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PREFACE

IN this book, which represents in its order and contents the course in Pathol-
ogy given in the second year to the students of the College of Physicians
and Surgeons, an effort has been made to discuss the general principles of
Pathology as illustrated by a study of the commoner and more important
diseases,

It is therefore in no sense intended as a book of reference.  No attempt
has been made to deseribe systematieally all the diseased conditions which
may oceur in each organ, and for that reason there is no division into general

and special pathology.  Instead the whole is construeted upon the idea

that all pathological disturbances are the result of some form of injury, or
of the immediate or more remote reactions of the body to injury. It has
been found possible to earry out this coneeption quite logieally exeept when
as in the case of tumors, we are quite ignorant of the causes of the disease.
For that reason, after a few chapters devoted to the general working
principles with illustrations from the most common conditions, the rest of
the book is divided into chapters which deal with various types of, injury
and their immediate and remote effects. The diseussion of tumors neees-
sarily forms a separate part, since they seem to be so little controlled by the
laws which govern other pathological processes

The whole
upon the b
ing to its anatomical distribution has not been employved.  Nevertheless

book is planned therefore to diseuss disease as far as possible

fial accord-

and the usual subdivision of the mate

s of etiology

the index ig so arranged as to facilitate reference to lesions of the heart,
lungs, ete.
Partly heeause of lack of space, but chiefly beeause they are admirably

treated in great detail in books easily accessible to students, several whole
sections usually ineluded in books on pathology have been omitted.  This
is true of the relations of heredity to disease, of the biology of bacteria and
other parasites, of malformations, and of many diseases of the nervous
svstem, The whole subject of resistance and immunity is touched upon

only in the briefest way. vertheless, even though such subjects are in-
tentionally omitted, it is realized that eriticism may well be offered when it

es of pathology

is found that the diseases chosen to illustrate the princi

do not include many important affections, such as multiple sclerosis, pro-

gressive muscular atrophy, rabies, yellow fever, and a host of othe

In discussing the prominent types of injury an attempt has been made
to give an impression of the far-reaching interdependence of pathological
5
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conditions by making a continuous story of the whole with numerous digres-
sions for the description of special lesions or their causes, Several chap-
ters are devoted to the results of obstruction of the flow of contents of
hollow organs, and while it may seem that this is a rather forced arrange-
ment the type of injury is one whose effects depend in each instance upon
certain common principles,

A constant effort has

been made to speak of the disturbances of function
and of chemical interchange in the course of disease, as far as that was
possible, and even to deseribe symptoms.  If this makes the book seem like
a treatise on clinical medicine, it is only because pathology and elinical
medicine are, after all, the same thing viewed from slightly different angles.

References to the literature given with each chapter have heen chosen, as
far as possible, to direet the student to readable and comprehensive papers
which review the subject and give further and more complete references.

The illustrations are almost entirely from specimens which we have
studied in this laboratory, but I have to thank many friends in other
laboratories for their kindness in sending me material or for allowing me
use of photographs. The drawings with very few exceptions have been
made by Mr. Alfred Feinberg.

I am indebted to my assistants for much help, and especially to Dr. A.
M. Pappenheimer, who furnished the material for the section on the thymus
and aided me in reading the proof, and to Dr. R. A. Lambert who made the
index.,

W. G. MacCALLUM.

O81 Mapisox Ave, New York Crry
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TEXT-BOOK OF PATHOLOGY

CHAPTER 1
DISTURBANCES OF THE FLUIDS OF THE BODY

Relation of fluids to tissues; blood, lymph, tissue fluid The blowd:  variations in
quality awd quantity. Readjustment,  Plethora and oligemia.  Clotting.  Thrombosis.

Relation of Fluids to Tissues.— The cells of the tissues are, like other living
beings, dependent for their life and activity upon a constant and abundant
supply of food and oxygen and an equally adequate removal of their waste-
products,  This service is rendered them by the circulation of the various
fluids through every part, propelled by a mechanieal arrangement, the per-
fection of which we shall have frequent oceasion to admire.  There are
three main types into which we may divide these circulating fluids, the
blood, the tissue fluids, and the lymph.

The blood is practically everywhere separated from actual contact with
the cells of the tissues by a semi-permeable membrane composed of other
cells, the endothelium. It flows through the whole body, giving off cer-
tain substances and withdrawing others, always through this membrane.
Between the cells outside the blood-vessels there are spaces, or at least
potential spaces, in which a small amount of fluid colleets which directly
bathes the cells and direetly receives their waste,  This tissue fluid is
constantly being changed too, by interaction with the blood.  But it also
stands in exactly the same relation to the lymph, which, like the blood,
flows inside channels with semi-permenble walls composed of endothelial
cells and goes to empty into the vein.  We do not helieve now that there
are open communications between the lymphatic channels and the tissue
crevices.  That idea, it seems, has been thoroughly disproved by the recent
work which shows the completeness of the endothelial lining of these
channels.

It will be realized, then, that there must be qualitative differences at all
times between these three fluids, although by processes of diffusion and
osmosis there is constantly going on an attempt to establish a balance
between them. Uniformity is never reached, though, on account of the
metabolie activity of the tissue-cells and the immediate removal of the
blood and lymph before equilibrium is established.  These qualitative
differences and, indeed, the question of the chemical composition of the
fluids need not arrest us here.  Materials pass from the arterial side of the
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capillaries into the tissue spaces, and from there either into the lymphaties
or into the veins, and it is obvious that, according to the character of the
cells which make up the tissue, the nature of the lymph and of the venous
blood produced in this way must vary greatly in different parts of the body.

The portal blood is filled with materials which could not be found in any

such quantities in the blood of the femoral vein, and the hepatie vein con-
tains blood which is altogether changed by passing through the liver,
The degree of activity of the organs plays a great part also, so that during

stion portal blood undoubtedly differs very greatly from the blood of

the same vein at other times

THE QUANTITY OF BLOOD IN THE BODY

Normally the quantity of blood in the body bears a fairly definite relation
to the weight of the body. Until recently the determinations of this
quantity were notoriously inaceurate, and even yet little is known about
the possible variations.  But with the method of Haldane-Smith, which
consists essentially in administering a known amount of earbon monoxide
and estimating its coneentration in o sample of the blood, the quantity
has been shown to be from 5 to 5.3 per cent. of the body weight

Experimental efforts to inerease or deercase the amount of blood in
proportion to the tissues fuil exeept for very short periods, beeause the
excess of fluid introduced is immediately exereted, and that which is re-
moved from the blood=vessels by bleeding is quickly made up by the filtra-
tion of fluid from the tissues into the capillaries.  Blood-pressure is searcely
changed by any such measures beeause the vasomotor mechanism imme-
diately adapts the eapacity of the stream-bed as nearly as possible to its
new contents

The adjustment is especially rapid and effeetive when an exeess of fluid

is introduced, and if it does not enter the veins too abruptly and rapidly

the exeretion by the Kidneys keeps pace with it almost perfeetly.  In the
other ease, the removal of blood, there are naturally limits to the power of
the tissues to give up fluid to restore its bulk.  Even under the best eir-
cumstances this is a slower process than the removal of fluid by exeretion.
The terms plethora and anamia or oligamia have long been in use to imply
an exeess of blood, on the one hand, and a poverty of blood, on the other,
but with this extraordinary compensatory power of the body in view, it
seems that we must use them with some eaution.  Nevertheless it is per-
feetly obvious at autopsy, if not during life, that in some persons the vessels
are distended with an enormous quantity of blood, while in others not
only do the vessels seem collapsed, but all the tissues are shrunken and dry
looking.  Especially is the latter true in old persons and those who have
long suffered from a wasting disease

Plethora.— Apparently the existence of actual changes in the amount of
blood which last for any time is dependent chiefly upon qualitative changes
in the blood itself and in the tissues. A true plethora, in which the blood

PRI
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is increased without change in its composition, probably occurs with de-
feets in the action of the heart which then allows a part of the blood to
remain practically stagnant in the veins and propels an abnormally small
part of it into the arteries.  The compensation for this diminution of the
arterial cireulation by introduction of more fluid may restore the normal
amount in active cireulation, but inereases the total amount in the body.
Hydriemice or serous plethora is spoken of as a condition in which the
quantity of blood is inereased hy a relative inerease in its watery part.
As has been said, it is impossible to maintain this for any length of time
experimentally beeause the Kidneys promptly exerete the excess of water,
but it ix conceivable, though not proven, that it may arise when the exere-
tory power of the kidneys is lowered by disease.

Oligeemia.— Practically the same things may be said of oligemia or
anwemia.  The simplest type of general anemia is undoubtedly that which
is produced when a considerable amount of Blood is lost through the opening
of a blood-vessel. The person becomes blanched, makes foreed respira-
tions, and may become unconscious on account of the poor supply of nu-

trition to the brain.  He hecomes very weak and thirsty, and his pulse is
low and searcely pereeptible, but often very rapid.  Animmediate attempt
is made by the tissues to pour back again into the vessels enough fluid to
fill them again and to raise the blood-pressure, and consequently, for some
time, on account of this adding of fluid both from the tissues and from water
taken in by mouth, the blood becomes dilute.  The proportion of red cor-
puscles, which can be determined by counting, sinks for two or three days,
at which time the inflow of fluid ceases and the reproduction of corpuseles
by the blood-forming organs begins to make itself evident.  From that
time onward there is a steady inerease in the number of corpuseles to each
cubic millimetre until the blood reaches its normal state.  There seems to
be also the other form of oligemia in which the quantity is reduced by loss
of water.  Naturally this will be compensated as quickly as possible, too,

but in such diseases as chole

the loss is so rapid that the tissues hecome
desiceated as well. It is quite possible, therefore, that the decrease in the
quantity of blood is merely proportional to the desiceation of all the tissues.

CLOTTING, THROMBOSIS, ETC,
Clotting.— We are not well informed as to the nature of the process through
which an injury to a single cell or a unicellular animal is healed.  The
wound is closed very rapidly, and apparently by a process rather more
complex than the mere flowing together of the protoplasm.  We do know,
however, that in such animals as the crustacea and in the higher types,
where there is

v circulation of blood and other body juices, these fluids
possess the peculiar property of clotting, or coagulating as soon as they
are exposed to contaet with anything which has not the charaeter of the
living vessel-wall. Tt is through this property that the loss of blood from
every trifling wound is checked, although otherwise it might well prove
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fatal. In this sense the clotting is distinetly a protective process, probably
developed from the time of the first appearance of animal life as a factor
indispensable to the preservation of the animal. The same process ap-
pears again and again under the greatest variety of circumstances in patho-
logical conditions, but it will be seen that in all—in spite of many imper-
fections in the mechanism—it has a protective significance.

Clotting, even in its simplest form, is a complex process which has been
diligently studied for many years, but even yet there are many important
parts of it which are not at all well understood.  The names of Alexander
Schmidt, Arthus, Hammarsten, Pekelharing, Loeb, Fuld, Spiro, and
Morawitz are especially prominent in this conneetion, and the following
may be regarded as the most generally accepted results of their work, which
have been elearly stated by Morawitz.

When blood and lymph are allowed to escape into a glass dish they
clot, usually in a very short time. If the blood is continually stirred,
the clot adheres to the stirring rod, leaving a permanently fluid blood
(defibrinated  blood). If it is not stirred, the clot forms uniformly
throughout the whole quantity of blood, converting it into a solid,
rather dry, firm mass, often so tenacious that the dish, if it be not too
wide and shallow, may be inverted without spilling. Such a clot is of
red color.  If it be squeezed, a red fluid is forced out

a uniform dark
which is identieal with defibrinated blood.  If the spongy mass be washed
in running water, all the red blood-corpuseles may be washed away, leaving
a stringy, vellowish white, elastic mass of fibrin.  If the fresh blood be
kept very cold, or if it be received into an oiled dish, it will not clot so
quickly, and since the red corpuscles are heavier than the plasma, there
may be time for them to sink to the bottom in a very thick lay The
leucoeytes are lighter and rest in a layer on top of the red corpuscles, while
above there is some plasma almost free from cells, By this time clotting
oceurs throughout, the clot differing from the uniform red one formed by
rapid coagulation, in the presence of a grayish-yellow upper layer which

contains most of the leucoeytes and platelets.  This was called the “bufly
coat” by the old bloodletters, and its thickness was, in their hands, an
imdex of the rapidity with which the blood clotted, and of the number of
lencoeytes contained, although their deduetions usually took various other
turns.

This slow clotting showing the effects of gravity is seen very commonly
in the heart at autopsy, for the intact endothelial lining of the heart keeps
its contents a long time without clotting.  There the deep-red portion of the
clot (“eruor elot”) is in the dependent part, while the tough, elastie,
translucent, vellowish substance (chicken-fat or turtle-fat clot) occupies
the uppermost part of the heart as the body lies on the table (Fig. 1).
The homogeneous elasticity of this kind of clot and the faet that it is readily
removed from the heart-wall, leaving it unaltered, make it quite easy to
distinguish it from the thrombus formed on injured areas of the heart-wall
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during life, although extraordinary mistakes have been made and the post-
mortem clot held to be the eause of death.

At first—and especially when it is rapidly formed —the clot is quite dry.
Indeed, it is this which confers the dryness and firmness upon the lung in
the early stages of pneumonia, where a fresh clot occupies each air-cell,
Later, however, through its own elasticity, the clot contracts away from
the wall of the glass and shrinks together. In this way it expresses from
its meshes a clear fluid, the serum, in which it is finally bathed. If we
examine the clot microscopically, we shall find it to he composed of a deli-
cate network of fine fibrils, among which there

are entangled the cells of
the blood.  In the rapidly formed clot these are perfectly homogeneously
distributed in the proportions in which they existed in the circulating

Fig. 1.—Postmortem clot in the eavity of the heart.

blood, but in the layered clot which has slowly formed there are red cor-
puseles, but fewer leucoeytes in the lower red part of the clot, while in
the upper layer there are numerous leucoeytes with platelets, but no red
cells; there may even be a layer in which there are very few cells of any
kind (Fig. 2).

Throughout the clot one may sometimes recognize minute centres about,
which the fibrin radiates, or if the corpuscles are not too much crowded, it
may be possible to see star-like radiations of filaments of fibrin about single

cells.  One sometimes sees these radial arrangements of fibrin about bae-

teria in the blood, and this may be especially striking in cases of anthrax
or other such infection in which the blood contains many foreign cells.
Besides these, in clots which are formed after death in the heart or large
blood-vessels, it is generally possible to find in sections pale, pink-staining
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clumps to which a number of leucocytes adhere buried deeply and irregu-
larly among the red corpuscles.  These have been deseribed by Rost and
others and seem to consist chiefly of groups of blood-platelets.  Never-
theless, the distinetive character of the clot formed after death in the stag-
nant blood is its general homogeneity of structure, in which respect it
differs so sharply from the elots formed during life in the streaming blood.

As to the mechanism of the
clotting, it is generally agreed
that the fibrin is formed by
the action of a ferment-like
substance called by Morawitz
thrombin, upon a proteid sub-
stance, fibrinogen, which oc-
curs in the plasma. The throm-
bin is in itself, according to this
theory, a complex result of the
interaction of two substances,
The first is a material called
thrombokinase, which is derived
from the formed elements of
the blood (leucoeytes or plat-
elets) or from any tissue with
which the blood may come
into contact. It does not
seem necessary that these cells
should be actually destroyed,
but merely altered in some
particular which we  cannot
recognize. The second con-
stituent occurs in the plasma
andis called prothrombin. What
the el
inter:

racter of the union or

ion of thrombokinase
with prothrombin is we do not
know, but it is known that the
presence of a soluble salt of

Fig. 2.—Postmortem clot: a, Fibrin; b, layer
of leucocytes; e, eruor clot with red corpuscles > -
and platelets in elumps it and bring about the forma-

tion of thrombin. After the
thrombin is formed, the ealeium is no longer necessary to carry out the

caleium is required to complete

second phase of the clotting, although it accelerates it. This second
phase consists in the interaction between the thrombin and fibrinogen,
which is present in the plasma with the formation of a fine fibrillary
network of fibrin.

The blood ordinarily remains fluid in the vessels beeause the leucocytes
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and other cells are not injured enough to liberate thrombokinase—what-

evi wll amounts are set fre

are neutralized by the antithrombin which
has been shown to exist in the plasma.  The conversion of fibrinogen to

fibrin is irreversible, but the nature of the change is not known—possibly
one is & hydrosol, the other a hydrogel.  Howell states that thrombin may
be obtained in a pure form, that it is of the nature of a protein, and that it
probably does not act as a ferment, although a minimal amount will com-
bine quantitatively with 215 times its bulk of fibrinogen.  He proposes
a very different theory of clotting, which is based largely upon the fact
that a sort of balance is maintained between the antithrombin and the
prothrombin which neutralize each other. The injured cells or tissues
give off «

substance which he ealls thromboplastin or thromboplastic sub-
stance, and which he recognizes as a lipoid identical with kephalin.  The
antithrombin present in normal plasma is sufficient to bind the prothrom-
bin, but the thromboplastin neutralizes the antithrombin.  The free pro-
thrombin now forms thrombin with the aid of ecaleium, and at onee coagu-
lates the fibrinogen. forming the clot.

The part played by particular cells in produeing the thromboplastin or
thrombokinase has been discussed, and special attention has been directed
to the platelets, but without resulting in the proof that they are more
active in this respect than other eells,  Duke thinks their absence may
account for the prolonged bleeding in purpura.  There are some condi-
tions, particularly such infeetious processes as pneumonia, in which elotting
oceurs very rapidly, and shortly after death complete moulds of the vessel
may be pulled out from the large vaseular trunks,  In such instances the
clots are tough and dry and uniformly deep red throughout.  On the other
hand, there are other conditions, such as hiemophilia, icterus, ete., in which
congulation is greatly delayed and serious hwemorrhage may oceur during
and after the slightest surgical operation.  Whipple thinks that the delay
in clotting of blood in disease of the liver with jaundice is due to an excess
of antithrombin in the blood, while Howell shows that in hemophilia the

blood is deficient in prothrombin.  On the other hand, spontancous clot-
ting of the blood in the veins during life may be due to a deficieney in anti-
thrombin.

Thrombo:

stand that a coagulum might form about any mass of cells which, after

.—On the basis of either theory of elotting it is casy to under-

suffering some injury, had become elumped together or agglutinated in
the blood, and, indeed, Loeh and others have observed that an agglutina-
tion of formed elements always precedes the formation of the fibrin.  The
part played by the platelets is perhaps important in postmortem or extra-
corporeal clotting, but it becomes especially prominent in the inception of
thrombi, which are peculiar elots formed during life in the streaming blood.

The character of these thrombi is very different in some respects from
that of the postmortem clots, although the principles concerned in their
formation are the same, exeept that the single mechanical factor of the
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streaming movement of the blood disturbs the ordinary process of clotting
and brings into prominence the feature of preliminary agglutination of
the platelets.

A thrombus begins by the deposition, on the wall of the blood-channel,
of a minute, pearly, translucent mass of platelets which grows by the ad-
hesion of other platelets as they come hy.  These produce curious upstand-
ing laminwe or walls running transversely to the blood-stream and anasto-
mosing freely with one another; the platelets are so welded together that
their outlines can no longer be seen, and in seetion these lamine appear as
faintly pink-staining, finely granular bands in the substance of the throm-

Fig. 3.—Thrombus: coral-like lamina of platelets with marginal leucoeytes and inter-
vening red corpuscles and fibrin

bus (Fig. 3).  However, it must not be supposed that they rise up alone and
unsupported in the current.  Instead of that, they quickly eateh the passing
leucoeytes and hold them all along their surfaces (borders in the section),
like flies on sheets of sticky fly=paper; and at the same time they seem to
liberate thromboplastic substance, so that filaments of fibrin spread out
from them on all sides, and, meeting with filaments from the next lamella,
hang in festoons between them.  In this way the branching and anastomos-
ing lamellie are guyed and braced together by fibrin, which, needless to
say, entangles quantities of red corpuscles so that finally the whole is a
solid mass of peculiarly constructed clot. At first, of course, this thrombus

b el 4
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Fig. 4. ~Thrombus: the strands of platelets form superficial corrugations

is predominantly a red mass, although the grayish-white lamelle of plate-
lots can be seen in a eross-section forming a web all through the red

(n
the free surface of the thrombus these same lamelle projeet slightly above

Fig. 5.—Thrombus in aurieular appendage.
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the red part of the clot, and these corrugations are known as the *“lines of
Zahn" (Fig. 4). Red corpuscles, under such cireumstances, soon die, lose
their haemoglobin, and finally disappear into a formless débris which in
time assumes a semitranslucent appearance. A thrombus, therefore,
which is largely red at first, becomes yellowish gray after a time, and the

Fig. 6.—Thrombus in vena eava.

contrasting color of the platelet sheets is lost in the homogeneous mass.
Nevertheless, sinee a thrombus continually tends to grow by aceretion,
the parts of different ages show differences in color.  Indeed, when a
thrombus forms in a vein, occluding it, there is left a perfectly stagnant
column of blood reaching to the next affluent of the vein, and in this an
ordinary homogeneous clot is formed, just as it would be in a test-tube—
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not exactly, however, for there is some motion communicated to this column
of blood and clumps of platelets are found. At the inflow of the next
branch the clotting may stop or begin once more to :
of the thrombus.  Thus, as Aschoff says, a thrombus a head, and then,
perhaps, extending both ways in the vein, a propagated part or tail, which
differs from it, heing more like a postmortem clot.

ssume the character

Thrombi may be formed anywhere in the blood-stream, even in the walls
of the norta, where it might seem that the pulsating torrent of blood would
allow no chance for the deposition of the pioneer platelets. But most
commonly they appear in the veins or in the auricular appendages or inter-
trabecular spaces of the heart or upon the valves of the heart.  In the veins
they seem to start from the region of a valve, where the slight obstruetion
gives rise to eddies.  In the heart (Fig. 5) they bulge forward from the
recess as pinkish yellow, distinetly corrugated masses, generally conted with
an adherent red clot—sometimes they are quite smooth and globular, and
these, which seem to be old ones, are frequently found to be softened into a
semifluid or fluid material in their central parts.  In the veins (Fig 6) the
lumen is usually, though not always, obliterated, and at the lower end the
vein is plugged for a long way with a soft red clot. The thrombus itself
differs from a postmortem clot in being inelastie, friable, and granular, and
in adhering to the wall of the vein so that when it is removed the lining
of the vein is left roughened and dull looking. In the propagated clot
one may find for some distance indications of the general characters of the
thrombus, and such freshly formed thrombi are hard to tell from post-
mortem clots.  Any part of the thrombus may break off and be swept
along in the blood-stream to plug some distant vessel,

The question as to the eause of the formation of thrombi has been answered in various
ways.  The wall of the vessel underlying them is always injured, but whether by the
presence of the thrombus or by something which in that way provoked the formation of

the thrombus is hard to say.  Most of the older writers assumed a primary injury of the
wall (Eberth and Schimmelbusch, Weleh) which allowed the production of thrombokinase
or thromboplastin, - This seems espe
formed in the norta upon ragge

ally true of those instances in which thrombi are

arteriosclerotic patehes or in the venous sinuses of the
dura at a point where an abseess extending from the middle ear en

wehes upon them

For a time there was great enthusinsm over the idea that thrombi oceurring in general

infections and after surgical operations were due to the presence of hacteria which injured
the vessel-wall. - Perhaps this was going too far, but now the pendulum has swung the
other way, and Aschoff and his colleagues contend that thrombi are essentially produced
by some n
found in them

sal obstruetion or slowing of the stream, and that the baeteria which are
are brought to the thrombus after it is well formed.  Aschoff has made
elaborate studies to show that, in a stream of water with obstructions of various forms,
lust or sand floating in the stream will
un relation to the obstruetions, and espe

umulate aceording to definite laws in a

ly where eddies are formed and where
consequently the stream is slowed.  The distribution of little sand-banks in the course
of a crooked stream with many obstruetions is familiar enough to every one, and it is
easily credible that such mechanical factors are of great importance in determining where
the thrombus shall start and how the deposition shall proceed.  Indeed, the difficulty is
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confined to the explanation of the first deposit of platelets—after that the growth of the
thrombus is easily explained by the ordinary prineiples of clotting and by the obstruetion
produced by the thrombus itself But I must still believe that many thrombi arise
beeause an injured or dead surface is exposed to the congulable eirculating blood, as in
the sclerotic patehes of the aorta, the infeeted eranial sinus in otitis media, the uterine
veins in puerperal sepsis, or the portal branches leading away from an appendix abscess,
No one thinks of the thrombus formed upon a heart valve as caused by mechanieal
slowing of the stream with secondary deposit of bacteria.  Why, therefore, is there any
difficulty in believing that bacteria may lodge on the endothelium of a valve in a vein
where the current is vastly slower, and there, by injuring the endothelium, make possible
the first step in the formation of the thrombus.  As a predisposing and later as a guiding
factor controlling the architecture of the thrombus, modifications of the velocity and
direction of the current are undoubtedly of great importance, but for the first step in the
lodgment of platelets injury to the endothelium seems to me to be of prime significance
Mechanieal injury to the vessel quite naturally brings about thrombus formation.  If
1 vessel be ligated very gently in two places, so that the endothelium is not injured, hut

merely gently pressed together, clotting of the contained blood will not oceur for a long

time, but if the vessel-walls are erushed and torn, it ensues almost at onee.  Cut vessels
of smull size close themselves partly by contraction but partly by the formation of a
thrombus at the bleeding end

Aschoff, in his elassification, describes three other forms of thrombi: Agglutination
thrombi, which oceur in capillaries such as those of the glomeruli of the kidney and are
really formless masses of utinated red corpuseles (Flexsner Precipitation thrombi,
which are produced in the capillaries of exposed tissue, like the mucosa of the stomach,

by strong chemical poisons which coagulate or precipitate the whole protein-rich blood,
and, third, thrombi which are composed of the déhris of red corpuseles and other cells

which may appear in quantities after some hemolytie process
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CHAPTER 11

LOCAL DISTURBA! IN THE CIRCULATION OF THE BLOOD

°E

Hyperamia; anaemia.  Postmortem changes in distribution; active and passive hyperamia,

Local anamia. Embolism. Infarction. Gangrene.

Tug circulation through the tissues is dependent upon three main factors:
the activity of the heart, the changes in the calibre of the blood-vessels,
and the amount of blood.  Of these, the changes in the calibre of the blood-
s the local conditions are con-

vessels are of special importance as
cerned.  The museular walls of the arteries, and to a less extent the veins,
are controlled, as is well known, by the vasomotor nerves, so that the
amount of blood which passes through any given tissue depends largely
on the activity of these nerves. Quite aside, therefore, from any patho-
logical conditions, there are remarkable changes from time to time in the

amount of blood which passes through the different tissues, the arterial

blood supply generally inereasing with the activity of that particular tissue.*

* Postmortem Changes.—During life the distribution of the blood in any organ or
tissue is o very uniform one, as a rule, but on the eessation of the action of the heart
numerous alterations take place, so that in the tissues, as observed in the de
the distribution of the blood is very much changed, and it is necessary to be familiar
with these changes in order to appreciate those which are actually the results of patho-
logical eonditions which have existed during life.  The contractility of the arte-
rial walls is dependent not only upon their muscular structures, which aid, by a
sort of peristaltic movement, the action of the heart, but alsoupon the large amount
of clastie tissue which exists in their walls,  The combined effeet of the eontraction of
these two tissues, as soon as the heart stops beating, is to drive the blood out of the
arterial side into the venous side of the circulation in each organ, in that way imme-
diately produeing a change in the appearance of the organ.

The liver, which is in life of & uniform red color, shows at onee on cessation of the
heart=heat the lobulation with its darker blood-filled central portion and paler periphery,
a mottling being produced by the eolleetion of blood in the central portion of each lobule,
while the periphery is left pale.  In the same way the great veins in the abdomen become
filled with blood, whereas the arteries everywhere are found collapsed and nearly empty

Other influences are brought to bear also, and especially that of gravity, so that all
dependent. portions, as the body lies, become overfilled with blood and assume a dark
purplish hue, while the upper portions are relatively pale.  This is true even of the differ-
ent parts of the internal organs, so that the loops of intestine which lie in the pelvis
and in the lower part of the peritoneal eavity show a great distension of the veing, although
the upper portions of the loops are pale.  When the intestine is opened and stretehed out,
these areas appear as patehes of congestion, the nature of which is not always recognized
by the beginner

The purplish diseoloration of the skin of the back is not seen in those parts upon which
the body ain; thus, for example, the backs of the shoulders, the buttocks, and heels
usually quite white, beeause, owing to the pressure of the weight of the body, the
blood has not be lowed to sink into them, Firm pressure of the fingers upon the

yurple area is sufficient to drive the blood out of those veins and to leave white marks.
I'his overdistension of the veins through gravity is spoken of as livor mortis, and it must
be distinguished from aceumulations of blood in the tissues themselves—hemorrhage,
This distinetion is readily made because in livor mortis (hypostasis) the blood is still
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An inerease in the amount of blood to any part is spoken of as hyperaemia;
and such hyper@mia may be active, when there is an actual inerease in the
amount of arterial blood, or passive when, through any obstruction, the
outflow of venous blood is retarded.  On the other hand, decrease of the
supply of blood in any area is known as partial or complete anwmia and
results from obstruction of the arterial flow.

HYPEREMIA

Active hyperamia is usually the result of vasomotor effects upon the vesse

al process, being concerned so largely with

and is essentially a physiolo
the supply of increased nutritive fluid to tissues which are assuming for the
time a heightened activity, It, however, appears in certain nervous dis-
turbances, and also may be brought about by the direct application of heat
and irritants, which cause the blood-vessels to dilate. It is probably in
just this way that the irritant, which is sufficiently intense to bring about
an inflammatory reaction, causes the active hyperemia which forms so
striking a feature of that process. The tissues through which such a rapid
stream of arterial blood is passing are usually somewhat swollen and red
and warmer than the surrounding tissue.

Passive hyperamia is more commonly a pathological or abnormal process,
inasmuch as it is the result of interference with the outflow of blood. 1t is
usually a very wide-spread obstruetion, due to some inability on the part
wk blood into the whole venous tract, but oe-

of the heart which dams
casionally it may be quite local.  This is especially due to the fact that the
veins are more easily compressed than the arteries, so that pressure from
without which will occlude the veins ean still allow the blood to be poured
in from the more resistant arteries, congesting and distending the tissues
with stagnant blood.

It is by no means uncommon to find a loop of intestine pushed through
an aperture in the abdominal wall, thus constituting a hernia.  Such a loop
may, in most cases, be pushed back into the peritoneum; but sometimes,
when it has eseaped habitually through this newly formed aperture into the

sac which is formed outside, it may become so enlarged by an increase of its

and can no

within the veins, while in hemorrhage it has escaped from the blood-vessel
longer be pressed away with the fingers

If the body has lain for some time, and especially if the temperature of the surrounding
air has been high, there may appear other discolorations which are due not particularly
to the distribution of blood nor to its escape from the vessels, but to the disintegration
of the red corpuscles by a physico-chemical process which we shall diseuss later under
the name of hwemolysis.  This sets free into the fluid the red staining matter of the blood
(heemoglobin), which tinges diffusely all dead tissues with which it comes into contaet;
the lining of the aorta, for example, and of the heart itself may assume a dull red color
which is in sharp contrast to the normal.  Such blood staining of the tissues may appear
with great rapidity in persons who have died from infection with one of those bacteria
which have the property of destroying the red corpuscles rapidly by the poison which
they produce. In such infections, notably the streptococeus infections, the blood in the
vessels stains the surrounding tissues to such an extent that the course of the subeu-
taneous veins may be seen in the form of a network of purplish lines through the skin.
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contents that it can no longer be returned, and indeed so large that its
blood-vessels, which, of course, streteh through the aperture, also become
constricted there, and the circulation is brought to a full stop, not because
blood cannot get in through the artery, but because it cannot escape
through the more readily compressed vein.  This is a condition which is
known as “

strangulated hernia.”

A local congestion of not quite so extreme a degree may often be seen in
the liver when a tumor nodule embedded in the liver substance presses on
the efferent vein and causes that portion of the liver ordinarily drained
by the vein to become congested. The process is put to therapeutic
use in Bier's treatment of various local infeetions in which a stagnation
of blood is produced for a time in the inflamed area by the applica-
tion of a tight bandage which obstruets the veins and leaves the arteries
lll)('“.

Ordinarily, the communications between veins are very abundant, so
that the obstruetion of any one vein is hardly likely to eause such conges-
tion. Nevertheless, the surgeon must be careful in operating to leave the
tissues not only with a sufficient arterial supply, but also with an adequate
venous outflow if they are to remain alive; for the stoppage of the stream
from the venous side is just as important as the obstruetion of the arterial
side. In the case of mesenterie veins, renal veins, ete,, ligation or ocelusion
may readily lead to the death of the tissue which they drain. In other
places where anastomosis is free there may be no effeet, but if the obstruc-
tion, as in the case of a long thrombus of the femoral vein, is extensive
enough to plug the communi

i“}.’, Ilr:”“"”'\. |IH' aceessory "ll;l“lll‘l‘ are
at
pain is experienced, the leg becomes swollen and livid, or later pale, with

also closed and the cireulation is greatly disturbed. In such a case

purplish blotches, and, because of the malnutrition and wdema, it can
searcely be moved (milk-leg). (Edema or oozing of the fluid of the blood
into the tissue-spaces is characteristic of all instances of marked passive
hyperaemia

il in extreme cases, with great disturbance of the nutrition
of tissues, hiemorrhage may also oceur.

Passive hyperemia may be the effect also of nervous disturbances which
render immobile for a long time the muscles of an extremity. The same
result follows to a slight extent if disease of the joints with ankylosis makes
them immovable. In both these cases the passive hyperiemia is relatively
slight, and is essentially the effect of gravity. In this respeet it resembles
the condition which is found in the dependent portions of organs in persons
who are constrained to lie in bed for a long time in one position, It is
spoken of as hypostasis, and becomes particularly striking in the lungs,
where it may so lower the nutrition, and consequently the power of
resistance, of the tissues as to allow bacteria to take root there and produce
the so-called hypostatic pneumonia.
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LOCAL ANZEMIA
In a general anemia, such as has been mentioned, each individual tis-
sue may, of course, suffer somewhat, but the most intense effects of this
type may be brought about locally without regard to the general condi-
tion of the cireulation.  Such loeal anwemia must always result from an
obstruction opposed to the inflow of arterial blood. This may be an

effect of the active contraction of the blood-vessels through the intermedia-

tion of the vasomotors, or it may be due to pressure on these vessels from
without, or to thickening of the walls of the vessels with narrowing of their
lumen, or, finally, and most commonly, to a complete obstrucetion or plug-
ging of the artery by some foreign material which is lodged there. Com-
binations of all these things very commonly oceur.  The vasomotor nar-
rowing of the vessel is ordinarily a normal process, aimed at the withhold-
ing of blood from a vessel which does not need it at that particular stage of

ut sometimes it may become pathological, as in the so-called

Its activity
which consists in such a constriction of the vessels of

Raynawd's disease
\pparently

the fingers and toes as to cause even the death of those tissues
[blains depend upon such excessive narrowing of the vessels
I'hat seems to happen in

the famihar ¢/
are exposed to cold

{ when the hands or Teet
{ particularly susceptible persons and probably especially in those whose
i habits are sedentary and in whom the eireulation is ordinarily not very
! active (
| Pressure from without might cause the elosure of an artery if it were £
| directly enough applied It is difficult, however, to obstruet the arteries I
by pressure from without, beeause they are so protected by other tissues t
md it is well known that a ligature tied tightly around an extremity will 8
‘ cause rather an inerease of blood in the ligated part, because it obstruets Ir
the outflow through the veins long before it can obstruct the artery. In th
order to render a limb bloodless for the purpose of carrying on an operation cu
in a clean field, as in the method of Esmarch, a rubber bandage must be an
applied with great forec It f
The pressure of tumor-nodules and of aneurysms upon arteries may less
sometimes cause their obstruetion in such a way as to cut off completely the
the supply of blood from the part. The pedicle of a tumor or the long nar
mesentery of a loop of intestine may become twisted so as to shut the lumen Proc
of the artery and cause the death of the tissue supplied by it; but usually, dest
as we have stated in speaking of strangulated hernia, this first results in the 8ue y
obstruetion of the vein, so that the tissue becomes engorged with stagnant by ¢l
blood and the final effect of shutting off the artery masked. the
The walls of the arteries themselves may undergo structural changes
which finally lead to such narrowing of the lumen as to prevent the further ¥
flow of blood. This usually occurs when an organ has passed its stage of Local
usefulness, and such an abundant blood supply is no longer necessary. It i of ply
is somewhat difficult to draw a line between this more or less physiological Plug i
f i the i
£ 3
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process of narrowing the artery and that which comes from actual disease
of the artery wall,  Still, in extreme cases, the pathological character of
the process is very evident.  There are various forms of disease of the
artery wall, roughly classed under the general name of arteriosclerosis,
which bring about this effect, and so completely may the vessel he ob-
structed that all the tissue ordinarily supplied by it dies.  When, in the
legs, for example, this extreme is not reached, the narrowing of the artery
may be only sufficient to so cut down the blood supply that the person is
able to walk perfectly well for
ashort distance, when his mus-
cles fail him solely on account
of their insufficient nutrition.
After a rest he is able to go on
again foratime.  Thisisoften
spoken of as intermitlent elaudi-
cation. Harmful in some cases,
this shutting-off of the blood-
stream by thickening of the
vessel-walls is useful in others
—it isthe physiological method
by which the ductus Botalli is
closed; it appears in organs
such as the senile uterus and
breast, which have outlived

their usefulness, and it forms a

safeguard against hemorrhage
from the erosion of arteries in
the lung by advancing tuber-
culosis: as the eavity extends
and cuts across these arteries
it finds them reduced to blood-
less cords.  Nevertheless in

the kidney the same sort of

narrowing of the small vessels

produces  local  anwemia  and Fig Arteriosclerotie scarring of kidney
destruction of patehes of tis-

sue which can only be replaced by sears (Fig. 7). Arteries thus narrowed
by changes in their walls are very often finally and completely closed by
the formation of a thrombus throughout the narrowed portion.

EMBOLISM

Loeal ancemia of extreme degree

is produced most commonly by some sort

of plug which obstruets the artery supplying blood to the part. Such a

plug is known as an embolus, and embolism is defined by W. H. Welch as

the impaction in some part of the vascular system of any undissolved
3
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material brought there by the blood-current.  Naturally, the number of
kinds of material that can get into the blood-stream is limited, but there is,
nevertheless, a surprising variety.  The commonest are thrombi or frag-
ments of thrombi, but tumor cells, tissue fragments, elumps of bacteria,
wnd gas-bubbles,

as well as oil-globules

protozoan and worm parasites
may play the same role.  Of these, only the thrombi are from the first
within the blood-vessels: the others must first gain aceess to the stream

before they can act as emboli.

It has been shown that thrombi form most commonly on the venous side
of the cireulation, although they are occasionally found in the arteries, and
are common enough upon the heart-valves.  Their rather intimate ad-
hesion to the underlying vessel-wall was mentioned, though not the fact
that, after they remain in position for a time, they become firmly fixed to the
wall by blood-vessels and connective-tissue cells which grow into them and
ultimately replace them completely with fibrous tissue.  Before this so-
called organization hegins they can be dislodged by violent movements or by
manipulation, and then arises at onee the condition which makes embolism
of some distant part of the blood-channel inevitable, A loose mould of the
rent of the blood-stream must

vein or a fragment of it caught in the curl
move along toward the heart beeause the vein beeomes larger and larger.
Sometimes the whole thrombus, with its long adherent propagated clot, is
then dislodged; sometimes only a fragment, the original situation of which
might perhaps be recognized by fitting together the surfaces of fracture,
When the erumbly thrombi which form on the heart-valves are the source
of such emboli, the dislodged fragments may be large enough to plug the
aorta, or at the other extreme sifted off as fine particles which go on to the
smaller arterioles. It must be remembered that a long narrow thrombus
may become folded and doubled on itself and thus ocelude a much larger
cavity than that in which it formed. This is the case when dislodged clots
from the femoral vein are swept into the pulmonary artery, blocking it
completely. This whole process may oceupy only a few seconds after the
loosening of the thrombus, and death may follow instantly.

Such an embolus when formed from a part of an old thrombus can usu-
ally be recognized easily enough by its evident age, although in its new
lodging-place it is almost at once surrounded by propagated clots.

Seats of Embolism.— Given its size and its point of origin, the site at
which the embolus will lodge may be foretold with some aceuracy, al-
though the actual distribution of multiple small emboli has been learned
only by experiment. It was found, for example, that the great majority of
a large number of recognizable particles introduced into the blood-stream
of the aorta were hurried past the mouths of arteries supplying the vis-
cera into the vessels of the muscles of the legs.  After that only came the
embolism of the brain, liver, kidney, spleen, skin, ete.

Briefly, one may say that an embolus set free in any of the systemic
veins, and caught in the current entering from the next branch above the
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part of the vein which had been completely oceluded, is swept through the
vena cava into the right side of the heart, and thence thrown violently
into the pulmonary artery. Only the exceptional chance of its passing
through a wide-open foramen ovale will allow it to reach the systemic
arteries unless it is a particle so minute that it can pass through the capil-
laries of the lung. The same course is followed by a thrombus mass origi-
nating in the right auricle or in the intertrabecular spaces of the right ven-
tricle, and obviously this holds true also for vegetations dislodged from the
tricuspid or pulmonary valves.  Thrombi set free in any of the veins which
go to form the portal trunk are caught in the branches of that channel in
the liver,  Those arising in the pulmonary veins, left auricle, or left ven-
tricle, vegetations from the mitral and aortie valves or thrombi formed on
the walls of the sorta, are hurried into the aorta and distributed as deseribed
above.  Naturally a thrombus formed in any smaller artery and dislodged
is merely pushed further into the branches of that artery.  Since emboli are
most casily traced by the effeets they produce, the impression is likely to
arise that they lodge most often in such org:

15 as the brain, the Kidneys,
or the spleen, but from what has been said it will be elear that even though
no effeets hecome visible, the actual number is greatest for the lungs, the
body musculature, and perhaps the liver, which is menaced through both
the portal vein and the hepatic artery.

With re

The mass travels until it comes 1o a pass too narrow to admit it, and there

sgard to the size of the embolus, a few more words may be said.

it lodges like a cork.  Naturally, since the branches are smaller than the
main trunk in a bifu

ting vessel, the plug is often found riding or balanced
upon the point of bifureation.  Still, most arteries hecome narrower as
they advance, and the majority of emboli stick on this account.  In a case
of vegetative end

arditis scen at autopsy recently there wer

two masses
of thrombus material successively lodged in the common iliac arter

v, and
one much larger mass riding at the bifurcation of the aorta.  Each was

surrounded by a propagated clot formed in the blood rendered stagnant by
its advent.

The other things which can act as emboli do so rarely and are of far less
importance as emboli than are thrombi, although in their other effects they
may be of great significance.  Adr-bubbles may act as emboli of a rather
temporary character, because the gas is so readily dissolved in the circu-
lating blood. If, however, a great amount of gas is introduced into the
circulation at any one time, the obstruction may be sufficient to cause
death either by passing into the vessels of the brain, or, much more com-
monly, by filling up the heart and yielding to its churning action, so as to
exclude the inflow of blood. A considerable amount of air or other gas is
necessary to produce this result—probably much more than is generally
supposed. It is in operations and injuries which involve the accidental
opening of the veins of the neck that this is likely to take place. The
pressure in these veins is

80 lowered by the inspiratory enlargement of the
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chest that the air enters with a hissing sound, and the death of the in-
dividual may take place very rapidly. Probably its entrance into the
coronary arteries is of great importance.

For a time the appearance of gas in bubbles in the organs of the body was regarded
as evidence of air embolism, especially in the ease of women who had died afver
childbirth when it was thought that the air had entered the large open sinuses in the
uterine wall.  Weleh has pointed out that these were cases of infection with the Bacillus

adrogenes capsulatus, which produced after death bubbles of hydrogen gas everywhere

throughout the organs, so that they beeame distended like bread that is rising and full

of holes.  The liver assumes the appearance of a red rubber bath sponge, and on incision
bubbles of gas appear which burn with a blue flame when a mateh is applied.  Similar

cavities may be formed all through the brain, where they have somewhat the appear-

anee of the holes in o Swiss cheese.  In the intestine or stomach the mucosa may bhe

lifted up into blebs.

At other times emboli may be constituted of droplets of fat which are set
free into the blood-stream from the adipose tissue.  Such globules lodge,
as a rile, in the capillaries of the lung, and are pressed into a sausage shape
by the blood of the pulmonary artery. They ean be recognized in the
frozen seetion of such a lung by their highly refractive character, and also
by the fact that they readily stain with those stains which are soluble in
fat, such as Sudan 1. They produce no obvious change in the appear-
ance of the lung, and indeed must be searched for in this way. They are
commonly introduced by some mechanical injury to the bones, such as
fracture; but even a severe blow seems sufficient to cause such a commo-
tion in the marrow as to introduce some of the abundant fat into the venous
channels.  Fat embolism also occurs in a number of convulsive diseases,
and particularly in such conditions as delirium tremens, in which prob-
ably the violent exertions of the individual play a part in the process,

Injury or erushing of the tissues of cellular organs sometimes introduces
fragments or groups of eells into the blood-stream, where they act as emboli.
Most commonly this is observed in connection with the cells of the bone-
'rhl'rl' i

marrow and the syneytial structures which arise in pregnancy

little evidence, however, of their producing any mechanical effect where
they lodge in the 4-:|||i||:|l'i1‘~‘

Bacteria may enter the blood-stream by growing through the walls of
capillaries or by being discharged from infected thrombi, and can, as is
well known, cireulate with the corpuscles of the blood through any capil-
laries.  That they often lodge and grow into colonies which produce char-
acteristic effects on the surrounding tissue is shown in eases of generalized
miliary tuberculosis and in general pyiemia, but they can be said to act as
emboli only when they circulate in clumps large enough to obstruct the
capillaries.  Protozoan parasites in the same way usually circulate through
the capillaries, but certain worms, such as the Schistosomum, can behave
as actual mechanieal emboli, plugging and obstructing the vessels,

In the case of malignant tumors, the transportation of cells foreign to the
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blood is of particular importance, although these cells rarely act as gross
emboli. It is perfectly clear, from a study of the gross anatomy of such
invading tumors, that they frequently extend their growth through the
wall of a vein and hang loosely in the blood=stream, so that fragments can
be broken off and swept on by the stream. It is, however, by no means
always possible to recognize the mode of entrance, and it seems likely that
in many cases individual cells gain entrance into the thin-walled veins
of the tumor itself, possibly as a result of mechanical trauma.  The cultiva-
tion of these cells on the glass slide, however, has shown them to be en-
dowed with a remarkable power of amaboid movement, so that Hanes
and Lambert have advanced the idea that the separate cells of the tumor
may actively push their way through the endothelial lining of the vein
and thus enter the venous blood-stream.  The cells appear to be able to
pass through such capillaries as those of the lung, and to set up their
growth in more distant organs, where they find a suitable environment.
Results of Embolism.—The degree of ansemia produced by the ocelusion
of any artery will depend upon the relation of its branches to those of the
surrounding arteries and to the other branches of its own trunk, beeause,
just as in the case of the veins, such conneetions dilate to accommuodate
blood whenever it finds its way blocked through its ordinary channel.  If
these hranches anastomose \\il|1'|) with the terminal twigs of the :Illj:l""nl
artery, a sufficient supply of blood may be maintained in its area of tissue.
4

is 50 wide in some tissues, such as the museles, skin, lungs, ete., that even

Indeed, this communication between the end-twigs of the arterial branches

u large artery can be closed off without causing a moment's delay or dimi-
nution in the supply of blood to the tissue. It can be seen, then, that the

advent of an embolus in one of these arterial branches will canse no par-

ticular disturbanee in such tissue as muscle or lung, or even in the stomach-
\\:lllv

This compensation for lost arterial supply can be seen most vividly if one
injeets a quantity of ultramarine blue in suspension into one of the gastrie
arteries.  This fills the artery, with all its branches, with blue fluid, but the
moment the stream of blue fluid is interrupted or its pressure lowered, the
inflow of blood from the neighboring vessels replaces the blue material in
that artery. In this case, however, the connections are between the larger
branches and it is found that the minute twigs of the gastrie artery thus
injected remain permanently plugged with the blue granules and the tissue
which they supply suffers.

In other places the communications are not nearly so free, so that if it
becomes impossible for the blood to go through one branch, the connections
with the adjacent branches may indeed be sufficient to keep the tissue living
hy furnishing blood to the terminal twigs, but they can do this only by
actually inereasing their own calibre; so that in such a case the ana-
tomical development of a collateral eireulation is much more plainly seen.
Sometimes these connections are so minute as to be invisible under ordinary
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circumstances, but become quite conspicuous after they

are dilated in this

1e body

way
Extraordinary examples of the development of such a collateral cireula
So when

tion are seen in connection with the larger arteries of tl
the aorta is tied, as in the experiments of Halsted and P

N

orta, there appears
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Fig. S.—Collateral eirenlation after obstruction of
after a time a whole brush of vessels which anastomose with branches
below the point at which the ligature is applied and which reéstablish the

I have recently seen two ecases in which there had oceurred

cireulation
obstruction of the large abdominal arte

In one instance it was the

trunk of the celiae axis which had been gradually obstructed by an
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arteriosclerotic thickening of its wall, supplemented finally by the formation
of a thrombus; and in the other it was the superior mesenteric artery
which had been gradually but completely pressed together by the growth
of a small aneurysm developed from a point very near its orifice in the wall
of the sorta. In neither of these cases was there the slightest disturbance
in the appearance of the abdominal organs, for in both the pancreatico-
duodenal artery had dilated and had assumed the burden of transmitting
the whole supply of blood for those organs which would otherwise have
been deprived of it—in one case in one direetion and in the other case in the
other. It is not merely in the case of the arteries that such a collateral
circulation can be developed, for the same thing may be observed in the
case of an obstruction of one of the great veins,  In one case studied not
long ago the superior vena cava had been completely oceluded, and the
venous cireulation from the head took place through the enormously dilated
veins of the abdomen* (Fig. 8).

In certain situations the tissues are entirely dependent upon receiving
their supply of blood from a single artery. In these cases there is prace-
tically no chance for compensation through the pouring-in of blood from
adjacent arteries, for there are no adequate anastomoses, and such arteries
have been referred to by Cohnheim as “end arteries,” and such a eircula-
tion as “terminal” eirculation.  The propulsion of an embolus into such an
artery as this will inevitably cause complete anwemia of the portion of tissue
which had hitherto been supplied by that artery (Fig, 9).

The effeet of the diminution of the supply of blood to any part by way of
the artery thus depends upon the degree to which the function of that
artery can be replaced by the formation of channels connecting its region of
distribution with other arterial supplies. The time which is occupied in
this reéstablishment of the blood-stream is of the greatest importance, for
if the obstruction be gradually produced, it may reach a very advanced
degree without there having appeared at any time an insufficieney in the
blood supply to the tissues; whereas if the cut-off be sudden, the tissue is
likely to suffer,

Finally, there are some organs, such as the liver and lung, which enjoy a
double cireulation, both arteri

and venous blood being poured into the
tissues and escaping by way of a common efferent channel.  In both these
instances the flood of venous blood is far more profuse than the small
stream of arterial blood, and doubtless contributes very largely to the
nutrition of the tissues, although that is perhaps the main function of the
arterial supply. In such cases the life of the tissue is somewhat more se-
cure as far as its food supply is concerned than in the case of those organs
which are supplied solely from the artery; and, indeed, it is actually found
that a very much more extensive disturbance is necess

iy to produce ana-
tomical changes in these organs than in many others,

* Osler: Johns Hopkins Hospital Bulletin, July, 1903, xiv, 1
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Fig. 9. Diagram showing eireulation after plugging of arteries: A, Terminal eireula-
', double blood supply, as in the liver; D,

tion; B, circulation with rich anastomoses
circulation of the stomach with abundant large anastomoses.
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Quite aside from the patency of the arteries themselves or of the veins, a
condition of local anwemia which is very effective in disturbing the nutri-
tion of the tissues can be brought about by muscular contraction in those
tissues which are largely made up of smooth musele.  Weleh and Mall have
pointed out that this violent spasmodic contraction of the intestinal wall
which arises from a sufficient interference with the entrance of the blood,
results in the complete exclusion of the blood from that part of the in-
testine, and in that way takes a great part in the final destruction of the
tissue, It is really this which renders the cireulation of the mesentery and
of the intestine, which is, from an anatomical point of view, so rich in anas-
tomoses, comparable to a terminal circulation.

INFARCTION

The effect of local anemia upon the tissue is found to vary with the degree
of deprivation to which the tissue is subjected and with the nature of the
tissue itself.  As has already been indicated, the more complex the strue-
ture of the cell, and the more highly developed its specialization of fune-
tion, the more delicate and susceptible to injury it becomes,  This is well
seen in the case of the nerve-cell, whose funetion becomes impossible if its
nutritive supply is withheld even for a few moments, and is irremediably
destroyed in a very short time,

On the other hand, there is a long series of tissues with gradually de-

sing susceptibility until we reach the least highly or

anized and con
sequently the most resistant among the conneetive-tissue structures which
can withstand removal from any connection with the circulation for hours

or even days, and still resume their funetions as soon as they are placed in
proper surroundings or grow again when transplanted into another animal

of the same Kind.

The injurious effeets of anwemia become more severe the more complete
it is and the longer it lasts, and they reach their elimax in the death of the
tissues.  Slighter grades of anwmia may become evident in their effect
only when great effort is demanded of the organ involved, as, for example,
in the intermittent elaudication spoken of above.

More complete anemia, whether caused by the inability of the blood to
reach the tissues or to give place to new blood, commonly causes the death
of the affeeted part, and this is the all-important feature in the production
of the so-called infarction. Other changes subsequent to this may alter
very strikingly the appearance of the tissues, but they are of secondary

importance.  As in the elotting of blood and the formation of a thrombus,
the death, or even the severe injury, of the cells is immediately followed by
the setting free of some sort of ferment which eauses the coagulation of
the blood, and the intracellular as well as the intercellular fluids. The
nuclei either fade or break up into small, deeply staining fragments, and in
every other respect the cells lose the aspect which they possessed during
life. They are dead cells entangled and held in a coagulum which in-
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volves the whole area of tissue, and the process is described by Weigert

and called by Cohnheim * coagulative necrosis.

The area occupied by these changes is that to which the blood supply
becomes insufficient. It need not correspond exactly, therefore, with the
distribution of the plugged artery, because there is almost always some
compensation from the branches of adjacent arteries.  Its form is generally
stated to be pyramidal, but is not really so in most cases, although it may
approach that traditional form.  This is because the vessels in most organs
really assume a rather fan-shaped arrangement, as is almost inevitable in
any vessel which branches out regularly.  Still in some, such as the kidney,
there are blood-vessels which spring up almost at right angles from the
main trunk, and which reach through the organ,so that we may readily

Fig. 10.—Anmmie infarction of kidney

find an infarct of a more or less cubical form in its cortex (Fig. 10).  There
is nothing typical about the form of the infaret in the intestine which merely
occupies the whole wall of a eertain length of the intestine.  So, too, in the
heart, the area of infarction is irregular in form. The pyramidal form is
most nearly approached by the infarct of the lung, but even this is fre-
quently quite irregular in its shape.

In all instances the infarcted area seems at first swollen and firm, and
projects above the surrounding surface of the tissue.  This is true even
in the brain in the beginning, although after a short time has elapsed
the infarets of the brain become soft and are commonly spoken of as areas
of softening. Their resemblance to other infarets in the early stages
was pointed out by Marchand, who appreciated the fact that they too
at the beginning present the appearance of a firm coagulum, although
later the liquefaction of the myeline substance proves more than sufficient
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to overcome the firmness contributed by the fibrin and to make the whole
area soft.  The swelling and firmness of an infaret are due to the aceumu-
lation of a coagulum produced from the coagulable fluids which diffuse
into the dead area from the surrounding tissue.  In a short time the mass
becomes dense and hard and may be appreciated immediately by the finger
passed over the surface of the organ.  There is no other disturbanee in the
architecture of the tissue at this stage, and the outlines of the cells may still
be seen quite clearly.  Even the outlines of the nuclei may still he seen,
and as for the supporting structural framework, it is usually quite well
preserved, at least in its outlines; but the whole area is dead and reminds
one, on viewing it through the microscope, of the appearance of charcoal
as contrasted with that of living wood, or of the streets of Pompeii as con-
trasted with those of a modern town,

The death with coagulation of the tissues converts them into a white or
vellowish white, perfectly opaque, dull-looking mass so long as there is no
infiltration of red corpuscles.  We must recognize, however, two kinds of
infarets, in both of which the prineiples just described affect the result in
an identical manner, but one is spoken of as a hemorrhagic infarel heeause,
on account of the laxity of the tissue and the richness of the adjacent eapil-
lary cireulation, red corpuseles ooze into the dead area. The other Kind,
which remains pale and opaque, is commonly spoken of as an anamic in-
Juret, although it is plain enough that anemia is the cause of the death of the
tissue in both.  The arrangement of the circulation and the density of the

tissue seem to be the deciding factors as to whether an infaret shall remain
anwmic looking and white, or, by being flooded with stagnating red cor-
puscles, assume a deep red color.  So, in the kidney, we practically never
observe a hemorrhagie infaretion, whereas in the lung and in the intestine
the reverse is the case, and it is only with the greatest difficulty that we can
produce experimentally an infarction which remains anwemie looking. 1In
other organs, such as the heart, the spleen, the liver, we may have some-
times anwemic, sometimes hemorrhagic, types.

Kidney.—In the kidney, infarctions are likely to be quite small.  They
seem to arise as the result of the entrance of the embolus into one of the
arcuate arteries

or even into one of the branches, passing thenee into the
cortex.  One can nearly always find this plug on careful search and observe
that the propagated thrombus extends both ways from it.  The infarets
commonly occupy especially the cortex, but they
down into the pyramid of the kidney. One occasionally sees a ramifying,
anastomosing area of infarction which occupies a great portion of the kid-

may sometimes extend

ney, and such, indeed, was the result in a peculiar instance observed re-
cently. In this case a stab wound had passed through a branch of the
renal artery which happened to begin its branching outside of the kid-
ney, and a hemorrhage oceurred, which continued slowly for two or three
days, being restrained apparently in part by the surrounding tissue. At
the end of that time the kidney was removed at operation, together

b+
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with the mass of blood which had been extravasated. It was found that
there was an extensive infaretion occupying a portion of the Kidney
which should have been supplied by the injured artery. This was an
instance of local angemia, but not caused by the presence of a plug in the
vessel

On inspection of such a kidney containing infarets it is possible to deter
mine readily enough the position of the infaret even through the capsul

TRy "\

| Fig. 11 Margin of renal infaret howing neerosis of tiss h zones of haemo
: rhage and wasion i
1
for the opaque yellow color shines through, but ti pacity does not quite
| reach the surface, being covered by a layer of living and very hyperaemic
kidney tissue, which receives its blood supply from the capillaries which
| extend to it from the capsule.  On incision one finds the infaret sur-
| rounded by at least two distinet zones, which differ in color from the opaque

vellowish-white central portion.  These zones are first a translucent gray
line of varving thickness, and then an irregular band of deep red which
borders the infaret and marks it out from the surrounding normal tissue
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the gray zone is found, on careful examination, to be produced by an
accumulation of the white cells of the blood which have wandered in there
and have become more or less broken up.  The zone of hwemorrhage is
partly within the neerotie area and partly in the living arca, and although
it may, like the accumulation of leucoeytes, e explained in part as due to
the inflammatory reaction about the dead tissue, it seems probable that
the anwemic changes in the endothelium of the capillaries play a part too in
allowing the escape of red cells (Fig. 11

Spleen.—Almost the same deseriptions might be applied to the anemie
infarctions in the spleen, exeept that they are usually much larger and
more irregular in form (Fig, 12).  They, however, differ from the infaretions
in the Kidney inasmueh as there is no capsular cireulation, which is neces-
sary to keep alive any superficial layer of the spleen, so that the death of
the tissue extends quite out to the peritoneal surface.  There the dead
tissue exerts the same influence upon the peritoneal fluid as it does upon

Fig. 12.—Infaretion of spleen

the passing lvmph, and there is deposited over the surface of an infaret in
the spleen a layer of fibrin which roughens the surface.  Sometimes one
can make the diagnosis of the existence of an infarct of the spleen from
pain which comes from the rubbing of this roughened surface against that
of the adjacent peritoneum when a deep breath is taken

Heart.—Exactly the same thing is true of infarets of the lung, and even
those of the heart wall; but in the Kidney there ix no opportunity for such
an oceurrence.  The infarets of the heart are particularly interesting he-
cause of their great importance with regard to the funetion of the heart.
The coronary arteries present some anastomoses one with the other, but,
as has been pointed out recently by Spalteholz, these are insuflicient to
supply the really enormously active cireulation which is necessary for such
an organ as the heart.  So, therefore, the arterioselerotic narrowing of the
coronaries often leaves traces of malnutrition of the tissues when even there
is no actual infaret formed; but when to this there is added a thrombus
formation, or when a vegetation from the valve sweeps into the mouth of
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the coronary artery, as has happened so frequently, the nutrition of the
heart musele is intolerably limited and the musele dies.  In one such in-
stance recently observed there had been an aortie endocarditis with vege-
tations, and a plug, like a cork, still projected from the mouth of the left
coronary artery. The whole of the septum between the ventricles, to-
gether with the anterior portion of the walls of the right and left ventricles,
formed a necrotie mass.  The heart had become abnormally slowed from
involvement of the auriculoventricular bundle, but still continued to beat
until a sudden effort caused the rupture of the wall of the left ventricle with
a fatal hwemorrhage.

Other instances, however, have not so immediately led to death, but
rather to recovery, with replacement of the dead tissue by sear.  In that
ease o pateh in the heart wall may be markedly thinned and comes to be
composed of a fibrous tissue which has by no means the power of resistance
or the strength of the muscular wall, and one frequently sees such an area
bulged out into a sae which in time may rupture.  Such an event is, how-
ever, by no means always the outcome of an infaretion, but may depend on
the

Liver.—In the liver infarets are very rare because of the extremely

adual loss of the musele substance from a partial anemia.

abundant blood supply from two sources. It is stated that complete
closure of the main trunk of the hepatic artery will produce complete ne-
crosis of the liver, whereas closure of any of its branches has no special
result.  Obstruetion to the main portal vein is said to diminish the produe-
tion of bile, as has been shown recently by Voegtlin and Bernheim, but it
does not interfere with the nutrition of the tissue.  This is especially well
seen in the numerous instances in which experimentally the whole of the
blood of the portal vein has been diverted into the inferior vena ca

a by the

so~called Eek’s fistula.  In that ease undoubtedly the whole of the tissue

of the liver must be supplied by the hepatie artery, but the animals live,
and after a time show no very obvious change in the tissue of the liver,
although it is stated that sometimes the liver decreases in bulk.  Obstrue-
tion of the whole portal vein is not very uncommon, arising from the throm-
hosis of the branches from some point of infection or injury in the alimen-
tary tract, and extending into the main trunk; or as the result of compres-
sion from without by gall-stones or tumor-masses in the vieinity, Clos-

ure of branches of the portal vein may be followed by the formation of

hemorrhagic infarctions when there is some disturbanee or enfeeblement
of the general cireulation, so that the hepatic artery does not succeed in
making up the nutrition which is lost by the shutting-off of the portal.
Lung.—In the lung also there is a double vaseular supply, the bronchial
arteries really furnishing nutriment only to the bronchi and the immedi-
ately adjacent lung tissue. It is, therefore, not to be wondered at that if

we tie a branch of the pulmonary artery which has no connections with

other branches for example, in one of the isolated lobules of a dog's
lung, all the tissue dies except the bronchial walls, The pulmonary ar-
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teries anastomose with extraordinary freedom in the lung, probably largely
by means of the extremely wide capillaries.  On this account it proves to
be impossible to produce an infarction in the lung of a healthy animal by
throwing emboli into the pulmonary stream, because the nutrition of the
obstructed area is immediately assumed by adjacent branches.  Virchow
did succeed in produeing such infaretions, and this was the hasis of his
great work on embolism.  But apparently he succeeded beeause the em-
boli which he used earried bacteria, and he eaused, in that way, a far more
extensive injury to the lung tissue than could be produced by sterile plugs.
It is only when there is some other cireumstance which causes a general
slowing of the cireulation in the lungs, a high pressure in the pulmonary
veins, and such malnutrition of the lung tissue as leaves it susceptible to
injury, that a plug in a branch of the pulmonary artery will cause the
formation of an infarct. This is the condition which we find in the so-
ralled chronie passive congestion which results from the obstruction of the

Fig. 13— Hwemorrhagic infaretion in lung, the seat of chronie passive congestion

mitral valve or from the regurgitation of blood through the mitral valve
backward into the lung.  Other causes may, of course, produce the dam-
ming back of blood into the lungs and slowing of their circulation, but the
changes in the heart, and especially those which we have just mentioned,
are the most prominent.  Under such circumstances, when emboli are dis-
lodged from some point on the venous side of the circulation and thrown
into the branches of the pulmonary artery, there arise hwmorrhagic in-
farctions in the lungs (Fig. 13).  Sometimes one can recognize by symptoms
the beginnings of such infarets from the sudden pain and the spitting-up of
blood, and possibly even from the change in the percussion-note, which
becomes dull over the region of the infaret.  When the lung is inspected, it
is found possible to recognize these infarets at once because they are solid,
hard masses, often present in numbers and extending to the surface of the
lung. The pleura over them is roughened by a layer of fibrin which de-
stroys its gloss and causes the pain of which we have spoken by scratching
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unst the opposite pleural surface in respiratory movement. The in-

farcts vary greatly in size, from a diameter of about 1 em. to such a size
as to occupy almost the whole of the lobe.  They have a tendeney to a
ins are usually

somewhat triangular or pyramidal form, but their m
round, and they bulge out on the surface of the lung.  They are very dark
red,—almost black in color,—and on cutting through them this is found
to be true also of their interior portion.  They are dry and sometimes of
a remarkable hardness.

It is nearly always quite easy to see the embolus which has caused their
formation lying in the pulmonary artery which forms the apex of the
triangle.  Usually such a plug is prolonged both ways by the clot which is

and cases are

formed about it, but sometimes this may not have happened
even recorded in which the embolus lay at a point somewhat separated
from the actual region of infarction by an empty streteh of vessel.  This is
important because there has been so much dispute as to whether these
infarctions were really eaused by emboli or whether the clot in the vessel
was the result of the infaretion. It seems perfectly clear, however, that
the weight of evidence is entirely in favor of the embolic origin of the in-
farcts,  Von Recklinghausen lays a great deal of stress upon the formation
of hyvaline thrombi in the smaller branches of the pulmonary artery, but
these, it seems to me, might be secondary.  There is often a question as to
whether we are dealing with a real infaretion or with a mere hemorrhage
into the lung substance. Such hwemorrhages oceur frequently from all
kinds of causes, but they are never really comparable in appearance to in-
farctions—first of all, beeause they are almost never hard and dry, but

rather soft and loose, and usually very irregular in outline, occupying
any part of the lung without regard to any special arrangement and with-
out necessarily approaching the surface of the lung.  From such hemor-
rhages absorption of the blood takes place with extreme rapidity, and this

may possibly account for their remaining so soft.  On the other hand, it is

quite difficult to understand why the hemorrhagic infarction should be so

also

extremely hard unless it be that the coagulation of the red corpuscles i
brought about in the general coagulation of the necrotic lung tissue.
(lose examination of the area involved in the infarction shows that it is
overfilled in every part with blood.  Not only are the alveoli themselves
full of red corpuseles in even greater coneentration than in the circulating
blood, but these corpuseles are found also in the substance of the tissue.
The epithelial cells which line the alveoli disappear rather rapidly, but
the framework of the lung is very resistant, and it may not appear to have
been injured very markedly by the local anwemia.  There are those who
speak of resolution of infarctions of the lung, stating that there is no real
necrosis, but that later the contents of the alveoli may be absorbed as in
a simple hwmorrhage, and the lung resume its function. This, however,
seems very doubtful, and one may feel sure that when the effeet of the

anwemia is such as has been described, much more complicated changes
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than a mere resolution or restoration to normal will take place.  The dif-
ficulty in deciding this consists chiefly in the fact that when hwemorrhagie
infarctions are formed in the lungs the person is so ill as to die before any
areat length of time has been allowed for alterations to take place in the

Fig. 14.—Extensive old infaretion of brain.

infarctions, and so it is that we commonly see at autopsy fresh hemorrhagic

infarctions and only rarely find areas of infarction which have lasted for a

long time. When we do there is no evidence of resolution, but rather of a

great shrinkage of the tissue, a loss of the red color, a deep yellow pigmen-

tation from the débris of the red corpuscle, and the formation of dense,
4
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hard scar tissue in the place once occupied by the infaret.  In this respect
the h@emorrhagic infarctions of the lung are quite similar to the anwemic
and other infarctions in the spleen and in the kidney. Even in the fresh
infarctions of the lung one finds always a good deal of the yellow pigment
which comes from the disintegration of red corpusecles.  This is not a part
of the fresh process, but rather a result of the long-continued stagnation of
blood in the eapillaries of the lung, which is the essential feature of a chronie
passive congestion, and which, as we have said, constitutes the requisite
basis for the formation of an infaret there.

Brain.—The formation of infaretions in the brain is an extremely com-
mon occurrence, and leads to more or less serious results, It is naturally
most likely to occur when thrombi are formed in the left side of the heart
in such a way as to be dislodged and thrown into the cerebral circulation.
The mechanical results of such embolism will again depend upon the posi-
tion reached by the embolus, and if the obstruction produced is in the

meninges, it may happen that no obvious result will follow. If, however,
the plug enters one of the arteries actually on its way to supply the brain,
there is inevitably an infarct formed because they are terminal arteries
(Fig. 14).

The symptoms will depend upon the particular tissue thus destroyed,
but if a large branch is occluded, there may be general symptoms in many
respects like those of apoplexy; that is, the patient becomes unconscious.
There may be a flaceid paralysis from which, however, he recovers later
with the exception of some limited paralysis, which corresponds with the
portion of the brain destroyed.
ently seen an instance in which practically a whole

The writer has re
cercbral hemisphere was thus converted into a necrotic mass through
rather extensive embolism of the arteries at the base of the brain. In
other instances where smaller plugs reached this circulation there may be
from consciousness, or not even that. There may
Indeed, it is not infrequent to

only temporary laps
or may not be narrowly localized paralys
discover at the autopsy, in a person who has long suffered from a cardiace
affection, very numerous yellowish patches seattered all over the surface
of the brain and sunken below its surface.  These are merely the pigmented
sears which have resulted from the formation of the infarets time after
time without any history of symptoms.  ‘'When these infarcts are perfectly
fresh they are, as stated above, swollen, project ahove the surface, and are
somewhat firm, but they very quickly soften into a semifluid mass because
the greater portion of the brain is composed of lipoid substances (myelines)
which become converted into a more fluid form in the process leading to
stage of softening phagoeytic cells wander

necrosis of the tissue. At this
in to such an area and load themselves with fat-globules, which they carry
away (Fig. 15).

Intestine.—The infarctions of the intestine are usually hemorrhagic.
They are perhaps most commonly produced, as in strangulated hernias,
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where the blood supply is impeded by the erowding into the aperture, of
the mesentery as well as the intestine itself. Other instances are seen in
the so-called volvulus, in which a lobe of intestine with long loose mesen-
tery becomes twisted completely round on itself so that the blood-vessels
in the mesentery are closed.  Almost the same effect ean be produced by
bands of fibrous tissue such as arise in the form of adhesions between
various abdominal organs and can be pulled tight over the vessels running
to some portion of the intestine. The other type of artificial obstruction

Fig. 15.—Margin of fresher infarct of brain showing fat-laden phagoeytes.  Several
of these are shown enlarged below.,

as in the infaretion just deseribed, produced by an embolus or thrombus.
As has been pointed out, the intestines are peculiarly susceptible to with-
drawal of their blood supply because they add to the anemia by their vio-
lent contractions. The intestinal wall at first becomes absolutely pale
with this contraction, but later on, with the death and relaxation of the
tissue, it swells enormously and is infiltrated with blood. The swelling is
particularly intense in the submucosa, which may attain the thickness of
a centimetre, and the blood oozes through the mucosa into the lumen of the
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intestine and is passed in great quantities, giving the diagnostic sign of
intestinal infaretion,

The surgeon sometimes meets with this condition of swelling and hem-
and oceasion-

orrhage before the complete death of the eells has occurre
ally he may replace the enlarged loop from the hernial sac or liberate it
from its constriction and see restoration to normal condition follow his
It is a matter for his judgment, however, to determine whether

I
the injury has passed the point at which this is still possible.  Weleh and
Mall, in their experiments, have found that there is relatively little com-
pensation for the eutting-off of the arterial supply through the mesenterie

|

|

|
|

Fig. 16.—Intussusception in child's intestine.

|
‘ arteries, so that if even such a short length of intestine as five centimetres
[, be separated from its blood-vessels, it will undergo necrosis because the
1 supply from the adjacent portion is insufficient.

.4 One of the commonest causes of infarctions is the so-called intussusception,

L which oceurs most commonly in children (Fig. 16). It may apparently be

spontaneous, and indeed it seems to be produced by irregular peristalsis
I in the intestine, so that one portion not answering to the peristaltic wave is
I dragged by it into the next portion, to which the wave has actually leaped.
At any rate such intussusceptions are found very commonly in the in-
testine of infants, where they have been produced postmortem, by the
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peristaltic action of the partially quiescent intestine, The portion which
is telescoped into a receiving part below draws with it, of course, its mesen-
teric blood supply. If the intestine be pulled out again at this moment,
no harm is done; but if it remain thus imprisoned for any considerable
time, there arises a moderate interference with the outflow of the venous
blood from the enfolded part, which soon makes it swell to such an extent as
to cause a very much more intense interference with the blood supply.  This
circle of events continues to intensify itself, so that very soon the intestine
acts as a constricting band to prevent the inflow or outflow of blood, and
brings about the hemorrhagic infarction of the interior portion.

The question as to whether an infaret shall become hemorrhagic or not
seems to depend upon a variety of things. Experimental studies have
been made with regard to the infarction in the intestine, particularly hy
Welch and Mall, by Niedstein and Marek. The results of these experi-
ments may be summed up in the following conclusions:

If a branch of the mesenterie artery or the mesenteric vein alone be ob-
structed, a hemorrhagic infaretion results.  If, however, the arterial chan-
nels leading to any portion of the intestine be absolutely blocked by plug-
ging or tying every possible anastomosis, an anemic infarction appears,
even though the veins be left widely open. It is evident, therefore, that
the haemorrhagic infiltration of the tissue which forms the peeuliar feature
of hemorrhagic infarction does not come, as Cohnheim thought, from re-
gurgitation of the blood from the veins, but is the result of the oozing of
blood through the walls of the enlarged capillaries and from the adjacent
arterioles.

The laxity of the tissue which is found in the lungs and in the intestines
aids in this, whereas the sudden complete consolidation of the infareted
areas of the kidney and spleen makes it almost impossible. It is for this
reason that the infarcts in the last-named places are commonly pale.
This is true in the case of the spleen, ticularly when the intervaseular
and vascular spaces are densely filled with foreign cells, as in the case of

acute splenic tumor and leuewemic changes in the spleen.
Infected Emboli.—Secondary changes are produced in infarctions by
the invasion of bacte

Thus an embolus may carry with it a quan-
tity of bacteria when it originates from an already infected source, and is
spoken of then as a septic embolus. It gives rise at first to the ordinary
mechanical effects of plugging the blood-stream, but later there become
evident the effects of the poisons produced by the bacteria, and the infarcted

area becomes the seat of an intense acute inflammatory process, with all
the softening and disintegration which follow upon the development of
liquefying ferments both from the bacteria and from the leucocytes, which
hurry to the spot as a part of the inflammatory reaction. The infaret
may actually assume the appearance of an abscess, and it is sometimes
difficult to say whether it started as an infaret or not. In most cases,
though one sees distinetly the form and general character of the infaret,
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he finds that its central part is softened down into a grayish pulp while the
periphery still retains something of its firmness.  This softening is quite

se of the infarets of

different from that which we have mentioned in the e
the brain, and probably seldom ends in healing and sear formation.
Healing.—Healing of the uninfected infarets is by no means uncommon
in such organs as the spleen and kidney, and it has been described already
in the heart and brain. It consists in the replacement of the dead tissue by
a scar tissue which constantly tends to contract, so that finally, in either
the spleen or in the kidney, one finds, as a sign of where the infarct was, a
sunken, hard, scar-like area, usually rather opaque and colored yellow here
and there from the remains of pigment derived from the dead cells. In
such a scar there may remain some traces of the most resistant of the

structures previously occupying that place, such as obliterated glomeruli
in the kidney; but usually these are scarcely recognizable, although, on
account of the contraction of the sear, they may be concentrated together
in considerable numbers.

GANGRENE
All of these instances of angemic necrosis which we have described under
the name of infarcts have been in tissues somewhere in the interior of
the body, completely surrounded by other tissues from which there could
be derived by infiltration the ever-increasing supply of fluid which might
undergo coagulation. This it was which formed the basis of the so-called
coagulative necrosis.  If, however, the anemia affects an extremity or any
such tissue as is not thus accessible to the adjacent coagulable fluids, a dif-
ferent appearance results. The necrosis of the tissue is effected in just the
same way, hut there is no opportunity for it to assume the character of a
coagulative necrosis. At least the amount of fluid which undergoes coagu-
lation is relatively small, and the extremity does not become rigid and hard
as the result of this proces Such death of an extremity is called gangrene,
and it is commonly brought about in the same way as is the death of the
tissue in infaretions, that is, by any one of the various processes which lead
to diminution in the blood supply of the part, often aided by more general
disturbances of circulation or by decreased vitality of the tissues from other
causes, as, for example, in the case of diabetes, where gangrene of the feet is
so common. It may assume one of two forms—the so-called “moist”" gan-
grenc or “dry "’ gangrene.  In the former ease the tissues remain moist, infil-
trated with blood.  They become opaque, dull looking, and livid in color.
But the color does not remain as it is in the beginning, but rapidly changes
through a series of shades to deep purple or greenish black (Fig. 17).  The
epidermis hecomes loosened when rubbed, often leaving a raw, damp sur-
face, which may readily become infected and undergo putrefaction.  Such
death of the tissues usually occupies a portion of the extremity which is
line which separates the dead

sharply demarcated from the remainder by
from the living tissue; but commonly this line moves upward with the
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advance of the necrosis until it reaches the point at which the blood supply
becomes sufficient to maintain constantly the life of the part above.  Unless
the leg be amputated at some point conveniently above this line, there
may be a good deal of absorption of the poisonous products of putrefaction,

and the tissue itself may fall away so as to expose the bone,

Fig. 17.—Gangrene of foot. Case of diabetes with arterioselerosis,

The other kind, the dry gangrene, occurs when all possible advent of fluid is
shut off from the living tissue and mummification or gradual drying up of
the extremity takes place.  The writer studied one instanee in an old man
in whom some infeetion of the axillary glands had led to their searring and
calcification in such a way as to constrict the axillary artery and adjacent
nerves.  The pain from this constriction was such that an operation was
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performed in which the artery was ligated and removed with the constrict-
ing mass.  Almost immediately there began the evidence of death of the
fingers and of the hand and wrist, which assumed the dry form, and resulted
in a few days in almost complete desiceation, so that his hand came to look
like horn or some such transparent material, plastered over the bones.
Gangrene of the extremities oceurs in connection with diabetes, as has
been mentioned, and also with certain infectious and toxic processes.
Perhaps the most striking is that which has been ‘observed in epidemie
form as a result of ergot poisoning. It was known in the middle ages as
St. Anthony's fire, and relief was sought for it in a pilgrimage to Paris,
The truth of the matter was, al-

which at least acted as a preventiv
though it was by no means recognized, that the peasants of France ate
bread which was contaminated with the ergot smut, and consequently
suffered from that peculiar poisoning which brings about an intense con-
Death of the extremities was not infrequent,

striction of the arterioles,
and in those pre-surgical days, from the ninth to the fourteenth century,
it was no uncommon thing to have part of a hand or a foot torn off, after
such neerosis, with a glove or boot. At the church in Paris the pilgrims
were fed with bread from the monks’ kitchen and most of them recovered.

There is one other important instance of the production of gangrene
which is extremely common and which oceurs in those
istance have been lowered and who have
This is the

through anx
persons whose general powers of re
been constrained to lie in one position in bed for a long time.
so-called bed-sore or decubitus uleer, to which we have referred before.
The term gangrene is used most loosely in referring to the death of tissues
produced by bacteria or by other means when associated with putrefaction,
Thus we shall meet with gangrene of the lungs, which is by no means neces-
sarily caused by mechanically produced anwemia, but is dependent upon the
1e by various forms of bacteria associated
Another instance is seen

destruction of the pulmonary ti
later with the ordinary bacteria of putrefaction.
in the so-called noma, or canerum oris, and in the hospital gangrene, which
used to cause such mortality in the wards of the larger hospitals. In all
these cases it appears, from recent studies, that a combination of fusiform

bacilli and spirilla plays an important part.
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CHAPTER 111
DISTURBANCES OF INTERCELLULAR FLUIDS AND LYMPH
Their movement, character, and excessive aceumulation.  (Edema, ascites, ele.

(EDEMA, ASCITES, ETC.

Ir 18 apparent from what has been said that the well-being of the tissues
is dependent upon the continuous and unobstructed circulation of the
blood through them from the arteries and the veins; but the conditions
are even more complicated, for there is a constant circulation of fluids with
dissolved materials from the blood, from the arterioles and capillaries, out
into the ereviees of the tissue and into a position where they can come into
immediate contact with the cells. In this process aimost all the cells are
left behind, but a certain number of them undoubtedly take part in this
wandering-out from the blood-vessels. This type of circulation is com-
pleted by the reéntrance of the transuded fluid into the veins or into the
lymphatic channels, and in every case the fluid must pass again a complete,
continuous, and semipermeable membrane composed of endothelial cells.

The idea formerly held that these tissue spaces are in open communica-
tion with the lumen of the lymphatics must be abandoned in the light of
recent anatomical work (MacCallum and Sabin), and it becomes necessary
to regard the tissue fluid as having its own peculiar characteristics. It is
with the tissue fluid that the cells have immediate relations, and this cir-
culation must be quite active.  Up to the present no method has been found
by which this particular fluid can be drained away and studied, so that the
statements are, to a certain extent, based on hypothesis.

The distribution of the fluids of the blood into the tissues, and the drain-
age of these tissues, proceed in such a way that no matter how rapid the
circulation may be, there is at no time an excessive quantity of fluid among
the cells. There are conditions, though, in which a disproportion in the
rate of inflow and outflow occurs, and there arises an accumulation in the
crevices of the tissue (wdema) or in the body cavities which are in a sense
analogous to the tissue spaces. When this concerns the peritoneal cavity,
we speak of it as aseites; collections of fluid in the pleural cavity constitute
hydrothorax; in the pericardial cavity, hydropericardium.

(Edematous tissues are swollen, ooze fluid on incision, and are inelastic
on account of the spreading apart of the cells so that they retain the im-
press of one’s fingers on pressure.  Any organ may become so, but the most
striking examples are seen in the subeutaneous tissues, especially in the
extremities, and in such places as the external genitalia or in the soft parts
below the eyes, where the tissues are loose. When the water-logged
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condition of the subcutancous tissue is very general, it is spoken of as
anasarea.,

In those cases which generally result from diseases of the heart or kid-

neys the accumulation of fluid is often such that the skin becomes tense

and shiny, and may even erack and allow the escape of some of the fluid.
The tissues lose much of their opacity, and become almost agate-like in ap-
pearance, because the opaque cells are widely separated by the clear yel-
lowish fluid. This is especially true of the lungs, and of such fibrous and
muscular tissues as make up the wall of the intestine and gall-bladder.
Causes.—There are many things which seem capable of causing such
damming-up in tissues, and, indeed, in spite of long study and experi-
mentation we are not yet precisely informed as to the part played by each.
Pathologists have proposed a great many widely different theories to ex-
plain this occurrence, and probably all of them contain some part of the
truth. Ludwig's school contented itself chiefly with the mechanical in-
crease in infiltrative pressure which seemed to them sufficient explanation,
although it is obvious that there are many instances of cedema which can
by no means be explained in this way. For that reason Heidenhain, Ham-
burger, and others introduced the conception of the vital secretory activi-
ties of the endothelial cells which were thought to pour the fluid from the

vessels into the tissues.  This idea involves a mystery which may, of course,
be unavoidable, but which does not seem to help us further toward a
satisfactory understanding of the condition. This is true, in fact, of all
the theories which attempt to bridge over the difficult places by resorting
to such vague terms as “vital activity,” which, while they may express a
present conception of the process, shed no new light upon it. In general,
stress is laid upon the mechanical obstruetion to the outflow of fluids,

malnutrition, and poisoning of the tissues and endothelial cells which in-
crease their permeability, disturbances of trophie, vasomotor, and motor
nerves, and, more recently, alterations in the metabolism and in the state
of nutrition of the tissues themselves, which may change their power of

actively attracting and retaining water within themselves.

The first of these four general factors, the obstruction to the outflow of
fluids, concerns both lymphatic and venous outflow, which are apparently
in a sense compensatory to each other, for it has been observed that if the
veins of an extremity are tied, the flow of lymph from the lymphatic trunk
becomes greatly increased. No such observations appear to have been
made upon the venous outflow when the lymphatics are obstructed.
Mechanical obstruetion of the flow in both veins and lymphaties arises when
the heart fails in its duty of propelling the blood, and it becomes difficult
for more 1 lood to enter it.  But such venous stagnation is felt by all the
tissues, not only through the obstruetion to the escape of fluids, but through
the consequent obstrucetion to the entrance of new nutritive arterial blood.
at once several factors which might favor cedema.

Consequently there ar

Filtration pressure, increased permeability of the endothelium from mal-
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nutrition, and, for the same reason, heightened osmotic pressure on the
part of the tissues occur, and it is difficult to determine which of these is
the most important. Al are removed if the heart is supported to increased
activity, when, with the improved circulation, the adema disappears.

Local venous obstruction may bring about the same chain of events as
in the so-called milk-leg, which is an edema produced by the obstruction
of the femoral vein by a clot. This kind of local cedema seems to be based
on precisely the same principles as exist in the case of the general disable-
ment of the circulation. It depends, to a certain extent, upon the sudden-
ness with which the obstruction has been produced, and in any case dis-
appears later if there be established a collateral circulation which allows
the proper drainage.

Those types of cedema which are ascribed to alterations in nervous activity
rest on a very vague and indefinite foundation, and even such so-called
angioneurotic cedemas as have been long known and quite helplessly as-
cribed to nervous interferences are gradually revealing themselves as effects
of chemical disturbances of a complicated character. Naturally, those
diseases of the nervous system which are followed by prolonged inactivity
of the limbs result in edema of these immovable extremities in just the
same way as ankylosis of the joint or contractures of the tendons might
produce it. In all such cases the circulation is impaired, the kneading
action of the muscles which ordinarily propels the fluids in the limb is
lost, and the tissues are badly nourished.  Almost exactly the same factors
exist in the various forms of aniemia and cachexia with cedema.

The deterioration in the nutritive qualities of the blood in general
anwemias, and the absorption of some indefinite poisonous material in the
so-called cachexias, bring about the important factor of tissue malnutri-
tion regardless of pressure relations. Poisonous substances

, indeed, are
very commonly responsible for the appearance of cedema, and certain things
seem especially capable of producing it. Such substances as morphine,
the juice of grapes and of various fruits, ete., are always spoken of in the
text-books as capable of producing such wdema, possibly by injuring the
endothelial wall of the vessel, and the same explanation is offered for the
dema which arises as a response to all the manifold effects of injury which
give rise to the complex inflammation. In every case we probably do
have just such an injury to the vessel-walls, but we can never exclude an
injury of the surrounding tissues, which may be an equally important
factor.

It is only because the fluid which exudes in the course of an inflammation
differs quite markedly in its chemical composition from that which we find
in other instances of adema that we seem to have especially good proof of
the existence of an injury to the endothelial walls which makes them more
permeable for the albuminous material of the blood.

(Edema of the Lungs.—In spite of much study the mechanism of eedema
of the lungs is not yet clear. Welch, who produced it experimentally by
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compressing the left ventricle and thus producing an enormous dispropor-
tion in the work of the two sides of the heart, thought that it might result
from such a disproportion arising spontaneously. It can be produced hy
adrenalin injections, and some have thought it of toxic origin. The fluid
of the blood exudes into the alveolar walls, and especially into the alveoli,
s0 that the air is expelled by the coagulable liquid. In the extreme exam-
ples of this agonal condition frothy fluid may run away from the nostrils
and the patient die practically drowned (Fig. 18).

Fig. 18, —(Edema of the lung.  Alveoli filled with fluid congulated by fixing agent

The @dema which so frequently accompanies nephritis of various types
is apparently clearly shown to be due to the inability of the kidney to ex-
crete water and salt. It appears that in most instances the power to ex-
crete salt is at fault, its retention causing the retention of water in order
to maintain the normal tonicity of the tissue fluids. Withdrawal of salt
from the diet has generally the remarkable effect of increasing for a time the
excretion of salt, and consequently the excretion of water, so that the
cedema disappears as though by magic, and the swollen patient shrinks
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visibly day by day. At a certain point the relations of salt and water ex-
cretion approach the normal in proportion to the intake and the patient
remains edema-free, but an indiseretion in the consumption of salt may
again suddenly close the exit, so that with its retention water again accumu-
lates in the tissues.
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CHAPTER 1V

THE STRUCTURE AND METABOLISM OF CELLS

Cellular doctrine: ultimate unit of life Nucleus and cytoplasm Mitochondria, plas-
mosomes, paraplasmic substances, intercellular substances. Tissues and motile cells.

Variations in the appearance of cell N ecrosis, coagulation, and autolysis Death

Wirit the establishment of the cellular nature of the tissues, and Virchow’s
epochal revelation that disease may be referred to alterations in the cell,
it may well have seemed that the ultimate unit of life had been reached
and that no minuter element need be considered.  Indeed, our doctrine
of pathology is essentially a cellular one, although we realize that the
cell is in all eases a vastly complicated strueture, within which there are
elaborate mechanisms developed in almost infinite variety, and within
which, too, we can discern evidences of the accomplishment of chemieal
processes which, in complexity and ingenuity of combination, surpass any-
thing which can be carried out ini the best of chemical laboratories.  Within
one cell there may oceur at once and side by side synthetie processes and
decompositions which, in the laboratory, would require, if they were pos-
sible at all, the most elaborate apparatus and the most extravagant ex-
penditure of energy.  Therefore it is not surprising that many have sought
for a still simpler unit of living matter,

But even though we can recognize minuter organ-like structures within
the cells, we realize that they are merely coordinate parts in building up the
cell, which is the ultimate mechanism which seems complete enough to live
independently.  The smaller parts may be specialized instruments for
some particular funetion, but they cannot exist or carry on this work apart
from the cell.  Indeed, it seems that it is upon the nice adjustment and co-
ordination of all the parts of the mechanism in the cell that life dl'pvntlh‘;
when food and temperature conditions are favorable, the precisely adjusted
mechanism begins to move as though by spontaneous combustion under the
l"'il('l‘ Ur an engine Zl” 'll'("‘.’lr"'l.

While the modern studies of immunity seem to aseribe wonderful proper-
ties to the fluids of the body, and changes almost intelligent in their pur-
posefulness in these fluids in response to noxious substances, all the ¢hem-
ical characters are controlled by the cells and there is little prospect of a
return to the humoral theories of long ago.

It would serve no good purpose here to enter into the details of the va-
rious conflicting theories as to the nature of the substances which make up
the body of the cell and its nucleus—all this may be read in the work of

M. Heidenhain, the recent review of Benda and Ernst, and in other places.
16
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So little is firmly established that it will suffice here to mention those points
which we seem to know most surely.

THE STRUCTURE OF CELLS
In spite of the great variety in form and size and in special modifications
of the cell-body for different functions, we may recognize the following
parts:
(1) The nucleus.
(2) The eentrioles or eentrosomes,
(3) The attraction-sphere or archoplasm.  (Golgi's reticular appara-
tus.)
(4) The eytoplasm, in which are found
(5) The mitochondria.
(6) The plasmosomes.
(7) Various paraplasmie substances,
(1) The nucleus differs from the general protoplasm in its density, its
chemical nature, and its inner structure,
How it is separated from the rest of the cell is a matter still disputed, but
it is clear than an active interchange of materials goes on between the nu-
cleus and the protopl

sm, and that the nucleus presides over the activities

of the cell, and especially over its reproduction by division, in which it is
itself so intimately concerned.  In the absence of a nucleus the protoplasm
can remain alive a short time and carry on sluggish assimilation, but it
soon dies.  The minute structure of the nucleus is as much disputed as
that of the eytoplasm. In most cases there is a homogeneous nucleolus,
and in our fixed preparations the
staining chromatin material. Kite s

wre various condensations of deeply
ites that, from dissection of the liv-
ing nucleus, he can show that the chromatin is not in definite masses in
the resting eell, and that only the nucleolus is recognizable as a colloid
material of different density from the rest.  In the process of mitosis,

however, the clumping of the chromatin into tangible masses, the chro-
mosomes, is familiar to every one.  Their longitudinal division into equal
parts, and the separation of these parts by the action of the fibrils of the
achromatic spindle into the so-called daughter stars, which later form two
separate nuelei, is abundantly deseribed in all books on histology.*

(2) The centrioles or centrosomes are minute bodies, occurring in pairs
outside the nucleus, and surrounded by modified protoplasm.  They oc-
cupy varying positions in the resting cell, being often at the roots of the
cilia in ciliated epithelium, in other cells often embedded in a dell in the
nucleus.  In mitosis they become active, se

arating to opposite poles of the
cell and surrounding themselves with radiating, contractile fibrille (achro-

matic spindle), which exercise a mechanical influence upon the chromosomes.

* For a discussion of the peeuliar extra chromosomes which have to do with the de-
termination of sex the reader is referred to Morgan’s book, Heredity and Sex, 1913
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(3) The attraction-sphere, or archoplasm, is a Iittle understood structure
in the eytoplasm, usually near the centrioles, and affected by them in mi-
tosis, during which it also divides and passes to cach half of the eell. It is
composed of a net-like or basket-like arrangement of fibrils, the nature and
purpose of which are unknown.

1) The Cytoplasm.—The divergent theories as to the nature of the pro-
toplasm may be read elsewhere, It seems that the more recent study of
the granular structures which are embedded in it has removed much of the
support for the earlier theories, and the outeome seems to be that the eyto-
plasm is essentially colloid in its composition, obeying the physical laws
which govern colloids in their various phases.  Possibly a mixture of col-
loids of various densities, it has varying powers of water absorption and
swelling.  The admixture of fat-like substances alters its physical char-
acter somewhat.  With regard to the surface of the cell, it has been sug-
gested that some such condensation through the aid of cholesterin or leci-
thin admixture may exist.  Overton’s theory that there is an actual thin
lipoid membrane which acts as a semipermeable sheath to cach cell is
well known, and serves in the explanation of the action of anwsthetics, but
it still admits of eriticism

5. Albrecht held a view of the constitution of the eytoplasm which was
long regarded as plausible, although now being abandoned.  He taught
that the fluids of less density in the protoplasm might resolve themselves
into droplets, which became separated from the rest by a lipoid membrane
(tropfige Entmischung

Anitschkow seems to have shown that this idea is untenable, since the
droplets are actually modifications of the various granules in the pro-
toplasm.

5) The Mitochondria.—Altmann, in 180, devised staining methods
which made visible certain granules in the cell protoplasm which he re-
arded as elementary organisms, or the only living constituents of the eyto-

While this view cannot be maintained, there is much that is exact

plasm.
and

in his observations.  Benda recognized by other stains granules, rods
threads in the protoplasm which he called mitochondria, and which have
been shown by many workers (Meves, Duesberg, and others) to be a very

constant constituent of the cell-body.

Many names have been proposed indicating differences in form, such as
chondriocont for the longer filamentous forms, chondriomita ior those re-
sembling a string of beads, ete., but the original term, mitochondria, may
well be used in a collective sense.  The greatest variety of functions has
been ascribed to them by different writers.  Meves claims that they fur-
nish the connective-tissue fibrillwe, that they transmit the hereditary char-
acters of the cell-body, ete.  Champy, in studying absorption and secre-
tion in the intestinal epithelium, states that they accumulate at both poles
of the cell and are converted into secretory granules,

It is clear that we must as yet be careful in interpreting their function,
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and while it secems probable that they play some important rdle, it is possible
that already too many different duties have been assigned to them.

(6) The Plasmosomes.—Benda distinguishes sharply from the mito-
chondria these granules, which he speaks of as concerned with the house-
keeping of the cell, with the assimilation of nutritive materials, with the
formation of seeretory products as the result of their specific metabolism,
and with the exeretion of waste.

They are not to be recognized in themselves by any of the staining meth-
ods which we know now, but are readily enough made visible by the sub
stances which they store or secrete or by their power to store vital stains.
That they are really distinet from the mitochondria is shown by their
different position in the cell, by the fact that the mitochondria are recog-
nizable as thin filaments in a cell in which, side by side with them, the plas-
mosomes are swollen with some absorbed material, or with a stainable se-
cretion, and by the fact that in mitosis
separately divide and continue their exis

mitochondria, and plasmosomes
ence in the daughter-cells.

It is in connection with these that fats and carbohydrates are stored in
the cell. Tt is probably they that swell and become conspicuous in “ cloudy
swelling” or “parenchymatous degeneration.” They in their varieties
constitute the specific granulations of the leucocytes and other cells.  To
this class too belong, no doubt, the zymogen granules in many glands, even
though in such a gland as the pancreas we can distinguish so easily the
coarse, deeply staining zymogen granules in the acinar cells from the very
minute granules of two types in the cells of the islands of Langerhans,

It is clear that the construction of the cell is highly specialized in most
cases for the function which it is to carry out, and that it is supplied with
the most perfeet mechanisms for these purposes.  Some of these are evi-
dent in the form of contractile bands in the protoplasm, or in long nerve
processes like eleetrie wires carefully insulated by sheaths of fatty ma-
terial, or in mobile cilia which mechanically perform duties in the trans-
portation of foreign particles. In others the tools of their trade are recog-
nizable in the form of the granules which seem to prepare ferments by which
the chemical processes which the cells effect are carried out.  While these
s, there are others in which, even when we know

are visible in many ¢

that the most multifarious chemieal reactions are being carried on, nothing
of the mechanism is recognizable to our eyes.

(7) Paraplasmic Substances.—While the actual instruments of metab-
olism are thus often invisible, the materials which are being worked up by
the cells, and more especially those which the eell is unable to dispose of,
often remain conspicuous in the cell-body.  Suech * paraplasmic” particles,
which may consist of fat-globules (Fig. 19), glycogen granules (Fig. 20),
vacuoles filled with fluid, granules of pigment or caleium, often form an in-
dex of the activity of the metabolism of the cell, and are useful in determin-
ing its condition, although it must be remembered that there are doubtless

many other substances equally burdensome to the cell, and accumulated in

:
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its protoplasm, because its metabolism is so sluggish as to make it unable to
dispose of them, and these, because of their solubility or because they are
inaccessible to our stains, are invisible.  Certainly these substances are not
ate until they become, through assimila-

to be thought of as alive, at any
tion, integral constituents of the chemical strueture of the protoplasm.

TISSUES AND MOTILE CELLS
It is, of course, clear in connection with this that the higher animals, at

least, exist as communities of eells in which cach distriet is made up of

Fig. 19.—Fat-globules in the epithelium of the renal tubules.  Sudan stain.

individuals which have specialized in some form of activity which is con-
tributed to the good of the whole, and that in such a community there are
many things in common, such as the blood supply, the gaseous interchange,
and the removal of waste. Just as in a town the water supply, the air,
¢ of common interest, so we have seen that in the body

and the sewerage ¢
whole districts may suffer from the failure of one of these common necessi-

ties.
Communities of this character, inasmuch as they hold together in a
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coherent grouping, we casily recognize as “tissues.” It is not so easy to
think of a constantly moving and changing group of cells like the blood as a
tissue, although in every other respeet it deserves the same dignity as the
community of liver-cells or kidney-cells.  And so it is with those free lances,
the wandering phagoeytie eells, which straggle about in the tissues every-
where, but are ready on eall to assemble at a point where they are needed.
Intimately related to the mobile eells of the blood, they have the same elaim
to the honors of a community, although it must be remembered that they

Fig. 20.—Liver of a normal well-fed dog showing glycogen in cells.  Best's carmine stain

differ from the *“fixed tissue " elements in refusing to hold together into a
solid structure or to adopt any particular place as a permanent site.

The whole body is not composed of cells.  Were the cells all removed,
there would still remain a framework so complete that although we might
see through it as through a basket, the whole form of the body in all its
parts would be represented and much of its solidity would remain.  This
is the intercellular substance, which varies greatly in character in different
places, being almost the whole of the skeleton and the bulkier part of all
the connective tissues which permeate all tissues and organs.  Whether
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this material is alive has been long discussed. Certainly the fibres of
connective tissue, the matrix of cartilage, and the caleified substance of
bone could not remain alive alone; but in the body all these things
‘ted, and there

undergo constant change, being broken down and reconst
seems no doubt that they carry on a sluggish interchange of chemical mate-

rials—a slow metabolism.

VARIATIONS IN APPEARANCE OF CELLS
Alterations in the appearance of the cell arise constantly from variations in

its activity, and one must be familiar with such physiological transforma-
tion in order to interpret correctly what might otherwise be looked upon
as the effeets of pathological processes.  This presupposes that we are able
to view the ecells as they are in the height of their activity, but in truth this
is seldom the ease, since most studies of human tissue are made after the

individual has been dead for some time, or after the tissue has been re-
moved from the body at operation.  Naturally, changes must be expected
to oceur in this interval, and it is easily realized that the more quickly the
cells can be studied after their removal from the living body, the more
nearly they will approach to their living condition.  Naturally, too, there
at once without the

are great advantages to he gained by studying such ce
application of any chemical reagent, a method once universal, but now far
too little used.  But it is realized that while much may be learned in this
ve them by sud-

way, such tissues change rapidly, and we, therefore, pr
denly stopping all ferment action and coagulating the protein substances
by the application of some fluid, such as alecohol or formalin.  Advantage
is taken of the fact that nuelei, protoplasm, ete., react differently to various
stains, and in the end our microscopical preparations show us the cells

sharply brought into relief by being coagulated, and by having each of its
clements differently colored.  'We are accustomed to the appearance in the
stained preparations of what was a normal cell and interpret diseased con-
ditions of the cell by its divergence from this standard, but at the same
time we know that the cell is really greatly changed from its appearance
while alive. Tt resembles the living cell about as a boiled egg resembles a
fresh laid one.  In an autopsy upon a man who had swallowed a large
amount of pure carbolic acid, which is an excellent “fixing fluid,” the gas-
tric mucosa was obviously dead and coagulated into a white layer long
before the man died, but although it looked so abnormal, the microscopical
section showed the most perfeetly preserved normal gastric mucosa.

If, then, these are all dead cells which constitute our standard of the
appearance of live cells, how shall we recognize injured or dead cells among
living ones? It is very easy, because what we recognize is not the death of
the cell, but the changes to which it is exposed, after death, while still sur-
rounded by living tissues and their fluids, and which result partly from the
action of ferments and partly from the formation of a clot in the sub-
wmcee of the dead cell and the coagulable fluids which may permeate it.
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If only a portion of the gastric mucosa had been killed, so that the man
remained alive for a time, it would soon have been liquefied by the gastrie
juice.  Exactly so a dead eell in the substance of the liver becomes the seat
of clotting, and then is liquefied by the ferments of the passing fluids and
mobile cells, and it is in some stage of this process that we recognize the
necrotie cell. A eell which had just died would look quite like its living
neighbor,

NECROSIS AND NECROBIOTIC CHANGES
It is important, then, to consider briefly these evidences of the effects of
necrobiotic changes, a matter which is simplified since they are the same

Fig. 21.—Renal epithelium showing pyknosis in several nuelei, with disappearance of
others,

throughout, whether the injury be caused by a poison, by starvation, or
in any other way unless, of course, the poison or mechanical injury should
in itself produce some peculiar change in the cell.  With the cessation of
life in the cell there is a short pause, during which the dead cell has every
appearance of being alive, and then its protoplasm sets in a elot.  The
thromboplastic substance, or thrombokinase, which the dead cell radiates
causes the coagulation of the fibrinogen in the blood plasma which filters
into it, and in the end the body of the dead cell becomes a swollen mass,
much denser and heavier than the body of the original live cell.  All this is
not done without changes in the appearance of the cell—changes which
probably begin before the actual death and continue after clotting has




@ 22— Karyorrhexis.  Edge of infaret of Kidney.

e

Fig. 23.—Karyolysis in renal epithelium.

5
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occurred.  The most conspicuous are alterations in the nueleus which may

cause it to shrink and stain more deeply (pyknosis) (Fig. 21).  Portions of
its substance may be extruded beyond its original outline in bizarre forms,
orit may break up into several irregular, solid-looking, and deeply stained
fragments, or even into a fine dust of black grains (karyorrhexis) (Fig. 22).
On the other hand, it sometimes retains its form for a long time, but gradu-

ally fades until only the faintest rim takes the stain and in turn finally dis-
appears (karyolysis) (Figs. 23 and 24), At the same time the structural
details of the eytoplasm are lost, and merge into a dense, granular or vitre-
ous mass, which assumes a deep pink stain with cosin.  Later changes
caused by proteolytie ferments lead to the erosion, disintegration, and final
liquefaction and disappearance of the whole cell remnant.  Frequently

Fig. 24.—Death of renal epithelium with fading nuclei

the boundaries of many adjacent necrotie cells are lost before liquefaction
oceurs, and a granular mass remains in which nuclear fragments or the fine
dust of them is scattered, but even then it is often possible to make out the

positions of the original cells because the more resistant connective-tissue
framework of the tissue pers

Much of the disintegration and removal of the débris of such dead cells
is effected mechanically by phagoeytie cells, usually of the mononuclear
type, which engulf particles in their protoplasm in addition to their activ-
ity in furnishing the proteolytic ferment. They in the end wander away
with these partly digested fragments, the liquefied material is absorbed,
and the area of cell death collapses or is partly filled by a growth of sear
tissue.  Sometimes, as in large infarctions or in tuberculous foci, the dead
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material may remain undissolved for a long time, and is walled off by a
capsule of fibrous tissue,

Autolys
exactly the process known as autolysis, except that it is recognized in that

This liquefaction by means of a proteolytic ferment is

process that all tissues can liberate in varving degrees of intensity the pro-
teolytie ferment necessary to dissolve their own eell-bodies.  Even a piece
of lung or liver kept sterile in a warm place will soften and finally liquefy,

while tissues, such as spleen, which contain large numbers of specialized

phagoeytic cells which are particularly active in producing such ferments
will dissolve into a turbid fluid rich in amino-acids far more quickly.
Undoubtedly this mechauinsm is well adapted to rid the body of useless
dead and erippled cell material, and it will be seen that it plays a great
part in the restoration, to an untrammeled working condition, of all injured

ins, and throughout life is the constantly active method of houseelean-

ing which keeps the machinery in order.
Death. —Death of cells is thus a rel:
whole body is a community of tissues which is not entirely disabled, even

ively complicated matter, but the

by the loss of many eells.  As in the eell where the controlling nucleus is
destroyed the protoplasm also dies; so in the body life is the expression
of the working of a delicate machine which works beeause it is marvelously
attuned to the environment Jecause it has elaborate regulators, control-
lers, and safety-valves, it can compensate for many injuries, but when the
limit of the influence of these is passed, the machine stops.  Therefore there
are many ways in which the balance can be made impossible at one point
or another—points important enough to involve finally the all-important
cireulation and respiration.  When they cease, all the tissues soon die,
although for some time after the main machine has stopped working, the
various accessory machines are still in good working order, and need only

the current of elean blood through their vessels to make them begin onee

more to work.  Of course, the eentral nervous svstem is the great regulator,
and one might say the master engineer, but life can go on without it if
only some one will assume its réle and arrange that the eireulation should
continue properly.  So, though it is so familiar, it is difficult to define

precisely what a person’s death means or to say at just what moment the

most important part of death occurred.
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CHAPTER V

DISTURBANCES IN THE NUTRITION AND METABOLISM OF
CELLS

Nature of metabolism.  Disturbances vesulting  from  slight injuries.  Degenerations
Vtraphy: its causes

ORroINARILY the normal and abnormal metabolism of animals is studied
by chemieal investigation of the materials taken into the body in compari

e
son with those excreted, taking into account the energy liberated in the
form of heat, and the changes in the weight of the body. This gives a
fairly accurate idea of the whole material interchange in the body, and when
the normal balance is much disturbed, it is usually easy to recognize the
effects anatomically.

It is known to every one that in carly life the anabolie, or building-up,
processes should be in excess of the Kkatabolie, or destructive, processes,
80 that growth proceeds through the assimilation and permanent retention
of much of the food materials in the form of body tissue.  In mature life
such an exquisite balanee is maintained that little change in the body weight
oceurs, while in the declining years the organs waste and the body shrinks
because the katabolie outstrip the anabolic processes,

Substances taken in as food may be used direetly for the building up of
tissue, whereupon they become a relatively stable part of the body strue-
ture, or they may be burnt to produce energy, or stored for future burning,
Such stores are essentially labile constituents of the body, ready at any
time to be moved about or to undergo rapid chemical change.  They thus
constitute the ready fuel, and it is only after they are exhausted that the
actual cell substance is consumed. It is like Palissy's furnace, into which,
when the supreme effort was being made and fuel was finally exhausted, he
cast his furniture.

Naturally, if the activities of the cells are restricted, the fuel will tend to
accumulate—even if the cell is slightly injured, so that it can no longer
make use of all the materials brought to it, we may expect them to colleet
in its body.

Under these circumstances we can often see the accumulated materials,
although we can deteet no evidence of injury to the strueture of the cell,
and it must be a matter of long experience to ascertain how much real in-
Jury corresponds with the heaping-up of such materials.

This is the ba

s of the so-called “degenerations,

of which so much has
been written.  When it was thought that the globules of fat in a cell were
the direct product of the decomposition of its protoplasm, this naturally
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indicated a great injury, but now if we think the fat merely a part of that
which is transported from place to place, finally sidetracked in these cells,
we cannot be so readily convineed of the injury to the cell, especially since
iees can arise in perfeetly normal persons
e to attempt to tell the condition of a flour

we know that the same appe
It is almost as though we w
mill which we suspect of being out of order by estimating the amount of
wheat in its hopper at any given moment. It might be better to estimate
the flour it has ground or to look for broken wheels in its machinery.

The situation is difficalt for the following reasons: Of all the substances
which enter into the material interchange of the eells, we can see only a few,
such as fat.  As shown by chemical studies, great disturbances of metabolie

activity may oceur without our heing able to see the substances concerned,
and, on the other hand, great variations in the quantity of the visible
materials in the eell need not indicate an injury to the cell.  Funetional
disability of the eell may exist without any obvious anatomi
and yet cause this stagnation of food materials, while perfeetly obvious
demolition of the cell machinery may occur in such a way that

alteration,

anatom
no heap of fuel material colleets to indicate the change.  So we must in-
terpret what we find with extreme care,

It is the aim of this chapter to discuss the anatomical changes in the
tissues produced by injuries, which are accompanied by disturbances of
metabolism.  These changes may be so slight as to be invisible, and indi-
cated only by the accumulation of materials which should have been used
up, or they may be so intense as to have destroyed the strueture of the cell,

The term degeneration is usually employed to indicate the effect of an
injury sufficient not to cause the death of the cell, but to disturb its me

olism to such a degree that the raw materials or the produets of its activi-
ties accumulate in it It is lmw'[\ used in other senses, as in the case of
hyaline degeneration, in which the eells die and are merged into a homo-
geneous mass, or amyloid degeneration, in which an abnormal substance
is deposited in the erevices of the tissue.

It would scem desirable, if possible, to abandon the term degeneration
entirely and to use others which refer more accurately to the disturbances
of metabolism or to the actual injury of the cell.  But even if we at-
tempted this, it would probably be unsuccessful, for the words are so
deeply rooted and express so coneisely a complex and obscure idea.

It must be observed that a rather limited number of raw materials
are normally concerned in the chemical processes of the body, although
they are presented in an almost infinite number of combinations, and pass
through many further changes in the eells, but the body ean deal with other
things which are not good food or drink or air to breathe, in ways which
are sometimes surprising and always more or less definitely adapted to its
protection.

Normally we take in water, air, protein, carbohydrates, and fats, to-
gether with smaller but continuous supplies of the salts of sodium, potas-

—_——
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sium, magnesium, and caleium, combinations of iron, phosphorus, sulphur,
iodine, chlorine, and minimal amounts of various other substances.  The
lack of any one of these will be severely felt, and may produce an astound-
ing upset of the whole machinery of the body.

At other times, when the facilities for dealing with one or other of these
substances are dis

wrranged, it may become necessary to eliminate them
from the food if life is to be prolonged—carbohydrates are withheld from
the diabetie and salt from the waterlogged sufferer from Bright's discase.

ATROPHY

In order that growth should oceur, or even that the tissue should maintain
its status, the machinery of the cell must be in working order.  We may
imagine that, by reason of age, this machinery might deteriorate or that
in other ways it might be incapacitated.

Evidently when this deterioration appears, the oxidizing or katabolie
processes go on, although the more difficult building up proceeds but
haltingly until the cell is hopelessly in arrears and wastes away,

The cell laboratory does not start up into activity merely beeause food is
presented—rather

it is controlled in its synthetic and analytic processes
by influences from without—from the nervous system, perhaps indireetly
through the organs of internal seeretion.  They set the pace and determine
the rate of work.  Without them tissue-cells will grow a little in such a
culture as has lately become possible, but this growth is so meagre that
their importance has become more than ever clear. When the cell does
nothing, we might perhaps, at first thought, expeet it to remain unchanged,
and so it would if we assured its complete inactivity by putting it in forma-
lin, but the inactivity of a cell is more like a houschold in which the bread-
winner stops work.

Of course, grosser influences may have the same effect—hunger may de-
prive the tissues of nutrition, pressure may so constrict the cell that
nourishment is impeded, or poisons may wreek the machinery. The
atrophy of tissues is, therefore, not a simple matter, and perhaps were the
effeets as different in appearance as the causes, we might he

‘o many words
to deseribe it.  And even though we may discover the primary reason for
the great change, we cannot always be sure of the immediate cause beeause
a vicious cirele is started each time, any part of which may be responsible
for the end result.  Can we be sure, when the museles of a limb atrophy
from disuse, whether the inactivity of the muscle-cell directly halts its
metabolism, or whether the eell wastes beeause but little blood comes to it
now, either because it fails to assist the circulation, or sinee the vasomotors
adjust the supply to its needs

as an inactive, rather than an active cell?
Wasting of the tissue may be caused by starvation, by old age, by mental

and in-
toxications, especially when associated with fever, by inactivity, especially

disease, by derangement of the internal seeretions, by infections

when caused by paralysis, by mechanical pressure, and by various other
caus
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Hunger.—According to the state of nourishment with which it starts,
the animal body can survive the complete withdrawal of food for varying
periods.  If water is available, the length of time that elapses before serious
symptoms or death results may he several weeks, especially in certain per-

sons who have trained themselves to f It is even longer in dogs
Aside from the sensations of hunger (which soon decrease) and weakness,
there are usually no particular symptoms until rather late, when phenomena
of intoxication with nervous symptoms arise on account of the irregular
decomposition of fats into g-oxybutyrie acid and acetone, with related
substances.  This acid intoxication, which may bring on coma, is not, as
a rule, seen in fasting dogs.

In a starving person the absorption of oxygen and exhalation of carbon
dioxide continue, the exeretion of urine goes on, although the fieces disap-
pear.  Wasting occurs first in the stored substances, such as fat, glycogen,

ete., then in the tissues themselves, beginning with those which are le

called into use,  Of the museles, the active ones retain their bulk longer
than the idle ones.  The liver shrinks, and the parts which retain their full
size for a long time are the central nervous system, the heart, and the
bones, although the last probably become rarefied.

While complete deprivation in this way brings about the rapid wasting
of the body, there are many mechanieal and ‘other conditions which lead
to the same result more slowly.  Any obstruction to the passage of food
through the mouth and asophagus to the stomach may gradually starve
the sufferer, and so may an obstruction at the pylorus, since nourishment
is not sufficiently absorbed from the stomach and is usually vomited after
a long stay there, Beside this, there are various nervous disturbances,
which result in inability to take food (anorexia nervosa) or to retain and

digest it, and lead to extreme emaciation.

With the advance of age, wasting hecomes evident in many

organs, if not in all, although the inconstancy with which it appears leads
one to wonder whether other factors do not also play a part.  The skin be-
comes thin and satiny, and the disappearance of fat and musele tissue
beneath it throws it into wrinkles.  The hair, after becoming white, falls
out, the teeth loosen and deeay and fall out.  The museles waste away and
grow weak, and the ligaments which bind together the bones streteh and
weaken,  Deprived of its strong muscular and ligamentous support, the
back bends forward.  The bones become rarefied, so that they break more
easily and heal with greater difficulty than in a young person.

The internal organs deerease in size and turn brown, and every cell,

through its shrinkage and the accumulation of pigment, can be recognized

as that of a senile organ.  The liver becomes a flabby, shrunken organ, of a
dark-brown color, made up of lobules far smaller than the normal; often

whole layers of liver tissue disappear, so that on the surface of the organ

blood-vessels, bile-duets, and the fibrous skeleton of the liver lie exposed

(Fig. 25). The heart becomes small and brown, with tortuous coronary
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arteries showing through the watery, brownish fat. The fat of the epi-
cardium has disappeared, and its cells are separated by fluid which gives the
gelatinous appearance to the tissue.  The heart decreasing in size is too
small for the coronary vessels, which must take a tortuous course.  Each
heart muscle cell greatly reduced in thickness shows at the poles of its nu-
cleus great quantities of a yellowish
brown, granular pigment, which stains
a little with Sudan LT (brown atrophy)
(Fig. 26). This is one of the little
known group of lipochrome pigments
which seem to arise everywhere with
the wasting of the cell-body. The
formation of a pigmented ring about
the margin of the cornea (arcus senilis)

1§ &

ot

LR
..

e AAED
-
u'»
FRINGD

MR,

—

LD
—

.
pogn

3 i

v,

i =

Fig. 25.—Superficial atrophy in a Fig. 26.—Brown atrophy of the heart. Pig-
senile liver, exposing the vessels and  ment-granules at the poles of the nuelei of the
the framework of the organ wasted fibres

is another analogous process—there, too, the pigment is probably of the
group of lipochromes.  The brain withstands this shrinkage for a long time
at least so far as its external appearance goes, though in the end the con-
volutions become narrower and separated by wide sulei in which fluid col-
leets.  Long before this the mental deterioration may have given an index
of the disappearance of association-tracts and the disabling of the cells.
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In the skeleton, aside from the general rarefaction of bony tissue, con-
spicuous deformities may oceur, such as the gradual erosion or hollowing
away of the outer table of the skull over the parietal regions until deep
grooves are formed over these regions—sometimes so deep as to penetrate
the inner table and leave the brain covered only by a soft tissue,

Mental Disease.—We know very little about the control of metabolism
from the central nervous system, but every one is familiar enough with the
lean and hungry looks of the fanatie and the sleek plumpness of such as
are content and sleep “o'nights.”  Possibly it is the constant activity of
the one and the folding of the hands of the other that cause these differ-
ences, but mere muscular activity seems not quite sufficient to account for

| it all,

In some mental diseases the influence of excitation or apathy is very
striking— in the manie depressive insanity, or folie cireulaire, the patients
pass through periods of the wildest maniacal excitement, which alternate
with others of apathy and depression.  In the maniacal periods they be-

come emaciated in the extreme, only to grow fat when they pass into the

state of depression,
Deranged Internal Secretions.— These are intimately related with the
mental condition, and it is possible that it is in some way through them that

the mental disturbance acts to affeet metabolism.  Psychic disturbances

change the seeretion of the adrenal (Cannon), and possibly they do the

same with the thyroid in such a disease as exophthalmic] goitre.  Wast-

i | ing characterizes that disease, while in the absence of the thyroid, in de-

I ficieney of the hypophysis or of the ovary or testis, fat accumulates.

| Evidently these organs have the most intimate relations with the general

i metabolism, and are in most direet control of it, for their integrity affects

! not only the disposition that is made of the labile substances, but also the
| growth of the tissues.

! Febrile Disease and Tumors.—In infections and intoxications accom-

| panied by fever the whole metabolism is so adjusted that the katabolie

| processes are in excess, and it is thought that in time the tissues themselves

| are attacked and oxidized. It is, therefore, not surprising that extreme

degrees of emaciation are found in cases of protracted infections with

fever—the long-standing cases of pulmonary and bone tuberculosis or
typhoid fever are examples,

But the same appearances sometimes accompany the ravages of certain

! tumors, even when there is no bacterial infection, no uleeration, and no

fever.,  Not all tumors can do it, nor are the emaciation and evidence of

poisoning dependent altogether upon the size of the new-growth—instead,
i | such symptoms as weakness, pallor, loss of weight, lowered resistance to
infeetion, and all the other signs of what has long been called * eachexia,”

may be the first indication of the existence of any tumor.  For this reason,

although one might imagine that much food and body substance would be I

used up or diverted to the formation of a large new-growth, it is necessary
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to believe, when the tumor is very small, that it disturbs metabolism
through some poison which it distils or whose formation it favors,

In such emaciated people the fat from the wasted subeutancous tissue
seems to be lodged in the liver and other internal organs whose cells are
unable to dispose of it.

Inactivity.—More local in its cffeets, and scarcely capable of causing
anything resembling the general emaciation which is seen under the fore-
going conditions, inuet ivity may stop the growth of the tissues of the young
and lead to the wasting of those of adults. In such organs as muscles the
foreed repose which follows the rigid splinting of an extremity or the un-
bending fixation of o joint is quickly followed by a decrease in the size of
the muscle which can be seen to be the effect of wasting of the separate

Fig. 27.—Atrophy of muscle with igmentation and concentration of sarcolemma
ph) I
nuelei.

fibres until, with the loss of fibril after fibril, they are reduced to remnants
of thread-like thinness or disappear entirely (Fig, 27). Generally, the
sarcolemma nuclei remain and collect together until they form long beaded
rows in the collapsed sheath. But they disappear also in time, and their
place is taken by a little fat or by fibrous tissue which contracts so as to
pull the joint into a fixed position.

When the inaction follows the cutting of the nerves or destruction of the
motor nerve-cell in the anterior horn of the spinal cord (as in the so-called
progressive musecular atrophy), the wasting is even more rapid and com-
plete. It seems that even when the normal musele is perfectly quiescent
there are impulses reaching it constantly through the nerve which main-
tain its tension or tone, A kind of tremulous, tuned-up state is kept up




64 TEXT-BOOK OF PATHOLOGY

which prevents its complete inertness, and this involves a certain metabolic
activity.

When the nerve is cut, all these impulses cease and the muscle sags down
quite flaceid—compared with the oxygen and carbon dioxide exchange of
the intact resting muscle the metabolism of this paralyzed muscle is almost
nothing, and henee, no doubt, its rapid wasting. Doubtless, as was sug-
gested before, the decreased blood supply to a paralyzed limb adds to the
tendency to waste, although it cannot be regarded as the most important

factor.

Fig. 27 Atrophy of muscle-fibre Juvenile muscular dystrophy
I

Other things than muscle waste in these same circumstances—the hone,
the ligaments, even the skin, become atrophie in a paralyzed extremity
We have little experience with changes that might occur in internal

organs deprived of their nerve supply, but they are rendered inactive in
other ways, and chiefly, perhaps, by the oeclusion of their duets or by com
pression.  Examples of the former are discussed elsewhere (hydronephrosis,
pancreatic duet occlusion, ete

The seeretion accumulates and distends the duet, finally compressing

the gland tissue so that the nutrition of the cells is interfered with, The




ATROPHY 65

whole gland may be converted into a thin-walled sac containing the secre-
tion under high tension.  The other factors which play a part in completing
the destruction of the tissue are no doubt the compression of the blood-
vessels, which now run in the tense wall of the sae, and the stoppage of the
funetion of the seereting cells,

We know little about the
if the concentration of any

etual mechanism of secretion, but it seems probable that
n

nt of the seeretion in the sae becomes very high, it will
be impossible for the cell to continue to pour more of that substanee into the solution
That part of the eell's metabolism will come to a standstill, although it is shown that if
, secretion will begin again at once. Tt is possibly somewhat as though
two salts were in solution.  If from these a new salt ean he formed which alone of the
four possible combinations is capable of ¢

the sae be emptic

seaping by osmosis from the solution, that salt
will he formed and eseape until all its constituents are gone.  Not so if it cannot be re-
moved—it will be formed until a balance is

Thi abolism which follows seetion of the nerve,
but it is equally eapable of exposing the cell to continued, if gradual, breaking-down
processes,

shed and then all interaction will eease,

is different from the cessation of me

Pressure.—(C'ontinuous pressure, if applied to sensitive tissues firmly
enough, may cut off the entrance of blood completely so that the tissue
dies.  This is the fate of the skin and underlying tissues in the formation
of bedsores or “decubitus uleers™ in bedridden and emaciated persons
whose tissues are already poorly nourished.  Where their prominent bones
touch the bed, the skin is kept pressed bloodless and quickly dies.  But
if the pressure is less violent, the eells of the tissue dwindle away slowly.
This is once more a question of inadequate nourishment, for not only are
the blood-vessels partly closed, but the cells themselves are compressed,
80 that absorption of nutriment and the earrying on of their funetions sink
to a low ebh,

This is seen particularly well about a tumor-nodule growing in such an
organ as the liver—all the surrounding cells and capillaries are flattened
and gradually disappear.

One might expeet the aceumulated food-stuffs, such as fat-globules, to disappear first,
and after that the eell-body itself, but it appears that if the cell is eaught with fat-
globules in it, it may be unable to use them up before it itself is quite disabled, perhaps
by laek of oxygen.  Therefore the liver-eells immediately next to the advancing tumor-
nodule may be loaded with fat, though most exposed to pressure (Fig.

The effeet of pressure in distorting and perverting the growth of tissue
is seen in the misshapen heads of some French pes

ants and certain In-
dians, in the erippled feet of the Chinese women, and the constricted livers
of the fashionable white women of past generations. Numerous otl
instances are found in the compressed and distorted organs, and limbs
found in malformed infants as the result of amniotic adhesions in intra-
uterine life.

Another example commonly adduced is the effect of aneurysms upon
the tissues upon which they impinge.  Soft tissues yield in front of them—

(§]
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hard tissues, like bone, are hollowed out before them.  But T cannot be-
lieve that this is merely a pressure atrophy, for one finds the bone actually
comminuted, as though with a hammer, and the fragments bathed in blood
and attacked by great phagoeytic giant-cells (osteoelasts).  In the ver-
tebral column the centra of the vertebrie are thus exeavated, while the
intervertebral dises project unchanged (Fig. 29).

Decreased blood supply is commonly held to be a prominent cause of

Fig. 28, —Compression of liver-cells about a metastatie tumor-nodule,

atrophy without questioning more closely the nature of the examples that

are always presented.  Deereased blood supply does oceur in regions or
organs which we find in a state of atrophy, but it must be asked whether
it is cause or effect.  The blood supply may be decreased by pressure on
the supplying artery, or hy contraction of the vessel or the narrowing of
its lumen by abnormal thickening of its wall,

If effective occlusion of the vessels occurs rapidly, the tissue dies—if




67

ATROPHY

gradually, a collateral or roundabout cireulation is developed and no
effect is produced.

Probably such a situation as is found in the Kidney in which arterio-
selerotie narrowing of the blood-vessels limits the blood supply without
recourse, could be most satisfactorily given as an example of atrophy of

Fig. 20.—Destruction of vertebre by aneurysm.  Dried specimen with aneurysmal sace

n yilu

the tissue from this cause, although, as in the senile ovary or uterus, in
which the arteries hecome gradually obliterated, the wasting of the kidney
might be explained otherwise.

In a kidney recently observed there were two supplying arteries, one of
which had long been oceluded by a thrombus.  That half of the Kidney
was shrunken, in sharp contrast with the other half.
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CHAPTER VI
DISTURBANCES OF FAT METABOLISM

Neutral fats and lipoids. Their source, absorption, distribution, and functions. Patho

logical disturbances

Ir we attempt to discuss the disturbances of metabolism in their relation
to pathology, we must remember that the methods of pathological anatomy
which show alterations in the tissues consisting of destructive changes of
the cell structure, on the one hand, and accumulation of the mater
concerned in metabolism, on the other, must give us only the most in-
complete and even misleading idea of what is taking place.  Many of the
protein or albuminous materials are in solution and invisible, and even when
we make them visible by coagulation, it is impossible to recognize them
definitely.  The same thing is true of the carbohydrates, since glycogen

is the only form that we ean demonstrate histologically.,  Sometimes we
ely when they are in the form in

can see fats and lipoid substances, but re
which they take part in the actual funetion of the cell—rather it is when
they are stored and inactive, or when they are thrown out of the current
of the life of the cell as stagnant material, that they can be seen.  Indeed,
we are doubtless wrong even in trying to consider proteins, fats, and car-
bohydrates separately, for in their relation to the processes of life they
seem to combine into the really important substances with which we are
only indireetly acquainted.  Fat we know as it appears in adipose tissue
or in globules in other cells, but fat in what may be a lipoid proteid com-
bination as it exists invisible in the eell and recoverable from it only after
the cell is reduced to débris by digestion, we scarcely know, although it is
probably in that form that it is most important.

It seems that in these combinations, varied as they are, we may find
the agents of many of the extraordinarily efficient chemical processes that
go on in the body. This should be the ground for diseussion in pathology.
It should form one of the principal chapters, if we only knew enough to
bring it into the field; on the other hand, it seems hardly worth while to
deseribe in detail the various places where abnormal accumulations of some
of the inert separated constituents of these specialized expert bodies are
laid up so that we ean see them.

If we could do more than guess at the nature of most of the disturbances
that wreck the machinery and heap up the raw material or the slag, it
would be something, but even that is commonly obscure. Nevertheless,
we must tell what we can with our surmises about the true inwardness of
the actions which have left these traces.

68
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Of all these substances, as long as we have been in the habit of separating
them into three great elasses it has been the custom to regard the proteins
as the most important, the real basis of life, the substance of protoplasm,
while the fats and lipoids or fat-like materials were looked upon as fuel and
as useful in other vaguely understood ways, possibly as insulating materials
in the nervous system or even as padding underneath the skin to keep the
body warm. Carbohydrates scemed essentially fuel for rapid burning;
now, however, in Ivar Bang’s phrase, the lipoids are beginning to be recog-
nized as actors of extreme importance, with roles of unsuspected delicacy
and complexity. Even yet the carbohydrates have not met with what
may be a deserved recognition, but it is becoming clearer that it is the
ensemble action, and not the part played by the isolated fragments,
which we salt out or extract with ether, that brings about the wonders of
life.

FATS AND LIPOID SUBSTANCES
The fat-like bodies soluble in organic solvents, such as ether, aleohol, chloroform, or
benzc
neutral
word.

re defined by Bang as lipoids. 1t is perhaps common, however, to speak of the
ats as fats, and of the rest as lipoids, sinee that must have been the origin of the

OF this great group there are almost innumerable examples, and the series may per-
haps be extended to forms as yet unsuspeeted, but in human physiology and pathology
tively few concern us.

follows, according to Bang:

. Fats—lipoids of the aliphatic series containing only ', H, and O, without N or
P

2. Cholesterines—lipoids of the aromatie series containing only ¢, H, and 0O,
without N or P’

. Phosphatides—lipoids containing N and I in addition to €, H, and O

Cerebrosides—Ilipoids containing N but not P, together with ¢, H, and O

5. Other important but little understood lipoid substances, which include the

lipochr

o

"

nmes

The details of what is known chemically of these substances must be read in such works
as those of Leathes, Bang, Jolles, and others, and only the barest outline can be given
here.

Fats.—These, which form the great bulk of the subeutancous and other depot fat,
are esters of glycerin with fatty acids.  For the most part those which oceur in the animal
body are triglycerides of stearie, palmitie, and oleic
as in milk, butyrie, eaproi

acids, but in certain secretions,
and other fatty acids oceur.
A typiea! formula is as follows:

CH—O0—0C—C;Has
CH —0—0C—Cy;Hsy
CHe—O0—0C—C; Hy
which is triolein.

The difference in their melting-points and other characters, and in the proportions in
which they oceur in the fat of different animals, are all well known, and one realiz
if sheep-fat is more solid at room temperature than human or dog fat, it is becaus
contains more tristearin and tripalmitin and less triolein,

Such fats may be saponified or broken up by the action of alkalies into glycerol and

that
it
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goaps, or combinations of the alkalies with the fatty acids.  In another way they may
be separated into their constituents, glycerol and fatty acid, by the action of a ferment
(lipase), and this action is reversible

The cholesterines oceur in wide distribution throughout the body as constant con-
stituents of the cells and body fluid, either free or in combination with fatty acids (cho-
lesterine esters), often in solution, but sometimes, as in the adrenal cortex, in the form of
Crystals of free cholesterine are found under pathological conditions,  The

globules
It is a com-

formula for the cholesterine found in the human body is given as Cy HyO
plex terpene, bearing no relation to fats, carhohydrates, or protcins, but consisting
probably of a saturated eyelie system with the character of a secondary alcohol, sinee it
can form ketones, and also with fatty acids, esters. It erystallizes in flat, rhombie
plates which often show broken or reéntrant angles
The phosphatides are of the very greatest biological importance, and enter extensively
into the strueture and funetion of many organs.  They fall into the following groups
(Bang, Thudichum, Aschoff
1. Monoaminomonophosphatides (lecithines, kephaline) (glyeerophosphorie acid
esters of two fatty acids and choline)
2. Monoaminodiphosphatides (cuorine, ete.).
3. Triaminodiphosphatides (sahidine, ete.)
Of the phosphatides containing saiurated fatty

All of these contain unsaturated acids
acids we have
1. Diaminomonophosphatides (sphingomyeline, ete.).

5. Triaminomonophosphatides

Of these substances, the knowledge is essentially vague, sinee practically none of them
ean be obtained in a pure state, partly on account of their labile character.  The best
known are probably the lecithines and kephalines, although they too are enveloped in a
ainty, and one cannot say whether these fragile substances which are

haze of uncer
strained out of the brain and other organs ever existed there in the form in which they

come to light
Lecithine, which forms sticky, waxy white or orange masses, is given the formula:

OH

|
CHO—PO—0—C4H,
| (CH:)i=N
CH OR ol

CH.OR

That is a glyeerophosphorie acid ester of two fatty acid radicles (one of which is unsat-
urated) in combination with choline. It is soluble in alcohol and other lipoid solvents
except cold acetone; it unites with acids and bases, with carbohydrates and with pro-

teins (vitelline, lecithoalbumin).
Kephaline is a resin-like, crumbling, hygroscopic substance, soluble in ether, ete., but

not in aleohol or acetone, It is the chief phosphatide of the brain, and is otherwise

widely distributed. Bang gives the following probable constitution:

OH

|
CH.O0—PO—(

|
CHO—CyHs0  CH—N

CyH,

I
CHO—CyH, 0 OH

and linoleic acids with a monomethyl-

which is a glycerophosphoric ester of stearic
choline.
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The Cerebrosides.—These ure glucosides, and being disintegrated, yield a sugar, galae

tose, fatty acids, and o nitrogenous substance, but no phosphorie acid.  They occur in

the white substance of the brain, the blood, spermatozoa, ete. The most important
are perhaps the phrenosin and kerasin of Thudichum

The other little understood lipoid substances, which include the pigmented fatty
granules found n wasting cells (lipochromes), and probably various substances con-
cerned in immunity, re

win to be investigated.

It has been said that these substances are sometimes recognizable as
such (neutral fats, cholesterine esters, ete.), but most of them are extracted
from the organs by the aid of various solvents, and freed from impurities
by different chemical manceuvres. 1t is, therefore, hard to feel sure that
in the living organs they exist in the form in which they are finally studied
and not rather in some easily disturbed combination with proteins or other
substances.  Some of them are readily dissolved out of the eells, in which
they can be seen as globules of pure fat; others appear to be loosely ad-
herent or adsorbed in fine, invisible layers about other substances in the
cells.  They can be extracted too without great difficulty, although they
aannot be seen with the microscope in the cell.  Still others are so firmly
held that they seem to be in chemical combination with the materials of
the cell, and these, naturally invisible in the cell; can be extracted only
after the tissue is digested or hydrolyzed so that its chemical compounds
are disintegrated. That there is constant change in their relations is in-
dicated by the way in which the simpler fats undergo lipolytic decomposi-
tion into glycerin and fatty acids, followed by the formation of soaps,
their decomposition, and the reconstruction of fats,

As Aschoff says, the pathological anatomist is most interested in determin-
ing in what form these lipoid substances become morphologically visible, and
by what means their specific composition can be recognized. The chemist, on
the contrary, must be content with analyzing the lipoids which remain to him
after his tortuous methods of extraction, separated thus by a gulf from their
original relations, and perhaps even entirely changed in their characters.
It is the biologist who must try to combine these two sets of information
and attempt to learn the functional réle which the lipoids play in the body.

The anatomist applies with success certain methods to the study of fats
in the tissues. There are stains which color all lipoids, such as sudan,
others which stain neutral fats red, phosphatides blue, such as Nile-blue
sulphate; osmic acid is blackened by fats of unsaturated acids; cholesterine
esters are doubly refractive.  Phosphatides and soaps form bizarre myeline
figures, and so on. Great ingenuity has been applied to the recognition
and distinetion of fatty bodies by these methods (which must be read in the
works of Aschoff, Kawamura, Versé, and others), but they are still very
imperfect and unreliable, except in the simplest situations.

SOURCE, ABSORPTION, TRANSFORMATION, AND DEPOSITION OF FATS
Since similar substances oceur in the tissues of other animals, it is probable
that a great source of the fats in the human body is to be found in animal
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food. Some are derived from vegetable foods, and others are produced in

the body from carbohydrates, and since carbohydrates ean be formed
from the decomposition produets (amino-acids) of proteins, no doubt fats
are thus indireetly derived from proteins.  Cholesterine comes to us in

animal food—how 1t is produced in the bodies of herbivorous animals is
not perfeetly elear, but it probably ar from the phytosterines which ar
found in plants

I'aken into the intestine, the absorption of fats occurs by the action of
lipolytie ferments, which produce glycerin and soluble soaps, which are
reconstituted into fats in the intestinal wall, or by direet passage of un-
changed fats, perhaps with the aid of the bile.  Whether in the reconstitu-
tion in the intestinal wall the foreign fats are remoulded into human fats
is uncertain. Undoubtedly, some foreign fats go through unchanged to
the tissues, but since the fats of animals are characteristie, the remoulding
must take place somewhere, possibly in the course of numerous decomposi-
tions and reconstitutions which accompany the wanderings of fat in the
body.  How cholesterine and its esters enter is not investigated.  Choles
terine fed to rabbits is lodged in the tissues largely in the form of choles-
terine esters. The advent and transformation of phosphatides and cere
brosides are even more obseure,

Distribution in the Body.— Ncutral fats are, as every one knows, lodged
sometimes in enormous quantities, in what are roughly known as fat
pots, among which the subeutancous and intermuseular tissues, the hone-
marrow, the mesentery, omentum, and retroperitoneal tissues, the epi
cardium, the tissue about the kidneys, and the tissues of the orbit furnish
examples.  In very obese persons the fat, after filling these places to their
utmost, seems to overflow into the most unexpected loealities— adipose
tissue extends through the wall of the heart and appears under the end

cardium; it pushes apart the lobules of the panereas, and even spreads

round to the free surface of the intestines,  In every case the fat is incloscd
in cells.  In the infant one may readily observe that the adipose tissu
falls into lobules which are easily separated.  These are seen to be sharply
outlined, gland-like structures, peovided with an extremely rich eapillary
cireulation, and composed of polygonal cells with very granular protoplasm
which contains only the beginnings of the accumulation of oil-globules
which will ultimately distend them (Fig. 30).  Such lobules are quite dis-
tinet from the surrounding loose conneetive tissue, which contains no fat,
and are very conspicuous in any section which passes through adrenal or
thyroid since a comparison with those glands is at once suggested.  They
have even been deseribed by Pende as organs of internal seeretion, and
perhaps the specificity of the adipose tissue is almost sufficient to justify
him in such an idea. In later life they disappear because so much fat

gathers in their cells that the protoplasm b omes a mere film about the

great oil-globule—the separate lobules of this tissue swell until they touch
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one another, the intervening fibrous tissue is lost to view, and we seem to
have a homogencous adipose tissue

It would be interesting to be able to show that all adipose tissue is of this
nature, but probably in obesity fat accumulates in other connective-tissue
cells which have no specifie relation to its metabolism

Neutral fat oceurs in the blood plasma and in the Iymph and chyle, and
thus indicates the mode of transport from one part of the hody to another,

Fig. 30.—Adipose tissue of feetus.  Lobule of specialized connective tissue in which
fat accumulates,

and from the digestive tract to the tissues. It is found in the cells of many
parenchymatous organs, such as the liver, adrenals, and others, where it
may be merely stored, or where its presence may be explained in other
ways which shall be discussed later,

There seems to be little evidence to show that such neutral fats, aside
from being foods and the source of energy, play any very complex part in
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the life of the cell.  Gn the contrary, although we do not know exactly
how they are distributed in the tissues, we cannot escape the impression
that the phosphatides, the cholesterine compounds, and cerebrosides are
absolutely essential elements in most of the important functions of the
cells.  Fach new investigation reveals their silent and unsuspected par-
ticipation in the most fundamental processes

It is known that even when the microscope, aided by the most effective
staining methods, reveals no trace of fat in the tissues, a large quantity
can be extracted by chemical methods, A perfeetly normal human Kidney
which shows no recognizable fat yields 10 to 20 per eent. of its weight upon
digestion and extraction.  This fat must have been in some extremely
fine state of division, or else in chemical combination, such that it failed to
give the usual staining reactions.

None of the hypotheses about this disposition of lipoids in the cell has
up to now been satisfactorily proved, and they are the subject of much
dispute. It is Overton’s idea that each eell is bounded by a very thin
lipoid membrane which controls the entrance and exit of the substances
which reach the cell.  According to this idea, drugs like narcoties, which
are usually soluble in fats, gain casy access to the cell, although it does not
appear quite easy to understand how these substances leave the lipoid
membrane to enter the watery cell-body.  On the other hand, the passage
of salts in and out becomes difficult, and the theory is foreed to resort to
the vital activity of the cell to explain these things. Nevertheless, the idea
of a lipoid enveloping membrane for cell and nueleus is very generally held.

Within the cell similar lipoid membranes :
and perhaps to cover some of the specific granules—at any rate, there

¢ supposed to line vacuoles

is much to show that the fine globules of fat which appear in the cell pro-
toplusm do so in relation with mitochondria, or, as Benda claims, rather
with the vegetative granules, the plasinosomes,  These granules aceumu-
lating fat about them finally take on the form of globules.  But even with
these explanations it is evident that there must be much lipoid material
in the eell in an invisible form.

FUNCTIONS OF FATS AND LIPOIDS
The most obvious and best known function of the fats lies in their acting
as food-stuffs.  In their oxidation to set free energy in the form of heat or
work, they require more oxygen than do carbohydrates, so that the res-

| . 0 ok ; :
piratory quotient or ratio, ==, 18 about .795. They form, of course, since
they can be conveniently stored, the ideal material for the accumulation of

a source of energy. Nevertheless, we must suppose that they also take
part in aiding the growth of the tissues through furnishing material for

their constructive processes.
If it be true that they form lipoid membranes about each cell, each nu-
cleus, and each vacuole, it must be agreed that they are primarily instru-
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FUNCTIONS OF FATS AND LIPOIDS

mental in regulating the ¢

imilation of the cell and in permitting it t

control in a wi

v the substances which present themselves for absorption.

The part played by lipoid substances, especially the phosphatides and
cerchrosides, in the construction of the nervous system, must be of prime
importance, although we approach its contemplation so awkwardly by
extracting them from the ground-up brain.  From their arrangement in
the myeline sheaths of the nerve-fibres it would appear that they may act
as insulating substances which insure the passage of the nervous impulse
to the correet end-organ; in other words, that they serve a purpose analo-
gous to that of the rubber and shellae in a complex electrie cable, or even
in the brain, to that of the more elaborate insulation in the interior of
the dynamo.

In their relation to enzyme action the neutral fats are played upon by
lipases which oceur everywhere in the organs and fluids of the body, as
well as in the digestive juices.  Anti-lipases which inhibit this reversible
action exist also.  The lipases which must exist to control the decomposi-
tion of cholesterine esters and of the phosphatides (lecithinase, choles-
ferase, ete.) are not yet even ('l‘l":lill]_\ demonstrated. ]‘;lllu nl.ju-(-l\ that
experiments carried out to show that such lipoid substances may influence
the action of other ferments are inconclusive, but Jobling has shown that
the decomposition produets of some fats—unsaturated fatty acids and
their soaps—have the most decisive inhibiting action upon proteolytic
ferments, their power being in a sense porportional to the degree of un-
saturation of the fatty acid. So universally is it true that such unsatu-
rated fatty

weids can impede the action of proteolytic ferments that many
pathological conditions (such as the persistence of caseous tuberculous
material in its solid form) can be shown to be due to their presence,  If
they are rendered impotent by saturation of their unsaturated group with
iodine, the proteolysis goes on rapidly and the caseous tubercle or gumma
rapidly softens.

In the complex process which oceurs in the clotting of blood Howell
has shown that the thromboplastic substance derived from the tissue is a
lipoid, kephaline. It has been shown that certain lipoid substances,
especially cholesterine, can act as inhibiting or neutralizing agents toward
such hemolytic poisons as saponin, cobra poison, et

., through forming
with them an innocuous compound. By some (Takaki) it was thought that
lipoids of the nervous system, phrenosin, cerebron, ete., could neutralize
the tetanus toxin, but this is contradicted by other

the so-ct

and is uncertain,  In
lled “Wassermann reaction” lipoid substances act in a some-
what similar way to combine with or absorb the complement and with-
draw it from combination with the blood-corpuseles.

Our knowledge in this direction is very slight; nevertheless it is enough
to suggest the possibility that lipoid substances may sometimes accumulate
in an organ for the protection of the eells of that organ from toxic injury.
On the other hand, lipoids may act as toxic substances or as activators of
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toxins, Of these, the toxic ones are foreign lipoids, such as may be ex-

tracted from bacteria.  The fats from the tuberele baeillus may produe |
lesions somewhat resembling those caused by the orgarisms themselves I
It is in connection with hemolytic poisons, such as cobra venom, that ‘
lipoids (leeithin) are found to behave as activators.  Regarded at first

representing the complement according to Ehrlich’s theory (Kyes), it now l
seems more probable that the lipoids may aid in transferring the poison to

the eell; sinee the “lecithid ™ is apparently only a solution of the venom in

lecithin (Bang).  The direct production of immunity against lipoid sub-

results, bur the matter still

stances used as antigens has given some vague
remains to be investigated,

Undoubtedly the lipoids fill an important position in many ways, in re-
lation to the processes of immunity, but for the further discussion of the
matter reference must be made to works upon that subject

Cholesterine compounds are known to exist in the eireulating blood and
in the adrenal cortex, as well as in other tissues. What must be a significant
index of their importance is found in the course of pregnancy, when there
comes a gradual but great inerease in the quantity found in the blood,
great storing in the corpora lutea, and, with the end of pregnaney and be-
ginning of lactation, an outpouring of cholesterine esters with the first
milk.  After that the proportion deereases in the milk, and in the blood
sinks back to normal.  Why this should be is not known, but the flooding
with cholesterine esters seems to have a proteetive influence of some kind
since under those circumstances animals will survive the loss of the adrenal
gland far longer than non-pregnant controls, and, indeed, the injection of
cholesterine esters seems to have the same influence (Stewart).

1 PATHOLOGICAL DISTURBANCES OF FAT 1
So far we have attempted to review the normal relations of the lipoid sub f
stances in the body, and finding our knowledge so woefully incomplete sl
there, we turn not very hopefully to their study under pathological con- D
ditions, in

Obesity.— From what was said of the normal use of fats as food we may
Judge that a certain balance is maintained in the storchouse of the body. th
Nevertheless, the consumption of a great exeess, especially an excess of Fy
fats and oils and of carbohydrates, tends, in persons who lead an inactive, the
sedentary life, to cause the accumulation of exeessive fat in all possible aci
depots in the body.  Even the seereting cells of parenchymatous organs, ma
such as the liver, become somewhat richer in fat than normal, although it soll
is by no means in obese people that one finds the great colleetion of fat in ent
the diver-cells,  The storing-up of fat can be prevented and the fat made inti
to disappear by active exercise, massage, ete., or even by hot baths, which A
seem to hasten its consumption.  But every one has noticed that the of ¢
obesity which comes from mere sedentary habits and overeating is in most sear

persons a mild kind of disability; other people, even with the greatest nory
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abuse of these things, remain quite thin, while there are certain unfortu-
nates who, in spite of efforts to limit their diet strietly and to take abundant
exercise, grow enormously fat. It seems possible that in these cases there

may exist some defeet in such organs of internal seeretion as the thyroid
or the hypophysis, whose seeretion appears to enhanee the activity of
metabolism in general. In known cases of hypophysis defeet in young
persons great obesity arises with retardation of sexual development, and in
cases in which the thyroid has been destroyed a similar, if less extreme,
obesity may arise.

Diabetes. In |»:|In'l'(-:||i|‘ diabetes another disturbance of internal
seeretion in which the consumption of carbohydrates is made difficult, an
abnormally violent attack is made upon the fats, which are turned into the
blood=stream for transportation in such a way as to give the serum a milky
appearance (diabetie lipemia).  The irregular consumption of these fats
leads to the production of the poisonous acetone bodies.  (See Diabetes.)

Degeneration of Nerves.—It has been pointed out that lipoid bodies
form the coatings of nerve-fibres, as though to insulate the axis-cylinders
within these myeline sheaths.  When the nerve dies through being cut
through or from the destruction of its eell-body, the lipoids of the myeline
sheath about the dead axis-cylinder disintegrs

¢, leaving globules of the
decomposition produets which now blacken with osmic acid in a way foreign
to the myeline itself (Figs. 31A and 31B).  Saponine attacks and combines
with the lipoid sheath of the nerve and causes paralysis.  Many other sub-

stunces, most of which have certain affinities for lipoid materials, cause in-
juries to the nerves, followed by inflammation or by paralysis.  Lead palsy,

arsenical and aleoholic neuritis, the neuritis oceurring in the intoxication

associated with pregnaney and in diabetes, are examples of this vague con-
necetion,  Beriberi, a form of multiple neuritis, is supposed to result from
the lack of a lipoid constituent belonging to the covering ol the rice grain,
sinee it occurs in persons fed on polished rice. This is not yet satisfactorily
proven, but all these things point to the possibility of a common character
in the affection of nerves due to disturbances in their medullary sheaths,
Anzmias.— The same vagueness and uneertainty prevail with regard to
the part played by the lipoids in the production of some forms of anwemia.
FFaust and Tallquist thought that the pernicious type of anwemia caused by
the bothriocephalus was due to a lipoid which they L ter stated to be oleie
acid, but this is searcely probable,  On the other hand, many of the toxie
mate

s which produce anwemia, such as benzole, are solvents of lipoids or
soluble in them, and it may be through this relation that the lipoid constitu-
ents of the red cells are attacked.  The whole question of hwemolysis has
intimate dependence upon the lipoid content of the cells,

Abnormal Accumulations of Fats and Lipoids in Organ Cells.—One type
of evidence as to the role of the lipoids in pathological conditions which has
scarcely been touched upon is found in the anatomical recognition of ab-
normal accumulations of these bodies in the cells of the organs.  This,




FTEXT-BOOK OF PATHOLOGY

8

which has always formed the chief interest of pathological anatomists, is

after all, at most only an indication of the disability or injury of those cells

md has relatively little bearing upon those functions of the lipoids whicl
of fundamental importance

are beginning to show themselves ¢

Both neutral fats and globules or granules of other lipoids, especially the

Fig. S1A.—~Normal nerve,  Osmie aeid (Marchi) tinges the myeline sheath

(Marchi Lipoid medullary sheath reduced to fat-like

Fig. 318B.—Degenerated nerve
globules which stain black with osmie acic

cholesterine esters, and probably also the phosphatides, may appear in ab-

normal situations. Since they are normally present in some organs, we

recognize their abnormal character by their unwonted situation or some-

times by their quantity.
The source of these fats has long been the subject of dispute, the main

e ppts e
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question being whether they are derived from the substance of the eell in
which they are found, or transported thither from some depot of fat or
other source,  This problem has lost much of its interest, since we have
learned that much of the fat is transported, while some is made visible (fat
phanerosis) by being liberated from its invisible combinations in the eell.
The old question as to the production of the fat-globules at the expense of
the protoplasm of the cell is now hardly discussed in that form,

\ few examples of such fat accumulation may be mentioned before con-
sidering further the nature of the process

In the heart one may find, in cases of long=stunding anwmia, or chronic
infection, or intoxication, or in dis-

e

turbances of the coronary ecircula-
tion, especially in the inner layers
of its musecle, a vellowish  pallor
which, on close inspection, is found
to be due to innumerable minute
streaks and patehes of opaque yel-
low which shine through the endo-
cardium and give the checkered ap-
pearance which has long heen ealled
tigering or the faded-lea® appearance
Ribbert thinks that the
patehes correspond  with minute ir-

regularities in the distribution of the
capillary  blood  supply, and that
local anwmia produces them.  Mi-
croscopically it is found that the
vellow patehes show heart musele-
fibres in which myriads of minute
globules, ranged in transverse and
longitudinal rows, lie in the sarco-

plasmie dises (Fig. 3:

In the liver, where there is nor-
mally some fat in the cells, various  Fig. 32—Fatty heart, showing mottling
conditions can arise.  The whole or- of myocardium
ganmay be enormously enlarged, yel-
lowish white, with swollen round edges, and on section greasy to the touch,
rigid, and inelastic.  In such a liver almost every cell is found stretehed with
one or more globules of fat, so that the nucleus is flattened to one side and
only a thin film of protoplasm remains.  In others fat is found about the
efferent vein, in the middle zone, or about the portal veins, but not with
such sharp consistency that one can well associate these forms of distribu-
tion with different @tiological factors. Whenever there is a destructive
lesion of the liver-cell, as in chronic passive congestion or focal necrosis
involving part of each lobule, fat generally accumulates in the cells just
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adjacent to the injured cell, and therefore usually between them and the

portal vein radicle.  Sometimes the fat is in large droplets, sometimes in
Probably these arise differently, hut

small ones or granule-like particles

basis for declaring, as Virchow did, that

they can surely not he made the

the first indicate a physiological infiltration, the second a “fatty degenera-
tion,” in which the fat is produced at the expense of the cell-body

In the Eidney fat-globules colleet in the epithelium of the tubules, most
often in the convoluted portions and in the glomerular epithelium, hut

i Fatty heart muscle.  Fat-globules in fibres stained with osmic d
appearing also in the condueting tubules (¢f. Fig. 19).  They lie usually
near the base of the epithelial cells at first, but later, when the quantity is

Such fat is suflicient

greater, they may occupy most of the protoplasm
to give a very opaque yellow color to the labyrinthine portions of the renal
cortex, and in much searred and distorted Kidneys it is seen in patches where

the tubular tissue is best preserved.

s which are the seat of arterioselerotic

In the aorta and smaller arteric
processes futs accumulate in the intimal thickenings and give them their

opaque yvellow color,
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Jut it is impossible to refer to all the situations in which the cells may
thus be the lodging-place of abnormal fats.  Somewhat different in prin
ciple are those colleetions of fat which form in the living tissues around foci
of neerosis in the brain, in which multitudes of phagoeytic cells are found
loaded with globules of fat derived from the disintegrating brain substance.
These are analogous to the fat-laden zones of tissue about infarctions or
absceesses or in the neighbovrhood of tuberculous lesions which have de-
stroyed much tissue.  The cells bordering upon a growing tumor are laden
with fat, and so are those whose nutrition is affec n uny other mechan-
ical way by the cutting off of the blood supply.  Even the malnutrition
which comes in company with general anemia, such as pernicious anwemia,
brings with it extensive stagnation of fat in all the organs.

Not all this fat is alike chemically or physically.  Nearly always there
are globules of neutral fats, but in the Kidney the selerotie plaques of the

aorta, in the desquamated epithelial cells of the alveoli adjoining tubereu-
lous lesions in the lungs, in the phagoeytic eells about infarets of the brain,
and in a thousand other places, many of the globules have a different na-
ture. They shine dully; under the polarizing microscope they show a

brilliant outline; on heating they disappear; on cooling again they start

back into view suddenly as lliant, round, doubly refractive globules,
showing a Maltese cross of light.  These are cholesterine est and have
the characters of the myeline bodic ribed by Virchow (Adami).  Cho-
lesterine erystals are often assoc [ with them, and probably various
soaps, although these must be of ther evanescent character.  Whether
combinations of phosphatides rebrosides oceur in these places too,
our present technical method t reveal elearly, but it seems inevitable

that they should be there es) v when the lesion affects nervous tissue
But without paying too much attention to that probability, Aschoff and
others emphasize the occeurrence of degenerative changes in the cells,
accompanied by the lodgment of two distinet types of fatty substances,
glycerin esters and cholesterine esters

What explanation can we offer for the accumulation of these fatty bodies
in the cells?  Briefly, the results of the long discussion are about as fol-
lows: Virchow's idea that the fat might reach the cell from elsewhere and
appear there as an infiltration in the case of normal cells, or e produced at
the expense of the protoplasm, when it was to be spoken of as a fatty de-
generation, held sway for long years.  These two types were distinguished
by the large size of the globules of fat in the infiltration, their very small
size in degeneration.  But Rosenfeld showed, in a long series of investiga-
tions, that the cells of the liver received fat from distant depots when the
animal was poisoned with phosphorus.  He starved dogs and then fed
them on mutton fat until it was stored in quantities in their subeutancous
tissues—phosphorus poisoning then loaded the liver with mutton fat. If
the dog was so starved as to have no subeutaneous fat, nove appeared in
the liver after phosphorus. It seemed to Rosenfeld that all the fat came

l
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from outside. But an organ with abundant fat-globules in the cells need
contain no more fat on chemical analysis than one which shows none mi-
croscopically—the production of a fatty degeneration need not inerease the
total quantity of fat in the organ.  Beside the fats found, there are often
cholesterine esters which are not to be obtained from the subeutaneous
tissue, although they may well be transported from other sources, such
as the adrenal, where they have been stored.

In view of these and other facts the following explanations of the appear

ance of fat in the tissue-cell secem possible:

An excess of fat may be brought to the normal cell,
A normal amount of fat may be brought to a cell which is injured, and
therefore incapable of using up its fat with normal rapidity. Such injury
may or may not be anatomically obvious.  Impaired circulation, impaired
oxygen supply from general angemia, or toxie injury to the cell in the course
of infeetion are among the causes which might give occasion for the con-
dition.  Fat would accumulate heeause it was not properly consumed.

3. Injury of many types might disintegrate the physical or chemical
combinations of lipoids which are known to exist in invisible form in the
cells, and thus make the lipoids visible as such in the cell-body (fat phanero-

sis).

L. Tissaes in the neighborhood of areas of cell destruetion may absorh
or engulf by phagoeytie activity the fats set free from those disintegrating
tissues, as in the case of an infaret of the brain or other organ,

That fats are redistributed in the body in cases of infeetion and intoxica-
tion is shown not only by the demonstration of the fats in transit in the
blood, but by the enormous accumulation of fat in the liver in certain cases
in which the rest of the body is greatly emaciated.
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CHAPTER VII

DISTURBANCES OF PROTEIN AND CARBOHYDRATE METAB-
OLISM

General charvacter of protein metabolism.  The purine bodies.  Gout,  Cloudy swelling.
Hyaline metamor phosis Vmyloid infiltration.  Carbohydrate metabolism.  Glycogen

Protein Metabolism.— It is somewhat surprising, in view of the great im-
portance of protein materials in the constitution of the body and in the
composition of our food, to find ourselves able to say so little with regard to
the pathological alterations of the metabolism of these substances,
Doubtless it is altogether the result of our inability to see or make recog-
nizable the abnormalities that may arise.  We cannot tell, as we can in the
case of fats and carbohydrates, whether a tissue is loaded with an exeess of
protein material.  Indeed, we know rather little about the relation of
labile or food protein to tissue protein.  But one may recognize the ab-
normal loss of protein in the urine in renal disease, the passage of albumoses
into the urine in disease of the bones (myeloma, ete.), and the occurrence
of various amino-acids there when the liver has been extensively destroyed
(leueine and tyrosine in acute yellow atrophy of the liver).  Under other
circumstances there oceur eystinuria and alkaptonuria, both resulting from
disturbances of protein metabolism, and producing, in the one case, urinary

coneretions of yellow erystals, in the other, a pigmentation of the eartilage.

Disturbances in Purine Metabolism.— \ariations oceur also in the quan-
tities of urea, uric acid, ammonia compounds, ete., in the urine, and these
naturally have a direet relation to the protein metabolism.  Nevertheless,
it is rarely possible to gather any real clue as to the protein metabolism
from their v

fiations.  The disproportion in this regard is seen especially
well in the case of urie acid, a substance playi

g an important role in gout,
From the variations in its reaction it would never he possible to diagnose

gout, because even greater variations oceur in a healthy person.

GourT
This is a disease the cause of which is unknown. Tt may even be said that
the essential nature of the disease is quite unknown, since the disturbance
of a part of the protein metabolism, which is accompanied by striking symp-
toms, is evidently only the effect of some underlying disarrangement of
the machinery of intermediary metabolism, which is obscure,

Profound alterations arise in the metabolism of the purine substances,
uch that urie acid, the common end-product of fermentative decomposi-
tions and oxidations of these complex bodies, is retained in the tissues in
the form of salts of soda and ealeium, and lodges itself in cartilages and
elsewhere, causing great pain to the sufferer.

Chemistry of Purine Bodies.—T'he investigation of the chemical nature of the complex
bodies which finally yield uric acid has been made by Kossel, Fischer, Brugseh and Schitt-
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enhelm, Burian, Jones, Levene, and others, and may be read in Jones' monograph
(Nueleie Acids

It appears that compounds containing nitrogen and phosphorus, which have long been
known as nueleins or nucleoproteins, can be extracted from the tissues, and in speeial

abundance from those such as thymus, lymph-glands, or materials like pus or sperma-

tozoa, in which eell nuelei form a large proportion of the mass, These names ar
being abandoned sinee it has been shown that they mean nothing definite, and that the
characteristic constituent is a nueleic acid. 1t is from the nueleie acids that the peculiar

and important alloxurie bodies are derived by the aetion of ferments.  These, in so far

as they interest us, are guanine, adenine, hypoxanthine, xanthine, and urie acid.  All
are chemical derivatives of purine
CH (6
(2) H( ( NH
CH (8
N—( N

Representing the purine ring, with its three replaceable hydrogen atoms, by the abbre-
H (2

viated expression, P2 H (6), the relation of the five purine compounds to one another is

8
seen in the following diagram (Jones
NH i
P> OH P-NH
H H
Guanine Adenine
(2-amino-G-oxy-purine) (fi-amino-purine)
OH OH H
P OH P ol P OH
OH H H
Urie acid Xanthine Hypoxanthine
(2-6-8-trioxy-purine) 2-i=dioxy-purine) (G-oxy=-purine)

Urie acid ecan be formed from the amino-purine by deaminization and subsequent
from the oxypurines by oxidation.  The deaminization is brought about by
vary greatly in their

oxidation

special ferments, guanase and adenase, which are distinet anc

localization with animal species.  The lack of guanase in the pig's tissue seems to be the

explanation of the deposition of guanine which sometimes oceurs there (guanine gout)
As a brief indication of what precedes this, the following may be quoted from Jones

\ combination of four mononucleotides

Thymus nucleie acid, according to Levene,
each of which is a nueleoside united with phosphorie acid.  Hexose, joined to the nitro-
genous ring compound or purine group, is a nucleoside.  From this point of view the
nuceleie acid is a tetranueleoside, made up of four mononucleotides.  Levene and Jacobs

give the following formula for animal nueleie acid
HO
O PO—CH,,0,—CH,N,O
O Guanine group
HO
0O PO—CHO;—C;H;NL0,
HoO
O Thymine group
HO
0 PO—CH.0,~CHN0O
HO
Cytosine group
0
O PO—CyH,,0—C;HyN
HO

Adenine group
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The disraption of this complex takes place by the action of two ferments, which first
split the tetranucleotide into two dinucleotides, after which they in turn are split into
mononucleotides.  These ferments are phosphonuclease and purine nuclease.  Levene

wd Medigreeeanu find that nueleotidases split the nucleotides to nuclec which
further separate into earbohydrate and purine base under the action of & nucleosidase
The liberation of the guanine and adenine is well in the line of urie-acid formation;

the fate of the pyrimidine groups, thymine and eytosine, is still uncertain.  Dr. L

ene
tells me that he has been unable to find an enzyme which will decompose the nucleoside

in which they occur, and that sinee they cannot form urie acid, they are possibly exereted

as urea or in other forms.  Only 50 per cent. of the nueleie acid nitrogen ean be counted
on for the production of urie acid, namely, that in the guanine and adenine groups
The tissues of the lower animals contain a ferment, uricase, which ean decompose
urie acid, but no such ferment exists in human tissues, and urie acid is exereted as such
Urie aeid is derived from the food or from the waste of the tissues. It occurs in the
blood in small amounts, and is exereted in the urine in quantities up to one gram daily
The amount excreted is iner

od by the feeding of substances rich in nueleic acid.  The
solubilities of urie acid are inte

ting and important, sinee it has been stated hy Gudzent
that the monosodium urate exists in the blood in two forms—one, the easily soluble,
unstable lactam form, the other the isomerie, stable,

tively insoluble laetim urate

The change from one of these forms to the other may, according to him, account for the

precipitation of the urates in the tissues.  More important seems the more recent work

of Schade, who shows that urie acid or its salts may, through the influence of alkalies

(hydrates), pass into a condition in which it is far more soluble than usual, and that, in
reaching the erystalline form from this oversaturated solution, it passes through a colloid

stage in which it is relatively stable,  Materials which proteet this colloid stage and
antagonize precipitation oceur, such as glyeerin, urea, albumen of the serum, nueleic
acids, ete. The application of this knowledge has not yet been made

Gout is a hereditary affection most common in men, often transmitted
by women who have themselves shown no symptoms. It is common in

those who overeat, and yet it oceurs

s well in the poor. Tt is often as-

sociated with lead-poisoning, on which account a type, “saturnine gout,”
has been spoken of. - Renal disease is a frequent but not constant accom-
paniment or sequel, and some writers, thinking that the gout might depend
on renal disease, have specified another form, “renal gout.”  But for these
separate forms there is little good evidence.

There seems to be an underlying hereditary tendency to develop the
actual discase in these persons, although much may be done to ward off
its appearance by careful avoidance of foods rich in purine.  Whether it

can be prevented in this way remains uncertain.  Aleohol has always
been thought an important cause of gout, although its actual influence is
not clearly defined

Acute attacks are characteristic, with remissions in which the condition
is fairly good. Chronie forms also occur in which acute attacks appear as
exacerbations of the more continuous process. The acute attack begins
with violent nocturnal pain in a joint, followed by fever and chills and
evidences of inflammation in the joint.

Before the attack the excretion of urie acid in the urine is diminished;
during the attack it is much increased. It is clear from this that there is
no real inability on the part of the kidneys to excerete uric acid. Between
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attacks it is about normal, although it may be diminished (Umber).
Throughout there is a marked inerease in the amount of urie acid in the
circulating blood, and this is true in chronic gout.

.\lllmtl;:ll Ciarrod and others held that the deereased exeretion was due
to the disability of the kidneys, Umber puts forward the more plausible

suggestion that the urie acid is actively retained by the tissues.

Anatomically, the most prominent feature of the disease is the extra-

ordinary deposition of needle-shaped crystals of monosodium urate in the

substance of the cartilag Such opaque, white, chalky deposits are very

conspicuous when an affected toe-joint or knee-joint is opened (Fig. 34);

they lie a little beneath the free surface, and extend only about one-third
of the way through the cartilage, rarely entering the bone.  Microscopie-
ally in sections of the joint, sheaves of these fine erystals are found em-

Fig. 34.—Knee-joint with white deposits of urates. Gout,

bedded in the matrix of the cartilage, often surrounded by an area of hya-
line, pink-staining altered cartilage. Ebstein thinks that necrosis of the
cartilage is the necessary forerunner of their deposit, but in this he is not
supported by the other writers, who feel that the changes in the cartilage
may be secondary to the crystalline deposit.

Besides the joint cartilages, the neighboring ligaments, tendons, and
synovial membranes may ocecasionally be subjected to the precipitation.
Other sites are the edges of the cartilages of the ear, the eyelids, the larynx,
the kidneys, especially the pyramidal portion, where masses of crystals
may form in or between the tubules, and many other situations. But
the cartilages of the joints, especially of the great toe, the fingers, and the
knees form the site of predilection.  Such accumulations of erystals, when
they become bulky, are ealled tophi, and in the course of chronic gout tophi
of great size may form in and about the joints, causing their great defor-
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mity and disability (Fig. 35 I'hey become encapsulated, cause a persistent
mild inflammation, and may sometimes, through stretehing the skin to

atrophy, break througl

wd appear as chalky coneretions exposed to the air

Digestive and nervous disturbances, arterioselerosis with myocardial
disease, and cirenlatory disabilities, chronie nephritis with searring of the
kidney are common accompaniments of the discase I'he patients finally
die from some intercurrent affection

From the present knowledge no clear idea of the underlying fanlt is to

Fig. 35.—Cout, Uratie tophi about the finger-joints,

be gained, but it seems as though it might be elucidated by further study of
the ferments concerned in the production of urie acid and in the influences
which modify the solubilities of that substance. It seems a mere evasion

to say that it may perhaps be controlled by some organ of internal seeretion

LITERATURI
Ebstein: Gicht, Wieshaden, 1006, 11, Aufl
JTon Nucleie Acids, Longmans, Green & Co., 1914

Levene and Jacobs: Jour. Biol. Chem., 1912, xii, 411
Magnus Levy: Harvey lectur 190910, 251
Minkowski: “ Gicht N gel's Handb., vii, 2

Schade: Zeitsch. f. phys. Chem., 1913, Ixxxiii, :

75 Ixxxvi, 238
Umber: Ernithrung u. Stoffwechselkrankheiten, 1914, 335




88 TEXT-BOOK OF PATHOLOGY

CLOUDY SWELLING OR PARENCHYMATOUS DEGENERATION
When the liver and kidneys and some other organs are inspected in the
body of a person who has died of typhoid fever, pneumonia, diphtheria,
or any one of many other acute infections or intoxications, they are com-
monly found swollen, inelastic, or pasty, and on section very dull and
opaque in appearance. It is often said that the liver looks as though it
had been hoiled.  In frozen sections the epithelial cells are seen to be much
enlarged and very granular. In the renal epithelium the free edge of the

Fig. 36.—Cloudy swelling of epithelium of renal tubules.

cell is ragged and irregular, projecting far out into the lining of the tubule—

even far enough, sometimes, to meet the opposite cells and greatly narrow
the cavity of the tubule (Fig. 36). The same appearance is found in the
kidney if the work of both is suddenly put upon it by the removal of the
other.  This cloudy opacity of the cells with swelling has long been known,
but even yet its nature is not clear.  Virchow thought it the expression of a
nutritive stimulus and inereased absorption of food material.  Cohnheim,
on the contrary, thought it a kind of localized coagulation process. It is
known that the altered appearance is not necessarily indicative of an irrey
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80
ocable change in the cell, for after the acute infeetion is past, the cells
recover their normal appearance.  This was, therefore, regarded as one of
the mildest forms of “degencration” of the cell.

The protein nature of the abundant granules which crowd the hody of
the swollen cell has been generally accepted and proven by their solubility
in alkalies and acetic acid, and by their positive xanthoprotein reaction,
as well as by other tests, and the problem remains as to their origin and
their relation to the essential struetures of the cell.

Fig. 37

Cloudy swelling of epithelium of liver,

The confused literature is reviewed by Ernst in his recent paper without
arriving at any definite conclusion as to the nature of the granules, although
he raises the question as to their relation to the preéxisting granules, and
states that the weight of evidence is in favor of their being derived from the
mitochondria and their variations.

In the renal epithelial cells there are found, especially in the more chronie
forms of nephritis, but oceasionally in the acuter form, globules of much
larger size than any of the granules ordinarily seen, globules of a density
and high refractive index to make them at once conspicuous objects (Fig.
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N I'hese, it is true, vary greatly in size, and are thought hy some
writers (Pfister) to show gradual transitions into the ordinary granules,
Fauhr objeets to this sinee, as is well known, the large droplets stain sharply

with the Weigert fibrin stain.  They probably play a prominent part in
the formation of hyaline casts in the tubules

Anitschkoff has tried to determine the relation of the granules in eloudy
swelling to the mitochondria by experiment, and finds that, by the applica-
tion of hypotonie solutions to the cells, the mitochondria swell up into
droplets, which, after a time, take the specifie stain only at their margins,
I'he production of cloudy swelling is, he thinks, a complex process, con-
sisting of a series of changes in the mitochondria which begins by their
decomposition into smaller granules, which then swell into droplets some-

times large enough to touch one another and give the whole cell a web-

ance.  This is analogous to the swelling of colloid, which is

like appe:

intensified by acids, as shown by M. Fisher, and corresponds with the ob
servation of Orgler upon the inerease in the water contents of the altered
tissues.  Naturally, this process is reversible under experimental condi-
tions, but it is not so casy to assume that this is true in the body, where the
granules may burst, or, as in the Kidney cells, be discharged into the tubule.
Further, a distinetion must be maintained between the inerease in the
mitochondria in cells undergoing hypertrophy, and the swelling and  dis-
organization of those structures in injured cells, where the change can I
regarded as the effeet of excessive funetion only in the beginning, if at all
| Dibbelt, in studying the effect of diphtheria toxin in the kidney, finds in
the same way that the first effeet consists in a stimulation of the mito-
chondria to activity, followed by a molecular disintegration, with the lib-
eration of lipoid substances.  Fahr, on the other hand, in discussing the
hyaline droplets in the kidney cells, makes a sharp distinetion between
mitochondria and seeretory granules.  Normally, droplets distinguishable
from the mitochondria by their staining reaction exist in the epithelium
of parts of the tubule.  Pathological droplets staining intensely by Wei
gert’s fibrin stain occur, however, in different situations in the tubules
and are thought to be not merely evidences of the activity of secretory
granules, but new formed globules, indicating the disintegration of the cell
All this is very contradictory and confused, but at least one may see that
it is searcely believed any longer that the granular opacity of the organ
cells in infeetions and intoxications is due to the accumulation of protein
food materials, but that it is intimately related to changes in the specifi
granules of the cell.  More study is necessary to make the matter quite
clear.
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HYALINE DE( ERATION

This expression is loosely employed to eluss together, in the present state

of our ignorance, a great many unrelated substances, usually recognizable
only with the microscope, which have in common, besides their protein
nature, only their translucent clear or hyaline appearance and their ten-
dency to stain brightly with such acid dyes as cosin

Naturally, there can be nothing chemically specific about such a hetero-

Fig. 38.—Colloid or hyaline droplets in the epithelinum of renal tubules

geneous group, and it is easy to withdraw from it such a constant and
sharply characterized substance as amyloid, which, although it is hyaline
and stains with eosin, is easily recognized by special microchemical reac-
tion as well as by its peculiar distribution.

Ernst has

pointed out the possibility of dividing these substances into
two groups, according to whether the hyaline material is derived from the
metamorphosis of epithelial and other cells or from connective tissue.
This rough subdivision, which is open to many eriticisms, is bas

d on the
reaction to the van Gieson stain with which epithelial hyaline stains yellow-
ish brown, while connective-tissue hyaline takes the red fuchsin stain.
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Since we know so little of the chemieal nature of the various substances,
nothing remains but to describe their appearance. In all cases the death
of the tissue precedes its conversion into a hyaline material, so that we
are dealing with necrotic and usually coagulated cells which have under-
ssuming the hyaline aspect.
as of necrosis in such organs as the liver or

gone even further change in

Epithelial Hyaline. In a
kidney or skeletal or cardiac muscle, the protoplasm of the dead cell coagu-
lates, of course, with the aid of coagulable fluid, which filters in from ad-

Fig. 39.—Hyaline changes in musele.  Typhoid fever.

jacent capillaries and tissue spaces.  But it does not at once become glossy
or hyaline. Instead, it seems to require time and perhaps compression or
the infiltration of more coagulable fluid before the details of the structure
of the cells are quite lost and fused into a homogeneous, shining mass. A
good example is found in the clumps of hyaline material sometimes found
shrunken in the interior of the sarcolemma sheath of the fibres of the rectus
abdominis and other muscles in typhoid fever (Fig. 39). Many other in-
stances will be referred to in other places.

This, which involves the whole cell, must be very different from the
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process which gives origin to the globules or droplets of hyaline appearance
80 often seen in the renal epithelium (Fig. 38). Other hyaline droplets
which seem to be formed in some analogous way are the so-called Russel’s
fuchsinophile bodies, which may be found in tumors or in old granulation
tissue. Perhaps the “corpora amylacea” which occur in the alveoli of
the lung and in the prostate may be regarded as similarly formed by the
stratified accretion of the hyaline débris of cells, or the secretion of epi-
thelial cells around some nucleus which itself may be a dead cell.

Fig. 40.—Hyaline vessel-walls in a tumor of the uterus.

The globules of hyaline material seen in diseased renal epithelium are sometimes
spoken of as colloid droplets, and the condition is called colloid degeneration. This is
confusing, and it is obviously wrong to speak of the aceumulation of the colloid of the
thyroid even when excessive, as a colloid degeneration, since it is only the normal se-
cretion of the gland.

The hyaline casts found in the renal tubules which have in themselves
the general character of hyaline materi.l must be derived from disin-
tegrated and amalgamated epithelial cells, together with their secretions,
and they are found to stain in a corresponding way.

Connective-tissue Hyaline.—In the framework of lymph-glands draining
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malignant tumors or tuberculous lesions, hyaline material was first de
seribed.  But the same appearance can be found in scar tissue or in
the compact fibrous tissue which underlies old granulation tissue in the
walls of thickened and diseased blood-vessels (Fig. 40).  Especially in the
walls of the vessels of the uterus or ovaries when they shrink and become
obliterated in old age does one see the vitreous or hyaline change take place
in the connective tissue that narrows the lumen,  In the ovary every corpus
luteum, when it loses its specific cells, is finally reduced to a cell-free, hya-
line, shining mass, the corpus albicans or candicans

We must, one supposes, regard such hyaline fibrous tissue as dead, and
lative processes which have oc-

“'l"(lh‘llll_\ there are evidences of coag
curred all through it, after which it has become more compact and glisten-
ing.  Often caleium is deposited in such dead tissue.  But while it is hya-
line, it takes, with greater or less brilliancy, the fuchsin red of van Gieson's
not quite lost by its hecoming

stain, because its inherent chemical value
melted down into hyaline.

I'hrombi, after long standing, fuse in the same way into a formless
homogeneous mass in which fibrin, platelets, nuelei of leucoeytes, and red
corpuseles lpse their identity in the uniform hyaline mass.  This is espe
cially true in the lower strata of the thrombi that occupy old aneurysmal
sues, where one may no longer be able to distinguish the hyvaline thrombu
from the hyaline fibrous wall of the sac

More rapidly produced are the hyaline thrombi which appear in the

capillaries, especially in the renal glomeruli in some infectious diseases
(diphtheria, hog cholera, plaguc They fill the capillaries like a homo

geneous imjection mass, and can usually be stained by the Weigert fibrin

stain, so that they veritably look like a colored injeetion. It was though
that they too were composed of fibrin, but Flexner has shown that they
consist largely of agglutinated red blood-corpuseles

Unsatisfactory as it is, this general conception of nondeseript hyaline

materials derived by necrobiotic processes from the cells and tissues is

useful so long as we are quite unable to define their nature any more closely
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AMYLOID INFILTRATION

There was observed long ago, by Rokitansky and the Viennese school,
a curious material lodged in the substance of various organs, and this was
later studied in greater detail by Virchow I'his amyloid was so called
because of its fancied resemblance to starch and its fancied resemblance to
cellulose. It is a translucent, glistening substance, usually so firm and
often so abundant as to enlarge and render rigid the organs in which it
oceurs

It is in persons who have passed through a long wasting illness that it is
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found. In the organs of those who have died after suffering for months or
years from some exhausting suppurative process, such as an old osteo-
myelitis, some chronie destructive infeetion, such as tuberculosis or actino-
mycosis, or from such protracted intoxication as may accompany syphilis,
chronie nephritis, or cancer, this substance is not uncommonly discovered
at autopsy. With the improvement in surgical technique, which elim-
inates much of such chronie suppurative and tuberculous disease, it is
less common than formerly, but it is still frequent enough in homes for
the incurable and such places.

The spleen, liver, and kidneys are perhaps the commonnst sites for its
deposit, but it occurs in every other organ at times, not even excepting the
brain,

In the spleen it appears in two forms, in one of which it is confined to the
Malpighian bodies, and stands out as clear, rounded globules against the

Fig. 41 Amyloid infiltration; sago spleen

red background of the splenie pulp (Fig. 41).  Virchow, recalling a favor-
ite red-wine soup with sago, named it very appropriately sago spleen.  In
the other form the amyloid is diffusely spread through the splenic pulp,
and being everywhere mixed with the tissue, it is less translucent and glis-
tening.

In the liver it may be very inconspicuous, but if abundant, the liver is
greatly enlarged and firm, and on section the lobulation is rendered in-
visible by the diffuse infiltration of translucent amyloid. Minute streaks
of yellowish, opaque liver tissue stretch through it, and there are usually
patches of liver which are practically free from any admixture of it.

The kidneys are often pale, large, smooth, and firm, but on the other
hand they may show any stage of the distortion which follows the ex-
treme scarring of the organ and still be found to contain amyloid. This
is lodged in the glomeruli and in the walls of the arterioles and straight
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conducting tubules, and occasionally one may discern it with the naked
eye, although usually it is too finely divided for that.

The adrenals may contain much or little.  In extreme eases the organ
is greatly enlarged and composed almost entirely of translucent amyloid,
almost like an enlarged mould of the normal structure.  In the intestinal
wall it is sometimes possible to recognize its presence by the pallor and
rigidity of the mucous membrane, but this is rare.

In lymph-glands it is not commonly abundant, but in a recent e:
which it was widely distributed the cervieal lymph-glands were greatly

> in

enlarged and were found to he composed of almost solid masses of amyloid,

While the condition of the spleen, liver, and adrenals is easy to recognize,
one might overlook its existence in the kidneys and in other organs, In
its deteetion great help is afforded by the peculiar microchemical reactions
which can be applied to the fresh organs.  They are as follows:

1. A solution of iodine stains the tissues in general yellow, but makes the
amyloid stand out sharply in deep brown. This is especially striking if
the tissue is made acid in reaction with acetic acid. 1If strong sulphurie
acid is used instead, the amyloid turns blue or black with iodine, and henee
its supposed resemblance to cellulose.

2. Various aniline dyes, such as methyl-violet, methyl-green, thionin,
ete,, eause the amyloid to show a metachromatic stain; that is, it stains
red while the tissue takes the obvious blue or green color of the dye.

These stains can be applied to frozen sections in which the amyloid
also shows its acidophilic character, staining intensely pink with eosin,
and brownish with van Gieson's stain.

When thus brought into distinet relief by specific stains, it becomes
quite clear that the amyloid substance is merely poured into the erevices
of the tissue, and not situated in any of the cells. It is a true infiltration,
as though melted paraffin had beer reed into the tissue-spaces and al-
lowed to solidify.  In the spleen it erowds the cells of the Malpighian body,
between which it lies until most or all of them atrophy and disappear
(Fig
smallest blood-vessels, sometimes between the muscle-cells of the media,

12).  Everywhere it appears in the substance of the walls of the

he vessels of eapillary ealibre are most com-

sometimes in the intima.
monly chosen for such a coating of amyloid.

In the liver it is found in only one situation, and that is about the en-
dothelium of the capillaries, and hence between those cells and the liver-
cells.  The amyloid becomes o bulky in that situation that it presses on
the capillary and liver-cells, and causes the latter to melt away into thin
threads of protoplasm and finally to disappear (Fig. 43)

The same crowding is apparent to an extreme degree in the adrenal,
where the tissue is practically reduced to nothing in advaneed cases, In
the intestinal mucosa amyloid accompanies the minute blood-vessels in
the villi. Application of iodine makes each one brown separately, so that

the mucosa assumes the appearance of brown velvet.
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In the kidney it lodges in the glomerulus, hetween the endothelium of

the capillaries and their epithelial covering, and consequently soon nar-
rows the capillary to a very minute calibre or obliterates it.  Elsewhere it
is found as a mantle for the tiny arterioles and venules in the cortex and
pyramids, and also for the condueting tubules. 1t is easy to understand
that the application of iodine to the eut surface of such a kidney would

reveal the glomeruli as brilliant, chestnut-brown points in a tissue every-
where very finely streaked with brown (Fig. 142).

Fig, 12.—Amyloid infiltration of Malpighian bodies of spleen.  Attempted regeneration

of lymphoid tissue

It is unnecessary to desceribe in detail the distribution in other organs,
where it follows the same prineiple of infiltrating between capillary en-
dothelium and the adjacent eells.  Wherever it is present in abundance it
causes atrophy of the preéxisting tissues.

Its distribution is usually suf-
ficient to disti

1ish it, even if specifie stains cannot be applied, from other
hyaline materials which stain with eosin but have not the peculiar chemical
character of amyloid

8
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Chemical Nature.—Amyloid is a very resistunt substance, which ap-
parently persists, when once formed, although some experiments tend to
show that when it is produced in animals it will disappear after a time if
the animal is allowed to recover from the injections of haeteria or toxin
which are used to produce it. It was thought not to be attacked even by
digestive ferments, but now it has been shown that it can be digested slowly
by artificial gastric juice.  In the attempt to determine its chemiceal nature

Fig. 43.—Amyloid infiltration of liver. Compression and atrophy of liver-cells

it was first extracted in a fairly pure form by taking advantage of its solu-
bility in baryta water.  Oddi then discovered that while different specimens
vary widely in composition, all sorts of amyloid contain chondroitin-
sulphuric acid, a substance found normally in cartilage, but whose struc-
ture is still unknown. Amyloid, however, is of protein nature, and is
apparently a compound of chondroitin-sulphuric acid with a histone.
Details of the rather fruitless attempts to determine its composition may
be read in Neuberg's paper.




TS

CARBOHYDRATE METABOLISM-—GLYCOGEN 99

Davidsohn has speculated on the way in which it is formed. Since it
cannot be transported in the blood-stream, it must be formed in situ, and
this he thinks is accomplished by a ferment formed in the spleen, since amy-
loid is not to be produced in an animal without a spleen.

Much has been said of its experimental production.  Krawkow suceeeded
inthis by repeated injections of bouillon cultures of Staphylococcus aureus,
but others have found that turpentine or other pus-producing poison or
cultures of various other bacteria or their toxins will also cause its ap-
pearance.  The horses used for the manufacture of diphtheria antitoxin
often show amyloid changes in their organs, and so do mice and rats inocu-
lated with transplantable tumors,

A point of peculiar interest is that amyloid seems to go through several
stages in its formation—at first it will not stain with iodine, although giving
a metachromatic stain with methyl-violet. It is only in the latest stages
that it will give the blue or black color with sulphurie acid and iodine.
The ecarly stage of non-stainable amyloid recognized by Davidsohn was
called achrodamyloid.  Quite recently we observed an instance in a young
man with advanced pulmonary tuberculosis in whom a typical sago spleen,
enormous, bacon-like liver, and advanced renal amyloid were found.
Nevertheless, although the diagnosis was unmistakable to the naked eye,
none of the amyloid would stain with iodine.

Besides the general amyloid infiltration, there oceur localized amyloid
deposits, sometimes in the form of tumor-like masses, usually in connee-
tion with cartilage-containing structures, such as the bronehi (Herxheimer,
Schilder).
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CARBOHYDRATE METABOLISM—GLYCOGEN
Carbohydrates as they appear in the body are, for the most part, prac-
tically inaccessible to our staining methods and do not appear in our micro-

scopical studies of the tissues except in the form of glycogen, which we can
make evident by certain stains. Nevertheless we can study accurately
by chemical methods the various phases of the carbohydrate metabolism,
and recognize quantitatively the presence of sugars, ete., in different fluids
and tissues.

It has been shown that carbohydrates can be formed in the liver from
many of the amino-acids which form the constituents of proteins, and there-
fore from the proteins themselves.  The evidence is, on the whole, against

their formation from fats. Most of the carbohydrate is, however, ab-
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sorbed in a soluble form in the intestine and conveyed to the liver and to the
general cireulation in turn.  In the liver it is probable that, through the
activities of the cells, the soluble sugar which has already passed the in-
testinal wall, chiefly in the form of dextrose, is polymerized and becomes
glycogen (Fig. 20).  Apparently the liver-cells are not the only ones which
can carry out this function, for

zlyeogen is found lodged in many other
tissues.  In the epithelial cells, in cartilage, ete., there is constantly gly-

0,

n present, while it is normally lacking in the nervous system, pancreas,
salivary glands, breasts, thyroid, hypophysis, adrenals, bone-marrow, ete.
Its amount varies in the muscles and liver according to the activity of
those organs, the state of nutrition, et

In the heart muscle it is nsually
more abundant than in the skeletal museles.  In the embryo it is in general
more abundant than in the adult, but its presence is by no means charac-

teristic of embryonic tissue, and we are not justified in speaking of patho-

logical new-growths as composed of embryonie tissue merely because they

contain much glycogen. It is, nevertheless, true that many rapidly grow-
ing tumors are especially rich in this substance,

For its redistribution glycogen must he again converted into diffusible
sugar, which may be brought to the museles to aet as a store of energy
In the blood—especially in the leucoeytes—somé glycogen may be demon-
strated under varying circumstances, but this cannot be regarded as the
mode of transport, and the dissolved sugar escapes our microchemical tests,
In order to bring this about certain diastatic ferments must be brought
into play—the process of mobilizing the carbohydrate.  This is casy enough
in such organs as the liver and muscles, which, with respeet to glycogen,

act largely as storehouses, but in others, like the eartilages and epithelial

layers, the glycogen seems to form an integral part of the cell-body and is
not readily mobilized.

The diastatic ferment converts the glycogen into the more readily sol-
uble dextrose, which then enters the blood and is earried to the muscles or
other places, where it is required to furnish energy or heat, and there, by
the aid of other ferments, undergoes the process of glycolysis, with final
oxidation to earbon dioxide and water. This diastatic ferment may con-
tinue to act after death, so that haste is necessary and proper fixation in
substances such as strong aleohol, if we wish to demonstrate glycogen in
the tissues.  Solution of the glycogen in the fluids of the cell may also
occur postmortem, so that estimates of the glyeogen content of the cells
after death become uncertain unless carried out with care.

Glycogen may be stained brown with iodine or bright red by Best's

carmine method, and is usually in rounded masses in the cell protoplasm

or in the interstitial tissue, but not in the nucleus (Fig. 20); if it has been
dissolved postmortem in the cell protoplasm, it does not quickly pass the

cell houndaries, but is precipitated in granular masses by the alcohol or
other fixing fluid.

In pathological conditions produced by intoxications, disturbances of
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cireulation, inflammation, ete., glycogen may appear in tissues ordinarily
devoid of it or containing very little.  The eells about areas of necrosis or
inflammation may be especially rich in it.  This is due to the impairment
of their function, which does not readily allow them to get rid of the carbo-
hydrate m

s, exactly as is true in the case of fat accumulations. In
many rapidly growing tumors, especially those of teratomatous character
and the more malignant growths, it is likely that glyecogen may be found,
although there are many exceptions to this rule, especially in those derived
from cells whose functions are directed rather to the production of mucin,
glycoproteids, milk-sugar, ete., where glycogen is not likely to appear.

In diabetes mellitus the glycogen content of most of the tissues is found to
be deereased, although for some reason the cells of part of the convoluted
tubules of the kidney, the heart musele, and the leucoeytes become loaded
with it.  No good explanation for this is known. It is thought that it
may be due to their inability to get rid of the glycogen, which is brought
to them by the sugar-rich blood—or that, in the case of the kidney cells,
they reabsorh carbohydrate from the urine in the tubule.  Diabetes seems
to rest, in part at least, on such a disturbance in carbohydrate metabolism
that the dextrose is not stored up as polymerized sugar (glycogen) in the
liver and elsewhere, or else on the extraordinarily active mobilization of the

sugar in the organs—in either case proper glycolysis and consumption of
the sugar thus thrown into the blood are lacking, and the sugar is lost by
being exereted through the kidney.  Probably this disturbance of glycoly-
sis i in many instances due to the loss, through disease, of the ferment-like
internal secretion of the pancreas, which ordinarily takes part in glycolysis.
Much difference of opinion prevails as to this latter point, and it is im-
possible as yet to make any definite statement.,

Glycogen, then, must be regarded as a normal constituent of many
organs—absent in others and present in a third group in both a stabile and
a labile form, the latter of which is most casily mobilized to furnish soluble
sugar to the blood. Under pathological conditions where nourishment
and functional activity of cells are depressed, there may appear unaceus-
tomed accumulations of glycogen simply beeause the cell is no longer able
to make use of this material, and by depolymerization set it free into the
cireulation.  Removal of the disabling ageney soon leaves such cells free
to resume their ordinary metabolism, and the glycogen disappears.
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CHAPTER VIII

DISTURBANCES OF MINERAL AND PIGMENT METABOLISM

Caleium. Its source, distribution, deposition in neerotic and other tissues, Its relation

to various functions of body.  Tron: its distribution and functional importance.  Dis-
turbances in its quantitative relations. Chlorosi Hamochromatosis.  Pigment: func-
tion and distribution. Endogenous and  exogenous  pigmentation.  Jaundice Dust

discases
METABOLISM OF CALCIUM

Carcrom, which in various combinations plays many important roles in
the animal body, is absorbed in the intestinal tract, and in very consider-
able quantity reéxcreted into the intestine, although the exeretion is also
carried on to a less extent in the urine.  Its most obvious application in the
body is in the formation of the rigid tissues of the skeleton, but it seems to
have a very important influence upon the activity of the heart, the excita-
bility of nerves, the clotting of blood, ete., and is found to form a constant
constituent of the blood and tissues.

The pathological disturbances in caleium metabolism might readily
fall into two groups: those in which there is an inadequate supply or ex-
al of caleium, and those in which the reverse occurs and

cessive withdray
the tissues become the seat of abnormal accumulations of lime salts
In both instances the disturbance may be local or general, and indeed it
seems possible that caleium may be removed from one place, only to he
deposited again at another place in the body

Calcium Deficiency.— Experimentally one may, by feeding a diet poor
in caleium, reduce the consistence of the bones so that they are easily cut
or broken.  The ordinary process of ossification (Fig. 44) is distorted, and
new-formed bone is caleified only at the expense of the old.  Similarly in
certain diseased conditions whose causation is obscure (rickets and osteo-

malacia) we find changes which are very similar to the nxiw.]nun\i\ pro-

duced by withdrawal of lime salts from the food; but different also, in

many respects, especially in the production of much osteoid tissue—which
is bone tissue morphologically but uncalcified.  In both rickets and osteo-
malacia there appears to be an active withdrawal of lime from the already
formed bone (halisteresis), but this is perhaps more obvious in osteoma-
lacia. In these diseases we find extraordinary, complicated histological
changes which appear, however, to depend upon chemical alterations,
and to arise in response to changes in the available amount of calcium
or to disturbances in the power of the tissue thus freshly produced to
seize upon the dissolved ealeium and fix it in solid form.

The processes of building up and breaking down of bone go on constantly
102
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through life, and it is apparently the result of a disproportion between these
that the constructive processes are in old age overshadowed by the other-

wise normal destructive processes.  The osteoclasts or giant-cells, whose
function is to erode away and dissolve the old bone, continue their work,
while the osteoblasts, whose funetion it is to rebuild, slacken in their new
bone production. The result is the senile osteoporosis which attenuates
the bony structures until the bone becomes very much rarefied and casily
broken.  Whether this depends upon changes in the available quantity of

Fig. 41. —Process of ealeifieation in normal line of ossifieation in fetal bone.  Blood-
vessels with osteoblasts depositing bone on remaining matrix

caleium it is difficult to say. So, too, in the so-called arthritis deformans,
which is accompanied by great irregularity in ossification and rarefaction
in the bones, the excessive exeretion of phosphorus seems to point to a
general chemical disturbance which is associated with the destruction of
the bone.

The effects of withdrawal of caleium upon the other tissues are far less
evident, but it has been shown experimentally that this substance, when
injected, diminishes the excitability of the nervous system. Conversely,
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it might be supposed that in such conditions of nervous hyperexcitability
as tetany, a symptom-complex which follows upon the destruction of the
| parathyroid glands, there might be an active withdrawal of caleium from
le which

the tissues; and, indeed, a great many observations have been me
support this.  Erdheim has shown that the destruction of the parathyroids
F it results in an extreme decrease in the process of ossification and in the
normal caleification of the dentine, so that fractured bones heal very

poorly and the teeth become so softened as to break.  After actual re- |
moval of caleium from the blood by dialysis the nerves of extremities per-
| fused with such blood become electrically hyperexcitable,

Caleium Excess.—In the other group of conditions, in which the de-
position of caleium in unusual situations takes place, we meet with many
difficulties in finding an explanation for each step.  Aside from the modi-
fication in the density and in the quantity of the caleified tissues of the
bones, we may find gritty or mortar-like, or even compact, hard, stone-
like coneretions of lime salts in various parts of the body in positions where
they ean have no direet relation to the skeleton.  Thus nothing is com-
moner than the finding of necrotie or eascous tubereles in the lung or else-
where which have become encapsulated with a dense conneetive tissue,
and in the central parts of which rough granules of lime have appeared in
the cheesy substance. These may become so abundant and so com-
s. The

| pactly placed that it is impossible to cut through the stony me
"N Ivimph-glands of the mesentery undergo the same changes after tubercu-

| lous infeetion, and may be finally converted into rough white masses like
| rebbles.  The walls of the aorta and other large arteries are found to con-
‘ tuin plaques of calcified material which conform with the curve of the wall,
1 and are usually smoothly covered internally with endothelium.  Such

! plaques are formed in the necrotic patches of thickened intima in the
| course of the disease arteriosclerosis, and when fully formed resemble bits

| of eggshell embedded in the vessel-walls (Figs. 171).  In the smaller ves
such areas of caleification are found in the muscular coat (Figs. 177, 178).
Adami points out the fact that during life these caleified vessels are soft and

vielding, the lime-holding material being mortar like and setting after death

and on exposure to the air.

I With advancing age, and probably in association with such conditions

; ! as bring about caleification of the blood-vessels, we find the caleification

| of such cartilages as the costal and tracheal, which ordinarily remain free
14 from this substance.

| Tk Sublimate poisoning and anemic necrosis in the Kidneys are frequently

TR followed by an abundant precipitation of caleium in the form of casts in

| the tubules or in the necrotic cells themselves (Fig. 45), and similarly it

| is extremely common to find ealcified plates or spicules or even great, stone-

like masses developed in tumors whose circulation has become deficient,
| so that necrosis of the tissues has resulted. This is analogous to the de-

position of such granules in #ny necrotic tissue or about the bodies of dead
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parasites, such as trichinwe, which have been long embedded in the muscles.
We find no difficulty in understanding that tumors which spring from the
bone themselves produce aetual bone in sheets and spicules, because we
are accustomed to ascribe to the osteoblasts the power of forming bone.
In some other tumors, such as the so-called psammomata, tumors which
often arise from the coats of the brain or the pineal gland, ete., there appear

Fig. 45.—Caleification of neerotie renal epithelinm.  Sublimate poisoning.

small caleified grains which are often closely surrounded by the tumor-
cells and may even replace groups of them.

Except in the ease of the growing bone, the osteosarcomata, and other
tumors springing from the bone, those tissues which become inerusted or
impregnated with gritty particles of lime are usually dead. They have
generally assumed the vitreous, glistening appearance which we are accus-
tomed to associate with the descriptive term hyaline.  Even in the case
of elastie fibres and other substances which are homogeneous in the normal
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state, it seems probable that we shall find that those which become cal-
cified are, after all, dead. We may confidently look for dead tissues as the

basis for such precipitation when we find, for example, a cuirass-like shell
of lime about the heart in an old case of pericarditis, or a stony plug in the
veins of the spleen or of the pelvie plexuses where thrombi have lain for
weeks or months (phleboliths).

The reason for this process has been sought with eagerness in recent
vears, because simple explanations which once seemed satisfactory are
found to be baseless.  There seems to be something peculiar about these
tissues, living or dead, which gives them the power to cateh up the caleium
from the circulating fluids and hold it finally in solid form; and the Ger-
But so far no precise and

mans have called such tissues ** Kalkfinger.
satisfactory chemical explanation has been found. It is shown that the
lime salts deposited in dead tissues are generally the same and in the same
proportion as those in bone—about 87 per cent, of caleium phosphate and
10-15 per cent. of ealcium carbonate.  Some authors, however, have found
only one of these salts in pathological caleification. Magnesium salts
seem to play a subordinate part in both situations, and although some ob-
servers have found them present in the proportions found in the bones,
we are still imperfeetly informed with regard to the precipitation of these
quantities in the blood, as in the

salts.  When calcium is present in gr

d tissue takes place very rapidly, so that the

rabbit, calcification of «
rabbit is an especially favorable animal for the study of this process. If
we ligate the blood-vessels of the rabbit’s kidney, the tissue becomes quite
densely caleified within a few days.

Necrotie fat tissue seems very prone to caleification, and this has given
origin to the theory, expressed by Klotz, that, in general, caleification is
preceded by an accumulation of fat with decomposition of the fat into fatty
acids and another component.  This is followed by the formation, by a
process of double decomposition, of insoluble caleium soaps, and later
completed by the conversion of these soaps into calcium phosphate and
carbonate, with the liberation once more of the fatty acid.  Unfortunately,
although the theory is tempting, it has been shown that Klotz's methods
were inadequate to prove his point, and it has not been possible to show,
except perhaps in the necrosis and caleification of fat itself, that there is
more than a trace of caleium soap in any such area—not sufficient to justify

us

n assuming that it plays an important part. Nevertheless, the in-
vestigations have been concerned chiefly with finished caleium deposits,
and it may well prove that the caleium soaps have a transitory existence in
leading to this result. Wells, who has offered these eriticisms, has no
equally simple explanation in its place, but finds that certain substances,
when introduced in the tissue fluids of an animal like the rabbit, have far

greater powers of absorbing caleium salts and retaining them than have

Thus, while pieces of fat, spleen, thymus, ete., are found to con-

others.
tain, after a stay of fourteen weeks in the peritoneum of a rabbit, only
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about 12 mgm. of caleium, a similar piece of cartilage has absorbed 154
mgm. And this is true even if the cartilage be boiled, so that there can
be no question of vital activity.  Different forms of cartilage differ in this
respect, and while the above is true of epiphyseal cartilage, that which
ordinarily does not become ossified, such as the rings of the trachea, will
take up hardly more than the spleen.  Wells thinks, therefore, that the
beginning of ecalcification is based upon a simple physical adsorption of
these hyaline substances; that the process in the ealeification of patho-
logical or dead tissues is identical with that in ossification. Caleium is
carried in the blood in amounts not far from saturation point, held in solu-
tion by the colloids and the carbon dioxide. This unstable double salt of
caleium bicarbonate and dicaleium phosphate is adsorbed in the hyaline
matrix and precipitated by a reduction in the quantity of earbon dioxide.
Caleium deposition, according to him, seems to depend, alike in normal
and most pathological conditions, rather on physico-chemical processes
than on chemieal reactions,

Another type of ealeification has been deseribed in the so-called metas-
tasis of lime salls, which is said to depend usually upon the saturation of the
circulating fluids with those salts as the result of extensive breaking down
and solution of the bony tissues in some part of the body.  Then the cal-
cium is deposited elsewhere where the earbon dioxide content of the fluid
is least, as in the mucosa of the stomach and sometimes in the vessel-
walls.  The existence of this process has been called into question by some
writers, and at least it must be quite re

'e.
Oceasionally, as in the tuberculous lung or in the walls of the sclerotie
aorta, the stony, ecaleified material may in time be replaced by a for-

mation of true bone with Haversian systems, and a marrow cavity in
which all the characteristie eells of the bone-marrow appear.  This seems
to oceur only upon the immediate foundation of a mass of formless caleium
which has itself oceupied the place of the dead tissue, and is perhaps to be
regarded as a kind of reparative process,
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DISTURBANCES IN THE METABOLISM OF IRON
Distribution of Iron in the Body.— The whole nature of the interchange of
iron in the body is very imperfectly understood, althoughit is known to
be of profound vital significance.
Iron exists in the body of an adult in the hemoglobin of the red cor-
puscles and in all the cells of other tissues. The amount contained in the
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blood is about 3 gm. That contained in invisible form in other cells has
been estimated roughly at 1 to 3 gm.

It is similarly a constituent of the blood and tissues of other animals
and of vegetable cells, being present in chlorophyll in combinations some-
what allied to that found in hwemoglobin.  Hence it enters into the human

body in animal and vegetable food.  The complex organic compounds an
decomposed in the intestine in such a way that the iron is absorbed in the
ionic form.  Bunge's statement that it could be absorbed only when pre-
sented in the form of the higher organic combination is rendered improb-
able by this fuet, and further disproved by the familiar clinical experience
of the effeet of administering inorganic compounds in anemias, and by the
results of direct experiments which show the absorption of these com-
pounds

The ingested iron is absorbed in the duodenum and the upper part of
the small intesting \s has been shown in cases of intestinal fistula, the
chyme of the lower part of the ileum contains none.  On the other hand,
the excess is exereted into the colon and leaves the body with the feces
By microchemical methods it may be demonstrated in the walls of the
duodenum, and again in those of the eolon, but not in the walls of the
lower ileum.

I'he exact mechanism of absorption is not clearly known. Some is
directly received by the epithelial cells and transferred later. Some
appears to be carried into the tissues by leucoeytes, or may possibly enter
in association with lipoid droplets (A. B. Macallum Part of it is thought
to pass by way of the thoracie duet, but it may be assumed that the

iter

e equally

part enters by way of the portal vein and reaches the liver, Wi
ignorant of the exact mechanism of exeretion, but in this respect iron seems
with calcium

in the blood, iron is found in the hwemoglobin, a combination of a very

to show analogic

complex protein, globin, with hwemochromogen or its oxidation produet,
hematin,  Hematin (CyHyNOgFe, Abderhalden) may be decomposed
into hiematoporphyrin through the loss of its iron, and this in itself is a
complex carbon compound containing pyrrol derivatives, and related to
an analogous decomposition produet of chlorophyll.  Abderhalden points
out that the formation of hemoglobin involves, therefore, the process of
formation of hematin and its subsequent union with the highly specific
globin, which, since all must start with the simplest building-stones which
can pass the intestinal wall, leaves several points at which the production
of the haemoglobin may be deranged.

The intermediary exchange of iron is beset with difficulties of interpreta-
tion. Red blood-corpuscles are destroyed in the body, probably very
largely by the spleen. The hemoglobin thus set free passes intact or
partly decomposed from the spleen to the liver. Doubtless most of the
iron absorbed from the intestine passes in the same way directly to the

liver.
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From the hiematin separated from the globin iron is liberated in the liver,
and the iron-free residue constitutes the bile-pigment, bilirubin, which is
an isomer of hiematoidin.

W. H. Brown eriticizes this statement because powdered hamatin in-
jeeted into the peritoneum does not produee haematoidin or haemosiderin
It seems, however, that the appropriate conditions are imperfeetly repro-
duced in this experiment.

The fate of the iron thus set free in the liver, and of that brought there
from the intestines, has not been traced, but it is clear enough that it is
somchow worked up into hwmoglobin.

The iron of the tissues which is largely a constituent of the chromatin is
tenaciously held by the eells and shared with the blood only in conditions
of grave anwemia.

At birth the faetus is rich iniron which was stored in its body from the
mother, but during suckling very little iron is absorbed with the milk,
which is extremely poor in that substance.  Therefore, the iron content is
low at the end of the period of suckling, but rises rapidly when the infant
begins to take other food than milk, M. B. Sehmidt found that if the iron-
free diet were continued in growing mice after the termination of suckling,
they gradually became anwemic and were stunted in their growth.  The
offspring of such mice were studied through several generations, through-
out which the feeding was continuously “iron free.”  If, now, iron were
given to one of a litter of such meagre, amemic mice, it quickly outgrew
the control brother, and as quickly acquired a high pereentage of hwemo-
globin and a nearly normal blood count, showing that the manufacture of
hiemoglobin had been halted by the failure of the tissues to acquire and
then set free sufficient iron, and that this matter was quickly set aright
by the supply of inorganic iron.  The rapid growth that ensues indieates
the fundamental importance of iron.  The spleen appears to be the organ
in which blood-corpuseles, destroyed there or elsewhere, give up their iron
to be carried to the liver.  But this idea of the funetion of the spleen,
which is regarded by Chevallier also as an organ of assimilation of iron,
preserving and transferring it for the manufacture of hiemoglobin, must be
made to accord with the fact that the spleen is a great site of blood destrue-
tion, and the further f

‘t that its extirpation has a beneficial effect in such
an@emias as pernicious anemia,

SOVETC

The funetion of iron in the body is at least to he definitely associated
with the transfer of oxygen, and probably more generally with the processes
of oxidation of the tissues,  Its role in connection with its presence in the
chromatin of the cells is not o clear, but it seems to affect directly or in-
directly the process of growth. As in the ease of fats and lipoids, it is
evident that the forms in which iron is active in carrving out its important
funetions are those in which it is invisible even with the aid of most miero-
chemical reactions.  When it becomes visible, it is beeause it is cast out of

functional activity and lies scattered in the tissues in pigmented granules.
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Much has been written recently concerning its relation to the process of
caleification. It appeared from the work of Gierke and others that sub-
stances about to become the seat of a deposit of lime salts first absorbed a
quantity of iron.  Hueck opposed this on the ground that the microchem-

ical reactions showing the presence of iron in caleified arcas were due to

impurities of fixing fluids, ete.  He even suggested the test for iron in
tissues soaked inoa weak iron solution as a means of demonstrating the
distribution of caleium.  Noesske found that, while perfeetly fresh bones
and caleified tissues showed no iron, it was to be demonstrated in those
situations if the body had lain for some time.  He, therefore, thought that
in this interval iron had been absorbed from the adjacent tissues,

Sumita, Eliascheff, and others return to the original idea that iron is
actually to be found as a forerunner of the deposition of ealeium in tissues
examined when perfeetly fresh after every precaution has been observed
to avoid the objection that caleified material eagerly absorbs iron from the
most dilute solution.  Sprunt found an inerustation of elastie tissue fibres

with «

leium and with iron, while Gigon, in studying a lung supposed to
contain a similar combination of lime and iron, as shown by microchemical
methods, found by analysis no ealeium, but much iron in association with
sodium salts. The results a

¢ very contradietory, but there is, at least,
much evidenee that iron and caleium are deposited together, although it
i not so clear as to which is the pioneer

Two definite affections may be mentioned here as examples of disturh

| ances in the metabolism

f iron, the others, which appear to be rather
more incidental processes, leading to loeal aceumulations of iron-containing
pigment, being discussed elsewhere

4 Chlorosis.— Young girls frequently develop a peculiar greenish pallor
with great weakness, perversion of appetite, digestive disturbances, and

constipation.  The blood shows a nearly normal number of red corpuseles

which, however, are very pale, so that the hiwemoglobin index may be ex

tremely low I'he disease is readily cured or even passes away itself with

improvement in the state of the digestive organs, so that little is known

with regard to its pathological anatomy. It is influenced by purgatives,
| and in a most remarkable way by the administration of iron in any form
Whether the inorganic iron thus given actually forms the material for the
new production of hwemoglobin, or stimulates its produetion by liberating
the supply of combined iron from the tissues, remains uncertain, - Nor do

18 we know whether the defeet in the formation of hiemoglobin is due to the
| | inadequate absorption of iron or to some difficulty in its combination with
i1 ‘ hiematoporphyrin to form hwematin, or finally to lack of the necessary
| globin.  One might imagine that if these combinations are formed under
[ ' the influence of ferments, the digestive disturbances could explain their
| absence,

| Haemochromato:
named by v. Recklinghausen, in which an extraordinary deposition of iron-

.—A disease deseribed by Hanot and Chauffard, and
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Fig, 16.~Hemochromatosis,  Pigmentation of liver.

Fig. 47 —Hwemochromatosis.  Pigment deposit in tissues of the liver,
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A
, containing pigment (hwemosiderin), together with other pigment (hwemo-
i fusein) which contains no iron, is found in practically all the organs, in-
i il cluding the skin. It is often associated with cirrhosis of the liver and pan-
;’ ;‘ creas and with diabetes, hence the name, “bronzed diabetes,” which is
i appropriate i many cases.
i i The skin is of a dusky bronze hue, and in sections the pigment may he
I [ demonstrated by its giving the Prussian-blue reaction.  The liver,
| ,.“ creas, kidneys, lymph-glands, heart musele, ete., are found to he of a
I i bright, chestnut-brown color, and show microscopically astounding col-
I i leetions of pigment in clumps and granules (Fig. 46).  The pigment lies
i | chiefly in phagoeytie cells, sueh as Kupfier’s cells of the endothelium of the
liver, but it is also lodged in the conneetive tissue and in the liver-cells
| themselves (Fig. 47).  In the other organs it has a corresponding posi-
I tion—apparently its presence as a foreign body leads to much new-
|1 " growth of encapsulating fibrous tissue.  Most of it can be stained hlue
1 with ferroeyanide and hydrochlorie acid, but part of it remains brown and

s for iron (hiemofusein).

responds to no e

There is no obvious anwemia, no especial evidence of wide-spread blood

destruetion, and no especial activity of the blood-forming organs to repair

a destruetion of blood which would, of course, oceur to any one as the
probable souree of so much iron-containing pigment.

Here the disturbance of iron metabolism must oceur at some other point.
In sharp contrast with chlorosis, in which it appears that absorption of

iron or its combination into heemoglobin is deranged, there is found an ade-

quate hwmoglobin production, little or no blood destruction, but at the
j same time an overwhelming accumulation of hwmosiderin, - In lack of
il definite information one may make the surmise that it may prove that the
normal exeretion of the exeess of iron through the mucosa of the colon is
defective, and that the pigment represents a retention.  But this is far
from standing as a satisfactory explanation, and haemochromatosis remains

a problem.
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DISTURBANCES OF PIGMENT METABOLISM

Pathological disturbances of metabolism are by no means limited to pro-
teins, carbohydrates, and fats, but involve irregularities in the formation
and distribution of many other substances which ordinarily serve a normal
function.  Were we better informed, it would be most logical to discuss
ench of these according to its chemical nature and relations, but we know
so little that we can hardly escape from the temptation to group them
according to some striking peculiar feature. It is for this reason alone
that we discuss in one chapter pigments which are often hardly related,
except through the fact that they are colored.

Most of these pigments serve important purposes, and very little of their
history concerns pathology except when, like the slag heap that indicates
the activity of a smelter, they show by their accumulation the presence
of some unusual activity in the body. Ordinarily, enough of the coloring-
matter of the skin or hair is produced to confer on the animal those colors
which are the beauty of the animate world, and which serve so well in the
protection and even in the propagation of cach individual’s life.  Or they
are concerned in the interior of the body with the mechanisms for carrying
oxygen to the tissues and in the production of bile, and an exquisite econ-
omy is observed in their use and the maintenance of their proper propor-
tions.  Only when something disturbs these mechanisms do we find the
pigments or disjointed by-produets in their formation accumulated some-
where in excess, or, on the other hand, lost to the body to such a degree
that it lacks its normal colors.

Certain colored substances are formed in the body and elaborated to
typical forms, although we may meet, too, with less complex materials which
are destined to be built up into these type forms or are the results of their
decomposition. These are endogenous pigments.  Beside these there
are foreign materials—colored particles breathed into the lungs or taken
into the stomach or through the skin, or fluids which impregnate the body
with colored deposits, and these are called exogenous pigments.

Exvogenovs PiGMENTS

Of these, several kinds are met with, the principal ones being those which
are specially produced to color the skin, and hair and eyes, usually grouped
as the melanins, those which are directly or indirectly derived from the
haemoglobin of the blood, and those which are somehow
fat-like substances and come from the wear and tear and bre
the tissue-cells.

Melanins.”~The melanins may assume various colors, but are usually
dark brownish or black. Their enormous variety and the ways in which
they normally occur more abundantly in those races exposed to sun and
wind, their abundance largely dependent upon hereditary powers of the
cells, their rapid appearance in the form of tan and freckles in response to

9
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exposure—all these things are hardly our concern, but helong to the field of
physiology,  Still the study of their abnormal production and distribution
may throw some light upon their normal origine - Melanins are comples
substances containing no iron, but rich in sulphur.  Much discussion has
arisen as to their origin and as to their chemical nature, but sinee no two of
them seem to have the same composition, the latter point still remains
obseure,  In general, it s found that such substances may bhe produced
by the action of oxidizing ferments, such as tyrosinase, upon materials like
tyrosin, ornithin, ete., which
contain the groups pyrrol
pyridine, skatol, or indol
but that it is hardly possi
ble  that melanin should
be produced from haemati
unless some other, sulphur
containing  substane

brought into the reactio

I'he evidenee seems to I
entirely against the origin
of mela from the eom
stituents of the blood.  On
the contrary, it was shows
by Wieting and Hamdi and
others that these @
are formed in the epit
cells apparently  espe

i products of the nueleus
and although they may In
held for a little in thes
“melanoblasts, ™ they may
also be given over to other
wandering cells of connee-
tive-tissue origin, the chro
matophores.  Thus the pig-
ment of the eye is thought
Fig. 48 —Melanotic sarcoma.  Secondary nodules  to he formed in the retina
in liver 5

and secondarily transferred

to the cells of the choroid
Except in a few cases, we are not at all well informed with regard to the
abnormal development of melanins in the skin.  There are pigmentations
which are doubtless only accentuations of the normal, and occur chiefly

in the most pigmented areas of the body, such as the chloasma of tuber-
culosis and of pregnancy, in which brownish flecks appear on the face and
body, and the arcole of the nipples, axillie, ete., become more deeply colored.
Probably, too, in the healing of many destructive skin diseases, and in the
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area about an old healing uleer, increase of melanin produces part of the
brown coloration, although, especially in the latter instance, blood-pig-
ment plays a part.  In Addison’s disease, which results from the destruc-
tion of the adrenal glands, the skin gradually assumes a darker hue until
finally it is like that of old bronze. Whenee this pigment comes we do
not know, nor are we well informed as to its nature,

Fig. 49.—Pigmented cells of melanotie sarcoma in contrast with others not pigmented
P

Pressure atrophy of the liver.

The most striking example of the massive production of melanin is seen
in the so-called melanotic tumors, which usually spring from the skin
or from the pigmented tissues of the eye. Such tumors, which in their
early and apparently innocent stages are known as moles or pigmented
nwevi (Fig. 504), seem to be derived from the melanoblasts, inasmuch as
their metastatic nodules continue to form melanin, which could not be
expected of mere pigment-carrying cells, the chromatophores.  The weight
of evidence in the prolonged strife as to their sarcomatous or carcinomatous
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nature is apparently with those who hold that they are really of epithelial
origin,  Growing with extreme rapidity and invading the most distant
parts of the body arid of pigment, these tumor-cells continue to manu-
facture such quantities of coloring-matter that not only is the mass itself
coal black (Figs. 48, 507), but the pigment is carried away and appears
in the urine either as such or in a modified, colorless form, which turns
added, to pigment

again on exposure, or when an oxidizing substance
which stains the urine black.  No one seems to have followed very precisely
the wandering of this pigment, although it is known that melanins injected
into the cireulation of an animal become decolorized by the reducing action
of the tissues, only to blacken again when they are oxidized.

Ochronosis is a rather rare condition in which a brown or blackish
pigment, probably allied to the melanins, is deposited especially in the
cartilages and ligaments, but also in the aorta and sometimes in the kid-
neys.  The patient becomes conspicuous on account of the bluish color

that shimmers through the skin, where, as on the nose and ears, the pig-

mented cartilages are near the surface. It is due to metabolie disturbances
often accompanied by alkaptonuria, or to the introduction of small quan-
tities of such a substance as carbolie acid, as in'the prolonged treatment of
an uleer with that antiseptic. Poulsen thinks that the pigment is pro-
duced by the action of such a ferment as tyrosinase upon tyrosin or homo-
gentisinie acid, or upon derivatives of the phenol introduced by the surgical
dressings.

The malarial parasite, while still within the red blood-corpusele, pro-
duces particles of a shining, brownish-black pigment at the expense of the
hiemoglobin-containing cell.  This is probably derived directly from the
hiwemoglobin, although it is iron free and by most authors regarded as a
form of melanin,  The remainder of the hwemoglobin dissipated in the
plasma after the parasite breaks out of the cell forms an iron-containing
pigment. Spleen, liver, and other organs become so laden with a combina
tion of these pigments as to be quite blackened (Figs. 383 and 384)

Of the second group of endogenous pigments, those derived from the
blood, we may distinguish several forms. The source of all is hwematin,
which, in combination with a globin, forms hiemoglobin, and it is after the
hemoglobin has been set free from its suspension in the corpusele that the
decomposition may take place. Many things, ranging from distilled
water through a series of organic or inorganic poisons to the most subtly
modified blood-sera, may act as hemolytie substances capable of dis-
integrating the red corpuscles and setting free the haemoglobin.  If it be
thus set free in large amounts in the general circulation, it may be exereted
This is
not an uncommon accompaniment of malaria in some countries (black-

through the kidneys, producing the so-called hemoglobinuria

water fever), and there has been much discussion as to whether it is caused

by the malaria or the quinine given to cure it.
Another form occurs in paroxysmal attacks in certain predisposed per
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sons whose red corpuscles seem very fragile and liberate the hwemoglobin
on the slightest injury.  Even the mere exposure to cold produces an exere-
tion of heemoglobin, and it has been found that this is beeause the hiemolytie
substances present can combine and act only at a low temperature.  The
kidneys become loaded with clumps of a yellowish material which scems
to have come through the glomeruli and lodged in the tubules. In a
similar way poisoning with chlorates produces the exeretion of a modified
hiemoglobin, methemoglobin, and that with sulphonal and allied poisons
causes the appearance of iron-free hematoporphyrin

Some bacteria have the power of causing hwmolysis, and in general in-
fections, where the blood becomes filled with these bacteria, there is much
destruction of red corpuscles.  After death the laked blood stains the tissues

s0 that at autopsy the walls of the heart and the linings of the blood-

vessels ar i dull red color.  Through the walls of the superficial veins
this color may diffuse to such an extent that one sees a network of purplish
bands shimmering through the skin.  Nor is this eadaverie staining
exclusively the effeet of such general infections, for in any body which has
lain some time after death the tissues which are in contact with large aceum-
ulations of blood are stained deep red. It is not particularly a patho-
logical phenomenon, but one which might confuse the unwary.

Pigments Arising From the Decomposition of Haemoglobin.— Ordinarily,
although, as we know, the red corpuscles cireulate intact only a relatively

short time, so that in every hour millions of them fall to picees, there is no
noticeable coloring of the blood-plasma with hwemoglobin,  Nor is the
haemoglobin exereted from the body in the urine—instead, it is taken up
by various cells and converted into different sorts of yellowish-hrown pig-
ment.  Just here our knowledge of the process proves somewhat incomplete,

but it is generally aceepted that the liver-cells form bilirubin from such raw

material, while if the blood is laked in a mass, as, for example, in some
cavity of the body, so that it is not, except at its edges, in contact with
living cells, a red-brown pigment, called hamatoidin, is formed, which
most authors think is identical, or at least isomerie, with bilirubin.  When,
however, the hwematin or the whole hwemoglobin is taken up by living
cells, even including the liver-cells at times, there may be formed another
yellowish-brown, granular pigment—h@mosiderin.  These are the main
types, although there are others of less importance.  Of hilirubin we shall
speak in connection with jaundice. Like it, hematoidin is an iron-free
substance (CHNoOs) which oceurs in amorphous or crystalline form,
or sometimes as a diffuse staining of tissue. It is often recognizable in the
central portions of large hemorrhagie infarets, in thrombi or old hemor-
rhages, sometimes in cysts in which hemorrhages have occurred, as in the
thyroid, or in the brain in healing apoplectic hemorrhages.

It is probably of relatively uncommon occurrence as contrasted with the
third of these colored materials, the hemosiderin.  To this we can give
no formula, for it is merely a mixture of pigments in which iron exists in
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a most accessible form, so that its presence may be readily shown by the
application of the Prussian-blue reaction. Hwemosiderin is the common

blood-pigment which results upon any small extravasation of blood into

the tissues, in so far as that blood is not immediately reabsorbed as such.
Thus in every sort of wound and bruise, in every sort of inflammation in
which red corpuseles escape from the vessels, in purpura, in seurvy, and

in every other disease where there are ecchymoses or more extensive hem-

orrhages into the tissues, or about the stings of inseets or reptiles, it may
be found after some days.  When the poison is of a hemolytic character,
and in fact in any condition in which blood or the coloring-matter of blood
escapes into direct contact with the tissues, there may be formed in the

-«

Fig. 50.—Iwmosiderin in phagoeytie eells near an organizing thrombus

phagoeytic cells yellow or yellowish-brown, shapeless granules of hemo-
siderin (Fig. 50).

A few common examples may illustrate the mode of occurrence of this
pigment.  In old insane persons, especially, perhaps, those forms of insan-
ity arising from syphilis and chronic aleoholism with arteriosclerosis, one
may find lining the dura mater a thick, blood-stained membrane which
will peel off in thin layers and which, on being washed free of blood, proves
to have an ochre or orange-yellow color.  This so-called chronic haemorrhagic
pachymeningitis may be the result of a single ha@morrhage, but is usually
produced by something, perhaps itself a small hemorrhage, which causes
the formation of a thin layer of vascular granulation tissue from the eap-
illaries of which new hemorrhages oceur and cause the growth of a new
layer of tissue. In the wandering phagoeytic cells which pervade this
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tissue hwemosiderin appears in granules which give the yellow color to the
whole. A quite similar rusty-brown membrane may be found in h@mor-
rhagic hydrocele saes where the tunica vaginalis testis has long been
inflamed.  Sometimes a hemorrhagic infaretion of the lung may heal, and
the area, once turgid with erumbling red corpuseles, is found shrunken and
firm with sear tissue and of the color of & mass of iron rust.  In the interior
much of the pigment may be the iron-free hiematoidin, but that in the
more marginal portions is found to stain blue with ferroeyanide and hydro-
chloric acid, and to be made up of amorphous granules inclosed in cells
which are often fairly bursting with their load of pigment.  Again, when
the mitral valve is contracted so that blood does not readily eseape from
the lungs, we may find them distinetly brown on section. A piece of such
a lung washed free of blood
and dipped in ferrocyanide of
potassium and then in weak
hydrochloric  acid  becomes
bright blue, and we find that
this is because blood-corpus-
cles have for months oozed
into the alveolar cavities, and
have there given up their
hemoglobin, to have it con-
verted in the alveolar epithe-
lial cells into hwemosiderin,
Microscopically, these cells
are seen, swollen with yellow
granules, lying in the alveoli or
in the sputum which has been
coughed up from the lung.
Their dependence upon  this
chain of events has given them  Fig, 51.—Heart-failure cells in the lung. Chronie
the name “heart-failure cells” POusive oongostion.

(Fig. 51).

Arnold finds that many of the iron-staining granules are due to the
assimilation of fluid iron-holding material by the specific granules of the
cell protoplasm, and not to mere engulfing of hemosiderin granules by
phagoeytie cells, and Neumann states, too, that in the heart-failure cells
the pigment masses often have a coal-black central point and are really
formed by the incrustation of particles of soot by the iron-containing hwemo-
siderin,

Not in all cases is the formation of hemosiderin such a local process,
however, for there are many forms of general anwemia in which the destruce-
tion of the red corpuscles, usually by some unrecognized agency, sets free
continuously a great excess of hwmoglobin into the circulating blood.
This may cause the production of an excess of bile-pigment or it may result
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in a wide-spread deposition of hwemosiderin in the cells of many organs
In the so-called pernicious amemia, of whose true nature we are ignorant,
the cells of the liver and often of the cortex of the kidney, spleen, et
become laden with hwemosiderin in fine granules (Fig. 52).

In hiemochromatosis, a disease of which mention has already been made,
there is an even greater deposition of hiwemosiderin and of another iron-frec
pigment, hiemofuscin, without any extensive destrucetion of red corpuseles

We know that such pigment is transported from one part of the body
to the other, and transferred from cell to eell; and that much of it reaches
the bone-marrow, where it must be thought of as furnishing, according 1o
the economical scheme, the iron-rich material for the formation of new

haemoglobin by the erythroblasts, but that step in the process is far from

Fig. 52— Hwmosiderin granules in the liver-cells and endothelium.  Pernicions anamia
clear.  When there has arisen in any way a deposit of hemosiderin in the
tissue of the intestinal wall or in the liver and spleen, decomposition of the
body after death or even the exeessive formation of hydrogen sulphide
in the intestine or in the infected peritoneum may give rise to the forma-
tion of black iron sulphide throughout the superficial layers of the tissue.
This is pseudomelanosis.

The third group of endogenous pigments may he more briefly dismissed,
since we know little to tell of them.  Nevertheless, we may probably look
forward to learning some day that their significance is greater than we have
thought. These are the yellowish granules which are found in many
organs, such as the seminal vesicles, heart muscle, ganglion-cells, and prob-
ably also the interstitial cells of the testes and the cells of the corpus luteum
racteristic color to the organ,

and adrenal.  They give something of the che
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and in some cases this color is intensified when the cells of the organ waste
away. It seems that the pigments are in some instances produced from the
cell protoplasm in the process of wasting, wherefore Lubarsch and Sehrt
call them “wear and tear pigments.”  Others have loosely called them
lipochromes, but they do not give the reactions which have been set forth
for the “true” lipochromes, such as have been found in plants and are
found in fats, and perhaps in the lutein cells of animals.  Their distinetive
feature is that they are in a sense colored lipoids and stain brightly with
sudan and other fat stains.  Perhaps the best example of their aceumula-
tion in gross is seen in the wasted, shrunken heart of old or cachectie people
(brown atrophy of the heart). There the muscle has a chestnut-brown
color, and microscopieally the spaces at the ends of the nueleus in the
narrow, thread-like muscle-fibre are filled with brown granules which are
shining and red after staining with sudan.  Of course, they are normally
there, but they are vastly more abundant in the brown, atrophic heart
(Fig. 26).

Jaundice.—Jaundice or icterus results from the diffusion of bile-pigment
throughout the body, with imbibition of the tissues.  There has been and
still exists an active dispute as to whether this pigment is necessarily the
bilirubin formed by the liver-cells, or whether from the laked blood the
same pigment can be formed by other tissues.  This question appeared to
be settled by the experiments of Minkowski and Mering, Moleschott, and
others who rather erudely destroyved the liver in geese and were then
unable to produce jaundice.  But recently evidence has appeared in favor
of the opposite view, and Dr. Whipple even tells me that, after completely
extirpating the liver in a dog or after ligating off all connection between the
thorax and the abdomen, so that the heart of the dog pumped blood only
through the head and thorax, the introduction of laked blood was quickly
followed by the staining of the tissues with unquestionable bile-pigment.

Still, even if this is true, it is without doubt the liver which usually pro-
duces bilirubin, and in nearly all cases it is from some disturbance in the
liver and its duets that we have jaundice.  Since the yellow color appears
over the whole body, and is easily shown to be due to the presenee of bile
in the circulating blood, the bile, on being formed by the liver-cell, must
pass into the eirculation instead of the intestine by way of the ducts.
According to most observers this takes place by way of the lymphatice
channels, but there are those who believe that it passes directly into the
veins,  With the appearance of jaundice the patient is usually depressed,
his pulse is slowed, and his skin itches.  The bile-pigments and acids appear
in the urine, which, when the jaundice is intense enough, becomes brownish
green and gives a green froth. The coagulation of the blood becomes
slowed, and surgeons hesitate to operate upon jaundiced persons lest they
bleed to death.

Minkowski held that jaundice might result from the secretion by the
liver-cell of its product through the outer side directly into the lymph-
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sheath of the liver-cell cord.  Evidence seems to be rapidly accumulating
however, to show that probably all forms of jaundice are due to mechanical
obstruetion at some point or other to the outflow of bil Eppinger, in his
recent monograph, aseribes many forms to the plugging of the bile capil-
laries by solid, thrombus-like masses, which seem to result from the passage
into the capillary of an albuminous, coagulable substance.  Just as in the
kidney injury of the renal epithelium allows the passage of albumin-con-
taining urine, so injury to the liver-cells has a similar result.  Such plug-
ging is quickly followed by the bursting of the capillary and the liberation

of the dammed-up bile into the neighboring lymphatic wl.  On a grosser
seale, he thinks the same ruptures oceur when the obstruetion is far down
in the common duet

Certainly it seems clear enough that when a gall-stone lodges in the com-
mon duct, or even when severa

l-stones lodge in branches of the hepatie
duets, we have eause for jaundice (not so, of course, when the eystic duet

is obstructed nor when the gall-bladder is full of gall-stones, for that

whole apparatus serves only as a reservoir So, too, when a tumor fills
up the common duet or, growing outside, compresses it \ tumor of the
panereas or of the stomach may do this, and secondary nodules or metas-
tases from such tumors growing in the liver may compress the branche
of the hepatie duets (¢f. Fig. 518), and, by producing local areas of obstrue-

tion, cause nearly intense jaundice

One sometimes sees the most profound jaundice as the result of an ascend-
ing growth of bacteria along the mucosa of the gall-duets, with the pro-
duction of abseesses about their terminations (cholangitic abscesses
This scems rather due to the occlusion of the ducts themselves than to
any pressure on the duets leading from other parts of the liver, for one
may have numerous large abscesses produced by amabe or by bacteria
brought in through the portal vein without any appreciable jaundice

In the cases in which obstruction is produced far down in the common
duct by the pressure of a tumor, the gall-duets are found dilated and thinned
out, and the gall-bladder is dilated to its extreme capacity with bile. In
those cases, however, in which the obstruetion arises from the impaction
of gall-stones which have lain in the gall-bladder o

in the branches of the
hepatie duets, one usually finds the duets roughened and thickened and the
gall-bladder likewise contracted and thick-walled (Courvoisier's law

Such is the jaundice from obvious mechanical obstruction.  Slightly
different only is the common form, in which an inflammation of the mucosa
of the gall-duet, with abundant mucus formation, may be sufficient to cause
transient jaundice. This may reach the deepest bronze if the inflammation
is intense enough and involves the minuter ducts in the liver, as it is sup-
posed to do in the s

alled biliary cirrhosis,

Other forms of jaundice are harder to explain.  Thus in acute yellow
atrophy of the liver, which is undoubtedly only a name applied to the wide-
spread necrosis of the liver which might result from the action of many
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different poisons, there may be the deepest jaundice, although there is no
obvious obstruction to the gall-ducts, and most of the liver-cells are
incapacitated for producing bile.  Still; those which remain are probably
disconnected from their ordinary outlet by the destruction of the liver-ceils
which formed the walls of the intervening portion of the bile capillary,
and hence their seeretion escapes finally into the blood.  So it must be in
cirrhosis of the liver, which we may look upon as the healing of repeated
slight injuries of a similar type, with eventual reéstablishment of inter-
rupted connections betweeen the liver-cell cords and the bile-duets, or in
the cell cords themselves.  In those cases in which a massive destruetion
of whole lobules oceurs, we are [n-l'h:x|'~ less |'|1\<‘|;\ to find j.’lllll‘“ll‘ than in
those in which minuter lesions destroy merely a fow cells here and there
but none the less interrupt the continuity of the bile capillary.  Still the
reéstablishment of these conneetions is very rapid and effective, and, after
all, jaundice oceurs in cirrhosis chiefly in those cases in which there are infee-
tion and swelling of the mucosa of the gall-ducts,

I'he jaundice which is produced by toxing and hemolytie substances
has much in common with that seen in such infeetious diseases as pneumonia
and general septicemias.  Stadelmann produced ieterus experimentally
with injections of toluylene-diamine, arseniuretted hydrogen, ete., and
found not only hemolysis, but the production of quantities of bile so thick
that it practically blocked the gall<ducts.  In this sense he regards it as
an obstruetive jaundice, and Eppinger supports him by finding his bile
thrombi plugging in these cases the bile-capillaries,  In the infeetious
forms no such obstruction could be found by Eppinger or Abramow, who
have studied the subjeet.  The pathogenesis in these eases is still in
question, and they, with the toxic hwmolytic forms, constitute the chief
material for the support of the idea of a true hwmatogenous jaundice with-
out the intervention of the liver.

Jaundice of the newborn is also obscure, although, of course, the tyvpes
caused by syphilis or by congenital atresia of the duet, ete.,

are clear
enough. The common form, which lasts about two weeks and is peculiar
in showing no tinting of the seler@e nor any bile in the urine, seems to be
definitely not an obstructive process.  Another type of jaundice has been
studied recently which shows many peculiarities.  This is a congenital
hereditary affection, thus often oceurring in several members of a family,
and is associated with a marked anemia and enlargement of the spleen.
Iron therapy, which improves the anemia, seems to cure some of them,
and in one case which I saw splenectomy produced a complete cure,

Microscopically, in advanced jaundice, one finds a diffuse staining of the
tissues, but in the liver especially there ¢

re masses of green bile-pigment
forming casts of the bile-canals,

and especially branching moulds in the
intercellular bile canaliculi, which are dilated and distorted and often
ruptured by these accumulations. It is the denser portions of these moulds
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that Eppinger regards as bile thrombi, formed with the addition of some
coagulable material, and causing evident obstruction of the canal (Fig.
53).

The liver tissue is seen to be rather disorganized and broken where this
oceurs, and there is a diffuse staining of the liver-cells about the plugs of
green material.  Beside this one may see that the endothelial eells of
the blood-capillaries are stained green, and that there are many large
phagoeytic cells with clear eytoplasm, but loaded with fragments of the

Fig. 53.—Bile=canaliculi in jaundice plugged with bile-pigment (a, a).  Phagoeytic cells
in capillaries containing similar plugs of bile-pigment (b, b

green plugs, lying in the capillaries.  These have a single nucleus, although
they are often accompanied by many leucocytes and are probably to be
regarded as the phagoeytie cells of the endothelium, which in the liver are
known to be so active.
ExogeNous PIGMENTS

These are nearly always relatively simple substances, which get into the
body in some way and color the tissues,  Most common are those found in
the various dust diseases, or konioses, in which the lungs become loaded
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with the particles which are breathed in by those who ply a dusty trade.
The miller fills his lungs with flour, the smoker with soot, the coal-miner
with coal-dust (anthracosis), the grinder with metallic dust (siderosis) or with
the dust from cut stone (chalicosis), and so on.  These should be called
pnewmonokonioses, and their variety is as the variety of dusts.  The most
common is the ordinary, practically universal anthracosis, which is found
in every one and every animal of sufficiently advanced age, especially if
they live ina eity.  The pigment is sometimes in diserete patehes, colleeted
along the interlobular septa, but when it is very abundant, as in the coal-
miner, it fills all the tissues of the lung.  Such lungs are often very hard on

Fig. 4. —Anthracosis of bronchial lymph-gland. Hyaline alteration of gland tissue.

account of the constant attempt at encapsulation of the pigment in scar
tissue, and some pigments are so irritating and require so dense a capsule
that the lung tissue becomes almost stony (Fig, 54).
The nature of the coal-pigment has been disputed, and it probably is a
mixture of soot and a great variety of insoluble particles, but Traube was
able to show in some lungs, doubtless those of actual coal-miners, that the
granules were really fragments of carbonized coniferous plants, as could
be seen from the characteristic bordered pits of the cells which had per-
sisted throughout.  Engulfed by phagoeytic cells in the alveoli, or even in
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the free state, these particles gain entrance to the lymphaties of the lungs,
and are carried, probably with frequent interruptions and transfers, to
other phagoceytic cells, to the bronehial lymph-glands, which are blackened
and indurated by their presence.  These glands are often found adherent
to the pulmonary veins in such an intimate way that there may arise an
actual transfer of pigment to the vein-wall, or even a hole in the wall
through which pigment is swept into the blood-stream. This may explain
the oceasional presence of coal-pigment in the abdominal lymph-glands or
in the spleen and liver, for it has been found that little if any of the dirt
and colored matter taken into the intestine passes through the walls into
the lymph-glands.

Metallic dust may be inhaled, and colored substances derived from it
distributed in the tissues. Most striking is the rusty pigmentation of
phagoeytic cells about a needle or any other iron particle which has long
been embedded in the tissue.  These cells look almost as if they had actually
ay. The same thing is

gnawed off particles of the metal and carried it av
true of the silver sutures used by some surgeons and left in the tissues.
Years afterward they may be recognized by a gray eloud about them, which
is found to be due to the presence of swarms of branching ecells loaded with
fine particles of blackish silver.  The long-continued administration of any
silver salt by mouth, as was once the habit in the treatment of epilepsy,
gastric disturbances, ete., often led insidiously to the production of argyria,
in which the skin, connective tissues, and the framework of various organs
assumed a leaden color from the fine deposit of what is probably a silver
albuminate. Any one who has ever seen one of these vietims can never
forget the ghastly gray-blue color of his face and hands.

The lack of normal pigments is, of course, quite as important a divergence
from the normal as their unusual accumulation.  Hereditarily some persons
possess very little pigment anywhere in the skin, hair, or eyes. These are
albinos, who, although their melanins are scant, have a normal store of
hemoglobin.  They suffer from the dazzling effect of the light in their
unpigmented eyes, in which the ordinary effect of the camera obscura is

much impaired. Localized absence of pigment in patches which are often
surrounded by skin of denser pigmentation is not uncommon (leucoderma,
vitiligo), and is a characteristic of some deep sears, in the formation of

which the melanoblasts seem not to have wandered in.
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CHAPTER IX

DEFENCES OF THE BODY AGAINST INJURY

Immedinte and late veactions to injury.  Inflammation, fever, tmmunity production, and

repeir Inflammation an claborate mechawism to combal injury., Delails of vascular

and phagocgtic phenomena.  The wandering edll

Reactions to Injury. We may say without hesitation, except perhaps
in the case of tumors of whose origin we are ignorant, that the underlying
cause of every abnormal change in the body is some sort of injury.  Often
we may see the direct effects of such injuries, but in many cases they are
confused with the efforts of the body to annul or repair the hurt.

In the course of ages, through the action of external ageneies, the human
body has been elaborated to its present form, which is marvelous in its
perfeet adaptation in every detail to its uses.  Variations from this stan-
dard in some respects are compatible with life so long as they are not too
extreme, although they may handicap the individual in his struggle for
existence.  Why such a form should have heen developed involves broader
questions than we can consider here.  The same questions arise in connee-
tion with every other species, and it is a matter of interest to the palwontol-
ogist and the general biologist that, once established, such ereatures should
go on transmitting through ages all the details of their structure to their
offspring, and that individuals should possess the inherent tendency to
maintain that form and to return to it as they recover from maiming and
distorting injuries.  So great is this tendeney in the lower orders of animals
and in plants that if only a fragment of the body is left it can reconstruet
the whole.  Even in man, such is the tenacity with which the standard is
adhered to that within the life of the individual great strides are made to
return to the normal when tissues and organs have been disarranged.

It seems, however, that there are two distinet chains of events, the first
being the perfection of a structure and form adapted to the environment,
but subject to extremely slow variations, which maintain this adapta-
tion and are hereditary and stamp the species.  The second group of
phenomena is subservient or auxiliary to this, and consists in the develop-
ment of protective mechanisms which guard the life of the individual.
But one cannot so sharply classify and divide these things, for they ove
lap. Mechanisms which protect the individual, form some of the char-
acters of the species, and the repairing of a wound in the individual is in
great degree guided by the hereditary tendeney toward the form charac-
teristic of the species and independent of the momentary action of the
environment.
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It is this group of hereditary and gradually perfected mechanisms for
defence that we must discuss.  Of these, some are quite simple and obvious
in their character.  The body is covered with a relatively impervious skin,
further protected in pl:

‘08 by hair and nails, It is true that, compared
with a turtle or a rhinoceros, we are defenceless in that regard, but ordi-
narily our need is perhaps not so great.  Our respiratory tract is lined with
cilia, which keep dust out of the lungs, aided by sneezing or coughing when
necessary, Irritating substances are ejected from the stomach by vomit-
ing. Wounds are warded off by all sorts of reflex muscular movements,
and so on.  All these, in so far as they are functional, have become or were
always involuntary processes tending toward the protection of the body
from injury.

But still injuries occur from mechanical, physical, or chemical causes,
and from the invasion of living plant or animal parasites, and these in-
Jjuries, which generally imply the destruction of some of the tissue, call into
activity several kinds of reactions or responses which have been elaborated
through ages of natural selection and bequeathed to their offspring by
those whom they have helped to survive. They are of several types, and
appear to be rather independent of one another, for some injuries eall out
one, some another, but most often they all come in combination or in sue-
cession.  They are: Inflammation, fever, immunity production, repair,

Inflammation is a complicated vascular and cellular response, which
follows almost immediately upon the injury, and is adapted, by bringing
much blood to the spot and pouring out its elements upon the injured
tissues, to prevent the extension of the injury, hold in check the injurious
agent, or even destroy it.  Through the agency of some of the cells which
are brought in, and in other more purely mechanical ways, it is also im-
portant in clearing away the débris of injured or dead tissue and preparing
the way for the process of repair.

Fever is another complex response through which, by certain changes in
the heat-regulating mechanisms, the temperature of the body is raised
chiefly through the saving of heat. It is thought that this is bound up
with

Immunily production, is a response to certain types of injury which
quietly and slowly forms substances specifically adapted to annul and
prevent the inroads of that particular injurious agent. Sometimes this
power remains inherent in the tissues for life.

Repair is the new-formation of tissue to replace that which was de-
stroyed. It may be local, in which case the repair is often a kind of patch-
ing with tissue of a different sort. Or it may occur in addition at a dis-
tance from the point of injury, and consist in the new-formation of the sort
of tissue which was destroyed in such a way as to make up for the defi-
ciency which its loss occasioned. Then it is often called compensatory
hyperplasia.

Repair must therefore not be confused with inflammation nor regarded
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as a part of it. It is true that the result of the local tissue growth is not
always what we should regard as the ideal outeome of an attempt at heal-
ing. Awkward sct

rs or an altogether exeessive mass of fibrous tissue may
be produced which may even interfere seriously with the funetion of the
organ and be entirely out of proportion with what would scem necessary
for the repair of the actual gap first produced by the injury.  Usually this
is beeause the injurious agent persists and repeatedly frustrates healing
by injuring the repairing tissue itself, so that layer after layer of this new
tissue is laid down and consolidated into a firm sear.  Possibly this might
not be so to such an extent were it not for the inflammatory outpouning of
fibrin which it has become the habit of this mechanism to replace by
fibrous tissue, rather than to remove in any other way.

It is a mechanism like the others which seems to have been perfected
through long generations toward a rather complex end, for not only does
it repair gaps in the tissue, but it is protective in the sense that it brings
about the encapsulation of any noxious material and prevents its further
influence upon the neighboring tissues.  While we are familiar with its
ordinary course, and can even prophesy what will happen in a given case,
we are not so well informed as to the exact mechanism which impels these
cells to grow. If, therefore, we speak of the impulse to repair, or dis-
turbance in the equilibrium of tissues, or, on the other hand, of chemical
or mechanical stimuli acting direetly upon the cell and causing its pro-
liferation, we are using vague terms, all of which may possibly have the
same meaning.

This reaction, like the others, is imperfeet, and may produce unsatis-
factory or even harmful results; but if the person survives, there is set at
work

remodeling process through which, in time, much is done toward
restoring the tissues to the normal standard.  This involves other mechan-
isms which obliterate blood-vessels in one place and form them in another,
"

ofy and fret away tissue at one point or strengthen it at another.  Sel-
dom does any one live long enough to have this completed, but we find
evidence at autopsy that it has been at work.

INFLAMMATION

According to the definition of inflammation given above, it scems pref-
erable to use this name for the immediate protective and defensive reaction
to an injury. It is a complex phenomenon, elaborated to a certain degree
of perfection in which the blood-vessels with their contents and the wander-
ing cells from adjoining regions play the greatest parts.  Its aim seems to
be the prevention of further injury by antagonizing the injurious agent,
and this must be thought to include the solution and removal of foreign
materials (which may be the dead cells themselves) because such material
is in itself a cause of injury.

The removal of foreign material or of cellular débris may take place, as
in the desquamation of the epidermis or the bursting of an abscess by me-

10
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chanical means, which hardly form part of the inflammatory reaction, so
that perhaps this process of cleaning up the field so that repair may occur
may be regarded as incidental to the main aim of combating the injury.
At any rate, the reaction seems to be quite distinet from the process of
repair. It is confusing, however, that inflammation, cleansing of the site
of injury, and repair commonly overlap and proceed together inextricably
mingled in the same area.  One might construct a simile in which the fire
department, hurrying to a burning house, represents the inflammation,
although often long before the fire is extinguished workmen are found carry-
ing away the charred timbers and enthusiastic carpenters are rebuilding
wherever they can approach near enough. If this combination of activi
ties be carried on for a long time, it is casy to foretell a curious distorted
building as the result of the carpenters’ efforts.  But would any one say
that it was the fire that had directly stirred the carpenters to work?

We must discriminate between the direet effeet of the injurious agent
upon the tissues and the inflammatory reaction.  This direct effect may
be the killing of some of the cells, with further injury not sufficient to cause
death, diminishing as one passes away from the point at which the destruc-
tive agent impinged upon the tissue. Sometimes the injury is hardly

visible, although it stirs up an intense inflammation, but generally it
necessary that at least a few cells be killed, that this may result.  Exten-
sive injuries which cause metabolie disturbances in the cells may arouse no
inflammatory reaction at all; cells may gradually waste away from disease
or malnutrition or from pressure, as in a hydronephrotie kidney, and there
is little or no inflammation; but let a few cells die and coagulate into what
is virtually a foreign body, or introduce any foreign body, and an inflam-
matory reaction appears at once.  This reaction is not attuned to all sorts of
injuries, nor even necessarily to the most severe, for a man may have his
leg cut off by the surgeon and the wound will heal with evidences of an
inflammation which is directed toward the annihilation of the few dying
cells which happen to have been cut in two in the line of incision, quite
regardless of the more serious catastrophe that the man had lost his leg.
Or a vein may be opened aseptically and an animal bled nearly to death;
wonderful reparatory processes will occur in the distant bone-marrow to
restore the blood, and fluid will pour from the tissues into the blood-
vessels, but there will be no inflammation.  Cauterize the wound, however,
with a hot iron or with boiling oil, as they did in the time of Paré, and the
inflammatory reaction will appear in its full force. We are tempted to
ask whether, after all, inflammation as a reaction responds only to the
presence of dead cells, and their diffusible decomposition products, and
of the development and elaboration of the reaction

whether, in the cou
this has evolved itself as the general signal for inflammation, but we know
that we may greatly intensify the reaction by the use of some other more

irritating substance to kill the cells.
Given the adequate injury, the inflammatory reaction begins with a
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red flush. It can be followed in any place near the skin, perhaps especially
well, as Samuel pointed out, in such an object as the rabbit’s ear, where the
blood-vessels can be seen, but for the minute details it is best to study with
the microscope such transparent tissue as the mesentery or tongue of the
frog or the wing of the bat. If the tip of the rabbit’s ear be painted with
croton oil or dipped in hot water, the whole process comes on with a rush.
First, after a momentary contraction, there is the widening of the arteries

Fig. 55A.—Portion of inflamed diaphragm cleared by Spalteholtz’s method to show the

abundant dilated blood-channels

and veins, so that the blood courses through them very rapidly, and simul-
tancously the widening of all the minute arterioles and venules in the
affected area, so that channels come into view which were evidently com-
pletely collapsed before (Figs. 55A and B).  This much is commonly attained
if, by compressing the veins or by cutting the sympathetic nerves, we cause
the dilation of the vessels. But, in addition, in the inflamed ear, all the
spaces between these visible widened channels become uniformly red.
A needle passed through one of these spaces in the mechanically congested
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ear will draw no blood; but in the inflamed car there is free bleeding from

the puncture. Evidently, then, the capillaries are uniformly distended

with blood.  While this change takes place at first in the actually injured |

area, it soon spreads to the adjacent part of the ear, and finally even to its
root or over the side of the head.  The ear is much warmer than the other
through it so fast that it has the temperature of the
is time to cool off

beeause blood rushes

imterior of the body, and it is gone again before ther

| 1 |
| bl f g. H5B.—Portion of ormal diaphragm, showing in eontrast relatively few visible Fig
{ | ) blood-channel
i
| 2 Somy
I I'his lasts only a short time before the ear becomes swollen and the skin
114 | the
il tens If it be pinched, the impression of the finger remains for a time tract
act
11 ‘ It becomes so thick and heavy that it hangs down, and its funetion must 1
il g ; ours,
B! thereby be interfered with.  Besides it is very tender and even spontane- : foo
i g . " >y Ing in
i ously painful. At the least touch the animal jerks back as if burnt.  Two B
: ! vertig)

11 or three days later the artery may be found contracted again to something ’ thi
y . s st
In the injured area the redness persists, though it . )
¢ ] ( edness e of the ,

|
‘ | near its normal size.
wide, {

may be a darker, more violet color—the ear is cooler—blood seems to be
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passing through the vessels very slowly, and the swelling is gradually pass-
ing away. It may require ten or twelve days for all to become normal
again—the part which has actually been injured is the last to recover, and
then usually with the loss of its surface epithelium, but even there the
cireulation finally returns to the normal, the epithelium is repaired, and the
inflammation is over.

If a transparent tissue is selected, the whole process can be watched in
its development.  In the region where the tissue has been injured, and for

Fig. 56.—Inflamed omentum showing outwandered leucoeytes about a small vessel

some distance around it, the small blood-vessels are seen to widen,  All
the capillaries are stretched by the inereased stream of blood, and con-
tracted channels, which could not be seen before, reopen, and the blood
courses through areas which were quite pale before,  The stream, pulsat-
ing in the arterioles and steady in the venules, now rushes through with
vertiginous rapidity. Though we cannot see it, there is probably even at
this stage some filtering-out of clear fluid from the vessels into the crevices
of the surrounding tissue.  After a time, although the stream-bed remains
wide, the current slows down until one loses the impression of a homo-
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gencous, yellowish-red fluid hurrying along, and it becomes possible to
catch glimpses of the corpuscles as they pass.  Throughout all this one can
see that in the venules, where there is no pulsation to disturh it, the ar-
rangement of the corpuseles is peculiar in that they float in the centre of
the stream, separated everywhere from the vein-wall by the clear plasma
With the slowing of the stream leucoeytes begin to appear in this mar-
ginal stream and are rolled along the wall.  They even seem to find the
wall sticky, so that they adhere now and then, only to be turned over and
dragged along by the rest.  Still later some of them refuse to be dislodged,
and one can see that they have fastened themselves to the wall by piercing

Fig. 57.—Acute diffuse inflammation. Tissue is cedematous and shows exudate of
lencoeytes and red corpuscles in a network of fibrin.  Some mononuclear wandering
cells are present

it with a protoplasmic process which may even project a little way on the
outside. Such a leucoeyte soon becomes dumb-bell shaped, with half its
body outside the endothelial wall, the nucleus squeezing its way through
the small hole foreed by the protoplasm. It is not long before the whole
cell eseapes through this gap and wanders away among the fibres of the
surrounding tissue. These are chiefly polymorphonuclear neutrophile
leucoeytes, which are the most numerous in the blood, and this is the process
of active emigration which formed the erueial feature in Cohnheim’s clas-
sieal observation, and which is one of the most significant occurrences in
the whole process of inflammation (Fig. 56).
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Along with the leucoeytes, or hehind them, red corpuscles escape pas-
sively to the outside, and during the whole time fluid has filtered through
unobserved until now the cells and fibres of the tissue around the blood-
vessel are spread apart widely by its great accumulation—the inflammatory
wdema.  Since this fluid is coagulable like the plasma of the blood, and
sinee there are injured cells in the neighborhood to set free thrombokinase,
there soon appears a delicate coagulum of fibrin stretehing in fine filaments
through the spaces foreed open by the fluid (Figs. 57, 58, 59).

If the injury is extreme, the current of blood may come to a complete

Fig. 58— Inflamed rabbit's showing blisters in the skin and inflammatory infiltra-

tion of the subeutancous tissue

stop in some of the vessels, and there emigration of leucocytes ceases,
But in the others, although the corpuscles pass along very slowly, enough
fresh blood seems to be brought to nourish the tissues.

The leucocytes and the fluid press toward the point where the tissues
are most injured and surround those cells. If bacteria are present, the
leucocytes may swallow them unless they have diffused around themselves
too strong a poison. Then it seems impossible for the leucoeytes to ap-
proach without being killed, perhaps because in order to do this they have
to pass through dead tissue around the bacteria where they receive no
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oxygen. It is almost like firemen who are checked by the smoke, but they
keep on rushing in past the dead bodies of those which preceded them.

Finally, as a rule, if the injury is not enough to cause the death of the
animal, the bacteria are overcome. This is effected by the continued
action of the fluid and the leucoeytes in ways which we shall discuss.  Or
if there have been no bacteria, the dead tissue is permeated by the exuded
fluid and invaded by the leucoeytes.

Fig. 59.—Acute myositis. Diffuse acute inflammation with mononuclear wandering
cells as well as leucoeytes, red corpuseles, and fibrin

After this the process becomes an effort to elean up the débris.  Partly
by self-digestion, partly through digestion by the leucocytes, the dead cells
and fibres are liquefied or reduced to a fine granular fluid and absorbed
through the walls of the lymphatics. The dead bodies of leucoeytes suffer
the same fate, and those which remain alive aid by carrying particles
through the walls of the lymphatics, where they are swept along into the
next lymph-gland. There any such particles or dead cells are exposed to
the digestive action of the cells of the lymph-gland.



INFLAMMATION 137

Thus the area is cleared of débris; the blood-vessels gradually return to
their normal calibre, their walls again become normal and contract, and
the ecireulation resumes its normal rate.  Naturally gaps are left in the
tissue where cells have died and been removed, but the repair of these gaps
will form another chapter.

It is seen from this that inflammation is really a complex but well-
rounded mechanism, designed chiefly to pour over injurious substances
and dead tissue a fluid and cells rich in neutralizing materials and diges-
tive ferments, which tend to quench the action of the injuring agent and
to liquefy the débris for removal. From this point of view it seems a
purposeful and beneficial reaction,

Probably every inflammation is accompanied by some general disturb-
ance, such as fever, of which we shall have more to say later.  When
the injury is intense enough, poison may be absorbed from the injurious
agent or even from the dead tissue to affeet the nervous system and other
organs and to ecause disturbance of their functions, and what we know as
illness.  Even the fever itself may bring along with it disturbances in
function. In all cases, too, there is likely to be a change in the blood in
general, consisting in a great increase in the number of leucoeytes.  This
leucoeytosis is a convenient index of the existence of an obscure inflamma-
tion, and results from the great over-production of the cells of the bone-
marrow and their liberation into the blood.

While the inflammatory reaction may thus Il:(]\[li\_\ suceeed in over-
coming the injury and restoring the cleansed area to a condition in which
it is ready for repair, it is not always so.  The injurious agent may persist,
as in the case of bacterial infections, or it may be frequently repeated, in
the case of physical or chemical injuries, so that a smouldering fire is kept
up for a long time.  The persistent reaction, which is then often spoken of
as chronie inllammation, comes to differ from that which is quickly finished,
chiefly in that, among the wandering cells which appear in the tissue, there
arrive swarms of mononuclear forms which are slow to move, being at-
tracted chiefly by dead tissue or other substances unlike those which draw
the neutrophile leucoeytes.  The congestion of the vessels and the aedema
kept up chiefly along the frontier.  Most confusing,
however, is the fact that, if so much time is occupied, reparatory processes

may subside, being

appear and are closely interwoven with those of defensive character,
The mononuclear cells emigrate in small numbers with the polymorphonu-
clears in the acuter forms, i ut now they come in such numbers that one
cannot escape the idea that many of them wander in from the crevices of
the adjacent tissue or are even formed in situ by multiplication of those
which first appear. They assume many forms, and many of them grow to
a great size as they move about, swallowing up particles of dead tissue or
even whole cells which have been injured. When the area is finally and
permanently rid of the injurious substance, and when all the débris of dead
tissue is cleared up, these cells in their turn slip away into the spaces of
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the tissue or into the lymphaties and disappear into distant parts of the
body.

With this bare outline of the inflammatory process we may pass to the
discussion of some of the underlying principles.

The Widening of the Vessels.— The widening of the blood-vessels is
probably due to complete paralysis of their walls
ally inflamed areas.  Klemensiewiez, who holds this ide

at any rate in the actu-
showed that the
vessels of the web of the frog's foot could be made to contract by electrical

stimulation of the medulla or of the vessels themselves, but if the foot were
inflamed, no such stimulation affected them in the least.  Section of the
sympathetic fibres to a part allows of a temporary great dilatation of the
vessels.  In the rabbit’s ear section of the auricular nerves, on the contrary,
causes their contraction.  Sensory stimulation will reflexly cause vascular
engorgement, but while all these conditions may be produced first, and
will thereupon modify the course of an inflammation set up in that region,
they are quite different from the changes in the vessels which inflamma-
tion entails, and which cannot be greatly altered by section or stimulation
of nerves when it is onee well developed.  Inflammation in a rabbit’s ear
flushed by section of the sympathetic proceeds more rapidly and intensely
than in a normal car, and inflammation in a rabbit’s ear rendered anemice
by section of the auricular nerves goes on imperfeetly, so that in the end
the injured ear becomes necrotic and drops off.  But, after all, these are
only superimposed influences, and, as we have shown, inflammation runs
its course, complete in each detail, in a limb which has been amputated
and then reunited by vaseular suture, so that there can be no possibility
of the existence of any nervous connection with the central nervous system,
All this is in accord with Klemensiewiez's statement that the walls of the
vessels, including the capillaries, are completely paralyzed and deprived
of their contractility.

The Changes in the Rate of Flow.—The stream in any given stream-hed
ordinarily runs more slowly when it reaches a widened streteh, but here,
where there is a choice of channels, it is more influenced by the friction
against the wall, and consequently runs through these widened vessels at
a rate more nearly approaching that in the larger vessels than before. It
is for this reason that the part feels hot—not that there is any appreciable
amount of heat produced by inereased metabolism in the inflamed area,
but merely because, in a superficial tissue, the blood, when coursing nor-
mally, has time to cool, while now there is no such opportunity and the
temperature of the part approaches that of the interior of the body.
Probably we could determine no difference in temperature between an
inflamed loop of intestine and a normal one in the same person.

The slowing of the stream and the passing out of the leucoeytes into the
marginal or plasma zone are much harder to explain.  One is practically
compelled to think that there is a change in the endothelial lining of the
vessel of such a character that it becomes rough or sticky, and thus offers
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more friction to the passage of the blood-stream.  Some have thought that
the blood itself becomes thickened by the loss of fluid through the vessel-
walls, and that this increased viscosity might explain the sluggish stream,
but there is no convincing evidence that the venous blood from an inflamed
area has any pereeptibly greater viscosity than the arterial blood.  Schlar-
ewsky and others have shown that any suspended particles passing in a
stream of fluid through a tube are governed by a centripetal foree which
keeps them in the axis of the stream, but that, with slowing of the stream,
this foree is relaxed, and first the lighter, then the heavier, particles are
allowed to approach the periphery.  Apparently this would explain the
marginal position of the leucocytes as the stream slows, but it does not
touch upon their adhering to the wall and finally penetrating it.  Nor
does it throw any light upon their inereasing abundance in the whole cireu-
lating blood, for which two things quite different causes must be sought.

Chemiotaxis and Phagocytosis.— It has been observed, in watching free
swimming amahwe and other unicellular or even multinucleated organisms
which are mobile and jelly-like (myxomycetes), that their movements are
largely influenced by changes in their surroundings, or even more definitely
by physical or chemical stimuli.  Of special interest is their behavior
toward soluble substances, some of which attract, while others repel, them.
One of the myxomyeetes, for e

ample, which grows on tanbark, will move
actively along a moist surface toward a drop of an extract of that bark,
while it will move just as actively away from a solution of glucose or of
some salt.  Nevertheless, it can be aceustomed to these latter things so as
to be attracted rather than repelled by them. This is an example of
chemiotaxis, or the stimulation to motion by a chemical substance, in the
one case positive, in the other negative.  Attempts have been made (AL B.
Macallum and others) to explain this activity as due to alterations in the

surface tension of the protoplasmic mass, and apparently this is the true
basis, although it becomes complicated when we come to explain how the
response changes as the amaboid organism accustoms itself to a repellent
substance and is finally attracted by it.  Probably a similar explanation
will hold good for the tactile irritability which is evident in those amabwe
or other cells which come into contact with some insoluble particle. In
such a case the protoplasm flows around the particle and encloses it com-
pletely unless it is too large, when it spreads itself over the mass as far as
possible,

This is the process of phagoeytosis in its beginning, and both it and chemi-
otaxis are things which can be closely simulated by non-living substances.
Thus a drop of chloroform in water will streteh itself along a thread of
shellac brought against it, and, dissolving it as it goes, keep moving along
the thread until it is saturated.

All of this applies equally well to the mobile cells of the body, par-
ticularly to the leucoeytes, and Metchnikoff especially has laid great
stress upon the fundamental réle which it plays in inflammation, for while
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in lower forms these mobile mesenchymal cells form the means of defenee,
arriving at the point of injury by their own motility, in vertebrates there is
added a convenient blood-vascular system, with its rapid current, which
a and then slows up so that they

brings the leucoeytes to the injured arel
may emigrate through its walls and reach the spot.  Were it not for this
slowing and the roughening and stickiness of the endothelium in that
region, the leucocytes would all be swept by without any chance of reach-
ing the place where the injury oceurred.

Many ideas have been expressed as to the reason for the passage of the
leucocytes through the wall, but it secems that the weight of evidence is in
favor of their active penetration between the cells in response to the at-
traction of some diffusible soluble substance which is either the injurious
agent itself or produced by its destructive action on the cells of the tissue.
It is 8o evident that dead tissue killed by any mechanical means or by being
deprived of its blood supply, as in the case an an infaretion, can act in this
it must play a part.

way to attract the leucocytes, that in every cas
Experimentally it has been shown that extracts of dead cells are positively
chemiotactic.  Nevertheless, the leucocytes appear in so much greater
number when bacteria or some chemical irritant cause the inflammation
that unquestionably these poisonous substances themselves have a power-
ful influence,

All forms of leucoeytes are not equally attracted by each substance,
and indeed some things actually repel one form while attracting another.
Thus while in most inflammations the polymorphonuclear neutrophile
cells are prompt to respond in great numbers, cells of the type of the lym-
phoeyte are most abundant in the inflamed areas in typhoid fever and
even in tuberculosis, 8o, too, in the lesions produced by many animal
asites, such as the trichina, the polymorphonuclear cosinophile cells

in great numbers. It is not elear that any bacteria exercise a
definitely repellent action on the neutrophile leucoeyte, although it seems
that this may be so in typhoid fever.

How the impulse is sent to the bone-marrow, when there

is a localized infection, to call forth the storm-like discharge of new leu-
cocytes into the blood, is not very clear. Certainly far more are formed
and liberated than could possibly be accounted for by any dearth in the
els, and it

cireulating blood caused by their departure from the blood-ves
seems necessary to believe that some chemieal substance cireulating in the
blood causes this great hyperplasia.  If one reflects that a leucoeytosis of
30,000 to 40,000 per cubic millimetre is not unusual, the colossal number
of new leucoeytes quickly formed and thrown into circulation becomes

a matter of wonder.

The Wandering Cells.—It is clear that in the adult animal the greater
number of the cells are intimately and permanently attached to their
neighbors, and in virtue of this coherence tissues are formed which are
stable. The rest of the cells are not so fixed, but wander about loosely or
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are driven about with great speed, as in the e

¢ of the red ('nl‘[hlls‘l‘lv\ and
leucoeytes of the circulating blood.  Even in the circulating blood the
leucoeytes have the power of moving at their own volition, but this power
comes to its proper expression only in the erevices of the tissues, where
they are at leisure and are not hurried along by the force of the heart,
There it is easy to recognize such free cells by their elear-cut outline, their
independence of attachment to other cells, and by their bulging or lobose
pseudopods,  If the tissue is allowed to grow cold before fixation, most
of these cells will be found to have retracted into a round form, but if it is
dropped in small picces, perfeetly fresh and warm from the living animal,
into some solution which will fix it instantancously, the wandering cells are
seen caught in all sorts of attitudes, and often stretehing out long arms or
twisting their way among the fixed cells,

It is very generally ¢

rreed now that these wandering cells take no part
in the formation of any fixed or stable tissue, but are probably always
nomadic until they perish. It is not so eertain that the fixed tissues do not
give origin to wandering eells,  This forms the subject of a discussion
which has lasted for years, and is even now far from a conclusion. It
seems proved that if we go far enough back in the development of the
embryo, it may be shown that the wandering cells, all of which are of meso-
blastic origin, arise from exactly the same cells as give rise to the various
types of conneetive tissue.  In other words, in this early stage the forma-
tion of blood, including red corpuseles as well as lencocytes, takes place
nearly everywhere in the mesenchyme or original conneetive tissue,
Maximow and also Dantschakow, have deseribed this very clearly in a
number of recent papers, and have shown that among the branched
connective-tissue cells which make up this soft tissue there appear spaces
(Fig. 60). The connective-tissue cells or fibroblasts bounding these con-
stitute a lining, and soon bheeome modified and divide to form round cells,
some of which fall into the space while others maintain themselves as lining
cells.  These are the first endothelial eells and the forerunners of the blood-
cells.  From such round cells which fall into the new blood-channel there
arise red corpuseles, lymphoeytes, and even the granulated leucocytes,
and these may wander out among the other cells and back again.  Many
of those which remain nucleated and devoid of hiemoglobin leave the blood-
channels and pursue a wandering existence in the tissues,

es of blood forma-

Later in the development of the animal such proces
tion become localized in eertain specialized blood-forming organs, such as
the bone-marrow, the lymphoid tissues, and pessibly some other places.
For a time the liver is active as a blood-forming tissue, but it loses this
power later. The spleen appears to retain the hematopoietic power
through life, although it acts also as a scavenger of débris of blood-cells.

Under pathological conditions it seems that very many other situations
in the body may become endowed with the capacity for blood formation
a change sometimes called a myeloid transformation; thus actual bone-
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marrow may be formed in the lung or the kidney or in the artery wall, or
the spleen may come to contain the elements which are recognized in the
bone-marrow as the producers of leucoeytes and red corpuscles.  But
these things are abnormal and transitory, and ordinarily blood formation
is rather restricted to the definite blood-forming organs.  In this way the
relation of the wandering cells to the fixed tissues becomes fairly clear.
That they are of common original stock with the connective tissues is
shown by the early development, but that these connective tissues draw
away and become specific producers of similar connective tissues only, in

WPz 7

Fig. 60.—Early development of wandering cells in embryonie tissue (Maximow).
Cross=section of a vessel of the area vaseulosa with primitive blood-cells (p. blz) in the
lumen.  Rounding off of endothelial cells (m) and their conversion into blood-cells;
mz, mesenchyme cells; ed, endothelium.

later life, leaving the wandering cells to be formed by specialized cells
grouped in organs for that purpose, is equally clear.

Deseription of the cells concerned may be found in every text-book of
histology, although it is true that some of the types become conspicuous
or are produced only under pathological conditions.

In the circulating blood there are found normally, beside the red cor-
puscles and platelets (which are derivatives of the megalokaryocytes of
the bone-marrow), several types of mobile leucoeytes.  Of these, the poly-
morphonuclear leucocytes with neutrophile granules are most prominent,
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and form about 70 per cent. of all the white cells, Similar to them in
many respects are the eosinophile cells, which differ in possessing shining
granules staining brightly with eosin, but these form only 1 or 2 per cent.
The remainder consist of cells with rounded nueleus and protoplasm con-
taining few granules or none at all.  The smaller of these, with relatively
little protoplasm, are the lymphoeytes.  Larger paler cells with palely
stained round or indented nucleus are variously known as large mononu-
clear cells, large lymphoceytes, ete.  Oceasionally there are found single
examples of the forerunners of the polymorphonuclear leucoeytes in the
form of large mononuclear rounded cells with neutrophile or even cosino-
phile granules (myelocytes), and about as rarely leucoeyte-like cells which
contain distinetly basophilic granules in their protoplasm (mast leucoeytes).

In the bone-marrow, where the manufacture of the eell contents of the
blood is very aetive, there are found all the precursors of these cells,
There there are many indifferent non-granulated cells, much like the primi-
tive cells in the embryonie tissue, from which so many varieties arose
These can be supposed to give rise, along different lines of specialization,
to the cells as they are found in the blood.  One process of differentiation
doubtless leads to the formation of larger and smaller lymphoeytes.  This
certainly oceurs in the bone-marrow, although these cells are known to be
produced in especially great numbers by the lymphoid tissue distributed
throughout the body. Another line of development from an early un-
differentiated type of cell which is originally the same as that just described
leads, through the appearance of hwemoglobin in the protoplasm, to the
successive formation of megaloblasts (large nucleated red corpuseles),
normoblasts (smaller nucleated red corpuseles), and finally through the loss
of nucleus to the non-nucleated ordinary red corpuscles or erythrocytes.
Sometimes in the stress of rapid delivery of these red corpuscles to the
blood in cases of angemia some of the nueleated megaloblasts and normo-
blasts are swept out into the circulation. The third important line of
development, beginning with an indifferent nucleated cell, leads to the
produetion of large round cells with large, pale nucleus and non-granular
protoplasm (myeloblast), which may acquire either neutrophile or eosino-
phile granulations. These in time give rise respectively to the neutrophile
and eosinophile polymorphonuclear leucoeytes (Fig. 61).

Osteoblasts and osteoclasts in the bone-marrow take no part in blood
formation, but the large giant-cells with budding nucleus and granular
protoplasm (megalokaryoeytes) constantly give off fragments of their
protoplasm to the blood-stream and thus produce the platelets (Wright).

In the lymph-glands, as well as in the Malpighian bodies of the spleen,
the tonsils, and all the lymphoid nodules seattered along the alimentary
tract, there are found many lymphoeytes lodged in a reticulum and associ-
ated closely with networks of lymph-sinuses and lymphatic channels.
In the reticulum there are many large pale cells which may be concentrated
in the middle of each lymph-cord or island in the gland to form the so-called
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germinal centre (Fig. 62). Although it was stated by Flemming that
these large cells gave rise by mitosis to the lymphocytes, there is still much
dispute about the actual origin of the smaller cells. Marchand, in re-
viewing the work with its divergent results, concludes that large macro-
phages are certainly formed from the reticulum cells and endothelium of
the sinuses, but that it is difficult to prove the origin of the lymphoeytes
from the large cells of the germinal centre.

These cells have different morphological characters and phagoeytic
powers, and although we know that lymphocytes are produced in this tissue

Fig. 62.—CGerminal centre in Malpighian body of the spleen,

and although the general tendency is to derive them from the reticulum
cells, this origin has not actually been proved.

In the course of many infections the sinuses of the gland, and even the
neighboring tissues, become packed with large mobile mononuclear cells
which are most voraciously phagoeytic and engorge themselves with every
sort of cellular débris (Fig. 63). Marchand and others regard these as the
macrophages derived from the reticulum cells and from the endothelium
of the lymph-sinuses. Mallory, in his study of typhoid fever, has laid
special stress on their endothelial origin, and even speaks of them as
endothelial leucocytes. It seems to me difficult, however, to distinguish

between these and the large mononuclear wandering cells in general, and
1
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difficult to assign to them with certainty an origin different from that
accepted for those which infiltrate tissues at a distance from lymph-glands.

Conditions in the lymphoid nodules of the intestinal wall and other
organs, in the Malpighian bodies of the spleen and the tonsils, correspond
exactly with those in the follicles of the lymph-glands. In the splenic
pulp there are also cells of the type of lymphoid cells, and larger ones which
act as macrophages.  That they may be contributed in great numbers to
the cireulating blood is shown elearly by Morris’ recent studies of the blood
of the splenie vein,  Other tissues, including the connective tissues in
general, especially where they lie in relation to the walls of the blood-
vessels, the omentum, the stroma of the mucosie of the intestine, ete,,

Fig. 63.—Lymph-gland showing phagoeytic wandering cells in the lymph-sinuses

harbor wandering cells in considerable numbers and many forms. It is

true that, except in the mucosa of the intestine, these cells are normally

very inconspicuous, but they appear in great numbers when there is any

stimulus to attract them.

tanvier deseribed the so-called elasmatoeytes, or cells which could break ;
off and discharge parts of their protoplasm, as occurring in the tissues, q
but it is to Marchand especially that we owe the recognition of the normal
existence in the erevices of the tissues of mononuclear cells which have S
wandered out of the vessels and become sessile in their outer walls or in o
the neighborhood. To these he has given the name adventitial cells. ot

They are quite amaeboid, and respond to chemiotactic influences, showing
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great phagoeytic activity. They hurry through the tissues in great num-
bers to the seat of injury when certain sorts of inflammatory processes
are set up, and it is through their multiplication that a part at least of the
accumulation of cells often spoken of loosely as round-cell infiltration arises,

/04,

Fig. 64.—Group of polyblastic or wandering cells of various types: ly., Lymphoeytes;
pl., plasma cells; ph., phagoeytic eells of large size, some containing blood-pigment, others,

L.ph., containing much fat; ¢., foreign-body giant-cell formed about granules and erystals
of bismuth; fibr., connective-tissue cell.

Such gatherings of cells have for years oceasioned discussion, and this is
one of the sources of origin which Marchand emphasizes and defends.  The
others will be referred to.

Besides the adventitial cells, there are others in the tissues which are
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similar in their general form, but distinguished by their staining properties
and by their behavior. These are the mast cells, which are found most
abundantly in the walls of the bronehi and intestine and about the blood-
vessels.  Whereas the adventitial cells show a few metachromatic granules
staining red with azur dyes, the mast cells are full of large basophilic
granules, which stain purple with dahlia and also red with azur or poly-
chrome methylene-blue.

The recent papers of Maximow dealing with inflammation, abscess
formation, the participation of mononuclear cells, and the formation of
scar tissue throw much light upon the subject. By the use of porous
foreign bodies embedded in the tissues he
showed that lymphoeytes which had wan-
dered out from the blood-vessels appeared,
as it were, in pure culture in the spaces of
the foreign body, and subsequently grew
and developed until, in their various stages,
they became identical with all the forms
of large mongnuclear wandering cells with
abundant protoplasm and phagoeytic ac-
tivity (Fig. 64). Fusion of several such
cells produces giant, syneytium-like cells
with many nuclei which are particularly
able to engulf foreign bodies and are known
as foreign-body giant-cells,  (This was con-
firmed by Lambert, who cultivated lymphoid
cells in vitro with lycopodium grains as for-
ecign bodies (Fig. 65).) This whole group of
wandering cells, derived by gradual meta-
morphosis in the new environment from
lymphocytes which had emigrated from the
blood-vessels, he designates as polyblasts,

Fig, 65 —Forelgnbody giant- suggesting thereby the variety of forms
coll in tissue culture, enclos-  Which they may assume. He thinks it con-
ing two lyeopodium spores, ceivable, though not probable and not

proven, that they may become fixed tissue-
cells, At most he will say that they become imprisoned between the fibres
of conneetive tissue, and are then hardly distinguishable from those cells,

Although he tends to regard them as the product of emigrated cells, he

derives them equally readily from the wandering cells of the tissue which

may have emigrated a long time before and lain latent in the tissues for
that time. Nor is it doubtful that they reénter the blood-vessels at
times. There is thus no real inconsistency between this view and that of

Marchand.

We find thus three sources mentioned for the variegated crowd of
mononuclear wandering cells that swarm about areas where inflammation
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has existed for a time. (1) The reticulum cells and the endothelial cells
of the sinuses in lymph-glands, the lymph-nodes of the intestine, and in the
spleen.  (2) Cells which are normally found in the adventitial tissues of
vessels and seattered elsewhere in the erevices of the tissue, and (3) lympho-
eytes which emigrate from the blood-vessels and in the tissues develop into

amaehoid forms, quite like those already there.  Other possibilities doubt-

less exist, as, for example, in the case of the very similar fat-granule cells
found in softened areas of the brain which Fr. Marchand deseribes as origi-
nating from the neuroglia cells,

In all cases, however, they have finally
the same general characters, and although these different origins are quite
possible, it seems unfortunate that so much stress should be laid upon this
point—for Mallory almost every phagoeytic eell is an endothelial eell

for Maximow they are all overgrown lymphoeytes.  To me it seems that

while the endothelial cells in spleen, liver, and lymph-glands have un-
tlu!l'llw”_\' ||||:|L',"lt"\lix' activity

the origin of wandering eells from them is
least well proved.

Further, it is perfeetly obvious that myriads of mobile
wandering cells do exist normally in the tissue, and that the lymphoeytes
do actually emigrate from the vessels, and, according to Maximow's careful
observations, change their form in the new environment.

These two
sources, which are in the end identical, seem, therefore, perfectly sufficient

to explain every accumulation of mononuclear wandering eells, and on this
basis we shall speak of them by that name only.

Among them there oceurs one peculiar form which is obviously derived
from the lymphoceyte through a modification of its nucleus and protoplasm.
This is the so-called plasma cell deseribed by Unna, which oceurs normally

in the intestinal mucosa and elsewhere and appears in great numbers in

many forms of long-standing subacute inflammatory reactions (Fig. 64).
Tuberculous granulation tissue and gonorrheal salpingitis afford examples
of such conditions. The cells are rather larger than lymphoeytes—some-
what amaboid, but in fixed preparations they usually assume a rounded or
oval form, with the nucleus excentrically placed, generally at one end of the
cell.  The nucleus, whose chromatin is in coarse masses, is surrounded by a
pale halo, while the remaining protoplasm takes a bluish stain with ordi-
nary nuclear dyes.  Such cells, which may be regarded as a type slightly
differentiated from the rest of the tribe of mononuclear wandering cells
are conspicuous because they are so constant in their form.  They are not
commonly phagocytic, but probably active in producing a digestive ferment.

Goldmann has studied all the wandering cells of the tissue with reference
to their behavior toward certain dyes, such as pyrrhol-blue, isamin-blue,
ete., which can be injected into the living animal and are taken up with
sharp selectiveness by certain cells only. Kupffer's stellate cells of the
endothelium of the liver capillaries stain brilliantly in this way, and so do
the interstitial cells of the testes. Some of the epithelial cells of the renal
tubule store up the

ain in granular form in just the same way, while
allowing the passage into the urine of other portions of it.

In the connec-
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tive tissues by no means all the wandering cells are stained, but only certain
mononuclear cells, which are thus distinguished by him as pyrrhol-celis
from lymphoeytes, mast cells, ete.  What special funetional activity of
these cells confers this peculiar power upon them is not el

The mere fact that these cells take up in their nuclei or protoplasm or
in their granules certain stains in a specific way does not, after all, afford
us much information as to their true character. It would be more impor-
tant to determine something as to their function. Metchnikoff, in his
studies of inflammation and immunity, has been at great pains to show
the analogy between the activities of the wandering cells of the body and
those of amabie or other amaboid simple protoplasmic organisms.  These
latter swallow up bacteria and other substances, and by the aid of ferments
or cytases digest them.  These ferments, he says, are also present in the
wandering cells of the body, and differ according to the type of cell, the
small neutrophile leucocyte possessing a so-called microeytase, while the
mononuclear cells or macrophages, which eschew bacteria, except such as
the tubercle and leprosy bacilli, and digest with avidity cell débris, carry
out their d

estive processes by the aid of another ferment which he calls

macroeytase. Therefore the plasma of the blood is scarcely bactericidal
as compared with blood-serum, in which digestive ferments are found, owing
to the disintegration of leucocytes in the process of clotting. He does not
distinguish sharply between such ferments and the complement or alexine
of the serum, but does sharply separate the ““fixateurs’ or “amboceptors”
which are produced, he thinks, by the phagoeytes, but set free into the
plasma as specifically adapted substances eapable of preparing the bacteria,
ete., which stirred up their production, for solution by the complement.
In any case he regards the phagoeytes as the great source of these ferments.

Many writers have recognized the power of certain tissues to digest
themselves in vitro (autolysis), and have observed that the neutrophile
leucoeytes produce a strong proteolytic ferment capable of digesting fibrin,
gelatin, ete.  Most of them, however, according to Wiens, have denied the
production of a ferment by lymphoid cells.  Opie has cleared the matter
up very well by finding that the ferments of different cells require for their
activity different reactions, He states that the polymorphonuclear neu-
trophile leucocytes and their ancestral granulated cells produce a trypsin-
like ferment which acts best in an ¢

aline or neutral medium to digest
proteins. Its action is often combated by an anti-enzyme, which is
present in the plasma of the blood and in other body fluids. Tt is re-
and is therefore quite different from
the complement of the serum, which is destroyed at 55° C. When formed
in great concentration in a foeal area of inflammation, the enzyme far out-
strips the neutralizing anti-enzyme, and brings about the liquefaction of
dead tissue, as in the case of an abscess.  When in the presence of a great
exudation of fluid, as in the pleural cavity, its action may be held in check.
This proteolytic ferment Opie calls leucoprotease. Contrary to the results

sistant to heat up to 70° or 75° (
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of other workers, he finds that, if the correctly feeble acid reaction be offered,
the mononuel

cells also show the formation of a proteolytic ferment
which is more like pepsin in its character, although it is unable to aet in
so strong an acid as is favorable to pepsin. - This ferment, which he calls
lymphoprotease, is produced in the lymph-glands and in all accumulations

of lymphoid cells, and of the various types of larger wandering mononu-

clear phagoeytic cells which go to form Metchnikoff's group of macro-
phages.

While these ferments are evidently used inside the cell in the ease of the
particles which have been ingested, it seems certain that, in the formation
of pus, as in the abscess, they are diffused from the bodies of the disin-
tegrating leucoeytes, and in the free fluid effect the solution of the adj:

nt
injured and dead tissue.  This function of the wandering cells is, of course,

of immediate importance in connection with their task of cleaning up the
injured area to prepare it for repair.  While the proteases thus produced
are active in the solution of undesirable material, their unbridled aetion
might be detrimental.  As a matter of faet, it is shown by Jobling and
Petersen that the anti-ferment known to be present in the serum and to
restrict the aetion of the ferment is a recognizable chemical substance,
usually a soap or other combination of an unsaturated fatty acid. It is
possible to remove or decompose this substance or to saturate the fatty acid
with iodine and thus release the ferment to its full activity. The presence
of excess of such soaps in the tuberele baeilli seems to be the eause of the
delay of liquefaction of tissue brought to necrosis by those bacilli. 1t is
seen from this that we are at the beginning of our knowledge of the activi-
ties of the wandering cells.  What other ferments they produce has been
as yet only imperfeetly studied, although we have evidence that others,
such as oxydases, are produced by some of them, and there are surely
more,

Pain in Inflammation.—Doubtless the cause of pain in inflamed tissues
is different in various parts of the body, for in certain confined places it is
not hard to imagine that the accumulation of exudate stretching sensitive
tissues would cause suffering, which might be relieved, as is so often the
case, by an incision which allows the exudate to escape. Still it has been
objected that pressure and tension on the nerve-endings are not sufficient
to cause pain, since local anwesthesia can generally be produced by injecting
some indifferent solution into the tissues until they ¢

¢ distended,  There-
fore it has been thought that the poisons which eaused the inflammation
also irritate the nerve-endings.  Possibly this is so, but an inflamed area
following a burn is as painful as one resulting from bacterial infection, and
in sunburn no pain is felt during the injury, but only when the inflammation
is at its height. Possibly the hyperemia itself renders the sensory nerves
hyperexcitable, as scems to be true in the case of non-inflammatory hy-
peremias.

e e cat
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CHAPTER X
DEFENCES OF THE BODY (Continued)

Fever. General nature of the reaction.  Ils chemical characters and relation to immunity.
Immunity. Nature of injurious agents. Types of resistance.  Artificial immunity.
Phagocytosis.  Lysins, agglutinins, antitorins, ele.

FEVER
General Nature of the Reaction.— It is common knowledge that fever is
likely to accompany inflammation, and, as in the case of inflammation,
the efforts of physici

ans and healers of all sorts have been directed toward
cutting it short on the idea that it in itself is the harmful process, Only
in the last decade has it become vaguely appreciated that there is real
evidence that fever, on the contrary, is a reaction elaborated to a consider-
able degree of perfection, which aids in the defence of the body against the
advance of an injurious agent by facilitating the production of the sub-
stances which are formed in the body to neutralize poisons or kill bacteria.

From this point of view it would seem, to say the least, short sighted to
give a patient in fever an antipyretic drug which will cut short the febrile
reaction.

Fever is a reaction which seems to be carried out under the control of
the nervous system, and especially of the vasomotor mechanisms which
have to do with heat regulation, the most striking feature of which is the
elevation of the temperature of the body above the normal. This is not
the result of an excessive heat-production, although there is a moderate
increase in the production of heat, but rather of the retention of an undue
proportion of the heat produced. In the course of fever the body gives
off more heat than it normally would at rest, but not nearly so much as it
would during active exercise. Indeed, the heat-production during exer-
cise may be increased 200 or 300 per cent., but such is the aceuracy of
adjustment of heat loss to this increase that the temperature of the body
remains normal. During fever, on the other hand, the production of
heat is increased only 20 or 40 per cent., but the dissipation of heat is not
proportional, and therefore the temperature rises.

Heat is given off, but,
as Liebermeister has said, the

regulating mechanism is altered to react
for a different standard of body temperature. It is tuned up to a higher

piteh, so that it begins to allow of the escape of heat only at a higher level,
just as we might screw up the thermoregulator of a thermostat so that its
temperature would stand at 40° instead of 35°,
The regulating mechanism is found in the vasomotor apparatus of the
vessels of the skin, in the secretory activities of the sweat-glands, in the
153
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respiration (especially in the dog, which cools itself by panting), in shiver
ing, and partly, in human beings, in conscious changes in the clothing. A
striking instance of the codrdinated working of all these arrangements is
seen in a chill, which is so frequent an accompaniment of toxie or bacterial
injuries with inflammation. The superficial vessels of the skin are con-
tracted so that little blood is carried to that radiating surface. The skin
is pale or livid.  The sweat-glands stop secreting, so that the cooling effect
of evaporation of the sweat is held in abeyance; the smooth muscles in
the skin contract and pull it into gooseflesh; the person feels cold, cowers
together, covers himself heavily with blankets, and shivers violently, thus
turning stored-up energy into heat.  Every available mechanism is brought
into play to stop the dissipation of heat and to warm up the body, and in
spite of the sensation of cold, the temperature of the interior is at its highest
during the chill!

Later, when chemical processes are under way to produce the moderate
excess of heat which is observed in fever, these contractions of the cutane-
ous vessels, ete., are no longer kept up, and the skin may be flushed and
even moist, but still the balance is so adjusted that a little less heat is
dissipated than is produced—enough, at least, to keep the temperature
above the normal.

Chemical Characters of Fever.—Naturally, since fever is a process
concerned with heat-production, the most painstaking efforts have been
made to ascertain its nature by the study of the changes in metabolism
during febrile diseases, but so varied and complex are the conditions that
it ean hardly be said that the results have brought out any very definite
and characteristic changes peculiar to fever as such, and independent of the
direct effect of the underlying cause. It is generally agreed that oxidation
is increased over that found in the normal individual at rest, but it is not
so0 certain that it is qualitatively altered. From a study of the excretion

of nitrogen, together with a comparison of the amounts of carbon dioxide
and oxygen in the expired air, it has been thought that the increased
oxidation affects especially the nitrogenous or protein constituents of the
body, and indeed not so much the labile or cireulating proteins as those
which actually form part of the living tissue. It is known that the store
of carhohydrate is rapidly depleted, but it was thought until recently that
the other ordinary fuel used in the production of heat energy—the fat
was relatively little encroached upon. Now May, Grafe, Coleman and
Shaffer, and others state that in fever, too, the fats form a particularly
important source of heat, and that if sufficient carbohydrate and fat be
supplied to the febrile patient the waste of body proteins may be prevented.
Indeed, Grafe thinks that this attack on the living tissues which was tradi-
tionally emphasized as the most typical feature of febrile metabolism, is
due altogether to inanition, and that qualitatively the febrile metabolism
need not differ greatly from the normal.

In many fevers, especially in pneumonia, there is a curious retention of
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sodium chloride, which is then exereted in great amounts after the fever
is over.  Water may be retained in the same way. The metabolism of
other inorganice substances may suffer alteration in this way or that as well,
but, on the whole, it is difficult, if not impossible, to put one’s finger on any
of these changes and say that this is characteristic of the metabolism of
fever.

In all these studies little attention has been devoted to the anatomical
changes in the disease, so that it is not surprising that there are discordant
results.  If there is extensive destruetion of tissue produced by the poisons
of bacteria, or if great quantities of leucocytes appear in the tissues and
are broken down, digested, and absorbed, as in pneumonia, there must be
changes in the nitrogen output. It is difficult, too, to estimate what part
of the increased oxidation is due to the heightened temperature itself,
quite aside from any other cause, for it has been shown that artificial over-
heating produces an increased oxidation,

But aside from the mere existence of dead tissue which can be used as
fuel and appear in the excreta, and the later result that heightened tem-
perature facilitates further burning, there must be some original cause for
the intensification of the oxidation process, even if it prove that it is not
qualitatively but only quantitatively altered.

Relation to Immunity.—So closely has attention been concentrated on
the questions of disturbances in metabolism that the biological significance
of fever has been somewhat neglected, but recently Rolly and Meltzer,
Loewy and Richter, Fukuhara, and others have published results which
show it in a clearer light. They found that if animals were artificially
kept at a high temperature in a thermostat room, they were able to develop
a much more effective defence against intoxication and infection than those
left outside at ordinary temperatures. Briefly, Rolly and Meltzer showed
that the high temperature itself had probably no injurious influence on the
growth of bacteria in the body. Further, that if a fatal dose of bacteria
or of a toxin be given, no special difference could be observed between
heated and unheated animals. But this sort of infection, by the sudden
introduction of enormous quantities of baeteria or of a toxin hardly occurs
in nature. Instead, a few bacteria get into the tissues and then gradually
increase in number, or in their growth produce an increasing amount of
toxin, so that time is given for the appearance of a defensive reaction.
If, now, the experiment be arranged in the same way, small doses of bac-
teria or toxin being injected at intervals, the heated animals showed a
great advantage over the controls. They lived longer, and many of them
survived doses which inevitably killed the control animals.

When they studied the details of these experiments more carefully, they
found that it was not that the high temperature merely prevented the
growth of bacteria—it might do so in test-tubes, but in the body the bae-
teria grow well enough at febrile temperatures. Phagoeytosis proved
difficult to compare in the two sets of animals, but in vitro they found that
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it was increased by temperatures ranging even up to 41° (', so that prob-
ably the conditions for its development are improved by high temperatures
in animals. When they studied the formation of specific antibodies, how-
ever, they found a great difference.  Antitoxins they did not investigate,
but agglutinins and bacteriolytic substances were produced far more
quickly and in much greater amounts than in the control animals.

New as these results are, they seem to open the way to a more fruitful
study of fever and to confirm the somewhat vaguely expressed idea that it
is in a way analogous to the vascular reaction in inflammation in that it is
the process which facilitates the more essential activities of the phagoeytes
and the production of defensive chemical substances in the body.

LITERATURE
Loewy and Richter: Virch. Arch., 1896, exlv, 49,
MacCallum: Archives of Internal Medicine
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IMMUNITY

Nature of Injurious Agents.—The body may be regarded as a kind of tube
with thick walls, into which there extend cavities open to the exterior.
These cavities, as well as the lumen of the digestive tract, with all its di-
verticula, are outside the body, and poisonous fluids or bacteria can exert
their influence only when they pass through the lining membranes into the
real interior. An injury to the lining membrane, often produced by the

finterior of the body, just as in the case of

bacteria themselves, exposes th
an abrasion of the skin, to invasion, but many poisons can be absorbed
without such cell destruction.

These surfaces then constitute the portals of entry of all the injurious
agencies from the outer world, whether in the form of inanimate poisons
or live creatures which can live and multiply in the interior of the body, to
its detriment. Sometimes entry is immediate, but it is well known that
the outer and lining surfaces of the body may and do swarm with living
creatures, many of which are permanently innocent, while others are only
waiting an opportunity when the guard is weakened to force their way
through the walls and attack the vital organs inside.

Externally the impermeability of the skin acts as a defence, while in the
case of the lining membranes, fluid secretions tend to wash away noxious
materials or annul their effects, in which they are often aided by phagoeytic
cells,  So in the conjunctiva bacteria are quickly washed down into the
tear-duct; in the upper respiratory tract ciliated cells wave back every
kind of particle, and from all the adenoid apparatus leucocytes are ready
to emerge on alarm. In the biliary ducts, as in the genito-urinary organs,
bucteria are kept in check by the stream of fluids, often aided by valvular
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arrangements to close the channels, which wash away the bacteria and dis-
infect the lining surfaces.  Nevertheless, all these defences are often over-
come. Through the skin the attack may be successful not only by way of
ordinary wounds, but by the aid of biting insects and other animals, or
even in the case of some worm larvie by their own penetrating force.
Through the mucos@® entrance is forced by the destructive action of the
organisms themselves, though this is often aided by mechanical factors
which protract their contact with these tissues or by the failure of the
phagoeyte guard from the interior. Thus the upper intestine or the
bladder, which normally keep themselves practically free of bacteria, quickly
become perfect hotbeds for their growth if an obstruction prevents the
escape of the intestinal contents or the urine.

Aside from mechanical or physical injury, then, the body suffers from
the effects of destructive chemical substances which may be wholly de-
rived from the inorganic or inanimate world, or may be produced in some
way by living beings. Indeed, the greatest danger comes from the latter
when, as is so often the case, these living beings establish themselves in
the body or on its surface and manufacture their poisons on the spot.

A word should be said here about the rather obscure question of their
interfering with the well-being of their host by the mere abstraction of the
materials necessary for its nutrition and metabolism. Possibly this may
oceur in the case of some of the larger parasites: they may drain away the
blood or, as in the case of malaria, eat out the blood-cells, but probably
even in the most obvious of such cases the greatest harm is done by the
poisons which these ereatures produce.  On the other hand, Dibbelt has
lately maintained that in the fulminant bacterial infections which kill in
a few hours death is not due to the formation of poisons, but rather to the
wholesale withdrawal of oxygen from the tissues.  Such a result might be
comparable to that in eyanide poisoning, in which metabolism is brought
to a standstill by the stoppage of oxidation processes.

Of all the living parasites which thus insinuate themselves into the body,
only a few, such as the diphtheria and tetanus bacilli, produce a soluble,
diffusible poison or toxin which, by itself circulating through the organs,
can cause the symptoms of the disease. Such bacteria can, therefore,
live and grow, even in a very small spot in the tissues, and yet diffuse enough
poison to kill the animal. Practically all the rest, whether animal or vege-
table, fail to do this, although they cause the most intense and frequently
fatal diseasc The fluids of animals dying of these diseases will not cause
the disease in other animals if the parasites are filtered out, and the fluids
in which they have grown are found not to contain any appreciable amount
of poison.  Still, if their bodies are ground up, a poisonous material or en-
dotoxin may often be found mixed with their body proteins in the extract
made from the débris. How they produce the disease is, therefore, very
difficult to learn, and generally we are content with the idea that they be-
come harmful only when they die and are broken up in the tissues, liber-
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ating their endotoxin.  That their body proteins under the influence of the
ferments of the host may act as poisons, too, begins to seem probable, and
will be referred to again.

It should be observed that the harmful effects of one invader are often
greatly intensified when it is accompanied by another, and, indeed, some
|i{
fection without the help of others. Such mized infections are very com-

‘teria and even protozoan parasites seem hardly able to cause an in-

mon, and may be simultaneous, or one may thrive in the soil prepared by
the other.

Types of Resistance.—Poisons very similar to those produced by bae-
terial and animal parasites are secreted by venomous animals and plants,
or may be extracted from them. Indeed, it is quite difficult to draw any
sharp line of demarcation in the long series of poisons beginning with the
simple inorganic substances, and passing by way of the complex synthetic
compounds to the highly intricate combinations, of whose nature we are
generally ignorant, which we find in the toxins and toxalbumins and other
protein substances which play such an important réle in disease. In
general, however, it is found, through the biological test, that it is only
toward the complex, protein-like poisons that, the body can elaborate
special defensive substances.  Even though the others may finally be
tolerated, it is through some other mechanism. Thus it is well known that
through long habit animals or human beings may become able to swallow
doses of such poisons as arsenie, morphine, ete., which would be far more
than enough to kill an ordinary being, but our ideasas to how this tolerance
is produced are very vague. Certainly no substance is produced in the body
which will neutralize the poison, and it seems that it must be due to some
change in the metabolism of the cells themselves.

There is

even without any such gradual case hardening, a natural in-
susceptibility on the part of some animals to injury from certain poisons;
thus an almost unlimited quantity of the most intensely active tetanus
toxin, a milligram of which would kill thousands of mice, can be injected
into a scorpion or an alligator without producing the slightest malaise,
and a long time later it may be found still lodged in the tissues. Certain
animals are equally resistant to invasion by bacteria which can produce
the most deadly disease in others, apparently because their defensive
phagocytes are so active that long before the hacteria can gain a proper
foothold they are all seized upon and devoured. Whether this is an in-
herited character, resulting from the survival of those thus fitted to resist
infection, it is difficult to say. The immunity is not absolute, however,
for influences, like exposure to cold or heat, great fatigue, or other illnesses.
may so break down the resistance that, after all, the animal succumbs to
infection. Race immunity is doubtless an example of this kind, and race
susceptibility illustrate

its opposite—the South Sea islanders suceumbed
sles because their ancestors had never had to contend
with it.  On the other hand, children in our countries sicken with such so-

in thousands to mes
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called children’s diseases because they alone have not aequired immunity
by having had the disease themselves,

In all the ills produced by living invaders there exists a struggle for
supremacy—even for existence—between the host and the parasite, in
which the stronger prevails and in which defences are developed not only
by the host, but by the invader as well. It is doubtless through this that
the baeteria accustom themselves in passing from the body of one animal
to another to the action of the defensive reactions of the host, and become
thereby more virulent.  This is made evident in some cases by the forma-
tion, under these circumstances, of capsules which are formed in the bacillus
of anthrax, the pneumococeus, ete., as they grow in the animal body but
not in eultures,  The capsulated forms become less susceptible to phago-

eytosis and it is even stated that infection can occur only when capsules are
formed. In addition to this protective covering such baecteria are thought
to become more formidable through the production of more active poi-
sons which injure the phagoeytes (“‘leucocidins,” “aggressins),  Duanysz
found that bacteria in culture may be accustomed gradually to the presence
of arsenic, so that they finally grow in relatively strong solutions and in the
course of this adaptation acquire a capsule.  Indeed, it is elearly shown that
certain protozoa, the trypanosomes, may, like the Styrian arsenic-caters,
become so used to arsenie that they live on unhurt in the body through a
continued bombardment with the new synthetie arsenic compounds, if
only they have managed to survive the first doses,

We know so little about the defences of the parasite, however, that at
present we must exemplify the principles by reference to those of the host,
We realize that, normally, animals have well-developed powers of defence,
although these are efficient in such different degrees in different animals
that we must surmise that they are not conferred in their full perfection
on all at their ereation, but have been gradually acquired through the
survival of those best provided, who in turn bequeathed them to their
offspring. These defenees may guard against simple poisoning or against
the inroads of living parasites,

and we shall see that they do not lack in
variety to correspond with these different forms of injury.  Already we have
found that certain general mechanisms, inflammation, and fever have been
developed alike in all animals, but we have been forced in both instances
to recognize the fact that these reactions are mere auxiliary mechanisms
designed to bring into play to the greatest advantage, and in the most
opportune concentration during sudden emergencies, other more profound
and more subtle processes, phagoeytosis, and the chemical neutralization
of poisons which we admit as the essential agents of defence.

For a time there were those who maintained that the activity of the
phagoeytes constituted practically the whole defensive armament, while
others, enthusiastic over their new discoveries, were just as sure that the
neutralizing substances in the body fluids were all-important. But now
a reconciliation of these cellular and humoral doctrines has been effected,
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because it has been shown that they are very largely interdependent,
phagocytosis depending upon the presence of auxiliary substances in the
plasma, while in turn the leucocytes are important in producing other
defensive fluid substances.

Artificial Immunity.— From time immemorial it has been known that a
person who has had smallpox, or typhoid fever, or yellow fever, or any
one of a host of diseases can hardly have another attack of the same dis-
case: he is immune.  On the other hand, there are certain diseases, such
as pneumonia, diphtheria, erysipelas, furunculosis, ete., which seem to
predispose to a repetition.  While we are yet far from clear as to the
reasons for this latter fact, we have learned a great deal about the security
conferred by the immunizing sort of diseases. It is not necessary that the
illness should be severe to give this lasting protection, and, recognizing
this, it was the habit, many years ago, to court mild attacks of such a
deadly disease as smallpox in order to be safe in the midst of an epidemic
where the disease was severe. This was the beginning of man’s inten-
tional use of artificial methods of providing immunity, a plan which, under
the influence of the phenomenally intelligent studies of such men as Pas-
teur, Ehrlich, and von Behring, has extended until it promises now to be-
come the very most important practical achievement of medicine. It has
proved possible to devise methods by which security from parasitic dis-
ease can be attained without risking any serious preparatory illness, and
to intensify the strength of this defence until it is almost absolutely un-
assailable.  Further, instead of thus producing an active immunity by
making the person go through an imitation of the disease himself, it is
sometimes possible to cause an animal to go through the disease and then
transfer the fluids of its blood to the body of the person, and with it the
immunity, so that a passive immunity is conferred which may even stop
”“‘ lli\l'ﬂNl' ler"illl_\ i” ')rl)]_’r(‘.\\,

Several methods are thus in common use: (1) The parasites in full

virulence, but in very minute doses, are administered so that the person
finally overcomes and recovers from a mild attack of the real dis

HE UM
(2) the same thing is accomplished by a larger dose of weakened, attenu-
ated, or non-virulent parasites; (3) dead bacteria are used in place of the
living, and produce a feebler but similar immunity; (4) the isolated
poisons of the parasites are injected in gradually increasing doses so that
the power is developed to neutralize the poisons or (5) from such an animal
this neutralizing power is transferred to another which thus, without effort,
becomes immune,

Space will not allow more than the merest outline of these processes.
Details may be read with the help of the general references given to the
literature, which is colossal.

Phagocytosis.—As has been stated above, bacteria and other parasites
are in normal animals taken up and digested by the phagoeytes, but the
help of the serum of the animal is most important—without it the leuco-
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ceytes engulf very few bacteria.  Denys, Wright, and others have shown that
the serum contains opsonins, which act on the bacteria and prepare them
to be attacked by the lencoeytes.  Neufeld found that in the serum of
animals immunized by repeated introduction of those bacteria, somewhat
more resistant bodies (bacteriotropins) appear, which exercise the same
function in making the bacteria more approachable for the leucoeytes,
It appears that eytotropins, or substances which prepare foreign cells for
phagoeytosis, may be produced in the same way by injecting such cells
Aided by these substances, which bind themselves to the bacteria or for-

eign cells, but do not affect the phagoeyte itself, the wandering cells exhibit
a great phagoeytice activity.  Although the swallowing-up of a bacterium
does not necessarily kill it, it commonly does so, and at any rate removes it
for the time from the field of action.

Cytolytic and Bacteriolytic Reactions.— The introduction of foreign cells
has other results than those just deseribed.  The serum of an animal which

has received repeated doses of a certain foreign cell acquires the property
of disintegrating and dissolving those cells.  This reaction is highly
specifie, so that if red corpuscles of a dog be introduced into a rabbit there
appears a hemolytic serum which will destroy only red corpuseles and only
those of the dog. Similarly, with inoculations of liver-cells, kidney cells,
endothelial cells, ete.,, more or less specific hepatolytic, nephrolytie, or
endotheliolytic sera have been produced.  Other cells, such as those of
animal parasites or bacteria, are responded to in the same way, and an
intense trypanolytic or trypanocidal serum can be produced by injecting
the bodies of trypanosomes, just as bacteriolytic (consequently bactericidal)
sera result from the introduetion of the dead bodies of bacteria. The
fresh serum alone, quite free from phagoeytie cells, has then the power to
break up and destroy living bacteria brought into contact with it, whether
in the body or in a test-tube.  Such bactericidal immunity is not developed
in the ease of the Gram-positive microcoeci.  In any ease it must be sharply
distinguished from the antitoxic immunity which is referred to later.

Agglutination.—Another sort of reaction is often produced at the same
time, the effect of which is to eause the special bacteria or eells which
caused its produetion to stick together in clumps if they are brought into
contact with the serum in a test-tube—not to so great an extent within the
animal body. This is the so-called agglutination, which is so specific in its
relations that it can be used for diagnostic purposes. Thus the serum
of a person suffering from typhoid fever or one who has had the disease,
and of such persons alone, will eause the clumping and immobility of
known typhoid bacilli suspended in a culture,

Precipitins.—It is not even necessary to inject cells for the production
of these antibodies, for the repeated injection of any foreign protein is
responded to in the same way by the formation of a new substance which
will specifically and exclusively act upon that protein at the first oppor-
tunity. It may, when a new quantity of the protein and the serum are

12
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brought together, form a cloudy precipitate, or, and sometimes coinci-
dentally with this effect, it may break down the protein into simpler but
still complex substances, some of which are poisonous.

The first of these phenomena is practically useful as a biological test
in the recognition of proteins.  Thus it may be necessary, for legal pur-
poses, to say whether a blood-stain is composed of human or ox blood.
The clear serum of a rabbit which has been treated with human blood-
serum will become clouded if a trace of the dissolved blood-stain be added
to it in case it really is human blood, but no precipitate will appear if the
blood came from an ox. Conversely, the serum of a rabbit treated with
ox blood would serve to recognize that blood.

The second phenomenon which is probably intimately related with the
precipitin reaction has only recently come into prominence, beeause of the
observation that the sudden introduction of a second dose of a certain
protein into an animal already immunized to that protein may kill it.  This
effect, which is accompanied by certain characteristic symptoms,—vaso-
motor paralysis, fall in temperature, inefficient heart action, dyspnaa, urti-
caria, ete.,—is known as an anaphylactic shock, and the condition of the
animal as anaphylazis.  Much ingenious experimentation has been carried
alys

out in the attempt to a and explain this phenomenon.  In general it

was thought to be the effect of poisoning by peptone-like bodies or proteoses
produced by the partial digestion of the protein of the second dose by the
combined action of the specific antibody developed in response to the first
dose and the normal alexin or complement of the blood plasma. It
seemed that all of this might oceur in the circulating blood, since it was
sometimes found possible to mix the antibodies and protein or antigen in
vitro and to produce the characteristic symptoms by the injection of the
mixture, and since passive sensitization of a normal animal might be pro-
duced by injection of the blood of a sensitized animal, after which injee-
tion of the protein would give anaphylactic shock. But partly because it
was found to require time after the transfer of the sensitized blood before
the injection of the antigen or protein could produce a distinet shoek, partly
because sensitized animals completely perfused with normal blood were
still sensitized, and partly because strips of smooth musele from sensitized
animals were observed to contract on exposure to solutions of the antigen
so dilute as to leave unaffected strips of muscle from a normal animal, it
has been decided that anaphylactic sensitization is largely an affair of the
tissue cells. Tt seems that the antibody upon which the reaction depends
is not altogether free and floating in the circulating blood, but that much
of it remains sessile, attached to the cells. It is for this reason that the
effeet is so intense, sinee the poison is produced in or on the cells. It is
even suggested that possibly the presence of abundant antibody in the
blood might protect the cells by combining with the antigen before it
reaches them. Such explanations assume that the poison is produced

from the antigen or injected protein.  As a matter of fact, more nitrogen
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is exereted as a sequence of the anaphylactic shock than could be accounted
for by that much protein, and this with other things has given rise to another
explanation. Substances such as kaolin, agar, bacterial bodies, ete., mixed
with normal serum produce poisons like those which cause symptoms
of anaphylactic shock. In the animal body the inerease in nitrogen exere-
tion shows that a proteolytic ferment must attack the proteins of the
serum. While Friedberger thought that the poison produced from bac-
teria injected into sensitized animals was due to cleavage of the bacterial
proteins, Jobling points out that baeteria as well as kaolin or other inert
substances can absorb anti-enzymes (unsaturated lipoids, ete.) of the serum
and thus release proteolytic ferments which affeet eleavage of the proteins
of the serum into poisonous proteoses, Whatever the nature of the
mechanism by which they are produced, it seems clear that the poisons are
the cleavage produets of protein.  Even if it be true that after the injee-
tion of cells, bacteria, or such materials as kaolin, the poisons may be evolved
by the action of proteolytic ferments on the proteins of the serum, the evi-

denee in other cases of sensitization in animals, as by foreign serum, seems
to support the idea of the participation of a specific antibody and the
complement both in the tissue cells and in the blood.

The reaction depending upon this production of poison, when a special
protein to which the animal has been spontaneously (through disease)
or artificially immunized, is directly or parenterally introduced, is made use
of for diagnostic purposes, as, for example, in the tuberculin and luetin
tests, in which the proteins of the tubercle bacillus or of the Spirocheta
pallida are injected into the skin, - Such a small dose, instead of overwhelm-
ing the nervous system and producing a fall in temperature, affects it only
to the extent of stirring up a febrile reaction.

Antitoxins.—In those cases in which bacteria produce a soluble toxin,
as well as in the case of soluble toxins of animal or vegetable origin, the
body will respond to the repeated injections of the toxin by the production
of a soluble antitoxin which circulates freely in the blood and combines
with and neutralizes quantitatively a fresh injection of the same toxin.
This will happen quite as well in a test-tube or in the body of another
animal if the serum of the immunized animal be removed and mixed with
the toxin in the test-tube or injected into the body of the other animal.
In the latter case the neutralization of toxin already introduced will take
place in so far as it is still uncombined. The first animal has acquired an
active antitoxic immunity, while a passive antitoxic immunity is con-
ferred on the second one by the injection. This is the basis of the use of
the well-known diphtheria antitoxin of von Behring. The commercial
preparation is nothing more than the serum of a horse, which, by repeated
increasing doses of diphtheria toxin, has been brought into a state of active
antitoxic immunity. It is quite specific, and the diphtheria antitoxin is
therefore useless against tetanus, or viee versa,

The participation of these various phenomena in natural and acquired

—
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immunity is not always perfeetly clear. The simplest is perhaps the anti-
toxic immunity in which the poison is neutralized, as an acid might be
neutralized by an alkali, while the bacteria causing the discase are left
unharmed.  The immunity conferred by one attack of the discase is prob-
ably a combination of bacteriotropic and phagoeytic activity with bae-
teriolytic immunity.  So, too, the immunity produced by vaccines of dead
and attenuated bacteria.  Bacteriolytic sera have not been very success-
fully produced except in the case of a few bacteria, such as cholera, typhoid,
ete., but even when they are setive they scem unable to cut short the
progress of the infection in the animal, possibly because they lack the
presence of sufficiently active bacteriotropins.  An animal may be able
to destroy a quantity of bacteria injected into the peritoneum, but still be
unable to withstand infection by way of the intestinal tract.  Local appli-
cation of these sera is, therefore, often desirable and effective in conditions
such as meningitis, where the infection itself is essentially a localized one.
In all cases the intense specificity of the reaction makes itself felt, so that
a bactericidal serum or bacteriotropic substances which might aid in the
destruction of one strain of streptococei may fail of all activity in the case
of another hardly distinguishable except by such a biological test.

The Side-chain Theoi 7.—To explain all these phenomena, and to further
the discovery of others, Ehrlich hus constructed a hypothesis known as the
side-chain theory, which, although even yet not proved in all its details,
is marvelously perfect in its agreement with new facts as they are brought
out and in its serviceability in showing the direction in which new facts
may be sought. He conceives of the cells of the body as provided with
certain molecular arrangements or receptors, by means of which they
normally anchor and bind to themselves substances which they require
for their metabolism.  Such substances are ordinarily useful, but they may
be injurious. In that case the cell may be destroyed. If not, those re-
ceptors are at least thrown out of function and the cell is to that extent
injured by having anchored to itself the toxin,  With its natural powers of
repair it produces new receptor groups, and sinee, as Weigert has expressed
it, the process of regeneration leads to the production of an excess, the
loss is more than made up.  These new receptors have the same facility in
uniting with toxin groups, and being in excess, they are discharged by the
cell into the eirculating fluids. There they by themselves anchor toxin
molecules and thus prevent them from reaching the susceptible cells,
Without such receptors the cell is, of course, insusceptible of being affected
by the toxin, and hence perhaps the natural immunity of some animals.

In the case of the opsonins, bacteriolytie substances, and all the eyto-
lytic and antiprotein reactions, the specific antibody is produced in a
similar way by the susceptible cells as a result of the influence of the foreign
protein or cells (antigens), but in these instances it is found that the specific
group, or antibody, thus produced cannot act alone to destroy the foreign
cell or protein, but must call to its aid a ferment-like substance normally
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present in the serum—the so-called alexin or complement. There are many
of these complements, and they do not all unite equally easily with the
specific immune bodies. They are easily destroyed by relatively low
temperatures or by any other injury, such as drying, the action of chemi-
cals, ete. “The fact that the specific immune body requires the aid of the
complement has shown that it itself is merely a link specifically able to
connect or introduce the non-specific complement into combination with
the special cell or protein against which it has been developed. 1t is for
this reason that Ehrlich has named it the amboceptor or linking body,
although Bordet and others thought of it as a mere mordant-like material,
which sensitized the cell to the attack of the alexin.  Amboceptors or
immune bodies are resistant to heat, drying, ete., and may be kept in good
condition for years. Their characters have been particularly well shown
in the experiments of Ehrlich and his school on hemolysis, and those of
Pfeiffer on bacteriolysis. Left in contact with heated immune serum, in
which all complement has been destroyed, the foreign cells bind to them-
selves the amboceptor, but no destruction of the cells occurs. The ad-
dition of fresh unheated normal serum which contains the non-specific
complement allows hemolysis or bacteriolysis to take place at once,
Bacteriotropins, agglutinins, and precipitins appear to be simpler sub-
stances not composed of a specifie resistant and a non-specific labile por-
tion. Their action is not altogether clear, although there are many in-
genious theories for which the student is referred to the literature.
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CHAPTER XI
DEFENCES OF THE BODY (Continued)

New-growth of tissue. General characters.  Influence of rarious agencies on growth.
Growth stimuli.

NEW-GROWTH OF TISSUE AND REPAIR

We Arg very ill informed with regard to the principles which underlie
the growth of tissues, and any disenssion of them soon leads us to a point
beyond which we cannot go without invoking the deceptive aid of such
expressions as vital force, inherent vitality, ete. There have been many
efforts to explain the manifestations of life on a chemical or physical basis,
but while they explain very well what happens, they leave us with little
notion of what the real spark is which starts the setting free of energy,
whether its result be a functioning of the cell as we see in a muscular con-
traction or the division of one cell into two,

We do know well enough that new-growth of tissue occurs when tissue
is destroyed.  Much of this compensatory new formation may take place
somewhere quite far away from the point of injury, but at any rate there
is 1 local patehing which, when the tissue destroyed is a highly specialized
one, is usually carried out by the ubiquitous connective tissue. The
pateh is, therefore, not likely to be of the same dignity as the original tissue,
and serves mainly to reéstablish continuity.

Since injury often excites the inflammatory reaction also, the two may
heecome inextricably entangled, so that there has long been confusion with
regard to “inflammatory new-growth.” This is especially true when, on
account of the persistent repetition of the injury, the inflammatory re-
action continues for a long time, and attempts at healing are repeatedly
partly frustrated.  But the most intense inflammatory reaction may occur
with hardly any new-growth of tissue, as in pneumonia, and, on the other
hand, regeneration and repair sometimes take place with no visible signs
of inflammation. The two processes seem distinet in their causes, in their
aims, and in the cells which participate, so that though they oceur to-
gether they should not be confused. If we reflect upon this, even though
we meet with difficult and questionable cases, we must realize that that
process which we call inflammation consists essentially in the flooding of

the injured tissues, by special mechanisms, with an excess of wandering

cells and the fluids of the blood which tend to neutralize the injurious agent

and clear away the débris and then to fade away and disappear, having

taken part in no new formation of tissue. Repair, on the other hand, is

the new formation, from neighboring cells, of a more or less complex,
166
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permanent, and coherent tissue which takes the place of that which was
lost.

[t seems not unreasonable to suppose that the warmth and good blood
supply which are so charaeteristic of inflammation might favor this process
of repair, or even that the irritant itself, when it becomes diluted in its
extension into the tissue, may act as a stimulant to cell growth. The
conception of “inflammatory new-growth™ or “productive inflammation”
must depend upon this last possibility, and there will arise oceasion to
discuss it further.  For a long time there was doubt as to the role of the
many kinds of wandering cells which appear in old areas of inflammation,
and as long as they were thought to be able to give rise to connective tissue,
the influence of inflammation on new-growth secemed very great.  Now,
however, since Maximow and others have shown their rather specialized
wandering character, and it is admitted only grudgingly that they have
any part in tissue formation, the matter becomes elearer and we have to
deal with wandering cells as concerned with inflammation and fixed tissue
cells with repair.

Nowhere, however, could there be a more convineing instance of the
effect of a chemical stimulant acting to excite a rapid new-growth of tissue
than in the case of the sudden phenomenal proliferation of leucoeytes in
the bone-marrow, and the flooding of the blood with these cells when some
bacterial poison is absorbed from an area of inflammation.

We must ask ourselves what are the eauses which lead to the growth of
tissue in general, and the new-growth of tissue in particular, and we find
that, while we have some information concerning those things which
influence growth, we are reduced to theories when we attempt to explain
the actual causes.  Underlying it all we must recognize one essential thing
which distinguishes a live eell from a dead one, namely, the ability to absorh
and assimilate nutritive substances, building them up into its own pro-
toplasm, and then, by the

xercise of a certain amount of energy, to divide
its nucleus and protoplasm in such a way as to form two new cells in place
of the old one. Given this power, which we cannot explain, we may as
well go on to discuss the conditions and influences which guide this growth,
and which are directly chemical or physical in their nature,

The materials for growth must be supplied, and are precisely selected
by the cell in quantities to suit its metabolic processes.  Water, protein,
carbohydrate, and fatty substances, inorganic materials, and oxygen are
absorbed, and earbon dioxide with various other substances, elaborated or
excreted by the cell, are given off.  We realize that growth is inhibited by
faulty nutrition or by an inadequate blood supply, and that the healing of
a wound is slow and imperfect in those whose metabolism is impaired by
old age or illn The idea that increased activity in growth is brought
about by an excessively rapid and abundant blood supply has long heen
held, and there is some evidence in its favor. A rabbit’s ear kept flushed
with blood by the section of the sympathetic nerves is said to grow more
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rapidly than the other, and to outstrip it, while conversely it is well known
rance with an exc

sive pro-

that rapidly growing tissue makes its appe:
vision for blood supply in the form of numerous wide capillaries which dis-
appear when the tissue becomes mature.  Still, the situations in which we
may study the effect of an excessive blood supply in comparison with an

i adequate one are generally complicated, and give us little light on the
N subject.
i‘ When tissue is grown artificially in a hanging drop of blood plasma, all
these influences come most clearly to view, and it is quickly apparent that
growth stops at once when the supply of nutriment contained in the drop
i of plasma becomes insufficient.  The effeet of warmth is most apparent
| ;’ there also, and it can be shown that, whereas at very low temperatures
il growth does not oceur at all, it begins and increases slowly in rate as the
temperature is raised until, at a certain point, it finds the optimum con-
ditions. Higher temperatures than this are unfavorable, and growth
becomes slower and slower until a point is reached at which it is com-
pletely inhibited. In living animals this can be demonstrated to some
! extent, inasmuch as the ear of a rabbit kept warmer than normal for a
\ long time is said to grow so that it becomes larger than the other ear, which
has not been so treated.
In this last instance, as in the case of the influence of the nervous system,
veral things may be the real cause of the

it is difficult to decide which of
growth, for in such a rabbit’s ear the warmth tends to widen the blood-

vessels and thus bring increased supplies of nutrition to the part.  Indeed,

| it is somewhat doubtful whether the nervous system has any direct in-
i fluence over growth, even though we speak so confidently of trophie nerves,
| For while an extremity which has been paralyzed fails to grow as the nor-
mal one does, this may well be due to its inactivity and the consequent
} diminution of the blood supply.
! Mechanieal influences play a considerable part in determining growth,
‘ although it is well known that in plants at least a force ean be exerted by !
growing tissues far greater than that which might ordinarily be used to
L} interfere with their growth. Here again there enter the complicating ‘
1 factors of interference \\'|llh nutrition :1}m| .hl.',h(, which are most powerful .
1 to disturh growth, for while a tree growing in a crevice can split a rock and f
| roots can lift up pavements, one may apply a relatively slight pressure so A
! as to cut off nutrition and light, and growth will be blocked. g

Continuous pressure applied to organs or extremities in the animal
{4 body interferes with their growth or eauses the cells to atrophy and dis-

i appear, as we see in the deformed livers of those who lace tightly and in e
| the misshapen skulls of those Indians who bind the heads of their children. -
]\ But intermittent pressure, as that of a shoe which pinches, tends rather to fil:
I cause an excessive callous growth of epidermis.  We might multiply ex d(-‘-
YI: 4 amples of the growth of tissue in response to various sorts of mechanical b

i tensions and strains, a growth which forms the basis of the wonderful




EW-GROWTH OF TISSUE AND REPAIR 169

adaptation to function so generally observed when tissues or organs are
subjected to changed conditions.  Thus the arching lamelle of bone which
are precisely caleulated to meet the strain at the upper end of the femur
are, after a time, rearranged to suit the new.conditions with equal mechani-
cal perfection when the bone has healed after a fracture.

Probably few persons who survive an extensive injury, and in whom this
process of readjustment to new conditions is going on, live long enough to
allow it to be quite perfected, but there are frequently found in such per-
sons the most extraordinary adaptations.

It is only in those tissues which have to do with movement and support,
however, that the inciting cause of the new-growth of tissue is chiefly
mechanical, and it must be remembered that in other organs whose fune-
tion is not of a mechanical nature other influences are at work to bring
about the readjusting new-growth. A good example of the mechanical type
iz seen in the establishment of a collateral circulation when an important
vein or artery has been obstructed.  Numbers of channels which were pre-
viously insignificant become large, thick-walled vessc

and give passage
to the pressing stream of blood in a roundabout way, so that it may re-
join the original channel beyond the obstruction. A remarkable instance
of this which showed a complete obstruction of the superior vena cava is
deseribed by Osler.* A bulky mass of new vascular channels was so
formed as to convey the blood from the upper part of the body over along
detour to the heart (Fig. 8).

Obstructions placed before tissues which act mechanically in such a way
as to make it difficult for them to carry on their function nearly always
cause a growth of the tissue, so that it becomes stronger and forces the
barrier. This is seen in the heart and in all those muscular structures, such
as the intestine and the bladder, whose duty it is to move their contents
by contraction. Above a tumor which obstruets the colon the wall be-
comes enormously thick and powerful, and so does the wall of the bladder
when, through the enlargement of the prostate, urine is evacuated with
difficulty.

In the repair that follows a loss of substance these mechanical influences
are not quite so plain, but they undoubtedly play a part. New tissue is
formed hurriedly and in great quantities to replace that which was lost,
and although at first it seems to grow in a somewhat disorderly way, it
quickly shows an adaptation to its purpose. All this is probably guided,
at least in part, by the influence of the solid materials with which the cells
come in contact, for while the young connective-tissue cells and blood-
ves an grow by themselves and form an even swelling tissue, the more
usual and natural way for them is to grow upward into a network of fibrin
filaments along which they creep and which, in turn, they dissolve and
destroy (Fig. 66). Epithelium grows and spreads out on a surface when

* Johns Hopkins Hospital Bulletin, 1903, xiv, 169.
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that is offered, but searcely penetrates into a feltwork of fibrin.  These are
differences in the “inherent vital characters™ of these cells, for when iso-
lated from all connection with the body and growing in the hanging drop

of plasma, they show the same peculiarities in their growth; connective-
tissue cells sprout out in every direction so long as they may follow the

course of a filament of fibrin.  Epithelium grows in a sheet, just as it

tends to do on the surface of a healing wound (Figs. 67, 68, 69).
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Fibroblasts growing into a thrombns,

Fig. 66

Even the simplest of these forms of tissue proliferation can hardly be

ascribed directly to any mechanical influence, but it is clear that the cells
There

in their growth are guided and directed to some extent in this way.
must be remembered always the underlying tendeney of the living cell to
assimilate food materials, increase its substance, and divide.

Functional Equilibrium.
which accentuates this tendeney, or is the tendency merely allowed full
This has been the

Is there then some stimulus from without

play by the withdrawal of some restraining influence?
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subject of debate for many years, for while Virchow held that there exist
actual growth stimuli which might indeed act through the injury or de-
struction of certain cells, Weigert declared that cells grew because the
mutual resistance of the tissues was set aside, the equilibrium disturbed,
and, as John Hunter before him had thought, the cells grew impelled by
the loss of the physiological limitations which one tissue element opposes
to another. John Hunter had spoken of the stimulus of incompleteness;
Weigert regarded the tissue growth which occurs with inflammation not as

e R e

Fig. 67.—Characteristic growth of connective tissue cultivated in vitro.  There are many

mitotic figures

the result of a stimulus, but only as the consequence of the tissue defect.
According to him, it was quite unproved that there is any direet idioplastic
stimulus.

The existenee of a certain equilibrium among tissues, and the remark-
able effeets of its disturbance, have long been recognized, but this equilib-
rium cannot be looked upon as a merely mechanical one.  Nor is it to be
explained on any simple chemical basis.  We are perhaps nearest to the
truth if we say that it rests chiefly upon a balance between the functional
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activities of different tissues. 1If, in the functioning of a cell, certain ma-
terial is consumed, the cell makes this up by its assimilative processes.
If functional activity is maintained at an extreme, so is the assimilation,
and the cell even inereases its size and functional power, or, after accumu-
lating an excess of cell material, divides into two eells, so that the function
is better maintained (hypertrophy; hyperplasia).  But no mechanical or
chemical disturbance in the body will give more than a motive for this.

Fig. 68.—Characteristic growth of epithelium in eulture
The process itselfl depends on that inherited power of growth by which the
cell adjusts itself to the new conditions.

When they reach maturity, the bodies of any one kind of animal have,
as we know, a characteristic form and a recognized average size, but a good
deal of variation from the standard is still compatible with life.  Within
the body the interrelation of organs seems to be much more precisely
caleulated, just as the works of a watch must be ealeulated throughout,
although the case may have any form. It secems probable that there may
even be an actual numerical relationship between the cells of different
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organs, so that a disturbance of this balance is felt if eells are destroyed in
one. It is known, of course, that each organ is able to put forth in an emer-
geney a vastly greater funetional activity, sinee it has a reserve power
which constitutes its margin of safety, but this effort is felt at once and
shortly leads to the multiplication of the eells and the inerease of the
funetional power. This is true whether the emergency results from the
destruction of some of the cells or the inerease in the demand upon the

organ.

Fig. 69.—Epithelium and connective tissue growing side by side in a culture made from
the intestine of an embryo.

This is the functional equilibrium of the tissues which is maintained very
precisely by the inerease and reduction of the various functional units.
But there is also a mechanical equilibrium.  The tissues grow in certain
arrangements, and the organs assume certain normal forms which are the
result of the action of various tensions and strains not always easy to recog-
nize or ealeulate, and the end-result is the recognized normal body form.
It requires a very extensive disarrangement of the tissues to obliterate
the trend of these tensions and strains and allow the body to heal into any
unusual or inappropriate form. Usually, if time is given, the healing of

©
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any moderate injury goes far toward restoring the normal body form and
thus the mechanical equilibrium.

When an injury is such as to unbalance for a time this mechanical
cquilibrium, there occurs a new formation of tissue to replace that which
was lost, and in time the original mechanical conditions may be well
restored and the body form reinstated, but it would be rash to state that
this was carried out solely because the mechanical equilibrium was dis
turbed or that the cells grew hecause pressure relations were altered on one
side or the other.  There is always the other factor to be considered,
namely, that the loss of tissue, even when it is merely supporting tissue,
involves an unbalaneing of the funetional equilibrium, so that the growth
oceurs also to reinstate that However, even with these two reasons it
is difficult to explain the purposeful methodical growth of tissue which so
precisely accomplishes the healing of a wound, but in its detail, in which
fibrin plays a part, guiding the direction of growth of the new cells so that
they streteh across from one side of the wound to the other, a plan is
doubtless being carried out which has become a routine after a long process
of evolution, und is now merely the common means, regardless of the reason
for growth.

That the unbalancing of the mechanical equilibrium 1 hardly be con-
sidered the main reason for the new-growth of tissuc comes clear when

we consider cases in which it can be practically wted.  When, for
example, some poison kills a part of the liver« each lobule of that
organ, multiplication of the remaining cells occurs while the bodies of the

dead cells are still in position and little change in the pressure relations can
have arisen.  So, too, on the removal of one kidney, or even when its
funetion is annulled by obstruction of the ureter so that it becomes atro-
phied or enlarged into a sac of fluid, growth oceurs in the other kidney until
it is able to do easily the work of both (Fig. 70). These are examples of
the results of an unbalaneing of the functional equilibrium which seems,
upon due consideration, to be the most important factor in this question
of new-growth,

A(‘tlve Stimuli to Growth.—Still the question remains whether there
means by which growth can be directly and actively stimulated.
The great difficulty in answering this question lies in ovr being unable to
eliminate the factors of the unbalancing of the mechanical and the fune-
tional equilibrium by the injury which these stimuli cause in the cells, and
for this reason we may await with interest the results of systematic experi-
ments with the application of such supposed stimuli to tissue growing
in vitro where mechanical conditions can be controlled and functional de-
mands reduced to a minimum. Further, in those frequent cases in the
animal body in which the very excess of the new tissue produced seems to
argue the existence of some special stimulus to growth, we must eliminate
the possibility that this new tissue may represent the accumulated produet
of repeated attempts at repair, each of which has been partly frustrated
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Fig. 70.—Atrophy of left kidney following obstruction of the ureter. Corresponding
enlargement of the opposite kidney,
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i by a new injury, so that even the repairing tissue is injured and responds
1 in an attempt to repair itself. It is readily scen that this process, kept up
it for a long time, would end in the formation of a great quantity of scar tis-

it sue, or, at the margin of a chronie uleer, of a greatly thickened and irregular f
epithelial growth.

! But in the present state of our knowledge it is impossible to deny the

existence of direet stimuli to tissue growth, although it seems that this
facile explanation ought to be used perhaps a little less freely than is done
in most text-books. There are certain substances, such as the stains
Sudan IIT and searlet red, which, when injected into the tissues, provoke

an extraordinary growth of epithelium, cartilage, ete., which in some cases
finally looks almost like a tumor.  Similar results have been obtained with
skatol, indol, ete., and even with ether water. It is not quite clear how
these substances act nor what part is played by the injury they produce in
i the tissues, but the new-growth is far in excess of what would be needed for
! repair.  They are all soluble in lipoid substances, and it is possible that their
effeet is due to their attacking the lipoid membrane, which is supposed to
envelope each cell, thus exposing the eell to outward influences from which
it has been protected.  This is somewhat allied to Loeb’s methods of stir-
| ring up artificial or parthenogenetic development in unfertilized egg-cells,

“ for in that process he emphasizes the importance of lipolytie substances
in their action upon the envelope of the cell.  In that ease, however, the
segmentation which is started is rather a process of the development of a
cell endowed with great energy of growth, while in the mature cell the
latent potential energy must be converted into an active form and greatly

intensified.
Very vague, too, are our notions about the substances which cause the
lly those

' sudden new-growth of tissue at the onset of puberty, and espee

| which produce the remarkable changes in the breasts and other organs in

pregnancy. Doubtless these are chemical substances which circulate in

the blood, as has been shown in the case of those malformed twins which, )

| being fused together, have a common cireulation, and in whom preg- ]
nancy in one affects the organs of the other (Blazicek sisters, one of whom )

became pregnant, after which the breasts of both seereted milk)
Other instances in which the increased or perverted activities of the i
{ organs of internal secretion are followed by a great overgrowth of all or a
part of the tissues are well known (gigantism, acromegaly), and, on the al
other hand, the extreme stunting of growth from the failure of these secre- di
* tions is equally well known (myxwdema, cretinism, ete.). There are i
| conditions, too, such as the pulmonary osteoarthropathy of Marie, in which mi
] the absorption of poisonous material from the widened and infected bronehi b
produces a great overgrowth of the extremities—actually a sort of gigan- per
{ tism (Fig. 71).
i1 Infections and Foreign Bodies.—Of daily interest in regard to the new- ! ])11;-
1 1 growth of tissue is the influence of infections and of foreign bodies, among
which may be classed dead tissue and fibrin.

as i
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Many infections lead to inflammatory reaction without necessarily
resulting in any great destruction of tissue or o ery evident reparatory
process.  But this is doubtless partly dependent upon the situation of the
infection, for while the pneumococcus may produce a pneumonia which will
disappear, leaving only a few gaps in the respiratory epithelium to be filled
up by the neighboring eells, the same
organisms in the pleura or pericardium
are likely to produce an exudate the
replacement of which by new tissue
leads to the permanent binding to-
gether of those surfaces.  Neverthe-
less, even there the adhesions may be

ght or absent, and the extent of new

formation of tissue appears to depend
upon the extent of the injury.

The result of the destruetion of tis-
sue by bacteria seems to differ from
that produced mechanically chiefly in
that the bacteria persist after the re-
pair has begun and repeat the injury.
This is notoriously true of those re-
sistant bacteria and animal parasites
which remain lodged in the tissue for

very long time. It is true of the
tuberele bacillus and of the Spirocheta
pallida, which linger after completing
their first injury to the tissue until they
are encased in a nodule of new tissue,
and then still longer, until, by their
puisons, they cause the necrosis of the
cells of that nodule, which is then re-
placed by a wall of cells a little further
out. The first nodule scems far in ex-
cess of what was needed to repair the
injury caused by the bacilli, and the

question arises at once whether its
abundant cells have not grown in Fig. 71.—Secondary hypertrophic
direct response to a stimulus furnished osteoarthropathy showing  enlarge-
by the bacillus.  Probably so, but the  ment of the forearm and hand
matter is so complex in the animal

body that it seems possible to decide it, if at all, only by recourse to ex-
periments with isolated tissues growing in vitro.

All the factors which decide the inception of growth are at work when a
portion of tissue is left dead and surrounded by living tissues in the organ,
as in the case of an infarct, Scavenging leucocytes attempt to remove the

13
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congulated material, but before they can make much impression on it the
gap in the organ is patched by a new-growth of tissue and the dead material,
which blocked and choked this gap, is replaced by the new tissue.  The
functional replacement oceurs elsewhere, and at this point there is only a
growth of fibrous tissue and blood-vessels to restore continuity and remove

the irritating foreign substance.  Perhaps unbalancing of the mechanical

equilibrium is important, but it seems that the presence of the fibrin-con-

Tubercle-like capsule formed around a lycopodium spore introdueed into the
liver through the portal vein

Fig

taining neerotie tissue offers a chemiotactie attraction which guides the
growth of the invading blood-vessels, and it may be that it is really a chemi-

cal stimulus to growth.  An exudate of fibrin on the surface of the peri-

toneum or pleura, where no unbalancing of mechanical or funetional
equilibrium can be caused by its presence, exerts the same influence on the
underlying tissue and is quickly replaced by a new tissue. 8o, too, a clot in
the course of the blood-stream, whether it obstruets the circulation or only

lies on the wall of the heart.

L W P

ti

d
0l
er
se
a
in
yo
en
tai
hig
noy
pig
sen
one
mog

Vi

Tran



NEW-GROWTH OF TISSUE AND REPAIR 179

Inert foreign bodies are attacked in the tissues by wandering cells of all
sorts, just as the fibrin and dead cells are attacked and dissolved or sur-
rounded; but they too, soon find conneetive tissue and blood-vessels flowing
in about them, so that they are quickly encapsulated or permeated by these
cells.  Indeed, there is hardly anything which sets up such an extraordinary
new formation of cellular fibrous tissue as a suspension of foreign par-
ticles, such as the diatom shells which form the fine dust of silicious carth
or kieselguhr (Podwyssotzky). Perfeetly insoluble, these particles can
hardly act through any chemical stimulus, nor do they appear to cause any
great injury to the neighboring eells or disturb the mechanical equilibrium
to any great degree.  Perhaps it may be regarded as a tactile stimulus
which causes cells to grow around them, much as they follow threads of
fibrin or the surface of the cover-slip in cultures.  Indeed, as Lambert has
shown hy the aid of lycopodium spores, the cells in a culture which sur-
round foreign bodies are not those of the connective tissue, but the wan-
(l(‘l'im. cells, Nevertheless,

n the body the actual fibroblasts appear
in time and form an outer capsule (F

The growth of tumors exemplifics in a \m"ul ar way the stimulation of
another tissue to growth.  No matter what may eventually prove to be the
reason for the unbridled growth of the tumor-cells themselves, we know
that, standing as they do in close relation with connective tissue and blood-

vessels, they stir up a growth in those structures which leads to the pro-
duction of a most complicated and extensive organized stroma, which
sometimes assumes forms totally unknown in the body and reaches a bulk
far greater than that of any new-growth formed in the process of repair.
Analogies Between Embryonic Growth and Pathological New Forma-
tion of Tissue.— The dividing cells, and more especially the produets of
division which appear in the course of the new formation of tissue, are
Als;
embryonic state, and the ontogenetic phases are being reproduced.  This
seems hardly justified, since these new cells do not really resume the char-

often spoken of loosely as embryonic ¢ the tissue has returned to the

acter of embryonie cells, which have such a great potential energy push-
ing them to unfold and develop. On the contrary, they are merely
young cells of the type which has reached maturity, and whose growth
energy has been finally reduced to a point which leaves them able to main-
tain the integrity of the organ, but not to develop further into a still more
highly specialized and mature tissue.  Even in those situations in which
normally there is a constant active production of cells, as in the Mal-
pighian layer of the skin or in the bone-marrow, the cells are mature in the
sense that they do not tend to develop further, but merely produce now
ones of the same kind.  Even the fact that these new cells become much
modified does not affect this idea.

LITERATURE
Various papers of Harrison, Lambert, Hanes, Burrows, and others. Summarized,
Trans. Cong. Amer. Phys, and Surg., 1913, ix, 63.




CHAPTER XII
DEFENCES OF THE BODY (Continued

Repair.,  Established  character  of  tissues.  Their carly  differentiotion.  Metaplasia.

Regencration as cxemplified in the new formation of various tissue

REPAIR

General Phenomena of Repair.— When the body has reached its mature
form, cells are newly formed only in sufficient quantity to make up for
those lost each day in the ordinary wear and tear.  Since cells are being
constantly rubbed off the surface of the skin, the lower layers are just as
constantly oceupied in produeing new ones.  Since the red corpuseles of
the blood are short-lived cells, they are constantly manufactured anew
in the bone-marrow.  These processes are so gradual and inconspicuous
that it is hard to be sure that they are going on.  But if a picce of skin be
seraped off, or a few ounces of blood allowed to escape, there suddenly
oceurs a far more vigorous new formation of cells in the skin or in the bone
MAITOW.

Every obvious new formation of tissue in the grown person seems to occur
as a result, which we might predict, of some disturbance which impairs or
renders inadequate the function of that tissue. It is a response so appro-
priate to the situation and earried out with such moderation and in a man-
ner so eminently suitable to the supposed purpose of restoring the funetional

equilibrium of the body that it is hardly possible to doubt that it, like in-

flammation, must be a plan evolved and elaborated through ages of natural
selection for the preservation of the species. 1t is complicated and makes
use of subsidiary mechanical aids, as we shall see (such as the filling of the
gap across which tissue is to grow with fibrin); but whatever the details
may be, the process is nicely adjusted to the purpose, and is so constant that
we can prediet with absolute certainty what will happen in a given ease.

This, as every one will recognize, constitutes a striking difference between
the regenerative and reparatory growth of normal tissue and the growth
of tumors, in which one eannot foretell with certainty what will happen or
where the growth will end.

The embryo grows according to an inherited plan, almost entirely pro-
tected from outward influences until the body form is reached.  Yet then,
too, so profound is the impression of this plan, if part of an organ or tissue
be destroyed, regeneration and repair take place in such a way as to further
the original plan as much as possible.  Indeed, the degree to which this
repair may proceed is greater in the embryo than it is in mature life.
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Specificity of Tissues.—An important factor governing the repair or
regeneration of tissues lies in the established character of the tissues them-
selves.  According to the plan of development of the animal, the cells of
cach tissue assume at an carly stage a specialized character which they
retain tenaciously.  When these cells divide and multiply after that, they
breed true, as it were, and produce new cells which have the same form and
funetion as themselves,  This is the well-known specificity of tissues, which
is pretty rigidly maintained in mature life.  In the embryo we may, of
course, pass back to stages where we ean no longer recognize the character
of the eell, and where we are unable, in the present state of our knowledge,
to say that this cell is predestined to beeome a liver-cell and that a smooth
muscle-fibre, for in reality the eells at that stage have not divided to the
degree at which one of the daughter-cells takes one path while another
follows a different one. They have not yet adopted their careers.  But it
is further clear that this is not only beeause we are unable to recognize
their tendencies, but beeause, at a very carly stage, these tendencies are
not absolutely fixed.  The original fertilized ovum forms by its segmenta
tion the whole body, but after it has undergone its first division, each ol
those two segmentation spheres, if separated from the other, is capable
of producing a perfect individual, as we so frequently see in those so-called
single ovum twins which are of the same sex and remarkably alike in ap-
rance, At later st

pe . when the segmentation has progressed much

farther, the destruction of one or more of the segmentation spheres can he
compensated by the adjacent cells, which assume their funetion, but there
must come a stage, and that quite carly, when such compensation can no
longer be carried out; if, for example, all the formative material destined
to produce the heart be destroyed, a monstrous foetus would he formed
without a heart.  We cannot say, however, when this specificity is estab-
lished, nor whether it is at very different epochs in the development, for
different tissues.  In any case it is only when all the eells are destroved
that the production of that tissue is made impossible.  If any of this
formative material be left, the processes of cell multiplication in the embryo
are so efficient that even that remnant may be able to reconstruet as much
of the tissue as is necessary,

The most important point is, however, the absence of differentiation at
a sufficiently early stage, so that from an indifferent type of cell quite a
variety of mature cells may arise.  An example of this is seen in the primi-
tive amaehoid mesenchymal cells, which may develop into any one of the
various sorts of connective tissue, or form the endothelium of blood- or
lymph-vessels; or, on the other hand, remain amaboid and become special-
ized in the form of the lymphoid or myeloid cells of the blood, or even the
red corpuscles.  Such a i

ty of fates is not reached by these cells
directly, but through a series of subdivisions and metamorphoses, and
where once entered upon, the destiny of each developing eell is fixed. A con-
nective-tissue cell ean no longer give rise to a red corpuscle, nor the red
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corpuscle to a connective-tissue element.  Nevertheless the whole scheme of

the elaboration of such specialized cells those of the blood, from simple
amaboid mesenchymal cells; does not cease to exist when the embryo has
grown into a mature individual, and amaboid mesenchymal cells are no
longer seattered everywhere through the body. Instead, as we know for
that particular tribe of cells, certain places, such as the bone-marrow and
lymphoid tissue, are set aside as sites for the continued production of the
clements of the blood by exactly the same process, and throughout life
we ean find in those places this progressive differentiation of the most
claborately specialized cells from undifferentiated forerunners.  We are
not informed as to any particular site in which such a differentiation of
the other tissues oceurs.  Rather it seems that they merely repair their
daily losses through a local multiplication of the differentiated cells.

While we know that most tissues are so specialized that they can assume
only one form and one function, and in dividing give rise to no other type
of cell, we recognize somewhat different degrees in this specialization, We
cannot imagine the case, for example, in which, through division and mul-
tiplication of liver=cells, there might be produced panereas tissue, although
these organs arise in the beginning in much the same way, but we are quite
accustomed to observe the alteration of one type of connective tissue into
another.  Here the specificity appears to be less rigid, for while we know
that ordinarily white fibrous conneetive tissue produces only that type in
its growth, it may be greatly altered in character by metabolic changes or
by such mechanical influences as aedema or the prolonged action of a ten-
sion in one direction.  Muecoid or mucin-holding tissue apparently arises
in one way, while loose connective tissue may become tendon-like in the
other.

Adipose tissue is specifie in its appearance, and especially in infants or
emaciated persons, in which the tissue is not entirely distended with oil-
droplets, it ean be seen in the form of lobules sharply marked out from the
surrounding arcolar tissue and supplied with a peculiar and abundant
capillary circulation.  Whether all fat, even in the most obese persons, is
lodged in this special tissue only it is difficult to say with certainty.

It is in the complicated changes which go to the formation of bone that
we see the most varied interrelations and modifications of connective-tissue
structures.  Both from cartilage and fibrous tissue, bone may be formed
by the activities of certain specialized connective-tissue cells, the osteo-
blasts.  In so far as bones are formed in the normal positions, we might
believe that, at an early stage, this specialization of certain connective-
tissue cells to the character of osteoblast formed the essential basis upon
which bone formation is possible, but we are frequently confronted with
the formation of perfectly typical bone in places, such as the wall of the
aorta, where no osteoblasts could normally oceur, but where areas of
necrotie tissue had become encrusted with lime salts. 1t is for this reason
that we must think that the specialization among connective-tissue cells
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is not so rigid as in more highly developed tissues, beeause it is obvious that
in those cases some neighboring mesoblastic cells assume the funetion and
form of osteoblasts, and then produce bone in the regular way.
Endothelial cells, both of the blood-vessels and of the lymphatic vessels,
have a rather high degree of specificity, marking them off from other types
of mesoblastic cells, and yet it is precisely with regard to these cells that
the most extraordinary powers of assuming other forms and funetions have
been deseribed.  They are known to aet as phagoeytes, in some organs,
and Mallory regar

s them as especially important in giving rise to the
wandering phagoeytic cells found in many infectious processes.  In most
places they act as a mere lining of the channel, but in some organs, as in
the spleen, they are greatly modified in form, and appear to have more
complicated functions.  There, as in the liver, they are actively phago-
eytie, and it is said that they do separate themselves from the wall and
pass in the blood-stream into the liver. (This I have never been able
to observe.)  In the bone-marrow, too, they are concerned closely with
the formation of the new cells of the blood, just as they were in the
carly stages of embryonice life, when an endothelial eell arose from the
amaboid mesenchymal cell merely beeanse it came to be the border of
a space which contained blood, or in which blood was formed from changes
in some of the endothelial cells themselves.  But while all this was true
in that early embryonic state and may remain true in the bone-marrow
and other sites of blood formation, there comes a period in the develop-
ment of the embryo at which, at any rate, most of the endothelial cells are
specialized to their funetion of lining blood- and lymph-channels.  They
grow* as distinet sprouting strands which later become hollow, among the
other less differentiated cells.  In later life this specificity prevails, at
least for most of the endothelial cells which line the vessels outside of those
special blood-forming sites, and for them funetion remains the suceessful
lining of the vessels.  Even when a thrombus fills the vessel and becomes
replaced by fibrous tissue, the endothelial eells take no part in the formation
of that tissue, but confine their growth to the production of a new lining
membrane which will cover all the surface of the clot and extend into every
crevice, so that the blood is kept from contact with the fibrin or the new
fibrous tissue.

These examples have been cited to show, in a general w

v, the importance
of the specificity of tissues and the different degree to which this holds good
in different tissues.  More will be said about it in connection with those
more highly specialized structures in which it is held to far more strictly.

Metaplasia.—Metaplasia is a term used rather loosely to express the
conversion of one tissue into another, but more accurately defined by Orth
as the transformation of a well-characterized tissue into another equally
well characterized, but morphologically and funetionally different.  For-

* MacCallum:  “Rel:tion of Lymphatics to Connective Tissue,” Johns Hopkins
Hosp. Bull,, 1903, xiv, 142,
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merly such processes were thought to be very wide-spread, and even Virchow
did not hesitate to derive cancerous or epithelial tumors from a matrix of
connective tissue, but now different explanations are available for most of
the puzzling conditions in which a tissue is found in a position totally ab-
normal for it, and replacing the type which should oceupy that place.
Metaplasia is not meant to include the morphological changes produced
by mechanical means, such as the keratinization of the mucosa of a pro
Nor does it include such displaced embryonal tissues as

lapsed vagina.
stric mucosa in the

develop normally in a wrong situation, islands of
sophagus or of squamous epithelium in the stomach, bronehi, or gall-

bladder, nor those which are mechanically displaced in later life, such as
traumatic epidermal eysts, bone formation from displaced periosteum, ete,
Another thing which lies outside the houndaries of this term is the growth
of one tissue in such a way as to push back the normal and replace it.
This happens, for example, when the skin about a healing tracheotomy
wound grows through the opening and extends so as to line the trachea for
a short way

Metaplasia does not include the ordinary processes of differentiation
which take place in the development of the embryo, nor those quite similar
processes which continue in certain sites in adult life, such as the con-
tinuous differentiation of the tissue of the bone-marrow and the continuous
destruction and new formation of hone by the action of the osteoblastic
cells. It is difficult, therefore, to say just where the term will apply, for it
is difficult to show that any well-characterized tissue is produced from an
other well-characterized tissue which is already differentiated.  The ten
deney is rather to assume that when such a transformation does oceur, it

is through the mediation of cells which, like the bone-marrow in other
cells, are not completely differentiated.

Such examples as we have to illustrate true metaplasia lead one to this
opinion, and they are very limited in number and practically confined to
(-|1il'|\-|i:|] and connective tissues,

Epithelial Metaplasia.—Under pathological conditions, such as the forma-
tion of an uleer with subsequent healing, one may find that typical squa-
mous epithelium appears to cover the gap, although the ulcer may be
formed in a dilated bronchus or a gall-bladder, or even in the intestine.

80, too, in eversion of the mucosa of the bladder in the so-called ectopia
, the mucosa is altered, sometimes to epidermal tissue, sometimes

vesic
to a high eylindrical form.

Connective-tissue Metaplasia.—Among mesoblastic tissues there are so
many examples of the persistence of groups of cells undergoing continuous
differentiation that the appearance of the results of such differentiation in
If we ligate the arteries of the

unusual places need cause little surprise,
kidney in a rabbit, the organ becomes necrotic and quickly caleified, after
which true bone may develop about the edges of the mass. In precisely
the same way the presence of necrotic material which becomes calcified
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may be observed in the selerotie walls of the blood-vessels, in degenerated
tumors, especially such as oceur in the thyroid and in the uterus, in old
cascous tubereles in the lung, in old adhesions in the pericardium or pleura,
and in many other places.  Apparently we must assume that undifferen-
tiated connective-tissue cells exist near by which become specialized in their
differentiation as osteoblasts, for these caleified necrotic areas become the
basis upon which true bone is formed.  In exactly the same way new sites
of progressive differentiation are established in eavities left in such bone,
in the form of a definite bone-marrow producing myeloeytes, eryvthroblasts,
and all the other characteristie cells.  Ts this to be defined as metaplasia?
Certainly one tissue has been replaced by another, but hardly by a direet
transformation. At most, conneetive-tissue cells serving some funetion
unknown are transformed into osteoblasts,  Doubtless the same thing
oceurs in the larynx or bronehi or in the costal cartilages, when in time
they hecome ossified.  Whether the hony metaplasia is of this sort in the
case of tendons and museles in the so-called myositis ossificans is uncertain.

REGENERATION
Regeneration of lost parts occurs with great readiness in the lower and
simpler animals, and it is well known that their life ean continue after the
most profound mutilations by the simple expedient of forming anew what-
ever is found to he lacking.  Details of the extraordinary experimental
studies of these phenomena may be read in the books of T, . Morgan,
J. Loeh, and many others.  As has heen stated, something of this power
of regeneration prevails in the embryo of higher animals and man up to a
certain stage of its development. It may be expressed once more by say-
ing that the fertilized ovum and the first segmentation spheres are toti-
potent.  The cells produced in the course oi later segmentations are multi-
potent, but the cells of the differentiated tissue are highly specialized, as a
rule, and potent to produce others of the same type only.  Quantitatively
also the power of regeneration diminishes with the advance of develop-
ment and cell speeificity, but even in the mature human individual the
latent power of these specialized cells for regeneration is often astonishing,
While we recognize this decrease in the versatility of the cell in so far as its
offspring are concerned, we must also recognize a very great difference
among the mature tissues in their power to regenerate themselves, for
although such slightly specialized tissue elements

those of the ordinary
connective tissue, the periosteum, the epidermis, ete., regenerate very
rapidly and extensively, those which are more highly specialized, such as
the central nervous system, heart musele, and striated muscle in general,
regenerate themselves hardly at all, and any gap made in their substance
must be filled by some inferior tissue which can grow fast and restore the
continuity quickly. Tt need hardly be said that the tissue most commonly
employed is the ordinary fibrous tissue.  Over and over again we find this
principle exemplified. In the heart there may be energy enough to form

—,




186 TEXT-BOOK OF PATHOLOGY

new musele tissue in time, but when an area is destroyed, it is healed by
fibrous tissue and not by muscle.  In the liver, although the liver-cells can
divide fast enough, the same thing prevails, and each gap left by their
destruction is stopped up with fibrous tissue.

Thus, owing to the different powers of regeneration shown by various
tissues, local repair is carried out sometimes by the injured organ substance
itself, but more often by an inferior material, such as connective tissue,
But even though such patching may oceur there is, with few exceptions,
some attempt made there or elsewhere to restore the original specialized
tissue unless it has been destroyved to the last cell.  Before discussing this
process of local repair we may pass in review the phenomena which appear
in the case of each type of tissue.

Epithelium. - All sorts of epithelium possess a quite remarkable ability
to grow again and make up for that which was lost.  As is so well known to

Fig. 73.—Growth of epithelium over a granulating surface. Irregular downgrowths
of epithelium are an index of the delay in the healing

every one, the surfuce epidermis will quickly grow out to cover again any

abrasion or to heal over the granulating surface of an open wound (Fig. 73).
This is so elearly visible in the case of a healing uleer where the thin, pearly
blue edges of the epidermis advance slowly from the margin toward the
centre until the whole area is covered, that it seems strange that there could
ever have been doubt as to the source of the epithelium.  Yet for a long
time it was questioned whether the epithelium might not be produced by
the granulation tissue.  More careful studies have shown, though, that the
regeneration is strictly specific, and that all new epidermal cells are pro-
duced through division of those still alive about the margin of the wound.
Apparently many of them move and stretch out to spread themselves over
the uncovered area before any division oceurs, because the karyokinetic
figures are found a short distance back from the edge, and especially in the
lower layers of cells. These less specialized cells seem to take a greater
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part in the new formation than those which have progressed some way
toward the keratinization, and have, therefore, lost to some extent or
completely their power of division.  Groups or masses of new cells are thus
formed and furnish the material for the further spreading of the whole
layer, but if, as is so often the case, that spreading is constantly prevented,
they accumulate and extend downward in rapidly thickening and very
irregular interpapillary growths (Fig. 73). It is generally stated that direct
or amitotic division plays a great part in this new formation of epithelium,
but this statement receives very little support from the direct observation
of growing epithelium in vitro,

Sinee such a conclusion is dependent upon finding distorted or constrieted nueled,
or upvn the failure to find mitotie figures, it seems hardly convineing.  No one ean fail
to aceept the evidence concerning the growth by mitosis, but there seem to be very few
instances in which the appearance of a cell with its nuelens constricted in the middle,
and a corresponding constrietion of the protoplasm, must be accepted as showing that
two new cells of normal eapaeities are thus being formed.  The appearance may so
readdily be due to pathologieal conditions, and the chanee of abnormalities in the amount
and arrangement of chromatin in the new cells is so great, that 1 hesitate to aceept the
process of amitotie division as a normal method of reproduction and growth in the organs
of the higher animals.  Of course, we have abundant observations of this sort of division
in simpler forms, and one may not deny its existe

or its importance, but at least it
seems elear that sueh a process should be more elosely investigated rather than o un-

questioningly accepted.  If there is any trath in the theory of Hansemann that tumor

growth may be imitated by the unequal or irregular separation of chromosomes in
dividing cells, then amitotie division, where the separation of chromatin material into
two nuelei is guided by no such precise mechanical process as in mitosis, may well be the
source of such inequality

The regeneration of surface epidermis produces a smooth layer of cells
without any reformation of such specialized epidermal structures as sweat-
and sebaceous glands and hairs.  Yet, as Minervini points out, the inter-
papillary downgrowths and the fine markings of the palm are formed again
after years. Of course, if the abrasion be so superficial that these glands

and hair-follicles are not completely destroyed, they may regenerate them-
selves from the remnants, and may also produce the less specialized sur-
face epithelium.,

The epithelium of the mucous surfaces behaves in exactly the same way,
growing out from the edges to cover, with a smooth layer, the denuded area.
Glands are regenerated from the epithelium which remains in their depths
if they have not been completely destroyed.  This is the common result
in superficial uleerations of the intestinal tract, and indeed one receives
the impr

ssion that, even though the whole mucosa be destroyed over a
small area of the intestine, as in the deep typhoid ulcers, it may be restored
to a semblance of the original much more rapidly than in the case of the
skin.  After all, the production of erypts or villi is a rather simpler matter
than the new formation of sweat- and sebaceous glands and hair-follicles
from the epidermis.
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In the epithelial organs new specialized and perfeet gland tissue is pro-

duced essentially by subdivision and multiplication of the remaining spe-

cialized cells. It is true that an elaborate effort toward their regeneration
is made by the less highly specialized cells which constitute the lining of the
ducts.  From the very faet that they are less highly specialized, and there-
fore more resistant, these cells survive in places where all the gland epi-
thelium is destroyed, and remain alone in that area as a possible source for
new gland tissue.  They multiply, and the duets bud out and ramify in all

Fig. 74.—Formation of new liver-cells at the ends of sprouting hile-duets in cirrhosis of
the liver

directions, but generally end in forming new connections with the gland
tissue which remained alive after the injury, and whose duet connections
may have been disarranged.  Occasionally one may find, in a cirrhotie
liver, a definite formation of new specialized liver-cells at the end of a
growing bile-duet (Fig. 74).  The eells are seen to be fresh young liver-cells
from their characteristic staining and their lack of pigment, but such
things are rare and can play no very important part in the restitution of
the functional liver tissue as compared with the profuse multiplication of
the already differentiated liver-cells which remain in the fragments of the
liver lobules which have not been destroyed.
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In the Kidney, in the same way, the inereasc in the specialized secreting
cells comes from the multiplication of survivors which have reached that
stage of differentiation, and not from the ¢

Als lining the conducting tubules,
If all the cells of a convoluted tubule are destroyed, that tubule collapses
and compensation oceurs through the enlargement of another tubule. It
is by no means denied that differentiation of less specialized tissue occurs
in the course of regeneration in adult life, but it seems that the repair of
highly specialized tissue is more readily and more commonly assumed by the
remnants of tissue which has already reached that stage of differentiation.

Connective Tissues.— These tissues are preéminently capable of regen-
erating themselves rapidly and in profusion, so that they form the bulk of
the new material used for local repair.  In nearly all their modifications
they are resistant to injuries, and will survive and grow readily after treat-
ment which would kill more delicate tissues in a short time.

The character of their specificity has been discussed already, and it has
been shown that, although in places undifferentiated cells persist and fur-
nish the specifie differentiated cells of the blood throughout life, most of the
conneetive tissues of the body are differentiated, and in their multiplication
reproduce the same type of cell.  Nevertheless, the assumption of osteo-
blastic functions by conneetive-tissue cells quite away from the original
osteoblasts is sometimes seen, and certain other lapses from strict specificity
may be observed.

Ordinarily, white fibrous or arcolar tissue produces, by the division of its

cells, other cells of exaetly the same character.  The elongated cell, poor
in protoplasm but with prolongations in all directions among the dense
fibres in which it lies embedded, swells hefore division and retracts some of
ItS processes., It becomes somewhat rounded and denser than the :ulj;n‘t-nl
cells, and by division gives rise to two young cells which are temporarily
rounded, but quickly put forth pseudopods and acquire an elongated form.
A great variety of forms may be found, but the vesicular nucleus and the
clongated form generally suffice to distinguish these cells from the more
rounded mononuclear wandering cells,

Oceasionally, when newly formed conneetive tissue arises to constitute
the lining of ¢

cavity in the body or to form a bursa, the superficial cells
which form the actual lining become flattened and assume the characters

of endothelium.  This is exemplified in Fig. 75, which is from the
lation tissue lining an infected space left after an operation, among the
ity was filled with turbid fluid full of
lencocytes.  The new tissue is of the ordinary type, with distinet project-
ing granulations, but ever

muscles of a dog's neck.  The ea

where covering this nodular surface, and ex-
tending down into the crevices between them, there is o layer of cells

resembling endothelium, although mueh stouter.  These cells are often in
two layers for a small space, and pass over by insensible gradations into
the fibroblasts underneath.  Evidently this is a mild kind of metaplasia,
analogous to that which occurs in the first formation of endothelium.
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While at first these new eells lie loosely about so that the
them accommodate fluid and wandering cells, they later produce in the
marginal parts of their eytoplasm the fibrils which stain differently from

spaces hetween

the general protoplasm, and which, increasing in number and in thickness,
become arranged in roughly parallel form, so as to produce a dense fabrie
in which the cells themselves finally become rather inconspicuous.  This
process, so carefully studied by Minervini, Maximow, and many others,
constitutes the formation of scar tissue.  The early stages are seen, how-

Fig. 75.—CGranulation tissue lining a eavity showing endothelium-like flattening of the
mnermost cells

ever, to especial advantage in cultures of conneetive tissue in which the

fibroblasts are seen to grow out separately from the margin, showing in the

most beautiful way their long, sheet-like processes, and dividing actively

by mitosis beneath the observing eye (Fig. 67).

Elastic Tissue.— The regeneration of elastie fibres is to be observed after
the lapse of time in newly formed connective tissue, but perhaps especially
in those places, as in the lung or in the vessel-wall, where those fibres play
There has been much discussion of the

a particularly important part.
possibility that they may arise in the intercellular substance, but the work
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of Jores, Nakai, and others seems to show clearly that they are formed by
differentiation of the protoplusmic processes of the cells.  Though chemi-
cally and physically different, they are produced in much the same way
as the collagenous fibres, and there is no way of distinguishing the mother-
cells from each other.  Nevertheless, although Jores thinks the collagenous
and elastie-forming cells the same, it seems probable that, with finer meth-
ods, we may be able to show that they are differentiated from each other
before they proceed to form their different fibres.  Apparently the new
fibres do not grow in conneetion with the old ones, but increase in size by
aceretion.  Sometimes, however, as in the walls of hlood-vessels, we may
see very plainly that a new distribution of the lamelle or fibres is brought
about by the splitting and separation of the old ones,

Fat Tissue.—There is much evidenee that the adipose tissue of the body is
specialized at an early stage, and remains distinet from other forms of
connective tissue,

n the infant it is segregated in lobular masses in
which, in the beginning, the large, round, isolated cells which are to hecome
fat-cells have a deeply stained granular protoplasm, which later hecomes
filled with globules of fat until it is stretehed out into a thin film and its
nucleus pressed to one side.  In wasting disease the fat may disappear
from the eell and be replaced by fluid.  In a sense regeneration oceurs
through the refilling of these cells with fat, but if the tissue is destroyed,
it must probably be regenerated by the methods used in its first formation.
In the neighborhood of old inflamed arcas one may often distinguish,
within the outline of an empty fat-cell, many polygonal or rounded cells
with finely vacuolated protoplasm.  These Marchand regards as evidences
of regeneration or new formation of several fat-cells in place of one.  Others
(Maximow) have, however, thought of these cells as invading phagocytes
which have taken up some remaining globules of fat.

Cartilage and Bone.— Defects in cartilage are in part healed by the forma-
tion of fibrous tissue scars, but regeneration of actual cartilage also takes

place.  According to Marchand, this is brought about chiefly by the
activity of the perichondrium, which produces a callus-like growth of new
tissue which gradually assumes the characters of cartilage. Borst and
certain Italian writers maintain, however, that the cartilage itself takes
part in this new formation, a method which certainly prevails in such ani-
mals as the salamander; and that the defect is filled largely by the active
division of its cells.

Bone is regenerated by methods identical with those concerned in its
first formation. On account of its casily recognizablelarrangement, it can
be seen more readily in bone than elsewhere that a constant resorption
and building-up is in progress throughout life. By means of osteoblasts
the well-preserved Haversian systems are irregularly eroded, and new Ha-
versian systems fitted into the gaps thus left through the activity of the
osteoblasts.  The cells concerned in the regeneration and new formation
of hone are always the osteoblasts, or at least cells which have assumed
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(e the funetion of osteobla Therefore bone can be formed by the osteo-
i genetie layer of the periosteum and by the endosteum, but probably not
i _‘; by the bone-corpuscles, which are buried in the rigid bone.  If all the cortex
‘li; g of a hone be removed and the periosteum left intact, a new bone may be ¢
"{“' formed by the aetivities of that membrane—it can even be transplanted §
I ' into some distant region of the 'uul_\. where it will begin once more to pro- ,’
: duce bone, provided always that the nutrition he maintained and that
the actual osteogenetie layer be not destroyed.  Membranous bone is 4
formed anew in the same way by the production of a mass or sheet of spindle-
cells, some of which assume the characters of bone-corpuseles and give up
part of their cell-body to the fibrillar substance, which first becomes hya- '
i

line and then caleified.

Fig. 70.—Early stage in the healing of fractured hone, showing periostenl new=hone forma-
tion, together with fibrous and eartilaginous growth

In fractures the broken ends of the bone are at first surrounded by a
hemorrhage, but after the escape of blood from the bone-marrow is stopped
by eclotting, regeneration and healing begin through the proliferation of

new tissue from the periosteum and endosteum.  These produce a callus

which flows in between the separated ends of the bone as the intermediary )
callus. Tt consists at first of cart and osteoid tissue, that is, tissue with :
homogeneous ground substance inclosing the newly formed cells, and hav- «
ing (he form of bone without being caleified.  The osteoid tissue may be 1
faid down as a solid layer on the surface of the old bone, or, through the h
eniding action of blood-vessels, assume a spongy form.  Solid new formed i
tissue of this kind may be transformed later into spongy bone by the in- p
vasion of blood-vessels, and that in turn become compact by later growth. a

ti

The cartilage which is formed by the activity of the periosteum is similarly
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invaded by osteoblast-carrying blood-vessels and converted into osteoid
tissue, and finally into bone, exactly as in the intracartilaginous hone forma-
tion of the embryo.  Great defeets in the bone produced artificially or by
disease may thus be made good, although for a time the new bhone thus
formed is very abnormal in its arracgement.  Later modifications tend to
reduce it with wonderful accuracy to the form best adapted to meet the
strain put upon it.

Smooth Muscle.—Experimental and other study of the healing of defects
in smooth musele seems to show little activity in this regard—sometimes
mitotic division has heen deseribed, sometimes a new formation by amitotie
division, but more recent studies tend to the idea that there is in higher
vertebrates very little regeneration of the musele itself, but that healing
brought about by sear tissue brings together the musele edges at the site
of the defeet.

Striated Muscle.—Two distinet methodsof regeneration oceur, as pointed
out by Volkmann, Schminke, and others.  In one, new separate cells are
formed from the remains of the fibre by collection of the protoplasm about
its nuelei within the sarcolemma (sarcoblasts).  These develop, just as the
embryonie musele-fibres do, by the gradual appearance of striated fibrils
in the elongating cell.  In the second method a bulbous end is formed in
continuity with the remains of the muscle-fibre with a great number of
nuelei, and the elongation and differentiation of this protoplasmic mass give
rise not to new fibres, but to inerease in the mass of the muscle substance.
Many authors have aseribed all of this to amitotie division of the nueled,
but many mitoses have been observed, and doubtless play the usual im-
portant part in the reproduction of this as in other tissues,

Heart musele has heen thought to regenerate itself little, if at all, any loss
of substance heing 1

ade good by a pateh of sear tissue.  Indeed, this seems
to be generally the case,

although Heller has recently deseribed elear evi-
dences of regenerative activity in the heart-musele fibres, and we have seon
one ease in which a condition resembling elosely the formation of the bul-
bous ends in the skeletal museles appeared. The fibres could be traced in
the searred arcas into deeply stained swollen masses of protoplasm, with
numerous nuelei which seem to represent growing ends.

Blood- and Lymph-vesse
blood-channels seem to be formed anywhere in the mesenchyme by the
mere separation of the eells, with later alteration of the innermost cells
adjoining the cavity thus formed into definite flattened lining or endothelial
cells, which in turn may produce any of the elements of the blood.  Chan-
nels formed in this way are capable of obliteration by collapse and the ad-
hesion of their walls, while other new channels are being formed.  Thus

s.—In the carly stages of embryonie growth

it happens that in a network of such spaces there is finally emphasized one
passage which, after the collapse of the rest, survives because it is best
adapted to earry the blood according to the existing needs and pressure rela-
tions. Thus in early life the whole proces:

is very labile, and the relation
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i
|
|
|
\
||




194 TEXT-BOOK OF PATHOLOGY

to the conneetive tissue extremely intimate. It is maintained by some that
Ivmphatic channels are formed in the same way, becoming secondarily
connected with the blood-vessels, but Sabin has shown that their genesis
may be traced to an actual sprouting from eertain points in the well-formed
vessel-wall, of blind-ending canals which finally ramify in all directions in

the tissue and constitute the lymphatie system. At any rate, there comes

a period, somewhat later in embryonie life, at which the promiscuous for-
mation of blood-vessels or lymphaties from spaces in the mesenchyme
seems to be restricted, and thenceforth the endothelial cells become per-
manently specialized to carry out that funetion only and to give rise, by
their division, to all subsequent endothelial eells.  After this epoch new
vessels are formed only by the formation of an endothelial bud from the
wall of a vessel, which may grow out as a mobile strand of endothelial cells
moving through the tissue until it meets another such strand.  Exactly
the same process is carried through in the case of the lymphatic channels,
which are quite as completely walled off from the connective tissue by endo-
thelial cells as are the blood-vessels.*  When such strands of endothelial
cells, which at first may be no more than whiplash-like protoplasmie fila-
ments, become united with others so as to form a bridge and become thick-
ened into a double row of cells by mitotie division, there gradually appears
a cleft in the middle through which blood-corpuscles are forced.  There
has been much discussion as to the part played by connective-tissue cells
in this process, but the evidence seems to be overwhelming in favor of the
idea that when connective-tissue cells take any part they act merely as
supporting cells, applying themselves to the outside of the new tube, of
\\'|i1'll lll" ('5‘"1’“'i1|] Iillillu |:l.\‘(‘r i,\' A'()lllpll.\'l‘d nf ('Iltllﬂlll']i:ll ('1’“\’ :ll“lll'
(Marchand). Coffin has traced ecarefully the formation of lymphatie
vessels in newly forming granulation tissue, and has found that they appear
in precisely the same way as the new blood-vessels.

Bone-marrow, Lymph-glands, and Blood.— Bone-marrow regenerates
itself rapidly after destruetion through injury, disease, or poisoning, by the
formation of a new conneetive tissue rich in vessels, in which there appear
later fat-cells and the specific blood-forming cells. As to the source of
these, some authors (Haasler, Enderlen, Marchand) have held to the idea
that they are derived from the division of those which remained behind or
are brought to the marrow cavity by the blood-stream or by wandering
through the tissues. Others (Maximow, Weidenreich) regard them as
derivatives of the yvoung, undifferentiated connective tissue formed upon
the invasion of blood-vessels with their periosteal cells into the cartilage.
This seems well enough established in the case of embryonic marrow forma-
tion, but is more difficult to aceept in the regeneration of marrow in the
adult, although it is perhaps supported by the observation of the new for-
mation of marrow in bone produced in such organs as the lung or aorta.

* MaeCallum:  “Relations Between Lymphatics and Connective Tissue,” Johns
Hopkins Hosp. Bull,, 1903, xiv, 142,
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Lymph-glands and nodules of lymphoid tissue reappear, without doubt,
in areas where they have been destroyed, but the mode of their regenera-
tion is not very clearly understood. In the case of an autopsy assistant
who had suffered repeated infections of the hands, after which infeeted
lymph-nodes had been disseeted from the axilla, new nodes appeared under
the skin about the shoulder as well as in the axilla.  Similarly, in the
intestine, after destruetion of Peyer’s patehes and solitary nodules, through
uleeration in the course of typhoid fever, repair and new formation of these
structures are in time very complete.  Undoubtedly, as Ribbert points
out, there are many seattered lymph-follicles in the tissues which bhecome
evident only when they are caused to swell by some inflammatory reaction,
and it is possible that these, through their enlargement, compensate for the
loss of the original lymph-nodes in places where the latter have heen de-
stroyed or removed.  In the spleen, when the amyloid has occupied the
whole of each Malpighian body, one may sometimes see, as in Fig. 42, the
counterpart of this in the new formation of lymphoid nodules all through
the splenie pulp.  Bayer and others state that complete lymph-nodes may
be newly developed in fat tissue, but it seems probable that this occurs
rather in connection with preéxistent lymph-channels than with relation
to the fat tissue itself.

The Blood.—('onstant new formation of these cells oceurs on account of
their brief tenure of life in the circulating blood.  Lymphocytes are un-
doubtedly produced in great quantities in the lymph-nodes, wherever they
may be, and are turned into the blood either by way of the lymphatic
channels or more directly into the veins. Bone-marrow, spleen, and
possibly thymus also play a part in their production.  When traced to
their ultimate source in the undifferentiated rounded mesenchymal cell,
they are seen to have the same origin as the granulated cells and the red
corpuscles, although for the granulated cells Naegele and Sehridde claim a
separate ancestor in the non-granular myeloblast.  The granular mye-
loeyte, which is formed from a preceding non-granular cell (whether it be
the specific myeloblast or the common ungranulated ancestor of all), and
which gives rise to the granular polymorphonuelear leucoeyte, is ordinarily
found in greatest numbers in the bone-marrow, but it may be formed in the
spleen, in the lvmph-glands, in the liver, in the thymus, and in various other
places, so that the regeneration of the granular polymor phonuclear lencocytes,
cosinophile as well as neutrophile, may take place almost everywhere,
Nevertheless, the chief site of this formation, and in normal eonditions the
only site, is the bone-marrow.  The forerunner of the red corpusele, a non-
granular, non-hemoglobin-holding eell, may shrink as it acquires hemo-
globin, and thus become the normoblast, which, on losing its nucleus,
becomes the ordinary red corpusele.  Large hemoglobin-holding nucleated
cells which are possibly forerunners of the normoblasts are the megalo-

blasts. They are sometimes swept into the blood when regeneration is
active in an extreme anemia.
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Leucoeytosis.—Infections of all sorts eause regeneration of the greatest
intensity in the blood-forming tissues, so as to furnish to the blood the
necessary phagoeytes.  Polymorphonuclear leucoeytes may be produced
there with rapidity in a quantiiy far exceeding that ever called for in
ordinary regeneration to make good a loss. It is not uncommon, then, to
find the leucoeytes chiefly of this type, numbering 50,000 or 60,000 per
cubie millimetre, and cases are deseribed in which this outrush, bringing
with it the myeloeytes, has so flooded the blood as to produce the picture
of an acute myeloid leucwemia,  Other infections, such as typhoid fever,
through exerting another kind of ehemiotactic action, attract to the blood
chiefly the mononuelear cells. It is even difficult to produce a polymor-
phonuclear leucoeytosis in those cases,  Similarly in tuberculosis, syphilis,
and many other infeetions processes, most of which progress slowly, and in
malaria and other protozoan infections, the stimulus produced by the in-
feetive agent ealls forth the production not of polymorphonuclear leuco-
eytes, but of mononuelear forms.

Thus there is a certain independence among the eell types in their re-
generation.  Red corpuscles are produced in great numbers when those
normally present have been destroyed, and generally there is a consider-
able coineident outpouring of leucoeytes, but this too is dependent upon
the nature of the destruetive agent and not merely upon the faet that re-
generative activity is going on in the bone-marrow.

When blood is suddenly removed, as by an extensive hiemorrhage, regen-
eration begins in the bone-marrow (often very slowly after an extreme
haemorrhage), and the red-corpusele content of the eirenlating blood is
gradually restored to normal.  Naturally, immediately after the hemor-
rhage the number of red corpuscles in the eireulating blood per cubie milli-
metre is unchanged; then there comes quickly an absorption of fluid from
the tissues and from the digestive tract to make up the necessary volume of
blood, and with this dilution the red corpuscle content per cubie millimetre
rapidly sinks. It is not until after the third or fourth day that the regen-
erative process hegins to overtake this diluting process, so that from that
time on the red-corpuscle content steadily rises. It may be observed that
this new for

ition proceeds rather spasmodically, as indicated by the

periodie “erises™ of normoblasts which are swept out into the cireulation.
In the bone=marrow during this process evidences of most active growth of
these cells can be found, and although they are present in such great num-
hers, it can often be seen that they are arranged roughly in groups or islands
among the granular and other cells,

Chronie anwemias which follow long-continued infection or intoxieation,
or repeated small losses of blood, as from bleeding hemorrhoids, cause the
same regenerative processes,  The marrow of the long bones, normally
vellow and composed chiefly of fat, becomes dark red, solid, and granular,
and is found to be made up of compactly crowded formative cells and their
products.  In many cases, of course, the benefit from this regeneration is as
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promptly frustrated by the continued destruction or loss of the cells as they
appear in the circulation.  There are a few cases in which, in spite of ex-
treme an@emia, no sign of regenerative processes begins in the hone-marrow
(“aplastic anemia ™), and others in which it is prevented by the extensive
destruction of that tissue by tumor growths or otherwise.  The extreme
anemia produced by benzol poisoning seems to depend largely upon its
coincident destructive effect upon the bone-marrow and blood.

Nervous Tissue.—If a peripheral nerve be cut, the proximal portion
remains alive, except for the last two or three Ranvier's segments, but the
whole peripheral portion degenerates.  The myeline sheath loses its homo-
geneous character and breaks up into globules which now stain with fat
stains.  The axis-eylinder becomes granular and disintegrated.  The cells
of the sheath of Schwann or neurilemma inerease greatly in size and num-
ber, and become actively phagoevtie, engulfing and removing the déhris of
the myeline sheath and axis-eylinder,

Up to this time the degenerating fibres show the presence of black-
stained globules in the position of the myeline sheath by the method of
Marchi, but after the phagoeytic activity of the cells of the neurilemma is
completed, nothing is left of the medullary sheath, and such degenerated
and emptied fibres can now be made out best by their lack of staining, in

contrast to the neighboring well-preserved medullary sheaths, which he-

come blue black with Weigert's medullary sheath stain. - The proliferated

cells of the sheath of Schwann now hecome s

ranged closely together in
long, tubular strands—the so-called “band fibres,” At this point arises
the difference of opinion upon which there has been strife for many vears.
v. Bimgner, Bethe, and others maintain that, inside these band fibires,
there are formed new axis-cylinder fibres without any connection with the
ganghon-cell, and quite independent of the proximal portion of the fibre
from which they were originally separated.  The weight of evidence, how-
ever, is overwhelmingly on the side of those (Waller, Ranvier, Howell,
His, Ramon v Cajal, Perroneito, Stroebe, Harrison, and others) who have
shown that new fibres appear growing along in these tubular band fibres,
but only as sprouts from the axis-cylinders, which are still in the proximal
part of the healing nerve and still in connection with the ganglion-cell.
It is shown that the ends of these axones in the tip of the proximal stump
become bulbous or branched, or peculiarly altered into a basket-like ar-
rangement, and that when the peripheral portion is brought into apposi-
tion with this stump, filaments penetrate into the guiding eanals furnished
by the Schwann’s sheath tube, and grow down them until they reach the
end-organs and reéstablish connections there.  If there is a large gap
between the two ends of the nerve, the accomplishing of this process is
delayed. Tt is hastened, on the other hand, by the accurate suture of the
cut ends to one another.  The band fibres thus form merely a guide for
the newly sprouting axone, and in no case give rise to new axone material
themselves,  All this is particularly well shown by Harrison’s experiments,
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in which he showed that axones could grow out to a great length if offered
merely a suitable moist medium upon which to grow, and were not entirely

dependent upon the facilitating and guiding influence of the band fibre.
restored in a remarkably short time,

Funetional capacity of such nerves is
and seems to depend largely upon the character of the nerve-endings and
not upon the precise rediscovery by the axones of their proper hand fibres.
Indeed, a nerve accustomed to convey one set of impulses may be arti-
ficially united to a peripheral stump which had been used to act as the
mechanism for a quite different sort of activities, but the old impulses will
now produce the new function characteristic of the new nerve terminations.

in other

Such a person has to learn to interpret and control his impulses
iin to do the right thing at will,

words, learn :

In the central nervous system a similar type of regenerative process is
attempted, but seldom carried far, because no proper paths seem to he
prepared for the guidance of new fibres. At the searred edges of wounds or
defects, either in the brain or in the spinal cord, the same bulbous or branch-
ing ends of fibres are to be found, but there is little evidence of their eross-
ing the sear and reéstablishing the original ‘connections.  There is also
little positive evidence of regeneration on the part of ganglion-cells—mitoses
are sometimes seen, but at best it is only an attempt at new formation.
Healing of a defeet in the brain takes place partly by sear-tissue formation
and partly later by the produetion of a rather broad zone of selerotie nen-
roglia.  The cleansing of the area is carried out by the so-called granule
cells, large, rounded, mobile eells filled with globules of fat which accumu-
late in great numbers in areas where destruction of nervous tissue has

occeurred (Fig. 15).  These cells, which are espeeially abundant in areas of
softening, infarets, ete., in the brain, resemble the mononuelear phagoeytic

wandering cells very elosely, and are regarded as such by Borst and others

Although this view seems perfeetly plausible, it is contended by others

including Fr. Marchand, Morzbacher, and Tanaka, that they are really
wandering cells of neuroglial origin.
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CHAPTER XII1
DEFENCES OF THE BODY (Continued)

Transplantation of tissues and organs, its limitations, Healing of wounds—by direct
wnton, under a crust, by granulation tissue, ele The healing of an open uleer, of inflamed
wounds and abscesses.  The healing of special tissues

TRANSPLANTATION OF TISSUES AND ORGANS
Tue result of attempts to transplant tissues or whole organs from one
animal to another, or from one portion to another in the same animal, is a
matter of great surgical interest, and also of importance in contributing
to our knowledge of the growth of tissue and the function of the organs
themselves thus transplanted. It is treated in detail by Marchand, Borst,
Stich, Makai, and many others, to whose papers the reader is referred.

To graft tissue or a whole organ into a new situation is a matter of
technical difficulty, but suceess depends not only upon the skill with which
the operation is carried out, but also upon the nature and age of the animal,
nature of the tissue, the intimacy of relationship of the new host, the
efficieney of the blood supply (often the restitution of the nerve supply),
and, finally, in many cases, the functional need for such tissue.

It seems possible to earry out successfully far more extensive trans-
plantations in the lower animals, such as worms and calenterates, than in
higher forms.  Probably this is because of their greater adaptability, and
is quite like their great power of regenerating tissue and organs, At any
rate, one may easily transplant half the body of one of these ereatures by a
sort of grafting on to half the body of another.  But this can be done in
embryos of much higher animals also, with the production of remarkable
monsters.  Complex organs, like the eye, may be implanted in unusual
situations with a certain success which could not be attained in adults,

The suceess with which tissues can be transplanted is, to some extent,
parallel with their degree of specialization and their need of constant and
abundant blood supply. Little difficulty is experienced in transplanting
epidermis from one situation to another, or even from one individual to
another.  The so-called Thiersch grafts, which are thin films of epidermis,
sometimes including the upper layer of the corium, are used daily in surgi-
cal operating-rooms to cover large denuded areas, and there is seldom any
question about their suceess.  So, too, bone with its periosteum may he
made to fill a gap in another bone.  With more highly specialized tissues
transplantation is more difficult, probably because their cells will not sur-
vive long enough to allow capillary blood-vessels to grow in from the new
site.

199
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Nevertheless, pieces of thyroid, parathyroid, adrenal, ete., have heen
implanted in a cavity made in one tissue or other, and have grown and
functionated generally only after neerosis of the central part, with survival
and inerease of the marginal layers. It is important to observe that in
some eases, as in the transplantation of hone or nerves, the graft may sur-
vive only as a sort of splint which supports and guides the new-growth of
tissue from the host, which finally absorbs and replaces it entirely.  This is

always true with nerves whose specialized struetures invariably degenerate,

but not always with bone, which may remain active and itself perma-

nently oceupy the new site,

Transplantation of whole organs by anastomosis of the blood-vessels

has been earried out in a number of cases, notably by Carrel, and often

with successful funetioning of the transplanted organ.  Thus in one animal
the transplanted Kidney was able, after the removal of the other, to main-
tain the life of the animal for a long time.

The reimplantation of an organ or tissue into the same animal is an

autoplastic operation—its transfer to another animal of the same species

is 0 homoplastic operation, while a heteroplastic transplantation involves
its growth in an animal of another species.  Transplantation of whole organs
has suceeeded so far, only in autoplastic operations, although homoplastic
transplantations of extremities or peripheral tissues have been suceesstul,
Heteroplastie transplantations have heen uniformly failures. It is, there-
fore, necessary to have the most favorable possible conditions for the re-
newed growth of the more sensitive tissues, although those less dependent
upon an uninterrupted blood supply may sometimes he transferred to other
animals of the same species with suecess.  Evidently the foreign biological
charaeter of the blood of another species makes life impossible for the graft

Mechanieal conditions, too, are important in the suceess of a transplant,
and a picce of skin transplanted into the peritoneum or between the muscles
is sure to act merely as a foreign body and be encapsulated.

Another influence which is undoubtedly of great importance is that of the
nerve supply.  As though one were to eut the electrical conneetions in
moving an eleetromotor, and expeet it to work in its new position, we look
for proper renal activity or thyroid activity in a tissue deprived of all
connections with the nervous system.  If such funetion ever does recur,
it scems that it must be accompanied by new formation of nerve connee-
tions.  This is a problem for future study, and is complieated a little by

the fact that some autonomie nervous acti
in plexuses, ete., severed from central conneetion.  Thus in a freshly ampu-
tated and reanastomosed leg inflammation proceeds normally, probably
Later, when these have

ity can go on for a short time

aided by axone reflexes in the autonomie fibres,

degenerated, the phenomena of inflammation fail to appear on application
of irritants.

Finally, it has scemed, especially from some experiments of Dr. Halsted,
that suceessful implantation and growth of such organs as the parathyroid
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depend upon a need for their functional activity.  In animals with a normal
amount of parathyroid substance he found it impossible to make an extra
gland grow, while he succeeded in one already deprived of most of its
parathyroid tissue. This seems a plausible suggestion, and has been
supported by others, but as yet it is hardly possible to set it down as a
general law,
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HEALING OF WOUNDS
While the principles remain exactly the same, the details in the healing
or making good of any destructive injury to the tissues vary with cir-
cumstances, and it forms a great part of the skill of the surgeon to be able
to leave the tissues upon which he has operated in the most favorable
possible condition for repair.  Negleet of these precautions, which coneern
chiefly the mechanical adjustment of the tissues which should grow to-
gether, their proper nutrition, and the exclusion of infeetion, will readily
defeat his object, no matter how ingeniously he has planned to cure his
patient. As in the early days of surgery, the wound will in a short time
break open and discharge a flow of pus and fragments of dead tissue, blood-
vessels may burst their ligatures, and the seeondary haemorrhage, dreaded
of old, will follow. All this depends upon the malnutrition of tissue from
crushing or cutting off the blood supply, and the infection which can thrive
in such dying or dead tissue or in the material aceumulating about it,
But if the tissues be carefully brought together by light pressure, or by
sutures so arranged as to leave them all very richly supplied with blood
in rapid eirculation, the few bacteria which are always to be found in every
wound, no matter how carefully made, are easily overcome by the living
tissues, and healing proceeds apace.

Healing by Direct Union.—It is in wounds treated with this careful
attention to the condition of the tissues, or in wounds so superficial and
limited that apposition and good nutrition of the tissues are secure of them-
selves, that healing occurs with the slightest reaction and with the least
requirement for new formation of cells,

If a elean ineision be made through the abdominal wall and the tissues
ipproximated edge to edge by sutures throughout, they become glued to-
rether almost at onee, and in a short time heal together, with an almost
nperceptible linear sear, with never any very evident inflammatory reac-
ion and no sign of actual suppuration.  In such an incision only the cells

ong the line of incision are killed,—some bleeding oceurs, and between
the approximated edges a little blood remains,—or if the ese

ape from the
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blood-vessels has been stopped, at least a little coagulable fluid oozes out
between these edges.  This clots about the severed cells and eements the
surfaces together (Fig, 77). A few leucoeytes appear from the slightly
widened adjacent vessels.  Mitoses arise in nearby epithelial cells of the
epidermis, and in the connective-tissue cells elose to the wound.  Blood-
vessels sprout from those on either side, and accompanied by fibroblasts
grow across, absorbing and removing the fibrin and the dead cells which the

Fig. 77.—Fresh stab wound of the liver. A few eells have been killed and the edges
glued together by the elot

leucoeytes help to liquefy, and replacing this material by a more permanent
bond.  Later this new conneetive tissue matures into a scar,  Epithelium
has by this time been pushed across to cover the outer surface and the
peritoneal lining cells to close the interior, and the wound is healed.  This
is healing by first intention (Fig. 78).
Healing Under a Blood-clot or Crust
has not heen so exact or when more tissue has heen destroyed, a good deal
of blood and serous fluid oozes out on the surface, clots, and dries, or the

-In many cases, when apposition
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cavity of a wound whose edges are not brought together may il up with
blood which elots and remains. 8o good is such a elot as proteetion against
infeetion that, at times, surgeons have intentionally allowed large spaces to
fill up in this way (Schede, Halsted), and have earefully preserved the elot

as o covering.  Not only is it a protective substance, which, on aceount of

Sl

Fig. I8 —Sear of healed surgieal incision through the abdominal wall

its bactericidal power, does not decompose or become further infeeted, but
it forms a nutritive material, and at the same time a scaffolding for the
|l|v-urn\\lh of blood=vessels and fibrous tissue.

When there is only a little blood or inflammatory or serous exudate which
dries on the surface of the wound, healing proceeds under the protective
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crust thus formed, and is found complete when it drops off. Quite the
same process goes on if the erust is formed by the necrosis and drying up
of the superficial tissue,  The epithelium works its way beneath this dried
mass and quickly grows over the surface of the underlying living tissue,
even if it has not been covered by any thick, new-formed granulations.
This is the peculiarly favorable feature of healing under a erust that, with
such perfeet proteetion, the new epidermal covering is completed without
the previous slow and tedious formation of granulation tissue. It is true
that later much new tissue of that sort is produced beneath, but at least it
is ¢losed in from the air and goes on unnoticed, the process being essentially
finished and seeured when the epidermal covering is complete,

Granulation Tissue—Secondary Healing.— When o wound is infected
with bacteria, it is not apt to heal throughout any great part of its extent.
Instead, it breaks open and discharges a purulent exudate, and heals
finally by “second intention,” in a way rather different from those just
deseribed. It builds up from the bottom a new connective-tissue layer
which, beginning by covering and masking all the exposed structures with
a thin gray film, heaps itself up in an ever thicker nodular, translucent,
grayish-red substance, until the whole space may be filled or even until
the granulation tissue projects in soft, fungus-like masses above the level
of the skin. This sort of reparatory growth is by no means limited to

infeeted wounds—it is the regular method of filling up and repairing any
and every gap in the tissue. It is inconspicuous and limited in the two sorts
of healing already described, because in the one case very little of it is
needed before healing is complete, and in the other beeause the epidermal
covering is s0 soon finished that connective-tissue growth is held in check
and covered from view,

If an open wound or uleer be kept elean and moist and therefore unable
ame

to cover itself by a erust, it must heal slowly from the bottom.  In the
way a space among the tissues kept open by the presence of baceteria and
an accumulation of fluid will close itself gradually by the formation of a
complete wall of new young connective tissue, which is gradually drawn
together by the absorption of the fluid (Fig. 79).  Any foreign body em-
bedded in the tissues stirs up the same response.  About it on every side,

as though it were a space to be filled, there develops a wall of new tissue
(Fig. 80). A portion of tissue itself, killed by any means, becomes a foreign
body, and is treated in the same way—henee an abscess with its mass of
bacteria and surrounding dead tissue is in time encapsulated.  Any group
of cells inan organ, such as the liver or kidney, on heing killed and absorbed,
leaves a gap which is filled up by a new-formed connective tissue not limited

exactly to their site, but extending a little into the neighborhood.

Other examples of this same tendeney are seen when it is not dead tissue,
but fibrin, that acts as the foreign body, and the replacement of a fibrinous
exudate on a serous surface (Fig. 81), or of a thrombus in a blood-vessel by
the growth of granulation tissue (Fig. 82). is perfectly well known.

Fig

heal;
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In all cases the mechanism is the same. It is the standard method of

Fig. 79.—Granulation tissue lining a space left between the museles in a dog's neck

healing adapted to deal with the most varied types of injury, but always
proceeding on the same principles toward the patching of the injured area,
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The degree to which inflammation is mixed with it depends upon the sort
of injury, and the nature of the wandering cells found in the new tissue
depends upon the sort of injurious material and débris that must be treated
The healing of an open uleer may serve as one example.

f[{f and removed.

e Even if such a loss of substance is produced hy actually cutting out a
‘}t i picee of tissue, bleeding soon stops, and the cut surface is found moistened
il by a thin layer of fibrinous exudate,  Within an hour, although the surface

Fig. 80.—CGranulation tissue with giant-cells developed around a foreign material (para-

ffin) injected into the tissues.

becomes reddened by the widening of the capillaries, it is found, on injecting
the blood-vessels, that none of the colored mass oozes out on the cut surface.
The cut ends of the vessels are closed by the fibrinous exudate, and by con- Fig. §

are definitely thrombosed. The exposed surface con-

traction, many
tracts somewhat, the skin edges tend to turn inward, and, as healing pro- o
gresses, this contraction plays a considerable part in forwarding the closure o
o
; tance

of the wound.
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The reparatory process begins first, in all probability, by the amahoid
streteching out of the adjacent connective-tissue cells, and even of the
epithelial cells at the skin edge.  This is readily observed in tissues grown

Fig. 81.—Organization of a fibrinopurulent exudate on the pleural surface by new blood-
vessels and conneetive tissue from the pleura

in vitro, and it seems probable that it occurs here too, since the mitotie
figures which indicate the new formation of cells are found some dis-
tance back from the actual margin of the wound. Connective-tissue
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cells reaching out their pseudopods from among the intercellular fibres

find guidance in the filaments of fibrin.  Through their multiplication and

that of the endothelial cells of the blood-vessels a recognizable amount of
new tissue is formed in the course of a day or two. At the same time an
acnte inflammatory process arises, with all the features deseribed above:
The vessels widen and pour out their fluid and cellular contents; the tissue
becomes adematous and infiltrated with leucoeytes and seattered red

Fig. 82.—Thrombus formed behind a valve in a vein, being invaded by blood-vessels
and fibroblasts,
corpuscles—on the surface, more exudate of leucocytes and fluid is pourcd
out, and the network of fibrin becomes thicker; mononuclear wandering
cells appear in numbers from the blood-vessels and from their resting places
in adjacent tissues; sprouts of endothelial ce ls spring up from the intact
-apillaries and streteh forward into the fibrin, making way for themselves
by their mobility and digestive power. Spread open into tubes by the
pressure of the blood, they become complete capillaries, carrying a current
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of blood.  With them there grow upward the fibroblasts, with their long
branched protoplasmic processes, supporting and surrounding the vessels.
Growing upward in this way, the capillaries anastomose and form arches,
and it seems probable that it is this arching forward of the vessels which
brings about the granular appearance of the surface of the new tissue
(Fig. 83).  Thus an actual new tissue is formed, and continues to be formed
with the greatest rapidity. It consists, as is evident, of abundant blood-
vessels and young fresh conneetive-tissue cells, all spread apart by fluid,

Fig. 83, —CGranulation tissue formed in the healing of an uleer.
a large portion of which is an inflammatory exudate.  Therefore it is easy
to understand that this tissue should appear as it does. It is a soft gray
or grayish-red, gelatinous, translucent layer of irregular nodular surfuce,
bleeding at a touch, but quite insensitive to pain.  When it is found, as
it often is, in surroundings abundantly infeeted with bacteria, the inflam-
matory reaction becomes more intense, and the purulent seeretion oozes
out on the surface (Fig. 84).
Granulation tissue is subject to the same circulatory and other dis-
15
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turbanees that affect other tissue —it may be congested with venous blood

or become very adlematous in patients whose eireulation is embarrassed.

J‘t | Checked inits growth by some injury, that which remains becomes compact

' and forms the basis for the growth of a new layer. It may. therefore, pre-

i sent very different appearances in different cases, although in its essentials

e it is the same in all.

It i Having grown to such an extent that it fills or nearly fills the gap, one

becomes aware of the fact that a thin, grayish-blue film of epithelium is i

Fig. S4.—Granulation tissue showing acate inflammation Fig
spreading out from the edges toward the centre of the wound, to cover the and
granulations, much as ice in its first formation spreads out from the edges of st
apond.  One can also plant a fragment of epithelium in the form of an island heal
in the middle of the surface of the granulation tissue, and if successful, 4 goo
the spread of new epidermis will take place from there in just the same way, \“‘:"
meeting that from the margin and completing the covering of the granula- ‘»""“"
tions (Fig. 73). Bluish at first, the new epidermis gradually becomes ;rr""
thicker, more opaque, and white. Naturally this process oceurs most yag
readily when the granulations are elean and oozing only a little serous fluid— ;'”‘\”

app

it is often frustrated by infeetion and the consequent inflammatory process, |
Chara
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Finished in this way, the site of the original wound is occupied by a
highly vascular, purplish looking tissue, hidden under a smooth, pearly
layer of epithelium, which has none of the lines and markings of the normal
sKin—no hairs, no sweat- or sebaceous glands, and no nerves.  From this
time on a process of maturing of this tissue begins, which, as has been said,
tends to mould it into the form of that which was lost.  Much new con-
neetive tissue is formed.  The new cells produce abundant new inter-
cellular fibrillar substance.  Many of the too abundant blood-vessels are
pressed shut and disappear,  Sinee the venous side is first compressed, the
new sear retains for a time its congested appearance.  The purplish healed

area grows paler and firmer until, in the end, it becomes very white, hard,

AL HED % ) o
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Fig. 85— Margin of abseess in fat tissue with large phagoeytie eells containing eell déhris

and tendon-like, and that dense connective tissue which is the final product
of the growth of the granulation tissue we know as a scar.  In the first
healing of the wound and in the course of formation of the granulation tissue
a good deal of contraction occurs, and if it is an extensive superficial wound,
such as might be caused by a burn of the skin, this contraction is apt to
deform the person.  After the sear is definitely formed, it tends rather to
streteh out again (Minervini) or relax, and this extension is accompanied
by a development in which nerves grow in, so that the place again becomes
sensitive, and new cutancous papille arise.  The fine lines or wrinkles
reappear when the sear becomes flexible, and on the palms or soles the
characteristic fine corrugations develop in time and again cross the scar
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by which they were interrupted.  Almost every one may test the truth of
this in his own hands.
Abscesses.—In an abscess which has existed for some time we are ac-
customed to find the dead tissue separated from the living by a wall of
this same granulation tissue. It forms all around in just the same way,
but it is peculiar in the extraordinary number of wandering cells that haunt
the meshes of its conneetive-tissue network,  Inflammation still proceeding
actively insures this, and such a wall, from this character, has often been
called a pyogenie or pus-producing membrane.  There is nothing peculiar
about it though, and the point of greatest interest is the extraordinary
array of very large, highly phagoeytic, mononuelear wandering eells which
crowd into this marginal tissue and aid in the cleaning-up process,  They
are probably free wandering cells, members of Maximow's group of poly-

blasts, although some writers think them derivatives of the fibroblasts, and
others of the endothelium. — As shown in Fig. 85, they are often loaded with
fat and the débris of other cells.  (See Chapter XTIV concerning the forma
tion of abscesses.)

Sinuses.—Sometimes such an abseess mdy break through the skin and
discharge its contents, or if deep seated, it may burrow a long way and
A long channel or sinus results, and all

finally burst through the skin.
As long

along its course a lining or wall of granulation tissue is formed.
sts in the original site this sinus may stay
This is especially likely to

open and

as the infeetion po
will discharge the produets of inflammation,
be true if dead tissue, such as a fragment of necrotie bone or a foreign body,
Such a process is common with deep tubereulous

remains in the depths.
lesions, with actinomycosis, and with various other chronie and tenacious

infeetions, and sometimes the granulation tissue itself gives us a clue as to
the nature of the infection.

sen in the tuberculous destruction of the cen-

Psoas Abscess.—A good example is
r more vertebre, which or
Inclosed as it is, this fluid secks a way of eseape and burrows under

18 o bulging sae at the femoral

duces the bony substance to a soft, creamy

trum of one
mortar-like fluid
the psoas muscle and down along its course, to appe:
Bursting out there, a sinus is established which leads from the inner side of
It is only its great extent which makes this

ring
the thigh far up to the mid-dorsal region
example peeuliar though, for with tuberculous disease of the hip-joint or tubereulous
osteomyelitis at any point, the same thing may oceur.  The granulation tissue lining
the sinus is quite like any other, except in that it is particularly rich in mononuclear
wandering cells and contains tubereles and tuberele baeilli, Tt is, therefore, & precarions
e it itsell is very prone to become completely neerotie, leaving
wilation tissue forms, 1t is for thi

ling, siv

material for he
only a basal part alive.  On this remnant new g
reason that th is built up about tuberenlous le
tissue, and this is true for actinomyeosis and other infections of like character and for

ons such a great amount of sear

syphilis
Fistulze or channels leading into openings in hollow organs are lined i
the same way by granulation tissue, which is often partly covered by epi
thelium, which grows inward from the skin or outward from the mucosu
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Closure of these channels takes place partly by their gradual contraction,
partly by their heing choked with the ever-thickening lining of granulation
tissue which finally fuses together to obliterate the lumen.

HEALING OF SPECIAL TISSUES

The healing of special tissues need not detain us beyond the deseription of

one or two illustrative cases, gsince they are merely examples of the regen-
erative processes already deseribed,

Serosa.— The flat lining cells of the serous cavities are peculiarly active
in their growth, and cover with amazing rapidity any defeet in their con-
tinuity.,  When, for example, a loop of intestine is brought through the
abdominal wall and sutured there, its surface, where it passes, is glued to
the parietal peritoneum by fibrin after the briefest interval, and in a very
short time the serosa eells become continuous from the abdominal wall
back over the intestine.

In peritoneal infeetions and inflammations these cells are mueh injured.
When a fibrinous exudate is poured out upon their surfaces, burying them
in its depths, they finally disappear, unless, as sometimes happens, the exu-
date arches up over a group of them—then they grow round to line this
latter space and form a sort of eyst in which they preserve their characters,
Many such little eysts may arise in this way, and are common enough in the
pericardium; between them granulation tissue springs up into the exudate
and, uniting with that from the opposite layer, finally composes itself into
a fibrous adhesion or synechia (Fig. 86).

Exactly the same sort of thing is seen in blood-vessels in which thrombi
have formed-—if there i

a point in the wall upon which the thrombus has
not been laid down, the endothelium persists, and through multiplication of
its eells, relines the little cavity thus left, while granulation tissue grows in
and replaces the thrombus from the exposed tissues hetween these cavities
(¢f. Fig. 87). Mucosw heal in exactly the way deseribed for the skin,
although the healing seems to take place more rapidly.  Regeneration of
the special features of the mueosa, including lymph-nodules, villi, ete.,
oceurs in time, so that the sear may hardly be found.

Wounds and Injuries of Parenchymatous Organs.—Wounds in such
organs as the liver heal with the formation of a sear, exactly like wounds in
any other tissue.  More interesting is the healing of the minute, but widely
diffused foei of destruetion of cells which are so common in the course of
intoxications and infections.  Different cells are picked out for destruction
by different injurious agents, and it is very hard to tell why. Chromic
salts kill one set of renal epithelial eells, uranium salts another; the poison
of eelampsia destroys the cells of the liver lobule nearest the portal veins;
that from the streptococeus peritonitis produces a midzonal neerosis (Opie),
while the eirculatory disturbance in chronie passive congestion destroys
the cells about the efferent vein.  The healing processes which follow each
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of these lesions are practically identical, but are modified by the differ-
ences of their situation.

They procecd by the gathering of phagoeytic cells which dissolve or
carry away the dead bodies of the speeifie cells of the organ, whereupon

o

Fig. 86.—Chronie adhesive pericarditis showing small spaces in the connective tissie
which represent the remains of the pericardial eavity,

the connective-tissue framework in which they had been supported col-
lapses.  As in other places where tissue has been destroyed, a heal-
ing or patching process ensues which consists in a new formation of
connective tissue and blood-vessels—a granulation tissue bounded on all
sides by the uninjured organ substance, so that it cannot show any free
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nodular surface, but otherwise quite like that which fills up a healing uleer,
In the course of time such tissue settles into a sear.  When organ eells are
destroyed in small groups or singly, there may be a very fine diffusion of

Fig. 87.—Organized thrombus in a blood-vessel canalized by elefts which are relined with
endothelinm

this scar tissue, and we have the condition known as cirrhosis in the case
of the liver, and often loosely spoken of as chronie interstitial nephritis,
pancreatitis, or hepatitis, as the case may be.  That this latter term is
practically always misleading may be shown, however, by a study of the
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development of the lesion.  The diffuse scarring and shrinkage of the organ
is not due to an inflammation of the interstitial connective tissue, with the
development of sears which contract and constrict the epithelial cells be-
tween them. On the contrary, the highly specialized epithelial eells are
the first to suffer destruction by the poisonous substance which is the pri-
mary cause of the disease, and the scar formation is essentially a reparatory
response to their disappearance,  There is practically no evidenee that the
sear tissue causes any further injury to the epithelial eells.  Of course,
it is true that the scar tissue may seem to be in great excess of what was
necessary to repair or patch the gap produced by the loss of epithelial eells,

but it must be remembered that in such cases the process of epithe
destruction and patching with conneetive tissue has been repeated fre-
quently through years, each new sear heaping itself upon the old one near
by, The constant regeneration of epithelium from remnants makes this
possible, but there is also the possibility that the new connective tissue

itself may be injured and later repaired in voluminous fashion.
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CHAPTER XIV
ILLUSTRATIVE EXAMPLES OF INFLAMMATORY PROCESSES

Catarrhal inflammation.  Serofibrinous and fibrinopurulent pericarditis, pleuritis, peri=
tonitis, appendicitis, endocarditis, lobular prewmonia, pucrperal infection, pyamia, abseess

formation, diphtheritic inflammation.

Tue form assumed by the inflammatory reaction varies somewhat with the
intensity and concentration of the irritant, and with the kind of tissue in-
volved, but in principle it is the same throughout. Names are rather
loosely applied to these different forms which indicate in some degree their
anatomical eharacters,  Thus a catarrhal inflammation is an affection of
a mucous surface in which the irritant is not intense enough in its action
to kill the epithelial cells.  The same irritant applied to the peritoneal or
pleural surf:

es might produce an exudation of fluid with few leucoeytes
only. A somewhat more intense injury in these serous eavities or in the
alveoli of the lungs may occasion the exudation of a layer of fibrin on the
surface—a eroupous inflammation.  If the irritant is such as to cause the
neerosis of the epithelium and the underlying tissue, with an extremely in-
tense, often haemorrhagic, inflammatory reaction, in which the fibrinous
exudate infiltrating into the dead tissue binds it together into a membrane-
like layer, we speak of it as diphtheritic or pseudomembranous inflamma-
tion.  Although the diphtheria bacillus gives rise to a good example of this
type, it must be remembered that the term merely indicates the anatomical
condition, so that not every diphtheritic inflammation is caused by the diph-
theria bacillus.  According to the distribution of the inflammatory irritant
in the tissues the inflammatory reaction may be diffuse or concentrated.
In the first instance, if it be very intense and accompanied by a fibrino
purulent exudate, it is often called phlegmonous; in the second, in which,
on account of the concentration of irritant and exudate, necrosis of the
tissue and intense digestive liquefaction ensue, an abscess is formed.  Putre-
faction may be associated with the more extreme neerotizing injuries if
the tissue is exposed to invasion by putrefactive organisms, and this char-
acter, often spoken of as gangrenous, is added to the inflammatory reaction.

CATARRHAL INFLAMMATION

Catarrhal inflammation is well represented by the familiar coryza, which

is an acute inflammatory reaction following the invasion of a variety of

bacteria into the upper air-passages. It is probable that the infection is

favored by exposure to cold, by drafts, and all the other widely credited

causes of colds, but undoubtedly the main factor is the transmission of the
217
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Recurrences may well he due to the

bacteria from some infected person,
The Micrococeus

infection of pockets in which handkerchiefs are carried.
catarrhalis, influenza bacillus, pneumococeus, or one of many other organ-
isms may be conecerned.  The infeetion is quickly followed by dryness and
reddening of the mucoswe, which then swell up and seerete a profuse flow
of elear, mucoid fluid with some desquamated epithelial cells,  Later,
from the advent of leucocytes, the mucus-containing fluid becomes thick

Fig. 8S8~Catarrhal inflammation of a bronehus

After a time it deereases in amount and dries on the mucous

and yellow.
The mucosa in section shows great hyperemia

surfaces, producing crusts,
and adema, with an excessive production of mueus by the goblet-cells of
Between these eells there wander leucoeytes, but no fibrin

the epithelium.
Catarrhal inflammations appear in

is formed on the surface (Fig. 88).
every mucous surface, with characters similar to those just deseribed.
When it is the affair of a narrow tube, such as the gall-duet or the Eusta-
chian tube, the swelling of the tissue may produce obstruction,
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The more intense serofibrinous and fibrinopurulent inflammations are
well illustrated by the various effeets produced by bacteria in the serous
cavities,

PERICARDITIS, PLEURITIS, PERITONITIS
The general charaeters of these processes are similar, and they differ

chiefly in their mode of origin, or rather in the portals of entry of the organ-
isms which cause them.

The walls of all these cavities are richly supplied with blood-vessels, and in the peri
toneal eavity there hangs the peenliar omentum, which is largely composed of such
, although it may be also laden with fat.  In each of the spaces there is normally
a little clear fluid.  E

not identienl with the endothelium of the blood and lymphatic vessels,  These form a

Vesse

ch is lined with flattened cells of mesoblastic origin, which are

complete lining without any orifices or stomata, such as have been declared by so many
authors to exist.  The relation of the lymphatic channels to pleara and pericardium is
very inadequately studied, but in the ease of the peritonenm it is better known.  In the
abdominal surface of the diaphragm and in the floor of the pelvis are the two most con-
spicuous arens, where an absorbent mechanism is presented.  There, there project he-
tween the conneetive-tissue fibres, which are spread apart in lozenge-shaped spaces
thin-walled, sac-like endothelivm-lined structu

s which conneet abundantly in the
depths of the tissue with lymphatie trunks,  These are completely lined by the endo-
thelium, and separated from the peritoneal cavity practically only by this eell Laver and
the overlying layer of serosa cells,  Oceasional fibres streteh aeross them when they
are distended like a rope across a full sail.  There is no direet communication with the
peritoneal eavity, but fluids enter by diffusion, and solid particles are earried through by
leucoeytes hetween the cells, or are pressed through free along the same lines,  Bacteria
injected into the peritoneum reach the retrosternal lymph-glands or the thoracie duet
by this route very quickly indeed.*

Many leucoeytes and mononuelear wandering cells lie in the omentum and elsewhere
in subserous tissues, and the serosa cells themselves are somewhat phagoeytic

Absorption from the pleara seems to oceur, in part at least, through the lung, since,
when earcinoma eells are seattered in that eavity, they lodge and grow on the surface
and later invade and actually injeet the lymphatic channels running toward the hilum

Pericarditis may be caused by a great many organisms, among which the
most common are the pyogenic mierocoeed, the unknown cause of rheuma-
tism, and the tuberele bacillus.  They are thought to be brought directly
to the pericardium by the blood-stream, sinee it is difficult to trace a direct
extension from a pleural infeetion, and such pleurisies oceur so often with-
out pericarditis. It seems, however, that they must sometimes enter in
this way or from adjacent lymph-glands.  Endocardial and myocardial
infection may also extend to the pericardium.  That bacteria may be
introduced in stab wounds or other forms of traumatism is obvious.
Rather curious is the frequent oceurrence of pericarditis in the terminal
stages of chronie nephritis, and in those cases it is generally difficult to
find any bacteria.

* MacCallum: *““ Absorption of Granular Materials from Peritoneum,” Johns Hop-
kins Hosp. Bull,, 1903, xiv, 105
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Sometimes only a thin film of fibrin is exuded on the pericardial surfaces
without effusion of fluid (dry pericarditis). In that case a loud creaking
or rubbing sound is made by each movement of the heart. If, then, fluid
appears in excess, the surfaces are held apart, and the sound is lost or cut
short.  So, too, when a thick soft layer of fibrin is formed on the surface
the sounds may be greatly muffled. In this condition (serofibrinous peri-
carditis), or even when the fluid is pus-like (fibrinopurulent pericarditis),
one may observe that, through the motion of the heart, the fibrin is beaten

Fig. 89.—Acute fibrinous periearditis.  There is also a similar exudate on the pleural

surtace

into compact ridges which run, roughly speaking, in certain transverse and
oblique lines which are fairly constant.  The heart is given a very shaggy
appearance by this process (Fig. 89).

If a very great deal of fluid be exuded into the pericardial cavity, the sac
is gradually dilated and will accommodate a large amount—far more than
could be foreed into it suddenly.  There comes a time, however, when the
heart is greatly embarrassed by this fluid because it can no longer expand

properly to receive the blood.
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This condition is espee

Iy well seen when a sudden hemorrhage oceurs into the
pericardial sac, and may be imitated experimentally by distending the sac with oil or
salt solution under pressure.  The arterial pressure

alls, the venous pressure rises, and
the heart collapses and stops beating.,  If the pressure is removed quickly enough, it
will recover, with restoration of normal pressure relations

In other cases, as so often happens, when little or no fluid is exuded,
or if, later, the fluid is absorbed, the peri

ial layers covered with exudate
come together and adhere; granulation tissue springs up from each sur-

face and, replacing the fibrin, binds the pericardial sac to the surface of the

heart.  Blood capillaries arising from opposite layers anastomose with one
another and complete the organie union of the two surfaces, by forming a
vasceular fibrous tissue.  The motion of the heart stretehes and keeps loose
these adhesions, so that practically always the heart can move about a

little within the sac.  Nevertheless, if dense adhesions exist also between

the outer surface of the pericardium and the lung, the heart in contracting
will be foreed to pull directly upon the lungs and upon the diaphragm.
This shows itself in each contraction by a drawing in of the diaphragmatic
insertion, which visibly retracts the chest-wall along that line in children,
and is followed by a very great hypertrophy of the whole heart.  In other
cases in which the external adhesions are absent there is no such hyper-
trophy.

The fresh exudate is composed, of course, of outwandered leucoeytes,
red corpuseles, and fibrin, beside the fluid.  Most of the serosa cells persist
for a time in an indistinet row in their old site (Fig. 90), while, as stated
above, they remain able to proliferate actively in any place where they are
not covered by exudate, and quickly reline any part of the pericardial
cavity which has not been obliterated.  In the midst of the fibrous ad-
hesions one may find spaces lined with such cells which have proliferated
in this way. The adhesions may be localized in certain areas, where they
are usually drawn out into bands. If these break through, the stumps
flatten themselves into opposed plaques which remain for a long time on
the surface of the heart and the opposite area of the sac-wall as the so-called
tendinous flecks or milky patches.  Other explanations are offered for
these thickenings of the epicardium, and will be referred to later.

If very thick, dense layers of fibrous tissue are formed—if the adhesions are firm or
tunneled with channels filled with yellowish, opaque fluid, or if, with the thickening of

the sac and epicardium, a hemorrhagie, fibrinous, and fluid exudate imulates, the

tuberenlous nature of the affection may he suspected, and close inspeetion will usually
show little nodular tubereles in the granulation tissue (¢f. under Tubereulosis)

Pleuritis or pleurisy arises in a similar way, although there are more
opportunities for the advent of infection into the pleural cavity, Every
pneumonic process which approaches the surface of the lung causes at least
a localized pleurisy. The occurrence of a sterile, heemorrhagie infarction
in the lung is equally productive of a localized pleural exudation or coagu-
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lation of fibrin. The types of exudate and the method and results of its
organization, with the formation of adhesions, are exactly as in the case
of the pericardium (Fig. 91).  Great aceumulation of fluid in the pleural

il cavity relieves at once the pain eaused by the rubbing together of inflamed

i\ surfaces, but tends to cause dyspnaea through the compression of the lung.

ks There are also direet anatomical changes produced in the lung by this
i

1
} | Fig. 90.—Acute pericarditis, parietal pericardium.  Cross-sections of compaet ridges
of older fibrin are separated by a network of fresher fibrin.  The serosa cells are still
| i ‘ visible. I
1 pressure, consisting essentially in the collapse of the alveoli, with the ex-
| ' ! pulsion of the contained air. is
) ' | Slight inflammatory processes in the pleura may heal completely, leav- re
1 1 ing no trace behind.  More severe alterations with fibrinous exudate usu- m
! ally eause the formation of granulation tissue to replace the exudate, which for
! finally binds together the pleural surfaces with adhesions.  Repetition of an
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the infection may call out a new exudate in the meshes and erevices of
these fibrous adhesions. In other cases an abundant purulent exudate
persists for a time and becomes walled off (empyema) and surrounded by
a dense fibrous capsule which must be eut into and evacuated if recovery

Fig. 91.—Acute fibrinopurulent pleurisy.  The serosa cells are still to he seen covering
the lung

is to be expeeted in a reasonable time (Fig. 92).  Otherwise a long time is
required for the thickening and gradual removal of the exudate, and in the
meanwhile the pleural tissues about it become enormously thickened and
form a dense, tendon-like wall as hard as cartilage and sometimes nearly
an inch thick. Great deformity of the chest follows such protracted em-
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pyemas, for if the accumulation of exudate is large, the lung is generally
found compressed into a small mass retracted against the vertebral column,
and fixed in this compressed state by the growth of fibrous tissue through-

out it,

Peritonitis.

Little is known of peritoneal inflammation produced with-
out the ageney ol hacteria, although in some instances in which bacteria

Fig. 92.—Empyema with thick fibrinopurulent exudate lining the pleural cavity
Compression and ateleetasis of the lung eaused by the large amount of fluid which

was in the pleural eavity

have not been actually demonstrated the exudate has been aseribed to
chemical irritants,  Bacteria may enter by way of the blood-stream, by
growth and spreading from an adjacent or contained tissue which is dis
eased, or by being directly introduced through a wound in the abdomina
wall or a perforation of one of the bacteria-laden organs which lie in the

ire |
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peritoneal cavity. Naturally, the variety of organisms which may be
concerned is almost unlimited, but in the ordinary course of events the
pyogenic micrococei and bacilli of the colon group are most commonly
found. The tuberele bacillus oceupies a special place as a common exci-
tant of peritoneal inflammation, and the gonococeus is oceasionally respon-
sible.  Of other organisms, something will be said elsewhere.

From an anatomical point of view peritoneal inflammation resembles
closely that of the pleura and pericardium, except that it is more frequently
seropurulent in character.  Nevertheless, there are many instances, es-
pecially when the inflammation is not diffuse but confined to a limited
region, in which it appears as fibrinous or fibrinopurulent exudate, which
glues together opposing surfaces and is soon replaced by a growth of blood-
\'l‘}"'l\ :I“il 1'““”1‘("i\("'i\\”" |‘1‘”" \\'Iil'h I\ll'lll hl”"”l," II‘“H'.\iU“-\- 'l‘his iS.
of course, the most favorable type, for the adhesions prevent the further
spread of infeetion and may themselves be mechanically harmless, or later,
when healing is complete, even become attenuated and finally disappear.
On the other hand, a general diffusion of bacteria, especially if there be
injured tissue, foreign material, or a considerable accumulation of fluid to
favor their growth, leads to hyperemia of the whole enormous surface of

the peritoneum, with the pouring-out of quantities of fluid, leucoeytes,
and fibrin, and the absorption of much poisonous material and many

bacteria into the blood-stream.  Naturally, the outcome of such an in-

feetion depends upon the balance hetween the power of resistance of the
individual and the viralence of the haeteria, and this balance is greatly
affeeted by the presence of injured tissue in the peritoneum.  The normal
peritoneum can annihilate many more bacteria without the appearance of
any peritonitis,

Primary or hwematogenous peritonitis is often produced by the pneu-
mococeus, which gains entrance to the body by way of the tonsils or
some similar portal of entry. In a case recently observed at autopsy
no distinet lesion which could have played this part was discoverable on
most careful search, and yet the whole peritoneal surface was covered
with a thick, greenish-yellow, fibrinopurulent exudate which slipped off
casily into the turbid fluid which filled the cavity., The Pneumococcus
mucosus was there in pure culture.  Secondary forms of peritonitis
include those which follow gunshot or other wounds of the abdomen,
among which surgical operation wounds unfortunately hold a high place,
beeause they are so frequently concerned with infected tissues and organs
in the cavity. The seriousness of such injuries as gunshot or stab wounds
lies chiefly in their opening into the stomach or intestine and allowing the
escape of food or fweal material loaded with bacteria.  The peritonitis
which follows surgical intervention is usually the result of unskilful attempts
to anastomose intestinal loops or other infected organs in which tissues
are left stretched and badly supplied with blood, or sutures passed through
an infected area with constriction of too much tissue.

10
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se of the organs lying

Secondary peritonitis resulting directly from dis

| in the cavity may begin in several ways.  Uleeration of stomach or duo-
I | denum proceeds often to perforation and discharge of their contents,
,‘ Were it not for the food, the juices of these parts of the digestive tract are
almost sterile, and prompt surgical operation with closure of the perfora-

1 tion usually cures the patient.  Typhoid uleerations in the lower ileum,
tuberculous uleers, amaebie and other dysenterie uleers and the phlegmon-
ous and gangrenous forms of appendicitis rupture and perforate in the same i
way, with discharge of bacteria of the intestinal contents, as well as those i
Of these, the typhoid ulcers are
Even without actual

! which have directly caused the lesion,
| perhaps least likely to be guarded by adhesions.
| perforation, peritonitis arises when the wall of the intestine becomes neero-
| | tic, so that baeteria can wander through, as happens in strangulated hernia,
‘ intussusception, volvulus, infarction of the intestine through embolism or
| thrombosis of the mesenterie vessels, ete.  In intestinal obstruetion from
1 whatever cause the part of the intestine above the obstruction becomes
! | greatly dilated and stretehed, and its mucosa uleerated, so that the passage
of bacteria through the wall is easy, even,if not precipitated by actual rup-
1 ture of one of these uleers,
f | Extension of the infective process from inflammatory lesions of the gall-
/ bladder and duets, from renal and perirenal abscesses, from the Fallopian
tubes, or even through the walls of the uterus in puerperal infections, occurs

but requires no special explanation here.
Gonococeal infeetion by way of the Fallopian tubes may produce diffuse
It is not common,

peritonitis, with rather dry, tenacious exudate of fibrin.

S,

APPENDICITIS
The extraordinary frequence of appendicitis, and its extreme seriousness
It will serve well as an example

] { in many eases, make its study important.
‘ of bacterial infection, followed by inflammation and generally by healing.
]

The wall of the appendix is composed of various tissues which correspond with those
The lumen may be stretehed into eylindrieal form,

) making up the rest of the intestine
but in general collapses into a narrow space, which is Y shaped on cross-section, one
mesenterie attachment.  The mucosa sinks into

limh of the Y reaching toward the
It is peeuliarly rich in agminated nodules of

as in the colon, but has no villi

erypts
The appendix most commonly extends inward to the brim of the pel-

lymphoid tissue
vis from the eweum, but great variations are found in its position, as well as in its size,
and in its relation to the folds of the peritoneum. These

its mesenterie attachment

matters of surgical interest may be read of in Kelly's monograph Par

ot
Appendicitis is an acute infectious disease produced by the invasion of ‘\,(l"’
bacteria from the lumen into the mucosa and other wa The hema- espe
togenous infection of the appendix wall by bacteria transported from in- enee
fected tonsils, which Kretz regards as a common origin of appendicitis, has fecte
not been clearly shown to take place. If it does so, it must be considered an but
exceptional occurrence, and does not explain the majority of cases in which ordiy
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infection from the lumen ean be conclusively demonstrated.  Appendicitis
may heal, leaving characteristic sears which predispose to a renewed at-
tack, and it is usually in this way, that is, in the occurrence of repeated
attacks, that one is justified in speaking of a chronie appendicitis.
Strangely enough, there is still much question as to the baeteria which
cause it, and probably several sorts are concerned.  Aschoff and his stu-
dents find a Gram-positive diplococcus and Gram-positive bacilli as the
most characteristic organisms.  Apparently, streptococei, perhaps accom-

Fig. 93.—Acute appendicitis with beginning neerosis of the mucosa
13 Pi

panied by the colon bacillus, have been found most often, but a great many
other forms are also deseribed, even including certain anaérobie bacilli.
Mechanical factors favor the lodgment of the organisms in the mucosa,
especially the kinking or sharp bending of the terminal portion or the pres-
ence of obstruetion caused by previous inflammation and searring.  In-
feeted foreign bodies of a sharp angular form may have the same effeet,
but the prevalent idea that foreign bodies are commonly present and the
ordinary cause of the disease is quite erroncous. Nearly all the “cherry-
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il 4 stones” and “date-seeds ™ or “ grape-sceds” which are found in the appen-
4 N . .
il dix are really not seeds at all, but coneentrically laminated masses of fiecal
‘;’ | material.  They are injurious inasmuch as they may cause obstruetion and
[ ’ allow bacteria to accumulate behind them, but Aschoff insists that they
i do not themselves injure and infeet the mucosa, but that they rather pro-
i teet it.
\s may be determined from the study of the very early stages, infeetion
"‘
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Vig. 04— Acute appendicitis. A portion of Fig. 93 enlarged to show the earliest ¢
changes are

Wou,

hegins in the mucosa in the hottom of one of the grooves which form the S|
Y- or X-shaped lumen in eross-seetion,  Starting as a tiny break in the heal
epithelium, with an underlying accumulation of polymorphonuclear acut,
leucoeytes, the inflammatory reaction spreads outward in a widening area " The
toward the outer surface.  This diffuse inflammation may be practically supp
but nevertheless reaches the serosa and ex- ’llln:-g

operf,

bacteria free in its outer part,
It is the phlegmonous type of

tends along the walls of the appendix.
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Aschoff, and may sooner or later show the formation of small abscesses
anywhere in the affected region.  Such abscesses, causing liquefaction
of the wall, bring about perforation either into the lumen of the organ or
into the peritoneum.  Such rupture to the outside is, of course, the origin
of an acute spreading peritonitis, unless it is limited by adhesions from a
previous attack.  Even without actual perforation, however, the extension
of the phlegmonous inflammation sets up an acute fibrinous exudative
peritonitis over the wall of the appendix itself.  The organ is swollen and
reddencd, and roughened by the presence of the fibrin, When an abscess
approaches the surface, it is recognizable as an opaque yellow spot in the
congested wall (Fig. 95).

It is even more common to find that, instead of
remaining as a minute lesion of the mucosa, the
infeetion spreads so as to eause rather extensive
patches of necrosis, in which the outlines of the
erypts can still be made out, although a dense fibrin-
ous exudate welds the dead tissue of the mucosa into
a sort of false membrane.  Numerous hiemorrhages
accompany this, and with the loosening and dis-
charge of the false membrane deep uleers are left
(Fig. 96). Extension into the depth is rapid, and
may proceed to destruetion of the whole thickness
of the wall and perforation, especially sinee the
cavity is often distended to bursting with the exu-
date.  Such extreme lesions are not likely to heal,
and unless saved by operation, the patient suceumbs
to a general peritonitis.  If, however, there have

been previous attacks of milder character, the ap-

pendix may have become adherent to the surround-
ing tissues by the organization of fibrinous exudate Fig. 95.—Aeute ap-
between its surface and that of adjacent coils of in-  pendicitis - with  per-
testine. In that ease the material discharged through — forating uleer

the perforation may not pass into the general peri-

toneal cavity, but only into contact with these adhesions, where an abscess
is then formed.  Such periappendiceal abseesses are sometimes quite large,
and may contain the neerotic débris of the appendix, floating in pus.  They
are perhaps not so common now as formerly, nor so common as they
would be in an age of less prompt and aggressive surgeons.

Slighter lesions which stop short of destruction of the whole wall may
heal without intervention, and such a person is then liable to a renewed
acute attack unless his appendix is removed by operation in the interval.
The mucosa may not have been very widely destroyed, especially in the
suppurative form, but even when it is uleerated away over one side of the
lumen, it is regenerated from that which remains and the lumen is kept
operl.  If it be destroyed all the way round, the eavity usually collapses
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and becomes obliterated by a continuous growth of granulation tissue
(Fig. 97).  Even when the destruction has been very slight and the inflam-

Fig. 96.—Acute phlegmonous appendieitis

matory reaction in the walls moderate, scars are left which indurate the

submucosa and which persist in the interstices of the musculature.  The
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elastic tissue, which has a characteristic arrangement for cach layer, is
partly destroyed, and though regencrated, is left greatly distorted

Various complications and sequele oceur, among which is the general \
or localized peritonitis already mentioned.

\.,_" .\‘

This, if survived, often leaves Bl \ \\i

adhesions, which may later eause mechanical obstruetion to the intestine, i ’\ i \
cither by kinking and constricting loops, or by facilitating the occurrence

Fig. 97.—Sequel of old healed appendicitis.  Obliteration of lumen

of internal hernial entanglements.

Extension or burrowing of the peri-
appendiceal abscess may lead to the accumulation of pus in extraordinary

places, among which the subdiaphragmatic region about the liver, in front
or behind, and on either side, is conspicuous.

These are the so-called sub-
phrenic abscesses, which may, of course, have other points of origin.

Thrombosis of the nearby iliac and femoral veins may follow appendi-
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eitis, hut more serious, and even more characteristie, is the formation of an

Fig. 98, —Suppurative pylephlebitis arising from appendix abseess.  Numerous abscesses
in the liver

infected thrombus in the branches of the portal vein which lead away from

the appendix itself.  On this day of writing a case has been observed in
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which the branches of the vein leading from an abscess around the appendix
were found filled, not with blood, but with a purulent, greenish-white
material.  The main trunk of the vein, greatly dilated and thickened, was
full of the same material.  The splenie vein was plugged at its entrance by a
firm thrombus, so that the inferior mesenteric vein which joins it hefore
that point was reached evidently discharged its blood by way of the splenie
vein and anastomosing channels to the stomach and wsophagus.  In the
liver every branch of the portal was full of soft, purulent thrombus ma-
terial, and there were numerous large abscesses and groups of smaller
ones,  This is the so-called suppurative pylephlebitis,  In this case the
infeetion extended even further, and there were abscesses in lungs and
spleen (Fig. 98).
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ENDOCARDITIS

Bacterial or other injury to the heart valves or to any other part of the
endocardium is like injury to the endothelium of the blood-vessels, and is
peculiar in its results inasmuch as any reaction must oceur in the streaming
blood.  The common effect, just as in the case of a vein, is the formation
of a thrombus upon the injured place.  This generally occludes the vein,
but in the wider space of the heart, and especially on the valves, where the
stream is rapid, it forms an irregular cap of platelets with a little fibrin and
a few leucoeytes and red corpuseles. Tt is rather important to realize that
this is not exactly the same as an exudate poured out from the capillaries
of a serous surface, for in the case of the valves it appears on a tissue which
has no capillaries, and has itself a structure corresponding with that of a
thrombus. Later, if the thrombus contains active bacteria, leucocytes
wander to it through the valve, and capillary blood-vessels streteh out from
the base of the valve through its substance until they reach it. Then
one may see a true inflammatory reaction in progress.  Of course, when
bacteria settle on the endocardium, covering the musculature of the heart,
the primary thrombus formed by the passing blood is far more quickly
joined by an acute inflammatory reaction from the heart-wall (Fig. 99).

It seems that all cases of thrombo-endocarditis are really dependent
upon the invasion of bacteria into the endocardium, although it is not
always possible to demonstrate their presence.  The mild and beginning
forms that produce very small warty or verrucose vegetations are the ones
in which it is most difficult to find organisms. They oceur very often with
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rheumatism, of which, in spite of the persistently repeated claims that it is
the effect of diplococcus or streptococeus infection, we do not yet know the
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’ Fig. 99.—Acute endocarditis. Vegetations upon the wall of the auricle showing great |
numbers of hacteria and an intense inflammatory reaction. c
| , v
It is thought possible that toxins alone might produce destruetive lesions of the en- b
‘ dothelium of the valves, and numerous experiments have been made, with some success, o
| in producing such endothe injuries because it seemed possible that they might in turn il
l afford a foothold for bacte There are thickenings of the valves which oceur in old [
of

people, and which are thought to be gradually produced by mechanieal strain, and there
are thickenings and distortions brought about by a process apparently identical with
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arteriosclerosis (Beitzke, Martino). But the lesions which we may eall endocarditis
seem 1o be essentially bacterial in origin.

Many organisms are concerned in the production of endocardial vege-
tations, but the different forms of streptocoeei, the Staphylococcus aureus,
the pneumococcus, and the gonocoecus are by far the most important.
The influenza bacillus has been found several times, and various other
bacteria in single cases, but such organisms as the typhoid bacillus, the
diphtheria bacillus, the colon bacillus, ete., are probably not the actual
cause of the lesion, although they may be found as secondary invaders.

Cl

and from the situation of the vegetations one cannot escape the impression

ly, the bacteria reach the valves by way of the cireulating blood,

that they lodge direetly upon the surface of the valve. It is not at any
indifferent point, but, as is clear from the inspection of any large series of
affeeted hearts, upon the so-called line of closure, that they produce their
first effects, It is easily scen that the valves do not come together only at
their very edges, but rather along a somewhat thickened or fortified line
a short way

'k from the edge, this line being supported in the ease of the

semilunar valves by the corpora Arantii.  In these valves the delicate film
which forms the actual edge aceurately completes the closure, even though
it is often perforated by many fenestrations. So, too, in the tricuspid and
mitral valves, upon the backs of which the insertions of the chordwe ten-
dinewe are spread out in several rows, the filmy edge which is also held tense
by delicate cords accurately completes the closure.  Thus, it is not on this
complementary film that vegetations first appear, but definitely along the
main line of closure, from which they extend so as to involve any other part
of the valve, the heart-wall, or the chordie tendinew.  How they happen
to lodge there has long been discussed, and it has generally been thought
that the mechanical beating together of the valves at this point catches
them up from the blood and drives them into elose contact with the tissue,
so that they cannot slip by as they do over the smooth walls of the arteries.
Nevertheless, one sometimes sees independent lesions of the same kind
on the endocardium of the auricle or ventricle.  Rosenow has recently re-
vived the old view of Koester that bacteria reach the valve as emboli by
way of the capillary blood-vessels.  This idea was disproved by the work
of Coen and v. Langer,* who found that the semilunar valves contained
no capillaric

and the atrioventricular valves were supplied only at their
base, so that such embolism seemed impossible.  Whether this is quite true
or not, Rosenow has shown that, with large injections of the Streptococcus
viridans, he can produce bacterial colonies in the substance of the valves
beneath intact endothelium, and surrounded by a gross hemorrhage.
Such hiemorrhages are best seen two or three days after the injection, and
before any obvious vegetation has appeared on the valve.  Whether they
offer the explanation of the mechanism of the first appearance of endocar-

* Arch. f. mikr. Anat., xxvii; Virch. Arch,, 109,
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dial vegetations is by no means settled, and Rosenow himself states that
they can be most easily understood in those cases in which previous injury
of the valves has led to their vascularization.

Very complete injections of the dog's heart ean be made by elamping the aorta and
injecting India ink into the carotid before the heart has quite stopped beating,  The
whole heart instantly becomes black, and on opening it and washing it in a stream of
water the valves stand out perfeetly white against the black background. Under the
stercoscopic microscope it is clearly seen that the capillaries end like the top of a hedge
along the base of the semilunar valves, not one of them penetrating its substance.  In
the mitral and tricuspid valves they are spread apart more loosely, and do not end =6

Fig. 100.—Verrucose endoearditis of the mitral valve with chronie adhesive peri

(From a ease of rheumatism.)

regularly along a line.  Oceasional long, thread-like eapillaries extend into the valve for
about a third of its length, but not one approaches the marginal portion.  The papi
muscles are black with the injection, but only the smallest peneil of capillaries sp
into the root of each chorda tendinea, and the actual cord contains none. In the
normal dog's heart the line of closure is not perfe
nodular

y smooth, but slightly corrugated or
and even after the India ink has been washed away in a stream of water, so that
the endocardium is perfectly clear, one may see under the mieroscope minute granules
of the ink adhering in these irregularities.  Is it not possible that this unique area of
roughness mechanically affords a foothold for cireulating bacteria, just as it retains
particles of the ink ?
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While cases of endocarditis differ among themselves in detail according
to the bacteria coneerned and their localization, they are alike in principle
Those following rheumatism show the smallest thrombi or vegetations
along the line of closure, although with time these may be added to until a
considerable size is attained,  This is the so-called verrucose endocarditis,
and the vegetations in which it is often impossible to find any bacteria
become organized quickly, so that they are firm and gray and no longer
casily pulled off.  Even with fairly complete healing they may be recog-
nizable by their form, but in other cases the scar leads to thickening and
shortening of the valve,
which, with the nodular
irregularities  along the
edges, muke the closure
inefficient (Fig. 100).

The streptococcus is
|i|u'1r\ 1o ;1i\<' rise  to
larger vegetations, which
grow rapidly and are
found in a crumbly, soft
state.  Oceasionally they
HrC SO MAssIve as ]H':H"
tically to occlude the
whole  valvular  orifice
(Fig. 101).  This is true,
too, of ‘h”“‘ ]l'“lh“""l I'\
the gonocoecus, although
there a hint as to the
nature of the infection
may be gained from its
frequent  oceurrence in
the valves of the right

side of the heart, and
from the rapid destruc- Fig. 101.—Large vegetation upon the mitral valve
tion of the valves them-

obstructing its orifice.  There are smaller vegetations
selves, so that one fre-  at other points

<|lll‘ll1|)' sees great throm-

bus masses flapping back and forth on the end of a thread of tissue,
which is all that remains of the valve.  Naturally, either obstruetion or an
extreme insufficiency follows such events.  Naturally, too, emboli of in-
fected thrombus particles are scattered into the cireulation.  Such uleer-
itive endocarditis may be produced by the Staphylococens aurcus, which is

rapidly destructive, and also by the pneumococcus.  Every position may
be ultimately

ssumed by the vegetations; they grow away from the line
f closure to the edge of the valve, and down into the sinus of Valsalva or
long the chorde tendinex (8. viridans).  These may rupture, since it is




|
|
|
f
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the advance of bacteria which determines the extension of the vegetations,
and the neerotie ends of the broken chordie flap loosely in the blood-stream
and are capped with thrombus material (Fig. 102).  Vegetations extend
along the auricular wall, covering whole patehes of it with a flattened, rough
mat of thrombus, or, where the broken chordw flap against the endocardium
there are sown bacteria which rapidly cover themselves with new thrombi.
Loss of substance through necrosis of the valve itself underneath the vege-
tation often leads to perforation, so that blood regurgitates through the

Fig. 102.—Endocarditis involving the mitral valve and eausing rupture of the chordwe
tendinew, which are covered with vegetations,
The edge of such a perforated valve may swing loose

hole thus formed.
en such a thrombus

in time as a thread bearing a thrombus, and we have
still attached driven into the orifice of the coronary artery, blocking it
Or if the valve is not at once perforated, it

completely and causing death.
may bulge at the weakened part into a sort of aneurysmal sac which pro-
jects into the ventricle, or in the case of the mitral valve, into the auricle.

In some cases when the vegetation extends to the base of the valve the
myocardium may become involved, and a burrowing abscess extend far

into its substance.
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Libman has studied the subacute form of endocarditis produced by the
Streptococeus viridans, and finds that it affeets the aortie, and much more
commonly the mitral, valve, producing large yvellow, pink, or greenish
vegetations, rarely with actual uleeration of the valve.  Auricular vegeta-
tions (Fig. 103) and others involving the chordie are common, and bacterial
emboli are scattered in numbers, producing characteristic embolie glome-
rular lesions in the kidney and gross infarets in other organs.  Although,
as in the other forms, the blood is infeeted with these bacteria, there may
come a bacteria-free stage in which the vegetations heal,  This is accom-
plished by the ealcification of the thrombus, together with its organization
and the great distortion of the

valve. But just as the vege-
tations in this infection are i w"\
found to have (11'\\']0[)4‘,1 upon 3 -—-

the scars of older lesions, so ¥

A,

upon these healing vegetations

new bacteria may be developed
and hegin the process anew.
Probably in all forms of bae-
terial endocarditis some such
healing may oceur if the pa-
tient can live long enough, but
such roughened  valves are
very susceptible to new locali-
zation of the bacteria. At hest

such healing is ¢ ageous
only in that with it the danger
of succumbing to the bacteria
is at an end, but the disease
cannot be said to be healed
when a large, caleified mass
still hangs on a valve, or
when the valves are short- Fig. 103.—Mural vegetations on the left
ened, thickened, and distorted  auricle accompanying vegetations of the mitral
by the scars that replace the valve and chordw

thrombi.

The anatomical results are then, as may be gathered from what has been
said, as follows: Fresh vegetations are produced along the line of closure
on the face of the valve, more commonly in the case of the mitral and aortic
than in that of the tricuspid and pulmonary, although these are also fre-
quently affected.  The bacteria may be destroyed before they produce
any greater injury to the valve than is sufficient to cause the thrombus
formation, upon which organization of the thrombus occurs exactly as it
might anywhere else, except that blood-vessels must grow a long way to
reach it. - With the completion of this process the valves are left beaded
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with nodules of fibrous tissue, which later shrink and flatten themselves,

‘ and although with the most favorable result the delicacy of the valve is im
wee lost, still no great degree

paired and the smoothness of its closing sur
L are not so casily destroyed,

il
! | of insufficiency may result,  When the bacter
they grow in the substance of the valve and cause more or less necrosis,

followed by loss of substance not only from the overlying thrombus, but
a-

from the valve itself.  This uleeration and erumbling of the larger vege:

tions afford a source of emboli, and by eating away the valve give rise to a

more and more extensive insufficieney with regurgitation of the blood.
rge heaped-up thrombi prevent the aceurate
They in their turn may become

1,?]
1 Even without uleeration, ls

i
i closure of the valves, with the same result.
organized, and the eroded

remnants of valves may
heal, naturally with the
production of extraor-
dinary deformities  and

1

" distortions

1 Large vegetations may

I in themselves hlock the
passage of blood through

the valvular orifice, pro

ducing a kind of acute

i
|
‘ | stenosis, But  beside
i d this there is the effect of
‘i‘ healing, which commonly
[} | thickens the whole of the
“U f E valves, welding them to-
i ’ | gether with dense plaques
gl ! } of fibrous tissue, which
) { ‘ j form in the place of the
" ER vegetations and  extend
{ il Fig, 104 —Mitral stenosis. Great narrowing  and )
| scarring of the mitral orifice, which stands open. P O the valves toward
i ’ ’ Hypertrophy of the right ventriele and left auriele.  their base and  toward
11 The heart is viewed from the apes the angles, where they
! adjoin one another. The Fig
| contraction of this tissue brings together into a narrow slit the bound-
| aries of the valvular orifice, producing the well-known stenosis of the valves
! (Fig. 104). In the case of the mitral there is commonly a great thickening capy
of the left auricle and of its endocardium, and from the mitral ring down ficiey
’ ; to the mitral orifice there is formed a dense, rigid funnel at the bottom of Vege
| ‘ ‘ which is the small erescentie slit with rough, nodular edges, often discolored gy
{ ] by yellowish pigment and made rigid by extensive deposits of ealeium in )
1 | The edges of this orifice, if brought together, fit pretty well, and appear as intg 4
{ an irregular line in the bottom of the otherwise smooth and rounded funnel the v,
H a sopt
1

; [ From that line down to the actual edge of the valve is a preeipitous surfac
i
'
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representing the thickness of the valve and fitting the opposite one,  Often,
however, the valve is so rigid that this orifice stands permanently open,
causing insufficiency as well as stenosis,  The chordie tendinea are very
much shortened and thickened into dense white cords.  Sometimes, as in a
case studied recently, the stenosis is produced by scars occupying only the
edges of the valves, so that their basal parts remain delicate and soft, and
sometimes, though rarely, there remains a delicate edge on each valve

Fig. 105.—~Insufficiency of aortie valve.  Hypertrophy and dilatation of left ventriel
Thickening of endoeardium below the incompetent valve

capable of completing the closure, so that there is stenosis without insuf-
ficiency.  On the edges of the stenosed valves it is common to find fresh
vegetations.  In the case of the aortie valves exactly the same things

may arise—the valves are sometimes thickened and stiffened by old sears
in which lime salts are deposited, or their edges alone may be thickened
into round cords which interfere with accurate closure (Fig. 105).  When
the valves are greatly thickened, they adhere by their angles and fuse into
asort of triangular orifice, bounded on all sides by rigid, jagged, caleified

ll
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walls which offer great obstruction to the passage of the blood-stream and
are uscless to prevent its eddying back when systole is over.

That combinations of these things may arise is often exemplified, as in a
case just observed, in which there was found tricuspid stenosis with ex-
quisite minute fresh vegetations, similar fresh vegetations along the line
of closure of the pulmonary valves, extreme mitral stenosis, again with a
fringe of minute thrombi, and thickened, insufficient aortic valves with
thrombotic deposits on their ventricular surfaces. The effects of all these
changes we shall discuss elsewhere. Here it suffices to show them as
examples of the processes of inflammation and repair.

Although it has been said that endocarditis is essentially a bacterial
disease, distortions of the valves may arise (especially in the case of the
aortic) through syphilitic infection of the aorta involving the valves, and
apparently also through the ordinary arteriosclerosis. Syphilitie aortitis,
involving, as it does, the lodgement of the spirochweta in the adventitia and
media of the vessel, may apparently be reproduced in the aortie valves
themselves., Its early stages have not been studied, but the healing proe-
essos. like those in the aorta, result in scars and retractions, and it is shown
that this course of events, never at any time accompanied by thrombotic
vegetations, may shorten, thicken, and distort the valves in such a way as
to produce a marked regurgitation. Indeed, a very large proportion of
the cases of aortic insufficiency develops on the basis of a syphilitic in-
fection, and the Wassermann reaction is an indispensable elinical procedure
in every case.

Whether the ordinary arteriosclerosis is of as much importance as was
once thought in encroaching upon these valves and disturbing their func-
tion is questionable. There are many cases in which, with an old arterio-
selerosis, the aortic valves are found united at their angles and thickened,
but it is impossible to say with certainty that this is the uncomplicated
effect of the selerosis. It is true that such fatty and sclerotic plaques
found on the back of the mitral valve, but the part they play in actual
disease of the heart-valves is relatively slight.

LOBULAR PNEUMONIA OR BRONCHOPNEUMONIA
Focal or patchy inflammation in the lung due to infection beginning in the
terminal bronchioles is an exceedingly common condition, of serious ilﬂmrl
in both children and adults. It is not strictly lobular in its distribution
since only a part of cach lobule may be affected or several lobules at onee
nor is it in all cases caused by a primary infection of the bronchi, since a
practically indistinguishable condition may arise through distribution of
bacteria into the lung by way of the blood-stream. In most of those cases
however, the bacteria are carried in emboli of thrombus material, and th

lesions are apt to assume the form of abscesses in the lung substance.

In spite of these objections the names bronchopneumonia and lobulur
pneumonia will remain in common use.
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Baeteria exist quite commonly in the respiratory trs
disturbance, but if the car

t in small numbers, ¢

ing no
, by in-

r of such by

terin be weakened by another dise

jury, exposure to cold, or any of a great variety of things that seem to lower resistance to
infeetion, invasion and destruetion of the tissue of the bronchioles may oceur. 1t is
doubtless partly for this reason that lobular pneumonia forms such an extremely common
terminal event in protracted illness from chronie nephritis, rickets, typhoid fever, chronic
anwmias, long=standing tumor-growths, ete. It is partly on this aecount, too, that this

form of pneumonia is so very common in the course of certain acute diseases, such as
measles, searlet fever, and diphtheria, but there the additional reason exists that the
whole upper air-

wes are usually intensely infected.  The coryza of measles, the sore

throat of scarlet fever, and the membranous exudate of diphtheria which may extend into
the small bronehi are well known

Another well-defined group of eases exists in which foreign material infeeted with
bacteria is aspirated into the bronehi bees

1se, for some reason, the ordinary protective
reflexes fuil.  This is seen in extremely il

dirious, or unconseious patients, in intoxi-
cated people, in the insane, and in patients anwsthetized for surgieal operations.  Vomit-

ing gives an opportunity for the aspiration of gastric contents, but saliva drawn into the

bronchioles is also laden with bacteria

It is evident that almost every sort of bacteria may be concerned in one or other of
these forms,  Especially when foreign particles reach the bronehi, it is likely that many
different organisms will accompany them.  In the cases which seem to begin spontane-
ously the pnenmococcus is very common.  In those associated with exanthematie dis-
eases i diphtheria the streptococeus is prominent, but other pyogenic microdrganisms
w well as the influenza bacillus, Friedlinder's bacillus, and many others may play im-
portant parts,

The lung is commonly quite glossy on its pleural surface, but if any foci
of consolidation lie very near, the pleura is found covered with a thin,
fibrinous exudate at least over that region.  On section the consolidated
parts can be felt, and ean usually be seen as slightly elevated patehes, vary-
ing in color from a dark red or blackish red through the precise color of the

remainder of the tissue to paler and paler grayish rose or yellowish gray

g. 106). It is hard to see them when their color is quite the same as
that of the surroundings, but they can generally be made evident by gently
pulling the lung tissue this way and that.  The alveoli streteh out into long
rhombs as though one stretehed diagonally a fine silk gauze, but those which
contain exudate resist this slightly and stand out by contrast.

They vary in size from the minutest foei, which oceupy only a few alveoli
about the termination of a bronchiole, to large, confluent areas which
streteh over a considerable portion of a lobe of the lung.  The variety in
their appearance and color is largely due to the fact that the exudate
changes in color as time passes,  Red corpuscles, which give it a dark or
hiemorrhagic hue at first, fade through being broken up, and the grayish
color of the increasingly abundant leucoeytes comes into view.  The exu-
date is often very loosely arranged—with only a few cells in each alveolus
and, in many cases, probably most of those in children, it does not form
such rough projecting plugs as in lobar pneumonia. From the bronehi
there may usually be expressed a drop of purulent fluid. But in other
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cases the consolidated patehes are firm, and the alveoli filled with project-
ing masses that are in every way like those seen in lobar pneumonia,

When they are very small and arranged in elusters around the ends ¢
the bronehial branches, their relation to the hronehi can be easily made out
both microscopically and on inspection of the gross organ, but when they
become confluent, this relation is no longer so elear.

Microscopically, the condition is equally variegated in appearance,
At times, when a sudden aspiration of infeeted foreign material has occurred

Fig. 106.—Lobular pnenmonia in adult lung, showing patehy areas of consolidation

shortly before death, these particles can be seen in the bronehioles or alveoli

loaded with bacteria, and surrounded almost solely by red corpuscles

Such foei are soft, impalpable, and deep red.  In other cases time is given
for the growth of enormous numbers of bacteria, which fill the bronehus ane
every alveolus, but which, although they destroy the tissue, seem to kil
the patient without rousing any inflammatory reaction.  Such patehes are
soft and gray, and often surrounded by a zone of lemorrhage,  When muel
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gastrie juice has been drawn into the lung, one may smell it and distinguish
yellowish, green, opaque discolorations about the bronehi and in patehes in
the lung.  The tissue is softened and disintegrated, generally without
much inflammatory reaction. It is probable that death always follows
rapidly, and that partial digestion of the injured tissue proceeds after
death.

Ordinarily, however, fewer bacteria reach the terminal bronehiol

and

Fig. 107.— Bronchopneumonie pateh showing infiltration of bronehial and alveolar
walls with the inflammatory exudate

have time to produce a distinet inflammatory reaction.  When they lodge
in a respiratory bronchiole, that is, one which has one wall of bronehial
type lined with eylindrical epithelium, while open air-cells form the other
side, an abundant exudate of red corpuscles and leucoeytes appears about
them in the lumen, and immediately pours itself into the air-cells. If
they lodge in a complete tubular bronehiole a little further from the air-
cclls, the bronchiole hecomes filled with exudate, its wall infiltrated with
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the same cells, and the process extends rather through the bronchial wall
to the air-cells outside it (Fig. 108). Somewhat later the air-cells which
form the termination of the bronchiole become filled also by direet exten-
sion,  If the exudate is fluid or very soft, the respiratory movements may
foree it into the air-cells, emptying the bronchiole. There are thus two

ways in which the infeetion may reach the actual lung substance from the
lumen of the end bronchioles—hy penetrating the inflamed wall or by ex-

Fig. 108.—Terminal bronchiolitis with involvement of adjacent air-cells.

tending into its own air-cells.  The exudate consists of polymorphonuelear
leucoeytes and red corpuscles, with many desquamated epithelial cells and
some mononuclear wandering cells.  In many cases a network of fibrin i
formed, particularly in those alveoli which lie near the margin of the patel
but there are, as has been so generally stated in the text-hooks, others |
which it is difficult, if not impossible, to demonstrate any fibrin, the ext
date remaining as a loose colleetion of eells,  This has giver rise to the ten
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catarrhal pneumonia, which is, however, not a particularly aceurate desig-
nation,

The walls of the air-cells, like those of the bronehi, are also infiltrated
with fluid and leucoeytes, and in the more chronie forms of hronchopnen-
monia this affeetion of the interstitial tissue, which may result later in the
formation of much adematous, soft connective tissue, in those situations,
becomes a striking and distinetive feature, in which it differs from lobar
pneumonia.

The complete ocelusion of the bronehioles by the exudate leads quickly
to the collapse of its air-cells; sinee the imprisoned air is absorbed or dis-
solved by the passing blood.  This ateleetasis is often evident on the sur-
face of the lung in the form of patches of purplish, pasty tissue sunken
below the surroundings.  On the other hand, if the ocelusion is incomplete,
the alveoli may become overdistended with air, in the manner deseribed in
another chapter,

The healing of this type of pneumonia, bronght about by the annihila-
tion of the bacteria and the complete or partial liquefaction of the exudate
and its absorption, oceurs rather more slowly than in lobar pneumonia
and its retardation by the organization of the exudate into fibrous strands
is more common.  Oceasionally in children in whom bronchopneumonia
has lasted for some time and is rather mild one finds that the exudate i
largely composed of desquamated epithelial cells, with lendoeytes and fibrin
and that these epithelial cells have fused to form syneytial masses of proto-
plasm, with many nuelei,  These “giant-cells™ often extend from one
alveolus to another, or line a whole air-space while inclosing masses of fibrin
or lencoeytes,  In severe bronchopneumonia the walls of the bronehi and
of the air-cells are, as has been said, much infiltrated by the inflammatory
exudate, and their destruetion and the formation of a definite abseess in
place of the foeus of pneumonia may take place.  On the other hand, the
introduction of putrefactive bacteria, together with those which injure and
destroy the tissue, may set up a condition far different from that ordinarily
seen.  This is the so-called gangrene of the lung, which leads not only to the
death of the lung tissue, but to its softening into a violently foul-smelling,
greenish, shreddy mass, semitluid in character, which is usually fairly well
marked off from the surrounding tissue by a zone of coagulated lung sub-
stance.  Cavities of considerable size lined with ragged, floating shreds of
dead tissue discharge part of their contents into the hronehus, so that a foul
odor is given off with the breath.  Buday and others find in this, as in other

examples of progressive infeetious gangrene, many organisms, but especi
frequently a combination of fusiform bacilli and spirilla, which they regard
s the specific cause of the condition, and as being sufficient to cause the
neerosis of the tissue as well as the putrefaction.
Around such an area the alveoli are found to be filled with a dense exudate
composed largely of fibrin, with many leucoeytes and red corpuscles,
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PUERPERAL INFECTION
Particularly favorable opportunity for the development of a serious in-
feetious process is offered in the puerperal uterus, not, as is so often stated,
are torn

because in the detachment of the placenta many blood-channel
open, but because tissue which is no longer permeated by the eirculating
blood is often left adhering to the uterine wall, and because fluid stagnates
in the cavity. It is the same danger which threatens the patient after an
unskilful operation upon some internal organ in which a portion of tissue
is left constricted so as to be deprived of its blood supply. It is practically
the same danger of infection that exists in a strangulated hernia.

An example will make this clear: A man whose leg was erushed and torn below the
knee was treated by a surgeon who washed out the dirt from among the exposed museles
stopped the bleeding, and sewed up all the tears in the skin.  Within a few hours the
sutured skin beeame tense almost to bursting, and when the stitches were removed, a
bloody, turbid fluid poured out.  Next day the museles and shreds of tissue were bathed
in thin pus, the man's temperature was high, and there were evidences of a rather pro-
found poisoning.  In spite of every proper surgical intervention he finally died, and many

abseesses were found in lungs and elsewhere.  Undoubtedly the accumulation of fluid

within the sutured skin gave a medium for the growth of bacteria from the dirt left
behind, and at the same time rendered the tissues anwemic through pressure

Differences of opinion still exist as to the source and nature of the bae-
teria which are responsible for puerperal infection, and doubt prevails
still as to whether they may be the bacteria already present in the genital
tract, or only those introduced by the hand or instrument of the operator
Krinig adheres strongly to the latter view. The Streptococeus pyogenes
in one or other of its modifications (. v.) is almost always found, although
the pneumococcus or staphylococcus may be the organism concerned, and
various bacilli, including the Bacillus aérogenes capsulatus, may play a part.

In cases of eriminal abortion at any stage in the course of pregnancy
infeetion is likely to take place on account of the haste and seerecy with
which instruments are forced into the uterus at the hands of persons
ignorant of the conditions of bacterial growth.  Fortunately, with the ad-
vance in the knowledge of bacteriology puerperal infeetion is no longer the
dreaded scourge of obstetrical practice that it once was before the time of
Semmelweiss.  Even yet, however, the cases in which, after a complicated
delivery, infection oceurs are not all too rare. It may result only in :
temporary fever, or, on the other hand, it may advance to general septi
cwemia and death.  The uterus is found to be large, relaxed, and soft, wit

nt
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the enormously enlarged blood-vessels characteristic of the later stages of
pregnaney. The external os projects into the vagina as a swollen, greenish-
black, rough, friable mass. The whole eavity of the uterus is lined with
the same greenish-black, ragged, necrotic tissue, the walls on seetion gray-
ish red and edematous, the veins open and full of blood. The Fallopian
tubes contain a turbid fluid.  No changes are found in the organs except
the acute splenie tumor and the cloudy swelling of the liver and kidneys
which are so regularly seen in acute infections.  But everywhere the tissues

Fig. 109.—Puerperal endometritis.  In this ease there was no thrombophlebitis

are blood stained, the lining of the heart and aorta are quite red, and over
thorax, arms, and legs there is a network of broad, brownish purple lines
which show where the laked blood in the cutancous veins has stained
through into the skin.  Such is the result of the rapid spread of the hiwemo-
ly ing \'l'(‘]llm'm'('i into the blood.

In other e

es, when the resistance is not so readily overcome, the process
. The dead tissue lining the uterus may remain odorless,
or, when there is a mixed infeetion with putrefactive organisms, it softens
it an extremely foul, putrid mass. In other cases a fibrinous exudate

18 more loca
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rich in lencoeytes forms over the superficial neerotie tissue, and blends with
it 50 as to form a sort of false membrane (diphtheritic or pseudomembranous
endometritis) (Fig. 109).  Beneath this the wall is densely infiltrated with
leucoeytes, red corpuseles, and fluid, and abscesses with local liquefaction
of the muscular tissue develop and may extend even to the outer surface,
Extension in this way or along the Fallopian tubes to their fimbriated ends
is likely to produce a peritoneal infeetion which hastens the fatal outeome.
Otherwise the broad ligament and adjacent pelvie tissues become infected
and enormously thickened and infiltrated with the spreading inflammatory
exudate.  Great abscesses may develop in these tissues, and at an even
later date extend and rupture into the peritoneum.

The infeetion may be communicated to the rest of the body in two other
ways—one by the lymphatics, the other by the formation of infected
thrombi in the veins.  In the first case the lymph-channels become swollen
and distended with pus, adjacent lymph-nodes are enlarged and softened,
and hacteria finally pass into the thoracia duet and blood.  The second
process is far more striking in its appearance, Seetion "II'UIIL’I! the wall
wls, which were the veins, now

of such a uterus shows numerous great eg
filled with greenish=yellow pus, their walls converted into opaque yellow
material or destroyed entirely so that the uterine museulature itself, edged
with yellow, neerotie tissue, forms the wall of the canal,  For a long dis-
tance nothing remains of the more solid thrombus, and one may trace such
alls of the pelvis,

channels far out into the broad ligament and to the v
Aschoff raises the question as to whether this thrombosis is the direet result
of the infeetion, but I eannot doubt it.  The fluid may partake of the foul
character of the uterine lining in the putrefactive cases,  Fragments of
such infeeted thrombi, or even the liquefied material, may be swept into
the blood-stream, and emboli are lodged in different organs, while the
blood is flooded with baecteri Henee the development of abseesses in
kidney, brain, ete., or even in the joints (pyiemia).  These may be

lungs,
foul and gangrenous when the uterine inflammation has that char:

Henee, too, the production of endocardial vegetations, which assume an
uleerative and destructive character and form the source of more infected

emboli,

ABSCESS FORMATION, PYEMIA, ETC.
Certain bacteria, notably the staphylococei, show a marked tendency to
grow in the tissues in closely packed colonies about which the cells are

rendered neerotie for varying distances, A violent inflammatory reaction
ensues, and the immediate neighborhood becomes tumefied, red, and pain-
ful.  Coagulable fluid exuded from the vessels into the neerotie tissue elots
there, and converts it into a firm mass, rather larger than it originally was.
«cumulate outside these neighboring vessels

Leucoeytes in great numbers
and wander into the necrotic mass, dying and becoming disintegrated a
they pass beyond the zone of safety into the poisoned area.  Such quanti
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ties of them appear, however, that the proteolytie ferments which they
produce become sufficiently concentrated to digest the outer portions of the
coagulum, so that it comes to lie loose in a eavity surrounded by a thick
vellowish fluid filled with intact and partly disintegrated leucocytes (pus).
At this stage the remainder of the coagulum, loaded as it is with bacteria,

constitutes the core or central plug (Fig. 110), often recognizable when an
abseess is ineised or when it bursts through the skin,  Later the ferment

Fig. 110.—Abscess of the kidney, showing eentral core or neerotie tissue with bacteria,

process may succeed in dissolving the whole of it, and the abscess is then
merely a eavity filled with pus and surrounded by an intensely inflamed

dl. - Further necrosis of this wall may occur, and the abscess inereases

size, often in the direction of least resistance, so that the pus seems to
burrow its way along natural lines of division of the tissues. It is reah-
bed only with difficulty, and unless it is evacuated by the surgeon or
sts its way to a free surface or into the lumen of some hollow organ, it
iins in situ for a long time and is gradually inspissated and thickened.

T
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In this case, and indeed in all abscesses which persist for a long time, even
when they have been opened, a thick layer of granulation tissue springs
up to line the cavity and to encapsulate the remainder of the pus, or more
frequently to obliterate the cavity,  This granulation tissue is exceptionally
thickly infiltrated with leucoeytes, and shows the presence of many large,
mononuclear wandering eells, which become larger as they approach the
surface of the granulations,  Here they exhibit their voracious phagoeytic
characters, loading themselves with the débris of injured and dead cells,

and usually containing many large fat-droplets (Fig. 85).

When bacteria and dead tissue are quite removed, as when an abscess is
opened and thoroughly cleansed, healing proceeds rapidly and the granu-
lation tissue later forms a dense scar,

Abscesses arise at the point where direet introduction of the bacteria
from without takes place, or else they appear, often in numbers, through the
transportation of infeeted emboli from some, focus of infection in another
part of the body. These emboli may consist practically of masses of bac-
teria, and while the flooding of the eirculating blood with organisms of this
sort is known as septiciemia, the condition which we are discussing is often
called pywemia.

Abscesses from direet introduction of bacteria are often seen in the skin,
where they are called boils or furuncles, or, when very large, with several
communicating centres of infeetion, carbuncles.  Most often the organisms
are rubbed into a hair-follicle by a chafing collar, or in some similar way,
hence their great frequeney on the back of the neck or on the buttocks.
Frequently, too, they are seen about the nose or lips. The course of
such abscesses is modified by the thickness of the skin and the obstruc-
tion to their breaking through. Thus an abscess within the red line of
the lip readily ruptares and is cured, while one which arises a few milli-
metres away, in the thick skin, may be much more extensive and last much
longer.

In some persons whose resistance is lowered by any one of the many
things which seem to have that effeet, such as overwork, unsanitary sur-
roundings, or wasting diseases (among which are other infections, such as
typhoid fever), a whole series of boils may make their appearance-—one
is no sooner healed than another appears.  In these cases it seems that the
skin becomes smeared with the bacteria, which readily find the oppor-
tunity to lodge in hair-follicles or sebaceous glands and to form abscesses,
From the fact that bacteria of a pyogenie character are normally present

in the superficial layers of the skin it appears that the matter of resistance

is of the greatest importance.  When a number of hair-follicles become
infeeted side by side with the staphylococeus, a most extensive necrosis of
the skin and underlying tissue may occur (carbunele), and with the lique-
faction of each focus of dead material a perfect honeycomb of communicat-
ing passages filled with pus may be formed.

Such, in brief, are the circumseribed abscesses.  As the result of py@mic




Vig. 111.—Abseess in the liver

I

ABSCESS FORMATION, PY.EMIA, ETC. 253
distribution of emboli or coeci they appear in the lungs, heart, kidneys, or

any other organ (Fig. 111). In the lung such a focus, at first very hwem-

orrhagie, is soon found to have a gray, solid, or rapidly liquefying centre,
surrounded on all sides by a barrier zone of hemorrhagic pneumonic con-

solidation, outside of which the lung is adematous.  Sueh abscesses seem

to reach a considerable size before coming into communication with a
bronchus.  Frequently confluent  with

one another, their origin may

The drawing shows the compression and destruetion of
the liver-cells and o broad layer of leucoey tes surrounding the central mass of bacteria

nerally be traced by finding a whole colony of cocei lodged like an in-
tion mass in the lumen of a central blood-vessel. 8o, too, the embolus
be found in the blood-vessel in the centre of those deeply hemorrhagic
esses sometimes found in the submucosa of the small intestine.  Rup-
of such abscesses through the mucosa leaves a ragged uleer which heals
ranulation.

hile there is thus a great similarity in the mode of formation of ab-
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scesses wherever they oceur, it must be recognized that the feature which
they have in common is the concentration of the whole effect, which not
only allows the bacteria to kill tissue which might resist a less concerted
attack, but also allows the inflammatory exudate (perhaps aided slightly
by the ferments of the bacteria themselves) to digest and liquefy that
necrotic tissue,

Phlegmons.—When the bacteria are spread quickly throughout a con-
siderable area of tissue, as often happens in the loose tissues of the neck
after invasion from suppurative processes in teeth, salivary glands, or
mouth cavity, there is nowhere sufficient concentration to produce the
effeets seen in an abscess.  The tissue is not all dead, and the exudate is so
spread out that no liquefaction takes place.  Such an intense diffuse in-
flammation may be ecalled a phlegmon, and so dense and hard may the
affected tissue become that the phlegmons of the neck are often called

ligneous or woody inflammations

DIPHTHERITIC INFLAMMATION
On any mucosa the invasion of baeteria or the destruction produced by a
chemical irritant may cause a peculiarly intense inflammatory reaction,
usually hwemorrhagie, and different from the milder forms in that the ne-

Fig. 112.—Diphtheritic enteritis. The inflamed and partly necrotic mucosa is «
with a tenacious layer of exudatc

crotie surface layer is welded together with the fibrinous exudate into a men
brane-like film. This is well seen in the mucosa of the intestine whe
bacteria of the dysentery group invade it, or when, at the end of a lo




DIPHTHERITIC INFLAMMATION 255

illness, streptococei or other organisms from the intestinal lumen attack it.
Perhaps the most striking changes of this sort are produced in cases of
poisoning with bichloride of mercury, possibly because the corrosive salt
is exereted again into the eolon.

In the early stage of any of these eases it is found, on stretching out the
wall of the intestine, that certain parts of the mucosa are covered with a

grayish or bile=stained, opaque, rough substance which may be seraped off,
showing beneath it a raw surface (Fig. 112).  Such patcehes are bordered or
separated by mucosa, which is soft and velvety, but swollen and deeply
hemorrhagic.  The distribution of the chaff-like exudate in the small
intestine is primarily along the crests of the transverse folds or valvulae

Fig. 113.—Diphtheritic enteritis. The inflamed and partly neerotic mucosa is covered
with a tenacious layer of exudate.

in the colon, where it is far more commonly found, it is in patches, inasmuch
15 the intestine, in its contracted state, exposes only a part of its mucosa to
helumen.  The rest is hidden in the depths of the folds, and less constantly
xposed to the intestinal contents.  Perhaps this is inconsistent with ac-
epted ideas of the normal relation between the intestinal mucosa and
ntestinal contents, but the appearance of the inflamed intestine imposes
uch an explanation upon one, and it is easily conceivable that the presence

a sharply irritating substance might keep the walls at their maximum
contraction. Thus, in addition to transverse or cireular bands of exudate,
there are three longitudinal streaks which correspond with the part of the
mtcosa thrown into relief by the longitudinal muscle-hands.
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Microscopically, it is found that the superficial part of the affected mu-
cosa is completely neerotic and sharply marked off from the underlying
tissue, which is intensely inflamed (Fig. 113). Continuous with it, and
overlying it, is a layer of matted fibrin filaments which can be traced
continuously through the dead tissue. Through both parts of this dead
layer of tissue, which constitutes the false membrane, remnants of leu-

i |
,' coeytes are to be found, with many signs of hiemorrhage, and in the tissue
" beneath and about the site of the pscudomembrane there is an exudate
l: extremely rich in red corpuseles; leucoeytes, and fibrin.  All this is often
, ]):ll‘li"lll:ll|_\ \\1'“ seen ill 'IH‘ .\‘H“l;l"ll ;ll'lt'l' i““'“\l' “Url'll‘\'i\l‘ |mi\<)l|~ ll:l\('
} 1 heen swallowed.,
{ Later the adematous and hyperemic parts of the mucosa between the

lines and patches of intensest injury become involved in the same process

if the condition progresses and does not heal.  The older sites of injury

? may then discharge the dead tissue into the intestine, and present them-
i selves as uleerations which may go deep into the intestinal wall.  Such
| uleers are found especially in the colon, and are characteristic of the more
! chronie forms of dysentery. They may arise, too, when there is an oh-
struction of the intestine, so that its contents accumulate above and
remain a long time in the dilated upper part of the loop.  Probably this

dilation, with its stretehing of the wall and narrowing of the blood sup-

ply, may be a contributory cause of the uleeration.
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CHAPTER XV

INJURY WITH INFLAMMATORY REACTION AND ATTEMPTED
REPAIR.— NEPHRITIS

Nephritis: General nature of the process. s diffuse character; acnte and chronie glomerulo-
nephritis, tubular nephritis, and interstitial - we phritis \rie ele disease of the
Fiduey.  Combined inflammatory and arteriosclerotic disease Lyl Sum-=
mary. Functional alterations.  Renal insufficieney

NEPHRITIS

Disease of the Kidneys which affeets diffusely both organs, and which
leads to structural alterations and disturbances in the funetion, recogniz-
able by abnormalities in the urine and by various other symptoms, such

wdema, high blood-pressure, ete., has long been known as Bright s discase

or nephritis.  Weigert, in his elassical paper, pointed out the diffuse char-

'y acter of these diseases, which distinguishes them from other more localized

affections, such as might be caused by an abseess or an infaret in one Kidney
or by a stone in its pelvis or an obstruetion in its ureter.  Still it must be
kept in mind that although both kidneys are affected in the same way,
one clement of the Kidney structure may suffer more than others.  Thus
the glomeruli may be especially injured, while the tubular epithelium
escapes almost entirely, or the reverse may happen. 8o dependent are
these elements upon one another, however, that in the long run the
tubules are injured by the destruction of the glomeruli and vice versa,
Except in a few forms, we are ignorant of the causes of the different types
of diffuse renal disease, so that it becomes difficult to repeat their produe-
tion experimentally, or to elassify them satisfactorily. It is hard to trg

the progress of their anatomical development, sinee in human beings we
can study in each case only one stage, and it is even yet uncertain what
may be the final outcome of some of the alterations which are familiar
enough in their acute stage. It is true that experimental nephritis will
probably throw a great deal of light upon this problem, even though up to
the present the most improbable substances have been used to produce
nephritis in animals.  Such substances as uranium nitrate, cantharidin,
el rattlesnake venom are not likely to be the cause of nephritis in many
human eases.  Yet they produce changes which are, in prineiple at least,
identical with those in human kidneys, and therefore give useful informa-

in the case of cirrhosis of the liver, we must believe that in the

ki v the extreme distortions which are so frequently met with are prob-
ably ‘he result of oft-repeated or constantly acting injuries rather than of
257
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asingle one. 1t is the destruction and disappearance of some portion of the
kidney substance, with the scar which forms in its place, that cause this
distortion.  The great variety in the appearance of the kidneys found at
autopsy in persons who have shown the symptoms of diffuse renal disease
becomes more intelligible when we consider that these appearances must
vary not only according to the character and severity of the injury, but
also aceording to the duration of the disease, sinee in the course of time the
injured tissue which is still conspicuous in the acute stage, is removed, and
its place taken by a sear.  This deereases the size of the organ and allows
the blood-vessels to show through more plainly, but the result is still further
modified by the faet that whatever seeretory tissue remains intaet hecomes
hypertrophied, in order to compensate for that which was lost. It is casy
to see then that, whereas in the acute stages of severe renal disease the
kidneys may appear swollen, smooth, and translucent, with flecks of opaque
yellow and of bright red in the cortex, they would look quite different if the
person survived this attack for months or years.  Then there would appear,
in all probability, a very small, rough, granular organ, in which grayish,
opaque nodules of the remaining seeretory tissue projeet above sunken areas
of reddish gray, translucent, searred tissue, in which the red color is due
to the visible capillaries.  Further, the injury which, like a conflagra-
tion, suddenly destroys a great part of the seeretory substance of the kid-
ney, may finally, if the person survives, end in the produetion of a Kidney
which looks almost exactly like another which has gradually reached that
stage through long years in which its nutrition has suffered through nar-
rowing of its blood-vessels, 1 which never, at any time, had shown the
picture produced by extensive acute injury.  Inother words, it is dangerous
to conclude anything as to the real nature of the disease of the kidney from
the mere outward appearance of the organs at autopsy. Even micro-
scopical study often leaves us uncertain, although there are generally
traces left which show the path by which the highly elaborate structures
'“I\'l' I‘l‘:l('ll('(| tlli" \tilu(' ||f l'”ll]"l”"pl:l('(' w rl"'k<

To have a clear idea of the nature of such disease we must follow the
syraptoms throughout its course, and, above all things, make clear-sighted
tests of the functional capacity of glomeruli, tubules, ete., under standard-
ized burdens. Up to the present we have not learned to correlate these

things precisely with changes which we can see in seetions of the kidneys,
since sometimes blood-capillaries or tubules which seem anatomically intact

are quite unable to carry out their normal function.  Beside this, cach of
these structures has a variety of special functions which may separately
become defective, without our being able to suspeet this from any change
in their appearance.

Only the very grossest correspondence then is possible at present hetweer
the anatomical changes and the functional disturbances. This, however
we can say—that when several glomeruli with their tubules are quite
obliterated and converted into scar tissue, they no longer play any part i
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the symptoms of the disease, except in so far as the Kidney substance is
reduced by their loss. It is aside from this, in the better preserved tubules
and glomeruli, that we must look for changes to correspond to the altered
secretion. It is perfeetly casy to understand, therefore, that since the
remaining tissue may retain its normal state and hypertrophy to compen-
sate for the areas which have been lost, such a kidney, sprinkled with
obsolete sears, might carry on its functions perfectly normally.  Doubtless

that is exactly what happens in many cases in which a single injury
say from the ingestion of a poison or from a single attack of some acute
infectious discase—is entirely healed, by the searring of the destroyved
arcas and the compensatory enlargement of the tissue that is left.  Per-
haps the majority of the cases in which the pathologist at autopsy writes
down “slight chronic nephritis™ are only instances of such obsolete sears
in the kidney whose cause it is now impossible to tell.

From the point of view reached by anatomical study, it seems hardly
justifiable to classify these cases sharply into groups. If we knew the
wtiological factors, it would be different.  Then we might say with assur-
ance, this is the acute stage of the renal change produced by a protein in-
toxication, that the terminal result of a long-past infection with strepto-
coccus.  But it is only in a few cases that we can do this, and even when we
can definitely assign an acute infection as a cause of the renal change, we
are generally ignorant of the nature of that infeetion. So it is in the
common sca latinal nephritis,  But we do know that streptococeus in-
fections cause nephritis and are possibly responsible for the scarlatinal
form, and that corrosive sublimate and ¢ few other substances which
have a chance of being introduced into tne body can do so too.  Other
unusual poisons will in the same way injure the kidney, but they practi-
cally do not come into consideration except in experimental studies,
Indeed, in the vast majority of ca

s we do not know what the injurious
factor is, so that we cannot yet make our classification on this @tiological
basis.

A division founded upon structural alterations is the one in common use,
and yet it is very unsatisfactory, sinee, with the lapse of time, the responses
to injury become so combined that we can never outline perfeetly sharply
which is eause and which is effect.  Even a division according to disturb-
ances in function leaves much to be desired, since totally different condi-
tions, both renal and extrarenal in nature, may cause the same changes
in the exeretory power of the kidney.

With this in mind we may consider first the anatomical changes and then
the defeets in function.

Some of the things which are noxious to the kidney stir up an acute or
inflammatory reaction, while others seem to destroy tissue and leave the
gap to be filled up by regenerating cells or by sear tissue without any very
striking inflammatory response.  Especially is this thought to be true in
those cases in which arteriosclerotic thickening and narrowing of the renal
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irterioles diminish the nutrition of small patehes of kidney substance, s

that their place is taken by fibrous tissue in which the remains of obliter-

ated tubules and glomeruli persist.  On this account many authors set this

group apart as quite separate from the othoe diffuse renal affections, hut

they scem to me so closely related in prineiple and marked by sueh simila
t, espe-

derangements of funetion that I prefer to elass them with the

clally since we are not in all cases perfeetly sure that the arterios

s not caused by the renal discase rather than the reverse.
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glomeruli are apparently intact, while the tubular epithelium has suffere
and still others (¢) in which neither of those structures seems much chan
although there is an intense inflammatory reaction in the interstitial t
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traces of some sort which indicate what was the character of the action
Jesides these there are (f) Kidneys in all stages advancing toward the con-
dition of maximal scarrving, in which there are not to be found the distinetive
traces of initial destruction of the glomeruli or tubules proceeding witl
inflammation.  In these the arteries are almost closed by selerotie changes
and this offers the easiest explanation of their state; and then there is a
group () in which, in addition to other injuries, the presence of amyloid
causes extensive changes.

Fig. 115, —Glomerulus showing formation of capillary thrombus

Of course, the healing of isolated local lesions of all sorts may produce
local conditions closely resembling these, but their explanation follows
simply from what may be said about the diffuse changes.

It is obviously unfortunate that such terms as chronie interstitial nephritis, chronie
parenchymatous nephritis, ete., should be in such common use, since they do not ex-
press exaet ideas. It is possible that there may be a chronie as well as an acute inter-
stitial nephritis, but this is by no means what is meant by the term chronie interstitial
nephritis, which is used of the late or contracted condition of a kidney in which the
mjury actually affected chiefly the parenchyma. Upon the complete destruction of
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this, of course, the sear tissue which remains in its place hecomes the most obvious thing,
and it is hard to escape the idea, at first sight, that it was the tissue primarily affected
S0, too, the wide=spread use of the terms large white kidney, small red Kidney, ete., is
though graphie, they express only the erudest and most misleading

deplorable, sinee,
As Ponfick complains, we might as well speak of a

opinion of the nature of the lesion
small blue lung or a large red liver

(a) Acute and Chronic Glomerulonephritis
Searlating, streptococeus infections, especially the protracted subacute
infeetions with the Streptococcus viridans, certain poisons used experi-
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Fig. 116, —Aeute glomerulonephritis,  Glomerular eapsule filled with leucoeytes
mentally, such as canthariding uranium nitrate, ete., and probably ma
other violent toxie agencies attack especially the capillaries of the glomer
lur tufts, finally producing extraordinary complex alterations in the whe
glomerular structure, which heal with distortion or obliteration.  Perh
the simplest are those in which bacteria actually lodge in the capillar
sometimes in clumps large enough to occlude the lumen or when bacte
or toxic substances injure the wall of the capillary and cause the format
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of an oceluding thrombus.,  Generally this happens in only a part of the
glomerular tuft, while blood eirculates still through the rest (Fig. 114)
Such oceluded loops become greatly swollen or distended by a mass of
hyaline, pink-staining material, which seems to be formed chiefly by the
agglutination and fusion of red corpuseles (Fig. 115).  Ordinarily, it scems,
we must believe that the pulsation of the arterial stream may be felt in
the glomerular capillaries, which move a little backward and forward in
the elastic capsule almost as the lung does in the pleura. But now, while
the rest of the loops still slide on the parietal wall with their expansion and

i e S .

)
”\_-,‘;M: fam o ‘aﬁ.

Fig. 117, —Intracapillary glomernlonephritis

relaxation, the oceluded ones become rigid, and because of their distension
press continuously against one place in the wall of the eapsule.  This place
quickly beeomes adherent to the loop, and alterations appear in it like those

hich affeet the loop itself. Later, just as in any other place where in-
red or dead tissue is left surrounded by the living, connective tissue grows
through and replaces it, making the adhesion permanent.

In other cases, when the capillaries are not quite blocked, leucocytes may

ne in in numbers to approach the injured walls, so that all the loops seem
stiffed with them, and even the capsule and the tubule are found to con-

r g——
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tain those which have penetrated the capillary walls (Fig. 116).  Even
more common than this is the slightly less tempestuous form in which the
glomerular tufts become greatly enlarged through the appearance of quan
tities of cells in the lumina of the eapillaries, which are not polymorphonu-

il clear lencoeytes, but look more like endothelial cells, At least they are
| mononuclear cells with indistinet outline, so fused together that their ori-
.: gin can hardly be made out. With them there is always an indefinite
| foamy or spongy mass of protoplasm which completes the ocelusion of the
'

Fig, 118.—Hyaline clot in the glomernlar eapsule overgrown by epithelium.

capillary.  Such glomeruli must be entirely impermeable, for practicall
all the capillaries seem to be thus obstructed by the mass of endothelia
cells (Fig. 117).

The lumen of the capsule generally contains albuminous material «
blood, with leucoeytes and fibrin.  That the lining epithelial cells becon
desquamated into this cavity at times is undoubtedly true, but 1 at lea
have never seen an instance in which they were abundant nor sufficient

produce the appearance known as the epithelial erescent.  That is rath
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the outcome of a well-ordered proliferation which brings with it a suppocting
framework of connective tissue,  When blood exudes into the capsule the
corpuscles often fuse into a hyaline mass, which lies in
epithelium (Fig, 118).  This may be one of the stimuhi

tion of the epithelium, hecause just as in the case of the

contaet with the
for the prolifera-

sendothelium of o

vessel which grows up to cover a mural thrombus, this hyvaline clot soon

becomes completeiy encapsulated by epithelial cells.  Ro, too, whenever

adhesions form between glomerulus and capsule, the epithelinm becomes
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Fig. 119.—Glomerulus with blood-clot adherent to capsular wall

continuous from wall to tuft (Fig. 119). 1In this way the cavity of the

capsule may be divided into several chambers which communicate with one
wmother.

In more advanced ecases, through the aid of still other mechan-
isms, the most extraordinary growths of the epithelium take place, alway
r nearly always in a simple layer, but in folds which unite with one another
and thus form a sponge-like tissue all the cavities of which communicate
with one another, with the main cavity of the capsule, and thus with that
ol the tubule (Fig. 120).
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Flattened down in the narrow space of the capsule, this tissue at first
sight gives the impression of a ereseentic mass of desquamated eells, whenee
the term, “epithelial erescent™ (Fig. 121).

Al these changes cause the glomerulus to bhecome greatly enlarged, so
that it is conspicuous on the eut surface of the fresh Kidney—all interfere
greatly with the permeability of the glomerulus, and all are usually associ-
ated with changes of an inflammatory character in the membrana propria
and surrounding connective tissue of the capsule.  With adhesions and the
replacement of the hyaline and*necrotie capillary loops by connective tissue

i 120, Proliferation of eapsular epithelium in contiguous folds

grown in from outside, the glomerulus may be in large part obliterated by
heing converted into dense fibrous tissue.  Nearly always, however, ever
in the latest stages, there remain traces of the less affeeted capillary loop
and abundant indieations of the method by which obliteration oceurred
The epithelium of the tubules is undoubtedly injured also, although for
time it shows relatively little change.  Later the cells show every sort of
degeneration, and globules, both of neutral fat and cholesterine ester
accumulate in them.  With their desquamation and disappearance
even with their shrinkage and atrophy, the tubule belonging to that glor
erulus tends to collapse and becomes lost to view.  Often for a time tl
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('|iil|lr*|i:|l cells are al‘t':nl_\ swollen through the presence of small and large
globules of refractive hyaline material, which stains like fibrin (Fig. 122),
Often, too, the lumen is filled with blood, leucoeytes, epithelial colls, and
granules, or with hyaline moulds or easts to which these various things
adhere, heing swept down into the urine, to appear there as different sorts
ol urinary euasts

About the glomeruli and about the injuced tubules there is generally

Fig. 121 —CGlomerulus with epithelial erescent I'he eavities among the epithelial eclls

communicate with one another

some inflammatory reaction, shown by the presence of wandering cells
Fig. 123), and in the course of time in these somewhat adematous arcas
new connective tissue forms in ever-inereasing amounts until finally the
hliterated glomeruli and atrophie tubules come to lie in a very dense

ramework of fibrous tissue.  Aside from these areas, or intercalated some-

vhere among them, there are intact glomeruli with their tubules, which

ow earry on the work of the Kidney. Such glomeruli actually enlarge,

ind the tubules inerease in size and length through the multiplication, by
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mitosis, of their epithelial cells, It is o compensatory hypertrophy on the
part of the remaining functional tissue.  Such groups of tubules, unti
they themselves meet with destruetion, form the prominent projecting
granules which stand up on the rough surface of the contracted Kidne

reliel above the shrunken, searred areas where the tubules are los
lomerular lesions, heeanse

No attempt is made to subdivide types of g

of the glomerulas i

every instance the whole somewhat altered-—wl
the change seems to be intracapillary, scareh will reveal changes in the

epithelinm of the capsule, and, when the striking alteration seems to he in

Fig 122, Colloid or hyaline droplets in the epithelium of renal tubule

the epithelium, traces, at least, of oceluding thrombi will be found in the

capillaries
Such lesions of the kidney are recognizable in the gross org
stages by the swelling of the glomeruli, which project as pale, translueent

an in the carly

grains, and by the opacity of the cortex, with its sprinkling of ecchymoses

Even much later the swollen kidney is still quite smooth when the capsul

is pulled off and generally pale, grayish, and translucent, though mottl
thickly with flecks of yellow opacity and to a less extent with hemorrhage
Oceasionaliy the hemorrhages are very abundant,—almos

(Fig. 124).
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confluent, so that the organ is deep red or almost black,—but that is rare.
With the gradual removai of the fat=containing, opaque, degenerated epi-
thelinm, the Kidney deercases in size, the translueent, gray, fibrous stroma
sinks together, the hypertrophied intaet tubules stand out as gray nodules
from the intervening tissue, where, now that the epithelium is gone, the

capillaries begin to show through red—and in the end we have a small

i 123, —Aeute diffuse nephritis with epithelial degeneration, adema, and infilteation
with lencoeytes and hwmorrhag

hard, reddish-gray org

n, roughened by granules of gray over which the
ipsule is quite adherent—the so-called secondary contracted kidney
Figs. 125 and 126).

Naturally, the disturbance of function must change as the kidney pro-
eresses through all these stages of the disease.  Very striking, however, in
the beginning is the diminution of the amount of urine, its high concen-

tion and admixture with blood, albumin, and casts, and the coincident
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cedema.  Later the whole elinical pieture may change, as shall be deseribed
! later.
e (b) Acute and Chronic Tubular Nephritis
“‘ | Destruetive lesions, affecting especially the epithelium of the tubules, and
L | followed by more or less inflammatory reaction, result from various poisons,
i among which bichloride of mercury, ura-

nium nitrate, and chromates are more
familiar. Bachr has recently deseribed

N an exquisite tubular lesion produced by
| "! iodine. But there are many others of less
‘\‘ definite nature, since general peritonitis

f and septiciemins are sometines accom-
i panicd by quite analogous changes, and the

acute nephritis of pregnaney is commonly
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Fig. 124.—Acute and subacute Fig. 125.—Secondary contracted kidney, rep

resenting later stage in the development of 1} -
)}

nephritis, showing punetiform ham-
orrhages and opaque yellow flecks  diffuse glomerulonephritis,

which are produced by the degen-

t | erated epithelium,
! | st
: | of this type.  In eclampsia, too, one sometimes finds the tubular epitheliu ep
! l necrotic.  In any series of cases anatomically studied one must be caref cal
111 to rule out possible postmortem autolytic changes, but with this in min tul
(] ‘ there are still found many instances in which a great proportion of hig epi
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sensitive epithelial cells of the convoluted tubules are necrotie, as shown by
their disintegration and the loss of their nuclei.  Nevertheless, severe altera-

tions of these cells may occur without proceeding to actual death, and in
most infectious processes, including typhoid fever and pneumonia, and in
such nutritional disturbances as result from chronic passive congestion,

Fig. 126.—Chronie diffuse nephritis following repeated glomerular injuries (secondary
contracted kidney)

striking functional derangements, referable at least in part to the tubular
epithelium, appear, while nothing more than the so-called cloudy swelling
can be demonstrated anatomically. In glomerulonephritis, in which the
tubules often seem to be spared, the occurrence of mitoses in their lining
epithelial cells, which is an indication of their extraordinary power of regen-
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cration, may give a clue to their participation in the injury, even when
actual destruetion of the cells is not evident.  So, too, the ultimate fate
of the tubules in an area of atrophy, whether brought about by glomerular
obstruetion, by intoxication, or by malnutrition, gives us convineing evi-
denee of the faet that their cells suffer very regularly, even though the
glomerular lesions may be far more conspicuous,

Pure tubular nephritis is probably not quite so uncommon as is generally
thought, since recovery with complete compensatory new formation of the

Fig. 127.—Destruetion of tubular epithelium caused by poisoning with mercur;
bichloride

cells seems so 1':|.~l!}' ])n~~i|l|1'. and even when the affeeted tubules lose al
their epithelium and collapse, the signs of their downfall, when some tinm
later the person dies, are inconspicuous.  Apparently when a tubule b
comes permanently obliterated its glomerulus soon falls together in
bloodless state, and is, some time later, surrounded by a progressively thic

ening hyaline and connective-tissue capsule, which accompanies its con-

plete obliteration.  The best example of tubular lesions is that produced !y

Fig
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mercuric bichloride, a condition which has beeome peculiarly frequent of
late, and there one finds, side by side in the tubules, living and neerotie
cells (Fig. 127). Those which have suceumbed soon become formless
masses, often caleified, which may be surrounded and encapsulated by the
new epithelial eells which quickly grow from the division of those remaining
intact (Fig. 128

The ultimate result of destruction of the epithelium of the tubules must

Fig. 128.—Later stage of nephritis following bichloride poisoning.  The neerotic colls

are caleified and surrounded by new-formed epithelinm

al depend upon its extent, sinee if it be partial, the tubule may be perfeetly
s relined from the cells which remain, while if it be complete, the collapse
\ of the tubule will lead shortly to destruction of the glomerulus and the
\ formation of a sear in the place once oceupied by the whole structure.
i Doubtless this is the origin of some of the scattered scars which are so
‘\" frequently seen in the kidney, but in its completed form it is almost im

19
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possible to say whether such a sear was brought about in this or in some
other way.

Rarely one encounters renal ehanges resembling closely those produced by Bachr
through the injection of iodine, and found in animals which have survived a long time
In u ease studicd recently the kidneys were found to be smooth, pale, and hard, and on

cetion the tubnles were uniformly atrophie and shrunken, while the glomerali remained

lurge and conspicuous (Fig. 129 It true that in this ease the eapillaries of the

%), —Subaeute and ehronie nephritis.  Glomeruli fairly well preserved

miversal atrophy and shrinkage of the tubules which are embedded in sear t

lomerali appear to be blocked by masses of large cells, so that other interpretatio

the whole condition are possible, but the general aspeet of the cortex points to a pris

elium

ion of the tubular epi

(¢) Acute, Subacute, and Chronic Interstitial Nephritis
By this is meant strictly the injury which seems to affeet partic
the framework of the kidney, ecausing an inflammatory reaction 1

* Ziegler's Beit,, 1913, lv, 572, Iig. 12
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while glomeruli and tubules are left more or less intaet, with the resulting
formation of scars throughout the organ. It does not apply to the several
varieties of searred, contracted Kidneys, which are elearly the outeome of
injuries to the specialized seerctory mechanism, that is, to the great ma-
jority of the contracted kidneys, which are so commonly and loosely spoken
of as chronie interstitial nephritis. It is perfeetly recognized that, as
Weigert pointed out, all forms of nephritis are diffuse in that every element
of the tissue is somewhat affected, so that, in an instance in which the

Fig. 130.—Acute interstitial nephritis from a ehild dying of diphtheria

glomeruli show the most striking changes, the connective-tissue framework,
as well as the epithelium of the tubules, also feels the shock and reacts.
But it is entirely wrong to conclude, from the fact that in the late stages of
such a condition, when much of the kidney substance has disappeared
and is replaced by sear tissue, the connective tissue was the first thing to
be affected, and that it, in its growth, has constricted and destroyed the
seereting structures. It is not in this sense that we use the term interstitial
nephritis, but rather to deseribe a quite uncommon condition, seen only
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once or twice among the last 500 autopsies at the Presbyterian Hospital,
where the patients are chiefly adults, but much more frequent in hospitals
for the infectious discases of children.  Councilman found 42 cases in such
material in the course of two years,

In its rather foeal distribution, the acute interstitial nephritis resembles
somewhat the forms of acute suppurative nephritis, caused direetly by the
lodging of bacteria in the kidney substance, but the whole course, the type
of wandering cells involved, and the absence of bacteria serve to distinguish
it from them. It appears usually in the course of scarlatina or diphtheria,
or other similar intense infeetions, perhaps more commonly in mixed in-
fections than in pure scarlatina or diphtheria.

The swollen kidney shows on seetion clouding with grayish areas, which
are found microscopically to depend upon the accumulation, between the
tubules, of great numbers of wandering cells of several sorts (Fig. 130).
Most of these are mononuclear, and vary in form from those resembling
the lymphoevte to plasma cells and even much larger types.  Usually
there are also some polymorphonuelear Jeucoeytes.  There is a spreading
apart of the interstitial connective tissue, and commonly a new formation
of fibroblasts.  The glomeruli seem to suffer very little or secondarily, as
shown by the penetration of wandering cells through the capsule into the
intracapsular space.  The epithelium of the tubules may also be relatively
intact, although wandering cells are sometimes found in the lumen.  But
the same changes are, as found in adults, by no means independent of alter-
ations of glomeruli and tubules, and most often accompany them.

The healing, or rather the passing into a stationary, obsolete condition of
this process, is difficult to follow certainly, but it seems probable that o
rather diffuse thickening of the interstitial tissue in many areas may repre-
sent its last stages. No definite symptoms need accompany the acutc
stages, and the urine may be normal.  If this be so, there seems no reason
to suppose that the later stages should be productive of symptoms.  This
will naturally depend upon the extent of the injury to glomeruli and tubules,

(d) Arteriosclerotic Disease of the Kidney
It seems incorreet to discuss a disease of the kidney brought about by the
gradual diminution of its blood supply under the heading nephritis, but
the main principle is that here, too, an injury leads to the distortion «
the kidney anatomically and functionally in a way like that produced |
other injuries, which bring in their train inflammatory reaction. Aftor
all, the existence of an inflammatory reaction is by no means the mo

important feature, and this arrangement is for convenience, it having
been said that if there must be a classification, it can be satisfactory
logical only when on an @tiological basis.

Long ago it was pointed out by Gull and Sutton that thickening of he
walls of the renal vessels, causing their narrowing and hence depriving (he
kidney of blood, is found in kidneys which have lost much of their substa: ¢,
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and have become scarred and contracted.  After long dispute it seems
probable that the selerosis of the vessels is actually the cause of these
changes in the kidney, and not the incidental result of other injuries which
also affeet that organ.  The arterioselerotic thickening of the intima
associated with an excessive reduplication of the internal elastic membrane
extends into the smallest vessels, and may completely ocelude them and
narrow them to the minutest channel (Fig. 131).  Usually the effeet of
this, inasmuch as most of the branches of the renal artery are thus nar-
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Fig. 131 —Arteriosclerotic narrowing of the renal vessels, with thickening of the arterial
cont and reduplication of the elastie Lamelle

rowed, is to produce many minute areas of malnutrition, in which the
sensitive tissue suffers and finally atrophies away, to be replaced by a scar.
Thix is the type of arteriosclerotic contracted kidney or primary contracted
Kiduey which is most important and which we wish to deseribe.

Fhere are some cases, however, in which, while most of the cortex is
quit- normal and shows itself to be smooth and normally lobulated on the
rem val of the capsule, there are numerous quite large depressions into

whi'' the capsule dips and becomes adherent (Fig. 132). These corre-
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spond with gross searred arcas sunken below the general surface, in which

obliterated glomeruli and remains of shrunken tubules persist.  Sinee the
intervening tubules have collapsed or heen reduced to narrow cords of
cells, the persistent glomeruli coneentrate themselves into a small space,
and are embedded in sear tissue infiltrated with mononuclear wandering
cells,  The explanation usually given is that the selerotie narrowing of the
vessels is not uniform in all the branches of the artery, and that these ar
arcas which have suffered especially.  This explanation does not rest on
an absolutely firm foundation, and
since it is obvious that the scarred
arcas are entirely like slowly pro
duced infarets which are organized
s fust as the cells disappear, it
scems possible that, after all, th

Fig. 132.—~Atrophic searved arcas in Fig, 133 —Arterioselerotic contru
renal cortex produced by arterioselerotic Kidney (compare Fig, 136, which repr
narrowing of the vessels sents o section of this kidney

may have had an embolic origin,  The functional disturbances in su
cases are not especially marked, since there is much normal tissue to ca
on the work.

The changes caused by diffuse selerosis of the small branches is quit
different matter.  Such kidneys are usually small and hard, and are oft
surrounded by a thick mass of fat. The capsule, which is thickened
adherent to the surface, tearing it somewhat as it strips off, or in ot
instances it peels off easily enough.  In any case it leaves a pale, mot
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surface which is roughened by fine projecting nodules of a pale yellowish
gray or pinkish gray color (Fig. 133). The scar-like tissue between these
is translucent, grayish red, often allowing small vessels to be seen shining
through beneath its surface.  On section it is usually found that, with the
decrease in size of the kidney in all direetions, the space in which the pelvis
lies is enlarged and filled with fat (Fig. 134).  The blood-vessels are stiff
and thick-walled, and even the minute ones on the cut surface stand open
like rigid tubes. The pale cortex is greatly thinned, measuring sometimes
not more than 2 to 3 mm., and in it one can no longer make out the ordi-
nary striations in their usual parallel lines.  Where they can be seen, they
are greatly twisted and distorted and interrupted by the presence of opaque
nodules of tissue which, beside projecting on the surface, are found deeper

Fig. 134.—0ld arteriosclerotie contracted kidney showing the filling of the widened
space about the pelvis with fat

in the cortex. Flecks of opaque yellow or deep red hwemorrhage are some-
times seen.

The gross appearance of such a kidney differs in no way, therefore, from
the end result in a protracted glomerulonephritis (the so-called secondary
contracted kidney), and in all probability something similar may result
il the destruction be severe enough and time be given in the case of the
tubular and interstitial forms.  As a matter of fact, except perhaps through
the presence of the strikingly thickened blood-vessels, it is difficult, if not
impossible, to distinguish macroscopically the types of ultimate contracted
kidney. The arteriosclerotic (so-called primary contracted kidney) may
be very pale or quite dark red in color, but this depends in great part first
on the exposure of the blood-capillaries in the translucent tissue, and then
upon the degree of congestion of these vessels. The same difference in
color may be seen in other contracted kidneys.
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Small cysts filled with elear or dark-brown fluid are often seen projecting
from the cortex (Fig. 135), but these seem not to depend entirely upon the
scarring of the kidney, for they are quite frequently found in kidneys which

have undergone no such change.

The microscopic alterations in the diffuse arteriosclerotic kidney are
about as follows (Fig. 136): The arcuate vessels, the vasa recta, and the
afferent vessels of the glomeruli show throughout or in patches such a
thickening of the intima as greatly to encroach upon the lumen, but this
cannot affeet all the branches uniformly, for there are the projecting gran-
ules in which one finds the glomeruli enlarged and actively funetional, and
the tubules not only well preserved, but greatly hypertrophied, being both
wider and, as shown by recon-
struction, actually longer than
the normal, and lined with cells of
normal appearance. In every re-
speet these seem to be magnified
normal glomeruli and tubules
which have undergone a work
hypertrophy to compensate
many which have been lost. It
is true that, with the progress of
the malnutrition, these epithelial

for

cells often show degenerative
changes and become  granular
and disintegrated, or enormously
swollen from the presence of
large and small hyaline droplets

In most instances, as in almost

all destructive renal  changes
fat accumulates in drops in the

epithelial cells, and, as in the in-
flammatory forms, these fats may
\rterioselerotic contracted kid-  De both glycerin and cholestering
ney with cortieal eysts esters, .\|m\\'il|;; well all the chem
ical and staining peculiarities of
those two types, as well as their different effeet upon polarized light,  1i
is the presence of the fats, hyaline droplets, ete., which confers the opacit
upon the degenerating projecting granules of the kidney surface.  In the
kidneys, in which the process is less active, these granules have praetical

the color of the normal organ.

The more severe changes in the tubules produce a variety of appearan
Many of those which have already become enlarged through the compens
tory hypertrophy become greatly dilated, probably through obstruetion
These are found to be filled with a homogeneo

some point lower down.
pink-staining fluid, which is retracted from the wall during fixation,

Fi
bloog.,
and gj|
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Fig. 136.—Cortex from arteriosclerotic contracted kidney (Fig. 133).  Narrowed
blood-vessels and obliterated glomeruli and tubules are conspicuous.  Hypertrophied
and dilated tubules are present in groups
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lined with extremely low, flat epitheliom (Fig. 137).  The other tubules in
the more frankly searred areas show no epithelium like that which normally
lines the convoluted tubules.  The eells which remain are cubieal, slightly
granular, or with clear protoplasm, and often desquamated or distorted
and shrunken.  There is scarcely a lumen left, and the epithelial cord is
generally inelosed in a membrana propria, which has become greatly thick-

Fig. 137.—Projecting nodule of active cortical tissue in arteriosclerotie Kidney
Dilated tubules; b, degenerated tubular epithelium

ened by the apposition of a vague, irregular, wrinkled hyaline substa
which stains blue with Mallory's connective-tissue stain (Fig. 139).
The glomeruli may be quite intact and enlarged, or they show some st
in the complex process leading to their complete obliteration. It s
that in this type of renal disease the obliteration of the glomeruli is hron

about by quite different changes from those seen in acute and ch
glomerulonephritis, and it is generally possible, even at a late stag
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recognize which sort we are dealing with.  But it would be hazardous to
state that the changes about to be deseribed are peculiar to the effects of
arteriosclerosis. They probably depend on a great variety of injuries to
blood-vessels and tubules, and doubtless play o part in the end results of
tubular and of acute and chronie interstitial nephritis as well.  Certainly
they are common in all those very abundant cases in which atrophic and
searred areas oceur in the Kidney, without marked vaseular change and in

which we are left with no definite elue as to the real nature of the injury

Fig. 138.—~Glomerulus from arterioselerotie kidney.  The capillary tuft is converted
into o compact mass, smoothly covered with epithelinm

In all cases the eapillary loops beeome, sooner or later, impermeable to
blood.  This may happen through narrowing of the afferent vessel, or
through collapse of the capillaries themselves, possibly the result of ob-
struetion of the tubules and a short-lived distension of the capsule with
urine, or through changes in the glomerular capsule.  Here the imper-
meability is not the result of thrombotie ocelusion of the eapillaries, as in
the glomerulonephritis.  Nevertheless, unless they collapse completely,
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these capillaries are left filled with a formless material which may be de-

rived partly from the remaining blood-corpuscles or from proliferation of
the endothelium.  In the end it stains yellow with van Gieson’s stain and
has no recognizable cellular character.  Evidently the epithelial eells
between the loops fuse and disappear, and finally the rather solid tuft is
smoothly covered with epithelium in a continuous layer (Fig. 138). At
any rate, the collapsed glomerulus remains visible a long time and is recog-

Fig. 139, —Late changes in the glomerulus in an arterioselerotie kidney,  Collapse ¢
tuft with great thickening of Bowman’s eapsule,  Atrophy of adjacent tubules

nizable as such, It may finally adhere to the capsule, but such adhesior
are not characteristic, as in glomerulonephritis.

Changes in the capsule are practically constant, and by many thought
be the eause of the collapse of the glomerulus either through constriet
of the vessels at the hilum or through direet compression of the wl
glomerulus,  They consist in hyaline swelling of the membrana proj
with masses of hyaline bulging into the capsular lumen, or in new connect
tissue formation around the outside, or in a combination of the !
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These things lead to an extraordinary thickening of the eapsule surrounding
the coilapsed glomerulus, so that this comes finally to look like a small,
wrinkled strueture in the centre of a great hyaline and fibrillar mass. By
this time the capsular epithelium has disappeared, and the space of the
capsule being lost, the hyaline and fibrous material incloses the glomerulus
tightly'(Fig. 139).  In later stages the whole becomes fused and reduced to a
homogeneous, hyaline, sear-like nodule.  In other eases hyaline material
appears in the outer wall of the capsule, in the walls of the efferent vessels,

Fig. 140.—Hyaline changes in a glomerulus.

ind even in the walls of the capillaries of the tuft outside the endothelium,
and it is easy to see that its inerease may lead to the collapse of these
capillaries and the final obliteration of the glomerulus (Fig. 140).

The connective tissue outside the glomeruli, as well as that between the
tubules, becomes, in the course of time, remarkably inereased in amount
nd very tough and firm.

In its meshes the blood-vessels, obliterated
glomeruli, and traces of tubules become very closely ranged, because of the

e disappearance of so many structures which were there before.  This is in
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a sense o condensation of the kidney substance, and if the conneetive

tissue were stretehed out to the original size of the kidney, it would seem
Infiltration with wandering cells of the mononuclear tyy

less abundant.
FAS SCAVONZers 1N oan organ w ’H‘ll

Doubtless they appe

i
‘ is almost the rule.
37

tissue downfall is so constant (Figs. 136, 1

(¢) Combined Inflammatory and Arteriosclerotic Disease

P Although the effeets of toxie and bacterial injury to the kidneys with the
"[ striking alterations of glomeruli have been deseribed separately from the
' effects of arterioselerotic changes in the blood-vessels of the kidney, leading
finally to the destruction of glomeruli and tubules, still by far the com-
monest condition is that in which these types are combined in the same kid
It is unnecessary to enter into detail with regard to the struetural

ney.
changes in such altered kidneys, and it will perhaps suffice to say that in

any series of cases in which renal changes appear, as those of a ehroni

diffuse nephritis, it is extremely common to find marked intimal thicken
blood-vessels, as well as evidence of thrombosis and inflamma

ings in the
tory changes in the glomeruli and destructive alterations in the tubules

;‘ It is, of course, conceivable that the inflammatory reactions to toxie o
other injuries may supervene in kidneys already somewhat injured by the
On the other hand, it is just as easy to

narrowing of their blood supply.
understand that the kidneys of persons who have survived for a long tin

repeated toxice inflammatory processes may, in the natural course of events

show some defeets from arterioselerotic changes of the blood-vessels whiel
It must, therefore, be under

are so common in persons of mature age
stood that, while it cannot be stated direetly that toxie lesions in the Kidn

bring about arteriosclerotic changes, or viee versa, the combination of the

1
effects of these things must be recognized in a very great number of cases

AMYLOID DEPOSIT

arded as consti-

Amyloid deposit in the kidney has been very generally re
tuting a special type of nephritis, but it seems that this material may appear

just as it does elsewhere, in an organ which is otherwise, for a time at least

practically normal, so far as one can see, while in other instances its 1)

pearance is associated with anv or all of the changes deseribed in progres
sive nephritis. It is elear, thei., that in the most extreme degrees of sear Fig
ring (Fig. 141), distortion, and contraction of the Kidney, we may fine
! amyloid, as well as in those acute and subacute stages in which the seer
tory elements of the kidney are still present, though often much injured Pos
Most commonly amyloid is found in kidneys which are greatly swoll Cpif
and pale, with mottlings of opaque yellowish-white, and sometimes hawen lin
orrhages.  The capsule is not adherent in this stage, and the surface of tl T
The tissue is often gray a1 o s
blog,

kidney is quite smooth or slightly granular.
translucent, except in the yellow, opaque areas, where fat-globules and de

cells are accumulated and the glomeruli are visible and prominent
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translucent points.  On the application of iodine they flash out into a
bright brown color, showing very distinetly their arrangement along the
straight vessels of the cortex,  Often, too, there are brown lines in cortex
and pyramid which indicate the presence of amyloid in tubule or vessel-
walls.  Microscopically, the minuter blood-vessels are surrounded by the
pink-staining amyloid which lies direetly under the endothelivm.  In the

glomeruli (Fig. 142) one finds it especially abundant, occupying the same

Fig. 141.—Extreme searring of the kidney, with amyloid. The glomeruli approach each
other, since the tubules have been destroyed

position, and thus separating, in the capillaries, the endothelium from the
epithelial covering.  Sometimes it thus forms a tube lined with endothe-

lium, through which blood may still pass, but if it becomes more abundant,
the lumen of such a tube is narrowed, and although one or two endot helial
cells may still persist there, it becomes obstructed, as far as the passage of
blood goes.  In late stages the glomeruli become almost solid masses of
amyloid. Thickening of the ecapsule may oceur, but there are not usually
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The membrana propria of the tubules

adhesions with the glomerular tuft.
may, in the same way, become the point of deposit of the amyloid, espe-

cially in the pyramids.

The epithelial cells of the tubules show the most advanced degenerative
changes, being loaded with fat-globules or beeoming desquamated.  Hyu-
line droplets with great swelling of the cell are common, too (Fig. 143
It is characteristic of such amyloid Kidneys that in patehes the tubules be-
come greatly dilated and lined by very flat, low epithelium.  In othe

Fig. 112 —Amyloid in glomerulug.  The amyloid lies between the endothelium and the

eapsular epithelium in each capillary

arcas, with the obstruction of the glomeruli, the tubules atrophy and
collapse, and the region is involved in scar tissue.  The blood-vessels may
or may not be sclerotic. The further changes in more advanced cases
differ in no essential from those seen in other contracted kidneys, and it i
difficult to say whether the presence of the amyloid caused the degeneration
of the cells.  Possibly the destruction of the cells and the presence o
amyloid were the parallel results of the same long-standing intoxication
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for, as has been stated before, the source of the amyloid is connected with
the existence of some protracted intoxication or infeetion.

It is, perhaps, beeause of the usual existence of some such disease as
syphilis, tubereulosis, or malignant growth, with their secondary anwemia,
that the heart and blood-vessels fail to hypertrophy.  Indeed, during the
life of these patients blood-pressure seldom runs high, though exactly why
arterial hypertension should fail to appear in amyloid disease is not elear.

Fig. 3. —Subacute and chronie nephritis with amyloid. Tubules show epithelial
degeneration and dilatation

Probably the amyloid has little to do with this, for in the later stages, when
renal tissue is largely destroyed, a rise in blood-pressure may oceur. It
has been suggested that the amyloid involvement of the adrenals may
prevent the rise of pressure,

The urine is abundant, with low specific gravity, and pale, but rich in
albumen; hyaline casts and epithelial and other cells appear there, It has
never been shown, though, that the specifically staining amyloid plays any
part in forming these casts.

20
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In general, then, while some of the symptoms of nephritis are changed
by the amyloid in the kidney, we may regard its presence there as inci-
dental, rather than as the cause of the nephritis or as constituting a new

form of the discase.

Fig. 144.—CGreat hypertrophy of the heart affecting especially the left ventricle, in chroni
nephritis without valvular lesion

TARY

If, now, we consider together all the anatomical changes found to oceur in
the kidneys, we find that they are the effeets of various injuries, with re

sponses arising according to clearly defined principles, and ending, if time
be allowed, in the production of altered organs in which one may recogni

great destruetive effeets side by side with strenuous attempts at healing
The injuries are of many different

and at compensatory hypertrophy.
the

kinds: they affect one or other part of the kidney predominantly;
frequently oceur in combination, and they often act repeatedly and p
sistently over a long time. No sooner, then, is one injury complete, 1
dead tissue removed, and the place healed, with perhaps some compen
tory growth of functional tissue elsewhere, than a new injury ensues, «
in another place, or even in the compensatory new tissue, the whole proc

Nor is this all—the destruction or distortion of one elem: it

il

begins again.
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entails the downfall of another—the tubule is dependent on the glomerulus,
and the glomerulus on the tubule, both on the blood supply, so that an
injury anywhere has far-reaching results in this complex organ.

It is difficult to unravel, then, the anatomical effeets of such injuries act-
ing singly, but far more so when they are combined. A still greater dif-
ficulty arises, however, when we attempt to estimate the importance of
these anatomical changes, since we know that the function of the kidney is
affected so profoundly by alterations of the cell which do not show them-
selves at all to our eyes, even with the best of microscopes, aided only by
our present technieal methods.

We recognize certain types of change in each element of the kidneys,
The tubular epithelium may be swollen and granular in various infections
and intoxications: the cells in all severer injuries usually become elogged
with droplets of fat, glyeerin, and cholesterine esters, or with peenliar

hyaline droplets, or they finally pass through even more profound cha
and lose their structure, becoming neerotie.  These things in one form o
another are common to all sorts of nephritis.  In the lumen of the tubules
we find fluid holding albumen, and therefore coagulable, granular débris,
epithelial cells, leucoeytes, red blood-corpuseles, and finally curious moulds
or casts which are hyaline, compressed produets of the fusion of all these
things, characterized often by the adhesion of better preserved leucoeytes
or epithelial cells or granules,  Slipping down the tubule, they appear in
the urine.  The glomeruli may have their capillaries obstrueted, when
bacteria or poisons injure them, by thrombi formed from the blood, or hy
masses of leucoeytes or proliferated cells.  Rigid loops adhere to the eapsule,
the capsular epithelium proliferates to cover these adhesions, or to encap-
sulate exudate which appears in its lumen.  Or, on the other hand, the
blood may be shut off from these capillaries from a point in the afferent
vessel at some distance, or by the obstruetion of the tubule and the con-
sequent ae

‘umulation of secretion in the capsule, or even by the thickening
of the capsule with hyaline changes.  The end result in every case is the
impermeability and final obliteration of this complex mechanism.

The blood-vessels may be selerotic and thickened, so that their stream-
bed is narrowed, or, as we have just said, they may be occluded or com-
pressed, but all these changes lead alike to an obstruction of the blood-
flow. The framework of the kidney responds to the loss of the structures
which it supports by an attempt to replace and heal the loss, or it itself
is injured and heals, often with excess of tissue. It probably plays little
part in embarrassing and trammeling the tissue of more important fune-
tion, although this idea has so long been held to be true.

Injuries may occur, and renal tissue be destroyed and removed and re-
placed by a scar, and yet the remaining tissue will grow to compensate for
this loss until the kidney resumes perfectly the normal function. If too
much tissue is destroyed, signs of renal insufficiency will arise, but a rela-
tively small amount of normal renal tissue will suffice to carry on the nor-
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mal function.  Diseased renal tissue, however, is at once inefficient in some
respects, and symptoms arise to show it.  So it is that we may have normal
function in a kidney in which there are many obsolete scars of an old injury,
because the remaining tissue is normal and equal to its task, while in other
cases, what seems a relatively slight change, may cause great disturbances

in funetion.

FUNCTIONAL ALTERATIONS - RENAL INSUFFICIENCY
From the changes observed anatomically in human Kidneys, it is elear that
the injury may affeet the blood-vessels, including the capillaries of the
glomeruli, the epithelial cells of the glomeruli and tubules, or even the

connective-tissue framework, and it has already been seen that the fune-

i
‘L‘ tional disturbances vary with these different lesions.  But what we find
I\ in the injured kidney is usually a combination of these changes, beeause
1 one entails another in course of time, and it is only rarely that we are abl
f,j to study the very beginning of the discase.  Besides, what we see is, [or
H ! the greater part, not the direet effeet of the injury, but evidence of a reae-
11 tion or response on the part of the tissue. It is true that we can see de-
| ‘ | .' structive changes in the epithelium after neerobiotic or fermentative proe- !
| ‘1 5“ esses have combined with the accumulation of the materials of metabolism .
| ,l to make them evident, but it is important to bear in mind that extren I
g Ir funetional disturbances may result from injuries which produce in the eells ¢
[ no changes that we can see.  The funetional activities of the cells go on in a I
y mysterious, invisible way that we may appreciate only by the results, and b
§ A | | to certain cells there seem to be assigned special duties, even in the cours
| of a single renal tubule.  Thus Aschoff states that urie acid is seereted in al
the first and second division of the convoluted tubule, while sugar passes i
out through its fourth division or is stored in those cells in the form of th
glycogen.  Carmine is seereted in solution, but may be stored in the epi the
thelial cells in granules.  Similarly water and salt are specifically secreted i
by certain cells, which may cease their funetion long before any morpho- the
logical change is visible in them or resume it without having ever shown lnte
such a change. oon
Of course, when cells are obviously injured or killed and disintegrated, tha
their function falls away with them, and glomeruli whose capillaries ar thay
plugged with clots no longer filter out water, but these are very gross extry
changes which we may not find at all in a kidney whose disability is, never- capil
theless, extreme. And yet we continue to insist on finding them and tho v
attempting to correlate them with the functional changes in order to estul- may
lish a classification of renal disease. We must know far more about the reng]
exact site of functions, and we must be able to disentangle extrarcial umoy
influences from the actual renal changes before we succeed in this. Tor tion o
at most such scars represent areas where kidney substance has been com- aceom
pletely lost, and they give an indication, therefore, of a possible quantita- Cliops
tive insufficiency of that part which remains. But if, as so often happ s, rapil
IH.‘('\ e
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the remaining tissue is functioning, but in a perverted way, symptoms
arise.

Of these symptoms, perhaps the most common is the exeretion of al-
bumen in the urine, sometimes merely a recognizable trace, sometimes such
a large quantity that a thick coagulum is formed when the acidulated urine
is boiled.  This evidently depends upon some injury to the endothelium
of the glomerular capillaries, or the renal epithelium, and the wonder is
not so much that the albumen should appear, but that it should be so
completely retained by the normal kidney. It is most abundantly exereted
in the acute stages, and in chronie forms of nephritis in which the injury
to the structures of the kidney is actively progressing or passing through
an exacerbation,  In the more completed conditions, such as are found in
the old contracted kidneys, where, although there are great distortion and
loss of substanee, the active injury has ceased, there is little or no albumin-
uria, although evidences of renal deficiency may persist, and at any moment
with & new poisoning the albumen may reappear in the urine,

Red blood-corpuseles and leucoeytes, as well as epithelial eells, come
down the tubules when there is acute inflammation, and hyaline casts
or moulds of the tubules are an almost constant accompaniment of all the
more active processes,  Exactly what goes to form the easts is not certain,
but it seems that they must arise from the fusion of many things, including
the débris of cells, hyaline droplets which are found in the epithelium, al-
buminous materials, and sometimes fibrin,  Adhering eells which are
better preserved are L

Variations in the amount of water exereted are extreme, and do not

wily recogniz

always accord perfeetly with what we should expeet from the anatomical
state of the kidney.  Sehlayer has attempted to establish the idea that
this depends upon v

fiations in the sensitiveness of the capillary walls

that with inereasing severity of the injury there may be at first an inerease
in the sensitiveness, and consequent seeretory aetivity or permeability of
the capillaries, which results in the exeretion of an excess of water, while
later the more

injured wall becomes less sensitive, and oliguria or finally
complete cessation of urine flow (anuria) results.  Aschoff objects to this
that extrarenal conditions of blood-pressure and blood supply are more
than sufficient to account for these variations: but it may be that these
extrarenal conditions themselves affect the sensitiveness of the renal
capillaries. A disturbance of water and salt exeretion, or a deficiency in
the whole renal activity, as shown by injeetions of phenolsulphonepht halein,
may he greatly aceentuated by chronie passive congestion.  When the
renal substance is greatly reduced, as in the old contracted kidneys, a great
amount of water is exereted, with relatively little solids, while actual ce

tion of urine or the exeretion of only a little, with high specific gravity,
accompanies the acute destruetive stages.  The reasons for these differ-
mees are not known, but it is suggested that the high blood-pressure and
rapid stream through the Kidneys so characteristic of the contracted stage
may secount for the polyuria, while the specific inability of the glomeruli
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to exerete water, or more probably its specific inability to excrete sodium
chloride and other inorganie substances, may explain the oliguria or anuria
of the acuter stages.

Sodium chloride passes into the urine through the quite specific activity
of some of the epithelial eells, and when these fail, it is retained in the
tissues,  Since the tissue fluids must remain isotonic for the cells, water is
reserved to dilute this concentrated salt solution, and the consequence is
adema, hydrothorax, and ascites.  Little doubt ean exist as to the nature
of this nephritic aedema, for it such waterlogged patients are deprived of

salt in their food and given water in restricted amounts, the aedema quickly

disappears, to reappear at onee if a considerable ration of salt be allowed.
Thus in the case of a man who entered the hospital with enormous swelling

accumulation of fluid in pleura and peritoneum,
In two

of arms Jl”'l ]l",',\ "|||’I
a salt-free diet restored the normal appearance very quickly.

weeks this man lost 35 pounds in weight, and this experience is practically
of daily oceurrence.

But with this it must not be forgotten that there are often mechanical
reasons also for the lessened exeretion of water.  Thrombosis of the glom-
erular capillaries, or their plugging with leucocytes and endothelial cells
as well as their compression by exudate in the capsule, or by proliferation of
the capsular epithelium, makes them impermeable for the blood and
direetly interferes with their funetion.  Similarly it is coneeivable that the
tubules may be obstrueted by desquamated eells and casts, but although

these things have their part, they are probably not so important as the
disturbances of the specific funetion of the seereting eells themselves.,

Nitrogenous substances, such as urea, are often retained in the blood in
the same way, and although urea itself scems to be a relatively harmless
material, it has always been thought that the retention of some such sub
stances, as yet unrecognized, is responsible for eertain general conditions
which are frequently associated with nephritis,  Of these, the most im
portant are urwemia and vascular hypertension.

Uramia is an intoxication of unknown cause which may arise in conne
tion with any sort of nephritis, but is commonest in those in which very
extensive destruetion is quickly produced, and in those contracted Kidneys
in which an extreme diminution of the kidney substance is finally reached
It may result in all sorts of nervous and mental disturbances, delirium of
the most violent sort, delusions, ete., ending in coma or convulsions.  The
name, indicating a retention of urea, does not give a true explanation of its
cause, and we are still in the dark concerning it.

LN 'i

Arterial hypertension, in which the systolic blood-pressure may r
acteristic accompaniment of some

250 mm. of mercury or more, is a char
forms of nephritis. It is found beginning in the acute or subacute stuzes,
but reaches its maximum in the more advanced conditions of longer stind-

ociated with the so-called pri-
y be

ing. Jores thinks that it is particularly
mary contracted kidney, with arteriosclero

s, but this does not seem
strictly true, for we have found the highest pressures in cases in which
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had evidently been inflammatory disease of the glomeruli, and in combina-
tions of the inflammatory and arteriosclerotic processes.

The cause of
this high blood-pressure is again a mystery, It has been thought to be due
to the narrowing and obliteration of the blood-channels in the kidney, but
it is clear that ligation of the renal arteries does not elevate the general
blood-pressure.  Nevertheless, compression of the kidneys seems to have
some effect in this direetion, and the gradual reduction of the kidneys by
their piecemeal removal does produce a permanent rise in blood-pressure
after a certain proportion of the kidney substance has been destroyed.
These experiments leave us still with the problem, however, as to whether
obstruetion of the eirculation or inefficiency of the kidney is the important
factor. Schur and Wiesel have thought that chronie nephritis is accom-
panied by hypertrophy and excessive activity of the adrenals, and that
constriction of the arterioles by the epinephrine thus produced should
account for the high tension, but evidence for this is very weak. No one
has found a sufficient quantity of epinephrine in the blood to support this
idea.  Still, the general opinion is that some sort of vasoconstrictor material
must be retained in the blood to keep up such a high pressure.  The heart,
especially its left ventricle, becomes greatly hypertrophied, and in time
even the walls of the vessels thicken their muscular coats.  Arteriosclerotie
changes in the vessels are common, and may play some part in producing
the high pressure if it can be shown that it eauses the narrowing of arterioles
in general.  This, however, is so variable that it does not afford a satis-
factory explanation. Albuminurie retinitis, which is a change often
accompanicd by arterioselerotic modifications of the retinal vessels, and
marked by the presence of hwmorrhages and shining deposits of choles-
terine in the retina, is very frequent in the course of nephritis.  Actual
blindness may be caused in this way.  Acute pericarditis and acute diph-
theritic enteritis are also frequent terminal affections.
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CHAPTER XVI

INJURY WITH INFLAMMATORY REACTION AND ATTEMPTED
REPAIR (Continued).—INJURY AND REPAIR OF THE LIVER

Cirrhosis of the liver.  Structure of the liver in relation to disease.  Diveel injury to liver-
cells,  Acute yellow atrophy, cclampsia, and infections.  Repair and compensatory hyper-
plasia.  Cirrhosis: ils various types.  The allerations in architecture involved.  Obstruc-

tion of portal circulation.  Collateral cireulation.  Biliary and hypertrophic cirrhosis.

INJURY AND REPAIR OF THE LIVER
As in other organs, injury is possible in the liver in all sorts of ways, but
we shall diseuss here more especially those changes which are caused by the
introduction of the destructive agent hy way of the blood-stream or bile-
duets.  Poisons or infections may enter in these ways, and produce all
degrees of injury to the liver tissue with many types of reaction.  On the
other hand, the lack of some nutritive substance in the blood, or even the
mere extreme sluggishness of its course, may be sufficient to disable or
even to kill some of the liver-cells.  As in other organs, the elements which
make up the liver tissue are not all equally resistant, and it is constantly
evident that the highly specialized liver-cells are injured or killed by poison
which leaves the less delicate gall-duct epithelium perfectly intact and
capable of growth. The connective-tissue framework and blood-vessels
are even more hardy, and show little effeet from injuries that ravage the

liver-cells,

Since in many of the cases which we are about to consider, the noxa
reaches the tissue by way of the blood, it is clear that if there are any
peeuliarities in the way the blood-stream is distributed there may be cor
responding variations in the concentration with which the poison reaches
the liver-cells.

Structure of Liver.—The surface of the living organ is uniformly red, but on the death
of the animal, and especially if the blood be allowed to escape from the large veins
distinet fine lobulation becomes visible beeause the blood is pushed on in every arterio
venous communieation to the venous end.  On this account the portion about the effc

ent vein normally looks red, while the rest is paler, showing the hrownish color of tl
liver-cells.  If all the blood be washed out, the liver is uniformly light brown

These lobules are not sharply marked off from one another, but ¢
a way that, from the arrangement of the eells alone, it is not easy to say where ¢
hegins and another ends.  Naturally, the lobule should be, as suggested by Sabourin

astomose in s

the unit mass of tissue which pours its seeretion into a terminal hranch of the bile~l
but even there it is difficult to determine how much of the bile<duet shall be adop
as helonging to one lobule, and the lobule tends to be a hranched mass, forming a ma
around the end ramifieations of the duet. Tt has exaetly the same relation to the porial
vein and hepatie artery.  This relation is made very distinet in chronic passive cor
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tion when the parts of the liver tissue most distant from the portal vein, that is, nearest
to the efferent vein, are destroyed (¢f. Fig. 147).
which receive eapillaries fron
way in which these eapillari
in a single section, as the
lobule, set up around the cen

Unfortunately, the efferent veins
Jaeent lobules become so conspicuous from the r

or
mtre of

weh mass which they drain. A purely ¢ inl

(efferent) vein, has become the time-honored lobule of
the liver, and the more so beeause in the pig that mass is sharply outlined by fibrous
tissue.  Doubtless we should break away from this conception and speak always in
terms of the true lobule, but it would eause great confusion and add little of great value.

Wherever greater elearness ean he reached by considering the liver on the basis of
Sabourin’s lobule it will be done,

Fig. 145.—Diagram of the liver lobule (Mall).
The great supply of blood is brought in by the portal vein, but from the capillaries ol
the hepatie artery which unite with those of the portal where they enter among the

cells, blood under higher pressure gives impetus to the venous stream, driving it forward
toward the efferent vein

The portal vein may be ligated and its blood diverted into the
vena eava without eausing the death of the liver tissue, and so, too, the hey
may be obstructed without of

't, but if the smaller branches of the portal vein are
occluded where the hepatie arterioles join them, the blood supply is eut off from the liver-
cclls and they die, Capillaries onee formed, after the union of portal and hepatie ter-
minals, run in part directly to the efferent veins, but some take a more roundabout course,
%0 a5 to supply liver-cells not lying in that direct line (Fig. 145).

The disadvantageous
efieet of this longer course becomes apparent in chronie passive congestion.
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Ihe bilesduets branch minutely so as to conneet with the end of each complex cord of
liver-cells, the bile capillary, bounded on all sides by liver-cells, forming the continuation
une origin as the liver-cells

of their lumen.  The bile<duet epithelium, although of the
and presumably endowed with the same potentialities of specialization, has not hecome
so differentiated and remains as less highly organized, but more hardy eells, with the

simpler funetion of lining the duets

Direct Injury to the Liver-cells.— With such a distribution of the eircu-
lation it is not surprising that injuries to the eells are often zonal in their

Fig. 146.—Neerosis of liver-cells about the efferent vein in each lobule: ease of strepto
coceus peritonitis

arrangement. It is true that in many infections practically all the eells
may appear turbid and cloudy, and in extreme accumulations of fat in the
liver all the cells may contain globules, but usually such alterations are not
so uniform. The fat may be lodged especially in the cells nearer the portal
vein, or, on the contrary, especially in those about the efferent vein.  When

there is actual injury sufficient to kill the cell, it may affect the cells of the
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zone nearest the portal vein, as in eclampsia gravidarum, or the zone
farthest from the portal vein, and therefore encircling the efferent vein, as in
chronic pussive congestion, chloroform poisoning, many acute infections,
especially those in which generalized peritonitis (Fig. 146) or other exten-
sive and intense inflammations oceur, and in all that ill-defined group of
cases known as acute yvellow atrophy of the liver.  Sometimes, as Opie
points out, in intense infections, and especially where a toxice injury is
combined with bacterial infection, a zone midway between portal and

g
b

Fig. 147.—Chronic passive congestion, destruetion of liver-cells extending from one
efferent vein to another and isolating the periportal tissuc

efferent vein may be picked out for neerosis.  One cannot doubt the deter-
mining influence of the blood-stream in producing these differences of dis-
tribution, although it is not always easy to understand it.  Opie has shown
that colored materials injeeted into the hepatie artery or portal vein during
the normal circulation tend to lodge in the middle zone, and one might
imagine that a peculiarly acrid poison could destroy the first cells it im-
pinged upon, as happens in eclampsia, but how is one to explain the exten-
sive and often sharply limited neerosis of the cells farthest from the entrance
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of the blood, which is so frequently seen in the conditions mentioned ahove?
In the ease of chronic passive congestion it is probable that those eells
which receive the blood last are poorly nourished by the stagnating stream,
which becomes less able to supply oxygen as it reaches the neighborhood
of the offerent vein. It is interesting that, in this ease, as in many infeetious
and toxie injuries, the cells along those capillaries which take a long course
to empty into the efferent vein suffer throughout a region everywhere
equidistant from the portal vein and artery, but not everywhere equi-
distant from the efferent vein.  Therefore in these eases “the necrotie
tissue does not merely encircle the efferent veins, bhut extends from one to

Fig. 148.—Foeal neerosis with invasion and fragmentation of wandering cells: typhoid

fever

another.  If we accept Sahourin’s lobule, the whole periphery of the lobule
is neerotie; if we regard the efferent vein as the centre of the lobule, the
necrotie area occupies the centre of each lobule, and stretehes across to
join that about the centre of each adjacent lobule (¢f. Fig. 147).

But although injury and destruction of liver-cells may often be distributed
in a zone of each lobule, it is very frequently focal.  In numbers of infectiou
diseases, such as typhoid fever, diphtheria, malaria, smallpox, and in pois
oning with diphtheria toxin, riein, abrin, and similar things, one discover
small groups of cells situated anywhere in the lobule which have be
killed and coagulated (Fig. 148).  Why those eells should have been picke
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out for destruction it is not casy to say. Some authors, including Mallory,
believe that emboli of cells or agglutinated red corpuscles, often supple-
mented by fibrin thrombi, so occlude the eapillaries about a tiny group of
cells as to deprive them of their blood supply and thus produce an anemic
necrosis.  In spite of the difficulty of finding another satisfactory explana-
tion, there is much that seems hardly plausible about this. It is true that
such cell emboli are often found, but it is hard to believe that they could
s0 completely surround a group of cells in the liver as to render it anemic,
Even then it would seem that such a small mass of tissue might absorh
enough nutriment by diffusion to keep it alive.  On the other hand, if a
mass of liver-cells did die, one might expect its capillaries to become throm-
I)li,\l'(l.

It would seem that injeetion of granular material into the mesenteric vein ought to
decide this question at once.  In my hands such injeetion (corn=starch) does rarely pro-
duce foeal changes which will probably lead to necrosis of the liver-cells, but these are
in the beginning arcas of tearing of the tissue by hemorrhage evidently as the result of
plugging of the capillaries.  In those areas stretehed and dismembered cords of liver-
cells are found; the remainder are pressed back and flattened, but none are neerotic
This is very different from the familiar appearanece of most foeal neeroses, in which the
tissue is not in the least disarranged, but each eell has died where it stood.  In all the
wries, without
producing the least change in the liver-cells. (See further diseussion under Typhoid Fever

rest of the experiments the grains lodged singly or in groups in the e

If chloroform be administered to an animal for an hour or two and its
liver examined after a time, marked changes are to be found in the liver-
cells nearest the efferent vein.  In case the chloroform has acted mildly,
these are chiefly evident in the great accumulation of fat, but in other
animals where it has

ted longer or more intensely, these cells are quite

dead, their nuelei failing to stain, while the cell-body is coagulated and
deeply stained with eosin.  This may be ascertained by excision of a small
piece of the liver tissue shortly after the poisoning, the animal being left alive,
After three weeks the liver is found restored to practically its normal
condition, so rapid is the removal of the dead eells and the regeneration

of new ones from those which remain. By combining bacterial infeetion
with chloroform poisoning Opie has produced much more profound
injuries which are not so readily repaired. 1In the zonal necroses which
accompany intense septic infeetions a similar anatomical condition is
produced. All the liver-cells most distant from the portal vein, that is,
encircling the efferent vein and stretching to the region of the next, are
necrotic.  Nevertheless, in these areas of cell death the endothelial cells
and connective tissues remain alive. Nearer to the portal vein in each
lobule is a zone of cells distended with fat-globules, and still nearer the liver-
cells seem intact (Fig. 146).

Acute Yellow Atrophy.—This name is loosely given to those eases in which some un-
known agent suddenly produces a destruction of liver-cells so wide-spread that signs of
acute insufficiency of the hepatie functions appear. It occurs most commonly in young
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women or men, and often in pregnant women, hut may also affect ehildren.  Sudden
rapidly deepening jaundice, vomiting of

malaise, symptoms of indigestion, nausen,
blood, delirium, mental dulness, and coma lead to death.  The urine is deeply jaundiced,
but contains also amino-acids in erystal form, such as lewein and tyrosin. - At autopsy
the liver is found very much decreased in size, and very soft and mushy, of an opaque
ochre yellow color, often with areas of red.  In each lobule all the liver-eells, often with
the exeeption of those nearest the portal veins, ¢
as rarely happens, the person survives, regeneration takes place to some extent in a way

v reduced to a neerotie débris. 1

that shall he deseribed
It is in such extreme injuries, and perhaps only there, that the liver actually shows
ar too frequently overlooked by elinicians

itself insufficient.  This is a point which is
who search for tests of hepatie function to apply to eases in which there may be seattered
foeal neeroses, or in which regeneration has restored the normal funetional strength of
hosis of the liver there need

the organ.  As we shall see, in even the most extreme ei

be no funetional insufficiency.  leterus is present in the most intense form, donbtless

Fig. 149.—Hamorrhagic neerosis in the liver in puerperal eclampsia.

beeause the columns of liver-cells which form the walls of each bile eapillary are inter-
rupted, so that the bile which is still formed escapes into the blood.  Hmmorrhages into
the mucose and elsewhere are abundant, partly on account of the jaundiee, but part!
perhaps, beeanse the liver, which is so important in the formation of fibrinogen, h
ceased that funetion.  The amino-acids in the urine and tissues probably appear
large part beeause they are ordinarily brought to the liver in that form from the intes
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nal wall, and finding the deamidizing power of the liver in abeyance, they pass on it
the general cireulation,

lelampsia gravidarum is a condition app
and accompanied by the most violent convulsions and evidenee of the most extre
disturbances of metabolism, somewhat similar to those found in acute yellow atrop!
Nothing certain is known of its cause, although Schmorl at one time thought that «
eytial masses from the placenta swept into the liver produced the neeroses found there, d
while others aseribe them to the action of poisons derived from the fartus or from the i q

ring hefore, during, or after childbir
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placenta. At autopsy the liver is found sprinkled with hamorrhages, which may beeom
confluent into great patehes (Fig, 149

These haemorrhages correspond with areas of
necrosis

of the hiver-cells heginning essentially in the periportal region of each lobule
but often bheecoming confluent (Fig, 1500 In and about them, it is trae, one may
sometimes find syneytial masses in the capillaries, but it no longer seems probabl

that this explains the condition, sinee they oeeur as well in normal pregnaney

In the other infeetious and toxic processes mentioned, in which seattered
focal necroses oceur (typhoid fever, diphtheria, ete.), one finds anywhere

Fig. 150 —Eclampsia gravidarnm.  Peripheral foeal neerosis with hemorrhages

in the lobule cireumseribed areas in which the liver-cells are dead.  Here,
as in the zonal type, delicate hyaline thrombi are common in the capillaries,
entangling the many wandering eells which hurry there and which are active
in dissolving and removing the débris of dead cells.

Repair and Compensatory Hyperplasia in the Liver.—T'he liver possesses
very great powers of repairing losses of its substance.  Whipple has shown
that destruction of the liver-cells throughout two-fifths of each lobule in
the dog can be repaired in a few weeks by the removal of the dead cells,
and their accurate replacement without any distortion of the lobule,
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Thus the necroses so constant in typhoid fever are healed without an
appreciable sear. This power belongs not only to the highly specialized
liver-cells, but also to the epithelium of the hile=duets, which, if they become
disconnected from their liver-cell strands by the destruction of some of the
cells, quickly bridge the gap and reéstablish the connection.  All these
cells multiply by mitotie division, and are guided in the direction of their
growth by the persisting liver framework.  Thus, when all the liver-cells

Fig. 151.—Beginning repair of the liver by sprouting bile=ducts after destruetion of o
the liver-cells in a lobule,

about the efferent vein of the lobule have been destroyed, numerous kary -
kinetie figures can be found in the cells of the adjoining zone, where they
are 50 loaded with fat-globules, but are rather fewer in the better presery
cells immediately about the portal veins (Fig. 146).

Often recognizable as young cells by their pale, clear protoplasm
convex outline, these fresh liver-cells, together with some of the older o
push their way along the spaces formerly occupied by those which vore
killed, unless those spaces are collapsed and obstructed. If all the « s
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of the lobule are annihilated, the framework remains, and is often held
open by the rigidity of the tissue about it (Fig. 151). Then there is no
source for new liver-cells.  Broken ends of bile-duets which formerly con-
nected, one with each of these strands of liver-cells; remain uninjured in the
portal spaces and now grow out with bulbous ends into the framework of
the lobule toward the efferent vein, that is, in the Sabourin lobule they
sprout out from the central bile=duet,  In the lobule in which the efferent
vein forms the centre these hulbous hile-duets appear to grow centripetally

There has been mueh dispute as to whether they can actually produce new
liver-cells. T believe they ean to a limited extent, as shown in Fig. 152,
where the elub=shaped masses were unguestionably liver-cells and new

since they contained none of the pigment which was so abundant in all the

Fig. 152 ~Formation of liver-colls by biloe=lue

older liver-cells,  That they can thus become differentiated seems certain,
hut probably they do so but seldom, and then produce very few liver-cells,
Melehior thinks this process very important, but it seems that he assigns
to it cells otherwise produced.

Thus healing or readjustment of breaks in continuity may be easily
carried out by the liver-cells and the bile~duet epithelium, It must not
be supposed, however, that the framework of the liver is always left undis-
turbed, so that repair can proceed so easily and accurately, It may col-
lapse when the liver-cells are gone, and become consolidated into
like band.  Then bile-ducts may push their way into it and new live s
may be formed there, but their arrangement will not be that of the normal
lobule,

21
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Perhaps the simplest available example of repair in an extensively injured
liver is furnighed by a ease studied some years ago, that of a boy who had

gone through a severe illness, which may have been acute yellow atrophy
In the mean while, up to his

of the liver, six months before his death.
The liver was greatly

death from an infeetion, he had been fairly well.

reduced in size, but contained a tumor-like mass in the right lobe, composed
of dark-green lobules like

swollen  liver  lobules,
Throughout the general
liver substance  every
liver-cell had been  de-
stroyed; the framework
had remained intaet with
the bile=duets and blood-
vessels, and from every
bile-duet branching
sprouts  were  growing
into the old framework
although nowhere pro
ducing definite liver-cells
In the right lobe a por
tion of liver tissue had

evidently been  left i
tact, and this had |«
come the tumor-like
mass by the symmetrical
enlargement of each r
maining lobule. This
mass, which was finall
about the size of a sma
orange, must have heer
very much  smalle
first, and yet it sustained
life and prevented an
serious symptoms of |

153, —Conrse cirrhosis of the liver with large  Patic insufficiency. T

nodules of regenerating liver-cells, exactly corresponds with

Ponfick’s  experiment

Fig

results, in which he found that, after removal of a large part of the i
al growth of each lobule, new Iiy
No rearranve-

the remainder enlarged by a symmetr
cells being formed everywhere by division of the old ones.
ment of liver-cells, bile-ducts, nor blood-vessels was necessary in this «
and we have the effeets of a single great injury before us.  (Similar case< in
which many large nodules of liver tissue are found embedded in a scar
organ, are probably also due to a single injury (Fig. 153). )
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CIRRHOSIS OF THE LIVER
This is a term applied to an extensive diffuse searring of the liver which has
followed the destruction of much of the liver substance. 1t is regularly

accompanied by wide-spread regeneration of the funetional liver tissue,
usually sufficient to prevent the appearance of any signs of hepatic in-
sufficiency.

There are great difficultios in classifying all the different types of cir-
rhosis, because, exeept inabout three or four, we are ignorant of their eauses,
The rest we have to elassify, then, on the basis of the anatomical and fune-
tional disturbances, which is not very satisfactory.  We know that syphi-
litic and tubereulous infection can produce sears throughout the liver, with
profound distortion of the organ, and that obstruction of the bile-duet will
in the end set up a peeuliar type of searring about the bile-duet branches,
with deep jaundice—but with regard to all the other cases of cirrhosis in
which these things are readily excluded we are still rather at sea.  Of
course, in the lay mind the abuse of aleohol is held responsible for eirrhosis
of the liver in a quite unprejudiced way, but although it may well play
some part, its influence is undoubtedly greatly exaggerated.*  Long-
cope’s recent experiments, which show that lesions resembling those found
in cirrhosis may be produced by repeated anaphylactic shocks caused by
injections of egg-white or other protein, are most suggestive of an origin
through protein sensitization and intoxication.  But the most aceurate
approach to this anatomical condition has been made by those authors
(Opie and others) who have combined bacterial infeetion with various
poisons, such as chloroform, which destroy liver-cells.  Probably it is in
some such protracted and complex injuries that we shall find the actual
cause of the disease, but undoubtedly, as in any sear, the same common-
place result may have a great variety of original causes.  The anatomical
condition of the liver, and the oceurrence or absence of certain associated
disturbances, such as jaundice, obstruction of the portal blood flow and
ascites, enlargement of the spleen, ete., form the further basis for classi-
fication of the cases, and we find that the following types may be separated:

The Ordinary Nodular Cirrhosis (Laénnec’s Cirrhosis;  Atrophic or
Portal Cirrhosis; Hobnail Liver; Aleoholic Cirrhosis, ete.).—Liver rough and
nodular, tends to be smaller than normal, no jaundice, marked portal
obstruetion, with ascites and enlargement of the spleen.  Atiology obscure.

2. Obstructive Biliary Cirrhosis.—Liver enlarged, smooth, or granular,
Jaundice.  Clay-colored stools.  Scars following bile-canals.  Usually no
portal obstruction nor ascites, but spleen may be enlarged.  Etiology:
Obstruetion of bile-duets, usually accompanied by infection.

* It is misleading to try to determine this relation by estimating the percentage of the
cases of eirrhosis of the liver in which there has been abuse of aleohol. If, instead, we
study a great number of chronie aleoholies, we find (Simmonds) a relatively small per-
centuge of ¢ of eirrhosis of the liver.  On the other hand, great s mulation o} fat.
o the liver is common in aleoholies.  Experimental administration of aleohol to animals
produces no eirrhosis, even when enormous doses are given over a very long time
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3. Hanot’s Cirrhosis, or Primary Hypertrophie Biliary Cirrhosis.— Liver
large, smooth, diffusely and finely searred.  Jaundice, with no gross oh-
struetion of bile-duets; bilesstained stools; no portal obstruetion; splenic

enlargement.  Atiology obscure, possibly an infectious process.
L. Syphilitic Cirrhosis, Congenital or Aequired.—In the congenital form

the liver may be large, smooth, and diffusely scarred, or it may present

gummata which later become searred.  In the acquired form gummata

heal with large scars, producing deep grooves and lobulations in the liver

No jaundice; no marked portal obstruetion.
5. Tuberculous Cirrhosis Especially with tuberculosis of peritoneum,

producing thickening of Glisson’s capsule, with constrietion and distortion

dafey

57/E8,

Fig. 154.—Diffuse nodular cirrhosis of the liver

of the organ.  In another form with many tubercles in the liver the proces

is somewhat like the syphilitie.

There are unquestionably many other types, for any injury recovered
from and healed may leave its trace in the form of a cirrhotic process.

1. Diffuse Nodular Cirrhosis.—In the ordinary cirrhosis one finds
| liver hard and stiff—sometimes larger than normal, but generally shrun
LR and deformed and roughened all over by projecting nodules of a yellow

H | brown or chestnut-brown color (Fig. 154). The capsule is generally tl
ened and sometimes finely granular, but through it one can see that
shrunken tissue between the nodules is gray and translucent, often shov g
little veins in the depths of the depressed areas. It is hard to cut, anin
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extreme cases ereaks or eries under the knife I'he eut surface shows just
the same appearance—rounded or irregular nodules of liver tissue ol
variable size projecting as little plateaus from the gray
work.  Every Kind of variation in the
oceur (Fig, 155);

, translueent ground-
appearance of these nodules may
sometimes they are all quite small and uniform, mor
often some of them are larger

and these tend to he pigmented or bile
stained; ocensionally |||l') are all very larg even as large as marbh
and widely separated by a rather loose, vaseular conneetive ti |

Fig. 155, Irregular nodular eirrhosis with asceites.  Half of Liver

some eases the liver substance forms the great bulk of the organ, so that
sears can be traced through it with difficulty; in others the whole organ
seems to be composed of solid elastie fibrous tissue, with only seattered
pockets of greenish or brown granular liver substance embedded at inter-
vals through it.  The liver tissue itself may be made up of quite normal-
looking eells, or the cells may be loaded with fat or pigment, or be actually
on the way to necrosis and disintegration.
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All these variations are of subordinate importance though, and further
study shows that in principle these cases are all very similar. Large iso-
lated masses of liver appear when only widely separated groups of cells
have been spared and have been allowed ample time to regenerate as much
liver tissue as possible.  Small, closely packed nodules result when destruce-
tion has occurred in smaller foci, and some portion of nearly every lobule
has survived.  Even the most casual examination shows that these nodules
rangement of the lobules.  They |

have no longer anything like the normal ¢
are not, as a rule, isolated nodules, for reconstruction of serial sections
shows that they are almost all connected together into an irregular net-
work, but they have lost their regular relation to the original portal veins,
bile-duets, and hepatic veins. They no longer even approach uniformity
in size, nor can one find a central vein in each, Instead, they generally

Fig. 156.—Cut surface of the liver; nodular or Laennee's cirrhosis.

appear in section as smooth, finely granular, almost velvety, solid masses of
liver-cells and nothing more.

Microscopical study confirms all this (Figs. 157, 158). Everywhere it
the section there are found patches of liver-cells arranged in a most di
orderly fashion. All bear evidence of having been enlarged by the mul
tiplication of their cells, so that the arrangement with reference to port

and efferent veins is all that will tell us whether we have the enlargemer

of a whole lobule or of an isolated group of cells. In the latter
patch will bave no portal and no efferent 