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PREFACE

Tuis book treats of pathology from the morphologic point of
view. The aim constantly in mind has been to present the subject
biologically, first by ascertaining so far as possible the cellular
elements out of which the various lesions are built up, and then
by tracing the development of the lesions from the simplest to the
most complex.

The principle followed may be stated in another way. In
order to understand an end result such as sclerosis of an organ or
tissue (for instance, cirrhosis of the liver or chronic nephritis) it is
necessary to find and study all the various acute lesions which may
terminate in sclerosis. Frequently much the same end result may
be produced in several different ways. Once the complete de-
velopment of the various lesions has been traced, then the final
result becomes more intelligible, so that we are often able in a
given instance to surmise or even to state definitely how it arose.
In other words, we are in a position to read the process backward
with some degree of certainty.

The morphologic side of pathology is difficult for many students
to comprehend. To them it is a dead subject. They cannot read
the cell changes going on and visualize them into an active process.
Moreover, it requires patience often extending over many years to
collect the tissues most suitable for study and for teaching pur-
poses. Even then, with the pathologic problems made as simovle
as possible by having perfect tissues, perfect fixation, and the best
of stained sections, the lesions are not always easy to read and to
interpret. On the other hand, recourse to animal experimenta-
tion has often served to confuse a subject rather than to simplify
and clear it up.

In pathology the lesions themselves are the original sources of
information. It is necessary to keep going back to them in order,
by means of constantly improved technic, to reinterpret the changes
which are taking place. The literature of a pathologic subject
represents the history of the study, understanding, and inter-
pretation of the lesions. It is much less important than the study
of the lesions themselves. Hence, not the literature of a patho-
logic subject, but perfect tissue, fixed and stained by the best
methods, affords the greatest opplortunities for advance. It is in
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12 PREFACE

this way that this book has been written. It is based so far as
possible on the study of lesions from the earliest to the most de-
veloped, not on what some one else has written about them. At
the same time use has been made of the literature to avoid going
astray, at least too far, and in order to obtain other men’s ideas.
The “Pathologische Anatomie,” edited by Aschoff, has been par-
ticularly helpful in this respect and much use has been made of it.

This book is based primarily on a study and analysis of the
pathologic material collected during the past sixteen years in the
Pathological Laboratory of the Boston City Hospital. In addi-
tion, I am indebted to Drs. J. H. Wright, S. B. Wolbach and L. J.
Rhea for the use of their collections, which they have freely and
generously placed at my disposal. I am also under great obliga-
tions to many of my former and present assistants for help in
many ways and especially for the use of tissues showing lesions
which I had been unable to obtain.

‘The book is incomplete owing to lack of time and of pathologic
specimens which would render possible the study of all stages in
the development of the various lesions. The book as it stands
affords a framework on which to build in the future if it seems to
fill a want. Some parts of it are more or less representative of the
ideal on which it was planned. Other portions are only partially
completed. A few subjects are entirely omitted.

The majority of the photomicrographs are my own, but many
were made with the assistance of Dr. S. Burt Wolbach, to whom I
owe whatever knowledge I have acquired of the technic of this
difficult branch of photography. For a small number of the photo-
graphic illustrations I am indebted to Drs. Wolbach and Ordway.
Initials state the origin of all photographs except a few made long
* ago, of which the makers have been forgotten.

Finally, I am indebted to Miss Etta R. Piotti for all the draw-
ings; they have been made with photographic accuracy from
actual fields; to Miss Leonie M. Corcoran for her careful type-
writing and proof-reading of the manuscript; and to Miss Lillian
M. Leavitt for her versatile technical assistance in cutting and
staining sections, making photographic prints and in various other
ways.

F. B. MALLORY.

BosToN, Mass.,
January, 1914.
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THE PRINCIPLES OF PATHOLOGIC
HISTOLOGY

PART 1
GENERAL PATHOLOGIC HISTOLOGY

INFLAMMATION

INTRODUCTION

Inflammation in a broad sense is the term applied to the re-
action of living organisms to any injury done to them or to any
part of them. It is a process tending toward removal or counter-
action (neutralization) of the injurious agent and toward repair
of the injury produced. In the higher animals the function of
counteracting injurious agents is delegated largely to the fluid
and cellular elements of the blood. If the injurious agent is within
the circulation, this counteraction takes place there; if it is on
a surface or within the lymph-spaces of an organ or tissue, the
fluid and cellular elements of the blood exude onto the surface or
into the lymph-spaces, in varying preportions according to the
nature of the injurious agent, and combat it there.

The term inflammation is commonly used also in a restricted
sense for the more active type of reaction, namely, acute exuda-
tion, called out by strong irritants acting outside of blood-vessels
and producing severe injury to cells and tissues. The broad use
of the term should, however, be constantly borne in mind because
it aids in the understanding of the close relation which exists
between the different types of reaction, caused by the various
strong and mild irritants acting within and outside of the circula-
tion.

As inflammation is the reaction to the injury produced by an
injurious agent it is necessary, in order fully to understand the
process, to study the injurious agent and the injury produced as
well as the reaction. For this reason—

The logical order in which to study inflammation is as follows:

1. The injurious agent.

2 17



18 PATHOLOGIC HISTOLOGY

2. The injury done to the cells and intercellular substances.

3. The reaction to the injurious agent and to the injury.

The location of an injurious agent is very important as regards
the injury produced and the inflammatory reaction. It may be—

1. On a surface, as on the skin or w1th1n a serous cavity, a
duct, a gland; an alveolus.

2. In the lymph-spaces or vessels of an organ or tissue.

3. In the circulating blood.

If the injurious agent is within the circulation, the reaction
between it and the elements of the blood takes place there. Under
this condition the resulting injury is usually difficult or impossible
of demonstration, because it may have been produced only on the
elements of the blood, and the reaction is so generally distributed
in the circulation that often little er no effect is visible.

When, however, the injurious agent is outside of the circula-
tion, it is usually rather sharply localized in one focus or another,
and the injury is often marked. The elements of the blood, in
order to reach the injurious agent, must escape from the blood-
vessels. As a result they accumulate in the affected area, and
in this way striking lesions are often produced.

The reaction between the injurious agent and the blood ele-
ments is the same within and outside of the vessels, but the ob-
vious effects produced are very different. Compare, for example,
an anthrax septicemia with an anthrax pustule or a pure staphyl-
ococcus pyogenes aureus septicemia with an ordinary furuncle
or carbuncle.

Some injurious agents act only outside of blood-vessels (heat),
others only within them (plasmodium malarie); some act some-
times within, sometimes without (staphylococcus pyogenes aureus,
b. anthracis); others often in both situations (b. tuberculosis, b.

lepre).
+ The reaction to injurious agents acting outside of the circula-
tion is taken up first, because the effects produced are much more
striking and, as a rule, much easier to follow.

The injury produced by the irritant may be evidenced in three
ways:

1. Chemically, by changes in cellular metabolism, including
secretion and excretion.

2. Morphologically, by retrograde changes on the part of the
cells immediately affected.

3. Physiologically, by alteration or impairment of functional
activity.

In studying the injury and reaction produced by an injurious
agent, it must be borne in mind that the basis of all morphologic
and physiologic changes is chemical. Sometimes the chemical

T
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INFLAMMATION 19

change is prominent, and we can recognize it (carbon monoxid
hemoglobin in the blood following poisoning by illuminating gas);
more often we observe the morphologic change (abscess, miliary
tubercle); less often the physiologic (convulsions as a result of
strychnin poisoning, or coma from an overdose of morphin).

The chemical changes bring about the morphologic and physio-
logic changes which we.recognize as lesions, signs, and symptoms.
The lesions, signs, and symptoms all together, representing the
effects of the reaction of the body to injurious agents, constitute
the diseases which are characteristic of the injurious agents pro-
ducing them. We are concerned in this book chiefly with the
morphologic changes which constitute the lesions.

The morphologic elements which are called out of the circula-
tion by injurious agents producing their effect outside of the blood-
vessels are comparatively few in number; by exudation, serum
(from which fibrin may form under certain conditions); by emi-
gration, polymorphonuclear and endothelial leukocytes, lympho-
cytes, eosinophiles, and possibly also mastcells; and by diape-
desis, red blood-corpuscles. In addition the number of cells in
and around the injured area may be increased by proliferation
of endothelial cells, endothelial leukocytes, lymphocytes, fibro-
blasts and epithelial cells.

It is not alone the number of the exudative and proliferative
elements of inflammation which leads to the great variety in the
appearance of inflammatory lesions, but the proportions in which
the various elements are combined, the great variety in the struc-
ture and character of the tissues in which the exudation takes
place, and the various retrograde changes which the injured tis-
sues and the exudative elements may undergo. Occasionally,
too, the presence of the injurious agent may complicate the pic-
ture.

Some injurious agents call all the exudative elements of in-
flammation into action; others only one or two. The several
elements do not appear synchronously and yet they do not neces-
sarily follow in sequence. Exudation of serum takes place quick-
est; emigration of polymorphonuclear leukocytes next; then
follow emigration of endothelial leukocytes and lymphocytes.
Proliferation of cells seems to start almost at once, but requires
time to be much in evidence. The character of the reaction
depends on the elements which compose it, and the variety and
number of the elements called out depend on the nature of the
injurious agent.

It is advisable to study the elements of inflammation at first
in the simplest tissues obtainable, so as to render the changes
which take place as clear and evident as possible, and to study

-



20 PATHOLOGIC HISTOLOGY

later similar changes in tissues in which more or less highly dif-
ferentiated cells occur. It is also advisable and customary to
study, so far as possible, each element of the process of inflam-
mation by itself so as further to simplify matters. For this reason
experimental lesions in animals are commonly resorted to, and
the use of certain tissues and certain irritants has become class-
ical. Similar lesions occur in man but are not always obtain-
able. Tissues removed at surgical operations and fixed immedi-
ately furnish the best material. In animal lesions the tissue itself,
the nature and strength of the injurious agent, and the dura-
tion of its action can all be accurately controlled. Moreover,
the tissue can be obtained in an absolutely fresh condition be-
fore any postmortem changes have set in.

Before beginning to study the reaction of normal tissues to
injurious agents, it is necessary to have as accurate a knowledge
as possible of the normal circulation within blood- and lymph-
vessels, of the elements which constitute the blood and lymph,
and of the histologic structure of the normal tissues. To obtain
such knowledge is not so easy a problem as it might seem to be,
even when the simplest of the normal tissues are selected. Here
only the simplest tissue elements will be considered. For more
detailed information text-books on normal histology should be
consulted. It is also strongly advised to study sections of normal
tissues for comparison with the pathologic.

THE NORMAL CIRCULATION

The normal circulation in peripheral blood-vessels may be
studied directly under the microscope in the mesentery, tongue,
or web of foot of the frog. With certain precautions it may be
studied also in the mesentery of warm-blooded animals.

The flow of the blood in the arteries is intermittent, faster in
the systole of the heart, slower in the diastole. The red blood-
corpuscles flow in the center of the vessel as a red core. Between
them and the vessel wall is a colorless zone called the plasma zone.
The white blood-corpuscles flow along the inner surface of the
vessel in the plasma zone and travel much more slowly than the
red blood-corpuscles.

The flow of the blood in the capillaries is slow and continuous,
although often faster in one vessel than in another. The axial
core and the plasma zone are lost because the lumen of a capillary
is usually not much larger than a red blood-corpuscle.

The flow in the veins is slower than in the arteries and is con-
tinuous. The axial core and the plasma zone are present, but
are not so sharply marked as in the arteries.
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THE CONSTITUENTS OF THE NORMAL BLOOD

The chief constituents of the normal blood are eight in num-
ber. They consist of the red blood-corpuscles, of the blood
platelets, of five different types of white blood-corpuscles, and of
the blood plasma as shown in the following list:

~1. Red blood-corpuscles, erythrocytes.
Blood platelets.
Polymorphonuclear leukocytes..
Endothelial leukocytes. .
Lymphocytes.
Eosinophiles.
Mastcells. -
. Blood plasma. -

Some of the constituents of the blood are very characteristic
and can be recognized under almost all conditions; others are
less definite. Authorities disagree more or less in regard to the
classification of the white blood-corpuscles, especially in regard
to the one labeled endothelial leukocyte. The usual way of
studying the cells of the blood is by the cover slip method of
Ebrlich. This method is, in general, the best for preserving the
granules in the cytoplasm of the leukocytes so that a differertial
stain of them may be obtained. On the other hand, the cyto-
plasm itself and the nuclei are poorly preserved. This method
of studying the leukocytes probably places too much emphasis
on minor structures (the cytoplasmic granules) of the cells.

Fixation of the blood by the same methods that are used for
tissues (Zenker’s fluid) preserves the nuclei and cytoplasm per-
fectly, and to some extent the cytoplasmic granules, so that the
cells appear much as they do in the tissues, and therefore can be
more easily compared with them and identified.

1. Red Blood-corpuscles, Erythrocytes.—They are bell- or
cup-shaped masses of cytoplasm containing no nucleus. They
vary little in size; their average diameter is 7.5 microns. One
c. mm. of blood contains on the average 4,500,000 to 5,000,000
red blood-corpuscles.

The red blood-corpuscles contain hemoglobin which can be
fixed in them by certain reagents (heat, chrome salts, formal-
dehyd). The hemoglobin thus fixed stains readily and deeply
with acid dyes such as eosin, and thus renders the red blood-cor-
puscles very prominent.

The red blood-corpuscles are derived from the erythroblasts
of the bone marrow.

2. Blood Platelets.—They are round or oval discs measuring
about three microns in diameter. It is characteristic of them that
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Fig. 1.—The cellular elements of the blood. Column g, as seen in Zenker
fixed tissue preparations after staining with eosin and methylene blue. Col-
umns b, ¢, and d, as seen in blood smear bP oo(l)a.ratlons stained by anht’
method. 1. Red blood-corpuscles with platelets between them;
polymorphonuclear leukocytes; 3, endothelial leukocytes; 4, lymphocytes
5, eosinophiles; 6, mastcells. 22



INFLAMMATION 23

they tend to collect in clumps and to disintegrate and disappear
rapidly in preparations made in the ordinary way. They remain
unclumped and intact in a 2.5 to 5 per cent solution of sodium
metaphosphate.

One c. mm. of blood contains on the average 250,000 to 500,000
platelets, but variations within wide limits occur.

It has been demonstrated by J. H. Wright that blood platelets
are detached portions or fragments of the cytoplasm of the mega-
karyocytes. He has shown by a special staining method that they
consist of a hyaline substance which can be stained blue, in which
are imbedded closely set minute red to purple staining granules.

White Corpuscles.—The white corpuscles are present to the
number of 8,000 on the average in one ¢. mm. of normal blood.
Their proportion to the red blood-corpuscles is as 1 to 600.

3. Polymorphonuclear Leukocytes: Neutrophilic, Granular
Leukocytes.—They form from 70 to 72 per cent of all the white
corpuscles. In size they are a little larger than the red blood-
corpuscles. The nucleus is polymorphous, composed of several
more or less irregular or rounded lobules which are united by
slight filaments of nuclear material. The nucleus stains deeply
with basic (nuclear) dyes.

The cytoplasm contains very numerous fine granules which,
in cover-slip preparations prepared by Ehrlich’s method, take a
double (so-called neutrophilic) stain. In tissues hardened in
Zenker’s fluid these granules are, as a rule, rather poorly preserved
and stain lightly with eosin. The cytoplasm is sharply limited
by a distinct and characteristic cell membrane.

The polymorphonuclear leukocytes are formed from the neu-
trophilic myelocytes of the bone marrow.

4. Endothelial Leukocytes; Large, Mononuclear, Non-
Granular Leukocytes.—They are usually a little larger than the
polymorphonuclear leukocyte, being two to three times the size
of a red blood-corpuscle. Each leukocyte contains an oval, ex-
centrically situated nucleus which is usually curved or indented.
It is never divided into masses. It stains lightly, never intensely
like the nucleus of the polymorphonuclear leukocyte. The cyto-
plasm contains no granules, and is limited by no definite cell
membrane.

Endothelial leukocytes number from 2 to 4 per cent of all the
white corpuscles. They are derived from the endothelial cells
lining blood, and to a less extent lymph, vessels by proliferation
and desquamation. They also multiply by mjtosis after emi-
gration from the vessels into the lesions.

5. Lymphocytes.—They form 22 to 25 per cent of all the
white corpuscles. They are of about the sizeé of the red blood-
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corpuscles. By Ehrlich’s method the nucleus is poorly preserved
and stains homogeneously. After fixation in Zenker’s fluid the
nucleus is very characteristic. It is round, the periphery stains
sharply, and small masses of chromatin project inwardly from
the periphery, and are connected by chromatin threads with similar
granules in the interior, giving the nucleus a granular reticular
appearance, even under low power. The nucleus is generally
slightly eccentrically located in the cytoplasm.

The cytoplasm is usually small in amount, forming often but
a narrow rim, and sometimes eyen seems to be absent. It tends
to stain rather deeply with basic dyes, especially with methylene
blue, except in one small area near the nucleus in which lie the
two centrosomes. By special methods it is possible to demon-
strate in the cytoplasm minute elongated granules which are
regarded by Schridde as diagnostic of these leukocytes.

Lymphocytes are produced in the lymphoid tissue in various
parts of the body, but particularly in the lymph-nodes.

6. Eosinophiles.—They form two to four per cent of all the
leukocytes. The nucleus is usually polymorphous, but may be
horseshoe-shaped or round. The cytoplasm contains numerous
coarse granules which after fixation by heat or by Zenker’s fluid
stain intensely with eosin and other acid dyes. The cells are
often larger than the polymorphonuclear leukocyte.

Eosinophiles are derived from the acidophilic myelocytes of
the bone marrow.

7. Mastcells.—They form about .5 per cent of all the leu-
kocytes. The nucleus is polymorphous. The cytoplasm con-
tains numerous fairly coarse granules which stain deeply with
basic dyes. A differential stain of the granules may be obtained
by means of certain polychrome dyes such as thionin. The
granules are well preserved by alcohol, poorly by Zenker’s fluid.

Mastcells arise from the basophilic myelocytes of the bone
mMarrow.

8. Blood Plasma.—It forms the intercellular substance of
the blood. Deprived of its fibrin, of which it contains .1 to .4
per cent by weight, it is called serum. The fibrin contains 9.2
per cent of solids, of which 7.6 per cent are proteids (albumin
4.5 per cent; globulin 3:1 per cent).

THE SIMPLE CONSTITUENTS OF NORMAL TISSUES

Leaving out of the question the various specialized cells, the
histologic structures which have to be considered in nearly all
the different organs and tissues of the body are the following:

1. Fibroblasts or connective-tissue cells with their fibroglia,
collagen, and elastic fibrils.
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2. Endothelial cells.

3. Nerves.

4. Lymph-vessels and spaces; lymph.

5. Blood-vessels (capillaries, veins, and arteries); blood.

6. Cement substance. ‘

In many tissues under normal conditions the various leuko-
cytes are frequently added to these structures. They mostly
enter the tissues by emigration from the blood-vessels, but some

Fig. 2.—Fibroblasts from an organized thrombus. Fibroglia fibrils sharp and
distinct. Collagen fibrils fill all the spaces between the cells.

of them probably travel along the lymph-vessels and spaces.
Endothelial leukocytes and lymphocytes are perhaps the cells
most commonly present, but eosinophiles, mastcells and even
polymorphonuclear leukocytes are occasionally found.

1. Fibroblasts, Connective-tissue Cells.—They vary con-
siderably in shape in different situations. As a rule, they are
flat elongated cells with flat oval nuclei which lie more or less
centrally, stain rather lightly, and show a distinct chromatin
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network. The cytoplasm usually extends out in one or more
processes at each end of the cell.

The fibroblast may produce under different conditions three
kinds of fibrils in varying amounts, namely, fibroglia, collagen
and elastic fibrils. Apparently every fibroblast produces the
first two; but the elastic fibrils are found only in certain situations,
as in the walls of blood-vessels, around ducts, and in the corium.
Under other conditions as in lymph-nodules, the collagen fibrils
appear in a modified form as a reticulum.

The fibroglia fibrils are very delicate fibrils which have an
intimate relation to the cytoplasm of connective-tissue cells.
They form a part of the periphery of the cell from which they
arise and run along its cytoplasmic processes. They seem to
extend to the surface of other fibroblasts, but this cannot be
proved. Fibroglia fibrils differ chemically from the collagen and
elastic fibrils, and can be stained differentially from them. They
are most numerous and best studied in young, rapidly growing
connective tissue.

Collagen fibrils are very delicate fibrils which usually are
cemented closely together and run in wavy bundles; or, as in the
cornea, in straight lines arranged in thin planes. They swell up
in dilute acids such as acetic acid and become transparent. They
are destroyed by caustic potash.

Under certain conditions, as in lymph-nodules, the collagen
fibrils are formed into an interlacing branching network or re-
ticulum of delicate fibrils which differ morphologically and pos-
sibly to some extent chemically, from ordinary collagen fibrils,
but certainly are closely related to them.

The elastic fibrils occur in the form of a network of fibrils of
varying size, or as fenestrated plates. In fresh tissue the fibrils
are strongly refractive and have dark outlines. They are very
resistant to acids and alkalies which may be used to render them
prominent in histologic preparations of fresh tissues. In hard-
ened tissues they are usually not visible, but may be demonstrated
by several special differential staining methods.

2. Endothelial Cells.—They line blood- and lymph-vessels;
they also occur in connection with the more indefinite lymph-
spaces and associated with the reticular supporting framework
of organs. They do not produce any intercellular substance
unless it be cement substance.

In form the endothelial cell is always more or less flattened.
The nucleus lies centrally located, is oval in shape, and stains
more faintly than the nucleus of the fibroblast. The cytoplasm,
as shown by the nitrate of silver stain, is usually irregular or wavy in
outline, but never has prolongations or branches like the fibroblast.
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3. Nerves.—They are simply cytoplasmic (axis cylinder) proc-
esses of nerve-cells. Single nerve-fibers and their terminations can
be demonstrated only by means of special staining methods.
Bundles of medullated nerve-fibers can be recognized in ordinary
sections, best in cross-sections on account of the characteristic
appearance of the axis cylinders and their sheaths. With a little
care they can be recognized also when running horizontally or
obliquely.

4. Lymph-vessels and Spaces.—They can be studied best after
fixation of fresh tissues in nitrate of silver which stains the cement
substance of cells brown and, therefore, defines very sharply the
limits of the cells and of any spaces between them. - This staining
method demonstrates in the cornea, for instance, that the con-
nective-tissue cells are surrounded by lymph-spaces which all
communicate with each other, and which are also connected with
lymph-vessels. This condition probably holds true of all con-
nective tissues.

The lymph-vessels surround and form more or less definite
spaces along the blood-vessels and nerves, but also occur else-
where in the tissue. They are lined with the same kind of cells
as the blood-vessels—that is, with endothelium—but the line of
union of the cells is not so regular as in the blood-vessels. No
tissue is free from lymphatics; the number of them is usually
much under-estimated.

Lymph is a colorless fluid which in part escapes from the blood-
vessels through the stomata between the endothelial cells; in part
is secreted by the endothelial cells. It differs chemically from
blood plasma. It circulates through the lymph-spaces around
the connective-tissue cells, nourishing the cells and receiving waste
products, and then passes into the lymph-vessels. Lymphocytes
in small numbers are usually present in it.

INJURIOUS AGENTS (IRRITANTS)

Various influences may affect the human body injuriously;
such as bad heredity; excess and especially deficiency of water,
food, or oxygen; variations in the atmospheric pressure; over-
use or lack of use of the different organs and tissues; but the
actively injurious agents may for the sake of convenience be put
into a very few groups.

1. Mechanical: Incision, blow, foreign bodies.

2. Physical: Heat, cold, sunlight, electricity, z-rays, radium.

3. Chemical: Of organic and inorganic origin; (a) Acids, alka-
lies, poisons. (b) Toxins derived from infectious agents, especially
bacteria and protozoa.

Of these injurious agents the bacteria and protozoa, including
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the toxic substances derived from them, are the most numerous
and the most important. It is not necessary here to enter into
a detailed description of them. Such information is readily
accessible in the numerous text-books on bacteriology. Reference
will be made only to certain appearances of the organisms as seen
in connection with the lesions caused by them.

Fig. 3.—Acute in-
flammation. Emigration
a.nd accumulation of poly-

rﬁ honuclear leukocytes

e subcutaneous tis-
sues of a rabbit’s ear as
the result of rubbing the
sglrface with dilute croton
oil.

Some toxic substances are actively
produced by living organisms (diphtheria
toxin), others are set free by the disso-
lution of the bodies of the organisms
after death (typhoid endotoxin). It is
usual to speak of the organism itself as
the active agent, rather than of its toxin.
A few organisms seem to act chiefly or
entirely mechanically (balantidium coli).

Nature of Action.—The action of an
injurious agent may be severe or slight,
brief or prolonged. The effect produced
varies accordingly. Some injurious agents
cause lesions in seconds, minutes, or
hours; others act so slowly that they
require days, weeks, or even months to
produce macroscopic changes.

Some injurious agents produce a
maximum effect at once (blow), others
begin mldlously (bacteria, etc.), and as
they increase in number produce grad-
ually a greater and greater effect.

Some bacteria act for a definite
period of time; then their action ceases
(bacillus typhosus, diplococcus pneu-
moniz), probably owing to the produc-
tion of an antitoxin; other organisms
continue to act indefinitely (tubercle
bacillus, leprosy bacillus).

An injurious agent may act only on
the cells immediately around it (staphyl-
ococcus pyogenes aureus toxin), or it
may be more or less soluble, and by
absorption through lymph- and blood-
vessels affect cells both near and at a

distance (bacillus diphtheriz toxin).

Agents Used Experimentally.—The injurious agents most
commonly used in the experimental production of certain types
of reaction and the tissues on which they are used are the following:
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Hot water at the temperature of 54° C. If a rabbit’s ear is
dipped into it for three minutes an acute inflammatory exudation
of serum and chiefly of polymorphonuclear leukocytes takes place
into the tissues.

Croton oil, diluted one part to six with olive oil, if rubbed on
a rabbit’s ear, causes a similar exudation, with perhaps a greater
proportion of polymorphonuclear leukocytes. If it is injected
into muscle it causes extensive necrosis, followed by an abundant
exudation of polymorphonuclear leukocytes.

Turpentine and carbolic acid are sometimes used for the same
purposes as croton oil.

r

Fig. 4—Acute inflammation. Migration of polymo ogghonuclear leukocytes in
the cornea attracted by an injury produced in its center.

Caustic potash in the solid stick form is sometimes applied
to the cornea of the etherized rabbit to cause necrosis in order to
study the processes of exudation and repair.

Similar lesions occurring in man may often be obtained for
control study, such as injuries of the skin due to heat, freezing,
ammonia, and other active agents; diphtheritic colitis due to cor-
rosive sublimate; acute gastritis caused by carbolic acid.

Chloroform has recently been much employed to cause necrosis
of liver cells in animals. It is administered by inhalation. Swal-
lowed with suicidal intent it has caused the same lesion in man.

Mechanical injury is often used for the study of regeneration
and repair; as in incision of the cornea, drill holes into bones,
fracture of bones, incision and suture of intestine, incision of
abdominal wall and of muscles, tendons, and nerves.
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Agar-agar is useful, injected subcutaneously, for the study
of the exudation and proliferation of endothelial leukocytes and
of the formation of foreign body giant-cells from them. The
polymorphonuclear leukocytes called out at first by the injury to
the tissues disappear in two to three days.

The staphylococcus pyogenes aureus is used for the study of
suppuration. Injected subcutaneously it produces necrosis of
the tissues in its immediate vicinity and exudation of polymor-
phonuclear leukocytes followed by softening of the necrotic tissue.
The result is an abscess which heals in time by granulation
tissue. Injected into the ear vein of a rabbit this organism-gives
rise to septicemia and to multiple miliary abscesses in the heart,

Fig. 5.—Repair. Foreign body giant-cells formed around agar-agar injected
subcutaneously in a rabbit.

kidneys, and sometimes in the striated muscles; occasionally,
septic infarcts are produced in the kidneys.

The tubercle bacillus causes a slower type of inflammatory
reaction. It is usually injected subcutaneously, into the peri-
toneal cavity, into the ear vein of a rabbit or branches of the
portal vein of a guinea pig, or inoculated into a rabbit’s cornea.

Various other organisms such as the diplococcus pneumonise,
or the glanders or anthrax bacillus are used; but those cited above
are the ones most frequently employed.

Tissues Commonly Used and Studied.—The following tissues
are the ones most generally used in the study of acute inflamma-
tory exudation:

The rabbit’s ear is useful for demonstrating the clinical signs
and symptoms (redness, swelling, heat, and pain) of acute in-
flammation, as well as for showing the histologic changes which
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are taking place. Microscopically the tissues involved are com-
paratively simple.

Striated muscle readily shows the injury (necrosis) caused by
croton oil and similar substances and the changes which follow
such an injury.

The cornea is a very simple tissue consisting, beneath the
covering of epithelium, of thin layers of fibroblasts and their
fibrils with only lymph-spaces lined with endothelium and with
terminal nerve fibrils to complicate the picture. It is especially
useful for the study of repair of incised wounds in a simple tissue,
and of the origin of certain cells which appear in inflammation.

For direct observation of the reaction of tissues to injurious
agents of various sorts the following tissues have proved very
serviceable: the web of the foot, the tongue, and the mesentery
in the frog. They are delicate enough to permit direct study
under the microscope. The mesentery in warm-blooded animals
has been used for a similar purpose.

THE INJURY PRODUCED

Injury is the term applied to the changes produced in tissues
and organs by harmful agents. Trauma is limited to an injury
produced mechanically. Lesion is the term applied to any
structural change in tissues and organs no matter how produced;
it includes injury. Necrosis signifies dedth, and may be applied

" to a single cell or to groups of cells. _

The injury produced by an irritant is often difficult or even
impossible to demonstrate morphologically, as when a rabbit’s
ear is treated with hot water for only two or three minutes at
54° C., or with dilute croton oil, although the inflammatory re-
action may be very marked. The same is true, for example, in
pneumonia and in meningitis. We judge of the effect of the
irritant largely by the reaction instead of by the injury.

In poisoning by prussic acid the reaction is_physiologic; it
is tremendous and almost instantaneous. Althougitthe basis of the
reaction is undoubtedly chemical, no morphologic change is evident.

In immediate death from chloroform inhalation no significant
morphologic lesion is found, but if the patient or, the animal
experimented on lives two or three days before death, extensive
necrosis of liver cells is present and demonstrates at least one
injurious effect of the chloroform.

In tetanus and rabies the injury, aside from the primary
lesion at the site of infection, is evidenced chiefly or entirely by
the physiologic reaction. In rabies little or no morphologic
change can be demonstrated beyond the presence of the Negn
bodies in the ganglion cells. .
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When, however, croton oil is injected into such a highly dif-
ferentiated tissue as muscle the effect (necrosis) is marked within
twenty-four hours. Extensive injury is shown in the stomach
following poisoning with carbolic acid, in the colon after poisoning
with corrosive sublimate, in streptococcus infection of muscle,
and frequently in the liver (central necrosis) when there is a
septicemia.

Of the injuries directly produced by irritants, necrosis is the
casiest to demonstrate histologically, but it requires time to make
itself evident. At first, the nuclei stain intensely and uniformly;
then they gradually disappear. The cytoplasm becomes homo-
gencous and stains deeply with acid dyes. Other effects produced
sometimes in injured cells are direct division of nuclei; edema
of the cytoplasm (hydropic degeneration); changes in the size
and number of the albuminous granules in the cytoplasm; deposi-
tion of fat-droplets in the cytoplasm. They are due in part, at
least, to interference with the chemical and physiologic activity
of the cells.

Under the special injurious agents the characteristic retrograde
changes caused by them will be referred to; but as the most con-
spicuous products of retrograde processes (fat, amyloid, hyalin)
arce usually not the direct and obvious effect of irritants, but the
result of changes in metabolism, they will be treated of at some
length under a separate heading—*‘ Retrograde Changes.”

The chief injury produced in tissues is not always due to the
direet toxic action of the injurious agent, but is secondary to
obstruction of the capillaries and lymph-spaces by the leukocytes
which are attracted and accumulate around the organisms, as,
for example, in the lesions occurring in typhoid fever, tuberculosis,
and leprosy.

REACTION

The reaction to an injurious agent and to the injury produced
by it varies within very wide limits, depending on the amount and
the nature of the injurious agent and on the severity and character
of the ingury. The reaction may be evidenced chemically by
metabolie changes, such as alteration of secretion and excretion:
morphologically. by the presence of serum. fibrin. and leukoeytes,
and by the proliferation of cells; and physiologically by alteration
of funetional activity.

The reaction which occurs in inflammation has a twofold
tunction=- (1) to get rid of the injurious agent if still present or 10
noutralize its action so that it is no longer injurious and (2 to repair
the ury, that s remove sand. 0 far as possible. replace the
noceronie cens Ina biand infisret of the Kidney we can study the
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reaction to simple necrosis where toxic substances derived from
the necrotic cells act as an injurious agent, but in a septic infarct
we have a double reaction, on the one hand to the necrotic cells,
on the other to the toxic agent and to the toxins it generates. As
a rule, in infectious processes the injurious agent causes a greater
and more characteristic reaction than do the injured cells. It is
not customary, however, or perhaps often essential, to separate
the two kinds of reaction, but they should be borne in mind.

The reaction of the body to an infectious agent and its toxins,
uncomplicated by any marked tissue injury, beyond beginning
general retrograde processes dependent partly on toxemia and
partly on interference with nutrition, is best seen perhaps in
septicemias, where the fight is directly between the irritant on
. the one hand and the blood plasma and the leukocytes on the
other. Often the endothelial cells lining the blood-vessels play an
important réle also by incorporating many of the organisms, as
in leprosy, tuberculosis, and dum-dum fever. We can get some
idea of what is taking place by studying the variations in the
relative proportions of the leukocytes, the chemical changes and
altered serum reactions produced in the blood plasma and the clin-
ical signs and symptoms.

The fluid and cellular elements in the blood- and lymph-vessels
at the service of the body in combating injurious agents and in
aiding in the repair of injuries are few in number. Sometimes
only one of them is used; more often two or more. We ordinarily
express the condition of affairs in another way by saying that a
certain irritant attracts or is chemotactic for a certain kind of
leukocyte.

The action exerted by the leukocytes is to some extent, perhaps,
mechanical, but their chief effect is produced chemically- that is,
is due to the action of chemical substances manufactured by the
different leukocytes to neutralize the toxins secreted by micro-
organisms and to dissolve necrotic cells. Some of these chemical
substances can be demonstrated; others are recognized chiefly
by the effects they produce. A certain number of them are
present in the serum under normal conditions.

The morphologic changes which take place as the result of
the action of various injurious agents vary greatly, depending
on the strength and character of the latter. Sometimes an irritant
will produce one type of injury and reaction in one place (local
action of the diphtheria toxin in the throat or of the diplococcus
pneumonig toxin in the lung), and a different type of injury and
action in another place where the toxin is carried in a dilute
state (diffuse action of the diphtheria toxin in the lymph-nodules
of the spleen, etc., or of the diplococcus pneumoniz toxin in the

3
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glomeruli of the kidney). Moreover, different strains of the same
organism may produce more than one type of reaction.

In general we may divide the injurious agents into two groups,
the strong and the mild irritants (with all gradations between),
although it is difficult to confine some of them exclusively to
either group. This is particularly true of the tubercle bacillus.

The reaction of tissues to strong irritants has been much
studied because the lesions are readily produced experimentally.
The reaction to mild irritants is, however, of equal importance,
and should have more attention paid to it.

Reaction to Strong Injurious Agents.—The changes which
take place as the result of the action of strong irritants and the
injury to the cells produced by them are as follows:

1. Circulatory disturbances.

2. Inflammatory exudation.

(a) Exudation of lymph (including formation of fibrin).
(b) Emigration of leukocytes (chiefly of the polymor-
phonuclear leukocytes).

The inflammatory exudate is frequently contaminated by red
blood-corpuscles due to diapedesis or hemorrhage.

3. Proliferation of emigrated endothelial leukocytes and
lymphocytes, of fibroblasts, of vascular endothelium, and of
epithelial cells, if included in the lesion.

These changes are partly physiologic, partly morphologic.
They lead to certain gross functional and anatomic appearances
which are usually recognized clinically when the injurious agent
acts strongly on external tissues, and are known as the four cardinal
signs of acute inflammation; namely, redness, heat, swelling, and
pain. When the injurious agent acts mildly, one or all of these
signs may be lacking.

The Four Cardinal Signs of Acute Inflammation.—If a rabbit’s
ear is rubbed with croton oil the effect produced will be visible in
one to three hours. If the croton oil is diluted with six to eight
parts of olive oil a longer time will be required. If preferred the
rabbit’s ear may be dipped for three minutes in water heated to
54° C.

The first point noted is that the circulation becomes more
active throughout the ear. The main artery dilates and all the
blood-vessels become more prominent. The affected ear appears
distinctly redder than the normal ear (rubor). It also becomes
warmer than the other ear (calor). Gradually the ear becomes
thicker and may even pit on pressure (tumor). It is more sensitive
to pressure (dolor). These symptoms, produced by injurious
agents, are known as the cardinal signs.

Rubor.—The redness is due to increased influx of blood. When
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the circulation is active, the color is distinctly red, as in the periph-
ery of a furuncle. When the blood stagnates in the large veins
congestion results, and the color is of a dusky bluish hue, as in the
center of a furuncle. When the color is due to hemorrhage, the
redness remains after pressure; when it is due to blood within
vessels, the tissue blanches on pressure. Not only are the blood-
vessels in the inflamed area dilated, but there is also dilatation of
the arteries which go to the inflamed area and which have not been
acted upon directly by the injurious agent.

Calor.—The heat of the part never exceeds the internal body
temperature. No heat is produced in the affected area. The
increased temperature is due to increased rapidity of circulation
and increased supply of blood.

Tumor.—The swelling is produced almost entirely by the
exudation; the dilatation of the blood-vessels plays a very unim-
portant part.

~

a ' b
Fig. 6.—Acute inflammation. a, Peripheral arrangement of polymorpho-
nuclear leukocytes in vein; b, serum and lymphocytes in dilated lymphatic.

Dolor.—The pain is due to the pressure of the exudate on the
nerves. It is often possible to count the rate of the heart-beat by
the exacerbations of pain due to the increased pressure caused with
each systole of the heart, as, for example, in toothache. The
degree and character of the pain vary according to the structure
of the tissue and the extent of the injury.

To these four signs is sometimes added a fifth, functio lesa,
impaired function, shown in the rabbit treated with croton oil by
drooping of the ear.

The Circulatory Phenomena in Acute Inflammation.—The
changes produced in the circulation can be observed directly in
living tissues by means of the microscope. For this purpose the
frog’s mesentery usuallyischosen. Although more active agentscan
be employed, exposure to air ordinarily furnishes sufficient injury.
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The arteries show the following changes:

1. An initial temporary constriction followed by—

2. A dilatation of the vessels with more rapid flow of blood
(the vessels may reach twice the normal size). Later, '

3. The dilatation of the vessels continues, but the flow of blood
is slower.

The capillaries in the beginning are dilated and the flow is
more rapid; later, the dilatation continues or increases and the
flow is diminished.

The veins show dilatation; the flow at first is more rapid, but
later becomes slower.

In some of the capillaries and veins the flow may cease entirely.

In the arteries and veins the axial core is at first more pro-
nounced; later, it becomes obliterated.

The leukocytes become attached to the walls of the veins and
in a less degree to the walls of the arteries, so that the walls gradu-
ally become lined with them.

EMIGRATION OF LEUKOCYTES

The emigration of leukocytes can be followed, by direct ob-
servation under the microscope, in the mesentery or tongue of a
curarized frog, or in the web of the foot. With certain precautions
they can also be studied directly in the mesentery of warm-blooded
animals. Various irritants may be used, but exposure to the air
is usually sufficient. If desired, the tissues may be fixed at any
stage of the process and the finer details studied in stained pre-
parations.

1t is chiefly the polymorphonuclear leukocytes which emigrate
under these conditions, but in fresh preparations it is not easy to
distinguish one type of leukocyte from another. In properly
fixed tissues it is possible to demonstrate that under certain con-
ditions endothelial leukocytes, lymphocytes, eosinophiles, and
probably mastcells also emigrate.

A leukocyte in emigrating alters its contour. A pointed
process of cytoplasm pierces the vessel wall. The nucleus and
the remainder of the cytoplasm in turn become attenuated and
follow so that the cell finally passes through the wall into the
lymph-spaces of the tissue. This emigration of leukocytes takes
place not only in the small veins, but also in the capillaries, and
under certain conditions through the walls of arteries. It takes
place not only from the vessels immediately acted on by the
injurious agent, but also from adjoining vessels. The emigrated
leukocytes travel toward the seat of injury.

Certain facts about the leukocytes which emigrate and about
their functions may be stated briefly here.
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1. Polymorphonuclear Leukocytes.—These cells play the
most important part in acute inflammation, are the first to emi-
grate, and in the early stages of the process may be the only ones
found. They travel to the point of greatest injury, invade masses
of bacteria, frequently incorporate certain varieties of them,
for example, streptococei, and gonococei, and often are killed
in great numbers by the action of the toxins. They also invade
necrotic cells and dissolve them through the action of ferments
which they secrete.

33N

c A d
Fig. 7.—Acute inflammation. a, Mitosis of endothelial cell in wall of

small vein; b, ¢, and d, emigration of polymorphonuclear leukocytes through
the walls of small blood-vessels.

Polymorphonuclear leukocytes reach the injured tissues entirely
by emigration; they do not multiply by mitosis in the tissues like
some of the other leukocytes. They are called out in great
abundance by certain micro-organisms, especially the pus-cocci,
and by certain chemicals such as croton oil.

They never incorporate other cells, but they do take up small
particles of material such as fragments of fibrin or the sarcous
elements of digested muscle.

2. Endothelial leukocytes play a very important réle in
inflammation. They are little in evidence early in acute inflam-
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matory processes produced by strong injurious agents. They
often appear later, when the polymorphonuclear leukocytes are
diminishing in number and the injurious agent is killed off or is
weakened in activity or diminished in strength.

They are called out by mild injurious agents which act for a
considerable length of time; by agents which are mildly toxic,
or which act mechanically only. Thus they form the chief or
only cell reaction to the leprosy bacillus, the typhoid bacillus, and
usually to the tubercle bacillus. They accumulate in large num-
bers in the blood and lymph-vessels and lymph-spaces to counteract
these bacteria and their toxins. The body relies on them also in
its struggle against the protozoon of Leishmania tropica and
against certain other micro-organisms.

Endothelial leukocytes also attend to most foreign bodies;
to carbon and other pigments; to free fat in various more or less
chronic lesions (arteriosclerosis, softening of brain, chronic abscess)
and in fat necrosis; to fat and sodium urate crystals; to inspissated
bile, to cholesterin crystals, hairs, and cornified epithelium around
which they usually fuse to form foreign body giant-cells. They
do this also around particles of bone, thus forming the osteoclasts
of bone and the giant-cells in most of the so-called giant-cell
sarcomas. They also fuse together to form the occasional giant-
cells seen in leprosy and typhoid fever and the many giant-cells
found in tuberculosis.

Endothelial leukocytes are phagocytic for certain micro-
organisms. They are also phagocytic for other leukocytes
(polymorphonuclear leukocytes and lymphocytes), and are the
only leukocytes which possess this latter property. In this marked
physiologic property they are like the endothelial cells from which
they originate. Under certain conditions they incorporate and
digest large numbers of other leukocytes and of red blood-cor-
puscles. They do this when the other cells are injured or killed
and also apparently when they themselves need them as nutrition
in their struggle to form antitoxins against injurious agents, as in
typhoid fever.

Endothelial leukocytes emigrate in part from the blood-vessels,
but are derived also from the endothelial cells of the lymphatic
system. They multiply rapidly by mitosis in the tissues after
emigration.

Their origin, multiplication and fusion to form giant-cells are
best studied in lesions one to ten days old produced by the sub-
cutaneous injection of agar-agar.

3. Lymphocytes.—These cells reach the tissues both from the
blood and from the lymph-vessels by emigration and migration.
They multiply by mitosis in the tissues. They are never pha-
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gocytic for micro-organisms or cells. Some of them undergo a
change in the tissues and appear in a form to which the term plasma
cell is applied. The change is due to a large increase in the amount
of cytoplasm which has marked basophilic properties, except for
a small acidophilic area adjoining the nucleus in which the cen-
trosomes are always found. The nucleus is eccentric. Fre-
quently, a plasma cell contains two, three, or even four nuclei.

Lymphocytes are most abundant after inflammation has lasted
several days, and are most numerous in exudative processes which
have persisted for weeks. They are most abundant, as a rule, at
the periphery of a lesion. In various toxic conditions they may
infiltrate the different organs; for example, the kidney, spleen,
and adrenal in diphtheria and scarlet, fever.

When a lesion has apparently . healed, lymphocytes often
persist in numbers for a long while in the lymphatics leading away
from the affected tissue, as, for instance, in a healed appendix.

Plasma cells occasionally undergo a change in their cytoplasm
in consequence of which it swells and is filled with hyaline globules
which stain rather deeply with eosin. :

The phrase ““cells of the lymphocyte series” is sometimes used
to include the lymphoblast and all the cells derived from it
(lymphoblast, lymphocyte, lymphoid cell, plasma cell).

The chief function of the lymphocyte seems to be to neutralize
or to dispose of injurious substances which are being absorbed
through the lymphatics.

4. Eosinophiles.—They are found in very small numbers, as
a rule, in acute inflammation, but usually are more numerous
during the stage of repair. Sometimes they are quite abundant;
for example, in the mucous membrane and in the muscle coats of
an otherwise healed appendix. Usually they are more common
in chronic lesions. Often they are present in very large numbers
in the stroma of cancer of the cervix uteri and in the scirrhous type
of lymphoblastoma (often called Hodgkin’s disease). Their
number in the bone marrow and in the spleen is sometimes much
increased.

The relative proportion of eosinophiles in the circulating blood
is greatly increased in certain types of infection. This is par-
ticularly true in cases of trichiniasis, where it may run as high as
thirty or forty per cent or even in rare instances up to sixty per
cent.

The function of the eosinophile is unknown, but it certainly has
one, probably to counteract certain injurious chemical substances.

In rabbits and some other animals the proportion of eosinophiles
in the blood is much larger than in man; this condition must be
borne in mind in studying tissues from such animals.
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5. Mastcells.—Their function is not known, but they occur
in a variety of lesions. They are also present under certain con-
ditions in apparently normal tissues. Occasionally, they are
abundant in leiomyomas of the uterus and in other tumors.

Diapedesis of Red Blood-corpuscles.—In the capillaries not
only the leukocytes but also the red blood-corpuscles pass through
the vessel walls; the red blood-corpuscles escape passively through
breaks between the endothelial cells, and give rise to small hem-
orrhages. This act is called diapedesis, and usually takes place
after the emigration of leukocytes. Under the influence of certain
agents diapedesis may be a more marked phenomenon than
emigration. It is due apparently to the severe injury done to the
vessel walls by these agents.

Diapedesis is an accidental complication of inflammation. It
is not an essential part of the reaction.

Exudation of Lymph.—Besides the leukocytes and the red
blood-corpuscles, some of the constituents of the blood plasma
pass through the walls of the capillaries. For the most part this
is not a simple filtration, but is closely akin to secretion. This
fluid, called lymph or serum, enters into and dilates the lymph-
spaces and vessels of the tissue. It differs chemically both from
normal lymph and from blood plasma. It is richer in albumin
and poorer in salts than the latter. It escapes readily from the
surface of mucous membranes, but collects in serous cavities. It
cannot escape through the unbroken skin, but collects in the
epidermis beneath the cornified layer, forming blisters. Its
presence in the loose connective tissue (edema) can be demonstrated
by pressure which forces it from the place pressed upon, leaving
a depression. This is called pitting.

The uses served by lymph are to dilute the toxic substances
derived from the injurious agents and, in certain instances, to
neutralize their action by virtue of chemical substances already
presert in solution in the lymph.

Fibrin.—Fibrin forms in varying amount in the lymph under
the action of fibrin ferment on fibrinogen. The fibrin ferment
is set free by disintegration of leukocytes and other cells. Fibrin-
ogen is present in the lymph. On microscopic examination the
fibrin in the tissue appears as a network of fine threads with nodal
points. In time the threads become coarse and may even form a
dense hyaline reticulum. Sometimes it is granular or may occur
within cells, such as those of the liver, in the form of globules and
short rods. Fibrin is formed most frequently on surfaces such as
the air-sacs of the lung and serous surfaces. Fibrin disappears
on the addition of acetic acid. In hardened tissues it may be
stained differentially.
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When the tissue elements are destroyed and are bathed in
lymph they often become coated and impregnated with fibrin
and stain like it; they are sometimes said to have undergone a
fibrinoid change.

When much fibrin forms in an exudation, its presence is some-
times recognized in classifying the lesion; for example, fibrinous
pneumonia, fibrinous pericarditis.

Fibrin does not exude from the vessels. It is a pathologic
product formed out of the serum which has exuded. Its pres-
ence is sometimes harmful, its removal often impossible, and its
organization may lead to much trouble (pleural and pericardial
adhesions), and may even cause death (internal hydrocephalus
following organization of fibrin due to acute epidemic cerebrospinal
meningitis). .

The quantity of lymph called out by different injurious agents
and the amount of fibrin formed vary greatly. A few examples
will illustrate.

Mosquito Bite: Much serum quickly poured out; little or no
fibrin formed; few leukocytes.

Croton Oil: Much serum; little fibrin; many polymorpho-
nuclear leukocytes.

Diplococcus Pneumonie: Moderate amount of serum; much
fibrin; many polymorphonuclear leukocytes.

Bacillus Tuberculosis: Serum usually moderate in amount;
often much fibrin formed (lung, pleural and pericardial cavities);
in miliary tubercles usually very little serum, often much fibrin;
many endothelial leukocytes.

Bacillus Anthracis: Much serum; considerable fibrin; mod-
erate number of leukocytes; frequently diapedesis of red blood-
corpuscles.

VARIETIES OF ACUTE INFLAMMATORY EXUDATION

In acute inflammation, as a result of the varying nature of the
injurious agents, serum or leukocytes may predominate in the
exudation; fibrin may form in abundance from the serum and
lie free in the tissue spaces or in a cavity, or be attached lightly or
by reason of extensive necrosis intimately to an epithelial surface;
much blood may be present in consequence of diapedesis or
hemorrhage; epithelial cells and mucus may be mingled with
the exudation from an epithelial lined surface; gas may be formed
by the infectious agent or marked necrosis or putrefaction pro-
duced. Terms descriptive of these various peculiarities are often
employed and serve a certain useful function.

The same injurious agent may and usually does cause more
than one type of exudation.
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1. Serous Exudation.—The exudation is chiefly fluid. Poly-
morphonuclear leukocytes are always present in -at least small
numbers and a little fibrin may form. An exudation often starts
serous in character, but ends by containing much fibrin or many
polymorphonuclear leukocytes or both. The serous type of
exudation is often complicated by the presence of red blood-
corpuscles as a result of diapedesis or hemorrhage.

When a serous exudation takes place into the tissue lymph-
spaces it is spoken of as inflammatory edema, and the tissue
affected is characterized by swelling and a doughy consistence,
and usually by redness. If the exudation persists a long time,
the tissue cells may imbibe fluid and swell, and the collagen and
other intercellular fibrils may undergo various retrograde changes.

If the exudation occurs beneath squamous epithelium, it may
give rise to the formation of vesicles.

An excellent example of a serous exudation may be produced
experimentally by dipping a rabbit’s ear for three minutes into
water heated to 54° C. In man it is produced (at least in sus-
ceptible individuals) by mosquito bites. It is usual in the first
stage of lobar pneumonia due to the diplococcus lanceolatus. It
is sometimes caused by the streptococcus pyogenes and by other
organisms.

2. Fibrinous Exudation.—It consists of serum and leukocytes
_ (chiefly polymorphonuclear), but fibrin forms so abundantly from
substances in the serum that usually it dominates the gross and
histologic picture and forms the most striking characteristic.
This type of exudation may occur diffusely in lymph-spaces, but
it is most common on serous and epithelial lined surfaces. It
usually fills up small cavities such as the air-spaces of the lungs,
but in the large cavities and on free surfaces it forms a definite
layer or membrane composed of fibrin threads and meshworks
matted together.

The amount of necrosis associated with fibrinous exudations
varies greatly. If it is slight and superficial, the layer of fibrin
is readily peeled off leaving a smooth but usually dull surface.
If the necrosis is marked and extends deeply, as often happens on
epithelial surfaces, fibrin forms all through the necrotic tissue and
binds it more or less intimately to the fibrin layer on the surface,
so that the combined layer either cannot be stripped off or leaves
a ragged surface behind.

The effort to distinguish different types of fibrinous layers or
membranes has led to the employment of descriptive terms, whlch
are, to say the least, often confusing.

The trouble arises from two sources:

(a) The employment of the clinical term diphtheritic and its
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derivatives, diphtheroid and pscudo-diphtheritic, in a purely
anatomic sense for certain types of fibrinous membranes on epi-
thelial surfaces. .

(b) The attempt to distinguish three different types of fibrinous
membranes according to the intimacy of their attachment to the
underlying surface and according to the amount of necrosis present.
The final distinction between them has to be made with the
microscope, although we learn to recognize the different varieties
with a certain amount of confidence according to the location of
the lesion and the nature of the infectious agent.

Fig. 8.—Lung. Lobar pneumonia. Alveolus filled with an exudation of
serum and polymorphonuclear leukocytes. Much fibrin has formed. At two
points it runs through openings in the alveolar wall. M.

The three varieties of membranes can be best distinguished by
stating their chief points of difference and giving typical examples
of each. It will be noticed that the diphtheria bacillus produces
all three types, depending for the most part or entirely on the
anatomic structure of the surface on which the toxin of the bacillus
acts.

(1) Fibrinous Ezudation (Croupous Inflammation).—The
necrosis is, as a rule, slight, and often demonstrable only with
difficulty. It is limited to the lining epithelium or on a squamous
epithelial surface to the upper layers of cells only, The threads
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composing the fibrin reticulum are relatively delicate. The fibrin
can be stripped off readily and leaves a smooth but usually
dull surface. In the stage of organization of this fibrinous exudate,
however, the fibrin threads usually thicken up, and the fibrin
membrane becomes adherent owing to the growth of blood-vessels
and connective tissue into it.

The typical fibrinous exudation is produced by the diplococcus
lanceolatus in the lung, the pleural cavity, the meninges, etc.
The same type of exudation is often produced by other organisms;

Fig. 9.—Acute inflammation. Diphtheritic (fibrinous) membrane on surface
of trachea. Basement membrane appears as a broad paleline. M.and W.

by the diphtheria bacillus in the trachea, and, at the beginning of
its action, on the tonsils, the pharynx and elsewhere; by the
streptococcus in the lungs and meninges; sometimes by the
tubercle bacillus, especially in the meninges.

(11) Diphtheroid (Pseudo-diphtheritic) Inflammation. — The
necrosis is more extensive than in the simple fibrinous type and
involves, on a surface covered with squamous epithelium, several
layers of the epithelial cells and may even in places extend a little
into the underlying connective tissue. The deeper lying threads
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of the fibrin reticulum are coarse and hyaline. This type of mem-
brane is tough and tenacious. It is stripped off with more or less
difficulty, and leaves a ragged surface which may show bleeding
points.

The diphtheroid membrane is produced by the diphtheria
bacillus more often than the anatomically diphtheritic membrane,
especially over the tonsils.

(11i1) Diphtheritic (Necrotic) Inflammation.—The necrosis is
often the most prominent feature of the lesion and extends deeply
into the tissues underlying the epithelial surface. In the gastro-

Fig. 10.—Large intestine. Diphtheritic colitis. Necrosis of mucosa, fibrin
formation, leukocytic infiltration. M.

intestinal tract it may involve the entire thickness of the mucosa.
The necrotic connective tissue and blood-vessels bathed in the
exuding serum swell and undergo a fibrinoid change. The fibrin
on the surface is often not conspicuous and may be absent owing
to maceration and desquamation, or because the injurious agent.
was so strong and death so sudden that it had not time in which
to form. The necrotic tissue resembles a membrane, but it cannot
be stripped off.

This type of inflammation is most common in the urinary
bladder, the intestine, and the uterus, but may occur elsewhere,
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as in the stomach or mouth, and is often complicated with putre-
faction.

It may be due to bacteria (dysentery, colon, and diphtheria
bacilli) or to chemical agents (carbolic acid, corrosive sublimate).

To sum up: The simple fibrinous exudation shows much fibrin
and little necrosis; the diphtheritic, much necrosis and sometimes
little or no fibrin; the diphtheroid lies between the two extremes
and is less definitely characterized.

3. Purulent Exudation or Suppuration.—Leukocytes are abun-
dant; serum is present in varying quantities, rendering the
exudation thick or thin accordingly; fibrin is usually scanty or
lacking. Of the leukocytes the polymorphonuclear predominates,
and frequently is practically the only one present. Endothelial

a b

Fig. 11.—Acute inflammatory exudation. a, Chiefly polymorphonuclear
leukocytes and fibrin; b, polymorphonuclear and endothehal leukocytes, also
several lymphocytes.

leukocytes are usually present in small numbers and may be fairly
abundant. Lymphocytes are sometimes numerous, while eosino-
philes are rare.

This type of exudation is commonly called pus, and the cellular
elements composing it pus-cells; hence the term pus-cell is gen-
erally regarded as synonymous with polymorphonuclear leukocyte,
although it is not necessarily so. The leukocytes usually contain
much glycogen and numerous fat-droplets. )

Purulent exudations in organs and tissues are always combined
with necrosis and solution of tissue. When this occurs focally,
the resulting lesion is termed an abscess; when it spreads through
the lymph-spaces and vessels, it is called diffuse suppuration. An
abscess extending to the surface of the skin or a mucous membrane
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and continuing to discharge its contents there becomes a fistula
or ulcer according to its shape. Small localized collections of pus
in the surface of the skin or mucous membranes are called pustules,
while suppuration spreading rapidly and extensively through the
subcutaneous tissue with solution of it and the overlying epidermis
is known as phlegmon.

Suppuration in a pre-existing cavity, such as the pleural cavity
or the gall-bladder, is usually termed empyema.

Suppuration is usually due to bacteria, especially to the
staphlyococcus pyogenes aureus and to the streptococcus pyogenes.
Other organisms which may cause a purulent exudation are the
gonoeoccus, the tubercle bacillus, the colon bacillus, the acti-
nomyces, etc. Experimentally it has been shown that suppura-

b
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Fig. 12.—Acute inflammation. Oviduct. Migration of polymorpho-

nglcleall;e leukocytes between the lining ciliated epithelium into the lumen of
the tube.

tion may also be produced without bacteria by purely chemical
reagents, such as croton oil or calomel. Suppuration produced in
this way does not spread, however, because the injurious agent
cannot multiply and extend peripherally.

The tissue solution in suppuration is generally due to the action
of ferments secreted by the polymorphonuclear leukocytes at-
tracted by the injurious agent and the necrotic cells. Sometimes,
however, thé injurious agent itself causes tissue solution, as, for
example, bacillus aérogenes capsulatus in infections of muscles.

4. Hemorrhagic Exudation.—Red blood-corpuscles in varying
numbers are usually present as the result of diapedesis or of hem-
orrhage in the three common varieties of acute exudations already
described. When they are very abundant and especially when they
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form the most conspicuous feature, the exudation in which they
occur and which otherwise would be called serous, fibrinous, less
often purulent, is commonly termed hemorrhagic. The red
blood-corpuscles form a contamination of the exudation and serve
no useful function. They are foreign bodies which have to be .
removed for the most part through the agency of endothelial
leukocytes. When they are poured out under arterial pressure,
they may mechanically cause much injury which has to be repaired.

The hemorrhagic type of exudation is more common in con-
nection with- irritants which affect injuriously the vessel walls.
Thus it frequently attends septicemias due to the diplococcus
lanceolatus and the streptococcus pyogenes. It also occurs when
marked congestion from any cause accompanies an inflammatory
reaction.

5. Catarrhal Inflammation.—The exudatlon from mucous
surfaces is often contaminated with mucus and desquamated epi-
thelial cells whose presence is recognized in the term catarrhal
inflammation. The term is also commonly used by the Germans
as synonymous with simple acute inflammation.

REACTION TO MILD INJURIOUS AGENTS

We have seen that strong injurious agents produce more or
less severe injury and a marked inflammatory reaction consisting
chiefly of serum (from which much fibrin may form) and of poly-
morphonuclear leukocytes. Endothelial leukocytes, lymphocytes
and eosinophiles usually play a minor part, at least at first.
After the reaction has lasted a short time, however, one or another
of these other leukocytes may become more abundant as varlous
chemical products attract them.

Other injurious agents exist, however, which cause varieties
of inflammatory reaction which are different from those already
described. They are best classed as the mild injurious agents.
They consist in part of micro-organisms which give rise to the
production of weak toxins; in part, of strong toxins from various
sources which if sufficiently diluted may act also as mild irritants.
Belonging to this group of the mild injurious agents are the
typhoid bacillus, the Leishmania tropica, the still more slowly
acting leprosy bacillus, the diluted toxin produced by the diplo-
coccus lanceolatus, carbon, fat and its products. The tubercle
bacillus belongs usually with the mild irritants, but sometimes
must be classed with the strong injurious agents. The blasto-
myeces, the oidium, and the glanders bacillus likewise vary between
the two groups, but usually are to be regarded as strong injurious
agents.

The injury produced by the mild irritants is slight and certainly,
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as a rule, cannot be demonstrated morphologically. On the other
hand, the inflammatory reaction is usually marked and may itself
lead to serious consequences.

The most common inflammatory reaction to mild irritants
consists of an exudation and proliferation of endothelial leukocytes
which sometimes accumulate in very large numbers. The en-
dothelial leukocyte (to which must be added under certain con-
ditions the attached endothelial cell) seems to be the only one
capable, under ordinary conditions, of counteracting the toxins
of bacillus typhosus, bacillus . tuberculosis, bacillus lepre, and
Leishmania tropica. To the endothelial leukocytes may be added
serum (from which much fibrin may form), lymphocytes, poly-
morphonuclear leukocytes, and rarely eosinophiles.

Other injurious agents attract lymphocytes in large numbers
so that focal accumulations of some size may occur in various
organs and tissues; for instance, in the heart, kidney, adrenal,
and skin. In one type of acute tubular nephritis lymphocytes
predominate to such an extent that the lesion has been termed
acute interstitial non-suppurative nephritis.

Occasionally, the eosinophile plays an important part in
exudations. It may increase greatly in number in the circulation
in trichiniasis, for example (20 to 60 per cent), and emigrate
to collect around the trichinge in the muscles. Sometimes it
collects in great numbers in other lesions so as to form the pre-
dominating leukocyte, thus often in the scirrhous type of lympho-
blastoma, and occasionally in carcinoma of the cervix uteri.

The inflammatory reactions to mild irritants are usually not
classified as such (endothelial or lymphocytic reaction) but etio-
logically. Thus we speak of typhoid lesions of the intestine, acute
miliary tuberculosis, leprosy, Allepo boil. On the other hand, we
say acute intracapillary or capsular glomerulonephritis, although
the lesion in the one instance may consist only of endothelial cells
or leukocytes, in the other only of proliferated epithelial cells.

Itisnot necessary to go into details at this point in regard to these
different varieties of exudation produced by mild injurious agents.
They will be taken up at length in connection with the special
injurious agents which produce them. Here it is only important
to appreciate the relation of these inflammatory reactions to those
which have been described as produced by the strong injurious

agents.

REACTION TO INJURIOUS AGENTS WITHIN THE CIRCULATION

Some injurious agents act only outside of the circulation

(tenia solium), others only within it (plasmodium malarie).

Most infectious agents are found chiefly in one situation or the
4
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other, but occur frequently in both (staphylococcus pyogenes
aureus, tubercle bacillus).

The injury and reaction produced by injurious agents outside
of the circulation have been described. Those produced within
the circulation are rarely striking (destruction of red blood-cor-
puscles in malaria, for instance).

Nature’s means for defense are nearly all present in the blood.
Those leukocytes which are most effective in counteracting
organisms or toxins or both are increased in number, thus the
polymorphonuclear leukocyte in staphylococcus pyogenes aureus
septicemia, the endothelial leukocyte (especially in the portal
circulation) in typhoid fever, the lymphocyte in whooping cough,
the eosinophile in trichiniasis. The chemical constitution of the
blood plasma may be altered and new substances be produced in
it (typhoid antitoxin), probably through the action of the leu-
kocytes best fitted to counteract the injurious toxin. The bone
marrow may become hyperplastic. The spleen may increase in
size owing to the accumulation of numerous leukocytes in it
(polymorphonuclear leukocytes in streptococcus pyogenes sep-
ticemia, endothelial leukocytes in typhoid fever).

The endothelial cells lining the blood-vessels often play an
important part, acting in many respects like the endothelial
leukocytes which are derived from them. They take up many
kinds of organisms (tubercle bacillus, leprosy bacillus, Leishmania
tropica). Some they destroy; in other instances they act as
helpless hosts for the parasites multiplying within them. Some-
times they proliferate and desquamate fairly rapidly, thus causing
increase in the number of endothelial leukocytes (typhoid fever,
miliary tuberculosis).

While these points may seem of minor consideration in com-
parison with the gross lesions caused by exudations, it is important
to bear them in mind because they help in the understanding of
certain lesions. Thus, in generalized miliary tuberculosis each
separate tubercle starts in a blood-vessel, usually a capillary, as
the result of a tubercle bacillus being incorporated by one of the
lining endothelial cells. The cellular reaction to the toxin derived
from this tubercle bacillus and its descendants consists usually
of nothing but an accumulation of endothelial leukocytes, first in
the capillary, where the bacillus is lodged, then in the adjoining
capillaries and lymph-spaces. By occlusion of the blood- and
lymph-vessels, nutrition is cut off, and first the tissue cells and
then the endothelial leukocytes undergo necrosis. In order to
understand the lesions produced by the tubercle bacillus or any
other injurious agent it is necessary to know nature’s reaction to
it, that is, what means she employs against the agent, whether it
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is located in the blood, in a lymph-space or vessel, or in a cavity
lined with epithelium or mesothelium.

No attempt will be made here to go farther into this subject
from the general point of view, but under some of the special
infectious agents the reaction which each causes in the circulation
will be described.

REPAIR

Introduction.—Repair is a broad term applied to all the
processes following the injury and exudation caused by an in-
jurious agent. It includes removal and encapsulation of foreign
bodies of all sorts, the organization of fibrin and lime salts, and the
regeneration of cells and parts of cells.

The various processes included under repair are necessarily
disgussed separately. It must not be imagined, however, that
they occur in nature in the order in which they are taken up and
after the exudation has ceased. Instead, all the various steps
described under inflammation (including injury, exudation, and
repair) are usually more or less intimately combined and therefore
confusing to the beginner. It requires long training and a thorough
acquaintance with all the various processes to be able to disen-
tangle them, and to recognize the significance and relative import-
ance of each.

Under repair it is necessary to consider in due order the means
employed to get rid of foreign bodies of every kind, the organi-
zation of fibrin, less often of lime salts, the regenerative ability of
the different types of cells when some of them are destroyed without
injury to the adjoining blood and connective tissues, healing or
tissue repair when all cells in a given area undergo necrosis, and,
finally, healing or tissue repair in certain special organs and tissues.

FOREIGN BODIES

Toxic substances derived chiefly from injurious agents, but
also to some extent from the injured and necrotic tissue, are
counteracted chemically so far as it is possible by substances
already contained in the blood plasma, or manufactured by the
leukocytes. Besides the toxic substances, however, which must
be neutralized or excreted and the serum which must be absorbed
through the lymphatics, there often remain numerous bodies of
various sorts which must be regarded as mild types of irritants,
and which have to be got rid of before regeneration of cells can
result in more or less complete repair of a lesion. Some of these
different kinds of foreign bodies are derived from the injurious
agents, some from the injured tissues and from hemorrhage, while
still others are to be regarded as pathologic products.
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The following list will give an idea of the kind of foreign bodies
which sometimes require removal from inflammatory lesions before
perfect healing can take place:

Living and dead bacteria; capsules of pneumococci and of
Friedlinder’s bacilli; colonies and clubs of actinomycetes; blasto-
mycetes; fats from tubercle and leprosy bacilli; sodium urate
crystals; sutures; hairs.

Necrotic cells and the intercellular products of some of them,
such as collagen and elastic fibrils, cartilage and bone; myelin
from nerve-sheaths; fat derived from necrotic cells of all kinds -
and especially from necrotic fat cells.

Secretions and pathologic products of various kinds, including
fat and its derivatives; fatty acid and cholesterin crystals; bile; lime

salts; hemorrhage
and the pigments
derived from the hem-
oglobin; colloid; amy-
loid; fibrin.

For removing
foreign bodies nature
uses apparently the
activities of only the
polymorphonuclear
and endothelial leu-
kocytes. These agents
act by means of
ferments which they
secrete and which are

Fig. 13.—Repair. Foreign body giant-cell able to dissolve or
formed around fat crystals. digest many of these
foreign bodies.

Some of the foreign bodies, such as living and dead bacteria
and their capsules, they incorporate and digest; others, such as
necrotic cells, they invade or surround and dissolve. The two
types of leukocytes, however, are not able to perform exactly
similar functions. Both can incorporate bacteria although usually
not the same kinds; and both may invade or surround and dissolve
necrotic cells; but only the endothelial leukocyte takes up red
blood-corpuscles and carbon, for instance, or attempts to dissolve
cholesterin crystals or hairs or cornified epithelium.

Foreign Body Giant-cells.—When an endotheligl leukocyte
finds difficulty in dissolving a substance, as, for instance, lime or
certain fat products or the blastomyces, it frequently fuses with
other endothelial leukocytes to form a multinucleated mass of
cytoplasm, commonly termed a foreign body giant-cell. If the
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foreign body is too large for one leukocyte to incorporate (choles-
terin crystals, hairs), one or more giant-cells are formed which
surround it or plaster themselves on its surface.

Foreign body giant-cells are usually numerous in the lesions
due to the tubercle bacillus and the blastomyces; also in many
lesions involving bone. Frequently, they are present in large
numbers around fat products, especially cholesterin crystals (old
healing abscesses, chronic mastitis); also around elastic fibrils
_ (healing furuncle); hairs (pilonidal sinus, inflamed dermoid cyst);
cornified epithelium (inflamed wen, epidermoid cancer); urate
of sodium crystals (gout).

Parasitism.—Many micro-organisms incorporated by leu-
kocytes are not destroyed. Instead, they seem under ordinary

L3 . . A

Fig. 14.—Repair. Foreign body giant-cells formed around cholesterin
crystals.

conditions to flourish and multiply abundantly as parasites within
the cells. Thus the gonococcus inhabits the polymorphonuclear
leukocyte and the leprosy bacillus and the Leishmania tropica,
usually the endothelial leukocyte and also the endothelial cell.
The organisms are frequently present by dozens in these cells which
they in turn do not destroy. Possibly the leukocytes neutralize
to some extent the toxins eliminated by the organisms.

Necrotic Tissue.—Necrotic cells are usually readily dissolved
by polymorphonuclear and endothelial leukocytes. Sometimes
one does the work, sometimes the other; occasionally the two
together. The reason for the presence of the one or the other
leukocyte seems to depend, in certain instances at least, on the
nature of the injurious agent which destroyed the cells.
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Removal of necrotic cells on a large scale and in a comparatively
short time is seen in the early stage of acute yellow atrophy of the
liver. In this lesion the circulation of the organ is not interfered
with. But in an infarction of the kidney, for example, where the
blood-vessels and connective tissue are all destroyed as well as
the epithelial cells, although the process starts actively enough at
the periphery of the lesion, it soon quiets down and requires a very
long time to transform the infarction into a scar.

In several forms of tumors, but especially in melanomas, the
cells at some distance from the blood-vessels frequently undergo
necrosis which may be very extensive. The necrotic cells rarely
attract any leukocytes, probably because they very slowly dissolve
and disappear by absorption leaving the blood-vessels surrounded

by thin sheaths of living
tumor cells.

Collagen fibrils are
more easily dissolved than
elastic fibrils. The latter
often require the long-
continued action of foreign

) body giant-cells.
} . - Bone is exceedingly

» difficult to dissolve. Even

. minute particles lead to

,ﬂ& .\ ‘i "?24- mﬂ@ the formation of giant-
) ",. 9 cells. Large masses may

. persist for years or indefi-

Fig. 15.—Repair. Foreign body nitely, unless removed
giant-cells formed around a hair in a  mechanically.
pilonidal sinus. Myelin and the fat

derived from it are taken
up by endothelial leukocytes which collect largely in the lymph-
spaces around and within blood-vessels. There they apparently
persist for a long time while they digest the fat. _

Fat is also derived from necrotic cells and leukocytes and
especially from necrotic fat-cells. In fat necrosis endothelial
leukocytes collect and multiply by mitosis in numbers around the
fat formerly contained in fat-cells. They often form a regular
single or double row of cells which have been mistaken for regen-
erating fat-cells.

When fat collects in considerable quantities, as in old abscesses
or in the ducts in chronic mastitis, it frequently undergoes chemical
changes, giving rise to fatty acid and cholesterin erystals which in
time may lead to the formation of numerous giant-cells.

Masses. of inspissated bile in the bile capillaries of the liver

ce =
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often escape through the surrounding wall of liver cells and are
taken up by endothelial leukocytes and gradually digested.

Rarely colloid in the thyroid gland and amyloid in, for instance,
the wall of the urinary bladder become foreign bodies and lead to
the formation of numerous giant-cells.

Red Blood-corpuscles.—When red blood-corpuscles escape into
the tissues through diapedesis or hemorrhage, one of two
things may happen to them: They may be incorporated by en-
dothelial leukocytes or they may disintegrate and set free their
hemoglobin. From the hemoglobin thus set free hematoidin
crystals may form in the same way that they may in blood pre-
served in a test-tube. Hematoidin is, therefore, not due to cell
activity. Chemically it does not respond to the ordinary tests
for iron. More often all or most of the hemoglobin gradually
diffuses into the surrounding tissues, where it may in part at least
be precipitated in the form of irregular granules.

The hemoglobin in the red blood-corpuscles incorporated in
endothelial leukocytes is transformed by cell activity into hemo-
siderin, a collective term applied to pigments which give the iron
reaction. The hemoglobin diffused from the disintegrated red
blood-corpuscles is taken up also by endothelial leukocytes through
imbibition or by phagocytosis, and transformed in the same way
into hemosiderin. In the course of a long time (months to years)
the hemosiderin is decolorized and digested and finally disappears
from the cells. When carbon is also taken up by the endothelial
leukocytes, as frequently happens in the lungs, the hemosiderin
is deposited around it.

Red blood-corpuscles are more likely to be taken up by endo-
thelial leukocytes when they are present in small numbers only.
When the hemorrhage is large, the leukocytes can necessarily
attack only the periphery of it. Under these conditions the blood
clots, the red blood-corpuscles gradually disintegrate and the
hemoglobin is set free, the fibrin stimulates organization and the
blood from the hemorrhage is finally replaced by pigmented scar
tissue. If the organization is incomplete, as frequently happens
in the brain, a cyst eventually remains containing clear fluid, but
with pigmented endothelial leukocytes in the walls.

There still remains one foreign body, namely fibrin, which is
the most important of all, and requires separate consideration.
It may be derived from exudations or from hemorrhage. It is a
pathologic product, often useful as in stopping hemorrhage, but
frequently causing great trouble.
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ORGANIZATION OF FIBRIN

Fibrin does not of itself attract leukocytes unless it has under-
gone chemical changes. When it occurs in lesions into which
numerous polymorphonuclear leukocytes are attracted by the in-
jurious agent, as in fibrinous pneumonia, it is usually digested at
least in part by the ferments which the leukocytes set free. Other-
wise it persists and leads to what is termed organization of fibrin.
This condition regularly occurs in the pleural and other cavities
where the leukocytes can affect only the surface of the fibrin.

When fibrin occurs in suitable situations, it is quickly covered
over with a layer of endothelial cells (thrombi in blood-vessels),
or of epithelial cells (alweoli of lung, tubules of kidney). It exerts,
however, a very specific attraction for the fibroblast which pro-
liferates and grows into the fibrin and replaces it. In many
situations the fibroblast is preceded or accompanied by vascular
endothelium in the form of capillaries which arise only from capil-
laries; but in other situations the fibroblast works alone.

This replacement of fibrin by connective tissue, vascularized
or not, is termed organization of fibrin. The process can be
studied in a variety of situations, but three are sufficient fully to
illustrate what occurs.

Pleural Exudation.—The fibrinous exudation on the surface
of a serous cavity offers the best and most common material for
the study of organization of fibrin. Various stages of the process
are required and usually can be obtained. It is generally most
convenient to select the pleural exudation on the surface of the lung.

. The organization begins after the fibrin has existed about one
week. It consists of an outgrowth of capillary blood-vessels
followed by fibroblasts. The new vessels sprout from the super-
ficial capillaries in the subpleural tissue and extend into the fibrin.
They anastomose laterally with each other so as to form loops.
This enables the blood which comes out in some of the vessels to
return through others. Although the new-formed capillaries are
very thin walled their lumina are relatively large.

The fibroblasts of the subpleural tissue proliferate and invade
the fibrin rather slowly. A few extend along the capillaries and
form a supporting sheath for them, but most of the fibroblasts
are arranged in layers parallel with the pleural surface and in this
way gradually encroach on the fibrin and replace it.

The fibrin does not attract leukocytes of any sort. It gradually
disappears as the vascular endothelium and the fibroblasts ad-
vance. Apparently, it is dissolved and utilized as nourishment
by these two varieties of cells, and this alone may explain its
stimulating effect on these cells.
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If the visceral and parietal layers of fibrin in the pleural cavity
are in contact, the organizing cells may eventually meet and
combine so as to cause obliteration of the pleural cavity. Fat
products and lime salts in the fibrin sometimes lead to the forma-
tion of foreign body giant-cells.

Any mesothelial cells not destroyed multiply and cover the
walls of the spaces in which they lie; thus, they may appear
eventually as gland-like cavities in the dense pleural adhesions
or covering sheet and string like adhesions due to the organization

Fig. 16.—Heart. Organizing pericarditis. Fibrin still present along surface
and beneath it.

of strands of fibrin originally kept apart by the presence of fluid
which had not been absorbed.

In time the collagen fibrils produced by the fibroblasts contract,
the blood-vessels to a large extent disappear, and the only reminder
of the fibrin left is a thin layer of dense fibrous tissue.

Pneumonic Exudation.—Some of the fibrin on the surface of -

a pleural exudation is probably dissolved by the ferments derived
from the leukocytes attracted by the infectious agent. In the
alveoli and bronchi of the lung in pneumonia this dissolution of
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the fibrin is the usual occurrence. The fibrin is dissolved either
completely or to such an extent as to set it free from the walls of
the air-spaces and thus permit it to be coughed up.

In certain instances, however, more or less of the fibrin remains
attached in place and after a certain length of time (one to two
weeks) undergoes organization. Its surface is first covered over
with a layer of epithelial cells. Then capillary vessels and fibro-
blasts grow out from the walls of the alveoli and the bronchioles
and organize it, replacing it from without in. The organization
starts at the points where the fibrin is attached to the walls,
especially around the minute holes in the alveolar walls, through
which the fibrin runs from one alveolus to the next.

Whenever the epithelium has been completely destroyed,
organization leads to obliteration of the air-spaces, and the trans-
formation of the lung into solid fibrous tissue.

Fibrin is organized in the pericardial and peritoneal cavities
in the same way as in the pleural cavity. In the meninges the
changes are less easily followed, because the fibrin is in the lymph-
spaces of the pia instead of being on a well-defined surface, but
the process is essentially the same. In blood-vessels, however,
and on the valves of the heart the process of organization is a little
different.

Blood-vessels: Thrombi and Emboli.—In certain situations
fibrin is organized by the action of fibroblasts only. The process
can be studied best in the organization of thrombi and emboli
within vessels. The fibrin is usually quickly covered over on the
free surface by a layer of endothelial cells. The fibroblasts grow
into the fibrin at the points where it touches the wall. If the
thrombus is more or less spherical they organize its periphery
first, and then gradually extend toward its center. If the throm-
bus is irregular in shape, the endothelial cells on the surface
dip into all the depressions and slits, and line them so that on
section it would seem as if new blood-vessels had formed in the
organized thrombus, but there seems to be no evidence of so-called
canalization of a thrombus taking place except in this way, unless
there has been an infectious process of the vessel wall as a result
of which blood-vessels have grown in from the adventitia.

Similar organization of fibrin by fibroblasts alone is common
on the inner surface of the aorta and leads to the formation of the
elevated fibrous plaques, so often found there. Fibrin on the
surface of the heart valves is usually organized in this same way,
and the process occurs also on the surface of the liver and spleen.
In all these situations it is due in part at least to the condition of
the tissue adjoining the thrombus; it is non-vascular at least in
the blood-vessels and heart valves and over the spleen.
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Fibrin seems to act as a direct stimulus (food?), especially to
the fibroblasts, less often to vascular endothelium.

Organization of Lime Salts.—Lime salts occur normally in the
intercellular substance of bone. If the bone cells are killed, the
intercellular substance becomes a foreign body. Two different
things may happen to it. It may be gradually dissolved and
removed by osteoclasts (the usual process following osteomyelitis),
or osteal cells may apply themselves to its surface and slowly

Fig. 17.—Cerebellum. Calcified corpora amylacea being transformed (organ-
ized) by fibroblasts into bone.

appropriate the lime salts to their own use. In this way they
gradually replace or organize the calcified intercellular substance
left by necrosis of the bone cells. They do this under sterile, non-
toxic conditions, not when the bone cells have been destroyed by
an infectious process.

This process of organization of the calcified matrix of dead
bone is made use of to some extent by the surgeon in the operation
of transplanting bone in order to fill in defects of bone, or to furnish
rigid support during the stage of repair. The cells of the trans-
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planted bone always die, but the calcified matrix serves a useful
purpose by furnishing a framework on and within which the osteal
cells lay down new bone while utilizing, to some extent, at the
same time, the lime salts already at hand.

Under pathologic conditions lime salts are often deposited in
the body; for instance, in necrotic tissue, in hyaline material of
various sorts, and occasionally in masses of old fibrin. They
frequently exert some effect on adjoining fibroblasts, in conse-
quence of which these cells slowly invade and organize the lime
salts, depositing them in their own intercellular substance and thus
transforming themselves into true bone cells. As a result of this
process true bone frequently replaces, in part or entirely, lime
salts deposited in necrotic cells, etc., as, for example, in the walls
of sclerosed arteries, in old hemorrhages in the eye, and in various
tumors including gliomas of the tentral nervous system.

REGENERATION OF CELLS

Regeneration is a narrow term applied to the new formation
of cells to replace cells of the same type which have been destroyed.
The term is applied also to the new formation of parts of cells.

Cells multiply or proliferate by so-called indirect division, a
method ‘termed mitosis or karyokinesis. It is probable that all
progressive new formation of cells in the human body takes place
in this way. Direct division of cells, amitosis, is evidence of a
retrograde change. Budding and direct division of nuclei without
division of the cytoplasm is to be regarded as a retrograde process,
except in the case of regeneration of parts of muscle-fibers which
have been destroyed.

Multiplication of certain types of cells is constantly taking
place in the body because many of these cells are being used up
under normal conditions and have to be replaced. When it takes
place under normal conditions, it is called physiologic regeneration;
if it occurs under abnormal conditions, it is termed pathologic
regeneration.

Physiologic regeneration is always perfect; the organ or tissue
is kept intact, in perfect condition. Pathologic regeneration is
usually much more extensive and rarely so complete. It succeeds
best when the accompanying blood-vessels and connective tissue
are uninjured, as in central necrosis of the liver, but sometimes
even there it fails completely.

The cells with slightly differentiated cytoplasm regenerate
better than those in which it is highly differentiated.

Regeneration of cells is more active in youth, at least in some
types of cells, than in old age.

The cells which have to be replaced constantly under normal
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conditions in order to maintain a certain cell equilibrium in the
body are the red blood-corpuscles, the various leukocytes, the
epithelial cells of the epidermis including those of the hair follicles,
etc., the epithelial cells of the gastro-intestinal tract, of the genital
organs, and of various other organs and tissues. The regeneration
may take place in the immediate neighborhood of the destroyed
cells (epithelium) or at a distance (erythroblasts, lymphocytes).

Other types of cells, such as fibroblasts and neuroglia cells, do
not multiply at all normally, although endowed with great powers
of regeneration which become evident under pathologic conditions.
Still other cells like the ganglion cells have no powers of regen-
erating new cells and if destroyed are never replaced.

Cells proliferate only to replace cells of their own kind which
have been destroyed. It is commonly taught that when the highly
differentiated, so-called parenchymatous, cells of an organ or
tissue are destroyed, blood-vessel endothelium and connective-
tissue cells proliferate and fill up the space formerly occupied by
them. There is no evidence for this teaching and ‘much to the
contrary. For example, in central necrosis of the liver lobule only
the liver cells are destroyed. As a rule, complete regeneration
of the liver cells occurs in from one to two weeks. If for any reason
it does not occur, then, after the necrotic liver cells have been
removed by the action of leukocytes, the blood-vessels collapse,
the connective tissue contracts and thickens up, but the cells do
not proliferate. The liver as a whole is diminished in size. The
same condition holds in the heart when only the muscle-cells are
destroyed as the result of the effect of toxins or of nutritive dis-
turbances. Likewise in the central nervous system, if only the
ganglion cells or their axis cylinder processes are destroyed, the
neuroglia cells do not proliferate on that account. They multiply
only to replace cells of their own kind which have undergone
necrosis, or because they have been in some other way stimulated.
Following necrosis of parenchymatous cells, if the collagen or
neuroglia fibrils included in the area are unable to contract, the
spaces left after absorption of the necrotic cells are filled with fluid.

In all these situations (liver, heart, central nervous system),
however, marked proliferation of the fibroblasts and neuroglia
cells and to a less extent the vascular endothelium takes place if
they themselves have at the same time been destroyed.

Regeneration of cells often takes place in excess of the number
of cells destroyed. Thus young blood-vessels and young con-
nective tissue are regularly reproduced greatly in excess of actual
requirements. Many of the new-formed cells later disappear,
leaving only enough to care for the fibrils which have been pro-
duced. It also occurs, for example, in extreme cases of central
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necrosis of the liver (acute yellow atrophy) where all the liver cells
in many lobules are destroyed. Under these conditions excessive
regeneration takes place from the liver cells remaining in other
lobules so as to reform as much liver tissue as possible. As a
result, while new lobules are not formed, the lobules in the regen-
erated areas are often much larger than normal. This excessive
regeneration is particularly likely to occur in children, but it may
also occur in adults, for instance, in the liver in alcoholic cirrhosis;
some of the collections of regenerated liver cells may resemble
adenomas.

Regeneration of cells' on a large scale is best seen, perhaps, in
the liver following extensive central necrosis, and in the kidney
after marked tubular nephritis. In both these instances practically
only epithelium is destroyed; blood-vessels and connective tissue
remain intact. On the other hand, proliferation of fibroblasts and
of vascular endothelium is found abundantly where they themselves
have been destroyed, as in the granulation tissue of wounds,
abscesses, etc.

The power of regeneration possessed by the different types of
cells will be referred to briefly.

Epithelium.—The regenerative ability of epithelial cells is well
marked and in some situations, such as the epidermis and the
gastro-intestinal tract, is in constant evidence under normal con-
ditions as shown by the presence of numerous mitotic figures.
It is most frequently studied experimentally in lesions of the cornea
where the extent and duration of the lesion can be perfectly con-
trolled. Ulcers of the skin following burns or other destructive
agencies afford excellent opportunities to study the rate at which
the epidermis can grow in and cover over a denuded surface.
Typhoid and tuberculous ulcers of the intestine sometimes offer
good examples of the effort of the lining epithelium to replace the
epithelial cells which have been destroyed, or as it is often stated,
to cover over a bare surface.

Regeneration of epithelial cells in two organs is described in
illustration of the process.

Liver.—Liver cells possess great powers of regeneration.
Following extensive necrosis of the liver cells in the centers of
every lobule complete regeneration will take place in from one to
two weeks. The same condition can be shown experimentally in
animals by administering chloroform and causing central necrosis
of the liver.

Liver cells regenerate entirely from liver cells; not from bile-
duct epithelium. If all the liver cells in a lobule are destroyed, that
lobule will not be reformed. The bile-duct epithelium will multiply
to some extent and elongate the ducts but will not form liver cells.
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Mitotic figures in hepatic cells are occasionally found in normal-
looking livers; they probably indicate that there has been some
destruction of liver cells. In one apparently normal liver they
were very numerous. The same condition was in one instance
found in the adrenal glands following diphtheria.

In central necrosis of the liver the blood-vessel endothelium
and the connective-tissue cells are unaffected; hence they do not
multiply, even if for any reason the liver cells fail to regenerate.
But following infection extending along the bile ducts, where the
connective-tissue cells are often destroyed as well as the liver cells,
the fibroblasts multiply actively and much fibrous tissue is formed.

In the extensive lesions of this type known clinically as acute
yellow atrophy the liver may diminish to one-half or even one-
third its original size; yet if necrosis has not been complete and
if liver cells remain in each lobule, more or less complete regenera-
tion may occur.

Fig. 18.—Repair. Mitosis of fibroblast in wall of chronically inflamed
oviduct.

Kidney.—Regeneration of renal epithelium is very active
following necrosis of the cells lining the tubules. Mitotic figures
may be quite numerous. The cells at first are undifferentiated;
they are low in type and stretch along the walls. The cytoplasm,
like that of most young cells, tends to be basophilic. Later, these
cells become fully differentiated renal epithelium. These re-
generative changes occur most commonly in the convoluted
tubules. No new tubules are ever formed; the pre-existing ones
are simply relined.

In certain infectious processes in the kidney necrosis of all
the tissue cells and abscess formation occur. As a result, marked
proliferation of fibroblasts takes place and much sclerosis may
result. '
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Fibroblasts; Connective-tissue Cells.—The ability of fibro-
blasts to regenerate is marked. Mitotic figures are often numerous;
fibroglia and collagen fibrils are actively produced and in certain
situations elastic fibrils.

Fibroblasts regenerate only when fibroblasts have been de-
stroyed, never to take the place of parenchymatous (the more
highly differentiated tissue) cells which have disappeared. Usually
the cells appear to be regenerated in excess of actual needs be-
cause many of them later disappear.

Endothelial Cells; Vascular Endothelium.—New blood-vessels
arise as capillaries and take their origin from capillaries by pro-
liferation of the lining endothelial cells. The cells multiply by
mitosis and send out at first cytoplasmic processes.

The cells continue to multiply and grow out in the same
direction, forming narrow columns of cells. The columns of cells
tend to unite laterally so as to form loops. The cells in the columns
and loops soon arrange themselves so as to inclose a lumen which
extends out from the original capillary and brings blood to nourish
the young cells. Later, many of these newly formed capillaries
disappear. Others persist, and may develop into larger vessels,
but never into well-formed arteries and veins.

Chondroblasts; Cartilage Cells.—Cartilage cells apparently
have no power of regeneration, because, like the red blood-cor-
puscle and the polymorphonuclear leukocyte, they are an end-
product of cell activity and are incapable of mitosis. The same
holds true for bone cells.

Cartilage cells are newly formed from chondroblasts which
are fibroblasts endowed with the property of secreting chondro-
mucin. This accounts for the frequent presence of collagen and
elastic fibrils in cartilage. Cartilage is always surrounded with a
layer of these cells, known as the perichondrium.

Bone; Osteoblasts; Bone Cells.—Under normal conditions
and even in the fetus, bone is being constantly torn down and built
up. The ground substance is dissolved by osteoclasts and re-
formed by osteoblasts or by osteal fibroblasts. The osteoclast is
a foreign body giant-cell, formed by fusion of endothelial leu-
kocytes. The osteoblast is a modified osteal fibroblast and
represents an intermediate stage between the fibroblast of the
peri- and endosteum and the bone cell. This osteal fibroblast is
endowed with the property of secreting osseomucin in addition
to collagen and elastic fibrils. Osseomucin is a homogeneous
ground substance which binds the collagen and elastic fibrils
together and has the property of attracting lime salts. This
homogeneous matrix in which the lime salts are to be deposited
is known as osteoid material.
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The osteal fibroblast also has inherent in it the property of
producing chondromucin, and thus of becoming transformed into
a cartilage cell, as sometimes occurs in the healing of fractures of
bones.

Bone cells are an end-product, and have lost the power of pro-
liferation so that they play no part in the regeneration of bone,
which has to take place entirely from the osteal fibroblasts. These
cells form a thin layer around all bone and are known collectively
from their situation as the periosteum and endosteum.

The collagen and elastic fibrils in bone can be demonstrated
by special staining methods. Under ordinary conditions they
are masked by the homogeneous ground substance, osseomucin.

Neuroglia Cells.—They are capable of active regeneration.
In many ways they resemble fibroblasts. Under certain conditions
regeneration is active and mitotic figures numerous. The new-
formed cells are usually large and have much cytoplasm. They
produce neuroglia fibrils in abundance. Later, many of the cells
may atrophy, but the fibrils persist.

Neuroglia cells regenerate only when neuroglia cells have been
injured and destroyed, never simply because ganglion cells have
atrophied and disappeared.

Smooth Muscle-cells.—They show little or no power of
regeneration. In repair of smooth muscle no new smooth muscle-
cells are formed. The connective-tissue cells injured at the same
time proliferate and form scar tissue which fills in the space left
by the necrotic muscle-cells.

On the other hand, smooth muscle-cells are capable of marked
hypertrophy, as shown in the pregnant uterus and in the thickened
wall of the hypertrophied urinary bladder.

Blood-corpuscles.—Extensive hemorrhage may lead to great
loss of all the cellular elements of the blood. Infectious processes
of different sorts often cause large increase in the numbers of
certain leukocytes in the circulation, of polymorphonuclear
leukocytes in suppurations, of eosinophiles in trichiniasis, of
lymphocytes in whooping-cough, and to a less extent of endothelial
leukocytes in typhoid fever. Many of these leukocytes emigrate
into the tissues and are there destroyed. The normal cell equi-
librium in the blood must be maintained by the formation of new
cells.

Regeneration of the polymorphonuclear leukocyte, of the
eosinophile and of the mastcell takes place in the bone marrow
from the three types of myelocytes present there; namely, the
neutrophilic, acidophilic, and the basophilic myelocytes.

The red blood-corpuscles are formed by the erythroblastg,
and the proper proportion of blood platelets in the circulation is

5
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maintained by the cytoplasmic disintegration of the megakaryo-
cytes.
The endothelial leukocytes in the blood are regenerated chiefly
from the endothelial cells lining the blood-vessels, possibly also to
some extent from those lining lymph-vessels.

The lymphocytes are produced in lymphoid tissue everywhere,
but chiefly in the lymph-nodules of the lymph-nodes, the spleen,
and the gastro-intestinal tract.

Often, owing to the activity of regeneration of the various
leukocytes, the red bone marrow spreads throughout the shafts
of the long bones from which it is usually more or less completely
absent in adult life. In like manner, when the production of
lymphocytes is unusually active the lymphoid tissue, and especially
the lymph-nodes, may increase considerably in size owing to the
cellular hyperplasia.

Under certain conditions regeneration of some of the elements
of the blood may occur in the circulation.

REGENERATION OF PARTS OF CELLS

Probably most cells are able to rebuild parts of their cytoplasm
which have been destroyed or mechanically removed. In only
two types of cells (nerve- and muscle-cells) is this form of regenera-
tion of sufficient significance to deserve attention here. The new
formation of the axis cylinder processes of nerve-cells is of the
greatest importance clinically, while the regeneration of parts of
muscle-fibers is of much less value, although histologically inter-
esting.

Nerve-cells.—Nerve-cells do not regenerate. If they undergo
necrosis, they are not replaced. If, however, the axis cylinder
process of a nerve-cell is destroyed, the cell is able in time to re-
produce or regenerate it.

The process of nerve regeneration is best studied experimentally
in animals. The general results obtained by this method of study
are borne out by the clinical results obtained in man.

The results obtained experimentally may be summarized
briefly as follows:

If a porous foreign body is inserted into an incision in the brain
thus injuring nerve tissue, both axis cylinder processes and neu-
roglia cells will grow into the cavity.

If peripheral nerves are sectioned, all of the peripheral part
of every axis cylinder beyond the point of section degenerates
quickly. On the proximal side of the cut each axis cylinder
degenerates back at least to the first node of Ranvier, and some-
times as far as to the sixth.

Union of the cut ends of a nerve by means of suturing will
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not, therefore, restore function by bringing about direct and
immediate union of the severed ends of the axis cylinder processes.
It only dids the slow process of regeneration by furnishing a
favorable and direct path for the outgrowing nerves.

Following section of a nerve each axis cylinder process gradually
regenerates by growing out from the proximal end and making
connections, by means of new nerve terminations, with the cells it
formerly supplied.

b d
Fig. 19 Rﬁeneratlon of skeletal muscle-fibers. Multiplication of

muscle nuclei by direct division; formation of new cytoplasm; migration of
nuclei into it. a and b, longitudinal sections; ¢ and d, cross-sections.

Following amputation of an extremity the cut nerves usually
degenerate slowly back to their nerve-cells which degenerate and
atrophy. Sometimes, however, following amputation the nerves,
instead of degenerating at once, attempt to regenerate the part
destroyed. As their extension is interfered with by the amputa-
tion scar they form a nodular mass of interlacing nerves which is
usually (but incorrectly) called by the surgeon an amputation
neurorna.

Muscle-fibers.—The striated skeletal muscle-fibers are not
simple mononucleated cells, but spindle-shaped syncytial masses
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Fig. 20.—Repair. Regeneration of skeletal muscle-fiber. New cytoplasm
forming around part of fiber not destroyed. M.

Fig. 21.—Repair. Regeneration of skeletal muscle-fibers following injury due
to acute infection.
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of highly differentiated cytoplasm containing numerous nuclei
usually situated peripherally beneath the sarcolemma.

When the whole of a muscle-fiber is killed, it is not regenerated.
When, however, only a part of one of these fibers is destroyed,
active regeneration of the part which has undergone necrosis takes
place from the part which remains uninjured. The intact nuclei
undergo rapid direct division, and each forms several to a dozen
separate nuclei. The division of the nuclei may take place at the

c d

Felg 22.—Necrosis of skeletal muscle-fibers. a, Necrotic muscle-fiber
invaded by polymorphonuclear leukocytes; b, necrotic muscle-fiber surrounded .
2{ endothelial leukocytes; c, necrotic muscle-fiber entirely removed by action
endothelial leukocytes, one of which is in mitosis; d, portion of necrotic
muscle-fiber being removed bfy endothelial leukocytes, one of which is in
mitosis. Some proliferation of remaining muscle-nuclei by direct division.

periphery of the cell or in the center of its long axis. The new
nuclei migrate to the periphery and to the destroyed end of the
muscle-fiber. They are surrounded by young cytoplasm, which
extends forward in the form of blunt processes, each of which
contains a nucleus. In time, these cytoplasmic processes develop
striations and fuse together to form a regenerated muscle-fiber.
They do not separate from the old fiber to form new ones.

The process of regeneration of muscle-fibers is complicated -
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and made confusing by the presence of numerous leukocytes
attracted by the injurious agent and by the injured tissue. Some-
times the necrotic muscle is removed through the action of poly-
morphonuclear leukocytes which usually invade the fibers; they
are readily recognized, but at other times only endothelial leu-
kocytes are present. They attack necrotic muscle substance
from the periphery and gradually dissolve it, working slowly from
without inward. Mitoses in these endothelial leukocytes are not
infrequent. Occasionally, multiple mitoses occur from which
multinucleated cells result. More often some of the endothelial
leukocytes fuse to form foreign body giant-cells. Sometimes the
two processes of regeneration and of removal of the necrotic
muscle-tissue of the same muscle-fiber overlap and render the
picture difficult to interpret. Each process must first be studied
separately. :

HEALING OF ORGAN AND TISSUE INJURIES

So far we have considered under repair the removal of foreign
bodies of all sorts, the organization of fibrin, and the power of
regeneration inherent in various kinds of cells. It is necessary
now to make use of the knowledge thus obtained and apply it to
the study of what takes place when definite masses of tissue have
been injured and destroyed. In this way we can see how lesions
are finally repaired by healing of the defects in the tissues. It is
customary and easiest to begin with simple traumatic lesions, and
to take up afterward those which are more complex.

Healing of Wounds.—The repair of wounds may be simple or
complex, according to the number and variety of the cells injured
or destroyed, the quantity of blood poured out, and the absence
or presence of bacteria or other complicating injurious agents.
It is customary to study wounds chiefly in sections prepared from
experimental lesions produced in animals, although similar lesions
can usually be obtained from man. The simplest incised wounds
are produced in the cornea which, in consequence, is much em-
ployed for this purpose. Next in instructive value, perhaps, are
incised wounds of the abdominal wall and of the intestine.

Clinically, the healing of wounds is of great importance,
because on its quick and successful issue depends much of the
value of surgery as a therapeutic measure.

. Primary Healing (Healing by First Intention).—The term
primary healing or healing by first intention is applied to the
repair of simple incised wounds. The conditions for repair are
usually most favorable. The injury is comparatively slight;
there are few necrotic cells and little intercellular substance to be
removed; hemorrhage is reduced to a minimum by ligature of
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vessels; the cut surfaces are brought into the closest apposition
by sutures and pressure; bacterial infection is prevented so far
as possible by cleanliness or by antiseptics.

Following an incision (accidental or surgical) more or less
serous and cellular exudation takes place; its functions are to
counteract any injurious agents present including any antiseptic
used; and to dissolve and remove all necrotic cells and fibrils and
also any red blood-corpuscles which may be present owing to
hemorrhage. At the same time proliferation begins in those
types of cells which are capable of it to replace the cells which
have been destroyed and thereby to bind together again the
tissue walls separated by the incision. In incised wounds prac- -
tically only three types of cells are of importance—fibroblasts,
vascular endothelium, and epithelium. The fibroblasts and the
vascular endothelium produce the connective tissue and blood-
vessels to bind all wounds together. In certain non-vascular
situations as in the cornea the fibroblast alone is sufficient.
Surface epithelium quickly covers over any break in its continuity.

Any fibrin which is not digested and removed by the action
of the leukocytes present is organized by fibroblasts. Ligatures
and sutures, if not removed mechanically by the surgeon, are
dissolved or encapsulated according to their nature. The same
thing happens to other foreign bodies accidentally present, such
as hairs or cotton fibers.

Secondary Healing (Healing by Granulation Tissue).—Sec-
ondary healing or healing by granulation tissue is the term applied
to the repair of wounds where there is more or less loss of tissue,
which has to be filled in by new formation of cells or where surfaces
are kept apart by fluid or blood or by fibrin which has to be
organized. Healing takes place by proliferation of fibroblasts
and of vascular endothelium on a more or less extensive scale
according to the extent of the injury. The young richly vascular-
ized connective tissue formed in this way is called granulation
tissue. Later, it contracts and persists indefinitely as scar tissue.
At the same time that the granulation tissue is forming, the epi-
thelium on any injured epithelial surface is rapidly proliferating
to cover in the denuded surface.

Nature is able in time to fill in very extensive superficial
lesions, such as ulcerations following burns of the skin or gaping
wounds, where from the nature of the injury or operation the sur-
faces cannot be approximated.

Healing takes place through the action of these two types of
cells simply because following tissue necrosis they are the only
cells in most situations, outside of surface epithelium, which
proliferate to replace cells of their own kind which have been



72 PATHOLOGIC HISTOLOGY

destroyed. In addition they possess the property of being able
to organize fibrin. They seem, therefore, to take upon themselves
the whole process of tissue repair, outside of the central nervous
system, and in effect they do.

The difference between primary and secondary healing is
essentially quantitative.

In primary healing the injury is slight and but few cells are
destroyed. There is little in the way of foreign material of any
sort to be removed. The amount of regeneration required of the
tissue cells in order to effect union of the separated surfaces is
reduced to a minimum. The cells which regenerate are the
fibroblast and the vascular endothelium. In addition the epi-
thelium of any involved epithelial surface, gland, or tubule pro-
liferates to cover over any break in the surface where it belongs.

In secondary healing we have the other extreme. The injury
is often excessive. Much foreign material has to be removed and
frequently much fibrin organized. In addition fibroblasts and
vascular endothelium must proliferate abundantly and often for
a long period of time to replace the cells of their own type which
have been destroyed. The result is the formation of much granu-
lation tissue. The same excessive proliferation may be required
of epithelium covering a surface, as, for example, of the epidermis.

The terms primary and secondary healing are applied to the
two extremes of the process of healing tissue injuries. They are
essentially one and the same process and all gradations between
the two extremes occur.

Bacterial infection of a wound renders repair very much more
complicated, so that even the simplest incised wounds can heal
only by granulation tissue.

Granulation Tissue.—The term granulation tissue is clinical
in origin, but very useful pathologically. It is applied to the young
tissue composed of fibroblasts and vascular endothelium which
are proliferating to replace destroyed blood-vessels and connective
tissue, or which are growing into fibrin to organize it. The clinician
employs the term for the red granular appearance presented by
the healing ulcers and wounds as seen especially on the surface of
the body. The pathologist applies the term to young vascularized
connective tissue wherever found.

As just stated, the basis of granulation tissue is fibroblasts and
vascular endothelium. Nothing else is essential; but, as a matter
of fact, granulation tissue is practically always complicated by
the presence of some of the elements of inflammatory exudation,
owing to the action of foreign bodies such as necrotic cells, red
bloed-corpuscles, and fat, and of injurious agents such as bacteria,
antiseptic dressings, air, etc. As a result of these various in-
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fluences an acute serous or purulent exudation may continue to
pass through the newly formed tissue from the vessels to the surface;
endothelial leukocytes may collect in large numbers owing to the
presence of fat or other foreign substances, while lymphocytes
in small or large numbers may infiltrate the superficial and es-
pecially the deeper layers to counteract certain injurious substances
which are being absorbed. Eosinophiles are usually present in
small numbers but may be numerous. As the result of diapedesis
granulation tissue often contains many red blood-corpuscles.

a b
FIF 23.—Granulation tissue. a, Surface portion, com chiefly of
newly formed blood-vessels; very few fibroblasts; many polymorphonuclear

leukocytes between the vessels and in the fibrin on the surface; blood-vessels
and leukocytes separated by serum. b, Deeper portion; many lymphocytes
betgv;n blood-vessels; young fibroblasts growing in horizontal arrangement,
at .

Granulation tissue is likely to be more abundant where there
is plenty of fibrin than elsewhere because fibrin directly stimulates
its growth. The lack of’cicatricial contractions following typhoid
fever and tuberculous ulcers of the intestine and of perforating
ulcers of the stomach is probhably due to the absence of fibrin,
which if formed quickly undergoes maceration and disappears.

Abundant fibrin on a surface or between opposing edges
favors the formation of granulation tissue. On this account a
sodium citrate dressing is sometimes used clinically to prevent
fibrin formation.
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Lesions of all sorts involving destruction of tissue (necroses,
infarctions, abscesses, diffuse suppurations, etc.) tend to heal
after the manner of wounds. The underlying principles are the
same. The cells which have undergone necrosis, together with
their intercellular products, are gradually dissolved by the digestive
action of the leukocytes and discharged on a free surface or ab-
sorbed. Fat, lime salts and certain other substances are removed
largely through the agency of endothelial leukocytes. Fibrin
when not dissolved becomes organized by fibroblasts with or with-
out the help of vascular endothelium.
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infiltration with endothelial leukocytes.

At  the same time regeneration of the necrotic cells takes place
from adjoining cells of the same type, provided they are capable
of it. Some are capable of it under certain conditions but not
under others. Thus, when a single kind of parenchymatous cell,
such as the liver cell, is destroyed even over considerable areas
without injury to the intervening vascular and connective-tissue
cells, the liver cells may be completely restored by regeneration.
But when definite masses of liver tissue are completely destroyed,
the liver cells do not regenerate, except possibly in small areas at
the edge of the necrosis where the above favorable conditions
hold. Under these latter conditions, however, the fibroblasts
and the vascular endothelium proliferate and form granulation
tissue which later contracts to scar tissue. These same con-
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ditions hold good in the kidney, and probably in the other epi-
thelial organs. In the heart the muscle-cells do not regenerate
under any conditions.

Scar Tissue.—As granulation tissue ages the collagen fibrils
increase in amount up to a certain degree. Then, many of the
blood-vessels and of the fibroblasts disappear. The connective
tissue thus formed gradually becomes denser. In this final stage
it is called scar tissue. Scar tissue may also result from the pro-
liferation of fibroblasts only. The term is applied in addition to
the dense fibrous tissue which results from the contraction of the
connective-tissue stroma of an organ in definite foci following
necrosis and disappearance of the parenchymatous cells. Some
of the areas of fibrous tissue in the heart arise in this way.

The term scar is usually applied to a surface appearance,
either of the skin or of an organ produced by the formation of
scar tissue with resulting contraction and usually depressxon below
the surrounding surface.

Diffuse formation of scar tissue is variously named. Sclerosis
or fibrosis of an organ is a good term to use when the pathologic
process which caused the lesion is healed. Chronic nephritis and
chronic hepatitis are proper terms only when a chronic process
is present and persisting; otherwise we should speak of a sclerosed
kidney or liver. The correct use of these terms would save much
of the misunderstanding which often arises between clinician and
pathologist.

REPAIR OF BONE )

Introduction.—The repair of bone is analogous to repair of
connective tissue, but differs from it in several very important
points.

1. Any necrotic bone present is much more difficult to dissolve
and remove than the necrotic cells and fibrils of other tissues, and
hence persists often for a long time in the lesion and acts as an
obnoxious foreign body, interfering with repair so long as it is
not removed naturally or mechanically. It is dissolved very
slowly through the action of endothelial leukocytes which for the
most part are fused into foreign body giant-cells, ordinarily called
osteoclasts on account of the function which they perform.

2. The fibroblasts available for producing the osteoid material
in which the lime salts are to be deposited are limited to the cells
covering bone, namely, to the periosteum and endosteum. The
bone cells themselves are end-products and cannot produce other
bone cells. Hence, the new cells required to seal together the
ends of afractured bone have to grow into the fracture from without.

3. The new bone is laid down not in a solid mass but in narrow
connecting trabecule with richly vascularized connective tissue
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between them. It is usually formed much in excess of eventual
needs and occupies much more space than the original bone which
it is to replace. Later the trabecul® fuse more or less completely
together, and in time those parts not required are removed by
the erosive action of the osteoclasts. The new formed bone, whose
functions are to unite the ends of the fracture and to hold the shaft
rigid during repair, forms a kind of tumor mass, especially around
the long bones, and is called a callus, which is sometimes distin-
guished asouter and inner callus according toits relation tothe bone.

Simple Fracture.—A simple fracture of a bone with the ends
held in proper apposition affords an example of bone repair which
is easy to follow. In experimental lesions produced in animals
the same result is reached by sawing or drilling into bones, instead
of fracturing them, in order to maintain rigidity of bone during
repair.

Ordinarily, the injury produced is slight; necrosis of a com-
paratively few bone cells adjoining the fracture and of a small
number of bone marrow cells, possibly of a few musclecells
outside of the bone. A little hemorrhage always occurs.

Following the injury a certain amount of exudation takes
place but it is usually slight. The necrotic cells and fibtils and
the red blood-corpuscles are readily dissolved and absorbed.
Any free fat is taken up by endothelial leukocytes. All bone not
under the control of living bone cells is dissolved slowly by osteo-
clasts. Experimental lesions produced by sawing and drilling
are usually complicated by much bone dust which attracts endo-
thelial leukocytes. Many of these leukocytes fuse to form foreign
body giant-cells (osteoclasts). While these various processes are
going on the fibroblasts of the periosteum and endosteum are
actively proliferating and extending toward each other in between
the ends of the fracture, where they soon meet and unite. At the
same time they are piling up for a certain distance above and below
the fracture on the outside and inside of the shaft. In this young
_ and highly vascular connective tissue trabecule of osteoid material
are soon formed extending out chiefly at right angles to the old
bone. In time the osteoid trabecule thicken and fuse more or
less intimately together and lime salts are deposited in them.
The new bone formed between the ends of the fracture unites to
the old bone and gradually seals the ends together. After com-
plete solidification has taken place osteoclasts begin to dissolve
those parts of the callus no longer required, and eventually the
fractured and healed bone approaches more and more to its original
size and shape.

The principle of repair of a comminuted fracture is the same as
that of a simple fracture, and nature goes ahout it in the same way.
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The danger of extensive necrosis of bone is greater. The amount
of callus formed is usually more.

Complications.—Certain complications of fractures must be
mentioned. Hemorrhage may sometimes be abundant, but is
taken care of in the same way as in other tissues.

Occasionally, a great deal of fat is set free from the fat-cells
in the bone marrow. If it happens to escape through a rupture
into a vein, it may be carried all over the body, causing fat em-
bolism from which death occasionally results.

Necrosis of bone may be extensive. This interferes greatly
with repair because it is so difficult to dissolve. It forms a se-
questrum, and unless removed mechanically becomes encapsulated
by granulation, later scar tissue, and persists indefinitely.

When the fragments are widely displaced so that the alignment
is poor, much more callus formation is required than in a simple
fracture.

If fibrous or muscle-tissue is forced in between the ends of the
fractured bone, it may prevent the ingrowth of the osteal fibro-
blasts capable of producing bone so that bony union cannot take
place. .
Compound Fracture.—A compound fracture is one in which
the injury is opened to infection owing to the perforation of an
overlying surface such as the epidermis, the intestine, an infected
pleural cavity, etc. If it occurs, then the simple reparative process
of the fracture is complicated with an acute infection. This
almost invariably leads to more or less extensive necrosis of bone,
which remains as a sequestrum after the infection is ended. Re-
pair then has to attend to the damage done by the acute septic
process, to the necrotic bone left behind, and to the original
fracture.

Necrosis.—Necrosis of bone may occur from a variety of
causes, such as-direct injury, fracture, or infection. Repair is not
easy and simple owing to the necrotic bone. It is dissolved with
the greatest difficulty, as the action of the osteoclasts is exceed-
ingly slow and ineffective. In time, however, the necrotic bone is
separated from the living bone through their action and forms
what is known as a sequestrum. Osteoclasts continue to work
at it. It becomes surrounded or encapsulated by the granulation
tissue of the general reparative process. Later, this contracts
to scar tissue.

Perfect repair of bone is not possible so long as a sequestrum
persists. It may be dissolved in time or it may be removed
surgically.

As a result of necrosis of bone a certain amount of callus is
always formed to strengthen the weakened bone. When this
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callus forms from the periosteum, the resulting thickening of the
bone is sometimes mistaken for a tumor, especially when there
has been no history of previous fracture, injury or infection.

In infections involving bone the whole shaft may be destroyed
and form the sequestrum. The periosteum always attempts to
rebuild the bone destroyed. As a result, extensive callus may be
formed. Treatment requires operative removal of the sequestrum.
Then the periosteum if left behind uninjured, can readily reform
the shaft. ,

REPAIR OF CARTILAGE i

Injuries to cartilage are not nearly so frequent or important
as to bone. They may be due to incisions, lacerations, or fractures
(epiphyseal ends of bones).

Healing takes place as in other tissues through the formation
of granulation tissue. In addition, however, the perichondrial
cells proliferate like the osteal cells to produce new cartilage.
Sometimes, however, they produce only connective tissue.

It is claimed by some that in repair of fractures through the
epiphyseal cartilage the cartilage cells themselves undergo mitosis
and form new cartilage, but the claim is open to doubt.

REPAIR OF MUSCLE

Repair of an incised wound of muscle takes place entirely by
granulation and scar tissue formed from the fibroblasts and
vascular endothelium adjoining the incision.

Injured muscle-cells undergo certain changes which are partly
retrograde, partly regenerative of the cells injured, but no new
separate muscle-fibers are formed.

The same statement is true in regard to other injuries to muscles
due to infection or tumors; injured muscle-cells may regenerate
the parts which have been destroyed, but no new muscle-
fibers are formed to replace those which have been completely
destroyed.

HEALING OF TISSUE DEFECTS IN THE CENTRAL NERVOUS SYSTEM

Neuroglia Cells.—In the central nervous system there is an
additional cellular element besides the fibroblast and the vascular
endothelium which enters into all processes of repair, namely,
the neuroglia cell. It regenerates as actively as the fibroblast,
and in many lesions plays a more active part. When a mass of
tissue is destroyed, all three types of cells may regenerate. It
is noticeable, however, that while fibrin stimulates the fibroblast
it produces little effect on the neuroglia cell. It is probably on
this account that the capsule of a solitary tubercle is always com-
posed of connective tissue.



. RETROGRADE PROCESSES
And the Substances Associated with Them

Introduction.—Every cell is a minute chemical manufactory.
According to its inherited nature it converts the nutrition received
from the circulation into various products, some for its own use
in building itself into a fully differentiated cell of its own type and
for purposes of multiplication; some into products which surround
the cell as an intercellular substance, or which pass into the cir-
culation to perform functions elsewhere. The grosser structural
products within and without the cell we can recognize under the
microscope; others we are made aware of only through functional
performances and by means of chemical reactions.

Various injurious influences, such as toxins of many sorts, in-
crease or lack of internal secretions which affect cells in- other
organs, and lack of nutrition, lead to interference with normal cell
activity. They may stimulate or depress its activity or entirely
alter its nature. If the toxins are strong or if nutrition is com-
pletely cut off, necrosis may occur. As a result of these injurious
influences there occur a great variety of changes, chemical at basis,
of which many can be recognized functionally and morphologic-
ally; only the morphologic changes concern us here.

Certain substances already in the cells in one form or another
may be increased in visible number or in amount, such as al-
buminous granules, fluid, fat, glycogen, mucus. New substances
may be formed within or without the cell, such as hyalin of many
sorts, of which some, like amyloid and mucin, are characterized
by more or less definite chemical reactions.

We speak of the changes which take place as retrograde proc-
esses due to disturbances of metabolism, but we are really con-
cerned chiefly with the morphologic evidences of the changes,
namely, with normal substances (serum, fat) accumulated in
excess, or new substances (amyloid, hyalin) formed as the result
of the abnormal processes. By observing and studying the accu-
mulation and production of these various substances we attempt
to understand the retrograde processes which gave rise to them.

Some of these various normal and abnormal substances are
more or less closely related chemically or in origin (hemoglobin,
hematoidin, bilirubin, hemosiderin, malarial pigment); others
often follow in a certain sequen;;e or are associated together ac-
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cording to the degree of injury inflicted on the cells (hydrops,
albuminous granules, fat-droplets, necrosis, lime salts). Some
of the substances included under this heading are definitely char-
acterized (fat, cholesterin, glycogen, mucin, amyloid), others are
very indefinite (albuminous granules, hyalin, colloid), so that one
name may cover a variety of pathologic products (hyalin).

Some of the substances (albuminous granules, fat) are entirely
or chiefly intracellular, others (biurate of sodium crystals) are
extracellular; some are associated with living cells (albuminous
granules, glycogen), others with dead cells (lime salts, cholesterin
crystals); some of the substances are of much importance
(amyloid, biurate of sodium erystals), others are of little signifi-
cance (albuminous granules).

POSTMORTEM CHANGES

The changes which occur in cells and intercellular substances
postmortem are often marked. On this account it is important
to know and to be able to recognize them so as not to mistake
them for vital processes.

Tissues removed during life and fixed at once are always the
best for study. Postmortem tissues fixed within one to two hours
after death are fairly trustworthy, but after about that interval
of time they slowly but steadily deteriorate. Tissues thoroughly
chilled but not frozen may be preserved in fairly good condition
for several days, but are far from ideal.

The degree of temperature at the time of death has an im-
portant bearing on postmortem material. If it is high (40° to
41° C.), as frequently happens in typhoid fever, lobar pneumonia
and septicemias, for example, the high temperature will persist
for some time and the postmortem changes are more rapid and
marked than when the temperature is normal or below. For a
similar reason tissues change more rapidly in hot weather than
in cold.

Two other factors are of importance. If edema is present,
or if the tissues are placed in contact with water, the cells and
intercellular substances tend to imbibe fluid and swell and undergo
other changes in consequence. If bacteria of any sort obtain
entrance to the tissues after death or shortly before it, they are
likely to multiply and ferments set free by them often produce
noticeable alterations.

Postmortem changes tend to take place more quickly in some
organs than in others owmg to their exposure to putrefactive
organisms (intestine) or to injurious chermcal substances (the
stomach and its secretion, hydrochloric acid, the pancreas and its
ferments).
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The changes which take place postmortem in cells and tissues
are best studied by killing a normal animal, rémoving the heart,
kidney and liver aseptically, and placing them in a covered dish
in a thermostat at 37° C. Sections of the organs may be removed
and studied or fixed at various intervals of time. Similar changes
may be studied in human organs by noting the number of hours,
postmortem, the tissues were placed in fixatives.

Within twenty-four hours or less many of the nuclei have
shrunken a little and the chromatin has diffused through them
so that they stain deeply and homogeneously. A later change
is disappearance of the chromatin so that the nuclei do not stain

Fig. 25.—Prostate. Postmortem changes; desquumation of epithelial cells
in the glands; hyaline changes in smooal muscle-cells. M.

at all. In human kidneys the nuclei of the convoluted tubules
lose their ability to stain much sooner than those in the collecting
tubules. The condition is often mistaken for necrosis during life.

In the liver of animals cytolysis usually occurs postmortem
owing to the rapid growth of a bacterium which is a more or less
normal inhabitant of that organ.

Myoglia, fibroglia and neuroglia fibrils lose rather quickly,
postmortem, their peculiar chemical or physical properties on
which a differential stain of them depends. Collagen and elastic

fibrils preserve their characteristic staining properties much longer.
6
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Smooth muscle-cells frequently swell up in the center, present-
ing a lumpy hyaline appearance, and stain deeply with eosin. This
is a common postmortem change and is usually most prominent
in the prostate. ’

The hemoglobin dissolves out of red blood-corpuscles quickly
postmortem, especially if the tissues are edematous. It con-
tinues to dissolve out for some time even after the tissues have
been placed in fixatives. On this account it is difficult to fix red
blood-corpuscles in the spleen or liver except at the surface of the
tissues, unless the sections are very thin (one to three mm.).
For this reason it is possible to judge faithful tissue-fixation by the
state of preservation of the red blood-corpuscles. Hemoglobin
in solution is precipitated by formaldehyd in the form of black
granules.

Certain other postmortem changes deserve mention.

In the liver the liver cells frequently separate from each other.

Not infrequently the endothelium strips off the walls of the
blood-vessels and the renal epithelium slides down within tubules
and doubles upon itself, so that the condition has been mistaken
for adenoma-formation. The heart muscle-fibers may separate
at the intercalated discs (segmentation). In perfectly fresh
tissues these things do not occur.

Cardiac muscle-fibers are brittle and easily fractured even by
the microtome knife, especially after postmortem changes have
set in. The resulting condition of fragmentation is an artefact
and, of course, of no pathologic significance.

The epithelial lining is very commonly found desquamated
in the gall-bladder within a few hours postmortem. It macerates
off in the urinary bladder and desquamates loosely in the glands
of the prostate so that the cells lie free of one another.

Postmortem changes are very common in the pancreas. The
condition is likely to occur in foci which spread until they coalesce.
The nuclei loose their ability to stain and the cells usually shrink
so that an increase of interglandular tissue is often suggested.

The epithelium lining the gastro-intestinal tract undergoes
rapid changes: the nuclei along the surface lose the power to
stain and the cells may desquamate. _ .

ATROPHY

Atrophy of an organ or tissue, unlike atrophy of a cell, may be
due to diminution.in the size or the number of the cells composing
it or to both causes. All three possibilities must be borne in mind.
Atrophy of organs and tissues, and to some extent of cells, may be
caused by normal physiologic changes, by lack of nourishment
or of use, by trophic disturbances, or by toxic influences.
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Physiologic atrophy is the term applied to the diminution
in size which occurs in certain organs normally as the result of
development and senescence. The thymus atrophies before
puberty owing to disappearance of many of its cells, and the
ovary by the time the climacteric is reached because the follicles
have been used up. In old age, on the other hand, and in ema-
ciation the atrophy seen in various organs and tissues is due to
diminution in the size of the cells. In emaciation the fat and

L4

Fig. 26.—Fat-cells developing in human fetus. Three different stages shown.

muscle-tissues are those most affected, the central nervous system
the least; even the heart may be diminished to half its normal
weight.

Pressure atrophy may lead to disappearance of cells, as seen
in the effect produced in bone by tumors and aneurysms; or to
atrophy of cells, such as occurs in amyloid formation in the liver.

Atrophy of organs may be caused by toxins owing to destruction
of cells. The best example is seen in the liver in acute yellow
atrophy due to necrosis and disappearance of most of the liver cells.
The organ may be reduced to one-half or even to one-third of its
normal weight.

Atrophy from lack of use and from trophic disturbances is
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best shown by the changes which take place in muscle and bone,
chiefly as the result of atrophy and disappearance of cells.

The cells of certain organs become increasingly pigmented
with age. The heart and liver afford the best examples. In
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Fig. 27.—Atrophying fat-cells.

atrophy due to old age the amount of pigment in the cells is rela-
tively increased owing to diminution in the size of the cells. To
this condition the term brown atrophy is commonly applied,
although the pigmentation has nothing to do with causing the
atrophy.

Atrophy of Fat-Cells.—The fat-cell is a perfectly definite type
of cell formed by differentiation from a mesenchymal cell. It is
not a fibroblast, does not arise from one and when it undergoes

atrophy does not turn into
one. It is characterized
by the property of taking
up and storing fat and by
not producing any inter-
cellular substance.
Fat-cells arise in
sharply defined islands in
various parts of the body.
They appear at first as
star- and spindle-shaped
- ' mesenchymal cells with
Fig. 28.—Atrophied fat-cells. finely granular cytoplasm.
Each group of cells is
clustered around the end of a comparatively large supplying blood-
vessel which sends numerous capillaries in between the cells.

As fat is deposited in these cells it appears at first as small.

droplets which soon fuse together. As the fat continues to
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accumulate the cytoplasmic processes retract and the cell gradually

assumes a spherical shape.

After a time the fat fuses into one or

more large drops so that the nucleus is pushed to the periphery of

the cell and becomes
flattened. The cyto-
plasm is thinned to the
merest layer around the
fat and apparently loses
its granulations.

When fat tissue atro-
phies from inanition
either in infancy or in
old age, the fat-cells un-
dergc much the same
changes in reverse order
until they become
rounded or polygonal
cells with dense, finely
granular cytoplasm and
look somewhat like en-
larged endothelial leuko-
cytes or like some form

Fig. 29.—Fat-cells of the embryonic type
from an emaciated infant.

of epithelial cell. Sometimes the cells are relatively quite large,
especially in emaciated infants, and resemble liver cells. Fat-

Fig. 30.—Epicardium. Atrophying fat-cells, edema of connective tissue.

cells in this condition, if their character is not recognized, may
" &suggest some form of new-growth.
Ordinarily, fat-cells do not remain in the definite islands where
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they first arise, but- multiply and spread into the surrounding
tissues, especially along the blood-vessels. Thus, in fat people
they multiply in great numbers and may invade such organs as
the pancreas and the heart. In emaciation as the fat is absorbed
most of these cells disappear entirely. They may even disappear
largely from the fat islands. As they disappear the fibroblasts
often take on the appearance of mucous connective-tissue cells,"
due to the presence apparently, of mucin between the collagen
fibrils, so that the epicardial tissue, for example, may resemble
in texture and translucency the umbilical cord.

ALBUMINOUS GRANULES

Many normal cells contain in their cytoplasm, in addition to
the microsomes, fine to coarse granules. Those which optically
disappear on the addition of acetic acid but are not affected by
chloroform or ether are regarded as albuminous in nature. To the
apparent or real increase of these granules in the parenchymatous
cells of three organs, the kidney, liver and heart and to a less extent
in striated muscle, much attention has been directed in the past,
entirely out of proportion to the slight significance of the condition.

As already stated under postmortem changes these granules
should be studied in the fresh state, not after fixation, and as soon
after death as possible. The results obtained in the fresh state
may be compared with what is found in similar cells after fixation,
but it must be remembered that most of the best fixatives pre-
cipitate soluble albumin in the form of granules, that the acetic
acid test cannot be applied to the fixed granules and that many
fixatives, as, for example, Zenker’s fluid, contain acetic acid so
that the albuminous granules have already been acted on by it.

On the other hand, we may compare sections of similar organs,
both normal and abnormal, fixed under similar conditions and
draw fairly reliable conclusions in regard to the number and size
of the granules present, although it is probably not justifiable to
regard them all as albuminous in nature. Their composition is,
perhaps, as varied as the granules in leukocytes, but we lack at
present reliable methods for demonstrating them.

Increase in the number of albuminous granules is supposed to
be due either to substances in the cytoplasm becoming visible as
granules, or to substances, taken in from without, being deposited
as granules. Such an increase is held to indicate a lowering of the
functional activity of the cell, but the disturbance is not severe
and recovery from the condition may easily occur.

Variation and especially increase in the number of albuminous
granules in the cytoplasm of cells is not easy to demonstrate in a
satisfactory manner. It lacks definiteness. While it may exist
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there seems to be no reliable way of proving it.. The granules
cannot be counted; they are too numerous and too minute.
Consequently, they can be compared numerically only in a relative
way and such a method is not very reliable. Moreover, increase
or diminution in the number of granules is relative for each variety
of cell, even in the same organ. Compare for instance in the
normal kidney the number of granules in the cells lining the con-
voluted tubules with those in the cells of the collecting tubules.

It must be borne in mind that the cytoplasm of the cells lining
the convoluted tubules of the kidney are normally very granular.
The same condition holds in a less degree for the liver cells. On
the other hand, the striated muscle-fibers of the heart contain
only a few coarse granules adjoining the ends of the nuclei. They
do not occur elsewhere in the cytoplasm between the striations.

The albuminous granules present in the cytoplasm of cells are
studied in the fresh state by mounting scrapings from the cut
surface of the organ to be examined in normal salt solution. The
granules when very numerous may obscure the nucleus, but
postmortem changes may cause the nucleus to appear faint. The
addition of dilute acetic acid to the preparation will cause the
optical disappearance of the albuminous granules, thus distinguish-
ing them from fat-droplets, and at the same time will render the
nuclei prominent. In fixed tissues the granules in the cytoplasm
of cells are readily stained by eosin, acid fuchsin or phosphotung-
stic acid hematoxylin.

In necrotic cells the albuminous granules usually disappear
quickly so that the cytoplasm presents a uniform hyaline appear-
ance.

Increase in size and number of albuminous granules may occur
focally at the advancing edge of acute lesions,such as liver necroses
and abscesses. In these situations the number and size of the
granules can be directly compared with those in the adjoining
normal cells so that the differences noted have some value.

A few observations made in regard to cytoplasmic granules
may be of interest.

In stained sections of heart muscle, fixed within one to two
hours postmortem from cases of typhoid fever, lobar pneumonia
and septicemia, no granules could be found. The various elements
in the longitudinal striations were perfectly preserved and stained.

The number of granules in the cells lining the convoluted
tubules in the kidney is very high normally; to detect an actual
increase is not easy. On the other hand, the cells in the collecting
tubules contain few granules and no marked increase occurs under
any circumstances.

Sometimes the granules in groups of renal cells are increased
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both in number and in size and stain deeply with acid dyes. As
they continue to enlarge they become definitely hyaline (colloid),
and usually stain lightly or not at all. This change may not be
associated with any acute infectious process; for example, it
often takes place in connection with amyloid formation in the
kidney.

Sometimes the albuminous granules may be more or less com-
pletely absent from liver cells. Rarely, this absence may occur in
foci up to one or more millimeters in diameter and be scattered
throughout the organ. Such foci appear pale and are readily
visible in the fresh condition and after hardening. The reason
for the lack of granules is not evident, but may be due to some form
of coagulation. The liver pictured in Fig. 47 came from a patient
killed suddenly by being knocked down by an automobile.

Cloudy Swelling.—Cloudy swelling is a term applied by Virchow
to the appearance presented postmortem by the liver, kidneys and
heart in certain acute infectious processes, such as typhoid fever
and lobar pneumonia. It is supposed to be due to increase in the
number of the albuminous granules. The cut surface of the
organs appears less translucent than normally; it is cloudy as if
it had been dipped into boiling water. Often the organs are
somewhat increased in size (an eighth to a quarter). It was on
account of these two characteristics that the term cloudy swelling
was applied. Sometimes the term albuminous degeneration is
used. The increase in the size of the organs, when present, is
probably due largely or entirely to increase of fluid. Whether
the cloudiness is due to an antemortem increase in the number of
albuminous granules or to postmortem changes in the cells as the
result of high temperature is a moot question.

Cloudy swelling is a condition always readily recognized with
great certainty, both in the fresh state and microscopically in
fixed tissues by the beginner even in such an organ as the spleen,
although amyloid and other important pathologic products may
be as readily overlooked. To demonstrate to the student’s
satisfaction that he may be in error is not easy. It is the one
lesion that most of them feel sure about, and the instructor often
honestly doubtful or exceedingly sceptical.

FAT

Introduction.—Fat is present normally in visible form in certain
tissues and organs (fat tissue, adrenal glands, sebaceous glands).
It may be stored up in excess of normal needs in fat tissue and in
the liver. It may make its appearance in all kinds of cells as a
result of injury done them. On this account its presence in many
kinds of cells, such as heart and skeletal muscle-fibers and renal
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epithelium, furnishes most reliable evidence that the cells are
injured, in some way or other, and that their functional activity
is impaired. On this account the study of its normal distribution
and of its appearance and significance under pathologic conditions
is important.

Composition.—Fat as it exists in the human body is not a
simple substance. It consists for the most part of neutral fats,
the triglycerids of oleic, palmitic and stearic acids. In addition
it contains small amounts of soaps. More complicated fatty
combinations, such as lecithin, myelin and cholesterin, occur in
certain locations, either alone or in connection with fat.

Characteristics.—Ordinary fat when in droplets is recognized
microscopically by its refractiveness; by its solubility in alcohol,
ether and chloroform, and its insolubility in acids and alkalis; by
the property, possessed in highest degree by oleic fat, of reducing
osmium peroxid to metallic osmium whereby it is stained black;
and by the characteristic common to all three forms of fat of
dissolving certain anilin dyes such as Scharlach R., in consequence
of which they may be readily stained red and rendered prominent.
These tests must be made on tissue which is fresh or fixed in for-
maldehyd. After they have been made, the osmium preparations
may be preserved permanently in lalsam, the Scharlach R. pre-
parations in glycerin jelly. In sections of tissues fixed in other
ways and carried through alcohol the fat is dissolved out so that
only vacuoles remain.

Fat also exists in cells either so finely divided or in so close
chemical combination that it cannot be demonstrated micro-
scopically except by special technic. It has been found that
dried cells may contain as much as 20 per cent. of so-called in-
visible fat.

Labile and Stabile Fat.—In starvation fat stored up in fat-
cells and, under certain conditions to be mentioned later, in the
liver, is readily used up and disappears. On this account it is
called labile fat. Under similar circumstances the invisible fat
persists in the tissues; hence it is termed stabile fat.

Normal Distribution.—Visible fat occurs plentifully under
normal conditions in the fat-cells of fat tissue all over the body,
in the cortical cells of the adrenal glands and to a less degree in
the epithelial cells of the sebaceous glands.

Increase of Fat Deposit.—Fat tissue is sometimes increased
much beyond normal limits. The terms adipositas and lipomatosis
are applied to the condition which may be general or local.
As examples of the latter may be mentioned: (¢) A marked in-
crease in the fat capsule of the kidney. (b) An increase of fat
tissue around the heart and often an ingrowth extending in
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between the muscle-fibers as far as the endocardium, so that the
function of the heart muscle is interfered with. (c) An ingrowth
of fat tissue between and into the lobules of the pancreas.

The cause of such great increase of fat tissue seems to be chiefly
excess of nutrition, but in some instances impaired metabolism
combined with diminished oxidation may play a part.

Sometimes a growth of fat tissue occurs which seems to have
a compensatory function only. Thus, in atrophy of the kidney
the fat tissue around the pelvis of the kidney is often increased in
amount, and in atrophy of skeletal muscles fat tissue may extend
in abundantly between the remaining muscle-fibers (pseudo-
muscular hypertrophy). In healed sclerosed appendices fat
tissue often makes its appearance in the submucosa.

Fatty Infiltration of the Liver.—Fat is often deposited in the
liver cells, sometimes in large amounts. The condition is known
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Fig. 31.—Fat. a, In epithelial cells liningltubules of kidney; band ¢, in muscle-
fibers of heart viewed longitudinally and in cross-section.

as fatty infiltration of the liver. If it is of moderate degree the
fat is usually located in the cells at the periphery of the lobule
around the portal vessels. In marked instances, however, every
liver cell may contain a single large fat-drop which pushes the
nucleus to the periphery of the cell and makes it look like a fat-cell.

Cell Degeneration Evidenced by the Presence of Fat; So-
called Fatty Degeneration.—Under various pathologic conditions
visible fat makes its appearance in cells which normally contain
none. The presence of the fat is due to degeneration following
injury or faulty nutrition. The degeneration causes impairment
of cell function. _

The fat usually appears in the form of minute to small droplets
in the cytoplasm of the cells, but sometimes in the liver it occurs
in large drops. This condition of cell degeneration associated with
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the presence of fat is commonly called fatty degeneration. It is
old usage based on the mistaken idea that the fat arises directly
within the cell from a change of the proteid into fat. This view
has been proved wrong. The term is, therefore, incorrect.

The chief source of the fat is that brought as nourishment to
the cells through the blood and lymph and not utilized. It is
thought that in addition some of the invisible fat in the cells may
be set free and so become visible, and that sometimes complicated
lipoids, such as lecithin, may break down and fat be formed from

Fig. 32.—Fat in skeletal muscle-fibers (diphtheria). M. and W.

them. Certainly fat is often formed in abundance from myelin
in the central nervous system.

In the adrenal glands fat due to cell injury is difficult to dis-
tinguish from the fat normally present and in the liver from fat
due to fatty infiltration. The size of the fat-droplets will not
definitely decide the matter, although in general fat due to infil-
tration in the liver occurs in large droplets and that due to cell
degeneration in small droplets.

Cell degeneration associated with the presence of fat is caused
largely or entirely in two ways, by a deficient supply of nourish-
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ment including oxygen, and by the direct injurious action of toxins
of many sorts.

In general anemia due to hemorrhage from a gastric ulcer or
to any other cause much fat accumulates in the heart, kidneys
and other organs. Local anemia due to interference with the
blood supply by embolism, thrombosis, or narrowing of blood-
vessel lumen likewise results in injury to cells and in the accumu-
lation of fat within them. The condition is common at the edge
of infarcts and in the cells situated a little away from the blood-
vessels in rapidly growing tumors.

Fig. 33.—Fat in nerve-fibers (diphtheria). M. and W.

Many injurious agents injure cells and thus cause fat to ac-
cumulate in them. Phosphorus is a classical example. Chloro-
form affects particularly the cells in the center of every liver lobule.
Diphtheria toxin often injures nerves and striated muscles and
leads to the presence of fat.

Injured cells which contain but little fat may recover, but
cells which contain much fat have been injured beyond recovery.

Fat in Endothelial Leukocytes.—Fat is often set free in the
body by necrosis of cells. When this occurs, the fat is taken up.
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by endothelial leukocytes which dispose it in their cytoplasm in
the form of small droplets of fairly uniform size. The leukocytes
in this condition are sometimes called fat granule cells. After
filling themselves with fat in this way the leukocytes tend to
collect in the lymphatics around blood-vessels while they digest
the fat and probably transform it into other compounds.

Endothelial leukocytes filled with fat are often numerous in
the granulation tissue walls of old abscesses, in the inflamed
mucous membrane of chronic salpingitis, in softened foci in the
brain, in atheromatous patches in the aorta and other blood-
vessels, and in all kinds of tumors.

Gross Appearances of Fat in Tissues.—Fat in tissues lends
them a white to yellow color and a certain amount of opacity,
most marked when the fat is in small droplets or crystallized, due

Fig. 34.—Spinal cord. Softening. Endothelial leukocytes filled with fat
collected around blood-vessels.

to refraction of the light. It may be completely masked by
injection of blood-vessels and may be simulated by anemia, by
mucous connective tissue and by small hyperplastic masses of
elastic tissue, such as often occur in scirrhous cancer of the breast.
From these it may be distinguished in gross by its greasing the
knife, and microscopically by its characteristic properties. When fat
is present in the tissues in foci, as in the tiger lily heart, it stands
out more prominently than when evenly distributed.

Cholesterin occurs normally in solution and in combination
with fats and soaps in the bile, in nerve tissue, in the blood and,
in slight amount, in nearly all tissues. In its crystalline form it is
easily recognizable on account of its occurrence in characteristic
rhomboid flakes, usually with a corner out. Treated with sul-
phuric acid it turns red, then violet. Iodin followed by sulphuric
acid turns it blue.
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Cholesterin crystals may be found wherever fatty degeneration
and necrosis of cells have occurred; for example, in old abscesses,
in old echinococcus cysts and hydrocele sacs, in atheromatous
patches in the aorta. They also appear in connection with corni-
fied epithelium, as, for example, in dermoid cysts, in wens, in
cholesteatomas.

FLUID

Fluid often accumulates in cells and between them, and within
cavities. Various terms are applied to the condition—hydrops,
dropsy, edema, ascites, etc. Here we are concerned chiefly with
collections of fluid within and between cells.

The fluid is derived from the
lymph, which in turn comes from
the serum of the blood. Its com-
position evidently varies consider-
ably, depending on the conditions
under which it occurs; sometimes
fibrin forms readily in it but at °
other times not.

Hydrops of the Cell.—The ac-
cumulation of fluid within a cell is
sometimes termed hydropic degen-
eration or, better, hydrops of the
cell. The condition occurs more
often in the cytoplasm than in the

"~ nucleus, and may possess no great

A Fig. 35.—Hydrops of cells. gignificance although the affected

ccumulation of serum in corni- iye

. fied cells of epidermis. Slight Cells often present a striking ap-

formation of fibrin. pearance. The fluid may occur

diffusely in the cell or collect within

one or more cavities in the cytoplasm. In fixed tissues only the

cavities or vacuoles in which the fluid was contained appear.

They may be empty or contain spherules, threads or networks of
fibrin or occasionally hyaline material.

Fluid accumulates in cells most often in connection with
inflammatory conditions of various sorts as the result of the
exudation of serum. Thus, it is often found in and between the
epithelial cells of the epidermis where large collections of fluid
known as blisters are of common occurrence (eczema, urticaria,
smallpox, varicella, anthrax pustule, etc.). It may also occur in
a variety of cells as the result of excess of fluid in the tissues in
consequence of general or local disturbances of the circulation,
causing an abundant escape of lymph, for example, as the result
of certain lesions of the heart or kidneys.
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In the liver fluid often collects in small amounts in the cells
around the central vein in the early stage of central necrosis. The
cells show one to several vacuoles,
in each of which is a small ball
of fibrin. In the larger vacuoles
the fibrin may appear as threads
or as a network. -

Fluid accumulates in striated
muscle-fibers in a variety of
infectious processes and particu-
larly in the early stages of inva-
sion with the trichinella spiralis.

The longitudinal striations are

usually pressed to the periphery,

but may be separated into bun- -
dles by the formation of numerous iz 36._Hydrops of cardiac mus-
vacuoles filled with fluid. cle-fibers.

Fluid accumulation between '
cells and fibrils is generally termed edema. It is of common
occurrence in inflammatory conditions and also as the result of

Fig. 37.—Hydrops of striated muscle-fibers. M.

transudation, due to general or local disturbances of circulation.
Fluid often collects in tumors; for example, in fibromas causing
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edema of them, and in the stroma of adenomas of the breast. It
is not always easy to distinguish between simple edema and
that secondary to the secretion of mucin by mucous connective-
tissue cells.

The kidney under various conditions (glomerulonephritis,
etc.) often shows fluid in the cells and tubules and in the inter-
stitial tissue.

NECROSIS

Necrosis is the term applied to local death of cells, that is, to
death of cells, singly or in groups, while surrounding cells continue
living. Necrobiosis is a term sometimes applied to slow death of
cells under similar circumstances.

Of the various retrograde processes necrosis is necessarily the
most serious because it signifies the end of the life of the cells
involved. It may affect normal cells or follow one or another of
the forms of degeneration, especially that associated with the
presence of fat in the cells. On this account it is impossible
always to draw a sharp line between degeneration and necrosis.

As soon as necrosis occurs the cells involved become a foreign
body,—that is, an injurious agent,—exciting an inflammatory
reaction in part at least as the result of injurious substances
emanating from it, and often stimulating regeneration by cells of
the kind destroyed.

The causes of necrosis are almost as numerous as the causes
of inflammation, and include many of the injurious agents in the
mechanical, physical and chemical groups. In addition, however,
a very important réle is played by the cutting off of nutrition,
including oxygen, from the tissues. This is effected by plugging
the vessels on the inside by embolus or thrombus, or by constrict-
ing the vessels from without by compression.

Necrosis may affect single cells or small or large groups of
them. It may involve only the parenchymatous cells in an organ
(central necrosis of the liver), or all the cells in masses of tissue
(infarction of kidney).

Cells killed suddenly often cannot be distinguished at first from
living cells, but only after certain chemical and physical changes
have taken place in them, as a result of being kept at body tem-
perature and bathed in fluid. These changes affect both the
nucleus and the cytoplasm and are characteristic of necrotic cells.

The chromatin of the nucleus may contract into a small,
irregular, jagged mass and stain intensely (pyknosis), or divide
into irregular masses which stain deeply (karyorrhexis), or gradu-
ally dissolve so that the nucleus stains less and less distinctly or
not at all (karyolysis). These transformations are sometimes
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simulated more or less closely by postmortem changes. Thus
in the liver many of the nuclei often stain uniformly and intensely
while the others appear normal, and in the convoluted tubules of
the kidney the nuclei commonly fade away and refuse to stain after
a certain number of hours.

The cytoplasm may become vacuolated from edema, hyaline
from disappearance of its granules, coagulated and homogeneous
so that it stains deeply with acid dyes, or dissolved by the action
of ferments.

Certain types of necrosis have received special names.

Coagulation Necrosis.—Coagulation necrosis is a term applied
originally by Weigert to the transformation assumed to take place
in necrotic tissue in consequence of which, along with other changes,
it swells slightly and becomes firmer than normal. It is supposed
that the albumin of the cells, after the necrotic tissue has been
permeated with fluid, undergoes some form of coagulation such
as albumin does when acted on by formaldehyd, heat, alcohol,
etc. Fibrin formation is not in the least essential to the process,
although fibrin may be present in greater or less amount.

The classical example of coagulation necrosis is seen in an
infarct of the kidney. Its gross characteristics are best studied
there. Microscopically, the cells go through one or more of the
changes peculiar to necrotic cells until finally they appear homo-
geneous and more or less fused with each other and with the
surrounding blood-vessels and intercellular fibrils so that the whole
forms a structureless mass.

The changes in the cells peculiar to coagulation necrosis may
take place also in single cells and in groups of them. Thus, it is of
frequent occurrence in the liver (focal necrosis), in striated skeletal
muscle (Zenker’s degeneration) and also in various infectious
processes.

Caseation.—Caseation is a form of necrosis occurring especially
in the lesions produced by the tubercle bacillus. It is due to the
gradual necrosis (necrobiosis) of the leukocytes of the inflammatory
reaction to the organism, and of any included tissue cells. As the
cells are injured before they are killed they usually contain more
or less fat.

The usual inflammatory reaction to the tubercle bacillus in
blood-vessels consists of an accumulation of endothelial leukocytes.
When, however, the organisms are in lymph-spaces and vessels or
in epithelial-lined cavities, serum (much fibrin often forms from the
serum) and a relatively small number of lymphocytes may be
added to the leukocytes. The leukocytes, by occluding blood- and
lymph-vessels, gradually cut off all nourishment. The tissue cells
undergo necrosis first, because more delicate, and disappear; then
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the leukocytes, beginning in the center of the lesion and extending
peripherally, die off gradually in the same way. Caseation in
tuberculous lesions consists chiefly, then, of necrotic endothelial
leukocytes which have thoroughly infiltrated the tissue and de-
stroyed most or all of its landmarks. Combined with the necrotic
leukocytes there may be much fibrin of inflammatory origin.

Similar lesions may be produced by the oidium.

The caseation occurring in the lesions of syphilis is somewhat
different. The reaction to the treponema pallidum consists of a
moderate inflammatory exudation (usually endothelial leukocytes
and lymphocytes, less often polymorphonuclear leukocytes) com-
bined with reparative proliferation of fibroblasts. This process
taking place in the walls of blood-vessels frequently leads to their
occlusion and to necrosis of the tissue supplied by them. In these
necrotic areas tissue landmarks such as blood-vessels, fat and
fibrous tissues, and muscle can usually still be made out, although
later they may disappear owing to the attraction often exerted
by this necrotic tissue on endothelial and polymorphonuclear
leukocytes. The necrosis in a gumma is, therefore, often much
more like that in an infarct than in a tuberculous lesion.

Fat necrosis is a term applied to necrosis of multiple, dissem-
inated, usually miliary but sometimes extensive, areas of fat tissue.
The lesion occasionally occurs in the peritoneal cavity and is due
to the action of digestive ferments which have escaped in some
way from the pancreas. The pancreatic ferments act on the
glycerids of the palmitic, stearic and oleic acids and splits them
into free fatty acids and glycerin. The glycerin is absorbed and
removed. The free fatty acids remain as needle-shaped crystals
or unite with the calcium of the tissues to form an amorphous
granular material. This causes the areas to have an opaque white
appearance. )

The necrotic areas at first attract polymorphonuclear leu-
kocytes, but these are soon succeeded by endothelial leukocytes
which surround and gradually absorb the fat products of the
necrotic fat-cells. Occasionally, they fuse to form giant-cells.

Pancreatic tissue is often involved in the same way as the fat
tissue and very rarely the ferments may extend to the muscles of
the abdominal wall and cause extensive necrosis of them.

Colliquation or liquefaction necrosis is characterized by the
fact that the necrotic tissue elements swell and dissolve in the
tissue juices. The process is most common in the brain following
ischemia. As the result of the softening cysts are formed.

Gangrene is a clinical term applied to two different conditions:
(a) to necrotic tissue which is in such a location (toes, fingers)
that when it undergoes infarction it may, under the influence of
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the air, dry up (dry gangrene, mummification), or (b) to necrotic
tissue anywhere  (extremity, /lung, appendix) which, under the
influence of bacteria, undefgoes putrefactive changes (moist,
stinking gangrene, sphacelus).

Gangrene about the mofith has received the special name of
noma. It is apparently du¢ to the bacillus fusiformis acting alone
or in conjunction with a spjrillum.

Emphysematous g ene is a condition of moist gangrene
accompanied by the formgtion of gas. It is due in most instances
to infection with the bacillus aérogenes capsulatus.

A line of demarcation| due to acute inflammatory reaction is
formed at the edge of gangrenous tissue just as around an infarc-
tion in the kidney or any pther organ.

A marked inflamma reaction takes place at the edge of
necrotic tissue when the ¢ells have been killed suddenly, as in a
bland infarct of the kidney. This is due to toxins set free by the
necrotic cells. On the other hand, there may be no reaction if
necrosis comes on slowly as the result of gradual cutting off of the
blood supply, because very little toxin is set free at any one time.
The best examples are seen in tumors where the cells at a distance
from the blood-vessels slowly die, dissolve and disappear without

any inflammatory reaction being excited, leaving each vessel
surrounded with a sheath of tumor cells and thereby suggesting
a perithelial type of growth.

HYALINE SUBSTANCES

Numerous substances occurring in the body have the one
common property of appearing transparent, like glass. These
substances differ greatly in chemical composition. A few exhibit
fairly definite chemical reactions; most of them do not. They
will be considered under several different headings.

GLYCOGEN

Glycogen is a carbohydrate which easily changes into grape-
sugar. It is a homogeneous hyaline substance which appears
microscopically in the form of granules and small globules. It isthe
only one of the carbohydrates which is visible and demonstrable
under the microscope.

Glycogen is fairly soluble in water and by this property is
readily distinguishable from amyloid. In addition it is quickly
changed to sugar by the action of saliva. Like amyloid it is
stained brownish red by iodin. Stained with Bests’ carmin
solution it appears red, while amyloid is colorless.

Glycogen when present occurs usually in the cytoplasm, but
sometimes in diabetes is found also in the nuclei of the liver cells.
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Fig. 38.—Glycogen in, a, liver cells; b, nuclei of liver cells; c, in liver cells
(fixing reagent drives the glycogen to side of cell away from it); d, in kidney
in diabetes; ¢, in an embryoma of the testicle; f, in polymorphonuclear and
endothelial leukocytes.
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Many cells under normal conditions contain glycoge; per-

manently or temporarily. This is especially true of liver cells
and striated muscle-fibers. It also occurs normally in cartilage cells.

Under pathologic conditions glycogen is frequently abundant.
Thus, in inflammatory conditions it is common in the young
fibroblasts and endothelial cells of granulation tissue. It is fre-
quently contained also in epithelial cells. In persistent glycosuria
and ‘in diabetes glycogen occurs not only in the liver cells, but
also in small to large globules in the epithelium of Henle’s
loops in the kidneys. It is also found in the cells of many tumors
(adrenal cancers, chondromas).

MUCIN

Mucus is a hyaline slimy substance which occurs normally as
a secretion of the epithelial (beaker) cells of the gastro-intestinal
tract, as one of the homogeneous substances produced under
certain conditions by the fibroblast (mucous connective-tissue
cells of the umbilical cord), and in the fluids of joints, bursas and
tendon sheaths.

Mucus is not a definite compound, but contains a group of
nitrogenous, albuminous substances called mucins, which dissolve
or swell up in water to form slimy stringy fluids. They are pre-
cipitated by acetic acid and by alcohol in the form of threads
which are not dissolved by excess of the acid. They dissolve,
however, after precipitation, in neutral salt solutions and in
caustic alkalis.

In epithelial cells the mucus occurs as round, transparent
masses which may be cast off as in ordinary beaker cells, or the
drops of mucus may run together until the whole cell is transformed
into a homogenous mass.

In mucous connective tissue the fibroblasts are more or less
star-shaped, with branching cytoplasmic processes, and the mucus
occurs between the collagen fibrils which are often widely separated.
This type of tissue is widely distributed in the embryo, but is
best exemplified in the umbilical cord (Wharton'’s jelly).

Under pathologic conditions the mucous secretion of epithelial
cells may be much increased or the cells transformed into mucus.
The cells of epithelial tumors arising from the gastro-intestinal
tract often secrete mucus and sometimes masses of the tumor
cells are gradually transformed into that homogeneous substance.
Less often tumors arising in the mammary gland and in the ovary
undergo mucous degeneration. The epithelial tumors arising
from the ovary are more likely to contain pseudomucin, a homo-
geneous slimy substance which is precipitated by alcohol but not
by acetic acid.
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While mucus is not produced normally in the adult by fibro-
blasts, it occurs not infrequently in tumors of mesenchymal origin;
for example, in fibroma, chondroma, osteoma and in the rapidly
growing tumors composed of the same type of cell (myxosarcoma,
etc.). It occurs also in mixed tumors of the parotid region, and
not infrequently in the connective-tissue stroma of certain epi-
thelial new-growths.

AMYLOID

Introduction.—Amyloid is a homogeneous, translucent, color-
less, solid substance characterized by fairly definite chemical
reactions which distinguish it from the other hyaline substances.

Fig. 39.—Amyloid formation in liver. Methyl-violet reaction for amyloid.

According to Krawkow it is a combination of an albuminous body
with chondroitin sulphuric acid. The latter substance is found
especially in cartilage and elastic tissue.

Amyloid is not a product of degeneration of cell or fibril, or
something filtered out of the blood like serum. Instead it is a
deposit in tissues manufactured out of normal constituents of the
blood by cell activity, as will be explained farther on.

Properties.—Amyloid is insoluble in water and in alkalis,
and dissolves with difficulty in strong acids. Treated with Lugol’s
solution, it stains mahogany brown while the surrounding tissue
appears of a yellow color. On the addition of one per cent sulphuric
acid the brown may turn to blue, violet or green; the reaction is
not constant. Sections stained with methyl-violet followed by
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dilute acetic acid show the amyloid rose red, the nuclei blue, and
the other structures pale blue or colorless. Methyl-green and
certain other anilin dyes give a similar metachromatic color re-
action. The reaction with the anilin stains is considered more
reliable than that with iodin.

Origin.—Amyloid does not exist as such in the blood. By
some it is claimed that it is manufactured by cell activity out of
a substance in the circulation. It seems to be generally assumed,
owing to the deposition of amyloid to a large extent just outside
of the endothelial cells lining blood-vessels, that they are the cells
active in its production.

Fig. 40.—Liver. Amyloid formation. Pressure atrophy of liver cells.

It seems more reasonable to regard amyloid as an abnormal
product of the fibroblast; in support of this view a certain amount
of evidence can be brought forward. The ordinary fibroblast is
capable of producing under different conditions a variety of fibrils
and homogeneous substances (fibroglia, collagen and elastic
fibrils; mucin, chondromucin and osseomucin). It seems more
likely that the normal metabolism of the fibroblast should be so
altered by functional disturbances as to produce an abnormal
product, than that endothelial cells should develop the property
of manufacturing such a substance.

The chemical composition of amyloid, namely, the presence
of chondroitin sulphuric acid is in favor of the origin of amyloid
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from fibroblasts because it is found in other products of these cells,
namely, in elastic fibrils and in chendromucin.

The position of amyloid is around the fibroblasts, around and
between the collagen fibrils. This is true not only in the walls of

a
~ Fig. 41.—Amyloid formation in spleen. a, In pulp; b, in lymph-nodule.

the smaller blood-vessels just outside of the lining endothelium,
but also around the tubules of the kidney, between the smooth

a b
Fig. 42.—Tumor (lymphoblastoma ?) with extensive amyloid formation in
stroma.

muscle-cells in the walls of arteries and in places where no endo-
thelial cells are present.

Amyloid is manufactured chiefly in certain situations and
usually close to blood-vessels; in the liver between the walls of
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the sinusoids and the columns of liver cells, in the glomeruli of the
kidneys, in the lymph-nodules of the spleen and lymph-nodes and
around the reticulum of the spleen, in the islets of the pancreas.

The occurrence of local amyloid when there is no systemic
disturbance of metabolism favors this view of the origin of amyloid,
as well as the occurrence occasionally of amyloid in the stroma of
tumors.

Fibroblasts often produce a hyaline substance resembling amy-
loid except in reaction.

Amyloid is formed in consequence of some disturbance of cell
metabolism. This disturbance may be general or local. In
general amyloid formation various organs may be affected; for
example, the liver, spleen, kidneys, intestine, etc.. In local amyloid
formation the substance may be confined to a single site.

Fig. 43.—Am Io:d formation in adrenal gland. a, Collagen fibrils still ap-
parent in the midst of the amyloid; b, marked atrophy of adrenal cells.

General Amyloid Formation.—Amyloid occurs in a variety of
cachectic conditions, especially when there has been much loss
of albumin. Thus, it is found in cases of prolonged suppuration
from any cause and in any location; but it also occurs under
other conditions when there has been no pus formation. The
following list is illustrative but by no means complete.

A. Chronic ulcerative tuberculous lesions of lung, intestine

or bone.
Actinomycosis.
Chronic dysentery.
Ulcerating new-growths (carcinoma of stomach, etc.).
B. Chronic syphilis.
Chronic nephritis.



106  PATHOLOGIC HISTOLOGY

Malarial cachexia.
Chronic anemia.

General amyloid formation may be produced experimentally
in animals by causing prolonged suppuration, and occurs commonly
in the rats and mice used for carcinoma propagation.

Local amyloid formation is rare. The amyloid may occur
in tumor-like swellings at the base of the tongue, in the mucous
membrane of the larynx, trachea and bronchi, in the eyelids and
diffusely in the wall of the urinary bladder. It also occurs oc-
casionally in the stroma of certain tumors without being present
elsewhere in the body. The cause of its formation is unknown,
but is probably due to some disturbance of metabolism in fibro-
blasts, as the result of local chemical action.

a b

Fig. 44.—Urinary bladder. Amyloid formation. a, Atrophy of muscle-
fibers fr(l)lm pressure by amyloid; b, amyloid taken up as a foreign body by a
giant-cell.

As already stated, amyloid is always found in close relation
to fibroblasts. It is deposited between the collagen fibrils which,
at first,in properly stained sections stand out distinctly, but later
disappear. Amyloid when first deposited is finely fibrillar, but
soon becomes homogeneous. Amyloid, like the other products
of the fibroblast, requires the care of the cell. When this is re-
moved by the death of the cell the amyloid becomes a foreign
body and is attacked and dissolved by the action of endothelial
leukocytes which sometimes fuse to form giant-cells. Tumor
cells may also attack the amyloid when it is formed in the stroma
of the new-growth and utilize it as food.
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Effect.—Amyloid exerts mechanical pressure; hence it causes
gradual atrophy and disappearance of the important functioning
or parenchymatous cells in the organs affected; for example, the
liver cells in the liver, the lymphoblasts in lymph ncdules of the
spleen and lymph-nodes. It destroys the glomeruli in the kidneys,
and hence leads to degeneration and atrophy of the tubular
epithelium. The result is sclerosis of the kidney.

Gross Appearance.—Amyloid frequently leads to increase of
size and consistence of the organ in which it is found. The kidney,
however, in the late stage may be smaller than normal owing to
atrophy and disappearance of many of the tubules. Amyloid
organs are usually pale and translucent and have a dry appearance.
Amyloid is evidently of a tough consistence because the walls of
affected arteries never dilate or rupture.

Fig. 45.—Colloid in epithelial cells lining a tubule in the kidney. M.

COLLOID
The term colloid is applied to the transparent, semisolid secre-
tion of the thyroid gland. Unlike mucus it remains homogeneous
after treatment with alcohol or acetic acid. It is characterized
chemically by containing iodin in the form of iodothyrin. The
acid dyes tend to stain it rather deeply.
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The term colloid is also applied to other homogeneous sub-
stances of epithelial origin which in appearance and consistence
resemble the colloid of the thyroid gland, although chemically
they may differ markedly from it. This is especially true of cer-
tain hyaline substances appearing as droplets in the renal cells
and ax casts in the tubules of the kidney.

The colloid material derived from the epithelial cells in the
glands of the prostate usually takes the form of rounded con-
centrienlly layered masses called corpora amylacea, because in the
carly days of pathology they were incorrectly supposed, on the
bawnin of a single chemical reaction, to be related to starch. Similar
bodies sometimes oceur in the alveoli of the lung and may be formed
in large numbers in cysts of the kidney. Similar bodies, usually
smaller in size, are sometimes formed in large numbers in the
central nervous system, especially beneath the pia, when retrograde
chunges are in progress.

FIBRIN

Fibrin is usually fairly definitely characterized by its appear-
ance in the form of delicate to coarse anastomosing threads and by
its ataining reactions. But it may also appear as a coarse hyaline
reticulum (diphtheritic membrane) and as hyaline spherules (in
liver cells in beginning central necrosis). Necrotic cells and fibrils
and red blood-corpuscles bathed in serum frequently undergo a
hyaline change due to the formation of fibrin. In this way hyaline
masses of various sires and shapes may be formed in blood-vessels
(hyaline thrombi) and in the tissues.

HYALIN

Hyalin in the Liver.—In alcoholic cirrhosis the liver cells un-
dergo & peculiar and apparently characteristic type of hyaline
change preceding necrosis.  The cells swell somewhat and in the
eytoplasim appears a coarse hyaline meshwork which tends to stain
deeply with eosin and methylene-blue and with phosphotungstic
acid hematoxylin.

lu a normal individual in whom violent injury caused sudden
death the hiver was studded with small, sharply defined. light
colored  areas, up to several millimeters in diameter. Micro-
scopically the iver cells in these areas are homogeneous and hya-
line, but do not tend to stain deeply with eosin: all the granules
have disappearad from the evtoplasm.  The nuclei stain about
nornally, Possibly the appearance is due to beginning coagula-
ton teensts following concussion, and is analogous to the hyaline
change which takes place in striated muscle after rupture and
other wjuurtes
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Hyalin in Plasma Cells.—It is not uncommon for hyaline
droplets of various sizes to develop in the cytoplasm of plasma
cells. They stain faintly to deeply with acid dyes and are brought

Fig. 46.—Liver. Alcoholic cirrhosis. Hyaline material in cytoplasm of liver
cells. M.and W

a
Fig. 47.—Liver. Sudden death from violence. Hyaline areas apparently
due to coagulation and loss of cell granulations.

out prominently by the fuchsin in the tubercle bacillus stain.
After death of the cell these hyaline droplets may persist for some
time in the tissues. They were once claimed to be parasites and
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the cause of cancer. As a result of this notoriety they are still
often called “ Russell’s fuchsin bodies.”

Fig. 48.—Hyaline material forming in and on the walls of capillaries in the
cerebellum.

Hyalin in Blood-vessels.—In the blood-vessels of the brain in
general, but especially in the cerebellum, hyalin occasionally
occurs in the form of multiple small

droplets which gradually enlarge and

fuse together so as to form homo-

geneous hyaline walls to the vessels.

Sometimes all the capillaries over

considerable areas are sheathed in

this way. Concentric masses of

various sizes are also frequently

formed outside of the vessels. Asa

result of the hyaline deposit, thick-

ening and fusing, the intervening

cells atrophy and disappear, so that

Fig. 49.—Artery. Arterio- large masses of hyalin may be
sclerosis. _Hyaline formation ~ formed. ~Lime salts are usually
with narrowing of lumen. deposited in this hyalin. As a result
calcareous masses of considerable

size and rigid blood-vessels are sometimes formed. Later, the calci-
fied masses may become ossified owing to organization by fibroblasts.
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In various acute infectious diseases the arteries in the spleen
show another type of hyaline change. The walls appear hyaline
and very noticeably swollen so that the lumen is encroached on.
A Scharlach R. stain always shows much fat present. A similar
appearance is presented by lesions of a chronic type appearing
in the condition known as arteriosclerosis. .

Hyalin in Smooth Muscle-cells.—The central portion of
smooth muscle-cells often presents a thickened hyaline appear-
ance and stains deeply with eosin. This is a postmortem change.
It is especially common in the
muscle-cells of the prostate, but
may occur in smooth muscle
anywhere.

Zenker’s Degeneration.—Ne-
crotic striated muscle undergoes
usually a change, called coagula-
tion necrosis, as a result of which
the striations disappear and the
cytoplasm becomes homogene-
ous. To this form of hyaline
change in striated muscle the
term Zenker’s degeneration is
applied because the process was Fig. 50-_—Nefcr08ixi a-zld hyali;le
ﬁ.rst dw.cribed. by him. Sf)me' %rg?l‘;f%rzlggggss%egsﬁ;;tiol;l?sce-
times this hyaline change fails to
take place and the striations persist until the necrotic muscle is
entirely dissolved by the action of leukocytes.

Hyaline Connective Tissue.—The collagen fibrils of connective
tissue are often, under certain conditions, rendered invisible, as
they usually are in cartilage and bone, and probably in the same
way, by the deposition of a homogeneous substance between them,
which binds them intimately together. Thus, hyaline connective
tissue is frequently found in the lymph-nodules of lymph-nodes and
of the spleen following inflammatory changes; in old healed
tuberculous lesions; in sclerosed glomeruli.

PIGMENTS

Certain substances possess more or less color. The formation
or deposition of such substances in the body is called pigmentation,
and the colored materials themselves are spoken of as pigments.
Pigments may appear in homogeneous, granular or crystalline
form. They are divided according to their origin into two classes:
endogenous, those which originate within the body and exogen-
ous, those which enter the body from without. The endogenous



112 PATHOLOGIC HISTOLOGY

pigments are further divided into two groups: autogenous, those
formed by the cells themselves; hemoglobinogenous, those derived
directly or indirectly from the hemoglobin of the blood.

A. AUTOGENOUS PIGMENTS

There are several kinds of pigment produced by cell metab-
olism of which the most important is melanin.

1. Melanin is the pigment which gives the color to the skin,
hair and eyes. It occurs within cells in the form of brown to
black granules. Its chemical nature has not been definitely deter-
mined, but it does not seem to be due to blood pigment.

In the skin melanin is found in the deepest layers of epithelial
cells and also in the melanoblasts or pigment cells of mesenchymal
origin which occur in the corium. It seems probable that the
epithelial cells of the epidermis do not produce the pigment them-
selves, but that it is transferred to them from the melanoblasts,
the only cells which produce this pigment. This view is favored
by the fact that the cells of epidermoid cancers, even in a negro,
never produce pigment.

Melanoblasts occur also in the choroid and iris and in the pia,
especially over the medulla. Abnormal collections of them often
develop in the skin soon after birth, and are known as pigment
nevi. From the melanoblasts in any of these locations melano-
blastomas may arise. The pigment produced by them is some-
times so abundant that it is excreted by the kidneys and appears
in the urine.

In the symptom complex known as Addison’s disease a brown
granular pigment, apparently similar in nature to melanin, is
deposited in the epithelial cells of the skin and in the mucous mem-
brane of the mouth. It is probably produced by the melanoblasts.

2. Lutein is a soluble coloring matter found in fat-cells and
in the corpus luteum. It occurs in fat tissue, in lipomas and in
the collections of cells to which the name xanthoma has been
applied.

The nature of the green color occurring in the tumor nodules
of myeloblastoma, which under this condition is called chloroma on
account of its color, is not known. It fades quickly on exposure
to air but can be restored, temporarily at least, by treatment
with peroxide of hydrogen and also with other chemical reagents.

3. Lipochrome is a pigment which, with advancing age, collects
in the muscle-fibers of the heart, in liver cells, in the zona pig-
mentosa of the adrenal, in certain ganglion-cells, in the smooth
muscle-cells of the intestine and seminal vesicles, and often abun-
dantly in the epithelial cells of the same vesicles. This pigment
reduces osmium tetraoxide and stains with Scharlach R.
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B. HEMOGLOBINOGENOUS PIGMENTS

Hemoglobin is the normal coloring matter of the blood. It
is manufactured by the erythroblasts and remains as the charac-
teristic feature of the red blood-corpuscles after disappearance of
the nuclei. It contains iron but does not give the iron reactions,
owing to close chemical union with other substances. Hemoglobin
may be set free in the tissues and in body cavities by diffusion or
in consequence of disintegration of the red blood-corpuscles
following hemorrhage, or it may escape into the serum of the
circulating blood (hemoglobinemia) as the result of injury to the
corpuscles by toxins. If it escapes into the serum in large amount
it is excreted by the kidneys (hemoglobinuria) and may be de-
posited in the renal tubules as brown masses and color the papille
a dirty brownish red (hemoglobin infarct).

Hemoglobin in solution is precipitated by formaldehyd in
the form of black granules which often collect in clumps. This
pigment formation is common in tissues which have been placed
some hours postmortem or after removal from the body in fixatives
containing formaldehyd. The pigment is an artefact and must
be recognized as such.

Hemoglobin as the result of chemical change gives rise to two
pigments known as hematoidin and hemosiderin.

1. Hematoidin is an iron-free pigment occurring as granules
and crystals which vary in color from yellow to red. It arises
from hemoglobin in solution and does not owe its origin like
hemosiderin to vital activity. After formation, however, hema-
toidin may be taken up by endothelial leukocytes.

Feathery yellow crystals of hematoidin arranged in radiate
form often occur in infarcts of the spleen, especially at the periph-
ery of the lesion, and are frequently within endothelial leukocytes
and foreign body giant-cells.

2. Hemosiderin is a collective term for yellow to brown pig-
ments which are derived from hemoglobin and give the iron
reaction. They occur as granules and small masses. They may
arise directly from hemoglobin still attached to red blood-corpuscles
or from hemoglobin in solution. They require vital activity for
their formation. Ordinarily endothelial leukocytes transform
red blood-corpuscles directly into hemosiderin, and they can
perform the same function for hemoglobin in solution. It seems
probable, however, that hemoglobin in solution can also be trans-
formed into hemosiderin by vital activity without being taken up
by cells, probably through the action of chemical substances
derived from the cells.

Hemosiderin is found very commonly following hemorrhage;

8
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in the corpus hemorrhagicum as it undergoes repair; in the lungs
following hemorrhages as the result of chronic passive congestion;
in the meninges owing to chronic internal hemorrhagic pachy-
meningitis; in the brain following cerebral hemorrhage. In all
of these situations the hemosiderin occurs for the most part within
endothelial leukocytes. In the lungs these leukocytes are usually
known as heart failure cells, If they contain carbon, as they often
do, the hemosiderin is deposited around it.

All hemosiderin is very gradually decolorized and disintegrated
by the leukocytes containing it and returned in some other form
to the circulation.

AN

Fig. 51.—Blood pigment in endothelfial leukocytes in spleen following typhoid
ever.

In typhoid fever and some other infectious diseases endo-
thelial leukocytes, filled with red blood-corpuscles, often collect
in small to large numbers in the spleen and to a less extent in the
bone marrow, and gradually transform the hemoglobin into hemo-
siderin.

When hemoglobin is set free slowly and continuously for a
long time in the serum, as in pernicious anemia and in certain
forms of chronic poisoning, the epithelial and endothelial cells in
many organs—liver, spleen, bone marrow, kidneys, heart, pan-
creas—take up the pigment and store it in the form of yellowish
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brown granules which may be readily distinguished from any
lipochrome pigment present by means of the iron reactions.
When the hemosiderin deposit is extensive the organs may appear
of a rusty brown color.
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Fig. 52.—Hemochromatosis. Pigment in muscle-fibers of heart. Fol-
lowing necrosis of the muscle-fibers the pigment is taken up by endothelial
leukocytes.

In a rare symptom complex known as hemochromatosis, be-
cause the pigmentation in the liver and some other organs is the
most conspicuous feature, hemosiderin is formed in large amounts
and is found in various cells, such as the epithelium of the kidneys,



I'ig. 53.—Hemochromatosis. a and ¢, Pigment in pancreas; b. pigment in
liver cells.
116
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liver and pancreas, the muscle-fibers of the heart, the endothelial
cells of various organs, but most abundantly in endothelial leu-
kocytes which often collect in great numbers in the liver and to a
less extent in the spleen, lymph-nodes, pancreas, etc.

The hemosiderin is apparently deposited in such large amounts
in some of the parenchymatous cells of the heart, pancreas and
especially of the liver, that it leads to their destruction. The
pigment set free in this way by necrosis of the affected cells
attracts endothelial leukocytes. As a result of this process there
often occur in the liver extensive lesions, forming one type of
cirrhosis with increase in size, owing to the extensive infiltration
with endothelial leukocytes. Similar lesions, but on a smaller
scale, occur in the pancreas (resulting in so-called bronze diabetes)
and in the heart.

Pigmentation is of common occurrence in the liver, spleen and
bone marrow in malaria. The pigment occurs in endothelial
cells and leukocytes and is of two sorts; hemosiderin derived
from hemoglobin and a black pigment of unknown composition
which is formed in some way in the red corpuscles by the activity
of the malarial organisms, but whether from hemoglobin or from
other substances is not known.

3. Bile Pigment.—Bilirubin, the coloring matter of the bile,
is chemically identical with hematoidin. It is a product of the
liver cells, being formed by them from hemoglobin.

Bile sometimes escapes into the circulation either as the result
of bile stasis or in consequence of necrosis of liver cells, and diffuses
into the organs and tissues, staining them a yellow to green color.
The resulting condition is known clinically as icterus or jaundice.

Bile stasis is caused throughout the liver by obstruction of the
bile duct or the common duct, usually by gall-stone or tumor, or
focally by obstruction of the smaller bile vessels by inflammatory
exudation, by sclerosis, or by pressure from an infiltrating tumor.
Bile stasis results in dilatation of the bile capillaries, most marked
around the hepatic vein in each lobule. The bile often breaks
through the wall of liver cells and escapes into the lymph-space
between the cells and the walls of the sinusoids. Here the in-
spissated masses are incorporated and gradually digested by endo-
thelial leukocytes. The fluid bile apparently passes directly into
the circulation through the endothelium lining the sinusoids and
is carried all over the body. It stains nearly all tissues yellow.
If the icterus is persistent the color may turn to green.

When the liver is severely injured by toxic and infectious proc-
esses (phosphorus poisoning, acute yellow atrophy, sepsis) bile
escapes into the circulation. This is due in some instances at
least to necrosis and dissolution of the liver cells allowing the bile
to escape from the bile capillaries.
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Icterus is always of hepatogenous origin. This is shown by
the constant presence in the blood of bile acids, which can arise
only in the liver. Enough hematoidin (chemically identical with
bilirubin) is never set free by diffusion from hemorrhage, or by
breaking down of the corpuscles within the circulation to cause
icterus.

Bile pigment usually diffuses and simply stains most cells and
intercellular substances, but the central nervous system is never
colored in the adult and rarely in children. Necrotic tissue,
on the other hand, is readily stained as shown by the classical
examples, the sloughs in the intestine in typhoid fever and the
caseous tubercles involving the bile ducts in the liver.

Sometimes the bile pigment is deposited in granules which
are usually yellowish but may be greenish if old. They occur
most commonly in the liver cells, in the endothelial cells lining
sinusoids and capillaries, in renal epithelium, etc. The pigment
itself does not seem to be injurious to cells, but the accompanying
invisible bile acids and other substances may do damage.

Bile pigment is very rarely found in crystalline form in the
adult as a result of postmortem changes; in the macerated fetus
its occurrence is more common.

C. ExoGENOUS PIGMENTS

Several pigments which frequently or occasionally occur in
the body are derived from outside sources, for example, carbon
and lead. They may be taken into the body in granular form
as pigments (carbon), or be formed after ingestion from color-
less compounds in solution (nitrate of silver). The most com-
mon pigments of extraneous origin are carbon and the various
colors used in tatooing; of rarer occurrence but greater clinical
interest are lead and silver.

1. Carbon enters the body through the respiratory tract. It
often collects in considerable quantities in the alveoli of the lung,
where it appears as greenish black to black granules. Much of it
is expectorated. The rest of it is slowly taken up by endothelial
leukocytes, which migrate with it into the lymph-spaces in the
walls of the alveoli, which, in consequence, may be much thickened.
Many of the leukocytes filled with carbon collect in the lymphatics
around the blood-vessels and bronchi. Still others are carried
by the lymph to the peribronchial lymph-nodes where they infil-
trate the lymphoid tissue and lead to its disappearance. Oc-
casionally they are transported to the spleen or liver. Very rarely
carbon gets into the circulation in considerable quantities through
some infectious process which causes softening of lung or lymph-
node tissue containing carbon; the softened focus may rupture
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into a blood-vessel or the thoracic duct. Carbon may then be
carried in considerable quantities to the spleen, liver and bone
marrow and there be deposited.

If hemoglobin is taken up by leukocytes already containing
carbon, it is transformed and deposited as hemosiderin -around
the carbon.

Carbon in the tissues is indestructible. It persists indefinitely
in the endothelial leukocytes unless involved in a tuberculous or
other infectious lesion which causes destruction of the cells. After
repair of the lesion the carbon may be found in scattered granules
in the scar tissue instead of in the masses due to its collection within
leukocytes.

2. Various pigments (vermilion, charcoal, etc.) are introduced
into the skin in the process of tatooing. Some of them are carried
to the adjoining lymph-nodes where they remain stored in endo-
thelial leukocytes in the same way that carbon does. The rest
of them persist in the corium.

3. Lead in the form of soluble salts is often taken into the body
by men working in certain trades, painting for example. It is
sometimes deposited as brownish black granules of lead sulphid
in the subepithelial tissue of the gums, owing to chemical action
following lack of cleanliness of teeth and mouth.

4. Silver under rare conditions is precipitated in certain tissues
and causes a brownish discoloration of the skin known as argyria.
The condition follows the long-continued ingestion of silver salts,
usually the nitrate, as a medicament. The silver is precipitated
from its solution by certain cells, especially the fibroblasts in the
medulla of the kidney and by the smooth muscle-cells connected
with the hairs and around the coil glands in the skin.

In one instance where much colargol was injected into the
substance of a kidney, on the supposition that a cyst was present,
silver was found precipitated most extensively in brown and
black granules in multiple foci throughout the organ.

PETRIFACTION

Petrifaction is a general term applied to the deposit of certain
solid, crystalline, granular or amorphous salts in the tissues,
vessels and cavities of the body. The deposit may consist of
lime salts, uric acid salts, bile pigments, or cholesterin crystals.

LIME SALTS

Two different terms are applied to depositions of lime salts
according as the salts are in relation to bone cells or to other cells
and substances.

1. Ossification.—Lime salts in the forms chiefly of phosphate
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and carbonate of lime are present in all normal tissues and fluids.
Under ordinary conditions they are attracted and deposited in
granular form only in the homogeneous ground substance, osseo-
mucin, of bone. Thisis termed ossification. The lime is deposited
around living cells, the bone cells, whose function it is to protect
and care for the intercellular substances and the lime deposited
in them. The same deposition of lime salts takes place also in the
osteoid substance of the callus formed in the repair of injuries of
bone and in the tumors arising from osteal fibroblasts (osteoma,
ete.). ’

2. Calcification. — Under pathologic conditions other sub-
stances than osseomucin may attract lime salts. Thus with
advancing age they are frequently deposited in chondromucin,
the ground substance of cartilage. It may almost be regarded

as a physiologic process.
Here, although the cells are
living, the process is called cal-
cification because the cartilage
cells are not transformed into
bone cells. In a similar way,
but less often, lime salts may
be deposited in the intercellu-
lar substance of connective
tissue especially if hyaline
(blood-vessels, kidneys).

The lime salts deposited in
calcification are in about the
same proportion as in normal

Fig. 54.—Calcified ganglioncells in bone; and that is about the

brain. same as the normal proportion

in the body fluids, namely,

calcium phosphate over 80 per cent., while the rest consists of

chlorids, carbonates, fluorids and sulphates of calcium, sodium,
potassium and magnesium.

Frequently substances not connected with living cells attract
lime salts; to this condition the term calcification is also applied.
Thus necrotic ganglion-cells in the brain, necrotic smooth muscle-
cells in the aorta and arteries and necrotic tissue anywhere may
become calcified. A classical example is the lithopedion due to
the deposition of lime salts in a dead fetus carried for years in the
abdominal cavity. Calcification is common in the caseous
material of old tuberculous lesions, in necrotic retained placentas
and especially perhaps in necrotic portions of tumors (leiomyomas).

Lime salts are very commonly deposited in various homo-
geneous substances, the products of secretion and degeneration;
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thus in concretions in the prostate, in the pineal gland, in the
choroid plexus, in hyaline vessels of the brain, in casts in the renal
tubules, in dural endotheliomas, in so-called psammomas of various
origins. If the lime salts are dissolved out by means of nitric

-

Fig. 55.—Calcified corpora amylacea in pineal gland.

acid the homogeneous base in which they were deposited is easily
rendered visible.

Fibrin or substances in it frequently attract lime salts; the
commonest examples occur in old fibrinous deposits in the pleural

Fig. 56.—Calcified hyaline capillaries and corpora amylacea in cerebellum.

cavity, in thrombi in veins (phleboliths), in hemorrhages (eye-
ball), in endocarditis.

Fat products seem unquestionably to play some part in the
deposition of lime salts. The aorta and other blood-vessels afford
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Fig. 57.—Gout.

PATHOLOGIC HISTOLOGY

Granulation tissue containing masses of biurate of sodium
crystals and also numerous giant-cells.

Fig. 58.—Gout. Tophi in ear. O.
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numerous examples. For this reason probably caseation often
attracts lime-salts, while gummas and infarctions rarely do. Lime is
also very commonly deposited in the capsules of encysted trichinae.

.

Fig. 59.—Gout. Tophi in foot. One mass of crystals protrudes through base
of ulcer. O.

Fig. 60.—Gout. Tophi in subcutaneous tissue of hands. O.

The ordinary fibroblast is apparently incapable of producing
osseomucin, attracting lime salts and converting itself into a bone
cell. But if free lime salts are deposited in its immediate territory
they have the property of stimulating that fibroblast so that it
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grows into a true bone cell. This is what regularly happens to
the fibroblasts which organize the fibrin due to a hemorrhage into
the eyeball. The same transformation of an ordinary fibroblast
into a bone cell is of common occurrence in blood-vessels and also
happens elsewhere, as in a glioma of the brain for instance.

URIC ACID AND ITS SALTS

Under normal conditions urates are present in solution in the
circulation and by excretion through the kidneys are kept below
any injurious percentage in the blood.

In new-born infants dying within the first few days or weeks
after birth it is common to find yellow to yellowish-red streaks in

the papillez of the pyramids.
They are due to a precipitate of
uric acid and ammonium urate
crystals in the tubules. Micro-
scopically these salts appear in
the form of fine and coarse crys-
talline masses. Evidently they
are due to a precipitation from
the urine during its excretion.
The appearances above de-
scribed are called uric acid
infarcts, but are neither the
cause nor the result of local
injury. Probably they are due
to altered metabolism and a
concentrated urine.

Under abnormal conditions
uric acid and its salts may ac-

Fig. 61.—Gout. Endothelial cumulate in the circulation be-
leukocytes and giant-cells adjoining yond the normal amount. In
biurate of sodium crystals. the pathologic condition known

as gout they are deposited in the
tissues as biurate of sodium in the form of bundles of delicate
needle-shaped crystals which often coalesce into solid, mortar-like
nodules known as tophi.

The biurate of sodium crystals are deposited most frequently
in the lobe of the ear, in the cartilages and capsules of joints and
in the surrounding connective tissue, but they may occur any-
where in the subcutaneous tissue. They act as an injurious
agent, whose effect is probably mechanical, and cause necrosis and
acute inflammatory reaction. In the granulation tissue formed
around the crystals foreign body giant-cells are usually numerous.

The cause of the deposit of the biurate of sodium crystals is
not definitely known.
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PATHOLOGIC CORNIFICATION

The cells of the epidermis pass through certain characteristic
changes before they become cornified. They develop epithelial
fibrils and kerato-hyalin and eleidin granules and, finally, are
transformed into the keratin of the cornified layer. These same
characteristics are present under pathologic conditions and
frequently one or another of them is magnified. Thus cornifica-
tion may be increased in hyperkeratosis and ichthyosis. In psoriasis
it is said to be diminished.

Cornification may occur in situations where it does not appear
under normal conditions, as on the tongue (hairy tongue), in the
vagina, esophagus, urinary bladder, pelvis of kidney, gall-bladder,
bile ducts, usually as the result of chronic irritation of some sort
or other causing change in the type of growth of the cells (meta-
plasia).

Occasionally in the middle ear cornified epithelium is found
accumulated in a mass completely filling the cavity. Similar
masses sometimes of large size occur not infrequently in simple
or multiple form in connection with the central nervous system,
usually in the meninges, and are known as cholesteatomas. They
are abnormalities due to desquamation and accumulation of dead

" cornified epithelial cells over the surface of clumps of epidermal
cells displaced from their normal surroundings at the time of the
formation of the neural canal. The material of similar appear-
ance in the middle ear may be of similar origin or due to meta-
plasia of the lining epithelium.

Cornification is common in epidermoid carcinomas and is
sometimes very conspicuous, even when this type of tumor arises
in a location where normally no epidermis exists.



SPECIAL INJURIOUS AGENTS AND THE LESIONS THEY
PRODUCE

STAPHYLOCOCCUS PYOGENES AUREUS

Of the several varieties of pathogenic staphylococci the aureus,
from the pathologic point of view, is by far the most important
and is the only one which will be considered here. What is said
of it in the following pages is applicable, however, although in a
decidedly minor degree, to the albus and citreus.

The staphylococcus aureus causes a great variety of lesions
no one of which is produced by this organism alone and is, there-
fore, pathognomonic of it. On this account the lesions due to
the aureus, are generally classified from the anatomic point of
view as abscess, suppuration, osteomyelitis, etc., with the name
of the active agent sometimes added, as aureus abscess. Two
of - the lesions, however, are produced so much more commonly
by the aureus than by any other organism that they are regarded
as fairly peculiar to this bacterium, namely, furunculosis and
osteomyelitis.

The aureus varies greatly in the pathologic effects which it
produces owing to great differences in the virulence of the organ-
isms coming from different sources, and in the susceptibility of the
host. Both of these variable factors must be kept in mind.

The lesions are usually acute but may be chronic and are, as a
rule, sharply circumscribed.

Micro-organism.—The aureus tends to grow in a compact
clump or colony wherever it lodges in solid tissue as in the kidney.
Later, after solution of the surrounding tissue has occurred, the
organisms are dispersed more or less evenly in the pus, probably
largely as a result of the ameboid movements of the leukocytes.
In loose tissue such as the meninges and in the alveoli of the lung
the cocci are usually scattered in the exudation more or less uni-
formly from the first. In acute endocarditis due to the aureus, the
organisms grow in large solid masses on the surface of the valve,
just as on a culture-medium in a test-tube.

The aureus is easily rendered prominent in the lesions which
it causes by means of the Gram-Weigert staining method.

Toxin.—The staphylococcus aureus produces a strong toxin
which acts chiefly locally and possesses apparently only moderate
diffusibility. A certain amount is absorbed by the surrounding
lymphatics and carried to neighboring lymph-nodes where it
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causes cellular hyperplasia. There is little or no evidence of the
elimination of any toxin through the kidneys; at least no in-
flammatory changes are produced there, such as so often occur as
the result of infection with the streptococcus pyogenes or the
pneumococcus. On the other hand, central necrosis of the liver
lobules occurs occasionally and may be directly due to the toxin.

Besides toxin the aureus produces one or more ferment-like
substances which exert a solvent action on certain bodies, such as
gelatin and perhaps fibrin.

Injury.—The characteristic injury produced by the toxin of
the staphylococcus aureus is necrosis which ordinarily occurs
quickly for a definite area surrounding the organisms and spreads
peripherally if the micrococci continue to develop. The produc-
tion of necrosis is best studied in solid organs such as the kidney,
where the toxin from the organisms has little opportunity to
diffuse. In loose-meshed tissues such as the meninges and when
the cocci are within the alveoli of the lung the toxin may be so
quickly diluted by an abundant exudation of serum that necrosis
may be lacking.

Reaction.—The injury and reaction caused by the staphyl-
ococcus aureus can best be studied by injecting suspensions of
the cocci into the ear veins of rabbits and, later, fixing the tissues,
especially the kidneys and heart, at various intervals of time from
six to forty-eight hours. The organism must be one of just the
right degree of virulence, which can be ascertained only by trial,
or the animals may be quickly killed as the result of toxemia, or
septic infarcts be produced instead of miliary lesions. Occasion-
ally similar early lesions can be obtained in man as the result of an
aureus septicemia.

Early lesions, of twelve to elghteen hours duration, show in
the kidney only a clump of cocci surrounded by a zone of necrosis.
The toxin and the necrosis soon induce, however, an abundant
exudation of polymorphonuclear leukocytes and more or less
serum from the surrounding blood-vessels. As a rule, little fibrin
is formed and that soon disappears, dissolved, perhaps, by sub-
stances eliminated by the organisms. Under the action of the
leukocytes the necrotic tissue is digested and softened so that
an abscess is formed. In cellular organs like the kidney this
process of abscess-formation requires but twenty-four to forty-
eight hours. In tough fibrous tissues like the skin it often re-
quires seven to ten days or more to liquefy the dense and tough
masses of collagen and elastic fibrils of the corium, so as to form
pus which may be discharged through an opening in the skin.
Following necrosis of bone it may require months or years to soften
down the necrotic bone (sequestrum) formed.
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Many of the leukocytes attracted by the aureus toxin are
destroyed in the same way that the tissue cells are.

- As soon as the necrotic tissue is liquefied the ameboid move-
ments of the leukocytes tend to break up the colony arrangement
of the micrococei, which quickly become dispersed among the
leukocytes and to some extent incorporated in them.

The tendency of focal lesions is to extend peripherally until
the contents of the abscess are discharged externally or into some
natural cavity. In some tissues, however, such as muscle, the
necrosis and inflammatory reaction often spread rapidly and ex-
tensively along the lines of least resistance, so that the result is a
diffuse suppurative process.

Fig. 62.—Staphylococcus pyogenes aureus in abscess in muscle.

Termination of Lesion.—The body shows considerable ability
to counteract, by means of the production of an antitoxin, the
toxins secreted by the staphylococcus aureus and to destroy the
organism. It is greatly aided in the process of repair by the
tendency of the lesion to remain focal angd of the necrotic tissue
to undergo complete solution, because the process frequently
extends to a surface or natural cavity, and the pus with most of
the organisms contained in it is discharged; the cocci remaining
behind are easily destroyed.

As soon as necrosis ceases toextend peripherally the surrounding
fibroblasts and capillary endothelium rapidly start regenerating
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and soon form a wall of granulation tissue which on account of its
better vascularization is more resistant than normal tissue to the
action of the organisms and tends to prevent their further extension.
After the discharge of the contents of an abscess the inflammatory
edema of the adjoining tissues quickly subsides, the connective
tissue contracts, and the contracted abscess cavity is soon filled with
granulation tissue which in time changes to a small amount of scar
tissue.

Special Forms of Lesions.—The most common primary lesions
caused by the staphylococcus aureus are the following: furuncle
and carbuncle; bronchopneumonia and abscess of the lung;
abscess of tonsil; infection of wounds of all sorts.

The commonest secondary lesions are: septicemia from which
multiple abscesses of the kidneys, heart, muscles, etc., are 'likely
to follow; lymphangitis and abscesses of the lymph-nodes; osteo-
myelitis. The primary focus from which the secondary lesions
arise is often not recognized. This is especially true of osteomye-
litis.

Furuncle and Carbuncle.—Infection of the intact skin by the
staphylococcus aureus often takes place by direct invasion and
growth in a hair follicle or sebaceous gland. The toxins secreted
cause necrosis of the epithelial cells and an inflammatory exuda-
tion. The organisms soon extend to the corium and cause more
or less necrosis which is followed by a marked inflammatory
exudation and much congestion and edema. Softening of the
tough fibrous tissue of the corium usually requires from seven to
ten days before it can be discharged in the pus through an opening
in the skin at the original site of infection. Such a lesion as this
is called a furuncle. If the infection in the corium is extensive
and spreads laterally it is likely to reach the surface at a number of
points by extending up through the fat columns. Such a lesion
discharging pus at a number of separate openings in the skin is
called a carbuncle. It sometimes reaches a diameter of ten centi-
meters and over.

Lesions corresponding in every way to the furuncle may be
caused py infection of a wound of the skin such as a scratch, cut
or prick.

The organisms discharged from a furuncle are very likely to
be deposited elsewhere on the body, infect other hair follicles and
cause new lesions. On this account furuncles are likely to follow
one another and to be multiple. In fact it is often very difficult
when a furuncle exists to prevent others from forming. Hence
the very prevalent idea that the blood must be “out of order.”

Following the discharge of pus spontaneously or as the result
of an incision the swelling of a furuncle quickly subsides, the
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walls of the cavity collapse and the wound quickly heals, especially
if the pus was discharged spontaneously. An incision hastens
the discharge of pus and relieves the tension, but delays the
healing of the wound. Nature’s opening is often preferable.
Osteomyelitis.—Another very characteristic lesion produced
by the staphylococcus aureus is osteomyelitis. Infection occurs

c d

Fig. 63.—Four separate fields from furuncle produced by staphylococcus
pyogenes aureus.

by way of the circulation and causes necrosis of the bone marrow
and particularly of the bone tissue. Suppuration occurs as in
other lesions, but the bone is exceedingly difficult to soften down.
It persists as a foreign body which must be got rid of and nature’s
powers of handling it, although persistent, are very limited.
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Months and years may be spent on the operation and then prove
ineffective.

The necrotic bone is called a sequestrum. The process of
repair surrounds it with granulation tissue. It also forms new
bone from the endosteum or periosteum, according to the location
of the sequestrum, to strengthen the living bone tissue left. If a
whole shaft is necrotic a new shell of bone, called involucrum, is
formed around it by the periosteum. If by a surgical operation
this involucrum or the periosteum alone is stripped back and the
sequestrum is removed the periosteum will form an entire new
shaft.

Septicemia.—The staphylococcus aureus is more likely to
spread by the blood than by the-lymph-vessels. It frequently
gains entrance to the circulation from some focal lesion and usually
causes multiple abscesses in the kidneys and heart, less often in
the muscles, lungs, bone marrow and spleen. Sometimes it gives
rise to other lesions such as endocarditis, meningitis, etc.

Under certain conditions the organism becomes attenuated
and persists in the blood for along time, for months at any rate,
as shown by repeated blood cultures. The patient may finally
recover and return to a perfectly normal condition.

STREPTOCOCCUS PYOGENES

The streptococcus pyogenes is one of the most common and
important of the organisms which infect the human body. It
causes a great variety of lesions of which erysipelas is the
only one wholly peculiar to it. Its virulence varies within very
wide limits, as a result of which numerous attempts have been
made to distinguish several different strains of the organism.
Occasionally very virulent strains arise and may do great harm,
especially if they happen to be spread broadcast in milk, as
has sometimes happened.

The streptococcus is very commonly present in nature and on
this account is a frequent secondary invader, when the body is
weakened by infection with some other organism, as in diphtheria,
scarlet-fever, and small-pox for example.

Septicemia is of frequent occurrence and is often followed by
endocarditis and by infection of multiple joints.

The elimination of the toxin from the body is a common cause
of lesions, especially of the glomerular type, in the kidney.

Central necrosis of the lobules of the liver is due to the toxin
of the streptococcus pyogenes imore often than to that of any other
organism.

Micro-organism.—The streptococcus is usually fairly abundant
in the lesions which it causes and is sometimes very numerous.
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It appears in the form of chains, occasionally of great length,
which run in various directions and which, when within lymphatics
or small blood-vessels, may more or less completely fill the lumina.
In streptococcus septicemia chains of the organism are often
found in the vessels of the liver and spleen. Sometimes they
occlude the capillaries in the glomerular tufts of the kidneys.

In endocarditis they are often so numerous as to form solid
masses on the surface of the valves, and occasionally in small-pox
they are present in great numbers in the corium, with little or no
inflammatory reaction around them.

By the Gram-Weigert staining method the streptococcus is
readily and strikingly demonstrated in the lesions which it causes.
As the organism may multiply to some extent postmortem it is
not always possible to say just how abundant it was in the tissues
before death.

Toxin.—The toxin secreted by the streptococcus is fairly
strong and calls out a well-marked inflammatory reaction. The
toxin is also quite diffusible; hence local necrosis and abscess
formation are not of so common occurrence as with the staphyl-
ococcus aureus, and bronchopneumonia due to the streptococcus
does not ordinarily terminate in abscess formation. The toxin
is freely absorbed along the lymphatics and usually causes marked
swelling of the regional lymph-nodes, due largely to hyperplasia
of the lymphocytes.

The streptococcus toxin is readily taken up by the circulating
blood and may cause necrosis of liver cells, hyperplasia of the
endothelial cells in the lymph-nodules of the spleen and other organs
and, by elimination through the kidney, acute nephritis usually
of the glomerular type.

Occasionally the streptococcus is very virulent and its toxin
strong so that extensive necrosis, especially of muscle tissue, is
produced, and death occurs so quickly that little inflammatory
exudation is called out.

Injury.—As a rule the streptococcus does not produce extensive
necrosis with solution of the tissue and abscess formation as the
aurcus does. In the characteristic lesion, erysipelas, there is
little or none, only inflammatory exudation. On the other hand,
in the severer lesion known as phelgmon extensive sloughing may
occur; and as already mentioned streptococcus infection of muscle
may cause necrosis often combined with hemorrhage.

The lesions due to the streptococcus are usually not sharply
circumscribed; they tend to spread owing to the readiness with
which the organisms invade the lymphatics and extend along them,
causing a lymphangitis.

Reaction.—The inflammatory reaction to the streptococcus
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consists of an exudation of serum and polymorphonuclear leuko-
cytes; considerable fibrin is usually formed. The cocci are often
taken up by the leukocytes so that they may present the appear-
ance of gonococei, but they stain positively by the Gram method.
Sometimes the serous exudation is very abundant and causes
marked swelling of the tissues as in the early stage of a phlegmon.
Occasionally the streptococcus persists for a long time in an
attenuated form in the circulation and causes abscesses in first
one location and then another. The cellular reaction under these
conditions often consists largely of endothelial leukocytes.
Termination of Lesions.—The streptococcus may die out in
the lesion which it causes. This is the usual termination in
erysipelas, and the same result may happen with bronchopneu-

Fig. 64.—Necrosis of skeletal muscle-fibers due to the streptococcus pyogenes.
Exudation consists chiefly of polymorphonuclear leukocytes.

monia, pleuritis, infections of the skin, etc. The exudation quickly
disappears and the tissues return to a normal condition. Abscess
formation followed by discharge of its contents and the cocci is
not common as in aureus infections. On this account the strepto-
coccus is not easily got rid of. It is very persistent especially in
wound infections. The lesions tend to light up repeatedly.
Hence a streptococcus infection is always to be regarded as danger-
ous. The organism is treacherous.
Special Types of Lesions.—Several forms of lesions due to the
streptococcus deserve brief mention.
Erysipelas is a spreading lesion of the skin due to a mild
streptococcus extending through the lymph-spaces. Little or

Y
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Fig. 65.—Phlegmonous inflammation of the pharynx due to the strepto-
coccus pyOfenee. The lymphatic in the center is distended and filled with
serum and leukocytes. M.

Fig. 66.—Pharynx. Phlegmonous pharyngitis. The streptococcus pyogenes
present in abundance in the serofibrinous exudation. M.
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no necrosis is produced. There is congestion and a moderate
inflammatory exudation. The infection runs a fairly typical
clinical course and tends to terminate in complete recovery, but
the streptococcus may extend along the lymphatics or obtain
entrance to the circulation and cause a variety of other lesions
which may prove fatal.

Phlegmon and phlegmonous inflammation are terms applied
to a severer type of spreading inflammation of the skin, pharynx,
stomach, etc., in which the exudation and consequent swelling are
much more marked and extensive necrosis may occur.

Tonsilitis is a fairly frequent primary lesion due to the strepto-
coccus, and often complicates scarlet fever. It is dangerous in

Fig. 67.—Streptococcus pyogenes septicemia. Necrosis of liver cells. Emi-
gration of polymorphonuclear leukocytes.

itself and also because a septicemia is liable to occur and be fol-
lowed by endocarditis and infection of various joints. Infection
of the tonsil may cause superficial necrosis and membrane for-
mation resembling perfectly that due to the diphtheria bacillus,
or it may lead to extensive necrosis and abscess formation.

Bronchopneumonia is often due to the streptococcus. Abscess
of the lungs is more likely to occur when the organisms are brought
there by the circulation. Pleuritis is frequently caused by ex-
tension of the organisms to the pleural cavity.

Septicemia is fairly frequent and always exceedingly danger-
ous. It may give rise to multiple abscesses, to multiple infectious
lesions of blood-vessels, to acute endocarditis, to infection of
joints, to meningitis, etc. The character of the lesions depends
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on the virulence of the infecting organism and this may vary
within very wide limits. When it is virulent eliminstion of
toxins through the kidneys may cause acute glomerular lesions.

Endocarditis is quite often due to the streptococcus and may
appear as the primary lesion. The organisms grow in solid masses
forming minute to large vegetations which show live organisms
at the surface and masses of dead ones beneath. The inflamma-
tory reaction around them may be marked or surprisingly slight.

DIPLOCOCCUS LANCEOLATUS (PNEUMOCOCCUS)

The diplococcus lanceolatus occurs widely in nature and is
a common inhabitant of the mouth. It causes a variety of lesions
of which lobar pneumonia is the most important and characteristic,
although this disease may be caused occasionally by other organisms.
Other lesions of frequent occurrence due to the pneumococcus are
bronchopneumonia, meningitis, endocarditis and septicemia. Pneu-
mococcus meningitis apparently always terminates fatally, but
recovery from some of the other lesions is of frequent occurrence.

A characteristic of the inflammatory exudation is the formation
of much fibrin and it is noticeable that the blood clots postmortem
more extensively than is usual.

Micro-organism.—The pneumococcus appears singly, in pairs
and in chains in the lesions which it produces. Sometimes it
is very abundant, at other times so scarce that it is difficult to
demonstrate its presence microscopically. It is usually most
numerous in the early stages of the lesions, at which time it multi-
plies and spreads rapidly. In lobar pneumonia it is present in
great numbers at the beginning in the stage of edema. After
the leukocytes appear the organisms usually rapidly vanish partly
as the result of phagocytosis.

The diplococcus lanceolatus is readily stained in sections by
the Gram-Weigert method.

Toxin.—The pneumococcus produces a toxin which is of con-
siderable strength and more or less diffusible. In the immediate
neighborhood of the organisms it leads to a marked inflammatory
reaction, but necrosis is rarely conspicuous. The elimination of
the toxin through the kidneys frequently leads to acute glomerulo-
nephritis, usually of the intracapillary type, if the infection persists
more than two or three weeks.

Injury.—In the ordinary lesions due to the pneumococcus it
is not easy to demonstrate any marked injury caused by the toxin.
It does not usually cause necrosis, at least in the lungs and men-
inges. Occasionally, however, necrosis of the alveolar walls and
abscess formation occur in the lung, apparently entirely as the
result of the action of this organism.



SPECIAL INJURIOUS AGENTS AND LESIONS THEY PRODUCE 137

In septicemia due to the pneumococcus hemorrhage is of fre-
quent occurrence as the result of injury to the walls of the blood-
vessels.

Reaction.—The reaction to the pneumococcus and its toxin
takes the form of an acute exudation in which serum in abundance
is the first element to appear. Polymorphonuclear leukocytes
soon follow and much fibrin is formed from the serum. Endo-
thelial leukocytes as a rule do not play an important part, except
during the stage of resolution. The exudation is often complicated
by more or less hemorrhage. ’

The fibrin is delicate at first and in the lung often begins form-
ing near the alveolar walls; later it usually fills the air-sacs and
often also the bronchioles and gradually becomes thicker.

a b

Fig. 68.—Micrococcus lanceolatus. Acute lobar pneumonia. a, Cocci free in
serum in alveolus; b, cocci within polymorphonuclear leukocytes.

Termination.—The diplococcus lanceolatus tends to disappear
early from its lesions. In lobar pneumonia the toxin seems to
become neutralized, since the temperature drops suddenly by
crisis and recovery is rapid. Under the action of the polymorpho-
nuclear leukocytes the fibrin is dissolved, at least in part, and is
either removed through the natural passages or becomes organized
and replaced by fibrous tissue.

Septicemia.—The pneumococcus frequently gains access to
the circulation, especially in cases of lobar pneumonia. The
resulting septicemia is not necessarily fatal. Sometimes the
smaller blood-vessels are injured by the toxin and multiple pete-
chial hemorrhages result.
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Special Types of Lesions.—The most common primary lesions
due to the diplococcus lanceolatus are lobar and lobular pneu-
monia; the secondary lesions are pleuritis, pericarditis, septicemia,
endocarditis, meningitis, etc.

Lobar pneumonia is almost always due to the diplococcus
lanceolatus. Infection occurs through the air passages. The
lesion often affects one or more lobes more or less completely, but
it is never confined entirely to that location. The organisms
always extend to the pleural cavity and occasionally to the tissue
outside of it, causing an exudation in the intercostal muscles, in
the mediastinum and even extending into the neck. Secondary
infection of the pericardial and peritoneal cavities is also of fre-
quent occurrence.

Lobar pneumonia usually terminates in resolution, but occa-
sionally the fibrin in the exudation is not dissolved. It, therefore,
attracts blood-vessels and fibroblasts which replace or organize it.
The same process takes place with the fibrin on the pleural surface,
resulting in dense fibrous adhesions which bind the visceral and
parietal surfaces intimately together and often obliterate the
pleural cavity entirely.

Lobular pneumonia is more often due to the pneumococcus
than to any other organism. The inflammatory exudation is
exactly the same as in lobar pneumonia. The two types of lesions
sometimes occur in the same lung. The cause of the distribution
of the lesion in lobar pneumonia has never been satisfactorily
explained. Possibly the abundant serous exudation in the early
stage causing rapid distribution of the organisms has something
to do with it.

Lobular pneumonia usually terminates in resolution, but oc-
casionally organization takes place.

MICROCOCCUS INTRACELLULARIS MENINGITIDIS
(MENINGOCOCCUS)

The micrococcusintracellularis meningitidis produces the disease
known as epidemic cerebrospinal meningitis. About two-thirds
of all cases of meningitis are of this type. The organism is prob-
ably transferred directly from one person to another. The path
of entry is supposed to be through the lymphatics from the nasal
cavity where the meningococcus has been repeatedly demonstrated
by means of cultural methods.

This form of meningitis usually occurs epidemically but also
occasionally sporadically. It is not necessarily fatal. Some
patients recover completely, others with loss of sight or of hearing,
or with mental deficiencies. Some patients recover temporarily
only to die later from internal hydrocephalus.



SPECIAL INJURIOUS AGENTS AND LESIONS THEY PRODUCE 139

The infection is usually acute but sometimes runs a chronic
course, persisting for many weeks with remissions and exacerba-
tions. The meningitis is occasionally complicated by lobular
pneumonia due to the same organism.

The diagnosis of epidemic cerebrospinal meningitis is readily
made apart from the clinical history, by obtaining some of the
exudation by spinal puncture, demonstrating the characteristic
Gram-negative organism within polymorphonuclear leukocytes,
and growing it on blood serum or other suitable medium.

Micro-organism.—The meningococcus is often present in
large numbers at the beginning of the infection. It dies out,
however, in the older part of the exudation within a very few days.

Fig. 69.—Acute meningitis due to the micrococcus intracellularis meningitidis.

On this account it is always most numerous at the advancing edge
of the process and within the ventricles, on the surface of the spinal
cord and along the nerves. In the later stages of the disease it
may be impossible to demonstrate any organisms.

The meningococcus occurs almost entirely within the cyto-
plasm of polymorphonuclear leukocytes and is often found there
in large numbers. In this peculiarity and in its morphology and
staining reactions it closely resembles the gonococcus, but its
cultural characteristics are entirely different.

Toxin.—The meningococcus evidently produces a fairly strong
toxin, judging from the quick inflammatory reaction which it
calls out and the severe symptoms which the infection causes.
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The toxin acts for the most part locally but is also absorbed and
diffused throughout the body causing slight to severe retrograde
changes.

Injury.—Little or no evidence of direct injury to the cells in
the meninges produced by the toxin of the meningococcus can be
found. On the other hand, the ganglion cells of the cortex some-
times show slight to severe retrograde changes, and rarely in cir-
cumscribed foci may undergo necrosis, either as the result of toxin
diffusing from the meninges or owing to organisms invading the
brain tissue. The neuroglia cells frequently show active pro-

Fig. 70.—Cerebrum. Epidemic cerebrospinal meningitis. Polymorpho-
nuclear leukocytes around ganglion cells in cortex.

liferation which is probably of a reparative nature secondary to
injury of these cells.

Fat can usually be demonstrated in ganglion cells and especially
in nerve-fibers, both in the brain and cord and in the peripheral
nerves, in those cases in which the infection has lasted for a number
of days.

Reaction.—In the meninges the meningococcus causes an
acute inflammatory exudation consisting of serum and polymorpho-
nuclear leukocytes. Fibrin forms to some extent, but is usually
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not very abundant, at least early in the process. The exudation
is slight at first, but rapidly increases in amount. After the
exudation has existed for several days, endothelial leukocytes
begin to make their appearance in considerable numbers and incor-
porate many of the polymorphonuclear leukocytes. Lympho-
cytes also accumulate, particularly around the blood-vessels, as
the neutrophilic leukocytes disappear.

In the cortex of the brain polymorphonuclear leukocytes often
appear around the vessels; they have evidently been led to emi-
grate by the toxin diffusing from the organisms in the meninges.
The surface of the cortex also becomes edematous owing to an
exudation of serum.

Fig. 71.—Spinal cord. Epidemic cerebrospinal meningitis. Lesion in wall of
vein with fibrin formation and beginning organization. M.

Gross Appearances.—The inflammatory process in epidemic
cerebrospinal meningitis is usually most marked at the base of
the brain; it is less over the parietal and occipital lobes. The
meninges of the cerebellum are always involved.

In the earliest stage of the process there is intense congestion.
Later, the exudation appears as yellowish lines along the blood-
vessels. At the base of the brain it often appears distinctly
purulent at first; later more fibrin may be formed. The exuda-
tion here may be a centimeter or even more in thickness.

The spinal cord is always involved and presents much the same
appearance as the brain. Occasionally the exudation over the
cord is more abundant than that over the brain. The posterior sur-
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face of the cord is always covered with a greater amount of exuda-
tion than the anterior, owing to the normal reclining position of
the patient. For the same reason the posterior horns of the lateral
ventricles almost always contain a little thick, purulent exudation.

Termination.—If the patient survives for two or more weeks
the polymorphonuclear and endothelial leukocytes gradually
undergo necrosis and disappear, and the fibrin which is not dis-
solved by ferments becomes organized. As a result, at this stage,
the meninges appear thickened and edematous or gelatinous, and
white streaks are present alongside the blood-vessels. Small
yellowish patches occur here and there, particularly over the sulei,
where the thicker masses of fibrin are being organized. At the
base of the brain organization of the abundant fibrin often present
may lead to occlusion of the foramen of Magendie as a result of

Fig. 72.—Focal pneumonia due to the diplococcus intracellularis meningitidis.

which the ventricles may become greatly distended (internal
hydrocephalus) and contain a hundred cubic centimeters or even
more of fluid.

In the acute stage of meningitis the meninges are easily stripped
off from the cerebrum; after repair has taken place they are
usually more or less adherent and tear away small bits of brain
tissue when forcibly removed.

The active proliferation of neuroglia cells along the surface
of the cortex has already been mentioned. Occasionally mitotic
figures are fairly numerous and clumps of several neuroglia cells
in close contact are frequent. In the severe or prolonged cases
the neuroglia fibrils produced by these cells cause a certain amount
of sclerosis. Similar changes result in the formation of numerous
minute granules on the surface of the ventricles.

Complications.—The meningococcus shows quite a tendency
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to extend along certain nerves, especially the optic, auditory and
fiftth, and sometimes it produces inflammation of the eye or of
the orbit, or destroys the internal auditory apparatus, or the nerve-
cells and fibers of the Gasserian ganglion.

As in other infectious processes the walls of some of the blood-
vessels, especially veins, in the meninges are injured. As a result
thrombi may be formed within them and, later, undergo organi-
zation. Occasionally the lining endothelium of an artery is
elevated by an accumulation of polymorphonuclear leukocytes
beneath it.

Lobular Pneumonia.—Occasionally a more or less extensive
lobular pneumonia is produced by the meningococcus. Infection
probably takes place from the nares, not embolically from the
meninges, because a septicemia with this organism has never been
demonstrated. The exudation in the lungs consists almost wholly
of polymorphonuclear leukocytes which often contain the menin-
gococcus in very large numbers.

DIPLOCOCCUS GONORRHEZE (GONOCOCCUS)

The gonococcus is a common and dangerous infectious agent.
It causes acute lesions which tend to become chronic and persist
indefinitely. Its normal habitat is the genital tract in human
beings. In the male infection spreads from the urethra to the
prostate and epididymis; in the female from the vagina through
the uterus to the oviducts where the greatest damage (salpingitis)
is generally produced.

Infection often spreads to the urinary tract and rarely in the
female to the peritoneal cavity. Septicemia is an occasional
complication and may lead to arthritis and endocarditis.

Infection ordinarily takes place through the act of sexual
intercourse. Occasionally, however, the organism is transferred
from the genitals to the eyes by the fingers in adults, or at the time
of birth in infants, causing ophthalmia of a dangerous type. Small
children, especially females, are not infrequently directly infected
through personal contact with their parents, owing to deplorable
lack of cleanliness. Ophthalmia and more often vaginitis acquired
in this way are sometimes passed from child to child in institutions,
constituting an epidemic difficult to control.

Micro-organism.—The gonococcus usually occurs in diplo-
coccus form with the adjacent surfaces characteristically flattened.
It is found most frequently in the cytoplasm of polymorphonuclear
leukocytes and often in large numbers in the cells which contain
any at all, indicating that it multiplies freely within the cells which
incorporated it.

The gonococcus is Gram-negative. It is stained readily,
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however, by the ordinary basic dyes. The best results with
sections are obtained by the eosin-methylene-blue method after
Zenker fixation. v

Toxin and Injury.—The gonococcus evidently produces a
more or less strong. toxin. This is shown not so much by any
direct injury as by an active inflammatory reaction. Infection
takes place and spreads, as a rule, along epithelial-lined surfaces.
The epithelium usually does not undergo necrosis. When it does
the infection quickly extends to the underlying tissue where ab-
scess formation may follow necrosis and softening.

Reaction.—The exudation consists chiefly of serum and poly-
morphonuclear leukocytes. Little or no fibrin is formed. Endo-
thelial leukocytes are usually inconspicuous, except in chronic
lesions, as in the oviduct for instance, where they may be attracted

Fig. 73.—Smear made from urethral discharge. Micrococcus gonorrhces
rresent in large numbers in the cytoplasm of many of the polymorphonuclear

eukocytes.

by fat accumulated from necrotic polymorphonuclear leukocytes
in the lumen. They take up the fat and collect in the subepithelial
tissues where they may appear to the naked eye as a narrow,
opaque yellowish zone.

In the more chronic lesions lymphocytes often infiltrate the
submucous tissue in large numbers and eosinophiles may be fairly
numerous.

Termination.—The lesions due to the gonococcus are acute
to start with, but instead of healing spontaneously they tend to
. become less active and to persist in a chronic form for years.
These chronic lesions are characterized by the formation of much
scar tissue due in part to direct injury, as when the organism
invades the submucous tissue and causes suppuration or abscess
formation, in part apparently to diffusion of toxin through the lymph-



SPECIAL INJURIOUS AGENTS AND LESIONS THEY PRODUCE 145

Fig. 74.—Kidney. Chronic infectious (pyelo) nephritis due to the gono-
coccus. M.

g. 75.—Kidney. Chronic pyelonephritis due to the gonococcus. Part
of a tubule dmtendedy with polymorphonuclear leukocytes, some of which con-
tain numerous gonococci.

10
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spaces. The uninjured fibroblasts regenerate and produce much
collagen which later contracts. This contraction frequently
leads in the male to stricture of the urethra with consequent inter-
ference with the outflow of urine. Similar lesions in the epididy-
mis often result in occlusion of the ducts and consequent sterility.

‘Salpingitis in the female results in accumulation of exudation
within the tube (pus tube), more or less thickening of the wall and
in adhesions to the ovary and surrounding organs, with occlusion
of the fimhriated end and consequent sterility.

Special Pathology.—The various lesions due to the gonococcus
can be summarized briefly. In the male, urethritis, prostatitis,
infection of the seminal vesicles, extension along the vas deferens,
epididymitis, rarely invasion of the testicle and abscess formation.

In the female, vaginitis, endocervicitis and metritis, salpin-
gitis, abscess of ovary, peritonitis.

Infection of the bladder seems to be fairly frequent but not
very serious. In extremely rare instances the organism may
extend to the kidney and cause a chronic pyelonephritis.

Proctitis and stomatitis are not common in civilized communi-
ties. '

Septicemia occurs not infrequently and may be followed by
arthritis, which is often of a severe and chronic type, and less often
by endocarditis.

Ophthalmia is due to direct transference from the genital
tract, and often results in loss of vision.

The inguinal lymph-nodes are occasionally swollen secondarily
to gonorrheal urethritis. The buboes resulting from the acute
inflammation seems to be due, at least in the majority of instances,
to absorption of toxins rather than to the immediate presence of
the gonococcus.

BACILLUS DIPHTHERLE

The diphtheria bacillus ordinarily infects only the air passages
of which the different parts are affected in the following order of
frequency, pharynx (tonmsils), larynx, nares, and lungs. Rarely
infection may begin in the conjunctiva. From these primary
foci the pathologic process often extends; from the tonsils to
the uvula, the pillars of the fauces, and the posterior wall of the
pharynx; from the larynx to the trachea and lungs; or from the
nares to the accessory sinuses of the nose. More rarely it ex-
tends from the primary foci to the esophagus, tongue, or skin
around the nose and mouth, or to the middle and external ear
through the Eustachian tube and a perforated membrana tympani.
Still more rarely, diphtheria bacilli which have been swallowed
cause lesions in the stomach, or are conveyed to the genitals
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(vulva, vagina, penis) by the fingers and give rise to membrane
formation there.

The diphtheria bacillus secretes a strong toxin which usually
causes intense local injury and an active inflammatory reaction.
The reaction appears prominently in the forin of an adherent layer
of fibrin, commonly called a membrane. Some of the toxin,
absorbed and distributed in dilute form, causes retrograde changes
in various cells throughout the body and also a well-marked reac-
tion in the various lymph-nodules.

In some respects the diphtheria bacillus resembles the pneumo-
coccus, in others it differs from it. Of the two it is the more
virulent, and the injury produced, necrosis, is usually more evi-

Fig. 76.—Diphtheria. Fibrinous tracheitis. Masses of diphtheria bacilli on
the surface of the membrane. M.

dent. They both produce an acute inflammatory exudation in
which polymorphonuclear leukocytes and especially fibrin play
a conspicuous part. The diphtheria bacillus infects the large air
passages, the pneumococcus, the small terminal vesicles. The
bronchi are more or less common territory. The fibrinous layer
produced by the action of the diphtheria bacillus is usually called
a membrane, but that due to the pneumococcus (fibrinous pleu-
ritis), although of the same nature, is not.

Micro-organism.—The diphtheria bacillus does not ordinarily
form a conspicuous feature microscopically in the lesions which
it causes, although sometimes it is present in abundance in the
trachea and may form large masses in the smaller bronchi of the
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lungs. On the other hand, its presence can almost always be
demonstrated in early lesions when a definite membrane is present.
The organisms occur in clumps of various sizes, chiefly on the sur-
face of the membrane, but also in the underlying necrotic tissue.
They are not found in living tissue, or on the surface of normal
epithelium, or even in those places where there are, in the epithe-
lium, degenerative changes which can be regarded as the primary
injury of the disease. It seems probable that the beginning of the
lesion in due to the toxic action of bacilli growing in the fluids of
tho mouth or thront. When necrosis is once produced the necrotic
tissuo and the membrane deposited on its surface form a suitable
oulture medium. In the accessory sinuses of the nose and in the
middlo car the diphtheria bacilli so frequently present often pro-
duce only a mucoid or purulent secretion.

In a certain number of cases the cervical lymph-nodes become
infeoted with diphtheria bacilli from the local lesions in the throat,
and the bronchial nodes from lesions in the lungs without the
bacilli reaching the circulation. In many fatal cases, however,
the bacilli get into the blood and can be obtained in cultures from
various organs. The order of relative frequency is as follows,
liver, Kiduneys, spleen, heart’s blood, and very rarely the brain.
The highest percentage of septicemias recorded is fifty, but in
general it does not exceed twenty per cent.

Toxin.—The diphtheria bacillus secretes a strong toxin which
acts energetically locally. The toxin is also diffusible and being
absorbed to a considerable extent, it circulates in the lymph- and
blood-vessels to act injuriously, although in a much more dilute
form, throughout the body. The diphtheria toxin is frequently
cantaminated and complicated by toxins derived from the strepto-
coccus pyogenes and other secondarily infecting organisms.

Injury.—The injury produced by the diphtheria bacillus de-
pends on the strength of its toxin acting in any given location.
1t may vary from slight retrograde changes to complete necrosis
of the tisue cells.  Frequently in the primary local lesions the
evlls are found in all stages of degeneration so that the term necro-
hinsis is stanetimes applied to the condition.

In the epithelium the most poticeable degenerative changes
are enlanpement and lobulation of the nuelei, or multiplication of
them by direet diviston. vacuolation of the evtoplasm by inbibition
of serum, and neensis of the eells with disintegration of the
evioplasm and fragmentation of the nuclei. or with hyaline trans-
tortmation.  In the trachea the necrotie cells quickly desquamate.
but on surfaces covered with stratitied epithelium they uwsually
persist in or beneath the membrane.

The tusy taveives not only the surface epitkelium tut oftem
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extends also to the underlying tissues, which may likewise degener-
ate or undergo necrosis.

Reaction.—The reaction to the toxin secreted by the diph-
theria bacillus and to the injury caused by it is an active and
usually abundant exudation, which consists chiefly of serum and
polymorphonuclear leukocytes. Endothelial leukocytes and
lymphocytes play a minor réle. From the serum much fibrin is
formed. It is deposited chiefly on the epithelial surfaces in suc-
cessive layers which are parallel with the surface. The fibrin
threads at first are fine and delicate; later, owing to gradual

Fig. 77.—Hyaline membrane in pharynx. The reticulum is coarse, the
spaces small and rounded; they contain few cells. In the submucosa the walls
of (ti.hgv blood- and lymph-vessels show marked hyaline fibrinoid changes. M.
and W.

fusion and from continual accretions, they become thick and the
membrane is often spoken of as hyaline, in contradistinction to its
fibrinous appearance in the early stages of the process. The
hyaline membrane is formed where the fibrin gets a strong hold on
the surface and persists a long time. On this account it is common
over stratified epithelium and very rare in the trachea and bronchi,
where the membrane readily strips off because the epithelial cells
desquamate. At the same time the basement membrane, which
is particularly thick in the trachea, forms more or less of a pro-
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tection for the adjoining tissue so that it does not often undergo
necrosis.

When the subepithelial tissues become necrotic they are often
transformed, by chemical changes taking place in the serum bath-
ing them, into hyaline structures which give the fibrin reaction.
The transformation is sometimes called fibrinoid degeneration.

The polymorphonuclear leukocytes pass for the most part
through the membrane on to the free surface, but some lodge in
the meshes of the membrane and may be killed like the tissue cells
by the action of the toxin. The endothelial leukocytes do not
migrate to the surface so freely.

Gross Characteristics of Membrane.—The membrane varies
greatly in appearance. It may appear white, dirty white, brown-
ish, grayish brown, or almost black in color. It may form a thin
pellicle which is easily removed, leaving a smooth surface, or a
thick, tough layer which is stripped off with difficulty from the
ragged, injected tissue beneath. It may be soft and granular,
breaking into small fragments, or tough and elastic, and removable
in large patches. The membrane is always more easily removable
from the trachea than from any other part.

Lungs.—The diphtheria bacillus may cause extensive membrane
formation in the bronchi similar to that in the trachea. In addi-
tion it may alone, or combined with other organisms such as the
streptococcus pyogenes or the staphylococcus aureus cause a bron-
chopneumonia. Occasionally the diphtheria bacillus is present in
masses in these lesions. .

Systemic Lesions.—The diphtheria toxin is absorbed in strong-
est solution through the lymphatics connected with the local
lesions and may cause severe injury in the neighboring lymph-
nodes, especially the cervical and submaxillary. Hemorrhage
and diffuse and circumscribed necrosis are of frequent occurrence
as the result of the action of the strong toxin.

Toxin absorbed and diffused throughout the body in more
dilute form causes proliferation of the endothelial cells lining the
reticulum in the center of the lymph-nodules of many of the lymph-
nodes, of the spleen, and of the gastro-intestinal tract. The en-
dothelial cells proliferate and incorporate and gradually digest
the surrounding lymphocytes, in some instances so extensively
that only a few are left at the periphery of the lymph-nodule.
The resulting lesion sometimes closely resembles an early miliary
tubercle. Necrosis, hemorrhage, and fibrin formation also often
occur in the lymph-nodules. This reaction on the part of the
endothelial cells probably is connected with the manufacture of an
antitoxin. The endothelial cells are the active agents, the lympho-
cytes serve as nutritive material.
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The termination of this lesion is the disappearance of the
endothelial cells and the contraction of the stroma into a small
mass of hyaline connective tissue.

The toxin leads to various degenerative changes all over the
body. Fat appears in small droplets in the heart, liver, kidneys,
striated muscle-fibers, ganglion cells, nerves, etc. Necrosis is
caused not only in the epithelium and underlying tissues in the
local lesions and in the neighboring lymph-nodes, but also in foci
or diffusely in the heart (toxic myocarditis) and kidney (toxic
nephritis), and centrally or focally in the lobules of the liver.
Wherever necrosis occurs there is an inflammatory reaction to the
necrotic material in addition to the general reaction to the ab-
sorbed diphtheria toxin.

Besides the lesions already described as occurring in the lymph-
nodules, the pulp of the spleen shows an increase in the number
of lymphocytes, especially of the plasma cell type. They may be
present in large numbers diffusely and in masses in cases which
have lasted for some time. Occasionally lymphocytes collect
in considerable numbers beneath the lining endothelium of veins.
Eosinophiles are sometimes numerous in the pulp.

BACILLUS ANTHRACIS

Infection with the anthrax bacillus occurs occasionally in man
in this country and is frequently but not necessarily fatal. It
takes place by means of anthrax spores, carried in the wool and
on the hides brought from countries where the disease anthrax
is endemic among sheep and cattle.

Infection in man takes place commonly by direct inoculation
through abrasions of the skin (neck, face, hands, arms); less
frequently in the intestinal tract as the result of swallowing the
spores; or rarely, in the lungs in consequence of inhaling them.

The organisms usually multiply rapidly, the local lesions de-
velop quickly, a septicemia is common, and secondary lesions such
as a meningitis may arise.

A diagnosis in the case of the lesions of the skin is commonly
made from the characteristic gross appearances, and the finding
of bacilli with the characteristic morphology and staining reactions
of the anthrax bacilli, in cover-slip preparations made of the serum
obtained from the vesicles and underlying tissue.

Micro-organism.—The anthrax bacillus is usually prominent
histologically in the lesions which it causes. Sometimes it is
present in great numbers. In the skin lesions it is most numerous
usually just beneath the epidermis. Occasionally in patients
who are recovering spontaneously the organisms may be few in
number and difficult to find.



1562 PATHOLOGIC HISTOLOGY

The large size and staining properties of the anthrax bacillus
enable it to be demonstrated readily in sections. A Gram-Weigert
stain combined with a carmine red in the nuclei furnishes the best
contrast and most striking picture.

Toxin, Injury. Reaction.—The anthrax bacillus produces a
fairly strong toxin. This is evidenced by marked inflammatory
reaction rather than by extensive injury in its immediate vicinity.
Necrosis is not a marked feature, as, for example, around the
staphylococcus aureus. On the other hand, the blood-vessels are

Fig. 78.—Anthrax pustule of the skin. Many anthrax bacilli and polymorpho-
nuclear leukocytes in the tissue around a coil gland. M.

congested and the exudation of serum is abundant; much fibrin
forms in it. The cellular exudation consists chiefly of polymor-
phonuclear leukocytes which often collect in large numbers.
Hemorrhage is a common complication and seems to be due to
injury of the vessel walls, caused by toxin derived from the organ-
isms. The necrosis which usually slowly occurs and spreads
seems to be due, in part at least, to obstruction of the blood-vessels
by the exudation around them. Owing to the large amount of
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fibrin present in the exudation, softening and suppuration are not
common features.

Lesion.—The characteristic and most common lesion caused
in man by the anthrax
bacillus is that known
clinically as malignant
pustule or anthrax -car-
buncle. It starts as an
infection of an abrasion or
minute injury of the skin.
The resulting focal lesion,
.composed of inflammatory
exudation which causes
marked swelling, rapidly
enlarges. Some of the ex-
uded serum escaping into _
the skin forms small ves- g 75 4nihrax bacillus.  Exudation
icles. As the lesion consists of polymorphonuclear leukocytes.
spreads the vesicles in-
crease in number peripherally. In the center of the lesion they
usually become ruptured early and the serum oozing dries to form

- —

Fig. 80.—Vesicles on surface of pustule due to the anthrax bacillus. M.

a scab. The congested vessels color the lesion red, but usually
the center of it early becomes cyanotic from stasis and hemorrhage.
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Fig. 81.—Anthrax pustule of skin. Anthrax bacilli and exudation of poly-
morphonuclear leukocytes produced by them. M.

Fig. 82.—Anthrax bacillus. Acute meningitis. Hemorrhagic type of
exudation.
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Occasionally the lesion in the skin appears in the form of an ex-
tensive diffuse edematous process.
Gastro-intestinal Tract.—The gastro-intestinal tract may be
infected primarily by ingestion of
anthrax spores, or secondarily by
conveyance of bacilli to the mouth
from a lesion of the skin. It is also e
believed that lesions arise in this
situation as a result of anthrax sep-
ticemia. The facts are ‘not easy
of proof. The lesions are usually
focal and marked by swelling, con-
gestion, and usually by hemorrhage.
The center of a lesion may undergo
necrosis with the formation of a
slough. Rarely the lesions in the
intestinal tract take the form of a ) .
diffuse edematous process with gromFl;z' insfi,Zﬁ?ﬁhﬁ?"a t‘)’l’f”'g:
hemorrhage and necrosis. vessel in the brain.
Lungs.—Primary infection of
the lungs is rare and occurs usually among rag pickers. The
.infection results in a bronchopneumonia with extension to the

Fig. 84.—Anthrax bacillus in walls of blood-vessels in cerebrum and hemor-
rhages caused by it.

lymphatics and involvement of the pleura and sometimes of the
mediastinum.

Septicemia.—Anthrax septicemia is a frequent and dangerous
complication of the primary focal infection, but is not necessarily



156 PATHOLOGIC HISTOLOGY

always fatal. The number of organisms circulating in the blood
is never enormous, as it often is just before death in inoculated
animals. Still they can usually be demonstrated by cultures and
found microscopically in sections. The organisms carried to all
parts of the body may set up lesions in various organs. The
lesions most commonly caused are bronchopneumonia and menin-
gitis.

As the result of the septicemia the spleen is enlarged, usually
to more than twice the normal size.

Meningitis.—Anthrax meningitis is usually characterized by
much hemorrhage. The abundant exudation consists of serum
and polymorphonuclear leukocytes. Much fibrin forms, especially
around the blood-vessels. The bacilli are usually present in large
numbers. The process frequently extends along the blood-vessels
from the pia into the brain substance and hemorrhage often occurs
around the vessels.

BACILLUS MUCOSUS CAPSULATUS

The bacillus mucosus capsulatus or Friedlinder’s bacillus was
held originally to be the cause of lobar pneumonia. It does
produce that lesion occasionally as well as lobular pneumonia,

- but from a pathologic
point of view it is a much
less important organism
than the micrococcus
lanceolatus. Its name
covers a group of Gram-
negative capsulated bacilli
which differ in minor
characteristics.

Micro-organism.—The
bacillus is usually very

numerous in the lesions

Fig. 85.—Lobar pneumonia due to the s oh G s
bacillus mucosus capsulatus. The bacilli ?Vh,mh it produces; in fact,
are within polymorphonuclear leukocytes. it is often more abundant

than the exudation itself.
In this respect it resembles the plague bacillus. A diagnosis of
the organism can often be made with more or less certainty, on
gross examination of the lesions it produces, from the slimy
appearance and feel of the exudation due to the presence of
the numerous bacilli with their mucoid capsules.
The organisms occur. free in the exudation and also enclosed
in polymorphonuclear leukocytes.
Toxin, Injury and Reaction.—The toxin secreted seems rela-
tively mild, although it sometimes produces necrosis, so that
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softening of the tissue and abscess formation occur. The exuda-
tion is composed of serum and polymorphonuclear leukocytes.
Fibrin may be small in amount or abundant. Endothelial leuko-
cytes are usually few in number; they often incorporate both bacilli
and polymorphonuclear leukocytes.

Occurrence.—Friedlinder’s bacillus occurs occasionally in
lobar, more often in lobular pneumonia. From these lesions it
may extend and produce a pleuritis or pericarditis. It some-
times enters the circulation causing a septicemia and giving rise
to multiple abscesses in the kidneys and elsewhere. Meningitis
may be produced in the same way.

In one instance a septicemia persisted for weeks at least. If
the patient bruised himself anywhere an abscess resulted. The
day he was discharged from the hospital as cured blood cul-
tures were taken and numerous colonies developed, showing that
the septicemia still persisted.

BACILLUS OF RHINOSCLEROMA
This organism is closely related to bacillus mucosus capsulatus
and evidently belongs in the same group, but it is less toxic. It
gives rise to a chronic indurative process affecting the respiratory

Fig. 86.—Rhinoscleroma. The bacilli are within endothelial leukocytes.

tract. The bacillus occurs in the nasal secretion of infected pa-
tients and is evidently conveyed from them to others. The lesion
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starts in the mucous membrane of the nose causing thickening and
induration, and extends along the respiratory tract into the trachea
and bronchi gradually narrowing the lumina and eventually pro-
ducing death. The lesion frequently extends out on to the ex-
ternal nares, less often to the upper lip, causing smooth, hard,
nodular swellings. It is these visible lesions which have given the
name to the infection and enable it to be recognized during life.

Histologically the lesion consists of masses of endothelial
leukocytes filled with capsulated bacilli. That is the essential
part of the lesion, the inflammatory reaction to the mildly in-
jurious agent. In addition there is some increase of fibroblasts
and usually considerable infiltration with lymphocytes.

c BACILLUS MALLEI

The bacillus mallei produces in man a primary, and usually
multiple secondary, acute to chronic exudative lesions which are
all included under the term glanders, a disease occasionally ac-
quired by man from horses.

Micro-organism.—The glanders bacillus occurs in small to
large numbers in the lesions which it produces. It usually lies
free between the exudative cells, but often occurs in large numbers
within endothelial leukocytes. Rarely it may be found within
polymorphonuclear leukocytes. It stains very lightly and appears
as a short to sometimes quite long, delicate, vacuolated rod which
it requires a little practice to recognize readily in sections.

Toxin and Injury.—The glanders bacillus produces a strong
toxin which acts locally and produces necrosis. Its toxic effect
is best studied when the lesion occurs in muscle-tissue, because
the degenerative changes in the muscle-fibers are marked and
easily seen.

Reaction.—The reaction to the glanders bacillus is intense,
exudative in type, and consists of serum, fibrin, and polymor-
phonuclear and endothelial leukocytes in varying proportions.
The necrotic tissue quickly liquefies and the fibrin dissolves and
disappears, so that abscesses are formed. Striated muscle-fibers
become hyaline, vacuolated, invaded by polymorphonuclear
leukocytes and digested. The exudative cells are quickly injured
by the toxin and undergo degenerative changes so that their true
nature is often difficult to recognize, except in the earliest lesions
or at the periphery of an older lesion.

Many of the endothelial leukocytes undergo a peculiar and
fairly characteristic degenerative change. The nucleus enlarges,
becomes multilobulated and often by direct division multinucleated,
so that a kind of giant-cell is formed. This is especially the case
when the endothelial leukocytes, as phagocytes, have taken up



SPECIAL INJURIOUS AGENTS AND LESIONS THEY PRODUCE 159

polymorphonuclear leukocytes and increased much in size. These
large, lobulated and multiple nuclei generally stain intensely for
a while and then fade away as the cells undergo necrosis.

The lesion produced by the glanders bacillus tends to spread
peripherally, especially along the lines of least resistance, as, for
example, in the connective-tissue septa of fat and muscle-tissues,

c
d

Fig. 87.—Focal pneumonia due to the glanders bacillus. _Detail drawings
showing bacilli and character of exudation. In d, one of the characteristic

large cells.

along the sheaths of nerves and around blood-vessels. Still more
characteristic is a marked tendency to invade blood-vessels, es-
pecially veins, and spread along them. Here a thrombus of fibrin,
‘polymorphonuclear and endothelial leukocytes is quickly formed.
Later, the fibrin in the center of the thrombus softens and dis-
appears, the cells degenerate, and the characteristic large, lobulated
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and multiple nuclei .may form within endothelial leukocytes
before they undergo necrosis. From these softened thrombi
the glanders. bacilli unquestionably escape readily into the cir-
culation and are carried all over the body. This thrombus for-
mation is common in the veins of the subcutaneous and muscle-
tissues, and especially in the lungs, where the only lesions may
consist of the thrombi within the pulmonary veins and arteries.
In this latter condition it must be assumed that the organisms
brought to the lung by the circulation have remained within the
blood-vessels and produced lesions there only. The thrombi in
the blood-vessels in other situations may owe their origin at times
to a similar method of starting.

[

a b

Fig. 88.—Glanders bacillus. Focal pneumonia. The large cells with large
lobulated nuclei are fairly characteristic of this infectious agent.

Primary Lesions.—In man infection usually occurs through
a scratch or other injury of the skin, much less often through the
digestive or respiratory tract. In the skin a suppurative lesion is
produced which may be quite extensive and more or less chronic
in type. . It does not differ particularly, however, from infectious
lesions due to other organisms.

Secondary Lesions.—The secondary lesions in glanders are
due to the bacilli obtaining entrance to the circulation and being
carried all over the body. They produce focal lesions, usually
acute in character, in the skin and subcutaneous tissues, less often



SPECIAL INJURIOUS AGENTS AND LESIONS THEY PRODUCE 161

in muscle, and very commonly in the lungs, liver, spleen, and
central nervous system, and in the mucous membranes.

Skin.—When the lesion in the skin is near the external surface,
serum, and later, polymorphonuclear leukocytes due to the in-
flammatory reaction, escape into the epidermis, separate the cells
and lead to the formation of a vesicle which gradually changes to
a pustule.

Lung.—In the lungs the organisms brought by the blood
usually gain access to the alveoli and produce a miliary broncho-
pneumonia with serum, fibrin, polymorphonuclear and endothelial
leukocytes in the exudation. Soon the alveolar walls involved
undergo necrosis, the fibrin dissolves and abscesses are formed and
may gradually increase in size.

Somtimes the organisms remain within the pulmonary vessels
and give rise to thrombi composed of polymorphonuclear and endo-
thelial leukocytes and fibrin. Later the thrombi soften down.

Liver, Spleen, Brain, Etc.—The lesions in the other organs
do not require special mention. They are all of the type of acute
abscesses, in which the organism is the most important element.
Still the type of the histologic changes in the lesions is often so
characteristic, owing especially to the formation of the large
lobulated and multinucleated endothelial leukocytes, that the
nature of the etiologic factor may often be shrewdly guessed.

BACILLUS AEROGENES CAPSULATUS

The bacillus aérogenes capsulatus is of interest from two points
of view, first, because it is a dangerous invader of wounds, often
causing death; second, because it sometimes produces gas in the
human body, occasionally during life, more often postmortem.
The organism is widely distributed in nature. It is found, for
example, in the soil and occurs also quite commonly in the intestinal
tract of man. It is, therefore, frequently in a position to infect
wounds or to obtain entrance to the body through ulcerated surfaces.

The bacillus occasionally infects wounds of the extremities,
especially compound factures, and causes rapidly spreading necrosis
which is complicated by the presence of bubbles of gas, largely
hydrogen, produced by the organism. Owing to this peculiarity
the condition is commonly known as emphysematous gangrene.
The gas which is formed in different organs, as the result of a
septicemia, gives rise to conditions known as gas cysts, foamy
liver, etc.

Micro-organism.—The bacillus appears as a straight rod not
unlike the anthrax bacillus, but somewhat thicker and more vari-
able in length. Occasionally in a septicemia it will be found
growing in chains. It is Gram-positive and stains readily also by

11
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the ordinary methods. It multiplies rapidly and may be very
numerous in the lesions it produces. If the multiplication is
largely or entirely postmortem there is no evidence of inflammatory
reaction around the bacilli which are sometimes exceedingly
numerous in the walls of the gas cysts.

Toxin, Injury and Reaction.—The bacillus aérogenes produces
substances which cause necrosis of cells, dissolve chromatin, hemo-
lyze the blood and dissolve the tissues. The toxin is strong and
produces rapid and often extensive necrosis. When muscle-tissue
is affected the fibers may. become hyaline or be digested, so that
each fiber is separated into discs or the sarcous elements are set
free. Under this condition these elements may be taken up in
large numbers by the polymorphonuclear leukocytes.

Fig. 89.—Liver from a case of septicemia due to the bacillus aérogenes capsu-
latus. Many endothelial leukocytes in the blood.

The inflammatory reaction varies considerably. There may
be considerable serum and many polymorphonuclear leukocytes.
More or less fibrin may be formed. At other times the exudation
is slight in amount.

Septicemia frequently follows infection with the bacillus
aérogenes. As a result the organisms are carried to all parts of the
body. Whether they give rise to gas formation antemortem or
not is an unsettled question. Occasionally they seem to, but in
most instances the gas is evidently produced after death. Cysts
are formed most frequently in the liver, intestine and brain.

BACILLUS TYPHOSUS

Introduction.—The typhoid bacillus ordinarily produces a
definite series of lesions characteristic of the disease known as
typhoid fever. These lesions will be considered first. Certain
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other lesions which sometimes occur and usually, perhaps always,
accompany or follow an attack of typhoid fever will be taken up
briefly later. '

Typhoid fever is an acute, self-limited disease which may recur
after a very short interval. If the patient recovers he has prac-
tically acquired immunity from further attacks. :

The site of infection and the nature of the lesions in typhoid
fever are always the same; they vary only in intensity.

Micro-organism.—The typhoid bacillus obtains entrance to
the human body through the gastro-intestinal tract and by that
way only. It multiplies usually in the lower end of the ileum;
sometimes in the ileum and colon; rarely most abundantly in the

Fig. 90.—Typhoid fever. Intestine. Characferistic clump of bacilli. M.

colon. It sometimes enters the appendix. Early in the infection
it invades the intestinal wall and gains access to the blood-cur-
rent, giving rise to a septicemia.

The typhoid bacillus is not conspicuous in the lesions to which
it gives rise. In tissues fixed soon after death, or at operations
for intestinal perforation, the organisms are few, scattered, and
difficult to find, and not to be distinguished with certainty morpho-
logically from the colon bacillus. When tissues are fixed in preserv-
atives a number of hours after death bacilli, as a result of post-
mortem growth, are frequently found in small and large colonies
in the intestinal wall, mesenteric lymph-nodes, liver, and spleen.
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These organisms have generally been regarded as characteristic
typhoid bacilli, but are necessarily open to some doubt; they
might be colon bacilli.

Toxin.—There is rarely the intimate relation between the
typhoid bacillus and the lesion produced by it, which obtains, for
example, between the tubercle bacillus and the reaction around it.
This lack of relation is probably more apparent than real and is due
to the fact that the typhoid toxin appears to be not a secretion
of the living organism, but a product of the disintegration of its
dead body; hence the relation is between the products of dis-
integration, which cannot be demonstrated, and the lesion.

Fig. 91.—Typhoid fever. Lymph-nodule in a Peyer's patch largely replaced
by phagocytic endothelial leukocytes. M.

The toxin is apparently soluble and diffusible, extending for a
certain distance peripherally around a dissolving bacterium and
being absorbed and carried in the lymph and blood streams.
Judging from the character and distribution of the lesions in the
intestine, much toxin is also absorbed from the intestinal tract
where the typhoid bacilli are at first located.

Injury.—The typhoid bacillus under ordinary conditions does
not produce necrosis of the cells with which it comes in contact.
In fact it does not seem to produce any direct injury. The
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necrosis which occurs in the later stages of typhoid fever is of
secondary origin, due to the cellular reaction to the organism.

Reaction.—The inflammatory exudation in typhoid fever is
the result of the reaction against the typhoid bacillus and its toxin;
it does not take place in consequence of any injury of tissue cells
produced by the organism.

The typhoid bacillus produces a mild type of inflammatory
reaction consisting . almost entirely of endothelial leukocytes
which accumulate in large numbers where the typhoid toxin is
strongest and thus form the lesions characteristic of typhoid fever.
These endothelial leukocytes are strongly phagocytic for other cells,

Fig. 92.—Typhoid fever. Phagocytic endothelial leukocytes in lymph-
) nodule in a Peyer’s patch.

incorporating and digesting large numbers of them. In the
intestinal lesions they take up chiefly lymphocytes, in the spleen
red blood-corpuscles, and in the blood-vessels, especially of the
portal circulation, polymorphonuclear leukocytes and red blood-
corpuscles. The morphologic evidence strongly favors the view
that the endothelial leukocytes take up and digest these various
cells, not because the latter have been injured by toxins, but be-
cause they are needed for nutritive purposes by the endothelial
leukocytes in the preparation of an antitoxin to neutralize the
typhoid toxin. '
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As a result of the typhoid toxin in the tissues and in the blood-
and lymph-vessels, which only endothelial leukocytes seem able
to combat, the endothelial cells lining the blood-and lymph-vessels
and the reticulum of the lymphoid tissue, proliferate rapidly and
desquamate or are set free as endothelial leukocytes. These
leukocytes are capable of emigrating, migrating, and proliferating.
They accumulate in large numbers in the lymphoid tissue, lym-
phatics and lymph-spaces, and blood-vessels wherever the typhoid
toxin is present.

Fig. 93.—Typhoid fever. Phagocytic endothelial leukocytes present in small
numbers 1n clot from heart.

The endothelial leukocytes attracted by the typhoid toxin
sometimes have associated with them a varying number of lympho-
cytes, especially within the lymphatics, and more or less fibrin;
these two elements seem to be secondary rather to degenerative
changes in the endothelial leukocytes and other cells, than directly
to the typhoid toxin.

In order to understand the gross lesions produced by the
typhoid bacillus, which under ordinary conditions leads chiefly
or exclusively to an accumulation of endothelial leukocytes, it is
necessary to take up these lesions in detail.

" Distribution of Lesions.—The chief and characteristic lesions
of typhoid fever are distributed along the path of absorption of the
typhoid toxin from the intestinal tract, namely, in the lymphatic
apparatus of the intestinal wall and in the mesenteric lymph-
nodes. In addition, the toxin in the blood-vessels leads to changes
in the character and relative proportions of the blood elements and
to the accumulation of endothelial leukocytes, especially in the
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spleen, bone marrow, and portal circulation. These lesions are
all more or less diffuse in character. They are complicated by
focal lesions due to the attraction of endothelial leukocytes around
dead, disintegrating typhoid bacilli. These focal lesions are best

Fig. 94.—Typhoid fever. Intestine showing marked swelling of a Peyer’s
patch and of numerous solitary lymph-nodules.

Fig. 95.—Typhoid fever. Ileocecal valve atppendix and lower end of
ileum, Marked swelling of a Peyer’s patch and of numerous solitary lymph-
nodules. Necrosis and beginning ulceration of surface of many of them.

seen in the liver, the bone marrow, and the spleen; in the intestine
and mesenteric lymph-nodes they are largely or entirely masked
by the more prominent diffuse lesions.
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Intestine.—The lesions of the intestine in typhoid fever are
usually most prominent in the Peyer’s patches and in the solitary
and agminated lymph-nodules of the ileum. They are severest
just above the ileocecal valve and diminish in intensity from this
point upwards. If they were due entirely to the presence of bacilli,

@ b
. _1
; .
c d
Fig. 96.—Typhoid fever. Phagocytic endothelial leukocytes. a, b,
and %%n a lymph-nodule in a Peyetgs patch; d, in a lacteal in the mucous
membrane.

as in tuberculous lesions, instead of largely to the absorption of
typhoid toxin from the intestinal canal, this gradual diminution
in the severity of the lesion upward would not hold. Frequently,
in the lower part of the ileum the lesions also involve the mucous
membrane between the patches of lymphoid tissue. Occasionally
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many of the lymph-nodules in the colon are involved, and rarely,
the lesions are more prominent in this portion of the intestine.
When the appendix is affected the lesion corresponds to that in the
ileum,

Fig. 97.—Typhoid fever. Phagoc J't,lc endothelial leukocytes in blood-vessel
in wall of intestine.

Fig. 98.—Typhoid fever. Part of a lymph-nodule in a Peyer’s patch; largely
replaced by phagocytlc endothelial leukocytes. 131

The lesion for the first seven to ten days consists only of a
thickening or swelling of the lymphoid tissue and in s~>vere cases
also of the adjoining mucous membranes. The thickening may
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reach four to six or even, rarely, eight or ten millimeters. It is
due to the accumulation of large numbers of endothelial leukocytes
in and around the lymph-nodules, in the mucous membrane, in
the submucosa and frequently, also, in the muscle coats. They
are present in abundance in the lacteals and in all the lymphatics,
but especially in the submucosa. Occasionally the subperitoneal
lymphatics may be so
distended with cells that
they stand out promi-
nently as white lines. The
capillaries, and especially
the veins of the intestine,
contain numerous endo-
thelial leukocytes, while
polymorphonuclear leuko-
cytes are to a large ex-
tent or entirely absent. In
all these situations the
endothelial cells and leu-
kocytes may be found
occasionally, sometimes
frequently, in mitosis.

In the lymphoid tissue
the lesion is sometimes
most marked within the
lymph-nodules which may
be entirely occupied, ex-
cept for a narrow rim at
the periphery, by endothe-
lial leukocytes filled with
the more or less digested
remains of the lympho-
cytes which have been
incorporated. In other

Fie 90 —Tvohoid f Intesti instances the endothelial
with large sloughs still attached in the leukocytes are more
Peyer's patches. abundant around and be-

tween the lymph-nodules.
In the lacteals and lymphatics the endothelial leukocytes usually
have associated with them a varying number of lymphocytes,
and more or less serum and fibrin.

In mild cases of typhoid infection the development of the lesion
in the intestine may cease at this point, owing to the formation of
enough antitoxin to counteract the injurious effect of the bacteria.
The endothelial leukocytes then quickly undergo degeneration
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and disappear. In the severe cases, however, the accumulation
of endothelial leukocytes continues and leads frequently to occlu-
sion of the smaller blood-vessels here and there, usually near the
surface in the swollen lymphoid tissue. The occlusion seems to be
due partly to external pressure on the vessels by the accumulated
cells, partly to obstruction by cells collected within the vessels.
This is caused, in part at

least, by cells accumulating

beneath the lining endothe-

lium where they often un-

dergo necrosis and lead to

the formation of fibrin

thrombi. Owing to ob-

struction of the blood-

vessels and the resulting

interference with nutrition

the cells begin to undergo

necrosis. The necrosis

may be slight and super-

ficial if the occluded vessels

are small; occasionally,

however, the obstructed

vessel is large; then the

area of necrosis is large. As

soon as necrosis of the sur-

face epithelium occurs the

way is open to infection by

various bacteria which may

themselves cause more ex-

tensive necrosis. This in-

fected necrotic tissue leads

to an active inflammatory

exudation of polymorpho-

nuclear leukocytes all along

the edge where it abuts on

living tissue. Fig. 100.—Typhoid fever. Intestine

The necrotic tissue showmg sloughs and ulcerations.

macerates and disintegrates

along its inner surface. The main mass, however, which appears
as the slough on gross examination, is finally set free by the
digestive action of the polymorphonuclear leukocytes along its
border. When it separates it may leave behind one or more
eroded vessels which give rise to intestinal hemorrhage, or the
necrosis may have extended so deep that perforation of the intes-
tinal wall occurs.
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In the repair of the ulcerations occurring in typhoid fever there
is no cicatricial contraction. This is due probably to two causes.
The lesion is of brief duration, especially the stage of necrosis
which alone affects the connective tissue. In other words, the
injury done the fibroblasts is short and sharp; it is not prolonged.
Secondly, the slough is soon cast off; there is no necrotic tissue or

fibrin left on the surface
to stimulate proliferation
of fibroblasts or require
organization.

Mesenteric Lymph-
nodes.—The lesions in
the mesenteric lymph-
nodes correspond closely
to those in the intestine
except in one particular;
they are rarely exposed
like the latter to the
complication of second-
ary infection.

The toxin reaches the
lymph-nodes from the
intestine by way of the
lymphatics; both those
entering and those leav-
ing the lymph-nodes are
usually distended with
serum, endothelial leuko-
cytes and lymphocytes.
The peripheral and other
sinuses within the nodes
show the same contents.
In the lymphoid tissue

Fig. 101.—Typhoid fever. Intestine show- ‘the endothelial leuko-

ing ulcerations. cytes may be scattered

diffusely or they may be

more or Iess focally grouped As a rule, they are less abundant
within the lymph-nodules than elsewhere.

As the process advances the sinuses often become occluded
by the masses of cells fused together in a fibrinous mesh-work.
Fibrinous thrombi frequently form in the walls of the veins and
may lead to occlusion of them. More or less extensive necrosis
often occurs and may involve an entire lymph-node. Such a
lymph-node on section appears yellow and caseous, suggesting a
tuberculous process. Sometimes hemorrhage takes place.
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The accumulation of endothelial leukocytes is not limited to
the lymph-node. They often infiltrate in large numbers the
capsule and fat tissue outside of the nodes and probably show the
distance to which the typhoid toxin diffuses and, therefore, exerts
its chemotactic influence.

Fig. 102.—Typhoid fever. Phagocytic endothelial leuk%c!tes in the periph-
eral lymph-sinus of a mesenteric lymph-node. o

Liver.—Two types of lesions are present in the liver, the one
focal, the other diffuse. In addition, the .sinusoids in the early
stage of the disease contain large numbers of phagocytic endothelial
leukocytes filled with red blood-corpuscles and occasional lympho-

Fig. 103.—Typhoid fever. Swollen mesenteric lymph-nodes with hemorrhage.

cytes and polymorphonuclear leukocytes. The endothelial cells
lining the sinusoids frequently contain cellular inclusions and rarely
may be found in mitosis.

The focal lesions closely resemble miliary tubercles in size,
shape and distribution. They are composed of accumulations of
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endothelial leukocytes which block up the sinusoids and lead to
necrosis of the included liver cells and sometimes, also, of the
leukocytes centrally situated in consequence of nutrition being
cut off. After necrosis has begun, more or less fibrin is usually
formed, and a few lymphocytes may be attracted to the nodules.

These focal lesions have been explained as miliary infarcts
due to occlusion of the sinusoids by the large phagocytic endothelial
leukocytes. Two points may be urged against this explanation.
The leukocytes in the nodules are usually less phagocytic than

Fig. 104.—Typhoid fever. Focal lesion in liver composed of endothelial
leukocytes.

elsewhere and hence not so large. Secondly, if a lesion forms near
a large vein, endothelial leukocytes will collect on the inner wall
of the vein adjoining the nodule and form a sort of endothelial
leukocyte thrombus, similar to a blood platelet thrombus. This
observation shows that the leukocytes are attracted into the
nodules, not pushed there by the blood current.

The study of the early stage of the miliary tubercle in the liver
shows that it is formed, exactly like the typhoid nodule, of an
accumulation of endothelial leukocytes, and when it adjoins a
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vein, endothelial leukocytes in the blood stream are attracted to
the wall over the tubercle. By proper staining methods it is
possible to demonstrate one or more tubercle bacilli in the center
of each tubercle. It seems reasonable to explain the typhoid
nodules in the same way; each is an accumulation of endothelial
leukocytes attracted around a typhoid bacillus, not living, but
dead and disintegrating (probably within an endothelial cell
lining a sinusoid), thus setting free the toxin which attracts these
leukocytes to neutralize and counteract it.

~ -

i

. A

Fig. 105.—Typhoid fever. Focal lesion in liver composed of endothelial
Il:uui:ocytes. Some of them contain red blood-corpuscles and portions of other
ocytes.

Repair of these focal lesions may result in small foci of scar
tissue.

The diffuse lesion consists of endothelial leukocytes along the
line of lymphatic absorption, namely, in and around the lym-
phatics which accompany the portal vessels. As a rule, they are
not numerous, but occasionally the lymphatics are distended with
leukocytes. Rarely they fuse in this location to form an occasional
giant-cell.

Spleen.—The terminal veins of the spleen are greatly distended
and filled with numerous endothelial leukocytes which are full
of red blood-corpuscles, and occasionally of polymorphonuclear
leukocytes and lymphocytes. Sometimes the vessels are occluded
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with a thrombus composed of these phagocytic leukocytes held
together by a reticulum of fibrin. These thrombi may belong
with focal lesions occurring here and there in the spleen, which
are evidently of the same nature as those in the liver. These
typhoid nodules sometimes encroach on the lymph-nodules which
otherwise usually show no change. The phagocytic cells occur
also in the tissue between the veins.

Fig. 106.—Typhoid fever. Focal lesion in liver. Consists chiefly of endo-
thelial leukocytes some of which are phagocytic. M.

Occasionally endothelial ‘leukocytes may be found in con-
siderable numbers beneath the lining endothelium of the larger
veins.

This great accumulation of endothelial leukocytes in the spleen
leads to considerable increase in its size, and in the early stage of
the disease to a marked increase of consistence. Later, the con-
sistence becomes soft and flabby.

If recovery takes place the hemoglobin of the red blood-
corpuscles within the endothelial leukocytes is gradually changed
to hemosiderin which is slowly dissolved, so that during the process
the spleen contains large numbers of pigmented cells.
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Bone Marrow.—The blood-vessels of the bone marrow contain
numerous endothelial leukocytes filled with red corpuscles, and
occasional lymphocytes and polymorphonuclear leukocytes. The
characteristic lesion is, however, the typhoid nodule which cor-
responds in every way to that found in the liver and unquestionably
is formed in the same way. As these lesions get older and some of

Fig. 107.—Typhoid fever. Spleen. Phagocytic endothelial leukocytes con-
taining red blood-corpuscles in blood-sinus.

the cells undergo necrosis more or less fibrin is formed and this
masks the true character of the cell reaction. .

Owing to the cell activity in the bone marrow as the result of
the typhoid lesions, the fat tissue in the long bones is more or less
encroached upon by erythroblasts and myelocytes and becomes red.

In addition to the tis-
sues already described,
numerous endothelial
leukocytes are frequently
found in various lympha-
tics, for example, those
of the heart. Occasion-
ally focal lesions (typhoid
nodules) occur also in
other organs; for instance,
they have been found in
the kidney, adrenal gland,
pancreas, and testicle.

Lung.—Besides the .
typical lesions thus far Fig. 108.—Typhoid fever. Phagocytic
described the typhoid endothelial leukocytes in and between
bacillus occasionally gives blood-sinuses of spleen.

y g1
rise to others. Thus, ty-
phoid fever may be complicated by a lobar pneumonia in which
the typhoid bacilli seem to play a more or less important part;
at least they occur in the alveolar exudation which contains large
numbers of phagocytic endothelial leukocytes, suggesting a reac-
tion similar to that in the intestine.

Meningitis.—Rarely an acute meningitis supervenes in which

12
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the only organism demonstrable is the typhoid bacillus. The
cellular exudation consists of numerous endothelial and poly-
morphonuclear leukocytes and more or less serum and fibrin.

Gall-bladder.—Although the typhoid bacillus is commonly
found to be present in the gall-bladder, it produces no lesion of the
wall. In like manner it may be present and persist for months
in the urinary bladder without producing any lesion. In both
situations it may, however, serve as a nucleus for the formation of
calculi.

Fig. 109.—Bone marrow from typhoid fever patient. Part of focal lesion con-
taining numerous endothelial leukocytes.

Abscesses.—Abscesses are sometimes produced by the typhoid
bacillus. They occur in the spleen, in muscles, and especially in
bones, sometimes months or even years after an attack of typhoid
fever. The lesion is so different from that ordinarily caused by
this organism that it is difficult to explain. A mixed infection has
been suggested as the reason. It seems more likely that, under
certain rare conditions, the typhoid bacillus multiplies in large
numbers in certain favorable foci in the body and then acts pos-
sibly by reason of a much more concentrated toxin than under
usual conditions. This strong toxin produces necrosis and attracts

polymorphonuclear leukocytes just as the tubercle -bacillus some-
times does.
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BACILLUS COLI COMMUNIS

The colon bacillus is a constant inhabitant of the intestinal
tract. Postmortem it is often found widely distributed in the
body, probably as the result of a terminal septicemia due to inva-
sion of the circulation shortly before death. It is also found in
certain lesions of which it is unquestionably the cause. First in
order are the lesions of the urinary tract, namely, of the bladder,
ureter, renal pelvis and kidney; second, those of the gall-bladder,

Fig. 110.—Kidney. Acute infectious nephritis (pyelonephritis) due to
the colon bacillus. e inflammatory exudation consists largely of endo-
thelial leukocytes. M.

bile ducts and liver; and third, of the pancreas and its ducts.
To all these organs the bacillus obtains entrance through natural
passages into which it is ordinarily unable to penetrate. Hemat-
ogenous infection of these organs in the human being with the
colon bacillus is always to be regarded as extremely doubtful,
although often strongly claimed. Other less common lesions are
peritonitis, abscesses and septicemia.

The lesions produced by the colon bacillus may be very acute
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and intense and cause death. In general, however, they are mild
and tend to become chronic, especially in the kidney. Frequently
the micro-organism dies out and the lesions undergo repair. On
this account, especially, it is important to recognize the type of
lesions produced by the colon bacillus and their usual distribution,
because without an exact knowledge of them the origin of the
resulting sclerosis, when recovery and repair have taken place,
might not be suspected.

Micro-organism.—The colon bacillus often occurs in large
numbers in the lesions which it produces, for example, in the
kidney. When it is found in clumps of considerable size a post-
mortem growth in the tissues is presumable just as occurs with the
typhoid bacillus. At other times it may be difficult to demonstrate
the organism microscopically in sections of lesions. Often it is
found for the most part only within polymorphonuclear leukocytes
of which an occasional one may contain one to a dozen bacilli.

Toxin.—The injurious substance derived from the colon bacillus
is apparently an endotoxin, not a soluble diffusible toxin. It
varies much in strength, and as a result, the injury and reaction
likewise vary greatly. The toxin exerts its effect chiefly or entirely
locally.

Injury.—The toxin may cause necrosis of all of the cells in its
immediate neighborhood, or only of those which are more highly
differentiated. Thus, in the kidney the tubular epithelium is
often destroyed, in part or entirely, while the surrounding fibro-
blasts and the vascular endothelium are left intact. Necrotic cells
and mitotic figures may be present in the same tubule. Such
lesions tend to be diffuse and in the end to undergo repair because
the toxin is not strong and the organism usually dies out. In
other instances all the various types of cells are destroyed and
abscesses result.

) In the liver the epithelium lining the bile ducts is more resistant

than the liver cells, probably because the cells are less highly differ-
entiated. In like manner the acinar cells in the pancreas are more
easily injured than the duct and possibly the islet cells.

Reaction.—The inflammatory reaction to the colon bacillus
may be acute and intense, consisting chiefly of an exudation of
serum and of polymorphonuclear leukocytes. This type of reac-
tion commonly terminates in abscess formation as a result of the
extensive necrosis. Fibrin is sometimes abundant. Endothelial
leukocytes, lymphocytes and eosinophiles may also be present
in varying numbers. The blood-vessels in and around the in-
fected areas are usually intensely congested and hemorrhage is
a frequent complication. Lesions of this type are fairly common
in the kidney and occur occasionally also in the liver. If recovery
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takes place they terminate in scar formation. The so-called
surgical kidney is usually the result of a chronic infection of this
type due to the colon bacillus.

At other times the injury is slight and the reaction of a mild
type, consisting largely or chiefly of endothelial leukocytes, while
the other exudative elements appear in smaller proportions. The
result is a diffuse inflammatory process without extensive necrosis
and without abscess formation. Such a lesion terminates in
sclerosis of the organ affected.

Urinary Tract.—The colon bacillus is a frequent cause of a
cystitis which is usually mild and chronic in type. The infection
may ascend through the ureter and involve the kidney. Some-
times the organism produces little or no disturbance in the bladder
while the lesion in one or both kidneys may be marked.

The lesions in the kidney vary greatly. The bacillus invades
the tubules in the pyramids and ascends towards the cortex.
Owing to the way the tubules branch, the affected areas broaden
as they approach the capsule. If the organism is very virulent
the result is necrosis, acute inflammatory exudation and abscess
formation. The process may become chronic and form the so-
called surgical kidney.

If the organism is mildly virulent, only the epithelium lining
the tubules is destroyed and it may regenerate. The tubules are
distended with polymorphonuclear and endothelial leukocytes.
One type or the other may predominate. Fibrin is often present.
The intertubular tissue is usually infiltrated with numerous
lymphocytes and often with many eosinophiles. The fibroblasts,
as a rule, show more or less proliferative activity. The colon
bacillus toxin produces some evident effect upon them.

The termination of these lesions, if recovery takes place, is
to leave behind more or less wedge-shaped areas of sclerosis in the
cortex. The tubules may be partly or entirely destroyed, or only
compressed by the contracting connective tissue and atrophied.
The glomeruli are often sclerosed and hyaline, but they contain
living cells. In this way they may be readily distinguished from
the glomeruli in a partially organized infarct.

Gall-bladder and Liver.—Cholecystitis, usually chronic in
type, is often caused by the colon bacillus. Less often the micro-
organism invades the bile ducts of the liver. If it is very virulent
the result is an acute inflammatory exudation of serum and poly-
morphonuclear leukocytes in and around the bile ducts, associated
with more or less extensive necrosis and abscess formation. If
the organism is only mildly virulent the ducts may contain chiefly
or entirely endothelial leukocytes, ‘while the surrounding tissue is
infiltrated with similar leukocytes and occasional lymphocytes.
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The fibroblasts show increase in numbers. This type of infection
may terminate in sclerosis (cirrhosis) which is characterized by
being confined to the periphery of the lobules.

Pancreas.—Infection of the pancreas by the colon bacillus is
probably more frequent than generally suspected. Acute cases
with hemorrhagic type of exudation and with abscess formation
have been reported. The more or less extensive sclerosis of the
pancreas occasionally found at autopsy is probably, judging from
similar lesions in the kidney and liver, often of infectious origin
and due to the colon bacillus.

BACILLUS PERTUSSIS

Micro-organism.—The whooping-cough bacillus, discovered
in 1900 by Bordet and Gengou, but not obtained in pure culture
until 1906, is a minute, ovoid, Gram-negative cocco-bacillus which

Fig. 111.—Pertussis. Bacillus pertussis present in large numbers between the
cilia of many of the epithelial cells lining the trachea. M.

stains lightly by ordinary methods. In the disease caused by it
the organism occurs in large numbers in a location which is char-
acteristic for it, namely, between the cilia of the epithelial cells
lining the trachea and bronchi, and probably also the nares. This
last point has not yet been determined for human beings. The
bacilli also occur to some extent free and enclosed in polymorpho-
nuclear leukocytes in the secretion in the air passages. The
organisms are most abundant during the first two or three weeks
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of the disease and then gradually diminish in number, disappear-
ing usually after six to eight weeks or more.

Toxin.—The toxin produced by the bacillus is evidently mild.
Its presence is indicated in three ways: (a) by a moderate inflam-
matory exudate in the walls of the trachea and bronchi; (b) by a
lymphocytosis; and (c) by the production of an antibody in the
patient’s blood, demonstrable by the complement-fixation test.

Injury and Reaction.—The injury produced is apparently
largely or entirely mechanical. The action of the cilia is inter-
fered with so that they are unable to remove secretion and inhaled
foreign material, as under normal conditions. The bacilli thus act
as a continual local irritant, inciting coughing which in typical
instances, terminates in the characteristic whoop.

No necrosis of the lining epithelium is produced. The inflam-
matory reaction is probably largely or entirely due to the mild
toxin derived from the organisms. It consists of an emigration of
polymorphonuclear and less often of endothelial leukocytes which
pass through the epithelium to the free surface. In addition,
lymphocytes accumulate to some extent in the tissues around the
trachea and bronchi.

As a result of the absorption of toxin the endothelial cells in
the lymph-nodules of the lymph-nodes, spleen and gastro-intestinal
tract proliferate as in diphtheria, scarlet fever and certain other
infectious diseases, but to a much less extent, and incorporate some
of the adjacent lymphocytes. The increase in the number of
lymphocytes in the circulation and of the endothelial cells in the
lymph-nodules indicates, probably, the cells most available in the
formation of an anti-toxin to counteract the toxin produced by
the bacillus and absorbed into the body.

Bronchopneumonia.—The bronchopneumonia which frequently
complicates whooping-cough is probably due to contaminating
bacteria. So far no evidence has been found that the bacillus
pertussis causes it.

The bacillus bronchisepticus, which causes distemper in dogs,
rabbits and other domestic animals, is found in the same location
in these animals as the bacillus pertussis is in man, namely, be-
tween the cilia of the epithelial cells lining the nares, trachea and
bronchi. Histologically in sections the lesions cannot be told
apart and the bacilli are practically identical in size, shape, and
staining reactions. On this account all experimental work where
the bacillus pertussis is inoculated into the ordinary laboratory
animals is open to doubt, and must be rigidly controlled bacterio-
logically, as the two organisms differ in motility and in alkali
production in litmus milk.
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BACILLUS TUBERCULOSIS

Introduction.—Several strains of the tubercle bacillus exist
in nature; only two of them concern us here, the human and the
bovine varieties. The human strain of tubercle bacillus is a very
common injurious agent affecting man. Usually infection takes
place indirectly from man to man. Occasionally the bovine
type of the organism, common in cattle, gains access through
ingested milk or its products and causes lesions which apparently
correspond closely to those produced by the human variety.

The tubercle bacillus causes a great variety of lesions, usually
chronic in character, but often acute. The lesions are all included
under the general term tuberculosis, but the lesions in certain
organs are often prominent and give rise to characteristic clinical
symptoms which have long been known under special names and
have been regarded and treated as separate diseases; for example,
chronic tuberculosis of the lungs has been known as consumption,
tuberculosis of the spine as Pott’s disease, tuberculosis of the skin
as lupus, tuberculosis of the cervical lymph-nodes as scrofula.

Infection takes place usually through the respiratory, less
often through the digestive tract, rarely through injuries to the
skin. The primary lesions tend to progress; the infecting organ-
ism spreads readily through the lymphatic apparatus, the blood-
vessels, and various epithelial-lined cavities, ducts, and glands of
the body such as the pleural cavities, the bronchi and alveoli of
the lungs, the tubules of the kidney, and of the epididymis and
testicle.

The lesions produced by the tubercle bacillus appear in a grea$
variety of forms, due less to variations in the character of the
inflammatory reaction than to differences in the structure of the
organs in which the lesions are situated. In order clearly and
fully to understand the reaction of the tissues to the tubercle
bacillus it is important to have the organisms stained in the
sections studied.

The organs and tissues most commonly infected are the lungs,
lymph-nodes, intestine, liver, spleen, meninges of the brain and
cord, genito-urinary apparatus, bones and joints, pleural and other
mesothelial-lined cavities, skin.

The lesions produced by the tubercle bacillus are not self-
limited, but are steadily progressive, although they vary greatly
in rate of development. Sometimes they are very acute, at other
times exceedingly chronic, persisting a long life time. They may
heal in one place and spread in another.

No complete local or general immunity is produced, except
under favorable conditions. Therefore, to combat the organism
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successfully the best of hygienic surroundings are necessary;
fresh air and nourishing food are the chief requirements.

Tuberculosis is rarely inherited, but it is difficult for children
to avoid infection if one of the parents has the disease, or if they
are exposed to infection through people, local surroundings, air,
or food, because the human being is naturally very susceptible
to the tubercle bacillus.

Micro-organism.—The tubercle bacillus occurs in widely vary-
ing numbers in the lesions which it produces. In some lesions it is
almost impossible to demonstrate its presence except by inoculat-
ing some of the tissue into a susceptible animal. In other lesions
it may be present in great numbers. It is usually contained within
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Fig. 112.—Tubercle bacilli. a, In inflammatory exudate in alveolus of lung;
b, in giant-cell.

endothelial leukocytes and giant-cells; less commonly within
polymorphonuclear leukocytes. As the result of necrosis and
subsequent softening of lesions it is often left free outside of cells.
Sometimes in- necrotic material, in fibrin thrombi, and within
cavities it may grow in solid masses like cultures on media in the
test-tube. Apparently it may also grow free in serous fluids and in
the urine.

The tubercle bacillus is non-motile. By the rupture of softened
tuberculous cavities into blood- and lymph-vessels the organisms,
often in large numbers, are carried by the blood and lymph cur-
rents to various parts of the body. They seem to spread to some
extent within the lesions produced by direct growth from cell to
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cell. More commonly, however, they are slowly distributed by the
ameboid movements of endothelial leukocytes carrying them into
and along blood- and lymph-vessels and epithelial-lined spaces.
Occasionally polymorphonuclear leukocytes play the part of dis-
tributing agents.

Toxins.—The tubercle bacillus produces mild toxins, partly
during the life of the organism, partly by disintegration of its
body after death. - These toxins cause lesions locally, that is,
in their immediate presence; not at a distance by diffusion of
the toxins. At least the kidneys never show any effect which
could be ascribed to the elimination of a tuberculous toxin through
them.

The amount of toxicity apparently varies considerably with
different strains of the organism. On the other hand, the reaction
of the host is not always the same. It is, therefore, difficult to
decide from the morphologic picture alone the degree of toxicity.
That is a problem for animal experimentation to decide in the
case of each individual strain of organism.

Early Miliary Lesions.—The primary lesion produced around
the first tubercle bacillus which gains entrance to a human body
has of necessity probably never been seen. We are dependent,
therefore, for our knowledge of the origin and development of the
minute, early, miliary lesions in man on the changes which are
produced by single tubercle bacilli, or small clumps of them,
carried chiefly by the blood and lymph streams to different parts
of the body. The best material is furnished by early cases of
so-called acute miliary tuberculosis. Here an.old tuberculous
lesion or thrombus softens and discharges large numbers of
tubercle bacilli into the circulation. As the discharge once started
is often continuous, in appropriate cases all stages in the develop-
ment of the miliary lesions may be present. Such lesions are
best found and studied in the liver, lung, and spleen.

Injury.—It is difficult to demonstrate any direct injury done to
the tissue cells by the immediate presence of the tubercle bacillus
and its toxins, even when the organisms are present in large num-
bers, as, for instance, in a capillary of the tuft of a glomerulus.
The lesion does not start with necrosis as is usually the case with
the staphylococcus pyogenes aureus for example.

Reaction.—Wherever the tubercle bacillus lodges in the human
body it ordinarily brings about an accumulation of endothelial
leukocytes around it, due to the reparative effort of nature to neu-
tralize the toxins produced by the organism and thus to counter-
act its injurious effect. Rarely the endothelial leukocyte is re-
placed in part or largely by the polymorphonuclear leukocyte.
This happens only when the tubercle bacilli are very numerous.
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The leukocytes incorporate the organisms which continue to multi-
ply readily within the cells.

Tubercle bacilli may lodge in blood- or lymph-vessels or in
spaces lined with epithelium. The further reaction to them, other
than the accumulation of endothelial, rarely of polymorpho-
nuclear leukocytes around them, depends on their location.
When they are located outside of the circulation the other elements
occurring in acute inflammatory reactions may be added to the
leukocytes already mentioned, namely, serum (from which much
fibrin may be formed), lymphocytes, and occasionally eosinophiles.
The reaction to the tubercle bacillus when outside the circulation
is, therefore, to be classed as exudative in character. The reac-
tion is usually of a mild type.

The earliest tuberculous lesions begin, as a rule, either in the
capillary blood-vessels or in the minute lymph-spaces of organs
and tissues; but they may begin in large blood-vessels, in lym-
phatic spaces or sinuses, or in epithelial-lined spaces such as the
alveoli of the lung. These early discrete lesions produced by the
tubercle bacillus receive different names according to their location.

When the lesions start in the minute blood- or lymph-vessels
of an organ or tissue and involve the surrounding parenchymatous
cells, they are called miliary tubercles. Their development can
best be followed, perhaps, in the liver.

When the organisms are located in sizable blood-vessels the
accumulations of endothelial leukocytes within the vessels and
around the organisms may be regarded as cell thrombi. Such
lesions may best be studied in the terminal veins of the spleen.

If the bacilli obtain access to lymphatic vessels, to loose-
meshed tissues like the meninges, or to spaces lined with epithelium,
they lead to what is generally recognized as an inflammatory
exudation of a type known as tuberculous. The lung furnishes
the commonest examples of this latter type of lesion.

The important point to bear in mind is that the reaction to
the tubercle bacillus is essentially the same under all conditions.
It appears to differ at times only on account of the situation of
the organism in the tissues.

The endothelial leukocytes in tuberculous lesions are mainly
derived from blood- and lymph-vessels by chemotaxis, but occa-
sionally mitosis of an endothelial leukocyte within a miliary lesion
may be observed.

Giant-cells.—Usually but not always some of the endothelial
leukocytes of the early tuberculous lesions exhibit a marked
tendency to fuse together to form multinucleated or so-called
giant-cells. These giant-cells form a striking and characteristic
but by no means diagnostic feature of tuberculous lesions. As
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a rule, only one giant-cell is formed within a single miliary lesion,
but often two or more giant-cells are present. Rarely, all or
nearly all of the endothelial leukocytes fuse together to form one
large or several to many smaller giant-cells. In lesions starting in
lymphatics and in epithelial-lined spaces giant-cells are usually
lacking, but they may be formed, as, for instance, in the alveoli
of the lung. :

When the tubercle bacilli are numerous and the cellular reac-
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Fig. 113.—Liver. Early miliary tubercle consisting of an accumulation of
endothelial leukocytes, some of which contain tubercle bacilli.

tion consists largely of polymorphonuclear leukocytes, giant-cells
are usually not formed.

The giant-cells in tuberculous lesions are probably all to be
classed as of the nature of foreign body giant-cells. The foreign
body may be the fats or other derivatives of dead tubercle bacilli,
or the live bacilli themselves. The nuclei of tuberculous giant-
cells are usually characteristically arranged at the periphery of the
cell; sometimes a more or less bipolar arrangement is evident.
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The cytoplasm in the center of the giant-cell is as a rule finely
reticular and contains numerous centrosomes.

The giant-cells are generally irregularly spherical in shape.
At the periphery of a cell the cytoplasm may be sharply limited,
stopping abruptly just beyond the nuclei, or it may send out
cytoplasmic processes in one or many directions, probably into
the larger lymph-spaces towards sources of nutritio.

The different forms under which the early reaction to the
tubercle bacillus appears can be best understood, perhaps, by
describing one or more specific examples of each.

Miliary Tubercle; Liver.—Tubercle bacilli brought by the
circulating blood to the liver are taken up by the endothelial cells
lining the sinusoids. Each one of the endothelial cells containing
one or more tubercle bacilli attracts endothelial leukocytes around
it. The leukocytes pack and occlude the sinusoids around the
cell just infected, and by pressure and by obstructing the circula-
tion soon lead to necrosis of the included liver cells which rap-
idly disintegrate and disappear.

Some of the endothelial leukocytes usually fuse to form one or
more giant-cells which occupy a more or less central position among
the remaining leukocytes. When the miliary tubercle reaches a
certain size, necrosis of fibroblasts, of the blood-vessel endothelium,
and of the endothelial leukocytes, begins in the center of the lesion
and spreads peripherally. The giant-cells are also gradually
involved in the necrosis.

Necrosis.—The necrosis in a miliary tubercle is due to the en-
dothelial leukocytes accumulating in the blood-vessels and lymph-
spaces to such an extent as to occlude the vessels and thereby
cut off nutrition. The process is perfectly analogous to what
often takes place in typhoid lesions, but is continuous and pro-
gressive instead of ceasing abruptly. This is because no immunity
occurs as in typhoid fever.

It is claimed by some that the necrosis in tuberculosis is the
direct result of toxins derived from the tubercle bacillus. If this
were so then the endothelial leukocytes and the giant-cells con-
taining the bacilli ought to be destroyed first in the reaction.
This does not occur.

It is noticeable that the nuclei both in the endothelial leuko-
cytes and in the giant-cells tend to arrange themselves in that
part of their cytoplasm farthest removed from the advancing
' necrosis.

Regeneration of Fibroblasts.—If the tuberculous process and
the necrosis advance rapidly enough peripherally, no regeneration
on the part of the surrounding connective-tissue cells is possible.
They are destroyed along with the other cells. Ordinarily, how-



190 PATHOLOGIC HISTOLOGY

ever, as soon as necrosis takes place and fibroblasts are destroyed
along with the other cells, proliferation of the surrounding con-
nective-tissue cells takes place, that, is, fibroblasts regenerate
because of injury to fibroblasts, and tend to surround and infiltrate
the miliary tubercle to take the place of those destroyed. They
extend in between the endothelial leukocytes and invade and
gradually organize the necrotic material in the center of the tuber-
cle. Perhaps the stimulating influence of the fibrin in the tubercle
plays some part in organization. The tubercle bacilli die out,
the endothelial leukocytes disappear, and the site of the tubercle
is occupied by a spherical mass of connective tissue. The new
collagen fibrils become fused together and often hyaline in ap-
pearance. The lesion may be regarded as healed.

Regeneration of Connective Tissue.—The new-formed con-
nective tissue forms a wall of secondary defense around the lesion
and is, apparently, often useful in limiting the spread of the tuber-
cle bacilli when they are not destroyed as the result of the inflam-
matory exudation.

The regenerative activity on the part of the fibroblasts is
rarely so active in man as in cattle; in these animals in certain
situations, as in the peritoneal cavity, it often leads to such over-
growth of the connective tissue that the tubercles are raised above
the surface on papillary stalks. '

Apparently no regeneration of blood-vessels occurs; on the
other hand, the capillaries around a tubercle are often prominent
owing to congestion.

In the liver the miliary tubercles do not tend ordinarily to
progress; the same is often true in lymph-nodes and in some of
the other organs. The tubercle bacilli are in some way or other
prevented from multiplying and spreading.

Lymphocytes.—Cells of the lymphocyte series are attracted
around tubercles and sometimes into them in varying numbers.
The attractive force seems to come from disintegrating cells rather
than from any chemotaxis on the part of the tubercle bacillus.
Eosinophiles and mastcells play a very slight réle.

Miliary Tubercle.—The size of a miliary tubercle represents
the extent to which the toxins exert their chemotactic attraction
for endothelial leukocytes. Bacilli carried to the periphery of a
tubercle by direct growth or by the migratory actions of endothelial
leukocytes containing them, become new centers of attraction
and thus lead to the formation of other spherical accumulations
of endothelial leukocytes. If the centers of attraction start in
the periphery of the first tubercle, they necessarily become
crescent-shaped accretions on the surface. This is the way in
which the small, so-called conglomerate tubercles arise, more
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often than from the fusion of several separate and distinct miliary
tubercles.

It is customary to apply the term epithelioid cells to the cells
composing the miliary tubercles.

The epithelioid cells in a young tubercle are endothelial leuko-
cytes: in a late tubercle where the connective tissue is actively
regenerating they are partly or largely fibroblasts. These two
types of cells should be recognized and named accordingly, and the
indefinite term epithelioid cell should be given up so far as possible.

After necrosis has started in a tubercle other endothelial leuko-
cytes are attracted and invade the necrotic material; they often
appear at the edge of the necrosis with their nuclei radially ar-
ranged, pointing towards the center.

Sometimes the necrosis in tuberculosis is so slow in formation
and the cells destroyed are so quickly removed that the condition
is scarcely evident or may be absent. This condition is sometimes
found in lymph-nodes.

Thrombi of Endothelial Leukocytes.—In the spleen miliary
tubercles similar in appearance to those in the liver and lungs
are often formed in great numbers. They involve the small
blood-vessels and the intervening splenic tissue. Occasionally,
however, lesions of another sort are evident. The tubercle bacilli
carried by endothelial leukocytes to the larger terminal veins,
attract large numbers of other endothelial leukocytes around them
within the vein, so that the lumen may be filled and occluded by
them. As the leukocytes remain within the vein and closely com-
pacted together it seems best to regard them as a thrombus forma-
tion, analogous to the kind frequently formed by the conglutination
of blood platelets. These collections of endothelial leukocytes
within veins may be focal or diffuse in character.

Lymphatics.—Tubercle bacilli carried along lymphatics into
lymph-nodes may be taken up by the lining endothelial cells, or be
carried into the parenchyma and give rise to focal lesions, or they
may remain within endothelial leukocytes in the sinuses and lead
to large focal, or more often diffuse, collections of other endothelial
leukocytes. Associated with the leukocytes are usually. con-
siderable serum, much fibrin, and a varying number of lympho-
cytes. Lesions of this type are frequent in the lymph sinuses of
lymph-nodes and in the lymphatics of the intestine.

Tuberculous Inflammation.—Sometimes the tubercle bacilli
are spread rapidly and diffusely through the smaller lymph-spaces,
probably largely or entirely by the activity of endothelial and
polymorphonuclear leukocytes, and give rise to a very diffuse type
of tuberculous lesion. The most marked example of this type of
lesion occurs, perhaps, in the meninges, where we may get an acute
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diffuse inflammatory exudation consisting of serum, fibrin, endo-
thelial and polymorphonuclear leukocytes and lymphocytes in
varying proportions. More or less definite miliary tubercles may
be combined with this diffuse process. Occasionally in miliary
tuberculosis of the liver a diffuse infiltration of the periportal con-
nective tissue with endothelial leukocytes containing tubercle
bacilli may occur. A similar acute diffuse process may occur in
the hyperemic tissue surrounding an old tuberculous lesion.

In the lung the development of the miliary tubercle is not so
readily followed as in the liver. The bacilli are taken up by endo-
thelial cells in the capillaries of the walls of the alveoli and lead
to a focal collection of endothelial leukocytes. These leukocytes
and, therefore, the whole lesion may remain in the wall between
adjoining alveoli and cause great thickening of it; but often in
adults and usually in children some of the micro-organisms, as
they multiply, reach the alveolar spaces on each side of the wall
and cause an exudation within these cavities. The lesion, there-
fore, takes on partly or largely the character of a miliary tubercu-
lous pneumonia and the reaction is readily recognized as exudative.
Serum and fibrin appear in addition to the endothelial leukocytes,
and lymphocytes also are usually present.

Tubercle bacilli frequently obtain entrance to other epithelial
cavities (including those lined with mesothelium) besides those in
the lungs, such as the tubules and pelvis of the kidney, the
glands of the prostate, the oviduct, etc. In all these situations
it gives rise to an inflammatory exudation similar in character
to that already described.

Resemblance of the Lesions to Those Produced by the Typhoid
Bacillus.—The lesions of tuberculosis in their early stages may
closely resemble those produced in typhoid fever in the same
organs, particularly in the mesenteric lymph-nodes, liver and
spleen. The cellular reaction consisting chiefly or entirely of an
accumulation of endothelial leukocytes is much the same. The
tuberculous lesions tend to be more focal in character; they are
usually characterized by the presence of giant-cells which are very
rare in typhoid-fever; they tend to progress and spread indefinitely
and to undergo necrosis, while the typhoid process ceases abruptly
after a definite period, and necrosis is not so definitely associated
with it. In typhoid fever an antitoxin is as a rule quickly produced
and neutralizes the injurious action of the typhoid bacilli. In
tuberculosis the same cells at work are unable to counteract the
toxins of the tubercle bacilli.

Chronic Tuberculosis.—So far we have discussed the early,
beginning lesions produced by the tubercle bacillus in various
situations; in capillaries and larger blood-vessels, in lymph-spaces



SPECIAL INJURIOUS AGENTS AND-LESIONS THEY PRODUCE 193

and vessels, and in epithelial-lined cavities, and have shown that
the reaction consists chiefly of an accumulation of endothelial
leukocytes around the bacillus. As a rule, a number of these
leukocytes fuse together to form one or more giant-cells. Under
certain rather rare conditions the polymorphonuclear leukocyte
plays the more important réle. In addition to these leukocytes,
serum, fibrin, lymphocytes, and eosinophiles may be added in
varying proportions, according to the location of the organisms.
It is necessary now to follow the changes which occur when the
duration of the injurious action of the tubercle bacillus is not for
days and weeks but for months and years; in other words, when
the tuberculous process is chronic.

Conglomerate Tubercle.—The typical miliary tubercle is
spherical in shape and represents the limit of attraction for leuko-
cytes exerted by a single tubercle bacillus, or by a small group of
them. A miliary tubercle does not enlarge perfectly uniformly
because the bacilli in it do not extend evenly in all directions
towards the periphery in consequence of more favorable conditions
of nutrition at one point than at another; more often they are
carried out by endothelial leukocytes. Whenever they reach the
surface or approach it they become new centers of attraction. In
this way crescent-shaped portions of new tubercles are formed on
the surface of the old miliary tubercle so that there develops first
a small and then a large conglomerate tubercle. The necrosis
which started in the center of the miliary tubercle extends periph-
erally with the enlargement of the conglomerate tubercle.

Solitary Tubercle.—The conglomerate tubercle rarely continues
to develop evenly and to retain its more or less spherical shape.
The reason for this lack of symmetric growth is to be found chiefly
in the anatomic structure of the tissues in which the tubercles
develop. In most of the tissues large lymph- and blood-vessels
and epithelial-lined spaces exist. These are quickly invaded by
the tubercle bacilli and then the pathologic process caused by them
usually spreads rapidly and irregularly. In the brain, however,
a lésion started by a single tubercle bacillus frequently has the
opportunity to reach its full and perfect development. This is
owing to the fact that large portions of this organ are uniformly
solid and possess only small blood- and lymph-vessels. Lesions
starting in these portions frequently develop into the large rounded
masses known as solitary tubercles. They consist for the most part
of necrotic material surrounded by a narrow zone of tuberculous
tissue composed of imperfect miliary tubercles, and are limited by a
connective-tissue capsule. This capsule is being constantly invaded
by tubercle bacilli conveyed to it from within, probably by the
migratory activity of endothelial leukocytes, so that new tubercles

13
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are as constantly developing within it. Rarely the new tubercles
start at the outside of the connective-tissue capsule in the adjoining
brain tissue. The surrounding blood- and lymph-vessels are so
small that the tuberculous process rarely invades and extends
along them. But if a solitary tubercle finally reaches a ventricle
or the meninges, then a very active and extensive tuberculous
process may start up and quickly cause death.

Very rarely favorable conditions allow the developement of
solitary tubercles in other organs than the brain, as, for example,
in the liver.

Fig. 114.—Tuberculosis of lung. Process extending into a vein. M.

Thrombus Formation.—A miliary tubercle in the wall of a
blood-vessel or a tuberculous lesion on the outside of the vessel,
which involves the wall and leads to necrosis, may bring about the
formation of a fibrinous thrombus inside of the vessel. In such a
thrombus tubercle bacilli sometimes multiply in great numbers.
They may attract many polymorphonuclear leukocytes which
digest and soften the thrombus. In this way the bacilli may be
set free and cause acute miliary tuberculosis. This is a common
way for this form of lesion to arise.
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Caseation.—Attention has been called to the fact that as the
miliary tubercle enlarges the tissue cells, and later the leukocytes
in the center of it, undergo necrosis. In the lesions starting in the
larger blood- and lymph-vessels and in epithelial-lined cavities
the necrosis at first involves only the leukocytes, but the sur-
rounding tissue cells are affected later.

The necrosis in tuberculosis seems to be due chiefly or entirely
to the endothelial leukocytes plugging the blood- and lymph-vessels
and cutting off nutrition. The necrosis as a rule spreads gradually

Fig. 115.—Tuberculous thrombus in blood-vessel in lung. M.

and uniformly peripherally. It takes place in tissue so infiltrated
with endothelial leukocytes that the parenchymatous cells and
other tissue markings (blood-vessels, fat-cells, etc.) have usually
disappeared and can rarely be made out in the necrotic areas.

In certain situations, however, some of the tissue markings are
often well preserved for a certain length of time, as, for example,
in the lung in caseous pneumonia. The walls of the alveoli are
usually perfectly evident microscopically for some time after the
exudative and the tissue cells have been destroyed. The collagen
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and elastic fibrils persist for a long time and can readily be dem-
onstrated by the special staining methods used for them.

There is nothing peculiar in the necrosis of tuberculosis bevond
the fact that it consists chiefly or entirely of necrotic endothelial
leukocytes, that it usually but not necessarily contains much
fibrin, and that ordinarily it does not undergo softening. Usually
more or less fat is present because the cells die slowly (necrobiosis)
and hence accumulate a certain amount of fat before they become
necrotic. The term caseation is applied to it because of the homo-
geneous, opaque white to yellow appearance which it presents on
gross examination, but much the same appearance is presented by
the necrotic material in a gumma or in an infarct, or in necrosis of
portions of a tumor.

Fig. 116.—Tubercle bacilli in thrombus in blood-vessel in lung. M.

Cascation is most marked in tuberculous lesions of the lymph-
nodes and lungs, and in solitary tubercles of the brain.

Casecous material may persist almost indefinitely in the human
body, but it tends gradually to undergo one of three changes which
will now be considered, namely, calcification, softening including
ulceration, and organization.

Calcification.—The necrotic tissue in tuberculous lesions fre-
quently attracts lime salts and leads to their deposit. Probably
the fat present in the cascous material as the result of necrobiosis
plays an important part in the process.

Calcification is more common in some organs than in others;




SPECIAL INJURIOUS AGENTS AND LESIONS THEY PRODUCE 197

thus it is of frequent occurrence in the peribronchial and cervical
lymph-nodes, in the lung and in the spleen, but rare elsewhere.

Occasionally the fibroblasts adjoining these deposits of lime
salts are stimulated in some way so that they invade them, organize
them, and become transformed into true bone cells.

Softening, Abscess.—Under certain conditions and in certain
situations the caseous material in tuberculous lesions undergoes
softening and abscess formation. Apparently the softening is
always due to the attraction of many polymorphonuclear leuko-
cytes into the caseous material which they dissolve through the
action of the ferments they secrete. Sometimes at least the leuko-
cytes are attracted by a very active multiplication of the tubercle
bacilli. It is from the rupture of such abscesses into blood- and
lymph-channels that cases of acute miliary tuberculosis frequently
arise.

At other times the caseous material itself attracts leukocytes
in sufficient numbers just as occurs in softening of bland parietal
thrombi of the heart. This happens most frequently in tubercu-
losis of the bones, especially of the bodies of the vertebraa (Pott’s
disease of the spine).

Softening occurs most often in lymph-nodes, in the lungs, and
in the genito-urinary apparatus. Apparently in some situations
it does not take place, for example, in solitary tubercles of the brain.

Sometimes the softening in tuberculous lesions is due to sec-
ondary invasion with the common pyogenic organisms. Naturally
such invasion is more likely to occur in the lung and in certain
other organs than in lymph-nodes or in the brain. In one instance
large sloughs in a tuberculous abscess of the lung were due to the
complicating action of the staphylococcus. pyogenes aureus; both
organisms were present in masses.

Ulceration.—Ulceration of tuberculous lesions is common in
all situations when they adjoin a surface or originate there. As
the lesion develops and the necrosis extends the protecting cover-
ing cells of the surface are destroyed and the necrotic material
is thereby exposed to the macerating effect of fluids and, in many
instances, to invasion by a variety of organisms. Such ulcerations
are most common in the intestine, the urinary bladder, and the
trachea and bronchi. When they occur in a blood-vessel, as, for
example, in the wall of the aorta, they may result in the formation
of a tuberculous aneurysm from which many tubercle bacilli may
be discharged into the circulation and thus cause acute generalized
miliary tuberculosis.

Regeneration of Fibroblasts.—In chronic tuberculous lesions,
regeneration of connective-tissue cells is constantly going on as a
result of destruction of fibroblasts. As soon as necrosis begins in a
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miliary tubercle the surrounding fibroblasts begin to proliferate,
provided the tuberculous process does not extend so rapidly as to
destroy them. The new-formed connective-tissue cells grow in
between the endothelial leukocytes at the periphery of the tubercle
and gradually invade and replace the necrotic tissue. The endo-
thelial leukocytes disappear and the bacilli are apparently de-
stroyed. In many instances, for example in the liver and in lymph-
nodes, this process results in complete repair of the lesion which is
replaced by dense fibrous, usually hyaline, connective tissue.
In chronic lesions a similar process is going on all the time; in
some places it is successful; in others it is not. There is another
cause, however, in chronic tuberculous lesions which often results
in a more active proliferation of fibroblasts and that is fibrin.

Organization of Fibrin.—Much fibrin is usually formed as a
result of the inflammatory reaction to the tubercle bacillus when
situated outside of blood-vessels. It is often evident even in
miliary tubercles where occasionally it may be so abundant as to
form a hyaline reticulum similar to that seen in a diphtheritic
membrane. It is especially abundant in lesions involving, for
example, the pleural and pericardial cavities, the lungs, the
meninges, the lymph sinuses of lymph-nodes. Wherever it ap-
pears fibrin stimulates organization by blood-vessel endothelium
and by fibroblasts, or by fibroblasts alone.

Organization of the fibrin formed in tuberculous lesions differs
from that occurring elsewhere only in the peculiarity that wherever
a tubercle bacillus is caught and retained in the advancing granula-
tion tissue it becomes the focus of a new tuberculous lesion. This
is'well known in the case of tuberculous pleuritis and pericarditis,
but not so generally recognized in the case of tuberculous pneumo-
nia and some other lesions. Much of the dense fibrous tissue formed
in the lungs in tuberculosis is the result of the organization of fibrin.

In consequence of regeneration of connective tissue and of
organization of necrotic material and especially of fibrin, much
fibrous tissue is in time formed as the result of tuberculous
lesions, especially in the lungs.

Perhaps the reason so little connective tissue is formed in con-
nection with tuberculous ulcers of the intestine and of some other
locations is that, owing to maceration and sloughing off of the
necrotic material.and of any fibrin formed, there is little stimula-
tion of the fibroblasts to proliferate.

So far the lesions produced by the tubercle bacillus have been
described almost entirely from the general point of view. Fully
to appreciate them, however, it is necessary to describe t