15 affected in any given case by so large a number of factors that our
deductions are not of much value. One thing we do know, however,
15 that many toxins of infective disease directly influence the ecardiac
muscle cells to degeneration, and not only these, but the nerves which
control them, so that a toxin such as that of diphtheria i1s able to cause
sudden death.

Disturbance in the Blood—Infection even of a mild grade is able to
cause a lysis of red corpuscles; the effect upon white corpuscles 1s
variable. Most kinds of infection are attended by a distinet increase
in the leukocytes in the peripheral blood, but some, like typhoid fever,
are attended by a lowering of the number. In such a disease, a rapid
rise in the leukocyte count indicates that a secondary infection has
supervened; but it must also be remembered that a secondary infee-
tion may supervene without a leukoeytosis, because the reaction of the
body may be insufficient; in such a case, the very absence of a leuko-
eytosis in the presence of a secondary infection is of bad prognostie
import. Similarly, in an infection in which we are aceustomed to find
a leukoeytosis, its absence is not of good import because it suggests
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lack of reaction on the part of the patient. The increase in the white
cells is usually in the polynuclears in acute cases, in the lymphoeytes
in the slower, less intense infections, such as tuberculosis, and in the
eosinophiles in certain states where animal parasites are present, and
in certain infections of the skin and also in whooping-cough.

Disturbance in Respiration.—The respiratory movement is quickened
in infections. This quickening is brought about by anything which
increases the temperature of the blood bathing the respiratory centre.
The rapid breathing has the effect of increasing the evaporation in the
lungs, and diffusing more heat than usual because more air is being
warmed. The inereased temperature of an infected patient and the
mfection itself favor inerease of metabolism, and the inerease of metab-
olism leads to increased tension of carbon dioxide in the blood, which,
in turn, is again one of the important causes of the increased rate of
respiration.

Disturbances in the Urinary System.— The effect of fever is to diminish
the water of the urine, and the chlorides and phosphates, and to in-
erease the degree of coloration, the urea, the uric acid, the kreatinin,
and the potassium salts. The diminution in water 1s due partly to
lowered blood pressure and partly to the increased secretion by the
skin and evaporation from the lungs; the diminution in chlorides is
not satisfactorily explained. The increase in potassium salts 1s due to
the large number of red cells that have been broken up; the urea and
uric acid and other nitrogenous derivatives are the result of metab-
olism that 1s more active than usual and of the breaking down of pro-
teins, which proteins are not all food and reserve materials, but are
partly those of the tissues; in this sense, an infection literally “burns
up’ the patient.

In most severe infections the urine contains albumin, and the kidnevs
are the seat of a cloudy swelling or worse; this parenchymatous change
in the kidney is probably due to change wrought on the epithelium
by the toxins themselves and also by the poisonous produets of tissue
disintegration. This state of the urine is generally described as “febrile
albuminuria,” and the urine secreted during an attack of infection is
itself toxic to anmimals; the toxins more or less altered appear in the
urine, and they damage the kidney on their way through.

Disturbance of the Digestive System.— It is well known that loss of
appetite and distaste for food are frequent results of infeetion, but the
physiology of the process is not vet clear; the glandular secretions are
lessened i amount, as is seen in the dryness of the mouth and throat.
Accessory digestive glands, in fact all the glands of the body, are
influenced by the toxins, and cloudy swelling results with, no doubt,
a corresponding lack of efficiency of the gland for the time being.

The Causes of Pyrexia.— The most prominent cause of febrile tem-
perature is infection, but there are sundry other causes of pyrexia which
require mention. The infective microbes act through their toxins, for
pyrexia can be produced experimentally by toxins, as well as by enzymes
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and ferment-like bodies. The hemolysis following upon an internal
hemorrhage, or upon the injection of blood into the system or upon
the injection of a large quantity of water, is accompanied by pyrexia.
The sterile extracts of tissues or tissue juices are similarly capable, as
occurs with the formation of infaret, though uninfected, or after burns
and scalds; even the injection of the extract of thyroid may be followed
by a febrile temperature. According to Vaughan, all foreign proteins
caining entrance into the system induce pyrexia as the result of their
absorption and dissociation by the cells, and the bacterial proteins are
no exception. Drugs, such as hydrogen sulphide and sometimes strych-
nine, have the power of raising the temperature, and continued exposure
to a high surrounding temperature will also prove effective. Irritation
of the heat-producing mechanism by way of the nervous system induces
pyrexia of another order. We have already referred to the experimental
evidence of the existence of this form. Clinically it is to be observed
after certain injuries to the central nervous system, and possibly it
explains the pyrexia of sunstroke. We are not yet able to supply the
explanations necessary for the grouping together of all these varying cases,
but the infective, the enzyme, and the tissue-extract reactions are some-
what similar, and all of these are cases where reaction leads to the pro-
duection of antibodies; just as inflammation is the reaction to local injury,
fever is the process of adaptation to such toxic agencies as ean be neutralized
by the development of antibodies. If the toxin be so strong as to kill -
quickly, and without strong systemic reaction, we find that death is
preceded by arrest of the febrile reaction and by a falling temperature; the
apparent exceptions, in which death occurs in hyperpyrexia, may be
cases In which a specific action on the heat centre 1s produced.

It is perhaps unwise to attempt to find a purpose for every morbid
phenomenon when our ignorance is still so abysmal; nevertheless, in
the febrile state, knowing how inereased heat stimulates the cells to
more active metabolism, it is difficult not to suggest the opinion that
both the nervous disturbances leading to heightened hodily tempera-
ture and the direct action of the toxins upon individual tissues, in fact,
all the phenomena of fever, lead up to and favor that increased activity
of the body cells which results in the production of specific antibodies,
and that at an accelerated rate, so that thereby the specific toxins
are neutralized and recovery is aided.

IMMUNITY

In the course of infections and diseases set up by certain organic
substances, the body develops certain antibodies by which the toxins
are neutralized, so that the disturbance comes to an end. This is the
process of immunization. It has already been indicated that the body
has a certain immunity, absolute or relative, to deleterious outside influ-
ences of many kinds, which immunity is only another name for the
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aceustomance to surroundings; the body, further, has immunity which
is inherited. We know of certain acquisitions of immunity which are
gradual; and when we study the question of immunity experimentally,
it 1s only those cases in which the immunity i1s produced in the course
of a short time that lend themselves to our experimental study. We
thus know little about immunity, save as it is produced in connection
with some toxins, enzymes, and tissue juices.

Non-specific Immunity.—In our discussion of the defences of the
body we pointed out that if microbes of various orders be introduced
in small numbers into the tissues, unless they be of extraordinary viru-
lence, they are destroyed in a very short time. In other words, the
cells of the body have a defensive power which may be used indifferently
against various intruders. And even where we deal with the devel-
opment of an acute specific disease, we notice this striking fact, that
the microbes of that disease are not to be found growing throughout the
whole body. Take, for example, a case of nmllgmmt endocarditis; the
very fact that the heart valves are singled out, is in itself an smllmtmn
that the microbes, streptococci, or what not, have been circulating
in the blood, and the very nature of this disease necessitates that
the microbes are from time to time being swept off the valves into the
blood stream and carried now to this, now to that organ elsewhere
in the body. But the remarkable fact i1s that in such cases we never
find abscesses forming in the muscles, and very rarely in the brain,
or in the mucous membrane of the alimentary canal; and yet all these
tissues have an abundant blood supply. Numerous similar instances
will be called to mind, and the only conelusion that we can draw is that
while certain tissues or organs are peculiarly susceptible to the inroad
of one or other species of bacteria, coincidently other tissues are char-
acteristicallv insusceptible, or, in other words, are engaged in destroyving
these organisms and preventing their growth, or in yet other words,
possess a local immunity. The museular tissue or the endothelium of
the vessels supplying the muscles may be cited as a well-marked example
of this non-speecific immunity, because no matter what bacteria attack
the body they do not make a foothold here, bacterial infections of the
muscle being very rare. We mention these facts because it seems that
this capacity on the part of these tissues of destroying bacteria, without
any previous apparent education, must be the foundation upon which
is built or developed the specific immunity toward particular species
of bacteria, which we shall immediately discuss. Or, otherwise, the
development of specific immunity is not to be regarded as a new property
or acquirement, but as an exaltation of properties already possessed
by the tissues, and if this be so, it must be kept in mind that in each
disease that attacks the body this non-specific immunity is constantly
at work, hand in hand with the specific immunity that is gradually
being developed.

Immunity against Substances of Known Constitution.—It is known
that the so-called “arsenic eaters” of Styria can, after a few years’
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addietion, consume without ill effects four times the ordinary fatal
dose of the drug, and while this has not been confirmed with animals,
nevertheless, there 1s evidence of a certain grade of immunity that
can be conferred on them. If an arsenical salt be injected into the
peritoneum in suspension or solution, a fatal dose 13 aceompanied by
a diminution of the leukocytes that are found so abundantly in the
peritoneal fluid-—a negative chemiotaxis is excited. If the dose be not
fatal, there is at first a reduction, followed by a great increase in the
number of the leukoeytes, so that the peritoneal fluid may appear milky,
and the leukoeytosis in the circulating blood becomes very evident.
Whether a suspension or a solution of arsenic be employed, the leuko-
eytes are found to take it up, and the larger the dose, provided it be
not fatal, the’ more pronounced is the leukocytic increase. In time,
fixed phagoeytes also take up portions of the arsenie, which, in fact,
specially tends to find its way to the liver. The fatal effects are evi-
dently wrought upon the nervous tissue, which is susceptible to such
an extent that one one-hundredth of the subecutaneous dose is fatal
if injected into the brain. In producing immunity, a rabbit is taken
of such body weight that 10 c.c. of a given solution produces death in
forty-eight hours; 2 c.e. of this solution is injected at night, followed
by 10 c.c. (the fatal dose) next morning; but no ill results ensue. Arsenic
15 slowly eliminated; the animal has 12 c.e.—more than a fatal dose
in its body; death does not oceur because the first dose has excited an
excess of leukoeytes, which are, so to speak, lving in wait for the second
dose to be injected. This is, if not true immunity, at least a form of
positive protection, comparable to the protection to be spoken of
later in discussing “ Issaeff’s resistance period” and to the non-specific
immunity that has just been discussed. But there is more to be said.
It after six or eight days this animal be bled, the serum of the blood 1s
found to have acquired a new property; 8 c.c. of it, injected into a fresh
abbit along with, or slightly before a minimal fatal dose of arsenie,
prevents the death of the amimal. This prevention 1s the conferring on
the fresh animal of passive immunity; a substance not made by the
animal itself, but introduced into its body, acts as an antidote—aids
the body tissues in neutralizing or destroying the poison. The serum
of the actively immunized animal contains something that it did not
contain before the immunization. What 1s this something? We do
not know; but we do know that it is not arsenic containing, is not a
combination of the arsenic and the cell substance of the animal. The
cell substance has elaborated something which is eapable of ecombining
with or neutralizing arsenic, something which is capable of solution in
the serum, and of remaining in it for eight days at least. We are not
unaware of the eriticism to which the interpretation is open, but for
clearness, we refrain from stating the*full argument for and against.
Immunization against Albuminoid Vegetable Poisons— Phytotoxins.—
There are certain vegetable poisons of a proteid nature, distinet from
the alkaloids and glucosides, extremely toxie, to wit, abrin, ricin, robin,
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and others, Of ricin, one grain is sufficient to kill a million and a half
euinea-pigs, and this not suddenly, but after a period of four or five
days, subsequent to which cedema, inflammation, and necrosis of the
tissues near the point of injection set in; this suggests the existence of
a ferment-like action with formation of some second substance able
to act upon the cell substance. If ammals be fed cautiously upon
slowly increasing doses of ricin, they gain such immunity that they
can take a hundred times the fatal dose with impunity, and by injection
the immunity can be made so active that they can take five thousand
times the fatal dose. If the serum of such an animal be mixed with
the poison, the injection of the mixture into an ammal produces no il
effects, the poison being rendered inert.

Ricin has two properties—its toxicity, and the power in toxic doses
to cause agglutination of the blood corpuscles; outside the body it can
cause agglutination of the corpuscles; but by the action of pepsin and
hydrochlorie acid this agglutination power i1s destroved without the
toxicity being diminished.  Either ricin is a mixture of two substances,
or, what is more likely, it consists of a very complex molecule which
can undergo slight chemical change without its specific functions being
destroyed. We may assume the latter, and show what some of these
changes are; if heated to 100° C. for two hours, it loses all its toxie
powers, vet animals treated by it become immunized. The so modified
toxin (ealled a toxoid) is no longer toxic, but is capable of setting up the
changes in the body necessary to the formation of an antibody. If,
again, ricin be added to the serum of an iImmunized ammal with
its antiriein, so that the mixture is inert and unable to produce toxic
effects, and if the mixture be injected into an animal of the same species
as yielded the antiricin, it still has the power of producing active
immunity; from this it is evident that in the mixture of toxin and
antitoxin the toxin is not destroyed.

Once an animal is immunized against ricin it may be bled again and
again and the blood remains antitoxic; the tissues seem to have acquired
the power of discharging the antitoxin, so that it does not seem likely
that the antiricin is derived from the ricin. The vast preponderance
in gquantity of the antitoxin over the toxin also tells against such a
supposition. Evidently the antitoxin is a substance wholly new fo the
organism, produced primarily by the cells as a reaction to the presence,
in them, of the toxin.

Immunization against Substances of Unknown Constitution.—
Enzymes and Anti-enzymes.—If a foreign enzyme be injected repeatedly
into the body, a tolerance of it is acquired, by means of an anti-
enzyme which is formed. For example, goats injected with rennet
produce a serum which has the power of neutralizing rennet, and this
in a quantitative degree, so that a fixed amount of serum neutralizes
a definite amount of rennet of a known strength. But just as an animal
immunized against a certain microjrganism is not rendered immune
to other, although closely related, microsrganisms, so in the above
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case the blood serum will not neutralize the effect of ““ rennets’ obtained
from plants. Thus the anti-enzyme is strictly specific. The process
of immunization against animal and vegetable enzymes seems at
first sight very like the process that exists in immunization against
bacteria; but there is this important difference, that the development
of anti-enzyme is limited. The supposed reason for this is that the
anti-enzyme set free in the body stimulates the cells to set free an anti-
anti-enzyme.

Anti-enzymes exist in the body in the normal state; an antirennin
13 present in normal blood, and antipepsin exists in the stomach mucosa,
and an antiferment to the digestive action of the pancreas can be
isolated from that organ. If it were not for these antiferments the
juice of the stomach would digest the coat of the stomach as it digests
meat, and the pancreas would digest itself in life as it does after death.
Despite the existence of antipeptic and antidiastatic enzymes, they
cannot be artificially produced by the use of pepsin and diastase, nor
does the injection of fibrin ferment result in the production of an anti-
fibrin-ferment. The reason for this probably is that the enzymes that
are produced all through the body (for pepsin, diastase, and fibrin
ferment can be produced by the cells of all organs) are so usual to the
cells that they do not exeite any antagonistic action.

Toxins and Antitoxins.— One of the early discoveries in bacteriology
was that of the bacteria-produced toxins; this was made out especially
for diphtheria and tetanus bacilli, which we now know are able to
produce and give off diffusible toxins, the ectotoxins. Most bacteria
produce endotoxins, which are not diffusible. The injection into animals
of the diffusible toxins was found to produce immunity; the serum of
an animal, so Immunized, contains substances which neutralize the
diffusible toxins, either outside or in the body, and these are the anti-
toxing of medicine and commerce. It became necessary to arrange a
standard by which to measure these antitoxins, and this was done by
determining how much would neutralize the unit of toxin, which is
the smallest amount that suffices to kil a 250-gram guinea-pig within four
days. The production of antitoxin is a vital process, while the neutrali-
zation of the toxin appears to be purely a chemical one of the nature
of a loose molecular union; toxin by itself can pass through gelatin
filters, but when acted upon by antitoxin fails to do so, that is, the
resultant of the interaction is a larger (compound) molecule.

It is not possible to define the term toxin accurately; toxins are
substances that act in minute doses, that diffuse with difficulty, that
are products of cell metabolism, and that have not yet been separated
in a pure state. We can define them as poisons against which it is
possible to obtain immunity by the production of antibodies, and we
can state that they appear to be colloids, and that they are allied to
proteins, but are not proteins. They may, however, be dissociation
products of proteins. Whatever toxins be, it is nevertheless possible
to speak quite definitively of toxin action as a process similar to enzyme
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action; toxin action is a physical property, dependent upon molecular
arrangement and shared by some, at least, of the dissociation products
of the cell.

Toxin action is the first essential in the production of antitoxin.
If a non-lethal dose of toxin be injected into an animal, it disappears
in a few minutes, because it is taken up by the cells of different organs
and by the leukocytes, and can in most cases be recovered from the
organs. And here is the crux of the experiment. If tetanus toxin,
well known to act upon the nervous system, be injected, it disappears,
and can be recovered from all the organs, except the mervous system.
Does this mean that the nervous system has none of it? Quite the
contrary; all the other systems give it up readily because their cells
have not entered into a hard and fast combination with it, whereas
those of the nervous system
have. This close binding or ~ Fia. 51
anchoring of the toxin mn a
tissue is the condition necessary
to the production of the anti-
toxin, and it seems to be the
case that the tissues that bind
the toxins closely are those that
develop the antitoxins.

It is not necessary for the
production of antitoxins that
the toxins produce disease; the
toxin may by heat be rendered
harmless (toxoid), and yet when
injected can cause the produc-
tion of antitoxin. This means
that there are in a toxin mole-
cule at least two parts, one of
which is concerned with pro-
ducing the toxic effect. If this
toxic part be rendered inert by heat, of what does the remainder of the
molecule consist, and what does it do? Since such a modified toxin can
set up immunity it is clear that it must have attained close union with-
the cell protoplasm; therefore, Ehrlich concludes that there is a part
of the eell devoted to the function of fixing the toxin molecule to the
tissue molecule, and this part of it is called the haptophore; the part of
the molecule which is actually toxic to the cell body when fixed to 1t
is called the toxophore. This is represented graphically in Fig. 51.

It is evident from proof that we need not here give, that the cells
which thus become combined with the toxin molecules are those that
produce the antitoxin, and that the toxin is not in any sense changed
into antitoxin. It is evident that the haptophore of the toxin molecule
does not do all the “binding” by itself, otherwise it could fasten upon
any cell of the body, and this power it obviously does not possess. There
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must be a degree of receptivity on the part of the cell. A shunting
engine may have a coupler, but it cannot couple to a car unless the
ear also has a coupler. Ehrlich has devised a conception in graphie
terms of the process. If we say that a toxin molecule has a certain
coupler, it follows that the cell must have one to fit it; but the complex
cell has to provide couplers adapted not only to the coupler of the
toxin molecule, but to various other molecules—other toxins, food-
stufts of different sorts, and so on.

These adapted couplers of the cell molecule, adapted to many dif-
ferent forms of couplers on foreign molecules he has called receptors, or
side-chains. From one’s chemical study, it will be recalled that we
depict these side-chains as reaching out for certain substaneces to satisfy
them—they are unsatisfied affinities. To go back to the picture of the
toxin molecule, it will be seen that the side-chain is reaching out to
satisfy its affinity for the haptophore part of the toxin molecule, that
coupler attracts coupler. It does not matter whether there be a toxo-

Fia. 52

Ehrlich's coneeption of the cell molecule, Moleoules with various receptors or haptophorous groups
of the first order (o) adapted to combination with the haptophorous groups (b)) of various chemical
compounds brought to them. It will be noted that there is no mechanism by which the toxophorous
elements (c) of the eompounds enn be directly attached to the cell, (MeFarland, after Bhrlich.)

phore part of the molecule or not; the toxophore part of the molecule
has no power of satisfying the side-chain, and eannot couple with
it; but if the haptophore part join with the cell the toxophore part is
brought into direct connection with the cell, and the toxin ean thus
become part of the cell; in other words, can attack it. To apply this
to a practical case, let us take that of diphtheria antitoxin; the toxin
molecule fastens on a cell by its haptophore part and its toxophore
part acts upon the cell; as a consequence the cell throws out many
additional side-chains, antitoxin molecules, which become free in the
blood; the toxin molecules pick these up, couple with them, and so are
satisfied without reaching the cell at all.

There iz a normal discharge into the blood plasma of a large number
of potential antitoxins, quite apart from the stimulus of special toxins,
50 that one is tempted to think antitoxins may not be so purely specific
as has been stated. Ihrlich’s “side-chain” theory supposes that a
cell once stimulated to perform a certain act does not necessarily cease
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doing so when the immediate need i1s past, but keeps on producing them
continually even after the stimulus has been removed. The toxin mole-
cule stimulates the cell to throw out receptors like the receptor which
first fixes it. It i1s supposed, in terms of the theory, that these fresh
receptors are continually thrown off and constitute the antitoxin. It is
convenient, but difficult, to understand how this thing happens, and
at this point we propose to indicate a modification of the side-chain
theory as it is ordinarily understood. As we have indicated bhefore, the
cell consists of eyvtoplasm and nueleoplasm, not to lay stress upon the
paraplasm. When a toxin becomes absorbed into the cell, we do not
picture 1t so much as fixed to the biophoric molecule, as lving loose
in the eytoplasm and combining with the side-chains of the biophoric
molecule, dissociating them from the molecule. If there are enough
of such toxin molecules, the biophoric molecule loses side-chains so
rapidly as actually to be destroyed, “pulled to pieces.” This does
not mean that there must be a toxin molecule for every side-chain
detached, but rather that enzyme action, as we have explained it,
must play a part, and that a toxin molecule, having detached a side-
chain is free to break itself away from it, and at once fix upon and
detach a new side-chain and another and vet another. Only upon some
such assumption, we think, i1s it possible to explain satisfactorily the
cases where a minute amount of toxin ecan kill large amimals. We
think that poisons, other than toxins, wreak their effects by a single
act of union with the biophorie mass, while the toxins must be able to
act hike ferments, with a repeating action. If we were to suppose that
the toxin molecule made a single act of union with a side-chain, 1t is
hard to see why the dissociation of a single side-chain should at once
cause the biophoric mass to set free a large number of similar side-
chains; but if the toxin molecule should be able to repeat this act in
quick suecession again and again and yet again, we can imagine the
cell establishing a habit in the production of the new side-chains. It
will be understood that this 1mplies activity of a high order in the
biophorie molecule: it 1s precisely this activity that marks the resist-
ing cell as different from the cell against which the toxie attack is at
once successful in causing cell death. Let us digress here to give an
example: instead of the abstract toxin molecule, read tetanotoxin,
instead of the biophorie molecule consider a single cell of nerve tissue;
the tetanotoxin joins with the receptor for it and detaches it, and free-
ing itself from the receptor it has taken up, there begins a race between
toxin and cell, as to whether the cell can produce more receptors than
the toxin can detach; if it can, the excess of them, continuing to be
thrown off, constitutes tetano-antitoxin, and thus a relative immunity
is the result of an unsuccessful toxin attack, just as the soldiers of a
garrison become more efficient by reason of each oceasion on which the
invader attempts but fails to capture their stronghold. It will be seen
from the above that our conception of immunity depends upon the
toxin hovering, so to say, in the cytoplasm, and not upon it being part
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The authors® coneception. of side-chain and antitoxin produetion: 1. A biophorie molecule situated
within the cell, and possessing side-chains of various orders, A, £, O, D, 2. Mode of formation of
side-chaing; free moleenles (X, ¥) diffuse into the eell (or are produced within the cell by dissociation
of more complex molecules, alao absorbed) : these are attracted by an unentisfied affinity of the biophore,
and are built up by it to form the side-chain A : such side-chain, when formed, may become satisfied
by attracting to it other {(foodstuff) molecules such as E, having the right order of haptophorous group-
ing; it 15 conceivable (but not shown in the diagram) that molecules of the E order may not merely
satisfy the gside-chain, but detach it 80 that the compound A-F becomes free in the eyvtoplasm, or dis-
charged from the cell (active katabolism). 3. A toxin molecule F, diffusing into the eytoplasm has
a gtronger affinity for the side-chain A than has the biophore, combines with it and detaches it; but
when detached and free in the eytoplasm other molecules (7)) present in the eytoplasm have now a
stronger affinity for the A moicty of the compound A-F and combine with it, liberating the toxin
||||.-il'|:'.' F. which again becomes froee in the f'_‘-,'1l'||||:|'\:[||, and 1'.'|]|::h]-" of diszociating another gide-chain A;
or the compound -4 may become discharged from the cell (circulating antitoxin}, and then o the
altered surroundings the extracellular toxin molecules F omay exert the greater affinity and joining
with the A Iy b ||l-ur||-|i;ﬁ|,-r]; it is the &G—A r,'r:|:||||;;||;ur|.||I and not the side-chain A EEI.'ll'“!, thuad
constitutes the extracellular antitoxin, 4. In the presence of abundant X and ¥ molecules the side-
chaing A become bult up in series, and this whether attached to the bidphore or free in the eytoplasm;
the more thers are {reed |.-_l.' the agtion of the lrlxill, thi Ereater under these conditions will be the pro=
duction of antitoxing: thus the presence of the toxin molecule P stimulates the cell to the production
of inereased numbers of the molecules of the particular side-chain order upon which it cxerts specific

action.
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of the biophorie molecule. Our idea of antitoxin production is expressed
graphically in Fig. 53, the thorough study of which we would counsel.

The Mode of Union of Toxin and Antitoxin.—If toxin and antitoxin
be allowed to unite, neither is necessarily altered in the process, because
at least one of them can be separated unchanged from the mixture;
further, toxin neutralized by antitoxin may be neutral for animals of
one species and poisonous for those of another, which may be explained
by the statement that there are, in the blood of the second animal,
substances with so strong an affinity for the antitoxin that they unite
with it, detaching it from the toxin, which is thus left free to act. If
toxin and antitoxin be allowed in #ifro to act one upon the other, they
become more closely bound one to the other, and in #iwo the longer
the toxin acts in the cell the more firmly does it become fixed to the
receptors, and the more difficult is it for the antitoxin to detach it;
thus the later in the course of the disease the antitoxin is injected, the
less chance it has of being effective. The very fact that antitoxins can
enter the cell and arrest the infective process bears out the supposition
that the toxins when they are setting up ecell disturbances are not actu-
ally fused into the biophoric molecule, but are acting upon it from with-
out, that is, in the eytoplasm. The action of antitoxin seems to be
that: (1) it neutralizes free toxins in cireulation, so preventing their
action upon the cells, and (2) it gains entrance to the cells and there
detaches toxin molecules, thereby setting up the excess of receptors
necessary, as well as neutralizing the toxin molecules temporarily
set free.

Just as enzymes cause the development of anti-enzymes, so other
diffusible-cell produets, particularly proteins, have a similar power.

Precipitins.—If the culture fluid, in which certain germs have been
grown and from which they have been removed, be injected into the
animal body, there appears a substance—an antibody—in the blood
serum, so that it, added to the original culture fluid, causes a precipitate
of the proteins in that fluid. These antibodies were originally called
coagulins and, later, precipitins. This power is possessed not only by
germ-free culture fluids, but by many proteid substances of animal and
vegetable origin, such as milk, egg albumin, horse serum, globulins
from blood, albuminous urine, pleural exudate, vegetable vroteins such
as edestin, hordein, ete. The action of these is remarkably specific;
for example, if human blood serum be injected into rabbits, the rabbits’
serum causes a precipitate in human serum, but not in dogs’ or goats’
serum, and this constitutes a valuable medico-legal mode of deciding
if a blood stain be caused by human or by other blood. But, still deal-
ing with this example, although the treated rabbits’ serum might not
cause a precipitation in dogs’ or goats’ blood, it may in that of the
gorilla or the orang, hecause of the relationship that exists between
man and these animals. The more nearly two animals are related,
the greater likelihood is there that the proteid substances in their
blood are the same, or similar, and that they will give rise to the same

11
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or similar antibodies or precipitins. Nevertheless, the precipitation
is most marked with the homologous serum, that is, the serum of the
species originally used in the experiments, and one may go farther
and note that the most marked precipitation of all will occur with the
serum of the individual that supplied the original serum.

The different proteins in a blood serum have something in common,
so that the precipitin developed by the injection of one protein may
act upon other proteins in the blood; thus if serum, free from blood
cells, be injected, the antibody so produced, when added to whole blood,
can produce hemolysis (see p. 163).

In these experiments, the precipitable substance is considered to be
the main proteid substance of the fluid that is used, and we suppose
that the action is definitely specific for each protein, even though this
implies that there is an enormous number of proteins, each different
from another. As there are toxins and toxoids, so there are precipitins
and precipitoids and even antiprecipitins.

Agglutinins.—Agglutination consists in the clumping of free bacilli
in a fluid medium when there is added to that medium the serum of
an individual previously inoculated with bacteria of the same species.
With this clumping, the bacteria, if previously motile, become motion-
less. This constitutes the Widal reaction which is in common use, with
this difference that in the latter the converse procedure is carried out, so
that the result shows whether the individual affording the serum has
or has not been infected with typhoid bacilli. Agglutination tests
can be done with non-motile as well as with motile organisms, and are
obtained with the organisms of typhoid, dysentery, tuberculosis, plague,
anthrax, cholera, and with Baeillus coli, pyocyaneus, pneumococeus,
streptococens, and staphylococeus.  Agglutination is specifie to this
extent, that with relatively high dilutions of the homologous serum, the
particular organism concerned is the only one to show clumping. The
reaction can be observed under the microscope or in bulk, where in
small tubes the formation of a flocculent sediment is seen; living and
dead bacilli alike produce the phenomenon, and the injection of dead
bacilli causes the formation of agglutinins. The power of causing
agglutination may remain in the serum for a long time after the
infection 15 past.

We cannot say what agglutinins are, but we know that they are
resistant, that they withstand drying, light, and putrefaction and a
considerable degree of moist heat (62° C.); like antitoxins they may
be present in normal serum; the fact that they are not effectively present
in feetal blood or in the first vears of childhood gives weight to the
supposition that they may be caused by * subinfection.”

Agglutinins, it may be briefly stated, are not the same as precipitins,
nor are they bacteriolysins (bodies that cause the destruetion of bae-
teria). 1t is further evident that one organism can give rise to more
than one agglutinin, and in the case of bacteria that are related to
one another, some of these agglutinins are the same. We think, there-
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fore, that a species of organism can give rise on the one hand to an
agglutinin that is specific to itself, and to others that are also eapable
of being formed by other related orgamsms. Thus bacillus I can lead to
the production of agglutinins A, B, (', I, and I, whereas bacillus 11 can
form D), E, F, (5, and H, and so on. The nature of the agglutination
process 1s probably that the agglutinins bring about an alteration in
the molecular attraction or tension between the bacteria and the fluid
medium. We would correlate with this the gathering into rouleaux of
the blood corpuscles, and the physical experiment in which mateches
(to represent bacilli) or disks of cork (to represent red-blood cells) are
coated with hard soap and floated in a tub or water; they float about
free till the water 1s faintly acidulated, and then they gather together
into clumps; if the water be rendered alkaline, the elumps if broken up
do not reform. First, there 1s probably a junction between the agglu-
tinins and the bacterial cell, and as a consequence a physieal change
15 wrought in the medium in which they lie and in the surface tension
of the baecteria, a change with which the salts are concerned.

Cytolysins.—The blood of one person injected into the body of
another may lead to the dissolution of corpuscles of the latter individual
or to coagulation in his vessels. If an animal A be inoculated repeatedly
with small amounts of the blood corpuseles of an animal B of another
species, within a few days the blood serum of A gains the power of
“laking” the blood of B, that is, of destroying the red-blood cells of it
with liberation of the hemoglobin. The injection of the corpuscles
leads to the formation in the blood of A of a eyvtotoxin or eytolysin.
When this was discovered, a series of similar lysins were determined,
imcluding leukolysins, which are made by the injection of leukocytes,
the leukolysin being specific for the kind of leukoevte introduced.
Similarly, nephrolysins and hepatolysins were discovered, able to set
up degenerations in the kidney and liver cells respectively; in fact,
the eells of every organ seem to have their specific lysin able to act
especially upon that organ. The destruetive effect is most marked
when the amimals used are of widely different species, in which case
the lysins are called heterolysins, but there is some interaction even
between animals of the same species (isolysins). But it is not possible
to manufacture experimentally autelysins, that is, substances derived
from an animal which can break up its own cells. This observation
is in keeping with the impossibility of making anti-enzymes to the
common enzymes of the body. Before leaving this part of the subject
it is necessary to note that while a evtolysin acts most powerfully upon
the cells of the special kind which constituted its antigen, and in reaction
to which it was produced, it may have a certain lesser effect upon other
cells, and this is not wonderful when we consider the common origin
of the cells of the body and the likelihood that they will, therefore, have
certain qualities in common. Just as oceurred with precipitins, if eytoly-
sins be cautiously injected anti-cytolysins can be obtained, and these
will neutralize the action of the cytolysins,



164 THE MORBID AND REACTIVE PROCESSES

The Mechanism of Cytelysis.— If a guinea-pig has rabbits’ corpuscles
injected into it, its serum quickly becomes active in breaking up the
rabbits’ corpuscles, and i1s then called immune, but if we heat it to
55° or 60° C. the hemolytic action is arrested, and such serum is said
to be inactivated. If we mix rabbits’ corpuscles and heated (inactivated)
euinea-pig serum (which calls forth no hemolysis) and add to it normal
guinea-plg or rabbit serum hemolysis does take place. This means
that heating the guinea-pig’s serum has destroyed something which
the normal serum can restore or that there is something present in
unheated 1mmunized guinea-pig serum and again something in normal
serum that 1s necessary to hemolysis. There must be more than one
body present, because non-immune guinea-pig serum is not able by
itself to produce the effect. In every case of eytolysis the existence and
combined action of these two factors can be shown. The substance devel-

oped in the serum of the immunized animal

Fie. 54 is called the immune body or the intermediate

body or amboceptor; and the body present in
the normal (and in active immune serum)
is the complement or alexin, Both are pres-
ent 1n the eytolytic serum, and in fact it 1s
; by virtue of their presence that the serum
; is evtolytic. IFrom experiments we deduce
that the immune body ecan attach itself to
S the cell, but cannot disintegrate it, while the
i e disintegration is done by the complement

Combination of eell a, ambo-  goting with the immune body. Graphically
ceptor b, and complement c. The . 4 = « . - .
amboceptor may upite with the W€ €xpress this by Fig. 54, in which it will
cell, but by itsell cannot aficet  be seen that the immune body is imagined
it. The complement cannot unite 54 agnahle of a double attachment, hence
with the ecll exeept through the
amboceptor, having no adaptation thE name ﬂll]bﬂ("ﬂ]]tﬂ]',l to mmp]ement 01
to the cell directly. the one hand and to cell on the other. Nor

must it be thought that complement and
amboceptor are merely theoretical names, for each has a definite exist-
ence and 1s as real as if it were a chemical enclosed in a bottle and
visible to the eye. TFurther, in the interaction of complement, ambo-
ceptor and cell, an exact amount of each is necessary for a perfect
reaction; an excess or lack of one or another leads to an 1mperfect
reaction,

The Existence of Different Kinds of Amboceptors.— If a goat be doubly
immunized to both guinea-pigs’ and rabbits’ red corpuseles and this
goats’ serum be used upon guinea-pigs’ corpuscles until no further hemo-
lysis can be obtained, we find that there are yet amhboeeptors in it
capable of hemolysing rabbits’ corpuscles; the goats’ serum thus con-
tains two distinet sets of amboceptors, and many other such experi-
ments lead us to deduce that there 1s a multiplicity of immune bodies
(or amboceptors).

1 Ambo, both; capio, 1 seize.
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The Existence of Different Kinds of Receptors.—It follows from the
last statement that the cells must have multiple “ couplers” or receptors,
and while each cell may have a large series of these, the series is not an
identical one for the eells of different individuals of the same species;
for example, if we inoculate a goat with serum from another goat, the
serum obtained from it will hemolyse the corpuseles of some but not
of all goats. We may express this graphically by saying that if goats’
corpuscles are capable of having a full series of receptors, a, b, ¢, d, e,
f, and we use for experiment a goat whose cells have receptors a, b,
and e, its serum will come to contain amboceptors for a, b, and e, but
not for d, e, f. If this serum with amboceptors a, b, and ¢, come in
contact with goats’ corpuscles possessing receptors a, b, and ¢, 1t will
destroy them wholly; but if with corpuscles possessing receptors a
and ¢, it will only partially destroy them; if with corpuscles possessing
receptors d, e, and f, it will have no effect on them.

The Existence of Different Kinds of Complements.—Much debate has
taken place upon the question whether in a given blood different com-
plements exist, and without recapitulating the lengthy evidence we
may state that it seems likely that there is multiplicity of complements.
We may say that there i3 in every normal serum a series of complements,
and again that, in different animals there exists a cerfain number of
tdentical complements, identical at least in their haptophore (or coupling)
parts, although the toxophore (or destructive) part may be different.
Just as was the case with the toxin molecule, so the complement may
be imagined as of two parts; just as the toxin could be modified to a
toxoid, so the complement may be modified to a complementoid, which
will still have its old affinities but will have lost its eytolytic powers;
still, such altered complement can join with the immune body, and
the toxophoric or cytolytic part being powerless, no damage to the
cell results, but other and active complement is prevented from joining,

Lastly, it may be pointed out that the amount of complement present
1s a variable quantity, and it may by various experimental means and
by disease be reduced, or may, by the injection of substances like blood
plasma and broth, be increased.

Bacteriolysins.—As inoculation of animal cells leads to the produe-
tion of bodies causing the destruction of those cells, so has the inocu-
lation of vegetable cells, bacilli for example, a like result; thus to
obtain perfect immunity against bacteria which develop endofoxins, two
distinct processes have to be carried out: (1) the development of
bacteriolysis whereby the endotoxins become liberated, and (2) the
formation of anti- (endo) toxins. Nor is it by any means easy to attain
these two results; it not infrequently happens that having gained the
first, a dose of the living germs will cause death in a relatively short
period; the bacteriolytic power that has been acquired, destroying the
bacteria, liberates rapidly so large a quantity of endotoxin that the
animal dies of intoxication. To combat such an endotoxin, it is neces-
sary to employ a method different from that used in neutralizing a
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diffusible toxin. If, for example, a guinea-pig by successive injections
of one of eertain ]J.Ltlmgulit- organisms be rendered immune, and what
would ordinarily be an abundantly fatal dese of that organism be
injected into the peritoneal cavity, i1t will be seen by removing peritoneal
fluid from time to time that the bacteria are undergoing destruetion,
and this apart from the process of phagocytosis; the bacteria are seen
to become motionless, to swell, to become rnullrifctl and then melt away
by a process of g.hm:ludlclmunutmn like 1;.=;mn1n’t augurm water (Pfeiffer’'s
reaction). What is happening is that the immunization of the animal
has produced amboceptors and the normal serum supplies eomplement,
and the bacteriolytic effect is produced upon the bacterial body.

The amboceptors and complements are called antibodies, and exist
in the serum, and even in the plasma of normal animals, although not
in large amounts; inoculation by a specific germ is needed to call forth
amboceptors abundantly; the amboceptors, as we have said, are
multiple, as appears from the fact that an animal immunized against
cholera and typhoid provides a serum that will destroy cholera, and
subsequently also typhoid organisms. The appearance of the ambo-
ceptors is not immediate, but occurs after the lapse of several days;
once there, however, they may exist in the serum for a long period,
even for more than a yvear in some cases, and when they disappear,
a relatively shight inoculation of the specifie organism suffices to pro-
duce them in abundance. They can be produced by successive inocula-
tions of the hiving or by larger doses of the killed germs and in this
way immunity may be obtained against cholera, plague, typhoid, and
streptococeus infections.

When the complements come under consideration, it 1s seen that
those of different animals are not identical, and, therefore, the immune
serum of one animal will not necessarily protect another; when one
adds to this that the amount of complement is reduced in disease we
an partly understand failures to immunize, and can foresee that mixed
immune sera will have a better chance of being efficient than the immune
serum of one animal; further, human serum is most likely to afford
the right order of complements for human patients, and a relatively
small amount of human serum contains enough complement for a large
bulk of amboceptors.

Diversion and Fixation of Complement.— Diversion of Complement.—
We have already called attention to the fact that for proper immuniza-
tion there must be no excess of either amboceptor or complement.  If
a suspension of bacteria be made in a normal serum, which has been
found to contain sufficient complement to cause bacteriolysis when a
known amount of inactivated serum is added (an amount containing
say x amboceptors), then if ten times this amount be added, instead
of bacteriolysis being hastened, it may be wholly arrested. This is
explained as being due to “diversion of the complement,” and it is
supposed that the excess of unattached amboceptors have a greater
afhmty or attraction for the complement molecules than have those
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amboceptors that have become partially satisfied by attachment to
the bacteria, or, conversely, that the avidity of the bacterial receptors
is greater for amboceptors, pure and simple, than for the amboceptor
plus complement.

Fixation of Complement.— We owe to Bordet the observation that
sensitized red corpuscles (i. e., corpuscles which having been previously
placed in immune serum have taken up amboceptors from the same)
when placed in normal unheated serum take up all the complement
present in that serum, so that now this serum becomes wholly inactive
for bacteriolvtic or cytolytic purposes. Bacteria similarly sensitized
act in the same way, fixing all the complemental substance present in
normal serum. It is evident that the amboceptor-laden cells absorb
or render inactive much more than the amount of complement neces-
sary for the eytolvtic process, and absorb or fix indifferently all orders
of complement. Gengou expanded these observations, showing that
a like fixation of complement takes place under conditions in which
the complement is not an essential for the main process. He found,
in short, that any serum in which antigen and antibody undergo union,
has any complement that it contains rendered inactive.

The Wassermann Reaction.—If this be so, then the determination
whether in a given serum the complement has become fixed or no,
renders it possible to determine the presence or absence of either antigen
or antibody In a given fluid. If either of these be present, then the
addition of the other, in the presence of complement-containing serum
leads to the fixation of that complement. If the complement does
not become fixed, we can conclude that antigen or antibody respectively
15 absent from the mixture, and we can determine this point by adding
to the mixture sensitized red corpuscles. If the complement has become
fixed, no hemolysis ensues; if either specific antigen or antibody be
absent, the complement does not undergo fixation and hemolysis oceurs.
This is the basis of the now widely employed Wassermann reaction
for the diagnosis, more particularly, of syphilis. The test is not a
little complicated in description, but the above gives its rationale.
Wassermann first obtained what he regarded (as we now know wrongly)
as a syphilitic antigen, viz., the tissue of a syphilitic feetus. To an
extract of this is added the serum to be tested, diluted and heated to
destroy its complement, and normal unheated guinea-pig serum con-
taining complement. If the serum to be tested is from a case of syphilis,
and contains the syphilitic antibody, then in its union with the antigen
the complement will undergo fixation. Coineidently there is prepared
a mixture of washed red corpuscles of some animal, and heated (immune)
serum from a rabhit which has been injected with the red corpuscles
in question. If this latter mixture be added to the previous mixture
and no hemolysis ensues, it is evident that the complement has been
fixed ; it is evident then that the suspected serum contained the syphilitic
antibodies. If, on the other hand, hemolysis ensues, this is an evidence
that the serum tested is negative, containing no antibodies.
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However, more delicate reaction can be obtained, if in place of
Wassermann's so-called syphilis antigen, there be employed the alco-
holic extract of a normal organ, or even soluble soaps, leeithin, or bile
salts. Fixation of complement there certainly is, but the reaction is
not precisely of the same order as the Bordet-Gengou phenomenon.
Syphilitic blood serum is found relatively rich in globulins, and it is
the combination between these and lipoids that binds the natural
complement of the guinea-pig’s blood present in the mixture.

Animal Venoms and Antivenins.—An extensive study of snake
poisons has led to the conclusion that the raw poison contains several
separate toxins, such as a hemolysin, a neurotoxin, a nephrotoxin, and
so on, and that some of these attack the cells directly, while others
require the intermediation of a complement; this complement is some-
times present in the blood serum and sometimes exists in the cell that is
acted upon, in which case it is known as an endocomplement. By the
repeated injection of minute quantities of venom into lower animals,
antitoxins—or antivenins, as they are called, can be obtained for all
the animal poisons; the best-known forms are those against the venoms
of the cobra, scorpion, spider, toad, salamander, and eel.

Opsonins,—The opsonins are substances in the blood serum which
stimulate phagoeytosis. If opsonins are not present, phagoeytosis of
bacteria by leukocytes occurs only to a slight extent, whereas if opsonins
be present, it occurs very abundantly. For example, if a person
suffering from chronic furunculesis be taken, and his leukoeytes re-
moved by centrifugalizing from his serum in which they show little
phagocytic power, and added to the serum of a normal person, they
take up bacteria very rapidly, because the normal person’s serum con-
tains that abundance of opsonins in which the patient's serum was
lacking. The normal person’s leukocytes placed in the patient’s
serum show scarcely any phagoeytic activity, so the activity depends
not upon the leukoeytes but upon the serum; the substances upon which
this depends (opsonins) are not readily altered by heat, and become
fixed by the bacteria, not by the leukoeytes. The bacterial body is in
some way acted upon so that the leukocytes ean subsequently ingest
it; the extent of this action can be gauged by noting under the miero-
scope the average number of bacteria ingested by one of thirty or forty
leukocytes observed, and comparing it with the number ingested by
normal leunkoeytes in normal serum. Certain precautions are necessary
in the utilization of this phenomenon. (1) The bacteria must be in
an emulsion, so that individual microbes are separate and not clustered.
(2) The emulsion must not be thick, lest bacteria, overlying but not
in leukocytes, may appear to be actually contained. (3) The counter
should have considerable training before trusting his results. (4)
The same pipettes should be used for the same stage of the procedure,
so as to Insure aceuracy of measurement.

The opsonins are considered to be protective and by their action upon
bacteria are used up, so that if bacteria are added to a serum and after
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their removal the serum be used with a second lot of bacteria, it is
inert. This last depends upon the fact that there is actually combina-
tion with or absorption by the bacteria, because bacteria so removed
are found to be readily taken up by leukocytes even in an inactivated
serum. Opsonins are multiple; there may be, probably is, a common
one 1n normal serum, and specific inoculations give rise to other specific
opsonins. If small measured quantities of dead cultures of Staphy-
lococcus aureus, the gonocoecus, B. coli, or B. tuberculosis be injected
into an individual his opsonins are, for a short period, reduced in
amount (the negative phase), after which they increase (positive phase).

Since phagoeytosis is an important mode of protection of the organism
against infection, Wright, whose work drew attention to these phe-
nomena, concluded that the relative amount of opsonins in the blood
furnishes an indication of the defensive powers of the individual, and has
established an “opsonic index.” This is the ratio borne by the average
number of bacteria per leukoeyte in the patient’s serum, to the num-
ber found per leukoeyte in the same emulsion with a normal serum, the
latter being taken as 1.0. To obtain a normal serum it is often well to
“pool”’ the serum of half a dozen apparently healthy individuals.

In most infections the index is found to be less than 1.0. By care-
fully judged inoculations of dead microbes of the sort that cause the
infection it is possible to bring up the index to more than 1.0, and this
is frequently coincident with a marked improvement in the patient’s
condition. Excellent results have been obtained in many forms of
infection by staphylococcus, in certain cases of infection by gonococcus
and Bacillus coli, as well as of Bacillus tuberculosis.  As time progresses,
the value of the method seems to increase, but there is a growing
tendency to employ larger amounts of the killed microbes and to lay
less stress upon the technical observation of the index and more upon
the signs of reaction as they are observed clinically.

Aggressins.—As the animal cell acted upon by bacteria produces
antibodies, so the bacteria on their side are stimulated to produce
reciprocal antibodies, and these have been named “aggressins.”

This action will be understood better if a concrete example be given.
If cholera spirilla be injected into the peritoneal cavity a loeal infection
ensues; the inflammatory fluid containing the bacteria is removed
and the bacteria taken out by centrifugalizing, and the few remaining
organisms killed by sunlight, heat, or antiseptics; the resulting clear
fluid has no toxic effect, and can be injected into another individual of
the same species with impunity. If, however, along with it a less than
fatal dose of the spirilla be injected, death shortly ensues. There is
something in the inflammatory exudate (aggressin) that has paralyzed
the protective agencies of the body. The presence of these aggressins
explains why the exudate produced by the local growth of a given
microbe has no opsonic power; the opsonins may be present but are
neutralized. Finally, it may be suggested that the aggressins are to
the bacterium what the opsonins are to the animal.
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By taking these into account we explain the well-known phenomenon
of “exaltation of virulence” by passage through a sucecession of animals.
The virulenee of an organism does not depend only upon the produetion
of toxins; inerease of virulence does not mean inereased produetion of
ectotoxins, for a filtered culture of a virulent strain of cholera or anthrax
does not produce more symptoms than does that from an attenuated
strain; but if the attenuated bacilli be injected there 1s phagoeytosis,
if the virulent, none. It appears as if the virulent bacilli exerete or
discharge substances which are not toxins, but which have an inhibitive
or “anti” action upon the body cells, substances which do not necessarily
combine with the body cells to destroy them, but either neutralize the
opsonins or directly repel the body cells, the repulsion being greater
than the attraction exerted by other bacterial substances.

Anaphylaxis.—Anaphylaxis or allergy, is a phenomenon connected
with the injurious effeet that is occasionally wrought by serum-—the
so-called “serum sickness’ and “serum death.” From the early days
of the employment of antidiphtheritic serum, there have been occa-
sionally reported cases of death following suddenly the injection of
the serum. Collapse, unconsciousness, and convulsions have oceurred,
death ensuing with startling suddenness. Less severe symptoms, the
urticarial rash, with or without systemiec syvmptoms of lack of well-
being, and other milder manifestations following the use of serum,
are familiar to all. These untoward effects are produced not by the
toxins or antitoxins but by the serum, and it may be said, by the way,
that the risk of these is the price mankind has to pay for the blessings
of serum therapy.

Again we shall illustrate this phenomenon by a conerete example.
If 5 e.c. of a foreign serum be injected into a guinea-pig there are no
immediate effects, and the animal becomes soon immunized to that
serum. But, if instead of 5 c.c., as little as y4¢'555 c.c. be given, and
twelve davs later a second injection of 5 c.e. be given, the guinea-pig
will almost certainly die, and that quickly. Instead of being rendered
immune, the opposite result has been obtained; the animal has been
“sensitized,” and this process of sensitization is anaphylexis in contra-
distinction to prophylaxis. In herbivorous animals, the same result
can be gained by feeding with the serum, and the blood of the sensitized
animal comes to contain a substance which, when the blood is injected
into other animals, sensitizes them. In man and omnivorous animals
a single dose sometimes has the effect that the two doses possess in
herbivorous animals, and thus serum death may oceur.

This sensitization appears at first to be opposed to our general ideas
of immunity, but we have attempted to show that it is not necessarily
so.  As shown by Vaughan, the bacterial proteins can be split up into
a poisonous and a non-poisonous portion; the same is true even of
egg albumin, and its poisonous portion kills an experimental animal
just as does the polson of a pathogenie bacterium. The same is true,
also, of most vegetable proteins. One may sensitize an animal with
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the poisonous portion, or with whole albumin, but not with the non-
poisonous portion, that is, the cell substance has affinity for the non-
poisonous part, and forms and discharges receptors suited to this
non-poisonous part. Still referring to egg albumin for illustration, ten
or twelve days later when the cells are habituated to the non-poisonous
part, if we inject whole egg albumin, the eells with their exeess of
receptors attract the non-poisonous portion of the serum to which they
are accustomed and set free the poisonous portion in the circulation,
which acts upon the nervous system and produces death. The second
dose must be large enough to supply a fatal dose of the poisonous part
after splitting up. It seems, further, that the poisonous portion has a
special affinity for certain cells, and it 1s this loeal, rather than general,
action that explains the anaphylactic phenomena. In the guinea-pig,
for example, as shown by Auer, the fatal result is due to direct influence
upon the plain muscle fibres of the bronchi, eausing a spastic contrac-
tion with arrested respiration. In other animals also it is plain muscular
fibres that appear to be specially implicated. What is true of the egg
albumin is true of the protein-containing horse serum, which forms the
basis of the antitoxic sera of commerece.

This does not explain why a small dose sensitizes while a large one
does not; and here we must go farther, and remind the reader of what
is called the dissociation of ions; if a minute quantity of salt be put
into a large quantity of water it 1s dissociated into its Na and its Cl
ions, whereas, if a large quantity be used 1t remains as an NaCl mole-
cule. Similarly, the minute dose of protein may be dissociated into its
poisonous and non-poisonous parts, of which the former is in quantity
too minute to produce any symptoms, and the cells are able to react
only to the latter. If the preliminary dose be large, the dissociation
does not oceur, and the body cells become accustomed to the whole
protein molecule; the poisonous action is thus expended upon the cells,
where its effects are not so serious as when it is free in the circulation.

It may be recalled that in our chapter upon predisposition (p. 117),
attention has been called to the similarity between certain cases of
idiosynerasy, asthma, hay fever, ete., and these anaphylactic phe-
nomena.

THEORIES OF IMMUNITY

Everyone who is in the slightest degree familiar with medical litera-
ture knows that the amount of material given out upon the subject of
immunity in the last few years is mildly described by the word stu-
pendous. It is evident that we can give as briefly as possible not an
indication of the various arguments in favor of various theories, but
only a very brief explanation of a single practical one. We shall
attempt to outline a workable plan by which immunity can be under-
stood, based largely upon Ehrlich's views,

We have seen that all the substances that can induce the production
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of antibodies (7. e., all antigens) are either cells or the products of cell
activity, and that the antibodies, too, are the products of cell activity,
and that one group is a kind of looking-glass reflection of the other.
If we were bacteria we would regard the antibodies as toxins, and
our own toxins as protective antibodies. T'wo living organisms, the
animal and the microbe, are pitted against each other, and the increase
of virulence of the latter may be the result of its developing anti-anti-
toxins (which, from the microbe’s point of view, are simple antitoxins),
corresponding to the development of antitoxins by the animal and tend-
ing to neutralize them. The problems of immunity narrow themselves
down to special problems bearing upon the assimilation or digestion
of unusual or foreign proteid matter, the products of cell metabolism.

We have given the basis of Ehrlich’s theory referring to simple toxins,
but when we reach the eytolysins we are met by a new phenomenon
in which there is not simple union of the molecule of the cell and the
toxin or the complement, but where this is brought about by the
intervention of an intermediate body or amboceptor. We may here
recapitulate the various forms of antigens and antibodies with which we
have dealt:—

e - = b
Engymes . . deading to the production of Antienzymes

Phytotoxins Anti {phyto) ’cﬂ-:\:inS
Bacterial 4'-‘I3:"Jt-l'r?ﬂ'!l:-': e e Antitoxins
Joanimal |

Proteins, ; Precipitin:
|vegetable |
Bactenal proteins (7) . : : ) L Applutinins r Acting singly.
Bacterial aggressing (7) b = Opsonins
Animal venoms (simple) . . . . 2k 2 Antivening

Animal venoms (complex, requiring : :
g rEnIl A ! Antihemolysins,

s P i\
intermediation of complement fell'l

aetion) Sl j
Vepetable cells (bacteria) . : i - Bacteriolysing Hequiring in-
Animal cells of various orders . . o o Crytolysing terpction  of
Hemaolysins {1 amboceptor
Leukotoxins (specific),
Hepatolyvsing, ete. | 2 complement
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Reviewing this table, one notes that there is a progression from a
simple structure of the absorbed body to a very complex one. Accord-
ing to the nature of the body to be absorbed, the {Jimling apparatus
must differ. To tie a simple substance to the biophoric molecule we
may presume that a single, simple side-chain is enough. When, how-
ever, we come to the giant molecule of a protein, this will not be enough.
Giant molecules, as such, are useless for the cell, and must be broken
up, dissociated, by fermentative processes. This could be if the “seiz-
ing arm” were of a nature complex enough to seize the molecule and
to bring into contact with it the requisite ferment; to borrow an example
from the vegetable world, the tentacles of the Drosera seize the object,
and cover it with a juice that is digestive. Such a complex side-chain
we can predicate in the case where the body to be “lysed” consists of
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complex proteins, such as we find in bacteria, in blood corpuscles, or
in eells. If there be such a complex side-chain, the process of immu-
nization will cause a reproduction of such side-chains, and the side-
chain with its complexities will be elaborated and cast off as a complete
whole—as an immune body.

Ehrlich’s Three Orders of Receptors.— Following up this idea, Ehrlich
supposes that there are three orders of receptors for food or toxin
molecules. (1) The simple toxin (I, b) is anchored by a receptor (I, a)
of the first order, that receptor being a side-chain with a haptophore
¢ to which the toxin molecule becomes coupled by its haptophore e.
(2) For protein molecules, a different order must be imagined. The
side-chain must have an arm for seizing (II, ¢) and one- (11, d) for

F1a. 55

The three orders of side-chains, according to Ehrlich.

supplying the ferment by which the molecule must be dissociated,
that is, a haptophore and a zymophore (or ferment-carrying portion).
This kind of receptor is figured in Fig. 55, I, in which e is the hapto-
phore, d the zymophore; as soon as coupling oceurs, the zymophore
is free to exert its ferment effect upon the body seized. It will be seen
that the toxin molecule in Fig. 55, I, is the counterpart of the attached
receptor of Fig. 55, II. (3) For the yet more complicated case of an
interaction between the biophoric molecule and a foreign cell, we must
presuppose a complex receptor as in Fig. 55, III. The receptor must
be capable of attaching the cell to be acted upon (f) and the comple-
ment (k); the complement is figured as possessing a haptophoric part
(k), and a zymophoric part (z), which latter corresponds to the toxo-
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phorie part of the toxin molecule. When both these are fixed to the
original cell, the communication between the zymophorie part and
the two cells permits the enzyme action upon the attached cell (f) to
begin. When the cell receptors are produced in excess and discharged,
they have the same powers of attachment as when fixed to the bio-
phorie molecule and when free are termed by Ehrlich haptines. Hap-
tines are thus of three orders, those with a single haptophore, such
as antitoxins and anti-enzymes; those with a haptophore and a zymo-
phore group, the agglutining and the precipitins, and lastly, those
with two haptophores, which are the amboceptors or immune bodies
proper, and constitute the cyvtolysins and bacteriolysins.

There 15 a word of warning to be given to the beginner in inter-
preting the diagrams which we have reproduced. We are not sure
that the toxin molecule becomes anchored on to the biophoric molecule
and so becomes a part of 1it. The interaction of toxin on haptine is
direct: the toxin acts upon the biophoric molecule in a way that is
less direct; we differ from Ehrlich in not regarding it as becoming
firmly attached to the biophoric molecule, but as dissociating, by its
affinity, the receptor, the toxin and receptor becoming temporarily a
free unit, and imagine that thereby the condition of unsatisfaction, in
which the biophoric molecule is left, leads to the formation of a new
side-chain or receptor.

When we consider the processes by which bacteria are destroyed,
and their cell produects neutralized we realize that these are but speecial
examples of assimilation and digestion. The process by which an
ingested microbe 1s dissolved in the vacuole of the leukocyte, or a bac-
terium melted in the body fluids is probably brought about by a pro-
cedure of the same order as when fibrin is digested in the gastrie juice.!
In no part of the whole subject can we neglect the importance of enzyme
action. We readily admit—nay, we cite— the different grades of
enzyme action with which we are familiar; how ptyalin acts directly
on starch, and enterokinase requires the mediation of trypsinogen.
We think, in short, that toxins and eytolysins are of enzyme nature.
Indicating the similarity between toxins and enzymes, we have anti-
toxins and anti-enzymes, we have natural and experimentally acquired
anti-enzymes just as we have actual and experimentally acquired anti-
toxins, we have evidence that a minimal amount of enzyme may convert
a maximum amount of the substance acted on, and a mimimal amount
of toxin cause dissociation of the cell substance, even unto death, or
that, under favorable circumstances either process may be arrested;
we see, too, that the action of both is arrested by the products of
dissociation; both work with chemical exactitude, so much enzyme
neutralizes so much anti-enzyme, and so much toxin so much antitoxin.

1 Or perhaps, more aceurately, in the panereatic juice, for such digestion is lytic
and we now recognize that for the activation of the trypsinogen a second body is
necessary.  ‘Trypsinogen is inert save in the presence of enterokinase, which may be
regarded as the complement, the trypsinogen as amboceptor,
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We do not know the structure of enzymes or of toxins, and we must,
therefore, express the process by symbols as Ehrlich has done.  If we
are speaking of enzyvmes, the enzyme molecule (corresponding to the
toxin molecule of our previous illustrations) has a haptophorie (coupling)
part, and a zymophoric part, and instead of the cell body we have this
time the substance to be fermented (the fermentescible substance).
Now let us digress to the consideration of the chemistry of fermenta-
tion; for example, dextrose gives rise to glucose thus:

[‘_‘-w[].:_.-_.{]" 'I" I': +" II;‘} — L‘ﬁIIJ:{:E + {‘ﬁlll'."::'ﬂ+ ]:I:'

(One molecule of dextrose + H.0) = two molecules of glucose. In the
presence of enzyme (E) hydrolysis oceurs.

The molecule of dextrose cannot be split into two equal parts, but
divides unequally, thus:

: [ CeHy O
Cp.H0y = {l E*:] b

1,05

and the hydrolysis gives us a free basie HO 1on, and a free acid H ion.
The next step is that we expand our last formula thus:

| _ JCH; Oy + OH = CgH:.0,.
':r]!'{:\':{jﬂ + Hf{] = ICEI]"{,:E + Il = C:I]“ﬂ:.

The dextrose molecule splits into two parts, one of which has positive,
the other negative affinities, and when these are separated one attracts
a basic 1on, the other an acid ion. Our conception is that the enzyme
which thus splits up the molecule into a basic and an acid part, must
itself be acid or basic; thus, if acid it detaches the basic complex CgH,,0s,
but the hydrolyvsis has left free an H ion, which now exerts a greater
attraction for the CgH,;;0; than does the enzyme; the two combine,
and the enzyme is set free to break up another molecule of the dextrose.
We have indicated this graphically in Fig. 56, the term recipient
indicating the substance (in this example ) which has affinity for the
broken-off molecule, greater than has the ferment.

In more complicated enzyme action such as oceurs in the protein-
splitting digestion of trypsin, the enzyme is a compound of kinase and
trypsinogen; the latter has a suitable haptophore group, but its zymo-
phore group is unable by itself to split the protein molecule and requires
the assistance of the kinase.

When we liken the action of enzyme to that of toxin, we recognize
that there is a frequent source of confusion in the conception on the
part of the worker that enzyme action results ordinarily in the produe-
tion of substances which are certainly not anti-enzymes, and there
appears at first sight to be no similar action on the part of toxin mole-
eules. These, we are apt to imagine, produce only antitoxins. This,
however, is a mistaken idea. The process of junction between toxin
and antitoxin is associative and self-limiting, and there is an identical
process occurring between enzyme and anti-enzyme. What we wish
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especially to point out is that, corresponding to the process manifest-
ing itself between ferment and fermentescible substance which is dis-
sociative and recurrent, there is, we hold, an exactly parallel dissociative

Fia. o6

Simple enzyme action: F, the enzyme molecule, has affinity for and detaches A, a side-chain of a
protein moleculs, forming o temporary combination with it. When A-F iz free the recipient & has
a greater affinity for the side-chain moiety A= and ecombines with it, the enzyme molecule F becom-
ing detached and ready to dissocinte a second similar side-chain.

Fia. 57
0.
f&ﬂj
F. o B
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Bchema of toxin-antitoxin action:; G—A (the side-chain A combined with the recipient 7, as in
Fig. 56, when discharged from the cell into the surrounding fluid 88 an antitoxin moleculs, i8
dissociated by the enzyme or toxin molecule F, which thus joining with A becomes neutralized,

and recurrent process oceurring between the toxin and the biophorie
molecule. The one essential difference is that the enzyme may mani-
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fest this dissociative activity outside the cell, the toxin ean manifest
it only within the cell and in association with living matter.

It is when the enzyme acts upon the living cell that anti-enzymes
are produced, just as antitoxins are developed under like circumstances.
And to explain the relationship between the fermentescible or disso-
ciative and the antibody or associative activities of both orders of
substances, we suggest an addition toe Professor Ehrlich’s conception
of side-chain activities. In toxins and antibodies he takes no note of
the group of junction with the biophoric molecule; when dissociated,
there must be here in the side-chain complex (which in our diagram,
Fig. 57, is solid black) a satisfiable affinity. If now we picture the toxin
molecule, not as becoming attached to the biophoric molecule by one
of the side-chains of the same, but as defaching the side-chain, we can
solve the difficulty; that is, we can regard the toxin as acting like an
enzyme, detaching the side-chain, giving it up to the stronger affinity
of the recipient G, and being free to detach another side-chain. T'his
side-chain plus recipient is the antitoxin (Fig. 57).

In the eell this antitoxin cannot act because the toxin has affinities
for the similar side-chains of the biophorie molecule still adherent,
unless the point is reached at which equilibrium oceurs by the acenmula-
tion of the produets of the enzyme action and by the overproduection
and discharge of side-chains of the particular order into the paraplasm.
But when the excess of side-chains plus recipient is discharged into
the blood stream, then circulating toxins, not having the greater
attraction of the intracellular molecules, are free to join them and be
neutralized.

In this consideration of the subject, we have called in no external
factor save the “recipient,” some simple but active ion present in all
solutions in which the enzyme or toxin is able to act.

SYNCOPE, SHOCK, AND COLLAPSE

Syncope or fainting is the state in which the face suddenly becomes
blanched, the pulse small, rapid, and at times imperceptible; a brief
giddiness or a moment of mental helplessness is followed by unconscious-
ness, the individual falling “as a sail falls the mast being broken.”
This arises in various ways: by the sudden assuming of the erect from
the supine position, by the emptying of a full bladder (with probably a
mechanical filling of abdominal vessels), or by strong stimulation of
sensory nerves, in other words, pain. Unconsciousness is usually brief.
Again, syncope may be purely of emotional origin; many medical
students will recall cases of syncope oceurring among their own number
at sight of some operation, especially if the surgical procedure be one
that is undertaken without an anesthetic; the ready mind of the sympa-
thetic one attributes to himself all the sensations (and more) under-
gone by the patient. Personal memory recalls vividly a football match,
with the scattered falling, like pole-axed steers, of nearly half a score

12
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of undergraduate onlookers, consequent upon the loud, sharp snap of
a leg bone of one of the players. -

Shock and Collapse are obviously more severe conditions. First, there
is the emotional shock that may produce death. The case is cited of a
mock trial conducted by some students of a Seottish University upon
an obnoxious janitor; he was led to the block, struck on the neck with a
wet towel, and picked up dead. In less extreme cases, recovery may
take davs or weeks, instead of minutes as in syncope. There is blanch-
ing, with a weak, feeble pulse; the eyes become sunken, the cheek bones
prominent; the museles are lax; the breathing is irregular, the tempera-
ture lowered. Retching and vomiting are frequent; the patient lies
limp and regardless of his surroundings, but not unconseious; upon
being aroused, the answers given by the patient may beslow, asif brought
from a distance, difficult to obtain, but they are rational; volition is
largely abolished and there is extreme general depression of all bodily
funetion.  Shock and collapse oceur in the following circumstances:

1. After operation, or wounds associated with injuries to nerves.
These may be (a) peripheral, in which the terminations are affected
as-in the shock after burns, after a sharp blow upon the testicle, expo-
sure or irritation of the peritonenm, or of the periosteum; (b) in con-
tinuity, as after severance of a large nerve such as the seciatic; (¢) central,
as after operations upon or removal of brain substance. Pain in all
these is not an essential; shock may occur even if the procedure has
been conducted under anesthesia sufficient to abolish sensation.

2. Pain or fright, without gross injury to peripheral nerves.

3. Severe hemorrhage, either external or internal.

4. Loss of fluid, as in persistent vomiting or excessive diarrhcea.
We are apt to count the two latter as collapse, the others as shock.

In syvncope, shock, and collapse, there is a combination of cardio-
vascular disturbance with grave arrest of cerebral activity. The primary
vascular disturbance is sometimes easily understood. The vessels
of the splanchnic area, or even of the liver, are capable of holding all
the blood, but they do not ordinarily do so because of the tone of the
abdominal walls, compressing the viscera, and the tone of the vessel
walls, by which arteries and veins are in a state of partial contraction.
If from any cause there is rapid dilatation of the abdominal veins,
the blood in the upper half of the body may gravitate there in increased
amount, with corresponding anemia of the brain. One can even pro-
duce uneonsciousness by compression of both carotid arteries. This
abdominal vasodilatation may be caused by a blow upon the abdomen,
which produces inhibition of the splanchnic vasoconstrictor influences,
whereby the abdominal veins become dilated, or stimulation of the
cardiac inhibitory centre (vagus) whereby the heart beat is arrested.
One or both of these influences may be at work to constitute the effect
of the “solar plexus blow,” known to the prize ring. Where by any
of these means there is produced merely a temporary cerebral anemia,
we have the condition of syncope.
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When an attempt is made to define the condition of shock, it must
be remembered that depression or cessation of function is a prominent
feature. This seems to apply to the individual eell; for it has been
noted that drugs like aleohol, ether, and strychnine, administered
during shock, are inert, alt!mug:l: tlu-}' diffuse perfectly; vet with
recovery of the cells, the physiological effect has been seen to assert
itself, indicating that the actual metabolism of the cell was, for the
time, suspended. It has been observed, too, that in shock the specific
gravity of the blood falls, and that of the tissues rises, indicating a
passage of tissue juices to the blood, which accounts for the rapid pro-
duetion of the “sunken” appearance of the eyves and the prominence
of the cheek bones. Precisely the same relatmmhlp between the blood
and the tissues has been found to oceur in eases of large, rapidly pro-
duced hemorrhage. If a elinical distinetion is to be made between shock
and collapse, it is that in shock we regard the nervous disturbance
as Initiating the cireulatory depression, and that in collapse we con-
sider the depremun as Imnw caused by the continued cerebral anemia.

Acapnia.— Yandell H{-nr]erarm ascribes the sequence of changes in
the blood pressure, the filling of the splanchnic veins, the raplfl ancl
weakened heart action seen in shock, not to primary vasomotor influ-
ences, but to acapnia, or the effects of diminished carbon dioxide in
the blood. Exposure of the wviscera and the mere aération of the
abdominal cavity by this means 1s accompanied by exhalation of earbon
dioxide, and affords the anatomical and clinical picture of shock. If
the exposed viscera be bathed with salt solution saturated with carbon
dioxide, the condition is arrested. This may well explain certain cases
of surgical shock, and, indeed, applyving these views, supervention of
shock has been prevented by individval surgeons. We doubt, however,
whether acapnia and shock are identical and whether this diminution
of earbon dioxide is to be encountered in all cases. The rapid oncome
of the condition in some cases is evidently a reflex act, and a general
inhibition of the activity of the higher nerve centres must, in these
cases at least, precede any change in the. carbon dioxide content of
the blood.

It deserves to be noted that it has been determined practically that
in the course of surgical operations the exhibition of carbon dioxide
arrests the development of shock, even more surely than does Crile’s
elaboration of the old method of compressing the extremities and
surface so as to bring about filling of the more central vessels. There
1s a lack of any evidence that in shock the arteries undergo dilatation.

PAIN

Pain is the cry of the tissues. The infant cannot explain its dis-
comforts and expresses them by ecrving; equally the tissues have no
means of expressing to the individual that something is wrong, save
by the presence of the sensation that need not be defined because
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universally experienced—pain. Paradoxical as it seems, pain cannot
exist in the tissues; a pain in the foot is a disturbance of those nerve
cells in the brain whose function is to receive stimuli conveyed to them
by the afferent nerves from that region.

In this connection we must recognize two orders of tissues, irrita-
tion of either of which may set up the sensation of pain, but in the one
this process is accurately localized, while in the other the sensation is
localized by the brain as originating in some other area or areas. Of
the former may be mentioned the skin, the mucous membrane of the
mouth and pharynx, the skeletal muscles, the periosteum, and the
tunica vaginalis of the testis; of the latter, all the viscera, with the
exception of the testis, or more accurately, of its serous coat. This
may seem to be a sweeping and unfounded statement and one contrary
to personal experience, but as a matter of fact, the individual viscera
may be handled with impunity and even be cut in the unanesthetized
individual without any sensation being induced. In such organs there
are no sensory nerves for pain, no direct paths whereby the conscious-
ness is informed of disturbance in those particular viscera. Stating
this, we do not mean to indicate that pain may not originate from the
viscera: every schoolboy knows a stomach-ache as a very real thing,
and undoubtedly a dull heavy pain follows pressure or serious traction
upon these viscera, though here again we are unable to localize the
pain in any particular area. At most we have an obscure localization
of something wrong inside. When, for example, the cesophagus or
stomach, or the colon is overdistended, there may be painful sensa-
tions behind the sternum, in the upper or lower abdominal areas
respectively.

If we analyze the pain associated with disturbances of the internal
viscera, we encounter some points of remarkable interest. Take for
example, the organ just noted—the stomach. An ulcer or other acute
lesion of this viscus is found to afford a pain which, if the patient be
asked to localize it, is situated in the abdominal wall in the epigastric
region. We may even observe that if the lesion be in the cardiac part
of the stomach, the pain is in the upper part of this region, if toward
the pylorus in the lower, and this irrespective of the fact that the
cardiac and pyloric regions lie somewhat transversely, rather than
vertically one above the other. In addition, the patient endeavors,
and if he be at all stout, endeavors in vain, to touch an area in the
dorsal region between and rather below the shoulder blades; more
accurately on either side of the seventh and eighth dorsal vertebre.
With the heart, as, for example, in angina pectoris where the pain is
extreme, it is noteworthy that it is complained of as existing, not in
the organ itself but over it. There is frequently felt also a sense of
extreme constriction :l][rtlg the line of the second l'ill,, and with this,
further, a pain extending down the inner side of the left or occasionally
the right arm, or both, most often as far as the elbow, and occasionally
as far as the little finger and the ulnar side of the ring finger.
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It 15 to Enghsh-speaking observers more particularly that we owe
the study and elucidation of these so-called referred pains.  Hilton,
in his well-known lectures on “ Rest and Pain,” published in 1863,
had a very clear realization of their existence; their full study, however,
we owe to James Ross, Dana, James Mackenzie, Head, and Hertz.

Representation of primitive vertebral animal—the amphioxus—divided for convenience into three
geements for the head, seven for the neck, twelve for the dorsal, nine for the lnmbosacral region, and
an indefinite number for the coceyvgeal region: SPO, the superior pnimary divisions of the nerves
supplying the surface over the neural canal; TPDJ, the dorzal trunks of the inferior primary division
supplying the lateral surface of the body, and TP, the ventral trunk of the inferior primary divi-
sion supplying the veotral surface. The paris supplied by the dorsal trunks of the inferior division
are alone lined. (Ross.)

Fig. 59

Diagram showing constitution of a spinal nerve: O, spinal cord; Pr, ar, posterior gangliated and
anternor non-gangliated root of nerve respectively; SPD, superior primary division; TFPD, inferior
primary division: d, o, the dorsal and ventral branches respectively: Sr, svmpathetic (gangliated)
root. (Hoss,)

Each segment of the body has in the earliest vertebrate types, e. g.,
amphioxus, its seemental nerves, and marked as has been the evolu-
tion of the nervous system of the higher vertebrates this segmental
arrangement still persists, the segments being composed of the neurones
of the posterior ganglia (sensory), the neurones of the anterior horns
(motor), and the neurones of the sympathetic system. Each segment
of the body has thus its system of sensory, motor, and sympathetic
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nerves, these latter being of both orders, sensory and motor. In the
process of development the various groups of nerves come to lie in
different planes, the sympathetic motor neurones, for example, becom-
ing grouped into gangha, some of which, e. g., the cervieal, represent
the fusion of the neurones of several segments. So also the superfieial
sensory nerves do not necessarily he in the same plane as do the museles
supplied by the motor nerves of the same segment; every schoolboy
should know, although he may not have analyzed the fact, that the
region of the buttocks is supplied by sensory nerves originating from a
singularly large number of spinal segments; while as regards the internal
viscera such as the heart, stomach, and intestines, these with their
associated nerves come to lie widely remote from their original segmental
position, both actually and relatively. Thus to explain the instances
given, the stomach is innervated from the level of the seventh, eighth,
and ninth dorsal; this region also affords the sensory nerves which
on the posterior aspect of the body supply the lower dorsal region
hetween the shoulders and in front innervate the abdominal wall of
the epigastric area, the anterior muscular branches innervating the
corresponding intercostal spaces.

The sympathetic nerves of the heart are relatively abundant and
vary for the different regions; thus the auricles are innervated from the
fifth to eighth dorsal segments, the ventricles from the second to fifth
dorsal, the ascending arch of the aorta from the third and fourth cervieal,
and the first, second, and third dorsal. The referred pains vary accord-
ing to the part involved, and it appears also that if the right heart be
involved they show themselves on the right side of the body, if the
left heart, then on the left. The referred pains in angina pectoris are
most frequently along the superficial area of innervation of the ven-
tricles, notably along the superficial sensory area belonging to the
second dorsal, extending also when severe into the first dorsal segment.
We are accustomed to regard the auricles as the beginning of the
cardiac region, and so would expect that they should be innervated from
the higher, the aorta from lower segments. If, however, we study the
development of the heart we find that this begins as a simple tube
which becomes bent upon itself in an S-shaped manner; it is the inferior
or “caudad” portion of this tube that gives rise to the eventual auricles,
the superior or “eephalad” that becomes the first part of the aorta.

What happens, therefore, in those eases where pain is experienced,
is that stimuli proceeding from these internal viscera to the neurones
of a particular level of the cord, do not extend thence directly to the
cerebral cortex; no mechanism exists for this direct communication;
but where the stimulus is above a certain grade there is an irradiation
or expansion of the stimulus to other neighboring neurones which do
possess this communication with the optie thalamus, and as a conse-
quence, the brain localizes the seal of disturbance, not in the viscus origin-
ally disturbed, bt in the areas innervated by these neighboring neurones.
It deserves note that painful sensations have their seat, not as might
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be expected in the cortex of the hemispheres, but in the thalamus.
The cortex may be cut into without giving rise to any sensation;
irritation of the thalamus of one side leads to pains referred to the
other side of the body, its destruction to anesthesia of that other side.

This, however, is not everything. If long continued, this segmental
irradiation indueces a condition of heightened irritability in these neigh-
horing neurones, the result of which is that minimal stimuli reaching
them ]lﬂ‘l.t maximal effects, so that the areas supplied by their sensory
branches become hyperesthetic; and the irradiation affects the neu-
rones also of segments above and below, and thus not merely is the
sense of pain localized in these other areas, but th(*sﬂ other areas become
the seat of actual hyperesthesia, so that now a stimulation of these
areas, a5 by pricking or pressure or traction, givcs the sensation of
acute pain.! More than this, as has been pointed out in the discussion
of inflammation, there may be a general vascular disturbance of such
an area, giving a so-called sympathetic inflammation. Further, as
we have already indicated, -the area of eutaneous supply does not
correspond absolutely with the segmental mnervation of the under-
lying muscles. In the first place we may recognize with Mackenzie,
a superficial and a deep cutaneous hyperesthesia, possibly correspond-
ing to the differing distribution of the tactile and painful senses, of
which the latter at times is found present without the former (although
it seems that when superficial hyperesthesia is elicited, the deep is
always present), and in addition a vet deeper muscular hyperesthesia.
To give an example, where there is enlargement of the liver, the com-
monest pain felt is over this organ, and inasmuch as this is markedly
increased by pressure, the ordinary impression is that this is an actual
splanchnic or visceral pain. If, however, the area be mapped out over
which pressure causes pain, it will be found to extend considerably
below the edge of the liver, and if the abdominal wall be picked up
over this area the muscle is exquisitely painful. There is here not a
superficial but a deep muscular hyperesthesia of the abdominal wall.

We have here but touched upon the outlines of the subject, but
feel that both for cnmpr‘ehcmmu of disease and as an aid 1n diagnosis
this study of painful areas is of the very first importance, even if hitherto
it has not been discussed in any text-book of general pathology known
to us. We would conclude by giving an indication of a few important
areas of referred pain without exact anatomical description. The
“stitch™ of pleurisy is not due to the presence of sensory nerves on the
pleural surface—experiment shows that the pleurs are insensiti but
it 1s due, according to Mackenzie, to spasm of the intercostal muscles;
it is thus a referred muscular pain. None of the serous surfaces have
sensory nerves proper, with the exception of the tunica vaginalis testis.
As the testis descends into the inguinal canal, it carries before it certain
elements of the abdominal wall, the cremasteric muscle, ete., and
along with these the genital branch of the genito-crural nerve. In

! From which it follows that in cases of obscure visceral disturbance the 11mp|}mg
out of hyperesthetic zones is of prime diagnostic importance.
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those having a long cord it is easy to determine that pressure upon
the testis causes immediately acute pain localized in, or more accurately
upon the testis, and following upon this a referred pain is felt in
the groin. So also the lower end of the ureter is innervated by the
genito-crural nerve, and, per contra, with arrest of a stone in the ureter
there i1s a referred pain in the testis. We have said that the other
serous membranes are insensitive; this statement 1s made with a full
recognition of the fact that traction upon the peritoneum in the un-
anesthetized person mayv be attended by pain; but this pain, again, 1s
not accurately localized but is referred. We may lay down that trae-
tion upon or injury to the stomach is referred to the epigastriec portion
of the abdominal wall, of the small intestine to the umbilieal area, of
the large intestine to the hypogastric area. The localization of appen-
dical disturbance is well known to be most often felt at what 1s known
as “* McBurney’s point.” Irritation of the bladder, as in vesical calculus,
is characterized by pain felt in the urethra, vapcmalh at the extremity
of the penis, by reason of their common innervation by the third sacral
nerve. The rigidity which is observed in the abdominal wall accom-
panyving intestinal lesions, 1s another manifestation of the “wviscero-
muscular” reflex. Deeks has recently called attention to the existence
of a doughy inelastic skin over the abdominal wall in almost every
chronie 1|1il-1mm:1tnn lesion of the abdominal viscera.

Finally, the brain itself is devoid of sensation; headache 1s not pain
of the brain, but, as will be recognized upon consideration, is a super-
ficial phenomenon, due to irritation to one or other of the cranial nerves,
or in the case of occipital headache, of the spinal accessory and second
cervical nerves. The brow-ache experienced after an ice has been
eaten in haste is due to the fact that the sensory nucleus of the fifth
nerve has been stimulated by irradiation, the afferent nerves of the
cesophagus being in the main vagal, and the vagus nucleus being situated
close to that of the trigeminal.

In short, to quote James Mackenzie, “the sensation of pain from
whatever source the stimulation arises, 1s referred to the peripheral
distribution of sensory nerves in the external body wall." This source
may be (1) in the brain itself, as, for example, where an epileptic attack,
due to cerebral irritation begins with pain in the distant part (aura) ; (2)
in the cord, e. g., the girdle pains of tabes dorsalis; (3) in the posterior
root ganglia, e. g., the pain of herpes zoster; (4) in the viscera, of
which numerous examples have been quoted, or (5) in the external body
wall and skeletal muscles, where only (with the exceptions noted) the
pain informs us of the actual seat of the disturbance.

Finally, while speaking thus broadly of pain it must be kept well
mm mind that there are various and distinet orders of sensory nerves,
disturbance of any one order of which gives rise to the sensation of
pain, namely, nerves for the tactile sense, for the muscular sense, for
heat, for cold, not to mention yet other orders the existence of which
is evidenced by the researches of Head and Mackenzie.



CHAPTER LYV
PROGRESSIVE TISSUE CHANGES
GENERAL CONSIDERATION OF TISSUE CHANGES

Having considered morbid changes from the standpoint of the
irritant, it becomes necessary to view them with reference to the altera-
tions produced in the tissues. Looking at the individual cell, we see
that the factors determining its health or normality are: (1) the
nutrition of the cell, and (2) its functioning or activity, and these two
are intimately dependent upon one another. The process of nutrition
is an active one; only that food which is of the proper quality tends to
be assimilated, and assimilation 1s needful before the nutrition ean oceur.
Funection is necessary as well; the more active the funetion, within
limits, the more active the absorption of new material, and the less
the function the less the demand for assimilation. The two factors,
food and function are seen to be inextricably bound to one another.

Although the subject has been previously discussed, there are certain
general principles to be remembered, which are here recapitulated;
that inadequate nutrition or lack of exercise of function may lead to
inanition and shrinkage until arrest of funetion or even death ensues;
that excessive activity may so rapidly use up the cell that assimilation
cannot keep pace and death may ensue; that so perfect a balance may
be reached between assimilation and disintegration by activity that
the cell may for a long time remain in health, unaltered; that stimula-
tion and activity even above the normal, if accompanied by adequate
nutrition may lead to growth, and equilibrium be once more reached,
this time on a higher level, just as a mercantile business increases the
scale on which it works without loss of efficieney; that there is a rela-
tion between cell mass and cell surface, and nuclear mass and nuelear
surface, so that increase becomes self-inhibitory unless cellular and nuclear
proliferation oceur; that growth and funetion are opposed processes,
which ean oceur simultaneously only within narrow limits; that speciali-
zation of the cell for and through the performance of function limits
growth and proliferative capacity; that the highly developed cell does
not proliferate, and that the active vegetative cells of the organism
are those that have never been highly differentiated, or if they have
been differentiated, have reverted to the undifferentiated type.

If we pass from physiological to pathological growth or overgrowth,
arises at once the question as to the eause of that growth. Some think
that such growth originates wholly in the cell, and that an effective
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stimulus to growth outside the cell does not exist, a point of view which
we ecannot share. It seems likely that growth depends somewhat
upon tension of surrounding cells, or better that growth is restrained
by the effect of surrounding eells, but it appears that this eannot be
all, for, more powerful than the restraining effect of the surrounding
cells, an external stimulus may arise that is powerful enough to more
than neutralize these influences.

We find that there i1s a considerable number of eircumstances or
combinations of circumstances that may lead, on the one hand, to cell
overgrowth, or, on the other, to eell shrinkage and degeneration.

Thus overgrowth may arise from:

. Normal activity with increased nutrition.

2. Inereased activity with mereased nutrition.

3. Reduction in the external foreces inhibiting cell growth, . e,
diminished tissue tension.

These changes in tissue we call progressive.

Shrinkage and degeneration may arise from:

1. Normal activity with reduced nutrition.

2. Normal activity with perverted nutrition, the food material
being of the wrong kind.

3. Inereased stimulation or overstimulation and activity with
relativelv insufficient nutrition.

4. Arrest of function.

5. Increase in the external forces, arresting growth.

These changes are regressive.

But these classes do not cover all cases. It will be remembered
that there 1s a group of cases in which the changes are not so evident
in the protoplasm as in the paraplasm (a single example is the so-
called fatty degeneration), and since these changes are either due to
or lead to regressive changes in the protoplasm, they are included
among the regressive changes. On the other hand, there 1s the important
series of the neoplasms in which one eannot state what is the primary
cause of the excessive overgrowth; these are naturally included among
the progressive changes.

OVERGROWTH

Overgrowth of a tissue in which the individual elements preserve
their physiological relationships and functions may be shown by an
inerease in size of the individual element — hypertrophy —or by an
increase in number—hyperplasia’—or by both together. Pseudohyper-
trophy is something entirely distinet: here exists an actual atrophy of
the individual elements, with replacement in excess by another tissue

1 Some prefer to call these simple and numerical hyperplasia respectively, which
18 more accurate but less widely used.
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(Fig. 60). In the so-called *“pseudohypertrophic paralygis,” the
increase in size of the muscle is due to an excessive interstitial develop-
ment of fat cells, while the musele fibres are degenerated, and diminished
in size and in number. It must be understood that hypertrophy and
hyperplasia should be referred to only in econnection with the specific
elements of the organ concerned—the hiver cells in the hiver, the muscle
cell in the musele (anatomically defined) and so on. Hypertrophy,
itself, is a misleading term; etymologically it means “overnutrition,”
but scientifically it means nothing of

the sort; the term is so widely used in Fic. 60

its generally accepted sense that it
would be inadvisable for us to employ
it otherwise.

Kinds of Overgrowth.— 1. Physio-
logical Hypertrophy.—The type of this is
the pregnant uterus, which enlarges by
hypertrophy and hyperplasia. The total
size in cubic content, of the hypertro-
phied muscle, 1s many times In excess
of the normal; a great increase in blood
supply also occurs, and musecular con-
traction begins from an early period of
pregnancy. Increased nutrition cannot
be said to be the chief cause of this
overgrowth, because the presence of a
fibroid in the uterus for example, unac-
companied by any marked increase in
vascularity, may be associated with A %) :

. : Longitudinal section through muscle
grea't hﬁ’pertrﬂphﬁ'- T'he excessive de- of ealf of leg in pssudohypertrophic
velopment of muscles by exercise, as in  paralysis. The muscle fibres exhibit
the blacksmith’s arm, s certainly due 4Pyt s i bulk s deso
partly to activity, but with increased (o)
nutrition, because a muscle during exer-
cise obtains an increased eirculation through it. Musele is not the only
tissue that undergoes growth as a result of increased funetion (plus
nutrition), because the bone shows like capacity, becoming thickened,
in those of active athletic habits, along the ridges and over the
tuberosities where muscles are attached, the increased stress inducing
inereased growth.

2. Adaptive Hypertrophy.— Largely the result of funetional activity,
are the hypertrophies of hollow viscera following upon an obstruction
to outflow. Such are the overgrowths of the heart or bladder in which,
just as in the uterus, the fibres become larger than normal; the normal
heart weight is 250 to 300 grams, and the hypertrophied heart has been
known to reach nearly 2000 grams in weight. The overgrowth occurs
relatively more readily in a young person than in an elderly one. A
parallel case is the hypertrophy of the media of an artery where there
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is an habitually heightened blood pressure, in which case the increased
work is of the nature of stress. This adaptive hypertrophy is some-
times called compensatory, a term which ought to be restricted to the
form of overgrowth with which we are about to deal.

3. Compensatory Overgrowth.— This is overgrowth to make up for loss
of tissue, as where one of a pair of organs is removed or destroyed;
the other may grow to the size of the original ]'m.ll‘ It may be stated
that in all the paired organs of the body, one i1s capable of doing
the work of both, and in performing it, |1;~pvrtrnph;r ensues, but the
statement ought to be modified slightly, because the perfection of
the compensation and its extent vary with the age of the tissues,
the younger they are the more complete being the compensation.
At this point, it is of service to point out wherein these cases are
examples of true overgrowth, and not of regeneration; In a case
such as that in which a part of the kidney is removed, there is not
a new formation of units, e. g., tubules, but a growth in length, size,
and the number of their cells in those that have remained undestroyed.
Similarly, the hypertrophying liver does not produce new lobules, but
only new cells. It might be said that the l}r{]:hwtilm of new cells 1s
itself a regeneration, strictly Hpmkmg but we think it needful to apply
the term only to those llel]ﬂ}jllh in which a cell complex 1s budded off
from an already existent mass of cells.

4. Vicarious Overgrowth.— This is the condition in which one organ
fails through disease or destruetion, and organs of another order, appar-
ently of allied function, undertake the work, and overgrow as a result
of the extra call made upon their resources. The pituitary gland is
thus the site of vicarious overgrowth when the thyroid 1s atrophied or
removed; it 13 said, too, that Brunner’s glands in the duodenum have
a similar relation to the pancreas. The bone marrow and the hemo-
lymph glands appear to be able to perform the work of the spleen.

5. Irritative Overgrowth. It i1s a familiar observation that i cases
of inflammation there is an irritative stimulation of the supportive
tissues to replace destroyed parenchyma. There 1s evidence to show
that a productive overgrowth of supportive tissues may occur not
secondarily to inflammation, but primarily; examples are found in
the increased growth of bone when phosphorus is given in minute
doses; the distinction between this and real inflammatory overgrowth
15, we admit, unimportant.

(i. Nutritional Hypertrophy.—When a weak toxin stimulates cells to
overgrowth, it is possible that it does so by increasing the absorption
and assimilation of which the biophoric molecule is capable. Even
if such be the case, we must vet continue to include those cases among
irritative overgrowth, for we are not vet certain that there 1s such a
thing as nutritional hypertrophy, pure and simple. Mere hyperemia,
due to increased arterial blood passing to a part is occasionally found
to lead to hypertrophy; but even here the cells must be called into
increased activity (as by the inereased warmth of the part) before they
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can utilize the excess of nutrition that is around them. There 1s experi-
mental evidence that increased temperature of a part stimulates growth;
a rabbit’s ear, kept warm, becomes of a greater size than its fellow
which has been kept at a normal temperature. What then will call
them into the required activity? Many stimuli are able, and some of
these relatively slight ones, such as the constitution of the fluid that
bathes the cell with reference to its oxyveen and carbon dioxide content,
to say nothing of the external nervous and other stimuli which we are
more accustomed to bear in mind.

There must be included in this group the hypertrophies oeccurring
in myxeedema and acromegaly, diseases which arise in persons whose
internal secretions are disturbed; myxcedema arises when the thyroid
secretion is deficient or absent, and exhibits an excess of interstitial
muein in the tissues, and subsequently a real overgrowth of the sup-
portive tissues. Similarly, acromegaly is an overgrowth of the hones of
the head and the extremities, associated with disease of the pituitary
hody. These are evidently cases of nutritional overgrowth, which are
instituted by some stimulus, ordinarily held in check by an internal
secretion and possibly of a chemical nature. Not far removed from
this, 15 the form of overgrowth which is called sympathetic, such as
the overgrowth of breast tissue in pregnancy; this would be frankly
classed among the physiological overgrowths, save for the fact that
it is due to something of the nature of a hormone, as shown by the
enlargement of the breast that occurs in the non-pregnant animal
inoculated with an extract of feetal tissue or corpus luteum.

During the consideration of nutritional overgrowth, we must not
lose sight of the fact that abundant nourishment is most effective
when eoupled with some activity, but that oceasionally the stimulus
to activity is given by the increased nutrition itself; this, however,
is not to be depended upon, and generally the opposite is true, that
the activity of function must precede the overgrowth; this activity,
too, must not be excessive or the result will be not overgrowth, but the
contrary, atrophy.

Simulated Overgrowth.— Sometimes we seem to see examples of
excessive overgrowth, which are not really such; an example is seen
i the oceasional enormous development of certain teeth in animals.
These teeth, ordinary opposed to other teeth, are by attrition kept
to a certain size; if the opposing tooth be lost, the result may be
an enormous growth, which, however, speaking strictly, is not a real
hypertrophy.

REGENERATION

Loss of substance, not so great nor affecting so vital a part as to
cause death, is remedied by regeneration of the lost part or by com-
pensatory overgrowth and increase in the functions of other parts.
opeaking generally, one finds that regeneration is slight in higher forms,
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and indeed it i1s safe to say that among the lower and simpler forms of
life the eapacity for regeneration is the greatest and most complete.
The illustrations of this statement are familiar, and need not he
reiterated. The hydra and allied forms will regenerate in any diree-
tion in which the opposing cells have been removed, but this within
limits, for geotropism is a factor. In a tubularian the head will grow
only upon the upper end, the foot only upon the lower end. This is
aluable as indicating the power of influences external to the body,
and shows us that the capacity of the cell to proliferate 1s a function
of its relation to other cells, and of the action upon it of certain physieal
influences. We say its relation to other cells; for it has been noted
that the planarian (a flat worm) head undergoes perfect regeneration
only when the ventral nerve ganglion has not been destroyed. A
parallel instance is seen in some crustaceans, where, if an eye be
removed, there develops in its place not a new eye but an antenna-like
organ, unless the ganglion cells connected with the eve have been left
intact, in which ease an eve is redeveloped. Thus it seems that while
nerve cells do not initiate the regenerative process, they yet influence,
or even control the ultimate cell relationships and functions. Nor 135
it the active functioning of the cells that initiates the regenerative
process, for in the earliest stages of a regenerating eye or limb of an
-arthropod, the new parts are entirely incapable of function.

In the higher vertebrates and in man, the capacity to reproduce
lost parts and organs is wholly wanting. We can, however, recognize
the capacity to reproduce lost tissues, but this only within certain limits.

1. If an organ be completely removed or destroyed, it cannot regenerate.
If only a part be taken, the rest may proliferate and bring about
regeneration; if a whole bone be removed, it is not replaced, but if the
periosteum be left, a regeneration may occur.

2. The higher and more specialized the tissue, the less is its capacity for
regeneration. A part of a nerve cell or a fibre may grow again after
destruction but not the whole neurone.

The muscles regenerate, but imperfectly. Nor 1s i1t remarkable
that regeneration in the higher kinds of tissue should be a difficult
matter, because not one, but several, orders of cell develop side by
side, and the more rapidly developing new-formed connective tissue, for
example, is apt to bring pressure to bear upon the new acini, or lobules,
and to cause their atrophy. The salivary glands and the thyroid regen-
erate moderately well by a process of budding from the duets, but most
of the other complex organs and glands ecan seareely be said to regenerate.

In the liver it is to be noted that the part most ready to proliferate
is the bile duet, and this is quite in accordance with our knowledge, for
we find that where different cells of the same order are differentiated
to varying degrees of perfection, the less differentiated are more apt
to regenerate than the more differentiated; in an ordinary gland, for
example, the cells in the neck or in the duct are more likely to pro-
liferate than those of the acinus.
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3. Tubules in the kidney, and lobules in the hiver of the adult regener-
ate only to the extent that lost cells are replaced. Only in the very
yvoung are there indications that new tubules or lobules may be formed.
Regeneration is the more complete the younger the animal.

There has been a good deal of discussion as to why regenerated tissues
so often atrophy in a comparatively short space of time. The reason
is, probably, that where tissues of widely different degree of differentia-
tion exist side by side in the same organ, the less differentiated gain
so great a lead over the more differentiated and regenerate so much
more rapidly that active pressure is brought to bear upon the latter
to their detriment.

Regeneration of the Various Tissues in Man.Connective Tissue.—
White Fibrous Connective Tissue.— This 1s the most active of all regen-
erating tissues in the body. The fibrous connective-tissue cell, under
stimulus, swells, becomes larger, gains more evtoplasm, and gives off a
rather round, plump, soft cell, which shortly becomes somewhat more
fusiform—the fibroblast. There has been considerable discussion as
to the derivation of this cell, and there seems no reason to doubt that
it arises alike from the endothelium of the vascular channel and the
supportive connective tissue, two kinds of tissue whose close similarity,
even whose absolute identity we have previously upheld. Going farther,
many hold that the plasma cell also takes part in regeneration.

There are several different cells found wandering in the tissues,
which Maximow includes under the term polyblast, and following
his ebservations, there is an increasing tendency to believe that all
such cells, having a round or oval nucleus, as distinguished from those
having a partite nucleus (polynueclears and eosinophiles) may take
part in tissue upbuilding.

Elastic Connective Tissue—There is no doubt that elastic tissue
regenerates. It is to be found, newhorn, in areas of new connective
tissue, and in such places as the intima of arteries; but we have not
yet settled what kind of tissue gives rise to it, nor do we think it likely
that its origin 1s different from that of the white connective-tissue
fibre. It is to be kept in mind that elastin, the component of the
elastie-tissue fibre, is a relatively inert protein differing but slightly
from the more active albumins of the supportive cell.

Fatty Tissue.— It is uncertain whether we should speak of the
regeneration of fatty tissue, because we are not vet certain if fatty
tissue is a distinet entity or is a modification of connective tissue;
there is much evidence in favor of the belief that it is not a distinet
tissue. What is the fat cell? It is chiefly considered to be a connee-
tive-tissue cell, or a number of connective-tissue cells, which have
multiplied in the neighborhood of a ecapillary; in the eyvtoplasm of
such cells fat droplets appear, fuse, and push the nucleus to one side,
until we see, histologically, the huge fat droplet, surrounded by
the cell membrane, which shows at some part of "its circumference
the flattened nucleus, representing the seal in a signet ring looked at
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from the broad side. Some say that this large cell arises by fusion of
smaller cells, and in places where the fat 1s disappearing one can some-
times see a number of closely aggregated cells.  In view of the difficulty
of settling this primary question of the existence of the true fat cell as
an entity it would be wrong to make any statement stronger than this,
that, at the present time, evidence of the regeneration of fatty tissue in
any way comparable to the regeneration of the tissues we have dealt
with, 1s wanting.

Cartilage.—Cartilage has the power of regeneration, although its
growth is slow. This oceurs in two ways, distinet one from the other:
(1) perichondrial regeneration, and (2) regeneration direet from the
cartilage.

In the former the perichondrium is swollen and broken away from
the cartilage, and the space between perichondrium and ecartilage is
filled with fibrin. A great multiplication of cells is seen on the inner
aspect of the perichondrium, and these cells, which look like ordinary
connective-tissue cells, come to replace the fibrin. The oldest, which
are farthest from the perichondrium, become rounded, or polygonal,
and lie in a transparent matrix; this obviously is new cartilage. Some-
times, however, the matrix is not transparent, but entirely fibrillar,
the fibrils originating from previous cartilage. Between these fibrils
are seen cartilage cells, which at first are uncapsulated and single, but
later develop a capsule, and become multiple; the fibrils, too, in time
disappear, leaving the ordinary cartilage matrix. In the second method,
the cartilage proper, when about to regenerate, undergoes a softening
of the matrix, and division of the cells, so that a single cartilage cell
beeomes a group of daughter cells, which group seems to be responsible
for the subsequent formation of new hyaline matrix around it.

Bone.— Climically, the regeneration of bone 1s an extremely 1mportant
matter, and it is well to appreciate that the regeneration of bone, like
the regeneration of cartilage, is merely the regeneration of a somewhat
modified connective tissue. The new cells in each are, in the earliest
stages, exactly like the fibroblast. This 1s not remarkable, when we
remember the relationship between the three tissues; cartilage becomes
converted into bone, and periosteum may give rise to fibrous tissues,
as happens when a fibrous union occurs instead of an osseous one.
Further, although we are aceustomed to speak of bone arising with,
and without, the previous interposition of cartilage, both kinds of hone
are actually modified connective tissue, and no distinetion is to be made
in their forms of regeneration. Regeneration of the medulla is of the
same order as that of the periosteum. The long hones have remarkable
qualities of regeneration, not only in the periosteum, but also in the
medulla, and even in the lamelle of the bone itself, The lamelle are
constantly being renewed, the old tissue being taken up by the osteo-
clasts, and the new bone being laid down in its place, so that the position
of a lamella is constantly being shifted. In addition, there is a constant
deposit from the periosteum, as well as the medullary cavity during
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the entire process of growth; all these forces which are thus seen to
build up the bone in the first place, take part in regeneration after
injury or destruction.

Pertosteal Regeneration.—Areas of bone dennded of their periosteum
have been seen to obtain a new layer by continuity from the adjacent
periosteum; mere stripping of the periosteum from the bone does not
necessarily render the bone liable to necrosis.  When periosteum regen-
erates, it occurs firmly attached to the bone, and separated from the
overlying connective tissue; the direction of the fibres, too, suggests
that the growth is from the periphery of the area destroyed.

The Regeneration of Medulla.—Injury to the marrow cells 15 quickly
followed by the usual degenerative changes, which quickly give place
to mitosis and proliferation; equally readily the connective tissue
around the capillaries begins its proliferation at the margin of the
injury, whence fibroblasts are pushed into the injured area. It 1s
remarkable, however, that there 1s httle migration of leukoeyvtes; new
capillaries form and a new fibrillar network pervades the area of
injury, in the meshes of which are the constantly increasing yvoung
marrow cells. Pieces of injured bone are seen surrounded by osteo-
clastic giant cells.

The Healing of Fractures.— It 1s scarcely necessary to deal here
with the mode of repair in bone because this is so fully considered n
works upon surgery, but it may he noted that considerable variation
in the process oceurs, depending on whether the apposition 1s good, and
the nutrition of both fragments preserved. The more perfect the
apposition, the quicker is the repair; the greater the amount of riding
of one fragment upon the other, the greater the irritation, the exuda-
tion and the callus. A poor blood supply will mean a delayed or arrested
union. The eallus forms as follows:

(@) Hemorrhage and exudation around the fracture, with coagula-
tion.

(b) Invasion of the coagulum by cells—polynuclear from the sur-
rounding soft tissues, fibroblastic from the periosteum and marrow.

(¢) Absorption of the fibrin and replacement of the clot by tissue
from the periosteum and medulla, which

(d) Becomes converted into cartilage, a step that may be lacking
if the callus is small.

() Then begins the process of laving down the osteoid tissue with
deposit of caleareous salts in the matrix, either with or without the
preliminary intervention of cartilage, the subsequent absorption of the
same and its replacement by lamellar bone. In the lapse of time, the
excess of bone is removed, and the callus remains just sufficiently strong
to secure stability of the part.

_Regeneration of Lymphoid Tissue.— The specific cell of lymphoid

tissue is the lymphoeyte, which is constantly regenerating, and the

supportive structure is made up of the comparatively unspecialized

reticulum, which we have indicated as the most readily proliferated
13
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of all tissues. New lymph nodes appear in various sites in the sub-
peritoneal tissue where they have not been previously recognizable;
this is doubtless due to lvmphocytes coming to rest in areas suitable,
as regards food supply, to their proliferation, or perhaps to a sudden
accession of growth on the part of lymphatic tissue that has been
hitherto latent.

Leukoeytes—Our ideas of the leukocytes tend to the supposition that
they eannot regenerate; they arise in bone marrow from the myelocyte,
but are unable themselves to institute any proeess of reproduction,
and their appearance in numbers apparently greater than usual in
the blood, 1s not always or necessarily due to increased reproduection,
but may be due to a different distribution of lenkoeytes already in
existence. The production of new leukocytes 1s a process that goes
on constantly throughout life under physiological stimuli, and thus
can scarcely be properly included among pathological regenerations.

Regeneration of Blood-vascular Tissue.—In the embryo there are two
methods by which new vascular tissue can arise: (1) an intracellular
formation of blood channels, by which cells hollow out and give rise
in their interior to blood corpuscles, the spaces later becoming con-
nected; (2) a process of budding, in which certain endothelial cells of
capillarv walls give off long protoplasmic processes, without nuclei,
which connect one capillary with another; these processes hollow out,
and blood passes into and through the process; ultimately mitosis of
the original endothehal cell oceurs, and the new nucleus passes into
the w nl! of the tube, which places the cells of the new vessel on an
equality with the old. In regeneration of tissue, the second method
is the one found, and it has been already deseribed in the process of
rascularization of granulation tissue (see p. 136).

Regeneration of the Mother Cells of Red-blood Corpuscles.— The red-
blood corpuscles arise from nucleated, hemoglobin-containing: cells
in the hone marrow, the hematoblasts. WWhether these hematoblasts
are able to arise from preformed hematoblasts—a true regeneration—
is doubtful; it is more likely that, under the stimulus of necessity,
there may be an increased production of hematoblasts from less differ-
entiated “mother cells” in the marrow; as again, more rarely, in the
spleen and, it may be, the lymph or hemolymph nodes.

Regeneration of Epithelium, —-I]]lﬂll'llllll can regenerate, and new
epithelium arises only from pre-existent epithelium. The apparent
exception in which epithelium appears in the midst of granulation tissue
is explicable by aceidental transplantation of epithelium, or by the
persistence of epithelial elements deep down, as in the depths of a hair
follicle. Another apparent exception oceurs in gliomata—new growths
arising from the supportive tissue of the nervous system—in which
cysts come to be lined by a regular laver of rather columnar cells;
it 13 not certain that this is true epithelium, for one searches in vain
for a basement membrane, the cells lying closely upon the less modified
individuals of the next layer. Were it proved, however, to be true

e —
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epithelium, it would not prove the origin of cells of one order from
forebears of another order, for the gha i1s of epiblastie origin.

The epithelium, like the endothelium of bloodvessels and serous
cavities, can regenerate completely. If the epithelium of the skin be
broken, the lower layers (not the keratinmized cells, which are inert,
because degenerated) become active, and these cells, becoming
elongated, slide over one another, still preserving protoplasmic con-
nection, until they form a somewhat flat skin over the denuded surface,
the new skin forming at the expense of the old, which can be seen
to be thinner than normal at the edge of the injury. Mitosis quiekly
begins in these flattened cells. There

is as vet no basement membrane, but Fig. 61
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of the nail bed in the fingers, although

this extends back farther than is commonly supposed, and a portion
of it being left accounts for the appearance of a nail after a terminal
phalanx has been removed. This can scarcely account for the appear-
ance of a new nail—or an attempt at such—when two phalanges have
been removed. Iere we are compelled to admit that it seems as if
new conditions had stimulated a metaplasia—a change of nature of
cells—of the ordinary skin to a nail-producing matrix.

Regeneration of Mucous Membrane.— The process described for the
epidermis is found to exist in the mucous membranes, to the extent
that cells at the edge of an ulcerated area may lose their cilia, become
rounded and ultimately flattened to cover the denuded surface, and
even simple gland follicles, like those of Lieberkiihn, are reproduced.

The extensive regeneration necessary in the uterus after menstruation,
and over the placental site after parturition, is said to be assisted by
the persistence of the remains of the deeper portions of mucous glands,
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Regeneration of Endothelium.—In a way similar to that seen in epi-
thelium, endothelium by a method of translation and proliferation
quickly covers over a denuded area; even fibrin or the cells of a
new growth transplanted in the peritoneum may be covered by it.
The view usually accepted is that the new covering arises from pre-
existing superficial endothelium, but considering the elose relation
existing between endothelial cells and fibroblasts and connective tissue,
it is not impossible that endothelium of such a denuded area may arise
from the underlyving connective tissue, E:-;pt‘(‘fnll}' as endothelium has
heen seen to give rise to underlying new connective tissue.

Regeneration of Glands.—In general, glands undergo but little
regeneration. The glands of the simplest structure, such as the
Lieberkiihnian follicles of the intestine, the uterine and salivary glands,
do present instances of the process; in more complex glands the ducts
are mainly or entirely the source of new tubules, vet with the modifica-
tion previously noted, that such regenerated glands have a great
tendency to atrophy by reason of the accompanying regeneration of the
supportive structures which compress them.

Liver.—Where, as in poisoning an animal in the laboratory by chloro-
form, there is induced a state of necrosis of the liver eells of the centre
of a lobule, regeneration oceurs by proliferation with simplification of
the more peripheral eells, and these new cells with subsequent growth
come to occupy the spaces from which the cells have disappeared, so
that in the course of a few weeks there may be complete regeneration.
So also, where complete lobules have undergone necrosis from one or
other ecause, there has been observed the formation of new buds or
branches from the bile ducts, which, advancing into the framework of
the destroyed parenchyma, give origin to new liver cells. Where, how-
ever, there has been complete destruction or removal of an area of the
liver, the destroyved portion is not regenerated; at most, the remaining
liver tissue exhibits some hypertrophy.

Kidney.—A tubule partly denuded of epithelium may be reclothed
by the cells still left in that tubule, but no new tubules are developed.
Attempts at the formation of a new tubule invariably stop short of
the construetion of a new glomerulus, so that such a tubule remains
imperfect and without function. But in young animals, not in the
injured, but in the opposite kidney, new glomeruli and tubules appear
to arise, because the kidney 1s found to contain more than the normal
numher, and groups of cells near the cortex are considered to be the
anlagen of new glomeruli.

Thyroid.— A certain amount of regeneration oceurs in the thyroid, chiefly
by a process of budding and separation of new follicles from the old.

Pancreas, Spleen, Testis, Ovary.—In these organs, evidence is in favor
of the view that regeneration does not take place.

Muscle.—Plain Muscle.—In the stomach, the muscularis mucosse and
the uterus, abundant mitoses may occur after injury, and in some
animals, new fibres have been seen to form,
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Striated Muscle.— If the substance of a muscle fibre be partly de-
stroyed, but the sarcolemma sheath left, a complete regeneration may
occur; but where there is actual injury wrought to the fibres, these
contract away from one another, and the regeneration of the inter-
fibrillar connective tissue tends to check the regeneration of the injured
muscle.  Yet in any given case some fibres will succeed in preserving
the sarcolemma and others not. When it is preserved, some nuclei
still remain with eytoplasm around them, and these gradually multiply

Fig. 62

Buccessive stages in the regeneration of voluntary muscle: A, formation of bud of cytoplasm with
loss of striation and multiplication of musele nuelei; 8, the nuclel acquire cytoplasmic territories and
eells, uninucleate and multinuecleate, separate from the bud (sarcoblasts); o, unaltered end of musele
fibre; b, sarcoblasts; ¢, multinuclear sarcoblasts, one nuclens at o showing mitosis; ©, early stage of
new musele fibre, multinucleate and exhibiting longitudinal striation, becoming fused with the original
fibre; I}, repeneration complete but irregular, the orginal fibre being continued into three processes.

{After Volkmann.)

and are surrounded by constantly increasing eytoplasm, lying aggre-
gated in clumps; from such a clump individual mono- or multinuclear
cells separate themselves, and absorbing the remains of the old striated
substance, they attach themselves to one another or to the undamaged
part of the muscle, and gradually become first longitudinally then
transversely striated; the old sarcolemma sheath becomes absorbed
and a new one appears. When the sarcolemma is ruptured, as in a
cut or a laceration, the capillaries are also ruptured and the picture
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becomes more confused. The ruptured fibres contract into elumps,
as before losing their striation, of which the nuclei undergo rapid
division, until a chain of many nueclei results; the nuclel tend to col-
leet in the unstriated clumped end of the fibre, where they form terminal
“buds”; similar buds may appear laterally on the fibre; these buds
elongate, the number of nuclei becomes reduced, the cytoplasm inereases,
and transverse striations begin to appear

Regeneration of Nerve Tissues.— Neuroglia.—The neuroglial tissue
15 peculiar in that 1t 1s a connective tissue and yet 1s of epiblastic origin,
being in fact so closely related to nerve tissue that at an early stage
of development one cannot tell which cells will become nerve-cell
bodies and which glia. Ewen in the adult there is no doubt that glial
cells regenerate, and they are able to form not only tumors but replace-
ment gliosis in the case of loss of nerve cells. Some observers have
thmlght they have seen them giving rise to cells which take the function
of nerve cells, but this can be dc-l:,rmuu d only in the very young and
even then seems to offer ground for doubt.

Nerve Cells.—It may be definitely stated that the nerve-cell body
does not regenerate in either man or the higher animals. Mitoses
have been seen, it is true, but it is not proved that cell division follows
them.

Peripheral Nerves (Nerve Fibres).—It may be definitely laid down
that any new development of the axis eylinder always originates from
a pre-existing axis eylinder, and then only when in connection with a
nerve-cell body.

If a nerve fibre or its axis eylinder be severed there is degeneration
—the so-called Wallerian degeneration—distalward throughout the entire
axis cylinder, and on the proximal side, as far as the next node of
Ranvier or even higher. We may recall here, also, that as the result
of section of a nerve the function of the nerve-ce 1 body is apt to be
discontinued, and gradually there may show itself a disuse atrophy
of the nerve-cell body, and the proximal portion of the axone. Regen-
eration may occur in the distal part of a divided nerve, provided (1)
that the parent cell be intact and undamaged; (2) that the organ or
part innervated 1s not atrophied or degenerated, and (3) that a cicatrix
does not block the track of the regenerating fibres. With regard to
the third of these conditions an imperfect regeneration may in these
cazes show itself, such as is seen in the so-called amputation neuroma,
which may form at the end of a divided nerve, in which the growing
nerve fibrils become twisted through the fibrous connective-tissue
overgrowth of the peri- and endoneurium.

It will be realized that regeneration is most complete when the
sheaths of Schwann are intact; this 1s exactly parallel to the condition
seen in the muscle, the neurilemma and the sarcolemma being both
very near to the specific nueclei of the myelin sheath and the musele,
the nuelei in fact lying and multiplying close underneath the sheath.

If a fibre be injured the axis eylinder stains imperfectly, becomes

s L
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fibrillated and disintegrated. The myelin sheath divides up into
irregular masses. Now the nuclei of the sheath of Schwann begin
to proliferate; they pass between the masses of myelin and pick up
from 1t their cy t‘.upl.mﬂl. some of these new cells {ll:;_‘:LIIl rate and die,
and others become elongated and spindle-shaped, and give rise to
the new sheath of Schwann and the myelin. The axis evlinder mean-
time prolongates from the central end of the damaged nerve and has
at its tip a nodular mass of protoplasm, which is apparently motile
and creeps ahead, layving down the axis cylinder like a telegraph line
behind it, its general course being along the lines of the old sheaths of
Schwann,

Regeneration after Section.— Regeneration under these circumstances
15 brought about in the same way, but the new spindle-shaped cells
and the new end of the axis eylinder being no longer guided by a rem-
nant of the original sheath may take a tortuous course, especially if
the two ends of the nerve are widely apart. Time is lost in the process
on this account and quicker regeneration i1s obtained if a guide of
some sort be placed between the two ends; such a guide may be a
hollow piece of bone or a bundle of catgut threads. In spite of a con-
siderable distance between the two ends and the piling up of sear tissue
as an obstacle very remarkable regeneration of peripheral nerves has
oceurred, gaps of 10 and 12 em. in the dog having been bridged, the
process requiring a couple of years.

GRAFTING OR TRANSPLANTATION

Transplantation means the inserting of hiving tissue into living tissues
and may be aufoplastic, that is, when individuals’ own tissues are
grafted on themselves, isoplastic, where the tissue of another animal of
the same species i1s used, or heferoplastic, with tissues of another species.
Implantation, while a similar process, does not demand the use of a living
tissue as a graft.

The remarkable results obtained by grafting in arboriculture and
gardening are familiar, and low forms of animals show a great readi-
ness for growth if they are grafted; with the warm-blooded animals,
however, this is by no means the ease. One may make a general state-
ment to the effect that immediately after grafting the tissue inserted
may grow, vet in a comparatively short time the planted tissue becomes
absorbed and a cicatrix alone may remain, although sometimes the
graft forms a framework upon which the regenerated tissue fills in the
area. Even in this short period of growth after transplantation it is
often notable that the proliferation of the transplanted tissue oceurs
through generations of cells that gradually become less and less specific.
Expressed in other words, there is at once a reversion in the type of
the cells transplanted. Considering this fact one would naturally con-
clude that if embryonic vegetative tissues were taken in the first place,
transplantation would be much more likely to succeed, and such is
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the case. But even in these cases, as where portions of chick em-
bryos are transplanted to chickens, the graft in a few weeks begins to
show signs of becoming absorbed. In this connection the reader may
recall that John Hunter transplanted a cock’s spur to its comb, with
the result that at first the spur grew to large dimensions, but with an
inevitable tendency to atrophy and subsequently fall off.

When we note the results of transplantation of the thyroid we see
rather more successful examples. It 15 now a good many vears since
the eat’s thyroid was transplanted into its abdomen, in which experi-
ment it was noted that the central portions of the transplanted
tissue underwent the usual degeneration, but the peripheral parts
remained to some extent, grew, and were absolutely essential, by
reason of their function, to the life of the amimal. From many observa-
tions we know that transplantation of the thyroid can be complete
and perfect. Experiments with the mammary gland have been equally
successful, the transplanted glands becoming enlarged and secreting
milk with pregnancy.

The transplantation of the ovary has met with almost as great sue-
cess, although the central portions again are subject to necrosis; we are
not in a position, however, to state how long the ovaries so transplanted
continue to functionate. Experiment has actually succeeded in having
ovulation follow an isoplastic implantation of ovary in a hen whose
ovaries had been removed, and one case is on record of a similar happen-
ing in the human female, although the case has been given another
explanation. From these and other experiments it seems proved that
the continued growth of the grafted ovary will occur only if functional
activity be demanded of it; should an 1soplastic implantation of the
ovary be made where there is still original ovarian tissue functionating,
the transplanted tissue will be absorbed; if, however, the transplanted
tissue be called upon to functionate it wall hive. It will, of eourse, oceur
to the reader that autoplastie transplantation is likely to be more
successful than isoplastic, because we know that in many ecases the
tissue juices in one animal are cytolytic to the tissue of another, and
this antagonism will hasten the absorption of the graft.

The Skin and Skin Grafting.—The facts with regard to skin trans-
plantation are well known; the capillary layer or part of it must be
transplanted to obtain the best results. Although a certain propor-
tion of mere surface parings will become the centre of new growth,
the greater part of the graft, of course, dies, but very soon after trans-
plantation the cells of the Malpighian layer are seen to show mitosis
and multiply, spreading out from a centre of activity, the cells so spread-
ing having actually ameeboid properties. The new skin so formed,
however, does not contain any of its.more differentiated constituents,
that is, hair follicles and sweat glands are not reproduced. We suppose
that this skin 1s somewhat permanent, but we are met by such an
experimental observation as this: if unpigmented skin be grafted
into a pigmented area it may take, and will be at first unpigmented,
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but subsequently will become pigmented. This may mean that there
is a subsequent replacement of the graft, piecemeal, by cells derived
from the original epithelium of the host, that is, that the permanence
of the graft i1s only apparent and not real. In support of this it may
be said that in no case is the skin of another species successtully grafted
on man; nevertheless, the mere presence of an animal graft seems to
stimulate the skin cells of man, causing them to spread more rapidly
than usual over the denuded surface. This may be another instance
of that phenomenon to which we have previously referred, namely, that
cells of like order attract one another; that is, that the presence of
epithelial cells in the centre of a denuded area by homotropism attract
the epithelial cells of the host around the edge of the denuded area.
It may be that the diffused produets of activity of the grafted cells act
like allantoin (Macalister) as cell proliferants or auxetics, Ross having
shown that the dissociation products of proteins stimulate cell prolifer-
ation.

Transplantation of Mucous and Serous Membranes.— The mucous
membranes are quite as apt as the skin in transplantation, and the
mucous membranes of the lips and of the mouth have been used to
supply denuded areas on the eyelid. Similarly autoplastic grafts of
the great omentum have been employed successfully to cover peritoneal
wounds as also, recently, of fascia and tendons.

Transplantation of Teeth and Bone.— Transplantation of teeth and
of bone properly speaking does not occur, being really implantation.
It is of interest that the Romans understood the implantation of
artificial teeth, and for many centuries in India teeth have been taken
from one person and implanted in the jaw of another. The results
are equally good, whether the tooth be newly drawn or one in which
the pulp has been removed, or one that has been out of the body for
many vears; in other words, it 1s not an organic union, but rather that
vessels, nerves, osteoblasts, ete., penetrate into the pulp cavity, the
tooth proper continuing to be an inert substance, which in some cases
becomes absorbed, with failure of the procedure. Much the same
state of affairs 1s found in the implantation of bone, sterilized bone or
decalcified bone; such bone, like any other porous material, is merely
a framework which fulfils the functions that the fibrin fulfils in the
blood clot with the additional quality of rigidity and consequent pre-
servation of the contour of the part.

Transplantation of Periosteum and Perichondrium.—Osteoplastic
transplantation of these is very successful, especially if the periosteum
be retransplanted upon an old bone, or into an area where bone has
existed. Even isoplastic transplantation may be successful, but it
1s notable that in any experiment a good many of the periosteal cells
may die, the burden of proliferation remaining upon those that survive.
The bone marrow lends itself perfectly well to autoplastic transplan-
tation, giving rise in its new site (e. g., experimentally, the anterior
chamber of the eve or the abdomen) to true hone.
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Transplantation of Vessels.—In the last few years with improved
surgical technigue, numerous observers have successfully interealated
short lengths of arteries or wveins in the course of other wvessels.
They have even obtained apparently successful results where the
introduced segments have been killed by the action of formalin and
other agents. Where the living tissue has been employed and the
operation has been autoplastic there has been persistent vitality and
even growth of the introduced tissue—indeed, portions of the auto-
plastic vein introduced into the course of the artery show pronounced
connective-tissue hyvpertrophy, especially of the adventitia. Dead
tissues, on the other hand, become surrounded by the new connective
tissue of the host and undergo gradual absorption. This condition
is one, not of transplantation, but of implantation.

Carrel's Experiments.— No consideration of transplantation at the
present time would be complete if mention were not made of the surgical
wizardry of Carrel in the transplantation of organs and even of limbs.
Not only has he transplanted fresh organs with success, but even organs
that have been preserved for many hours on ice, the vascular anasto-
moses being made with so wonderful a degree of skill that suceess has
heen attained; however, it must be admitted that save under the most
avorable conditions of auto- or isoplastie grafting, there is an almost
insurmountable tendeney to subsequent atrophy and degeneration.

METAPLASIA AND HETEROPLASIA

Metaplasia.—Metaplasia is the post-natal production of specialized
tissues from cells which normally produce tissues of other orders, and
15 an adaptation on the part of cells to an altered environment. It is
a constant physiological process, as 1s shown by the conversion of ordi-
nary connective-tissue corpuscles into fat eells, or the transformation
directly of cartilage cells and cartilaginous tissue into bony cells and
bony tissue. Yet metaplasia is bounded by certain rigid laws; epithelial
tissue can be converted only into other forms of epithelial tissue, meso-
blastic tissue only into other forms of mesoblastic. Epithelium and
gland cells for example, can never become converted into bone or
cartilage, or vice versa; and even in the transformation of one form of
epithelium into another we do not find that very wide gaps are bridged,
as, for example, that simple epithelium should give rise to complex
glands, nerve cells, or to the formation of hair roots. Fibrous con-
nective tissue has never been seen to change into muscle, striated or
non-striated.

A striking example of metaplasia is that if an eye be rendered function-
less by trauma there will often develop from the choroid coat a deposit
of true bone. Of course, bone in this region is normally absent, and its
presence has been accounted for variously. We mention three theories,
the first of which we consider the most acceptable. These theories are:
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(1) that the bone formation is due to modified function and nutrition
of certain choroidal cells; these eells have normally a definite funetion
connected with the receiving of light by the eve; this funetion being
interrupted, the vascularity of the choroid is modified and certain of
the choroidal cells give themselves over to the produection of bone;
(2) that in the process of formation of the eve a few cells destined to
form bone, being accidentally carried into the eye, remain latent so
long as the eve performs its proper funetions, becoming active when
these functions are interfered with; (3) bone-forming cells are carried
to the part by the blood. The remarkable frequency with which this
bone formation occurs in the choroid of eyes which have been rendered
useless by injury is strangely opposed to the two latter hypotheses.

Before discussing metaplasia speeifically, it is necessary to separate
one or two conditions which are not true metaplasia, but which might
be confounded with it. The first of these is heterotopia, which mayv be
congenital or acquired and consists of the abnormal snaring of cells of an
organ from the organ proper, and their subsequent growth in another
place. Examples of the congenital form are the various cell rests of
Cohnheim, aberrant adrenals and acecessory spleens; examples of the
acquired forms are periosteal and bony growths from displaced perios-
teum. It is to be noted that in none of these cases is there tissue
transformation, for the tissue continues to grow along the ordinary
lines; further, one sees the same process in the invasion of one tissue
into the territory of another, in such a case as where, after tracheotomy,
the epidermis may not only cover the wound but grow some little
distance into the trachea.

Heteroplasia.—This is the condition in which we find in the middle
of the cesophagus normally lined by squamous epithelium, islands of
columnar epithelium like that of the stomach. No eonversion has
occurred from one type of epithelium into the other, but there 1s merely
a persistence of misplaced and ordained tissue. The same explanation
holds for the occasional islands of squamous epithelium found in the
respiratory passages, and the stomach, without any evidence of past
mflammation which might account for the change.

Anaplasia or Reversionary Atrophy (‘‘Undifferentiation”).—To be
distinguished from metaplasia is the loss of differential characters by
cells which have become subject to abnormal conditions, for example,
the simplification of the tubular cells of the kidney in nephritis, or the
cubical form of the lining cells of the pulmonary alveoli in interstitial
pneumonia. The same process is illustrated by the development of
muecold tissue in the adult body, for mucoid tissue developmentally
1s an intermediate stage in the growth of another mesoblastic tissue.
A similar process is the morphological change of cells due to mechanical
action, e. g., the flattening of a cubical or eylindrical epithelium in a
cyst on account of the pressure of its contents. Again we must not
confound with true metaplasia the differentiation of a tissue under
modified environment without any change in the function, as occurs,
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for example, in the cornmfication of the epithelium of the prolapsed
vagina. Metaplasia, in opposition to this, comprises both a morpho-
logical and a functional change.

Epithelial Metaplasia.—The mucous membrane of the uterus 1s a
columnar epithelium; if the organ be everted so that it projects from
the vagina, its mucosa becomes smooth and dry, and in place of the
columnar there is a stratified squamous epithelium with horny change
of the external layers. Here, it will be observed, there is a change of
function as well as of structure. In the bladder we find changes of two
sorts; normally it 1s lined by polygonal epithelium in several layers.
We may find over an enlarged prostate, as a result of inflammation,
areas of typieal squamous epiderm, with prickle cells, or, on the other
hand, we may find papillomas developed with epithelium that is now
distinetly columnar.

Fig. 63

Stages in the metaplastic regeneration or formation of a new lens from the iris, in the larval
newt: 1, edge of iris becoming swollen; 2, 3, 4, progressive overgrowth of the edge; 5 separation
of the hypertrophied mass of cellz to form the lens, (Fischel,)

In cases of ectopia vesicee simple glandular ervpts may form from
what was a many layered epithelium. Even more remarkable is the
metaplasia observed in the regeneration of the lens. In the larval newt,
if the lens be extirpated, a new lens may be developed from the iris, as
will be readily understood from Fig. G3. This is not very remarkable
when we remember that the normal lens and the iris though differently
formed are both epiblastic.

Mesoblastic Metaplasia.—Ilere may be seen the metaplastic forma-
tion of bone from cartilage, as oceurs in the tracheal cartilages in advane-
ing age, the one tissue being merely converted into the other. A similar
process 1s the replacement of eartilage by bone in the callus of a fracture.
A more striking example is the formation of bone by metaplasia of con-
nective tissue (Fig, G5), as oceurs in the formation of masses of true bone
in the lung, or of plates of true bone in old pleural and pericardial
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adhesions, where there has been an excessive formation of granula-
tion tissue. Both bone and cartilage further have been met with in

Fuea. Gd
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Metaplasia from a case of eetopin of the bladder; the ordinary stratified epithelium becomes
replaced by a columnar epithelinm.  (After Enderlen.)

Fis. 63

Oizseons metaplasia in the wall of a bronchus (go-called “osteoma’): o, mucosa; b, submucosa;
¢, mucous glands; o, cartilage; e, connective tissue; f, f, masses of bone in submucosa; g, fat cells.
(Dennig.)

the arterial wall and in the thickened valves of chronie endocarditis.
Should further example be necessary it exists in the replacement by
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hone of the tendons of origin or insertion of the muscle, as in the so-
called “rider's bone” of cavalrymen. This is purely loecal, but the
same process is probably at work in the production of that remark-
able condition mistakenly called myositis ossificans, in which the tendons
and bodies of one set of muscles after another become replaced by
bhone until finally the patient 1s unable to move his limbs, rotate his
head, or bend his back.

As has been referred to above, the development of the provisional
callus of long hones after fracture is an example of cartilaginous meta-
plasia, and the same 1s seen 1n the oecasional 1slands of eartilage found
in new growth derived from the connective tissue, especially in the
mixed tumors of the parotid and the testis. We are fully aware that
this 1s generally ascribed to the presence of cell rests, but there seems
no reason to separate it from other cases of metaplasia.

Hitherto the examples given have dealt with the metaplasia of less
specialized into more specialized tissues, but the reverse oeccurs, as
when in an inflammation of the joint with immobilization, the cartilages
disappear from the joint surfaces and are replaced by fibrous connee-
tive tissue. This is not a purely degenerative change, hecause inactivity
of the joint would tend to atrophy, but results from a vlnnge of function,
the immobility of the joint doing away with the necessity for cartilagﬂ.

In true ]Tl(}tqli}ld.‘wlﬂ, finally, we have no new process, because bone
arises first in the feetus from mesoblastic eells; even in the periosteum
of the adult the future bone corpuscles may be indistinguishable from
fibroblasts and in delayed union they may actually be converted into
connective-tissue cells. In feetal life it is their environment and rela-
tionship to the vessels which lead certain mesenchyme cells to become
osteoblasts and marrow cells. Why may not the same reason be in
existence later? A difficulty does present itself in the idea of fully
formed cells of one order becoming directly converted into cells of a
different type, but this does not happen; metaplasia is not direct, but
can be brought about only by a preliminary reversion to a vegetative
type of cell, or, where mother cells are present, by the development of
cells modified by environment. When we speak of the direct conver-
sion of cartilage into bone cells we mean that in these histologically
simple cells there is at least a functional change; that this is not merely
a supposition is shown by the change in the matrix which they govern,
and by its exhibiting a regressive modification.

THE NEOPLABSMS

The term “tumor™ is properly applied to any unusual swelling in
the body, and includes (1) dislocated parts; (2) collections of fluid or
zas; (3) tissue growths, either physiological, as the pregnant uterus, or
hypertrophic, and others such; obviously, then, it can have no useful
specific meaning applicable to the elass of growth we wish to describe,
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a class which Thoma called the “autonomous tumors,” that is, tumors
which are, or possess a law unto themselves. These are now generally
named the neoplasms, or new growths, and the process by which they
arise is known as neoplasia. But even these terms are not satisfactory,
since there may be new growth set up by known agents. The tubercle,
for example, 1s an inflammatory neoplasm due to the action of the B.
tuberculosis. Despite these limitations it is usual to employ the term
“neoplasm” to indicate the autonomous tumors and “inflammatory
neoplasm” to indicate tumors due to the action of known agents, and
in the following pages we shall fall in with custom. The neoplasms
proper, therefore, are to be distinguished from inflammatory neoplasms
by this autonomy, by their growth independent of funection and of the
needs of the organism in which they grow and from which they derive
their nourishment, and by the fact of their arising independently of
any known stimulus. In the matter of terminology we employ the
suffix—oma which cannot be exactly translated, but which conven-
tionally carries with it the idea of a swelling, and more specifically,
of a swelling of the above-deseribed neoplastie nature, although excep-
tions occur in the ecase of such words as hematoma. With more pro-
priety than in the last named, the termination bears some of its full
meaning in terms like granuloma and tuberculoma, for these are * tumors
of granulation tissue” and “ of tuberculous tissue™ respectively.

To gain an idea of what neoplasms are, it is by no means a bad method
to read over some of the various definitions that exist. Cohnheim
deseribed neoplasms as “cirenmseribed atypical productions of tissue
from . . . embryonicelements,” stating thus that they arise essen-
tially from “cell rests,” anidealargely given upat the present day. Ziegler
states that “a tumor is a new formation of tissue, possessing an atypical
structure, not exercising any useful function, and presenting no typical
limit of growth”; Lubarsch counted them to be “ growths of apparently
independent origin, histologically corresponding with the cells of the
matrix from which they arise, but atypical in form . . . 7; von
Rindfleisch characterized them as “local degenerative excess of growth.”
Perhaps these ideas are best grouped in White's definition, that a neo-
plasm is “ an (abnormal) mass of cells, tissues, or organs, . . . resem-
bling those normally present but arranged atypically. It grows at the
expense of the organism without subserving any useful function.”

THE TERATOMAS

These are neoplasms which show a tendency to the formation not
only of irregular cell masses but also of fully formed organs such as
brain, teeth, skin, hair, bone, or secreting glands; for example, a cyst-
like mass containing many of these tissues may be found in the ovary—
tl}e ovarian dermoid. All monstrosities are terata, and such have been
discussed in series down to the case in which, of two individuals from
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a common ovum, the feebler of the two becomes infolded into the
stronger, and takes its nutriment from it. Such a feetal inclosure 1s
a typical teratoma. It is not an independent individual; it 1s incom-
plete; it is nourished from its host; but it began its existence as a separate
individual, from a separate primitive streak. It may quite well be
that both host and parasite arose from a single act of fertilization, but
at an early period of development two independent centres of growth
showed themselves, and it 15 the autonomous growth of one of these
within the other that has given rise to the mass of tissue constituting
the parasite. The teratoma is thus “an autonomous growth, the product
of the continued developpent within one individual of another individual
of the same species,” the term *continued development” being inserted
to exclude the normal foetus.

Before considering teratomas specifically, it is. worth while to note
what kinds of cell in the body in its different stages are capable of
giving rise to all the orders of cells that go to make up the individual.
At first glance one would say that the fertilized ovum alone can do this,
but totipotentiality is more extensive than this. A totipotent cell is one
that is capable of giving origin to an individual, that 1s, one that can
give origin to cells of every order; a unipotent cell is one that can give
rise to cells of only one order. The following are totipotent cells: (1)
the primordial blastomeres, which, even among vertebrates, if broken
off, can give origin to individuals, though dwarfed; (2) the cells of the
primitive germinal area; (3) the cells of the growing point, so long as
they remain in connection with the ovum (this by reason of their con-
taining no volk); (4) the germinal blastomeres, that is, the forerunners
of the ova and spermatozoa, and (5) the mature ova and spermatozoa
after fertilization. We have to consider, then, that there are, subse-
quent to the fertilized ovum, these various sources from which a tera-
toma can arise; the forms that can arise, some of which have already
been dealt with, are as follows: (1) development of two germinal
areas on one germinal vesicle, giving rise to double monsters, one of
which undergoes inclusion in the other—feetal inclusion. (2) The
production of excess or misplaced totipotential cells which become
included 1 the growing individual; these cells may develop early and
grow elaborately, giving rise to inclusions recognizable at birth, or may
lie latent and at a subsequent time grow actively, as abdominal inelu-
stons, teratomas of the genital glands, and certain “mived tumors.”
These various teratomas require more particular note.

Feetal Inclusions.—These inclusions may be complete or incomplete
and projecting; the weaker and smaller embryo is carried into the
body of the larger during the process of closing of the great anterior
fissure.

Epignathus and Congenital Sacral Teratomas.—Some wonderfully com-
plicated eases are found under this class, such as where there is inserted
into the roof of the mouth of one feetus the umbilieal cord of the second,
more or less well developed, or where definitely formed organs, lower
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limbs, or sexual organs project from the mouth; less curious are those
where projects a mere mass of flesh in which can be distinguished tissues
of the various kinds that are ordinarily derived from all three layers of
the embryo—the most common form of epignathus. Sometimes there
is merely a tumor of the roof of the mouth, in which the tissues are
simpler, and do not represent all three of the primitive layers. This
last may have arisen not from totipotential cells separated at an early
stage, but from multipotential cells separated at a later period.

Teratomas of the Genital Glands and Sporadic Teratomas.—This
class comprises some cases that are clinically very curious. The
ases mentioned above of eysts containing hair, teeth, ete., being found
in the ovary, are surpassed by the discovery of similar tissues in the
testis of the male. Of such neoplasms we find that some grow in parts
of the body bearing no relationship to the fissures or to the poles of
the body, or to the generative glands, as, for example, in the neck,
the anterior mediastinum, the abdomen, and elsewhere. No rule can
be laid down for these, and we are able to say only that there must
have been a development of displaced totipotential cells. These
teratomas—called sporadic embryomas——consist generally of tissues from
all three germinal layers; sometimes the tissues are of adult appearance
and of limited growth, and these are called typical; more frequently,
however, they are atypical, appear about puberty, grow rapidly, and
tend to form secondaries. This, it will be noted, 1s exactly parallel to
the oceurrence of benign and malignant blastomas to be hereafter men-
tioned. Sometimes a tissue in a typical teratoma of this sort will begin
to grow inordinately, the result being a neoplastic growth in a neo-
plasm (tumeor in tumore). A tumor of this order may give rise to distant
metastases in the body of the host.

Most commonly teratomas are found in the ovary, and are of two
forms: (1) the large-cystic teratoma, commonly ecalled the “ovarian
dermoid,” and (2) the solid or small-cystic teratoma. The former is
the commoner and may attain the size of several inches in diameter;
its contents are fatty debris and long hairs lving in a varyving amount
of fluid. It is lined by squamous epithelium with sebaceous and sweat
glands, with bone frequently to be found in the walls and an area which
has been called the “island,” representing the head; from the island
arises the tuft of hairs (in our experience, always red), and in it may
be bone in which are fastened teeth. In a small number of cases the
extremities and genitalia have been recognized. Twypical ovarian tera-
tomas of this kind may be found in young children. The solid ovarian
teratoma is like the sporadic teratomas already spoken of, and is very
uncommon. :

With regard to teratomas of the testis, it remains to be said only
that the so-called mixed tumors of the testis have frequently heen
found to belong to this class, and close study is apt to reveal tissues
from all germinal areas. These are evidently the product of totipoten-
tial cells,

14
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It is difficult to account for such peculiar freaks as these when they
appear elsewhere than in the ovary and testis without ealling to our
assistance, as an explanation, the disappearance and displacement of
some of the germinal blastomeres, because we know that these in the
process of development do not all find their way into the ovum or
the testis; they may be carried and deposited in different parts of the
body. We need not imagine any carrying away to account for the
teratomas of the genital glands, because this 1s the natural site of these
totipotential cells.

TERATOELASTOMAS

These are neoplasms which are not true teratomas, because the tissues
in them do not represent all three germinal layers; they include the
most striking examples of the “mixed tumors,” although not all of
them. A very familiar form will oceur to the reader if one mentions
the so-called “sarcomas of the kidney,” which have been noted so fre-
quently, growing to large size in the infant. In this and in mixed
tumors of like order arising in different parts of the body one must
make the broad statement that one finds in such a tumor only tissues

Section of a *mixed tumor’ of the kidney, showing gland tubules with surrounding sarcoma-like
cells of the plain muscle type, fat cells, ete.  (Ribbert.)

such as might develop from the original anlage of the organ; by this
we mean that just as the kidney arises from certain myotomes which
give rise to various structures in the neighborhood of the kidney, it
is impossible to find in a renal mixed tumor a tissue that is not
potentially represented in the myotome. Such a tumor has originated
from the misplaced myotome cell which, developing, later, gives origin
to all the orders of tissue which would have developed from it had it
undergone growth in its normal position.

It must be kept in mind that there are several orders of “mixed tumors™ to be
distinguished: (1) the teratomas, (2) the teratoblastomas, (3) the transitional
lepidomas (p. 276), and (4) the earcinoma sarcomatodes proper (p. 266).
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It is obvious in such a tumor as this, that is, one arising from the
myotome, that all the contained tissues are necessarily mesoblastic.
These neoplasms are large, localized, soft, sarcoma-like, and bleed and
necrose readily; on section, the body of the tumor is sarcoma-like, but
there are in it elements that recall a kidneyv tubule, as well as muscle,
fibrous and elastic tissue, fat, cartilage, and so on. Mixed tumors
of a like nature in which the tissues vary according to the situation,
are found in the parotid gland fairly commonly, less so in the sub-
maxillary gland, in the vagina in children, in the cervix uteri later
in life, in the mammary glands, the lacrimal glands, the cheeks, and
the gums.

TERATOGENOUS ELASTOMAS

By this term we indicate tumors formed of one order of cell, but
originating not from the tissues of the host but from that of another
individual or potential individual within the host. The simplest
example is that of an adenoma or carcinoma developing from an
ovarian teratoma; the most interesting and important are those devel-
oping from the placenta, viz., placental moles and chorio-epithelioma.
To use simple language at the cost of being slightly inaccurate one may
explain that the latter is an interesting form of tumor arising where
the rapid cellular growth of the placenta is not checked at the birth of
the feetus, but continues growing in the uterus, producing a most
malignant and fatal neoplasm. One might say that feetal structures
habituated to rapid growth continue in the uterus after their physio-
logical purpose 1s fulfilled, and become to all intents and purposes &
neoplasm of the blastoma type.

The feetal membranes include the feetal placenta, which is an organ
developed primarily from the chorionic villi; being epiblastic, it comes,
with the development of the allantois, to gain a vascular mesoblastic
core. Before the placenta develops, the outer cell layvers of the
foetal chorion have “eroded” into the uterine mucosa. The actively
growing cells of the outer layver of the villi are phagoevtic and penetrate
into the sinuses of the uterus below the mucous membrane. Normally,

~ these cells, when they have penetrated into the sinuses, have done their

work and the outer layer becomes inactive, fuses and forms the syncy-
tium; below this at the time of birth there are still layers of active
cells—the so-called Langhans’ layer—but these also undergo degenera-
tion and in the due expulsion of the placenta at parturition they
come cleanly away from the uterus. But in cases of abortion it some-
times happens that these placental changes, usually complete hy the
time of full term, have not yet occurred and when the immature feetus
is expelled, there remain chorionic cells which have not degenerated
and are still actively growing. These constitute the evil agent, and
they carry on their growth in the uterus and constitute a neoplasm.

Placental Mole.—It sometimes happens soon after conception that
the feetus dies and is absorbed, leaving the placenta and membranes
grafted upon the uterus, and these form an irregular fleshy mass, the
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fleshy mole, prone to hemorrhage (the hemorrhagic mole), and to subse-
quent putrefaction (the putrefactive mole). Again, in similar cases the
~chorionic villi being nourished by the maternal blood grow actively
and absorb fluid so that a wvillus be-
comes a vesicle or series of vesicles of
small or large size distended by an
cedlematous mucoid fluid, these vesicles
being aggregated together in enormous
numbers, the mass distending the uterus
as much as does a full-term feetus (hy-
datid mole). The vesicles are yellowish
and translucent. Even in an otherwise
normal placenta a small portion of it
has sometimes been found to consist
of such a mole.

Choric-epithelioma. — In the case
last mentioned it will be seen that
the growth remained within normal
limits, and was, therefore, of benign
nature, but this is not always the
case. Such a mole may continue to
grow and fill the maternal uterine
sinuses with polypoid masses, the so-
called “destructive placental polypi,”
it L RS : which show a kind of transition to the
A amall portion of o hydatid mole; : : 5 :

natural size. full-blown chorio-epithelioma malig-

Fig. G8

Chorio-cpithelioma growing within the uterus:  V, wall of uterine sinus: Syn., multinucleate cellz of
syneytial type; L. e, cells of Langhans' type.  (Teacher.)

num. We have said that the outer surface of the villus, consisting of feetal
epiderm, becomes fused to form syncytium, which is made of deeply

i
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staining cells whose bodies have fused, the mass remaining multinuclear.
Below the syneytial layer the cells of Langhans’ layer remain unfused,
individual, and less deeply staining. The syneytinm possesses erosive
phagoeytic properties, and it is these masses of cells that tend to be
swept away in the blood of the maternal sinuses and to be deposited
in the capillaries of the lungs and elsewhere. Thus we have these
synevtial cells growing actively either in the uterine sinuses or in tissues
elsewhere, the active growth of the synevtium being seconded by the
activity of the cells of Langhans’ layer. The chorio-epithelioma malignum
is thus seen to be a neoplasm entirely cellular, formed of large actively
vegetative cells growing entirely within the vessels, not requiring an
individual blood supply by vessels of its own, not capsulated, liable
to induce hemorrhage by erosion of
the wvessel walls and very readily Fic. 69
tending to have particles carried away :
to grow elsewhere. With such char-
acteristics it i1s no wonder that we
have here perhaps the most terribly
fatal of all neoplasms. Although the
formation of this neoplasm generally
occurs shortly after an interrupted
pregnancy, vet cases have been re-
ported occurring yvears after abortion,
no intervening pregnancy having oc-
curred.

The difficulty of understanding such
a process of growth is increased by
the finding of this growth in the testis
of the male. Here the explanation
must be that cell masses of this type
have dEVElﬂl}Ed, not as the outcome Cells of a chorio-epithelioma malignum,
afitihe fertilized ovum and uterine h#aer magnification: 4, syneytial cell mass;

b, cells of Langhans' type; ¢, broken-down

pregnancy, but from a teratoma. erythrocytes. (Von Franque)
The teratoma must develop or tend
to develop a chorion and so gain its nourishment through this chorion, -
invading the veins of the testis; the chorionic cells so developed may
proliferate in the testis just as they would in the uterus.

In like manner, a few cases have been described within recent years
in which sporadic teratomas in various regions of the body have been
found on examination to afford chorio-epitheliomatous areas.

THE BLASTOMAS (ORDINARY TUMORS)

The blastomas include all tumors, that are not teratogenous, which
exhibit an independent, localized growth. This growth is practically
of cells of one order; yet neoplasms contain a stroma (just as do the
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normal tissues) in which stroma run capillaries and lymph channels,
with the exception of those tumors which arise from simple connective
tissue like that which forms the stroma of organs. With this exception,
the blastomas are growths formed of one order of tissue, and are in
number as many as and more than the different tissues; for example,
fibromas of fibrous tissue, chondromas of cartilaginous, and osteomas
of bony tissue; myomas of muscle fibres, gliomas of glia cells, adenomas
of (secreting) glands. There are many more forms of blastoma than there
are forms of individual tissue, because the cells of a neoplasm, originat-
ing from a special kind of cell, may not present the characters of the
original cell fully differentiated. They present different degrees of
approach to the fully formed and fully differentiated cell of the original
tissue. When the neoplasm approaches closely the form of the adult
normal tissue, we speak of it as typical; when the neoplasm copies this
but imperfectly, when the cells are but partially differentiated, when the
neoplasm 1s like no adult normal adult tissue (but has for its counter-
part cells seen only in the embryo) it 1s atypical. Further, as a general
rule, the blastomas that are of the type of normal adult tissues, the
tvpical tumors, are also the benign tumors; and the cells that copy
very imperfectly the normal adult tissues, and sometimes copy faith-
fully enough the growing embryonic tissues, the atypical tissues, are
also the malignant neoplasms.

Benign Neoplasms.—The typical blastoma is composed of cells and
tissues that are like the cells and tissues of the normal adult body.
They are neoplasms in that there was a time when they did not exist,
and they have arisen for no apparent reason and in response to no
known stimulus—they are new growths; but they are like normal tissues
because they reproduce the differentiations of normal tissues, and, as
such, have grown slowly, and this slowness allows the body to react
by producing a wall around them, a capsule, which is essentially a
part of the body tissues, and not of the neoplasm. Some tissues, such
as brain or bone, are incapable of free fibrous overgrowths, and do not
readily produce a eapsule, but, as a general rule, most tissues are able
to circumscribe the growth, so that such neoplasms can often be shelled
out. The tissues being “typical,” and like those from which they
sprang, theré is nothing essentially harmful in such a growth, save
that it may by pressure or otherwise, mechanically disturb the tissues
in which it lies. Growth, in such a neoplasm occurs in all its parts,
central as well as peripheral, and thus there i1s a tendeney to increase
in a globular shape, with gradual enlargement in the same form.

Malignant Neoplasms.—Atypical blastomas, on the contrary, are
formed of imperfectly differentiated tissue, and because they are less
differentiated, are more actively vegetative. They spend little energy
on funetion or in the direction of differentiation and, consequently, have
the more to expend on mere growth; active proliferation is, therefore,
one of their main charaeters. Such rapidity of growth gives time for
little reaction on the part of the surrounding tissue, and there is little

N,
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sign of encapsulation; even if a capsule appear to the naked eve, it
is apt to be infiltrated by the actively growing neoplasm; the rapid
growth, meantime, by pressure causes atrophy of the cells of the organ
concerned, and as these die, the connective tissue may remain as a
scaffolding on which the neoplasm builds itself. The active growth,
too, tends to invade capillaries or lymph channels, so that cells or
groups of cells may break off from the neoplasm, and be carried else-
where in the body, where, finding suitable resting places, they go on
with their growth and form new masses or tumors like the parent
erowth. Such new growths are denominated metastases or secondary
neoplasms.

The impression gained from the above that the atypical tumors
are malignant is almost correct; but it is only fair to add that the above
characters, which are those of malignancy, do not belong to all atypieal
tumors, for there are malignant tumors (such as the malignant mouse
cancers) that do not readily form metastases and, on the other hand,
there are tumors of benign type that form secondaries; we have, in
fact, all grades of transition between typical and atypical neoplasms.
Yet it 1s useful to gain the general idea that tumor-cell differentiation
(or specialization of form) has a definite relation to bemignancy, and
the lack of it, that is, a tendency to the vegetative type of tissue, has
a relation to malignancy. It 15 upon such evidence that the decision
is made which determines the removal or otherwise of the tumor con-
cerned. This being so, it is very essential to have a clear knowledge
of what is the adult type of cell from which a particular tumor springs;
for example, the so-called giant-celled sarcoma arising from the hone
marrow, exhibits cells of a vegetative, undifferentiated type, and might
on th‘lt account be called very lxmhgu.mt, until one recalls that the
adult bone-marrow cells are of this tvpe; this sarcoma, as a matter
of fact, 15 one of the least malignant of all sarcomas; whereas, a mela-
noma appears to be made up of more differentiated f-:]himllo cells, and
on this account might be judged of mild malignancy, vet is one of the
most malignant of tumors. Emphasis must, t.}wrvlun-., be laid on the
necessity for knowledge of the adult tissue from which a neoplasm is
supposed to arise.

Malignancy.—It must be understood at the outset that it is not
possible to lay down working rules by which a student may surely
know whether a tumor is malignant or benign; such knowledge can
come only from experience—from the “mental pigeon-holing” of a
number of cases in each of which one correlates his ideas of the elinical
history, the macroscopic appearance, and the microscopic picture,
and his theoretic knowledge of location of tumors; these the observer
mentally puts together as one ties up papers in an elastic band, and
after he has correlated a number, he begins to reach a state in which
his intuition tells him that a tumor is mdllgndnt or the contrary. Some
of the rules that are of use are these:
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Malignaney 1s associated with:

1. A vegetative character of the cells, that is, the cells are like the
corresponding cells of the embryo.

2. Rapidity of growth.

3. Peripheral extension, with lack of capsule, and infiltration of the
surrounding tissues.

4. Tendency to develop metastases.

All of these four qualities are related, and are the expression of a
vegetative activity beyond that of the surrounding tissues.

5. Tendency to Central Degenerative Changes.— This can be readily
understood, for the pressure of surrounding parts tends to constriet
blood vessels, and the outermost cells obtain the best of the oxygen
and food supply, while the inner ones are deprived of these, and also
of a free outlet to their own end-products; the degenerative changes
are atrophie, or neerotie, or at times autolytie, so that the central part
of a tumor may become flmid. Similarly, in a surface tumor, the most
superficial cells are farthest from the blood supply, and are therefore
liable to necrosis.

6. Liability to Recurrence after Removal.— This arises from the fact
that the removal is not complete; the infiltrating character of the
growth leads to the extension along lymph channels of chains of cells
in contiguity beyond the apparent Imun:lun of the neoplasm. This
is the reason for the modern radical and extensive operation under-
taken, for example, in carcinoma of the breast.

7. Cachexia.— Cachexia is a lowered, impoverished state of the
syvstem, indicated by a marked degree of wasting and bodily weaken-
ing, with the characteristic vellowish-gray color of the skin, which is
readily recognizable.

8. Anemia.— This goes hand in hand with eachexia, for which indeed
anemia is partially I‘r‘-‘.pﬂl]'-;ih]r There 1s a constant loss of red ('urpu%t*les
and sometimes the signs of regeneration show that the blood picture is
not very {]IH{‘]"{‘Ht from that of a severe "ulf]l*-.mmm anemia. Cachexia,
however, is not necessarily in proportion to the size or the rate of growth
of the tumor; a very small earcinoma may be accompanied by very
severe cachexia, and certain, though small, neoplasms, if situated in the
cesophagus, may interfere with nutrition in a physical way, so that the
achexia 1s thereby inereased. This is not true cachexia, but rather
starvation:; nor is it correct to use the term “cachexia’ to deseribe
those cases where absorption of the foul products from the tumor
surface have oceurred; vet leaving these aside we still have the true
CA ICErons f‘ilf'}]l'xiil.

Have tumor cells an internal secretion? The question is of impor-
tance because eachexia and anemia have been long considered as
results of a specific toxic secretion of the tumor cells. Presumably
these in their growth and in their degeneration discharge soluble
substances into the body fluids. These are of the nature of enzymes,
and as such are hemolyvtic and probably in some cases eytolytie as well,
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so that we may assume that the cachexia is directly the outcome of
poisonous products of cell activity.

In the above paragraphs we have given at least eight characters
which have to do with malignancy, but we would once more add the
caution that all of these may not be present, that the reverse of some
of them may be found, and that some of these very characteristies may
be seen in a benign growth, so that we have vet the essence of malig-
nancy to discover. Is this something in the nature of the cell itself?
We think so, although some scientists have declared on the contrary that
there is no such thing as a malignant cell per se; but that cells have malig-
nancy per se 1s proved by the fact that mouse cancer being passed
through generations of mice can be rendered more and more malignant,
so that there is a constantly increasing number of “takes,” until
finally 100 per cent. of anmimals injected develop the mouse cancer
which has been conveved to them. The malignancy of cells is defer-
maned by the grade of vegetaitve power they show; the malignancy of any
given tumor is the resultant of the interaction between ecell malignancy
and the resisting powers of the rest of the organism.

There are yet other forms of malignaney (so-called) to consider. We
have sometimes been tempted to define a malignant neoplasm as a new
growth that tends to kill; if this be true, we are prepared to understand
that there i1s malignaney in virtue of site, and malignaney in virtue of
size. Forexample, a benign tumor that in the liver might be harmless,
in the brain might cause death, or a large ovarian tumor benign in its
nature may so press upon other organs as ultimately to kill the patient.
This 1s obviously accidental malignancy. It must not be forgotten
that a tumor typical and benign for a long period may suddenly assume
in any one of its parts rapid growth, a statement which can be under-
stood when we recall that malignaney is a function of the rate and
extent of the cellular reproduction rather than of cellular proliferation
itself.

Metastases.— We have become accustomed to consider as metastatice,
inflammations in which the agent, bacteria for example, is carried to
a distant part of the body where the tissues react to its presence, so
that the metastatic inlammatory overgrowth is made up of the body
cells; with neoplasms this is not the case, for the metastatic overgrowth
is made by the multiplication of the cells of the original tumor in the
new area. ['he migrating cells are the parasites.

It does not follow that the secondary growth need faithfully repro-
duce the parent growth. As a matter of fact it generally reproduces
the type, but is often more actively growing, more vegetative and
simpler in structure.

Modes of Origin.— Metastatic growths may originate in four wavs:

1. The cells of the original growth penetrate into the lymph spaces
and are carried in the lymph siream a greater or less distance and
lodge in the lymphatic system, oftenest in the nodes. Sometimes
in the neighborhood of the tumor small nodules may be found con-
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nected with the original tumor by an unbroken chain of tumor cells;
what has occurred is that the tumor cells have grown out continuously
along a channel until they have arrived at some spot, often at quite a
distance, where conditions of lessened pressure and good food material
encourage them to grow as a localized mass (Fig. 70).

Frz, 71

(g gl
Carcinoma advancing along the penivascular lyvmph Group of nodular secondary growths

channels of the lung from o pleural growth secondary of round-celled zareoma peeled off from

to carcinoma of the breast. (Dr. Rhea) o, peri- the surface of the peritoneum in a casc

vascular lymph vessel distended with cancer cells; b, where a general “seeding” of the peri-

alveolus of lung: ¢ blood vessels: d, secondary leu- neal cavity had occurred.

koeyvtie infiltration of the perivascular connective

Lissne,

2. The tumor in its growth may erode a vein and the cells may thus
pass directly into the blood stream and be carried elsewhere. Such
cells will be liable to arrest in the first capillary into which they are
carried.  Neoplasms whose cells are thus carried into the branches of
the portal system are apt to form secondaries in the liver; those in the
main venous system are apt to be carried to the lungs. Rarely cases
arise which seem to indicate that here and there tumor cells may be
carried through the lung capillaries without arrest.

5. By transplantation. This form of conveyance is but a modifica-
tion of the first, because it oceurs in the serous cavities, which are
lvmph spaces. If a tumor erodes the lining membrane of one of
these sacs some of its cells may become free and be carried elsewhere
in the same cavity, as is especially well seen in the peritoneum (Fig. 71).
Transplantation has even been known to oceur from tumors in the mouth
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eavity being carried to the stomach, and tumors in the stomach being
carried to the intestines. It is not safe to jump to the conclusion that
a secondary in the small intestine has found its way there by trans-
plantation even though the primary growth be in the stomach, for
even here the extension may have taken place by the lymphatie channels.

4. Transplantation also oceurs by apposition. Cases are recorded
in which (a) one lip being involved in cancer, the corresponding point
on the other lip has become infected; (b) the skin of the arm in contact
with an uleerating carcinoma of the breast has become involved; and
in which (¢) the parietes, e. g., the pleural, opposite a superficial malig-
nant growth have become the site of transplantation even when no
adhesions between the two have existed. The process of rubbing has
bared the second surface, on to which the cells from the first have
become engrafted.

Retrograde Metastasis