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A knowledge of pathology is essential to practitioners and
to students of medicine. The general considerations of pathol-
ogy, whether in reference to diseases of the human or diseases
of domestic animals, are practically identical. Many textbooks
on this subject are available, but they are especially written for
the practitioner and student of human medicine, and the illus-
trations and examples are all in reference to diseases of the
human. Such textbooks have been used by the author for sev-
eral years in veterinary classes and it was thought that if the
same general pathological principles could be exemplified by
cases and illustrations in veterinary medicine, the subject mat-
ter would be more readily understood by the veterinary student.
This explains the issuance of the present volume.

The writer has endeavored to place every phase of pathol-
ogy from the veterinarian’s point of view. The entire subject
matter has been expressed as far as possible in common every-
day language, with the hope that all readers will have no trou-
ble in grasping the pathologic facts. An extensive glossary has
been appended and will be of considerable aid because practi-
cally every technical term, with its analysis and definition, will
be found therein.

The author is greatly indebted to Dr. S. Stewart, Dean of
the Kansas City Veterinary College; Dr. D. M. Campbell, edi-
tor of The American Journal of Veterinary Medicine; Prof. W,
E. King, Bacteriologist of the Kansas State Agricultural College ;
Dr. F. ]J. Halt, Chief of the Food Inspection Department Kan-
sas City, Mo., and formerly pathologist of the Medical Depart-
ment University of Kansas; Dr. L. Rosenwald, formerly patholo-
gist of the Kansas City Veterinary College; Dr. Geo. F. Babb,
Milk Inspector of the city of Topeka, Kansas; Dr. D. Cham-
plain, editor of The Milk-Man, for suggestions made by them
concerning the text matter. Also Dr. R. F. Bourne, physioclogist
of the Kansas City Veterinary College; Dr. C. D. Folse, City
Milk and Meat Inspector of Marshall, Texas, and Mr. Chas. Sals-
bery, microscopic laboratory assistant in the Kansas City Vet-
erinary College, for their assistance in the preparation of the
illustrations.

The author consulted various text-books, journals and other
publications while preparing the text for which acknowledge-
ment is hereby made.

If this book supplies the practitioner and the student of
veterinary medicine with clear, concise statements of veterinary
pathology, the purpose of the book has been fulﬁlled:A

' . T. K.
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ERRATA.

On Page iii—Line 13 from top—should read—“Epithelioma,”
instead of Epitheloma.

On Insert I next to page 44—Title should be “Botanical Names”
instead of “Botanical Name.”

On Page 68—Last line Fig. 39, “Filaria Papillosa after Neuman,”
should be placed a line above.

On Page 230—Headline should read “Calculi,” instead of Caculi.

On Page 34—Line 7 from bottom—Should read “Digestic,”
instead of Digestice,

On Page 75—Fig. 50—Should read “Echinorhynchus,” instead of
Echinorynchus.
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CHAPTER L
DEFINITIONS.

Pathology is the science of disease. It is the science which
treats of the nature, causes, progress, symptoms and termina-
tion or result of disease. It includes etiology, i. e., the study
of the causes of disease, and pathogenesis, that is, the study of
the course, abnormal functions and lesions produced in disease,

General Pathology is confined to the explanation of the sum-
mary of the facts obtained in the study of special pathology. It
is concerned essentially in the solution of general principles of
those morbid conditions that are common to the entire organism,
as malformation, degeneration, regeneration, inflammation, neo-
formation and fever.

Special Pathology deals with all the abnormalities or diseased
conditions of one part or organ as the diseases of the ear, skin,
etc., and consequently special pathology is further subdivided
into otologic pathology, dermatologic pathology, etc.

Pathologic Physiology, is that part of pathology which has to
do with the investigation and description of abnormal functions
of a diseased organ or animal. The pathologic physiology is,
in many cases, the principle symptom of a disease, e. g., paraly-
sis of the radial nerve. Abnormal function is frequently the
only evidence discernible in a disease, e. g., epilepsy.

Pathologic Anatomy, or morbid anatomy, is concerned in the
structural changes in a diseased tissue or organ. Pathologic
changes in the structure of a tissue or organ are collectively
termed lesions. Lesions may be sufficiently gross that they are
readily observed with the unzided eye or they may be so min-
ute that the miscroscope is necessary for their detection. The
investigation and the recording of facts observed in the study
of gross and minute lesions are included in gross, or macroscopie
pathologic anatomy and minute, or microscopic pathologic an-
atomy respectively. _

Human Pathology has to do with the facts observed in the
study. of the diseases of the human.

Comparative Pathology, is the name applied to the study of
the diseases of all animals in which the diseases of one genus,
(group of animals) is taken as a standard and the diseases of all
other animals are discussed in comparison with the type selected.

Veterinary Pathology, is a discourse on the diseases of domestic
animals,

®
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THE CELL.

ANATOMIC.
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Body.
Nuclews,
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Reproduction,
Motion,
Metabolism.
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Structurally, an animal body is composed of definitely ar-
ranged parts, called organs. An organ is a portion of the body
having a particular function and is, structurally, a tissue-complex
in which each tissue has a certain definite proportion and relation.
A tissue is composed of like or similar cells with more or less
intercellular substance interposed. The intercellular substance is
ustally a product of the cells. A cell has been defined as a
microscopic mass of protoplasm containing sufficient individ-
uality to possess a life history,

The function of an animal body is the sum total of the corre-
lated functions of its component tissues. The function of a
tissue is the sum total of the function of its cells, Thus a cell
represents the anatomical or structural unit and the physiologic
or functional unit of all animal bodies.

In ancient times disease was thought to be the result of
the entrance into the body of some “evil spirit,” and the symp-
toms presented during disease was evidence of the struggle
beween the body and the “evil spirit.” Durmg the middle ages,
Hlppocrates, “The Father of Medicine,” established the Hippo-
cratic Theory of disease. Hippocrates taught, 1st, that the body
was composed of four humors, viz,, blood, phlegm, yellow bile
and black bile; 2nd, that health consisted of the proper balance
of the humors: and 3d, that disturbed proportions of the hum-
ors resulted in disease.

Modern pathology is based upon the knowledge of cell activi-
ties. Virchow was the father of cellular pathology. He first
taught the cellular. theory to students of pathology and he first
advocated it in published articles. Cellular physiology was really
an outgrowth of cellular pathology. A knowledge of cells is
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indispensable in the study of pathology and a brief descriptica
is here appended.

Structure—Cells are variable in structure. The active consti~
tuent of all animal cells is protoplasmic in nature. The essen-
tial parts of animal cells are the cell-body, nucleus and centro-
some.

The cell-body is present in pratically all cells. It is com-
posed of semisolid protoplasm, a portion of which is of a stringy

Pig. 1—Dlagram of s Trpbeal Cell, arter Bihm-Davidoff- Huber,

1. Vaxuoles. 8. Centrosome.

2. Cell-nembrane. 9. Forelgn Inclosures.
1. Exoplasm, 10, Hyeslopiaam.

¢. Nuclear membrane. 11. Rpooglopiasm.

& Maucleclus 12, Chromatia network
8. Chromstin net-knot. 3. Liniln network,

T, Centrosphers, 4. Nucleoplasm.

consistency and is termed spongioplasm. In the meshes of the
spongioplasm there is found a fluid protoplasm, designated hya-
loplasm., The relative proportion of spongioplasm and hyalo-
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plasm varies in different cells and even in different parts of
the same cell. Particles of food and various other insoluble sub-
stances are not uncommon in the cell body. Vacuoles are fre-
quently observed, especially in wandering cells.

The nucleus is constant in all functioning or active cells except
the mammalian red blood corpuscles, and some of the pulmonary
alveolar epithelial cells, The nucleus appears as a dense body
and is usually centrally located in the cell body. The relative
proportion of nucleus to cell body is inconstant, e. g., the
lymphocyte is practically all nucleus; some epithelial cells have
a very small nucleus and a very large cell body. The nucleus
varies in shape from a sphere to an irregular mass, and is sur-
rounded by an incomplete membrane. The essential structure
of the nucleus is a chromatin network. The spongioplasm
and hyvaloplasm of the cell body are continuous through the
incomplete nuclear membrane into the nucleus where they are
designated linin and nucleoplasm respectively. The nucleus may
also contain a nucleolus which is probably a knot in the chro-
matin network.

The centrosome is a dense refractile body found in the
nucleus or in the cell body just outside the nuclear membrane.
Many fine radiating fibres may extend outward from the centro-
some,

A cell membrane mav or may not be present. This mem-
braae is formed by a condensation of the substance of the cell
body. The sarcolemma of a musecle fibre is perhaps the most
typical cell membrane found in animal cells, the red corpuscle
has a modified cell membrane, A nerve cell possesses a neuri-
lemma, although it is probably not a true cell membrane.

Shape.—Embryonic cells are usually spherical in shape and
it is probable that sphericity is a primitive quality of cells. The
shape of matured cells is determined by their function and loca-
tion. External surface cells are usually flat and when subject
to pressure and friction they are arranged in strata, i. e., they
are stratified. The cells lining the air vesicles are flat because
of the necessity of the exchange of gases through them. Muscle
cells are elongated to allow of contraction to produce motion.
Goblet cells are large and more or less spherical because of the
elaboration of mucus in them. Accommodation to space pro-
duces variation in the shape of cells, thus; fat cells are originally
spherical, but because of pressure, they become polyhedral. Cells
vary from the flat pavemental cells to those spherical in shape.

Pressure is probably the most important factor in the produc-
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tion of pathologic variation in cell morphology. Thus parenchym-
atous cells, as hepatic and renal cells, frequently become com-
pressed by hyperplastic interstitial tissue sufficiently to change
their shape from polygonal or cuboidal to irregularly flattened or
fusiform. Columns of tumor cells may become pressed suffi-
ciently by the invaded tissue to produce scale like cells or the so-
called pear] cells. On the other hand, the same variety of tumor
cells developed in tissue in which mutual pressure is limited,
assume sphericity,

Size.—Cells vary in size from the lymphoid cells that are
from 4 to 8 microns in diameter to the marrow cells that are
from 30 to 60 microns in diameter. The size of the cell is
characteristic of the tissue they compose. Equalization of the
surface and mass is a factor in the determination of the size of
cells. Function of cells also has some bearing upon their size;
thus, cells that have the power of independent motion and rap-
idly acting cells are usually small. Food is no doubt a deter-
mining factor in the size of cells. QOva are large because of the
storage of food,

Pathologic variation in the size of cells is of common occur-
rence. Hypertrophy iz the abnormal enlargement of individual
cells. The size of red blood cells is variable in pernicious ane-
mia, (swamp fever), of the horse. Several cells may fuse,
forming a cell-complex, syncytium, or giant cell in and arouna
foreign bodies, and in tubercular and actinomycotic lesions,

Growth.—Growth in cells is the exercise of that property or
function which results in their enlargement or it is the process
by which they are increased in size. That cells do grow is seli-
evident and is common knowledge. A central, polymeric pro-
tein-molecule is supposed to be the essential structure of all
active cells. This central, polymeric molecule is probably unsat-
urated and new simple molecules may be serially combined
with it and then the cell becomes larger and grows. This prop-
erty of cells is especially evident during the embryonic period
but gradually diminishes to the time of maturity, when it is
-largely supplanted by other functions. The growth of cells is
accompanted by the accummulation of energy. The larger a
cell, other things being equal, the greater the potential energy.
All functioning of cells, except growth, is accompanied by the
liberation of energy. Growth results in accummulation of poten-
tal energy and other functions convert potential into kinetic
energy, though both types of energy may be produced simultane-
ously and may be interdependent ; thus the growth of muscle is
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dependent upon frequent and appropriate exercise (liberation of
kinetic energy).

Growth within the normal cell is dependent upon inherited
tendencies and a sufficient supply of nutrition. Other functions,
as motion, are apparently entirely governed by environmental
stimuli plus the required nutrition. The growth of cells con-
tinues until they, and the part they compose, become of such
a size that the economic relation of surface and mass becomes
disproportionate. The disproportionate relation of surface to
mass is corrected by rapid cell division or cell dissociation. In
either case the total cell surface is increased. According to
Harris, “Physiologic inertia” is of considerable importance in
growth of cells. When 2 cell is stimulated to action, the action
does not cease immediately when the stimulus is removed or
suspended. Thus when a cell starts to grow, it tends to grow
continually because of the “physiologic inertia.” Abnormal varia-
tion in cell growth is characteristic of hypertrophy.

Reproduction.—Cell reproduction is the process by which
the number of cells is increased. The ultimate outcome of cell
reproduction and cell growth, is to increase the mass or volume.
Cell reproduction is not distinct and separable from cell growth,
in fact growth always precedes diviston. Reproduction is one
means of regulatihg the relation of surface to mass. Two types
of normal cell reproduction have been described by cytologists.
These methods are amitosis, {direct cell division), and mitosis,
(indirect cell division.)

1. DIRECT CELL DIvVIStON, AMIT0sIS, is simple cell division in
which the nucleus and cell body divide without any previous
nuclear changes. This type of cell reproduction or division is
normal in some lower forms of life and possibly in some embry-
onic tissues of higher animals. However, it is not very common
in normal adult tissues of higher animals. The polynuclear
leucocytes occasionally reproduce by amitosis; endothelial cells
are also thought to reproduce in the same way. Tt is possible
that cells of any tissue may multiply by amitosis. Cells repro-
duced by amitotic division are considered abnormal! by most
investigators. Direct cell division is especially evidenced in
rapidly growing tumors, chronic inflammatory areas, leukemic
tissue and many other pathologic conditions. The process is
briefly as follows: There are one or more depressions in the
nucleus which gradually extend until the nucleus is divided into
_ two or more parts, (this is the origin of polynuclear cells: posdi-
bly it may also account for the giant cells). After, the nucleas
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has divided, each part migrates to a different part of the cell
body and the cell body is so divided that one or more nuclei are
found in each segment, Thus the process is completed. In
some instances, one or even two centrosomes may be present,

Fig. 2.—Amitosls, showing division of the nucleolos,

4. INDIRECT CELL DIVISION, MITOSIS, OR KARYOKINESIS, is the
usual mode of cell reproduction. The frequency and intricacy oi
this complicated process ig indicative of the exactness of nature’s
methods. An equal division of the nucleus, or more specifically

Flz. 3. —Amitosia, showing migration »f the auclaoll tn oDpite Doles
of the pocleus

of the nuclear chromatin, is apparently the object of this type
of reproduction. It is more delicate and exact than direct cell
division. The following four- stages are recognized in indirect
cell division, but they are not separate and distinct,

C
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A.. Prophase. This is the preparatory stage. The . nuclear
chromatin which, in the resting cell, is an irregularly arranged
net-work, becomes a continuous single thread, forming the so-

Fle, +—Division sl nuelenn

called spirem or loose skein. The chromatin thread divides into
a definite and even number of segments, (the number varving in
different animals, but always constant in the same species)
known as chromosomes. These chromosomes are equal in length

e o
' S, B e

Flg, §.=Divislon of cell.

and are usually bent like the letter “u.” The chromosomes are
radially assembled around the central point in the nucleus, thus
forming the monaster or single star. The nuclear membrane
becomes less and less distinct as the spirem is forming and fin-
ally disappears. As the nuclear changes are progressing, a
centrosome becomes prominent either within the nucleus or in
the cell body just outside the nuclear membrane. The centro-
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some divides, the daughter centrosomes separate and wander to
opposite sides of the nucteus. Radiating lines, known as mantle
fibres, appear and extend from each centrosome to the chromo-

somes.,

"« Fig & Fig. 7.
Fig. 6. —(*[tl in resting atage.
Vig, 7.—Frophase showing division of controsome,

B. Mctaphase. During this stage the chromosomes are
split or cleaved longtitudinally into daughter chromosomes
apparently by the traction of the mantle fibres of the centro-
soOmes.

Fig. &, Fig. %.°
Flz. 5.—Prophase showing separation of centrosomes.
Fig. .—Metaphase, *
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C. Anaphase. The daughter chromosomes are attracted
along the mantle fibres until they reach the centrosomes around
which they are ultimately assembled, forming an aster or
star at either pole. This particular portion of the anaphase is
designated the diaster or double star. There is also evidence
of transverse indentation of the cell body near the median line.

Fig. 10. Fig. 11.
Fig. 1&.—Metaphase
Fig. ll.—Anaphagse.

D. Telophase. The nuclear changes during this phase are
practically the reverse of those occurring in the prophase, i. e,
the chromosomes fuse forming a chromatin thread which later
forms the chromatin network. The nuclear membrane appears
and the centrosome loses its mantle fibres and may even entirely
disappear. The cell body is completely divided by invagination
from the margins, and then the daughter cells are completed and
assume the appearance of their ancestors.

Flg. 12 - Fig. 11
Fig 12.—Anaphase.
Fig. 13.—Telophass
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Morbid cell reproduction is especially evident in neoplasms
and in hyperplastic formation. The type of reproduction in neo-
plasms is variable, being normal or modified, direct or indirect.
Indirect division is of most frequent occurrence in hyperplasia,
the rapidity of multiplication being the only apparent difference
from that OCt:urrmg in normal reproductlon All variations of
division occur in tumors, .

Motion.—Motility is that property of a cell which refers
either to the intracellular movement of its parts, the position of
the cell as a whole remaining fixed, or it signifies the inde-
pendent movement of the cell. All movement is dependent

Fig. 14.—Clliated l!plthellum, Trachen,

upon activity of the cell protoplasm. The cells of specialized
tissues, except blood, are fixed i. €. not motile.

Intracellular movement is due to the circulation or stream-
ing of the protoplasm from one portion of the cell to another.
This type of movement may become so extensive that the shape
of the cell will be changed. It is common in the cells of lower
forms of life as well as in some of the celis of higher animals.
The specific cause-of the intracellular protoplasmic circulation
has never been positively determined but it is probably the result
of a disturbed chemic equilibrium of the cell margins and their
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surroundings. Leucocytic amoeboid movement is due to intra-
cellular protoplasmic circulation. Leucocytic immigration prob-
ably is the result of chemic attraction, (positive chemotaxis),
which stimulates the circulating protoplasm within the cell te
constantly flow toward the point of greatest chemical affinity
and finally the cell reaches that point. Leucocytic emigration
is based npon the same principal except that the chemic in-

1 Tat 2 Hune.- 3. Man.
Fig. 15.—8permalozoa,
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fluence is negative, (negative chemotaxis), and the cell 1s forced.
away from the center of the disturbed chemic equilibrium.

Ciliary movement is the wave like motion of small hair like
protoplasmic projections of cells known as cilia. Ciliary motion.
occurring in migrating or wandering cells produces movement
of the entire cell and in stationary cells, produces move-.
ment of fluids or semifluids that contact the cilia. In higher
animals motion of entire cells as a result of ciliary movemenr
is observed only in spermatozoa. The normal function of ctliary
movement is to aid in propelling mucus in the respiratory tract,
ova in the Fallopian tubes, spermatozoa in the vas deferens, etc.
Ciliary movement is due to intracellular protoplasmic disturb-
ances, at least it is the result of chemic influences, Over stimu-
lation or disease may produce increased action and finally fatigue
or paralysis of the cilia, or they may produce cessation of their
action. The most extensive and important cell movement is
noted in the highly specialized muscular cell. As the muscle
cell maintains its relative position when contraction takes place,
the movement is principally evident in the structures to which
the muscle fibre is attached. The rate and extent of contraction
vary in the different varieties of muscle. The spongioplasm is
the active portion of the cell in contraction, the hyaloplasm being
passive only in function. Nerve fibres terminate in end-organs,
i. e., muscle plates, through which are transmitted impulses that
produce muscular contraction. Muscular movement is an in-
dispensable function. as circulation and respiration are abso-
lutely dependent upon it. Digestion and urination would also
be suspended if muscular action were curtailed. Immobility may
be the result of muscular fatigue or dissociation of motor nerves
and muscle fibres, or be due to neuroses. Muscular spasms
are usually the result of violent stimulation of the motor nerves,
although it may result from excessive stimulation of the muscle
fibres themselves,

Metabolisrn.—Metabolism is a term used to designate the
processes included in nutrition or digestion, absorption, assimila-
tion, katabolism, and excretion. These processes are the results
of cell action. Metabolism includes two general processes, i, e,
constructive metabolism or anabolism and destructive metabol-
ism or katabolism. Active cells are constantly consuming foods
and eliminating waste material. The quantity, quality and
previous preparation of the nutritive substances required, varies
according to the specialization and degree of action of cells. The
lencocyte is relatively simple, 1. e., it is a primitive type of cell.
A feucocyte is not very selective in its food requirements, It



32 YETERINARY PATHOLOGY.

produces ferments that digest food substances, as well as necro-
tic tissue as inflammatory exudate. The phagocytic action of
leucocytes is largely dependent upon the fact that the substances
phagocytized have been previously rendered inert. Connective
tissue cells are closely related to leucocytes in their power of
producing digestive ferments. Endothelial cells produce fer-
ments which aided by the leucocytic ferment, dissolve and devour
thrombi and emboli. On the other hand nerve cells are quite
selective in their food requirements and they have practically
no power of producing digestive ferments.

The foods required by cells are nitrogenous and non-nitro-
genous. Nitrogenous nutrients are used in the construction and
ntaintainance of the cell protoplasm. The non-nitrogenous foods
are essentially carbohydrates and fats which are consumed
when energy, in the form of either heat or motion, is liberated.
When non-nitrogenous foods are consumed in excess, some of
them may be stored as glycogen in the liver, or as fat in the
various parts of the body, thus producing glycogenic or fatty in-
filtration. The consumption of nitrogenous food in excess may
result in overwork of nitrogenous excretory organs as in induced
albuminuria, Insufficient supply of carbonaceous food produces
disturbed metabolism, because of the necessary conversion of
nitrogenous food or nitrogenous cell constituents into carbon-
aceous substances, in order that the body energy may be main-
tained. Diminished supply of nitrogenous foods is temporarily
compensated for by consumption of the protoplasm of the body
cells. If the nitrogenous food supply is materially diminished
for a long time or entirely withheld, the body cells atrophy,
degenerate, and ultimately die.

The waste products are also divisible into two classes, nitro-
genous and non-nitrogenous. The nitrogenous waste substances
are urea, or some allied product, They represent katabolic pro-
ducts, i. e, the results of destructive changes in the cell proto-
plasm. The carbohydrates and fats are almost entirely converted
into enerpy ; carbon dioxide and water being the chief katabolic
products.

Irritability.—Irritability is the property of certain cells which
enables them to respond to stimuli. Stimuli may be chemic,
thermic, electric or mechanic. The property of irritability is
vested especially in nerve cells, although other cells are slightly
irritable, e. g., muscle cells. The degree of sensitiveness varies
greatly in different species of animals and to a less extent in dif-
ferent individuals of the same species. Thus the thoroughbred
horse has a more sensitive skin than the draft horse. Irritability
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is a very jmportant property because it is the means through
which the nature of environments is recognized. Many of the ac-
tivities of the body are responses to impulses resulting from stim-
ulation of irritable cells. Irritability is the property of cells which
enables an animal to communicate with its environments as,
sight hearing, smell, etc. Irritability may be intensified or
diminished by pathological processes. Thus chemic variations,
resulting from katabolism in tissues affected with inflammation,
produce increased irritability or intensify stimulation of nerves,
and is manifested by hyperasthesia or by pain. Anemic and
venous hyperemic tissues are usually less sensitive than normal
tissues because of the accumulation of waste product that tend
to inhibit impulses or diminish irritability. Correlation of the
cell to the entire organ is of considerable moment, and is de-
pendent upon irritability and response to stimuli.
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Health has been defined as that condition in which the normal
structure and functions of all the component parts of an or-
ganized being are maintained.

Disease is a functional or structural deviation from the normal.
It is that condition in which an organism cannot accustom itself to
its environments. Health and dizease are, however, only relative
terms, because of the difficulty of determining a normal standard.
The two conditions necessarily overlap.

Diseases may be classlied in many ways, as local and general,
infectious and non-infectious, inherited and acquired, ete,

INHERITED DISEASES are those transmitted from the parent in
spermatozoa or ova and are present at the time of fertilization. Cer-
tain characteristics are transmitted from parent to offspring such as
genus. breed and individual peculiarities. Thus horses have peculi-
arities so fixed and constant that they are transmitted to their off-
spring and differentiate them from other species of the genus Equus,
Breeds are differentiated by certain peculiarities; thus Jersey cattle
are brown to light fawn in color with a brown muzzle, horns turned
in and up, they are small, lean, dish faced, etc., all of which are
peculiarities that distinguish them from other breeds of cattle.
There are individual peculiarities, some of which are the result
of the fusion of parental characteristics; thus the offspring may
be of solid color, the result of the fusion of different parental
colors, (color blending), or they may be piebald, indicating fail-
ure of coler blending (mosaic coloring). The extent of intensi-
fication of inherited generic, breed or individual peculiarities de-
pends upon the prepotency of the parental stock. This pre-
potencv depends upon the length of time that the type has
existed under similar circumstances. The foregoing illustrates
what is meant by the term “heredity”, and demonstrates that
the breeding of stock is a science,

Diseases are rarely inherited, first, because diseased spermato-
zoa and ova are probably incapable of fertilization, and second,
there is always a tendency to abort when the embryo or foetus
is diseased. A predisposition may be inherited, i. e., the progeny
of diseased parents may be more susceptible to disease than the
progeny of a healthy parentage. Infectious diseases are very
rarely inherited. It has been demonstrated that spermatozoa
are not phagocytic in action and probably ova have no phago-
cytic tendencies; the latter, however, has not been proven. The
quantity of semen and the number of spermatozoa per given
volume varies in different animals and in the same animal under
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different conditions, Loeb estimated that the average human
seminal ejaculation contained about 226,000,000 spermatozoa.
The average seminal ejaculation of a dog probably contains
about the same number of spermatozoa as that of the human.
Lewis found that one stallion ejaculated 63 cc. of semen during
one service, each cmm, of which contained approximately 131,-
750 spermatozoa ; another stallion ejaculated %0 cc. of semen dur-
ing one service, each cmm. of which contained approximately
225,000 spermatozoa. The quantity and the number of sperma-
tozoa per given volume of semen ejaculated during one service
of the bull has not been determined, at least the information has
not been found in the available literature. However, it is reason-
able to suspect that the number of spermatozoa ejaculated dur-
ing a single service by the bull is equal to the number ejaculated
by a stallion during a single service. It is difficult to collect
the entire discharge of semen of a boar, but Lewis obtained 100
cc. from a single service of a boar and by repeated examinations
he has determined that the semen from boars contains more
spermnatozoa per given volume than that from stallions. There
would, therefore, be less chance for fertilization with an infected
spermatozoon in the horse, ox and hog than in man. Suppose
there were 1,000 tubercle bacilli infecting 1,000 spermatozoa that
were ejaculated by a bull in one service, then there would be
one chance in about 12,000,000 of an infected spermatozoon
fertilizing an ovum, assuming that one seminal ejaculation of
the bull contains approximately the same number of spermatozoa
as one seminal ejaculation of a stallion. The chance is so slight
that it need not be considered. The offspring of animals affected
with some infectious diseases are more susceptibie to those dis-
eases, For example, calves of tuberculous parentage are more
susceptible to tuberculosis than calves of non-tuberculosis
animals.

Neoplasms or tumors are occasionally inherited or at least
there is an inherited predisposition to them. Dr. A. F. Meredith
of Lincoln, Kansas, submitted a tumorous growth for examina-
tion that was obtained from the left eye of a2 mule. The dam
of the mule, as well as four of her brothers and sisters had a
similar defect of the same eye. Cadiot refers to a family of dogs
in which there were carcinomata of the mammae for two successive
generations.

‘Malformations, though usually of congenital origin, are
probably more frequently inherited than is any other type of
disease. Thus a cryptorchid stallion was used for breeding
purposes in a certain locality in Illinois and about 20%
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of his male colts were cryptorchids. About 5% of the male
progeny of one of Missouri’s most famous boars, Chief Tecum-
seh II, were cryptorchids. Liberty Chief and Chief I Know,
two boars sired by Chief Tecumseh II, were noted boars and
from 3 to 5% of their male get were cryptorchids. Chief Per-
fection II, also sired by Chief Tecumseh 11, was the sire of Che-
rokee Perfection which in turn sired about 3% of cryptorchids,
Thus this structural defect appeared in at least three genera-
tions. A female Belgian hare having one ear, produced a large
number of young of which more than 50% had only one ear.

Epileptic domestic animals and those affected with other
nervous disorders are usually destroyed or at least are not bred,
hence the statistics of inherited nervous diseases in domestic
animals are very meagre, but there is little doubt that such
diseases, or at least a predisposition to them, is inherited. La
Notte recorded hereditary epilepsy in the progeny of two epi-
leptic bulls, the disease becoming evident in the females after
they had given birth to their first calves, and in bulls soon after
they were put into service,

Some other diseases are inherited, thus; periodic ophthalmia
has, in many instances, occurred in, and affected practically an
entire family of horses. There is a predisposition to spavins,
splints and ringbones in certain strains of horses. This is due
to inheritance of structural or conformation defects.

ACQUIRED DISEASES.

The life of mammals is conventionally divided into twe
periods, the ante-natal or intrauterine, and the post-natal or
extrauterine. Acquired diseases are those contracted after
fertilization and hence may be ante-natal, (congenital) or post-
natal.

Ante-natal or Congenital diseases are those contracted be-
tween the time of fertilization and birth. Some infecticus diseases
are congenital, for instance, marked lesions of tuberculosis were
found by the writer in 1900 in a three day old calf, and two
authentic reports of similar cases have been received since that
date, (These cases were not considered as inherited for the
reason heretofore given, and in all three cases lesions of tubercu-
losis were found in the uterus and adjacent tissues of the cows.)
Infectious disease. are seldom transmitted from the mother to
the foetus because of the relation and anatomical structure of the
placental membranes. The female is usually either sterile or
aborts if the uterus or the accessory parts are diseased, while
the male is not likely to be productive if the genital organs are
diseased. Exanthematous diseases are frequently congenital
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Teratomata and other maliormations are diseased conditions and
are usually of congenital origin.

Post-natal diseases are those contracted at any time during
the life of the animal after hirth, as laminitis, actinomycosis, and
spavin.

In classifying diseases according to extent, two groups are
usually described, viz:—. local and general.

1. A LocaL disease is one that affects a part or organ: as urethral
calculi, pulmonary anthracosis, etc. Local diseases proper remain
localized although the term is used in a broader sense to desig-
nate a circumscribed, local, morbid process that may later he-
come generalized. Thus; tubercular infection of a group of
lymphatic glands is frequently spoken of as localized tubercu-
losis.

2. a GeNERAL disease, strictly speaking, is one invoking the en-
tire animal body, as anemia, but in a more restricted sense it is
used to designate the involvement of several parts or organs.

Etiology.—Disease has been defined as an inharmonious
relation between an individual and its environments. This
definition is indicative of the various factors concerned in the
production of morbid processes. The causes of disease may be
conveniently subdivided into two groups, viz.: predisposing causes
and exciting causes.

PREPISFOSING CAUSES.—Predisposing causes are those condi-
tions or environments whch render animals more suscept-
ible to disease.

It has long been recognized that many diseases of domestic
animals are due to induced variations of species that result from
selection by breeders. New breeds of the various animals are
produced so rapidly, that the individuals of the new breeds are
more susceptible to disease.

Retrogressive changes in anatomical structures predispose to
disease. The tarsal joint of the horse is gradually changing
from an active to a passive structure; this change results in a
tendency to ossification and ankylosis or spavin formation. Pro-
gressive changes in various structures are responsible for some
diseased conditions, viz., navicular disease in the horse, or dairy
breeds having large udders, are more susceptible to mammary
diseases. Several breeds of horses are characterized by small
heads and especially diminished facial bones. a conformation
that predisposes to dental diseases.

Inbreeding has been a cause of decreasing the resistance of
animals to disease.

Age. The age of animals is an important predisposing factor
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in the causation of disease. The very young animal is struc-

turally more delicate than the matured animal. Tissues are more

or less permeable to the various bacteria, and until the young

acquire an immunity, i. e., establish a resistance, they are more

or less influenced by bacterial activity in their tissues. There

are some diseases, however, that affect only young animals, as,
canine and colt distemper, while uther diseases occur primarily

or only in adults as carcinomata and bursattae.

Sexr is of consequence in the occurrence of disease. Parturi-
tion predisposes females to disease. Males are especially suscept-
ible to urethral calculi.

Genus may be a characteristic factor in the predisposition to
disease. Glanders is a disease of the genus equus, caseous-lymph-
adenitis of the genus ovis, canine distemper of the genus canis,
rinderpest of the genus bovis.

Breecd—There atre certain peculiarities of different breeds of
animals that are inducive to disease, thus the original Clyvdesdale
horse is not resistant to laminitis; the thoroughbred having a
netvous temperament is more susceptible to heart disturbances;
the jersey cow with a diminished breathlng capacity is more
liable to pulmonary tuberculosis.

White or light colored animals are more susceptible to der-
matitis and are more affected by flies than those of darker color.
In certain locations there are no white hogs because the hogs
in those locations feed upon the roots of Lacuanthis tinctoria,
which causes a pink discoloration, (hyperemia), of their bones
and causes sloughing of the feet in all except black hogs.

Individuals of a resistant strain are sometimes especially sus-
ceptible to certain diseases. '

Location—The soil of a locality may be deficient in some
necessary ingredient or contain some noxious constituent. Some
localities may be continually damp and muddy, others dry and
dusty, and still others abound in objectionable gases and odors.
Any of the above conditions naturally diminish the resistance of
animals ; thus pica exists in localities in which the soil is prob-
ably deficient in some ingredient, scratches and thrush are com-
mon where mud abounds; broken and cracked feet in dry dusty
regions, and nasal catarrh where irritating odors are common.

Climate definitely influences the hairy covering of animals.
In Angora, not only goats but also collie 'dogs and cats have
fine fleecy hair. Mules kept in mines constantly for a long time
become covered with velvety hair like that of a mole.

Season.-~Some diseases are more common in certain seasons.
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Thus pneumonia is" more prevalent during the seasons of sudden
change as early spring and late fall,

Occupation.—The city express horse is particularly liable to
diseases of the feet, the thoroughbred to rupture of the heart
or blood-vessels, the dairy cow to udder diseases, the house
dog to indigestion, etc. ,

Food and W ater—Excessive, insufficient or unwholesome food
and water, also irregularity of feeding or watering are fre-
quent causes of depressed condition of animals. In Holstein
an enzootic anemia destroys hundreds of suckling pigs annually.
The pigs are apparently normal until about two weeks of age.
The cause is probably improper food and a predisposition result-
ing from excessive stimulation of the reproductive function of
the sow. Variegated color of parrots is produced by feeding
green parrots fat from siluroid fishes. Colic is essentially a
-ditetary disease.

The effects of previous disease frequently leaves an animal
in a depleted condition, thvs petechial fever is frequently a
sequel of pneumonia or “stable fever” (catarrhal fever).

Owerwork, lack of exercise, variable temperatures, and other
minor causes all have their influence in depressing the animal
body.

Imitation.—Some animals, colts especially, have a tendency
to imitate what other horses do, thus colts allowed to run with
cribbing horses occasionally become cribbers.

EXCITING cAUses of disease are those acts or agencies which
directly and specifically produce disease as falling, sunlight.
chemic substances and infection.

Mechanic, physic, chemic and parasitic agencies are the principal
exciting causes of disease.

Mechanic~—Diseases are produced mechanically by break-
ing the continuity of involved tissues, by compression, or by
changing the relations of anatomical elements. The condition
resulting from a break in the continuity of a surface soft tissue
is termed a wound, of sub-surface soft tissue, a rupture and of
osseous tissue, a fracture. Compression may cause bruising cr
crushing depending upon the mechanical object inducing the in-
jury, and the amount of pressure exerted. Luxations or dis-
locations are the result of changed relations of bones, tendons
and ligaments. Volvuii and intussusceptions are the result of
changed relations of the intestine. Hernia is a condition in
which there is a changed relation, caused by a break in the
continuity of one tissue which permits an adjacent tissue or
structure to protrude or sacculate through it.
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Dogs are more frequently injured by biting than other ani-
mals although they may inflict lacerated wounda in other ani-
mals especially hogs. Horses more frequently than other ani-
mals become injured by pawing, rearing, kicking, falling and
colliding with foreign objects. The majority of barbwire
wounds are the result of pawing over or through a wire fence.
Rearing frequently results in straining the calcaneo-cuboid liga-
ment thus producing a curb. Slipping may cause the straining
of tendons, thus producing curbs and spavins as well as ten-
donitis. Falling may produce strained tendons and is the usual
cause of dislocations, rupture, hernia, volvulus and fractures.
Runaway horses and mules frequently collide with fences, trees,
buildings, and various vehicles, as buggies. wagons, street cars,
etc., and thus produce a variety of injuries.

TlI-fitting shoes are responsible for contracted feet, strained
tendons and ligaments, speedy cuts and bruises by interfering.
Ilfitting collars produce galled shoulders, sore neck, cerebral
venous congestion and sweeney. Illfitting harness produces
sweeney, sore neck, sore back, galled sides, rump and tail, an
illfitting bridle causes irritation of the mouth, injuries to the
eyes, the ears and the throat-latch region, and poll evil. Except-
ing the sore mouth, illfitting halters produce the same results as
illfitting bridles. Illfitting saddles produce sore backs, sitfasts,
injury in the region of girth and bruises resulting in fistulous
withers.

Attendants may inflict injuries of various types. Several
cows in a dairy recently observed. were all lame in the right
hind leg. TUpon closer inspection the right tarsal joint was
found enlarged and sensitive. One man had been milking all
the affected cows and finally admitted that he had éither kicked
or struck each lame cow upon the tarsal joint,

Bandages are frequently so tightly wound upon a part that
they obstruct circulation thus producing venous congestion,
which predisposes to infection. Some cases have been observed
in which splints improperly applied to support a part have
resulted in venous congestion, oedema and necrosis. Careless
individuals will place rubber bands upon dogs’ tails, ears, and
feet to see the animals remove them. The dog will sometimes
fail to remove the rubber band, which, by pressure, may divide
the skin and soft tissues, and finally cause the portion distal
to the band to become necrotic and slough.

Shooting occasionally causes mechanical injury to animals
In pastures, especially during the hunting season. This is more
frequently the source of inj.ry during a war, and a knowledge
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of the various types of bullets and wounds inflicted by same
is of considerable importance to army veterinarians.

Powdered glass, which is sometimes maliciously incorporated
in food for the purpose of destruction of life, may excite gastric
and intestinal inflammation. Sand is sometimes consumed in suf-
ficient quantities, by animals, grazing upon sandy soil, to mechan-
1cally interfere with digestive functions, and mechanically injure
the gastric and intestinal membrane, Nails, wire, staples, etc.,
are frequently ingested with food by animals, especially catile,
which objects may abraid and cause injury by producing abra-
sions of the mucous membrane or even by puncturing the wall
of the digestive tract, thus establishing such inflammatory dis-
turbances as peritonitis, pleurisy, pericarditis, etc.

Various mechanical contrivances such as operating tables,
throwing harness and hobbles, used in subduing fractious ani-
mals or confining animals for operative procedure may produce
injury.

1. Physic—Temperature variations, not only predispose to
disease, but may also become an exciting cause. Excessively high
temperature is likely to produce overheat, (insolation, heat
prostration). verheat or heat prostration is frequently ob-
served in fat hogs having little or no shelter in the summer
time, or in hogs being hauled in wagons or cars, or being driven
in herds to market, It is also frequently observed in horses
worked on pavements in cities during the summer months.

Local application of excessive heat produces burns. The
lesions produced in local burns, vary according to the degree
of temperature, the length of time applied and the tissue resis-
tance. Three grades of lesions, of local burns, determined by
the degree of temperature, may be described. First, short expos-
ure to a temperature of from 50° to 60° C. produces an hyper-
emia or a burn of the first degree; second, exposure to a tem-
perature of 60° to 80° C. for a short time produces inflamma-
tien, characterized Dy a serous exudate that accumulates in the
malpighian layers of the epidermis forming vesicles or blisters;
third, an exposure to a temperature above 80° C. for a brief
period, produces necrosis, the dead tissie becoming dry and
hard. Burns involving one-fourth to one-third of the cutaneous
surface frequently terminate fatally as a result of excessive heat,
hemolysis of the red corpuscles, increased heat dissipation and
other disturbed cutaneous functions.

Excessively low temperature may diminish the bodv tem-
perature, of warm blooded animals, to the extent that the func-
tioning is modified or inhibited sufficiently to result in death.
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Animals are naturally protected from the effects of low tem-
peratures, in dry weather, by their coat of hair, fur, wool or
leathers. When their protective coat becomes wet it no longer
orevents heat dissipation consequently animals having no shel-
ter, as ranch horses, cattle, and sheep, frequently die in great
numbers during the early cold spring rains.

The local lesions caused by low temperature are practically
the same as those resulting from exposure to high temperature.
Thus exposure to a mild, low temperature produces hyper-
emia; exposure to freezing temperature produces inflammation
accompanied by a serous exudation but the exudate rarely
accurnmulates and forms a vesicle as in burning. Exposure to
extreme low temperature produces necrosis, the frozen tissue
becoming dry and hard.

Animals are most frequently exposed jo temperatures suffi-
ciently high to produce insolation in the daytime, in the tropi-
cal or temperate zones, although overheat is sometimes observed
during the night. Exposure to temperatures that produce local
burning usually occurs in conflagrations of buildings. Scores
of animals die, in the spring, on ranges or large pastures, in the
temperate zone, as a result of diminished body temperature in-
duced by exposure to cold rains. These animals are usually
depleted because of insufficient or non-nutritious food. Their
coat of hair or wool becomes saturated with water and thus the
body temperature regulation is disturbed. Lesions produced by
low temperatures are evident only in regions and seasons, where
there is a low atmospheric temperature. Local freezing usually
occurs in extremities as the ears, tail and feet.

2. Photic—Exposure to sunlight frequently produces derma-
titis, especially in those animals having a thin, light colored skin,
White hogs are quite seriously affected by sunburning, in some
localities. This peculiarity prohibits the raising of white hogs,
in certain districts in Africa and Central America. R. Paine, F,
R. C. V. S, of the Department of Agriculture of Cape Colony,
in the Journal of Comparative Pathology and Therapeutics,
Part 1, Vol. XXI, reported some cases of dermatitis in cattle,
that were undoubtedly the result of exposure to sunlight. D. M.
Campbell observed about 40 Duroc Jersey pigs affected with derma-
titis induced by sunlight.

Direct or reflected sunlight is also injurious to the eyes of
domestic animals. The injurious effects are noticed more especi-
ally in animals driven upon macadam thoroughfares or over
light colored soil. Electric and gas lights have also been
found to be injurious to the eyes of various animals especially
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when the lights are allowed to shine directly into their eyes.
Epilepsy has been produced in horses by sudden exposure to
intense light.

The immediate cause of the effects of exposure to sunlight
upon the skin is not known but is thought to be the result of
the action of the actinic or chemic rays. The effects of expos-
ure to light upon the eyes is excessive stimulation which pro-
duces exhaustion thus predisposing to, if not directly exciting
disease.

3. Electric.—Animals are susceptible to the action of elec-
tricity. Horses are especially susceptible to its influences, a
direct current of 500 volts, 100 amperes, is sufficient to kill a
horse, and an alternating current of 160 volts is destructive to
medium sized dogs.

Contact with electricity may be the result of lightning, and
charged electric wires, or rails. Horses and cattle frequently are
struck hy lightning while in pastures, and animals used in cities
are occasionally accidentally brought in contact with electric
currents. Depending upon the amount of electrical current, the
results may be a slight singeing of hair, burning, or laceration
of tissues in general. Carcasses of animals destroyed by electri-
cal currents have also been observed in which no lesions could
be found. On examination of carcasses of animals dead of
lightning stroke, there is usually more or less singeing of the
hair, hyperemia and hemorrhages along the course of the cur-
rent,

Chemie~—Chemic substances capable of producing disease are
very common and may have their origin from the mineral, veg-
etable or animal kingdom, and are inorganic or organic. It is
probable that practically all chemic substances may, under cer-
tain conditions, be injurious to the tissues of the various animals,
Some chemicals are always injurious, others may become in-
jurious by chemic¢ change induced by the tissue juices. Those
chemicals capable of producing deleterious effects in the animal
tissues are poisons. (Poisons are substances which when taken
internally or applied externally alter health or destroy life with-
out acting mechanically or reproducing themselves,)

According to their modes of action, poisons have been classi-
fied as follows: 1. Corresive poisons, {caustics and irritants.)

The action of this group varies from the production of a
simple hyperemia to hecrosis. The most common agents are
mercury, arsenic. sodium. and potassium hydroxide and the min-
eral acids.

2. Parenchyvmatous poisons. This group produces tissne
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degeneration, especially parenchymatous and fatty degenera-
tions. The most common parenchymatous poisons are the tox-
ins, endo-toxins, ptomains, leucomains, phosphorous and silver.

3. Hemic poisons, These act principally upon the red blood
corpuscles and may inhibit combination of hemoglobin and
oxygen, and cause disintegration of the cells and even produce
thrombosis. The principal agents that combine with hemo-
globin and thereby produce disintegration of the red cells, are
carbon monoxide, sulphuretted hydrogen, hydrocyanic acid, the
chlorates, and mercury.

4. Nerve and Cardiac Poisons. These may produce paraly-
sis by over-stimulation of nerve centers, or they may produce
variation in the rate and force of the heart beat. Narcotics,
such as atropine and solanin are types of neurotoxic poisons.
Potassium salts depress the rate and increase the force of the
heart action,

A poisonous drug .,may act in a variety of ways depending
upon the form of the drug, size of dose and method of adminis-
tration,

The following are the more common inorganic poisons:—
arsenic, mercury, sodium, potassium, lead, copper, chlorine, and
and the various oxides, salts, acids and bases formed from
them.

Many organic compounds are responsible for poisoning in
animals as phenol, iodoform, picric acid, hydrocyanic acid. In
fact most of the medicinal organic compounds are poisonous in
large doses.

There are many plants that are responsible for extensive
losses of live stock in all parts of the United States, Canada and
Mexico, and are most extensive in range districts. Colorado
and Montana have had losses aggregating $200,000.00 annually,
in live stock, from plant poisoning. The following table gives
the common and botanical names of plants that most frequently
produce poisoning in animals. (See insert No. 1.)

These plants are not all poisonous during their entire
development. The cocklebur is most poisonous in the earlier
stage of development, that is, at the time the cotyledons come
through the soil and for two or three days after the plant is up.
Lupines are harmful principally while the seeds are maturing.
Larkspurs are harmful only until the flowers appear. Dry sea-
sons are usually most favorable to the formation of poison-
ous principles in plants. Ergot develops most extensively dur-
ing the wet seasons. Second growth or stunted kaffir corn and
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worghum plants are more likely to be injurious than first
growth or well developed plants.

Poisonous plants usually have some noxious properties as
odor, taste, or appearance that protects them from consump-
tion by animals. Poisoning usually occurs in animals that are
hungry or are not accustomed to the location, or at least are
not familiar with the plants that abound there. Animals in
districts where poisonous plants are found are usually familiar
with the disagreeable properties of them and let them alone or

Fig. 16.~Fed Buckeye (Acvsculus Pavia),

the animals may hecome accustomed to the injurious principles
of the plant, that is, develop a tolerance similar to immunity to
infective diseases. ’

In their vital activities microphytes (bacteria, veast and
moulds) and microzoa (protozoa) produce cliemic substances
that are extremely poisonous to animals. Thus saphrophytic
bacteria produce ptomains in putrefying flesh. Fermented, musty
or mouldy hay contains injurious substances that produce indi-
gestion in the horse and ox. The specific products of micropara-
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sites will be discussed under the topic of vital or infective
causes of disease.

Bees, wasps, scorpions, ants and other animal organisms
liherate poisonous chemic substances (zootoxins) which, when
introduced into the animal body cause marked disturbances.

Poisonous snakes secrete and liberate injurious chemic sub-

Fig. 17.—Loeo (Astragelus Molilssimus).

stances. The poisonous principle, zootoxin or venom is pro-
duced by glandular tissue, and is liberated through canals or
grooves in their fangs. The exact chemic contposition of venom
has not been determined but is not the same in the different
venomous snakes, Noguchi has classified the principle action
of venom as follows:—

b Google
C
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1. Instantaneous production of thrombi. Crotalus (rattle-
snake).

2. Neurotoxic action. (Cobra.)

3. Produce capillary ruptures and hemorrhage. Crotalus
(rattlesnake).

4. Produce hemolysis. Crotalys (rattlesnake).

5. Produce general cytolysis. Crotalus (rattlesnake).

and viper berus (adder).

The following is the toxicity estimate of venom per kilo-
gram body weight:—

Cobra venom .00009 gram lethal dose for horse intravenously.

Cobra venom .0005 gram lethal dose for dog subcutanously.

Rattlesnake .005 gram lethal dose for rabbit subcutanously.

Viper 0001 gram lethal dose for rabbit intravenously.

Retrograde metamorphosis in the tissues of the antmal body
frequently results in the production of leucomains which when
absorbed are extremely poisonous and cause marked disturb-
ances. Over action of muscular tissue may cause the produc-
tion of leucomains, thus horses that are overworked, although
their food and water are first-class and their digestion is good,
are occasionally affected with a severe diarrhoea caused by the
action of leucomains.

Parasitic or Infectious. During the last quarter of a century
pathology has received an impulse by the knowledge of micropar-
asites acquired during this time. Although parasitism has been
known since the dawn of the 19th century the importance of
microparasites has been recognized only siace bacteriology be-
came a science,

Parasitism is an evolutionary condition. It is the result of a
long continued struggle. and the survival of the fittest, during
which there is a necessary adaptation to constantly changing en-
vironmental conditions. Parasitic causes of disease include rep-
resentatives of both the plant and animal kingdom. Parasitic
plants (Phytoparasites) are practically all microscopic in size
and are termed microphytes. Pathogenic plants are all fungi
and the following scheme gives their position in the plant king-
dont:

I'"EGETABLE PARASITES.

KINGDOM PBRANCH CLASS ORDER FAMILY GENUS SPECTES
1. Plant -mllophyunmomneh- trrensnrsnensers Muclkdiness O Porrigh
(Asborion
sehonsnleini)
9. ﬂlnt Thallsphyta Hyphvmyoutes Plecasciness Aspergifaooes Aapergiling Fumigeins -

5. Thallophyts Hyphomycotes ﬂmadnm Mperr!lhem +  Aspergilios Niger

4. nt 'l'hlluphm Awomynetes of s 1 ¥ mrﬁrom Fureiminosus
5. ok "I'h-llnlm.nsohinomymc wepertamrairan aarasssin sTrrgves oo ACtINOmMEOsS Bovh

8. Plant Thallophyts BehizsomPoater , o .orinprrin rtriqansasssasianisras T otr
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Hyphomycetes (Moulds).

Hyphomycetes or moulds are non-chlorophyllic plants. Struc-
turally they are composed of mycelial threads from which up-
right reproductive organs may be formed. They are usually
multicellular and reproduce by spores. They require preformed
foods and thrive best in the absence of light.

Oospora porrigines (Achorion Schoenleini) is the organism
that causes favus. These organisms have mycelia with hyphae,
the latter may be branched and terminate in bulbous ends. The
snycelium is later converted into oval spore-like bodies. Favus
is occasionally observed in dogs and cats, more rarely in horses
and fowls. The disease is characterized by dry scales which
are brown, yellow or even white upon the surface and vary
from white to sulphur yellow in their deeper layers, The areas
involved are usually not more than %5 or 34 inch in diameter,
and are usually devoid of hair. The lesion may occur on the
head, especially on the forehead, cheeks or ears, and on the
abdomen, or outer surface of the hind legs.

Sporotrichium Audouini (Trichophyton Tonsurans) is the
fungus that causes ring-worm (tinea tonsurans). This fungus is

Fig. 18, —Trichophytoa Tonsurass. showing myccllum and spore like bodics.
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found in the lesion and is probably strictly parasitic. Structurally
it is composed of a simple or branched mycelium which may
become broken up as a thread of ovoid spores. The spores may
also appear in groups in the hair follicles. The disease becomes
evident because of the presence of small circular hairless patches
which are covered by grayish crusts or scales. As the disease
progresses the central portion of the lesion becomes normal and
the peripheral tissue becomes involved. This condition has
been ohserved in the horse and ox: other domestic animals
rarely become affected. .

Aspergillus Fumigatus is responsible for an occasional out-
break of pulmonary mycosis (Pneumo-mycosis Aspergillosis)
in birds. This fungus is of common occurrence in nature,
Structurally the fungus consists of a segmented mycelium

Flg. 19.—Aspergilios Fumigntns.

which may branch dichotomously and from which upright
stems termed hyphae may origtnate. These hyphae may bhe
segmented and terminate in club-like heads. A tuft of hair-
like projections (sterigmata) develops from the hyvpha head and
on the distal end of each hair there is a spore bearing organ
(comidium). The entire hypha head with its spore bearing
organs is included in a capsule the rupture of which is nec-
essary for the distribution of the spores. The spores of Asper-
gillus are present in large numbers in hay, straw, barn-yard
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manure, etc., and they maintain their vitality in the dormant
state for a considerable length of time.

The source of infection is contaminated food, water or air.

The principal lesions are located in the trachea, bronchi,
lung and air cells of bones. The disease is characterized by a
fibrinopurulent inflammation of the mucous membranes of the
trachea and bronchi and abscess formation in the lung.

Aspergillus Niger is probably responsible for the cause of
some cases of ear canker in dogs.

Saccharomyces. (Yeast)..

Saccharomyces are the budding fungi. The classification of
this group, the yeast plants, is as vet incomplete, their general
biologic characteristics not being well known. A few varieties,

Fig. 20.—Yems#t (Sunccharomyces Farciminosus).

however, have been studied, one of which, Saccharomyces Cere-
visiae, is of considerable economic importance to the brewers.
Yeasts are ovoid or spherical single celled non-chlorophyllic
plants that reproduce by budding. Structurally the yeast cell
has a cell body composed of protoplasm and a double cell mem-
brane the latter composed of condensed protoplasm. The cell
body may contain vacuoles, granules or foreign substances.
Reproduction, which is by budding or gemmation, occurs at one
or both ends of the yeast cell and even in some cases from
the side of the cell. Budding begins by the appearance of small
tubercles or buds which develop until a considerable size is
attained. The daughter cell may remain associated with the
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mother cell or it may become detached and then pass through
2 similar cycle. Under certain conditions the yeast plant may
develop into filamentous threads and in other instances may
produce spores,

Saccharomyces was, for a considerable time, associated as
an etiologic factor in the production of carcinoma. It is prob-
able that the “carcinoma bodies” (dense refractile oval bodies)
are yeast cells but it is quite evident that they have no etio-
logic significance in carcinomata. '

Dermatitis in the human is, in some instances, of a saccharo-
mycetic origin and no doubt some of the resistant cases of der-
matitis in domestic animals have a similar cause.

The principal pathogenic saccharomyces that concerns the
veterinarian is the Saccharomyces farciminosus, which has
been described by Rivolta as the Crvptococcus farciminosus.
This yeast is the cause of epizootic lymphangitis, a disease
which affects equines and primarily involves the cutaneous
lymphoid tissue. The disease is prevalent or has prevailed in
many localities in the United States, and in the Phillipines,
as well as, in India, Japan, China, South Africa, England and
Ireland. The principal lesions are located in the lymphoid
tissue which becomes tumefied and inflamed and in which the
lymph sinuses are found to be engorged with coagulated lymiph
and pus. The Iymphoid tissue later undergoes central liquefving
necrosis and this is followed by the formation of pustules or
ulcers. After the discharge of the pus the ulcer gradvally heals
and the related tissue becomes indurated. In a few cases
lesions have been observed in the liver and spleen,

Two other pathogenic fungi that have not been satisfactorily
classified are the Actinomyces Bovis and the Dotrvomyces
Ascoformans, These are the causative agent of Actinomycosis
and Botryomvcosis respectively, These micro-organisms as
well as the diseases they produce will be discussed later.

Schizomycetes. (Bacteria).

As will be noted by the foregoing scheme, bacteria are
classed among the lowest groups of plants. Each bacterium is
a single cell and contains no chlorophyll.

The science of bacteriology is of recent development, because
early investigators were compelled to use comparatively crude
microscopes and because they were not familiar with the condi-
tions required for hacterial growth. The development of bacter-
jiology was coincident with the discussion pro and con of the
theory of “spontaneous generation.” This theory was disproved



GENERAL CONSIDERATION OF DISEASE. 53

by Pasteur about 1865, whose classical experiments also aided in
establishing bacteriologv as a science. (It is possible that bio-
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Flg 21, —Showlng diﬂerenl. forme of Coocl.
1. Mlerococcus. 1. Tetrads,
¥ Blreptoccus. 5. Sarcina.
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chemists may produce life, (animate objects), by synthesis of
inanimate substances which will only represent the achieve-
ments of ultratechnical scientists and will not signify that spon-
taneous generation occurs in nature). Thirty or forty years
ago the study of bacteria was looked upon as a fad by the
majority of the people. However, the practical application of
bacteriologic knowledge in medicine, sanitation, the warious
arts and agriculture, has caused bacteriology to assume its
present important position as one of the principal biologic
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Fig. 22.—Varlous forms of Bacilil

Bacteria are found evervwhere that animals or higher plants
have grown. They are practically omnipresent.
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Flg 23 —Varlous forms of Bpirilla.

Bacteria are single celled plants, each individual possessing a
cell bodyv and a cell membrane, The cell body is principally
composed of protoplasm, which may be homogeneous or gramular.
In some instances non-protoplasmic particles may be present.
Chromatin, the essential nuclear material, is regularly distrib-
uted throughout the entire cell body and no doubt functions
the same as a nucleus. Granules that are intensely stained
with methylene blue occur in the body of some bacteria, but
their significance is not known. The cell bodies of some hacteria
contain starch granules while those of others contain sulphur
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granules. The cell membrane is of a protoplasmic nature and
is probably formed by condensation of the piotoplasmic cell
body, whereas cellulose constitutes the cell mumbrane of the
cells of higher plants. Some species possess oryans of locomo-
tion called flagella, which are delicate protoplasmic projec-

Fig 24.—Fiagellnie bacterly of various formas

tions of the.cell body or cell membrane. Some bacteria, per-
haps all, possess a capsule which appears as a gelatinous sub-
stance and is probably derived from the cell membrane. The
cell body is the essential structure and presides over metabol-
ism, reproduction and practically all other functions. Circu-
latory, nervous and excretory organs are obviously not required
in such simple forms of life, The cell membrane protects the
cell body.

®
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Fig. 6. —Bacterln, ahowing capsule.

Bacteria are very small, one eight millionth part of a cubic
inch has been estimated as the least mass capable of being de-
tected with the naked human eye. This space may contain
about 2,000,000 bacteria. The dimensions of bacteria are ex-
pressed in the term micron which is the unit of microscopical
measurement. (A micron is 1/25,000 of an inch and is desig-
nated by the Greek letter “Mu”.) The Bacterium tuberculosis
averages about 2.5 microns in length and about .5 microns in
width, i. e, 1000 tuberculosis organisms placed end to end
would make one inch in lengtlt or it would take 50,000 of these
bacteria placed side by side to make a linear inch. Some spher.
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ical bacteria are less than one micron in diameter, e. g., the
pyogenic staphylococei average .8 of a micron in diameter,
Different individuals of the same species may vary considerably
in size, thus the Bacterium anthracis may vary from four. to
ten microns in length, Some diseases are probably the result
of infection with micro-organisms that are so small thev can-
not bg detected by the use of present day microscopes and they
also pass through the best known germ-proof filters. These in-
fectious agents are designated as invisible or ultra-microscopic
and may be present in a “filterable virus.”

Morphologically bacteria are very simpte. Three principal
types of bacteria are recognized according to their form, viz:
the rod shaped (Bacteria), spherical (Cocci), and the spirals,
(Spiritla).  Another type, characterized by branching forms, .
(Chlamydo-bacteria), has a few representatives but their classi-
fication as bacteria has been questioned. The representatives
of each of the three principal groups, Bacteria, Cocci and
Spirilla, are constant in their morphology so long as the environ.
ments remain the same, i, e., the progeny of bacilli are bacilli,
etc. Again, each individual is constant in its form, increase in
size heing the only change that occurs. Frequently, however,
unfavorable conditions may cause pleomorphism among indi-
vidual organisms.

Perhaps the best accepted morphologic classification of bac-
teria is as follows:—

1. Coccaceae, spherical shaped bacteria.

2. Bacteriaceae, rod or cylindrical shaped bacteria.

3. Spirillaceae, spiral shaped hacteria.

4. Chlamydo-hacteriaceae, hranching or irregular forms nf
bacteria.

According to their biologic characteristics, bacteria may be
classified as follows:—

Aetrobic or anaerobic.

Chromogenic or non-chromogenic.

Zymogenic or non-zymogenic,

Saprogenic or non-saprogenic.

Photogenic or non-photogenic,

Thermogenic or non-thermogenic.

Saphrophytic or non-saphrophytic,

Parasitic or non-parasitic.

Pathogenic or non-pathogenic.

Pyogenic or non-pyogenic, etc. -

Bacteria, like other living things, grow and reproduce under
favorable conditions, They grow until they attain a certain size
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then they divide, 1. e., a cell divides into two equal halves, each
hal{f representing an individual bacterium which in turn rows
and ultimately divides into two equal halves, etc., thus bacterna
grow and multiply. The rate of growth and division is com-
paratively rapid. The Bacillus subtilis, under favorable con-
ditions may pass through the life cvcles incident to attaining
its growth and dividing, thus doubling in number, every 30 min-
utes. Barber has found that Bacillus coli communis, under
optimum conditions may divide by fission, in seventeen min-
utes. Beginning with one bacterium, it has been estimated that
if division occurred once per hour and continved for three days,
the progeny wounld weigh 7417 tons. Some other cells, notably
the undifierentiated cell in the animal embryo, may divide as
rapidly as bacteria, but they do not become developed, and so
far as known, there are no other cells that complete the entire
cycle of growth and reproduction in so short a time, This
method of reproduction is called fission. Fission occurs in the
three principal forms of bacteria. Among the Bacteriaceae and
Spirallaceae, the division takes place in the transverse diameter,
while the Coccaceae may divide in one, two or three planes,

Fig. 2i.—Batierla, showing flasion.

Bacteria grow and divide by fission as long as favorable
conditions are supplied. When the environments are unfavor-
able the organisms cease growing and do not increase in num-
ber. Some species produce spores when conditions become
unfavorable for further growth and fission. Bacterial spores,
generally characterized by being small, highly refractive oval
shaped bodies, are more condensed than the original cell hody
protoplasm. Spore formation is first indicated by the appearance
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ol small granules in the protoplasm of the parent cell. These
granules collect and ultimately coalesce thus forming the spore.
The spore may form in the center of the bacterium or near one
end. After the spore is formed the remainder of the bacterial
body becomes disintegrated. Spores are much more resistant
to external injurious influences than are bacteria, The resist-
ance of spores is due to the fact that they contain less water
than bacteria, moreover they enjoy the protection of a thick
covering or cell wall. Spores are inactive, i. e., they remain dor-
mant until placed in favorable media and under favorable con-
ditions when they germinate and develop as the vegetative
form. One bacterium produces only one spore which in turn
produces only one bacterium and hence spore formation is not
a means of multiplication, but is rather a natural means of pre-
servation or continuation of the species. Those species of
bacteria in which no spores are formed usually have a greater
resistance to injurious influences than do the vegetative forms
of the species which are capable of producing spores.

Fig. 27.—howlng sporc formation.

Bacterial fcod requirements are quite variable. Some types
of bacteria require preformed organic compounds and others
appear to have the power of synthesizing the simplest com-
pounds and available elements into new compounds upon which
thev subsist. Until recently it was supposed that synthesis was
confined to chlorophyvllaceous plants but some species of bac-
teria are now known to posess the power of building complex
compounds from simple materials, e. g.. the nitrifying bacteria.
Parasitic bacteria and most saprochytic bacteria as a rule
require preformed organic compounds for their food. Some
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soil bacteria and many water bacteria appear to live and thrive
on simple inorganic substances. In fact most bacteria are capable
of adapting themselves to an inorganic food medium. Food sub-
stances must be in a dilute form in order that bacteria may
subsist upon them. This is probably because of the osmotic
differences of bacteria and their surroundings. Some
chemic substances, usually considered as destructive to
bacteria, when sufficiently dilute are food for some organisms,
thus the Bacillus Pantotropus produces formalin and then uses
it for food. It is said that BacillusPantotropus may live and
thrive in a 1 to 15,000 solution of formalin. Bacteria as a rule
require food media of neutral or slightly alkaline reaction, (as
shown by litmus paper) though some grow readily in acid media.
While foods are required in small quantities only for each
bacterium, yet because of their rapid mutiplication and the
resulting enormous numbers, the quantity of food substances
consumed by them becomes of considerable importance.

Most foods of bacteria like those of animals or higher plants,
must undergo modification preparatory to assimilation. As
previously stated, bacteria do not possess a digestive tube
neither do they have the power of enveloping particles of food
as do some protozoa. Bacterial digestion is an extracellular
process, i. e, the bacterium digests food substances that are
sutside of its own body. This process is the same as the
digestion in higher animals, the digestive tube in the latter
being outside of the body tissues. Bacterial digestion is the
result of activity of ferments produced by the body protoplasm
and in this respect is comparable with equine digestion which
is the result of activity of ferments produced by protoptasm
of the salivary, gastric, pancreatic cells, etc. Some bacterial
digestive ferments are very similar if not identical to the
digestive ferments of higher animals.

Digested foods or food substances in solution pass into the
bacterial body by osmosis.

Bacterial respiration is a simple process. The exchange of
gas is probably accomplished by means of the tranmsfusion of
fluids containing the respiratory gas. Bacteria may vary in their
oxygen requirement. Aerobic bacteria are those that require
oxygen as a respiratory gas. Some bacteria will not develop
in the absence of free ogygen, obligatory aerobes. Although
it was originally supposed that all forms of life required free
oxygen this is now known to he an erroneous idea. Thus, the
anaerobic bacteria require the absence of free oxygen; and some
organisms,~obligatory anaerobes—require the absolute absence
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Fig. o8 —Bacterlum Anthracks,

of uncombined oxygen. Other bacteria, facultative aerobes or
anaerobes, are not so selective in their oxygen requirements,
e. g, some are capable of immediate adaptation to a medium
containing free oxygen. It is probable that anaerobic bacteria
require oxygen as a respiratory gas but the oxygen is obtained
from oxygen compounds that are decomposed by these bacteria,
the oxygen probably being consumed while in the nascent state.
AMoisture, temperature and light are other physical condi-
tions that affect bacterial development. A very few bacteria
will remain active in substances containing less than twenty
per cent of water. The optimum condition relative to moisture,
requires the presence of about 80¢% of water. This fact is
observed in the preparation of dried food stuffs and is the
essential reason why dessicants favor wound healing or retard
infection. The temperature range of the various bacteria is
wide. Some bacteria live and thrive at a temperature near the
boiling point, others at a freezing temperature, Pathogenic hec-
teria, in general, require the temperature of their host. The
chicken has a very high normal temperature (107° to 108° F.),
and this may explain its immunity to practically all the diseases
that affect other domestic animals. All' bhacteria require the
absence of light ier their hest development. By adaptation some
hiave become capable of growing and thriving in davlight.
The effects of bacterial growth and the products evolved
during bacterial growth vary according to the microorganism
in question and its environment. Heat and tight are two forms
of energy produced hy bacterial activity. The heating observed



60 VETERINARY PATHOLOGY.

iz, 0. —Bachics Teiaxi.

in manure piles, alfalfa, hay and various grains in the stack is
thought to be the result of bacterial action. In the above sub-
stances, the contained moisture favors the growth of bacteria and
the growth of zymogenic bacteria is always dependent upon
chemic changes in which complex compounds are reduced to
simpler ones. Such chemical changes are accompanied by the
evolution of heat. In all fermentation, in which the substances
acted upon are converted into simple compnund- heat is liber-
ated. Light or phosphorescence may he produced by bacteria.
The phosphorescence of decaved wood, acean water, flesh, ete.,
mav accompany the growth of light preducing bacteria. 1. ight is
a form of energy and bacterial light or phosphorescence is the
result of the conversion of some other form of energy usuvally
kinetic energy, into ether vibrations or light. The productmn
of heat and light are of little importance in comparison with
other bacterial products and activities,

Pigments of various kinds are produced by several different
species of bacteria. These pigments mayv be an excretion or a
secretion or they may possibly represent synthetic extracellular
products or enzvmotic hy-products. The importance of bac-
terial pigments is largely confined to the discolorization of food
substances. Thus the Micrococcus roseus. Bacillus pridigiosus,
and Bacillus ervthrogenes, produce a red pigment in milk. The
red pigment in the milk is sometimes mistaken for blhody milk.
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Other bacteria produce a variety of pigmentation in food
substances. These pigments are variable in composition and
solubility. Generally speaking the bacterial pigments are not
injurious when consumed. Practically all pigment producing
bacteria are aerobic.

The principal action of most bacteria is the result of the
activity of ferments or enzyms produced by the bacterial pro-
toplasm. Some of these bacterial ferments may produce their
apecific activity while inside the bacterial body, others
bring about specific changes after being secreted and eliminated
from the Dacterial body. The end products resulting from
the activity of bacterial enzyms or ferments are variable and
depend upon the specific enzym or ferment also on the compo-
sition of the substances acted upon. Acids or alkalies represent
the end products of many of the bacterial decompositions.
Carbohydrates are usually converted ultimately into an acid,
carbon dioxide and water. Protein substances may be con-
verted into carbon dioxide, water and ammonia by the activity
of Bacillus pyocyaneus.

Putrefaction is a bacterial decomposition of nitrogenous
substances and occurs in the absence of air. The end products
of putrefaction are extremely variable; hydrogen, carbon
dioxide, nitrogen, hydrogen sulphid, and ammonia, are some
of the common gases that escape from a putrefying carcass:
amido compounds, pepton, skatol and indol represent aromatic
compounds ; ptomains probably represent one of the most im-
portant putrefactive products. Ptomains are basic chemic
substances produced bv decomposition of nitrogenous com-
pounds. They are usually formed outside the body, although
they may be formed by putrefaction of the contents of the
intestine. Ptomain poisoning is usually the result of consump-
tion of foods contaminated with ptomains although it mav
result from the absorption of ptomains formed within the in-
testine. Sufficient ptomains may also be absorbed from
necrotic tissue to produce injurious effects.

The chemic substances produced by pathogenic bacteria are
probablv of more importance than any other bacterial com-
pounds. Although thev have been extensively studied the com-
position of most of these compounds is still unknown., Three
groups of pathogenic bacterial products deserve mention ,they
are (1) bacterial toxins, (2) endotoxins and (3) bacterial pro-
teids.

1. Bacterial toxins are soluble, synthetical, poisonous,
chemic substances elaborated by the bacterial protoplasm and
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liberated into the surrounding media. The chemic composi-
tion of bacterial toxins is unknown. They are very similar in
many respects to enzyms. They are specific, i. e, a given
organism always produces a definite toxin. According to
Ehrlich bacterial toxins are composed of two combining
groups, one the haptophore which combines with the receptors
of the animal cells and form a medium through which the other
group, toxophore, acts. They are the principal product in
some infection, e, g. tetanus. (Infection is the invasion into a
living body of pathogenic micro-parasites, and the sum total
of the disturbance produced by their presence in the body).
During infection the body attempts to neutralize bacterial
toxins by the production of a substance termed an antitoxin.

2. Endotoxins are poisonous chemic products formed and
retained within the bacterial body. They become liberated ounly
when the bacteria are destroved and disintegrated, Although
the chemistry of endotoxins is not known, they are probably
constant in composition and produce specific symptoms in in-
fected animals. The animal body does not produce antibodies
that nentralize endotoxins, but opsonins, bactericidal sub-
stances and agglutinins are produced in the tissues of animals
immunized to endotoxins. Endotoxins are the principal in-
jurious substances produced by pyogenic Cocci, Bacterium
Tuberculosis, the organisms causing glanders, pneumonia, and
other specific infections.

3. Bacterial proteids are insoluble nitrogenous constit-
uents of the bacteria cell protoplasm. They are not well under-
stood. (See insert No. 2.)

ANIMAL PARASITES.
The animal parasites, capable of producing disease in an-

imals, are quite numerous and represent the following branches
of the animal kingdom :—protozoa, helminthes, and arthropoda.

in the red blvwod corpusclea
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GENERAL CONSIDERATION OF DISEASE, 63

Protozoa.

Protozoa are microscopic single celled animals. They are
very simple in st{ueture, being composed of a mass of proto-
plasm with or without a cell membrane. The cell membrane,
when present, consists of concentrated protoplasm. The pro-
tozoa having a cell membrarfe are constant in shape, as the Try-
panosoma Evansi, and those not possessing a cell membrane
vary in shape from a sphere to an irregular flat mass and are
capable of changing their shape whenever occasion demands.
Protozoa are larger than bacteria,

Mg 21.—Trypanosoms Evapal In a bloodsmienr from a horse affected with surra.

Protozoa require food similar to the foods of higher animals.
Particles of food are inclosed or incorporated by them prepara-
tory to digestion. Digestion is accomplished by means of fer-
ments elaborated and secreted by the protozoa. The digested
foods pass by osmosis into the protozoa. the undigested por-
tion being extruded by rearrangement of the cell protoplasm.
Respiration takes place by exchange of gases through the
surface protoplasm of the protozoa. They reproduce by fission,
budding, conjugation or sporulation.

Protozoa are universally distributed. They all require con-
siderable moisture. In fact most of them live either in fresh or
salt water. A few only are parasitic.

The specific action of pathogenic protozoa in the produc-
tion of disease is not understood. Some may have a mechanical
effect only nut the evidence concerning others indicates that
most of them produce an injurious chemic substance.

Helminthes.

This branch of the animal kingdom contains many species
that are parasitic. Structural, animal parasites are much simpler
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Fig. 3. —Sarcoeysts Mlescherl, Drawing mades with Camera luclda
1. {'ross scction sarcocyst, muacle cell enclosing sarcocyst Tuplured.
2. Crosa section of heart musele ecll,

3. Fibroua connective tissuc.

than the closely related nonparasitic animals. The simplicity of
parasites is a result of adaptation to environments in which es-
sential structures of the nonparasitic type, useless to the para-
sitic type. atrophy because of disuse. The parasitic helminthes
are of the simplest structure, their nervous, digestive and respi-
ratory systems being very rudimentary.

Their food is obtained from their host. Some animal para-
sites, as the taneworm (Taenia) absorb digested food stuff from
the intestine of their host, others subsist upon the host's hlond,
(Uncinaria), and still others consume tissue juices and lymph,
(Trichina spiralis). The reproduction of helminthes is accom-
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(113 GENUE BPECIES HOST FART INFENTED
ROSPENMIDAR. Cocctdium oviforms Rabbitn. G. pigs wnd manliver and Intestine,
Coccldium cunioull Rabbit. Lieber¥uhn's glands and intestine.
Coccldium avium Fowls. Liver and Intestine
Barcocystis Mlescherl Plg. Muscies.
Barcocystis tenella Horse, ox, wheep, and pig. Muscles,
COBPORIDAR. Balblania girantes Ox, sheep and dog, Connettive timsue.
COMONRIDAR. Lambila intestlnnils Sheep and dog. Intestine.
Monctercomonas hepatica Pligeona. Liver,
[ equiperdum. Horse. Blood.
Trypanosoma Bvensi Hotse. Blood.
Trypanosoma eguinum. Horee, Blood.
PANOQSOMATIDAE. Trypancaoma Hrucel, Horse. Blood.
THOBDELLIDEA, Hlrudo medicinalis. 3an and horse. Bxin,
Hirudo troctine. Man and horwe. . Sxin.
H o decora Man =and horse. Bkin,
Hirudo Tagala Man and animals
Haemopis sangulmugs. Horse. Antlerlor reapiratory trac¢t and intes-

tlne.
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Fig. 33c.

Fig. 314,

Fig. 13 —Taenlag Margiontia, After Niles.

®.  Bhows segments b. ¢ Hend laticral view.
d. Hved anterior view.

plished by means of ova, or by the production of living larvae.
The life history or cycle of helminthes is very interesting. In
some cases the organism is parasitic in different animals during
the different stages of its life cycle; for instance the Taenia cras-
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Fig. 3.—Taenla Canirga, Afier Railllet & Leuckart.

a  Adull tapewnrm. ¢ Cyetic form.
b. Hvead of same cnlarged.

Fig. 35.—Toenia Echinococcun, Niles & Neulia
2, Adult tapeworm. After Nevman, b. Part of heg's liver shuowine cvatie form
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Flg. 37a.

..

Fig. 36.—Taenlp Solium.
w b Adult worm,
¢. Hend of aame enlarged.

Fig. 37b
Fig 7. —Hirougyive Micruras, arter Kadlllct
L Male and remale.
b. Caudal extremity of male,
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of Flg. 38

B

Part

Flg. 28.—Strongylus Paradoxus, after Railllet
a. Adult male and female.
Caudal extremhty of female

b.
¢ Caudal extremity of male

r || 1‘|i|
'I]I ‘ Fig. 3%a. and b,

Fig. 3.
a Adult male, Adualt female, 2. Cephallc cxtremity entarged,
Flg. 39. Fllarla Pagilloan, afier Neuman.
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Fig. 40.—Oxyurls Cureuln, after Niles,
A Adult worm, »  Caudal.
b. Cephalle exiremity,

sicollis inhabits the liver of the rat during its cystic stage and
the intestine of the cat during the adult stage.

Helminthes produce injury to their host by consuming food,
by sucking blood and by liberating injurious chemic substances.

Arthropoda.

This branch includes many parasitic representatives, as flies
and mosquitoes (diptera), fleas (siphonaptera) lice (hemip-
tera), itch mites and ticks (acarina). The entire order, siphon-
aptera and hemiptera, most of the order acarina, and many rep-
resentatives of the order diptera are parasitic. Of the parasitic
arthropoda some are temporary and some are permanent para-
sites, and with one or two exceptions they are all external para-
sites.

The structural peculiarities that differentiate arthropoda from
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Flg. 42, —el it Hyxp
after Railllet,
Tephalle extremity enlarged.
Adult femnale,
Adlult male,

o

. $1—8ypuamua Trachemlis,
after Ballliet.

1. Adult worm natural slze
b. Male attached to female

enlarged. Flg. 43.—Trichocephalun Depresniuscuing
¢. Female enlarged. of a Dog, arter Radlidet.

the other branches of the animal kingdom are their jointed ap-
pendages, segmented body, and bilateral symmetry.

The parasitic arthropoda obtain their food from their hosts,
Some of them consume epidermal scales and hair, e. g, the
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INSERT V.
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Ls SYECIES HOBT PART INFESTED
u domestiea Not menerally parasitic

t vomitorin Animals Wounds
phigh CATDArIA Animals Wounds
ot catcltruu Animals Ekin
wtobin  PETTAS Animals Elkin
Hemyin mutlluh Animale Wounds
nge atratup Animals Bkin

ot lineola Animals . Bkin
Ins morsitans Animals Ekin
Hur pecustum Animals Ekin

L)
phagus ovinue Aheep Bkin
boscs squine Horse Ekin around perinasum
ophllus eq Horse M. M. of etomach
ophilng hemorrholdmln Horwe M. M. of stomach and intestine
werma lincats oz ) Doreal cutly and subcutis
o ovie Horwee Sinuses of heud
vinos Shoep Bkin

© plplene Animals Bkin
bolep punctipennie Animals Akin
mis fasciata Animalg Bkin
feplans maerocephalun Horee Bkin
toplnua eurystermnus ox Bkin
iteplnus vitull ox Bkin
dopinue  piliterun Doxg Bkin
opinug irritans Plg Bkin
iopinus slencpeis Gont Bkin
odectes pllosus Hotee Bkin
Mectea soalarte ox Bhin
Mectes speerocephalus Sheep Bkin
odegtes latum Dog Bkin
iritane Man Bhkin
wrraticepn Bkin
avium Fowls #kin
flus annulstus Ox Bkin
llve Australin Oox Bkin
wmma Americanum ox Bkin
wentor electus Sporting doss Bkin
wdorog Megnini orse, ox, sheep and dog Bkin
. ricinua Sporting dogm 8kin
miniatus Fow!s Akin
wryaas gallinae Fowls Skin
Hlum holosericeum Animale Blin
1 irritans Man and anlmals Bkin
teg peabel-var, equl Horse Bkin
tes scabel var. ovie Bheep Bkin
tes scabel wvar, suls. Pix Bkin
tes scabel var, canle, . Dog Bkin
tes mutans Fowla gkin
tea communle var equl Horasse 8kin
W communis wvar. bovis Oz Skin
tes communis AL ovle Bheep Bkin
tes weabel wvar. egui. Horse Biin
itee scabel varfl bovie. ox Bkin
tes pcabed var, ovie Bheep Hkin
nes auricularum var. canl Dog Bkin
ites aurelcularis var. fells Cat Bkin
eI tolticuriorum var. equl, Horse Bkin
ox folllculorum var. bovle ox Bkin
ex folliculoram var. canl Dog Bikin

tula teenioides Dog Nuasal cavities
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Fig 14.— Melophagus Ovigos, after Xl

a. Darsal view of aduit, d. Termilnal scgment of leg.
b, Ventral view of adult. ¢ Shell of pupa
¢. Mouth paris cnlarged. f. Pupa.

horse louse (Trichodectes Pilosus) and feathers, e. g.. the
chicken louse (Menopon Pallidum) others abstract blood, e. g.,
the hog louse (Hematopinus Suis), Itch mite (Sarcoptes scabet
variety canis), and still others may consume tissue cells other
than blood cells as epithelium. Reproduction of arthropoda is
about the same as it is in helminthes,

Disease resulting from infestation of arthropoda is due
primarily to irritation induced mechanically or by chemic pro-
ducts of the parasites, secondarily to loss of blood.
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Fig. 45— Part 1.
Gastraphlics Equl, after Niles.
a.  Adult female.
h.  Adult fcmale,
< Young larvae,
d. Full grown larvae.
¢ Egge ¢emented to halr.
. Egg shell showing lifting of
opereulyn:,
£ Adult male.
h. Terminal scgments of male,
1. Terminal scgments of female.

3325357

Fig. 46.—Fart II. Owestrus Ovia
1t female, ¢, Dorssl view of Jarva.
& ::g':ﬂt male, afier Rily. 4. Ventral view of larva, after RIly and Nilem,
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Flg 47 —Cuolex Fongeos, after Howard.
a  Female. b, Male, ¢. Larve

73
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Flg. 45.—Ascariy Myustax, after Nilea
&  Adulyt male. W, Cephalic extremity.
b. Adult femule, d. Cesudal

Extension of Disease.—Byv extension of disease is meant the
invasion and affection of adjacent structures and even remote
tissues of the body. Some diseases are necessarily local, i. e,
the cause is not capable of being transferred to adjacent or re-
mote structures, e. g., ocular filariosis. Other diseases are in
their earlier stages local, but later the cause may be transferred
to some other part and produce secondary diseased foci or

Fl‘;. 419, —Distoma
Hepaticam.

a. [ntcwtines.

b. Orml sucker.

¢ Veniral sucker.

d. Tterus

metastases, e. g., tuberculosis. The extension of disease may
be produced as follows:

First, by the cause of the disease passing along the natural
channels and establishing secondary diseased foci, thus, Bray
reports that calves become affected with necrotic gastritis and
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enteritis when allowed to swallow the necrotic tissue during an
attack of necrotic stomatitis.

Second, by the spread of the cause into adjacent tissues, e. g:
Extension in like tissue, as in muscular tissue, is continuity as
psorospermosis, while extension from one tissue to another of
a different type, as from muscular to connective tissues, is con-
tiguity as in actinomycosis.

Third, by the lymph and lymphatic nodes, e. g. tuberculosis.

Fig. 50.—Echinorynehus Glgas, after Nlles,

a Cophallic extremity showing hooks.
b, Woarm with portion of maecone membhrans aft Inteallne attachead,

Fourth, by the blood stream in which case the mestastases
will be in the lungs, liver or kidney,—e. g. anthrax.

Fifth,by passing along the nerve fibers as in rabies,

Termination of Disease—Termination is the ending or out-
come of the condition or existing disease. Disease terminates
as follows:—

Recoverv.—Disease terminates in recovery when the body
tissues are effectually repaired and all structures have assumed
their normal function. DWseases resulting from irritating or
non-nutritious foods are corrected by expulsion or neutraliza-
tion of the causative agent either by vomition, purgation or
chemical union and by repair of the injured tissues, after which
normal functioning continues. Tissue afflicted with mechanical
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injuries as wounds, recover when the destroyed portions have
been replaced and the normal function has been resumed. Dis-
locations terminaté in recovery when the dislocations have
been reduced and the parts assume their normal function. A
horse recovers from pneumonia when the inflammatory exudate
has been removed from the alveolar spaces and all injured

Fig. $2.—Tricthodectes Latus, after Nlles
& Dormsal view. b. Egg cemcpted to halr, ¢ Ventral view,
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tissues have heen repaired and the normal functioning has been
re-established. In general, recovery is the result of the activi-
ties of the protective and reparative processes of the various
tissues of the animal body,

Partial recoverv—If the normal funtioning is not assumed
aiter a disease has run its course, recovery is said to be incom-
plete or partial. Partial recovery is observed in old animals or
in those that have been depleted because of complications or
previous disease. Some diseases are essentially destructive and
their infAuence in the tissue results in incomplete repair, as in
tuberculosis, glanders, dourine, bovine contagious pleuro-pneu-
monia, ete. Injuries and acute inflammation of the parieties of
holow organs frequently terminate in the formation of cicatrical
tisstie thus contracting the lumen of these organs. This is com-
mon in injuries of the oesophagus, intestine, trachea, and ure-
thra. Adhesions succeeding pericarditis, pleuritis, and periton-
itis are examples of partial recovery.

Death—Disease may terminate in the cessation of all fune-
tions, i. e. death. The more important specific modes of death
are as follows:

1. Syncope, or heart failure, a result of paralysis of cardiac
nerves or muscles, rupture of ‘heart walls or complete obstruc-
tion to emerging vessels of the heart. Nerve paralysis may be
the result of poisonous products derived from infectious agen-
cies, or chemic poisons derived from katabolism, or hemorrhagic
extravasates,

2. Apnoea, or respiratory failure. This may be the result of
paralysis of respiratory nerves or muscles, spasms of respiratory
muscles, rupture of diaphragm, or occlusion of the respiratory
tubes, '

3. Apoplexy, or hemorrhage into the brain tissue. This is
probably the specific cause of death in apoplectiform anthrax.

4. Hemorrhage, especially rapid loss of large quantities of
blood. Any of the above may act independently in producing
death, but are probably more frequently complicated one with
another.



CHAPTER III.

IMMUNITY.
DEFINITION.
IMPORTANCE,
VARIETIES,
Inherited, (Najural),
Definition,
Examples,
Cause,
Cell Action, (Metehnikof & Sternberg).
Chemic Substance, (Ehrlich & Buchner),
ACQUIRED, (Artificial),
Definition,
Examples.
I'arieties.
Actrpe,
Definition.
I'erieties, (Toxic), (Bacterial).
Etiology.
Recovery from attack of diseate,
Inoculation with virus,
Inoculation with taccine,
Inoculation wnth bacterin.
Inoculation with tosin.
Inoculation simultaneously with virus and antibody,
Passive,
Definition,
Etiology,
Inoculation with antibody.
THEQRIES.
Exhaustion,
Retention.
Phagocylosis.
Humoral,
Ehrlich's Lateral Chain Theory.

Immunity literally means proef against disease, i. e, it is
the name of the condition that enables an animal to resist the
action of pathogenic micre-organisms, or to be unaffected by
their products. Immunity is only a relative term, the condition
is not absolute and permanent neither is it constant and con-
tinwous. Whenever an animal is unable to adjust itself to its
environments it hecomes susceptible to the effects of the causa-
tive agents of diseases, i. e, its immunity, at least acquired
immunity, is suspended.

The term immunity is ordinarily used in reference to infec-
tive diseases, i, e. those diseases resulting from the invasion of
microparasites:; although it may be used in designating the
resistance to the action of zootoxin, such as snake venom, and
possibly also of the poisonous substances ejected by centipedes

1
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and scorpions, as well as the phytotoxins, such as ricin, abrin,

crotin, and robin.
Immunity, more than any other problem, directly concerns

the medical profession and indirectly the international commer-

Mg 54—H topl phal ovie, after Niles.
& Adelk b BEgg cemented to hedr

cial welfare. It was a laboratory fad of the pathologists until
they demonstrated to the practitioners that it was feasible to
produce immunity in man and animals. Veterinarians have now

Fig. 54 —Pulex Sermaticeps, sfter Tuvzer
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almost universally accepted the proposition and have at their
command the means by which they can immunize animals
against the ravages of some of the fatal infective diseases to
which they are susceptible. The increased confidence of the
people is in turn enabling scientists to investigate new phases
of the subject. Although immunization has been known and
made use of more or less for centuries as vaccination againsr

j

Filg. 66.—Margurapus Annolatos, male

Fig. 5T.—~Margsrapus Annolaton, Fig. & —Margarapus Annulates, Larva
female 1aylag efgh

smallpox by the Chincse hefore the Christian era, yet the essen-
tial physiolegic, chemic or pathologic basis for immunity is
still unknown.

Immunity may be natural (inherited) or artificial (acquired).

Natural immunity is an inhevited property possessed by or-
ganisms (animals). The horse has a natural immunity to hog
cholera, the ox to glanders and the hog to tick fever. The
concise and exact cause of natural immunity is unknown. It
is probably the result of cellular activity in the immune animal,
an activity the nature of which is not understood. Some inves-
tigators, Metchnikoff in particnlar, attribute natural immunity
to phagocytosis (cellular hypothesis), others maintain that insus-
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ceptibility to disease is a result of the antagonistic action of the
body fluids (humoral hypothesis). Ehrlich’s lateral chain the-
ory assumes that the cells of immune animals are not capable
of combining with the toxins of bacteria, i. e., they have no
receptor molecules and hence those animals are not receptive,
they are immune. Whether we accept the cellular hypothesis,
the humoral hypothesis, or Ehrlich’s lateral chain theory, the
fact remains that natural immunity is a characteristic or prop-
erty of parental origin that is transmitted to the offspring and
is present at the time of birth.

Natural immunity may be the result of an acquired toler-
ance due to natural selection and heredity. There is a marked
variation in susceptibility and resistance in individuals of a given
species. A continuous or repeated exposure of susceptible ani-
mals to a given pathogenic microparasite will result either in

Fig. 65 —lyxoden riclnus, female, after (B, A, L)

destruction of those animals or the production of an immumty,
i. e, those individuals least resistant will survive and their
resistance will become more and more fixed and will finally be
transmitted to the offspring and hence be a natural immunity.
Thus all native Cubans are practically immune to vellow fever
because at the time yellow fever was first introduced into Cuba
the least resistant individuals died of the malady, the most
resistant individuals survived and lived in the presence of the
diseases almost continually after yellow fever was introduced
into Cuba (It was not eliminated until after the Spanish-Amer-
ican war). Consequently the Cubans for several generations
developed in the midst of yellow fever and only the resistant
individvuals survived. This resistance finally became so firm
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that it was transmitted to their offspring and was then a nat-
ural immunity.

The resistance possessed by dogs to most diseases is ex-
plained in a similar way to the Cubans’ resistance to yellow
fever. Thus the dog has descended from the jackal and the
wolf, two types of animals that have lived largely upon the
carcasses of animals dead of various diseases. As the animals
fed on carcasses they fought, thus inoculating each other, so in
the beginning the least resistant individuals died, the more resis-

Fig 60.—Thc scab mite of aheen, Psoroptes Cominunis Ovis, magnificd 156 dlameters

tant animals survived. Thus the constant fighting and inocu-
lating has established in them a firm resistance that is trans-
mitted to their progeny as a natural immunity. This immunity
as become so fixed that it does not vary even in the domestic
dog. The above is a plausible explanation of race or species
tmmunity. The exact origin of individual immunity is considered
by some to be an acquired tolerance, i. e., an acquired immunity.
and by others, as simply an individual resistance not developed
by having the disease to which the given individual is immune.

Acquired immunity is an artficially produced condition by
virtue of which the animal is capable of resisting disease, and
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is produced in an animal either in utero or after birth, and may
be active, or passive, bacterial or toxic.

Active acquired immunity is, no doubt, the result of cellu-
lar action and may be produced as follows:—

1. By an animal becoming infected and recovering from an
attack of the disease, e. g. blackleg.

2. By inoculation of a susceptible animal with a small
quantity of the virulent causative microparasites, thus produc-
ing the disease in a mild form. This is practiced in immunizing
cattle against tick fever.

Flg. t¢1.—Demodex Folllculorum, Flg. éla.—Demodex Folliculorom,
vai.ely Uanis, variety Canle.
Fleld showing varlous alages of Adult Male, magnificd 400 times
development. showing wide head, wlth ros-
a Ova. trumn, short legs (3 artlieles sach)
b. Pupa 2 clawg and clongated body.
¢ Adult,

d. A pleee of Bcab.

3. By inoculating a susceptible animal with an attenuated
virus, (vaccine.) Horses, mules, cattle, and sheep are immun-
ized to anthrax by a vaccine.

4. DBy repeated inoculations of a susceptible animal with
small quantities of a toxin of a specific pathogenic microparasite,
tetanus toxin or other active poison as snake venom. This
method is used only in the production of antitoxins or in immun-
izing animals against zootoxins and phytotoxins.
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5. By simultaneous inoculation with a virus and an antitoxin
(antibodies, bactericidal substances, ete.) In the Philippine
Islands this method is employed in immunizing cattle against
rinderpest, and it is also being successfully used in the immun-
ization of hogs, against cholera.

Toxie immunity is the resistance to poisonous substances as
toxins of bacterial origin, zootoxins and phytotoxins. It is
common to hear sheep herders speak of dogs that are immune
to the venom of rattlesnakes, The dogs are bitten frequently
while doing duty on the range and although the reaction from
the first inoculation is intense and may even kill, each succeed-
ing inoculation produces less reaction until finally the dogs may
be bitten or the venom inoculated with impunity. Immunity to
intoxication diseases stuch as tetanus are of this type. The ab-
sence of action of various therapeutic agents that have been
given repeatedly may be explained on the principles similar 10
those invelved in the production of immunity in dogs to snake
venom. Toxic immunity is the result of the presence in the
hody fluids of an antibody (Antitoxin.)

Bacterial immunity is the resistance an infected animal
manifests to the bacterial invader. It is the result of bacteri-
olvtic substances in the body fluids. Pfeiffer demonstrated that
bacteria are destroved when introduced into an immune animal.
He introduced the spirilla of Asiatic cholera into the peritoneal
cavity of guinea pigs and noted that the bacteria were soon
rendered immobile, became swollen and granular and were fin-
ally disintegrated. This phenomena has been designated Pfeif-
fer’s reaction.

Passive acquired immunity consists essentially of the presence
in the tissues or body fluids of substances inimical to micro-
parasitic activity, or substances capable of union with micro-
parasitic products, (toxins) thus rendering them inert. This
type of immunity is of short duraticn. It is usually produced
by the inoculation of susceptible animals with antitoxin. Injured
animals inoculated with tetanus antitoxin at the time of injury
are thus immunized to tetanus for a brief period.

Acquired immunity, lie natural immunity, is variable and
inconstant. The production of active acquired immunity entails
more risk than the production of passive acquired immunity.
The causative agents or their toxic products are used in obtain-
ing an active immunity and thus disease may be produced and
the animal life sacrificed while the anti-toxin is used in the
production of a passive immunity. without danger of the pro-
duction of disease although transient disturbances may result
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from hemolysins, contained in the blood in which there is anti-

toxin.
Theories of acquired immunity.—Many theories have been

Fig. ¢2.—Bacterial Immauonity,

Legend— €. Amboceptor.
s Cell body. o. Compliment
b. Cell receptor,

advanced in explanation of acquired immunity. The chief of
which are as follows:—
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1. The Exhaustion Theor—This theory was championed by
Pasteur, who proposed it about 1880. It is based upon the
supposition that there are certain substances in the animal body
that are food for micro-parasites and that these substances are
not regenerated. FHence when they have been consumed the
micro-parasites cease to develop and the animal becomes im-
mune. This theory is not tenable because immunity can be
produced by bacterial products and by dead bacteria neither of

Flg. 63 —Hemaloba Nerruta, alter Riley and Howard
a. Fgg c. Pupa
b. Larva. d. Adult Ay,

which consume substances from the tissues of an animal immun-
ized.

2. The Retention Theory.—In the study of bacteriology it
has been found that bacteria, like most other organisms, can
not develop in the presence of a large quantity of their own
excrements. This theory presupposes that bacterial products
remain in a body after it has been infected and that these
products prevent the future development of like bacteria. This
theory does not explain the production of an immunity with
toxines and is not supported by any scientists at the present
time. The theery was proposed by Chauvean.

3. The Phagocvtosis Theoryv—This theory was proposed
independently by Sternberg and Metchnikoff about 1881, The
theory was the outgrowth of the experimental study of the
action of leucocytes upon bacteria and yeast, in which it was
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found that certain leucocytes are active in the destruction of
various bacteria, yeast and tissue debris. These investigators
designated those leucocytes active in the destruction of bacteria,
phagocytes. Phagocytosis is a state or condition characterized
by the development of phagocytes and the display of their
special function. The supporters of this theory hold that the
cells, which are active in the production of leucocytes transmit
the property of phagocytosis to their progeny and thus immun-
ity is perpetuated after it has been acquired. That phagocytes do
incorporate bacteria and other foreign substances is not denied
but it has not been demonstrated whether phaogocytosis is the
cause or the result of immunity.

This theory does not explain immunity from such diseases as
tick fever. The microzoon of tick fever inhabits and usually
destroys the red corpuscles. The leucocytes are probably not
aftected by them. In fact, the presence of the Piroplasma bigem-
inum in leucocytes has not been noted. More recently Wright
and Douglas have demonstrated that certain substances in the
blood serum are necessary to prepare bacteria for phagocytic
action. These substances have been designated opsonins.”
Opsonins are chemic substances in blood serum that render
bacteria subject to the action of phagocvtes. Opsonins resem-
ble the amboceptors of Ehrlich in action, but they are not iden-
tical with them. The action of opsonins is evidenced in pneu-
monia, pyogenic infections, tuberculosis and probably in other
diseased conditions. The opsonic index tndicates the relative
power of resistance due to phagocytic action in an animal body.

4. Humoral theorv.—After the phagocytic theory had ben
found insufficient, immunity was explained from a chemic view
point, The supporters of this theory, among whom Buchner
wag active, demonstrated the bactericidal action of blood serum
and lvmph obtained from immune animals. Their demonstra-
tions established the fact that immunity is due to a chemic
substance, possibly an enzyme. But the origin and specific ac-
tion of the chemicals in the production of immunity was not
determined. The bacteriolytic substance of the body fluid called
complement, was found to be destroyed by a temperature of
55°C.

5. Ehrlich’s Lateral Chain Theorv.—Ehrlich maintains  that
every living cell contains an active central bedy and an indefin-
ite number of marginal chemic groups or lateral chains desig-
nated receptors. These receptors combine with and extend the
nutriment to the central portion of the cell. The receptors are
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also capable of combination with other substances as bacterial
toxins.

Toxie immunity is explained by Ebrlich as follows: Toxins
are composed of two essential chemic groups which are desig-
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nated haptophores and toxophores. The haptophore of the
toxin has an affinity for the cell receptors. The union of the
toxin haptophore and the cell receptor forms a medium through
which the toxin toxophore passes to the central part of the
cell where it exerts its action,

Fig. 65.=Toxlc Immonlity. A cell showing actlve ceniral body and marginal
chemle receptors, and toxin molecules surrounding it,

Legend—

Cell body,

Cell receplors.

Free cell receptors.

Haptophor: of toxin molecule.

Toxophore of toxin molecule,

Toxin molecule,

Toxin molecule combining with fres cell-recepior.

Toxin molecyle floating free and about Lo comblne wilth a free
call-Teceptor. )

pRRsason

The toxin haptophores are not injurious except as they enable
the destructive toxin toxophore to reach the central cell mass,
Toxin toxophores in the absence of toxin haptophores are inac-
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tive. The result of the union with, or action of, the toxin toxo-
phore upon a cell may produce immediate destruction of the
cell or'it may stimulate the cell to produce more receptors. The
presence of toxin in the body fluids stimulates the body cells
to produce receptors in excess. The increased receptors may
remain in connection with the central body or they may become
detached and float in the body fuids. Free receptors in blood
serum is the essential active principle of antitoxin. Toxic im-
munity may be better understood by giving an example,

Example.—Tetanus is an intoxication disease due to the pro-
duction of toxins by localized bacterial activity of the tetanus
bacillus. Immunity to tetanus is dependent upon the neutraliza-
tion of the tetanus toxin. The tetanus toxin is composed of hap-
tophores and toxophores. The body cells possess receptors caba-
ble of union with the tetanus toxin haptophores. The union of
cell receptors and tetanus toxin haptophores enables the tetanus
toxin toxophore to act upon the central mass of the body cell,
thus stimulating them to form more receptors. The excess recep-
tors become detached and float free in the body fluids and com-
bine with the tetanus toxin haptophore, thus preventing the lat-
ter from combining with the attached cell receptors, The te-
tanus toxophores are not capable of combining with the central
mass of the body cells except through the medium of tetanus
toxin haptophores and if the tetanus toxin haptaphores are
locked up with the detached cell receptors, the tetanus toxo-
phores remain inactive and the animal is not inconvenienced by
their presence and is immune.

Toxic immunity is therefore dependent upon first, sufficient
free receptors to lock up the haptophores thus inhibiting the
action of the toxophore or second, upon the absence of hapto-
phores.

Bactcrial immunitv.—From the phenomena observed in Pfeif-
fer's reaction Ehrlich has proposed an hypothesis in explanation
of bacterial immunity. As previously stated, normal blood serum
contains bacteriolytic substances (see humoral theory). Comple-
ments are destroved by a temperature of 53°C. The blood serum
"of immune animals possess another substance, in addition to
complement, not destroyed, by heating to 55°C. These are called
amboceptors. According to Ehrlich. amboceptors, like toxins,
are composed of two different combining groups, also designated
haptophores and toxophores. The complemental substance of
normal serum is not capable of action upon bacteria. The ambo-
ceptor haptophore has an affinity for the comj;ement of normal
serum. The amboceptor toxophore has an affinity only for bac--
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teria, but is not injurious to them. The amboceptor toxophore
combined with or acting upon bacteria produces a condition
favorable for the action of the combined amboceptor haptophore
and complement, i. e,, this enables the complement to cause dis-
integration of bacteria. The amboceptor thus renders condi-
tions favorable, i. e., makes it possible for the bacteriolytic sub-
stance, the complement, to exert destructive action upon bacteria,
the amboceptor acting as middle man.
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MALFORMATIONS.
DEFINITION.
ETIQLOGY.
Intringic (heredity.}
Exiringic,
Pressure,
Amuiotic Adhesion.
Excessive Motion,
Malnutrition,
C1.ASSES.
Single.
Result of Arrested Developemtent.
Resnlt of Excessive Developement.
Result of Transposed |isceral Qrgnas,
Result of Persistent Foetal Structures.
Result of Mired Sexual Qrgans,
Double or Multiple.
Symmelrical Duplicities.
Compiete (twins).
Incompiele (double monster).
Asymmetrical Duplicities.
Multiple,

During the embryonic stage of intra-uterine life the special-
ized tissues and organs are formed. The foetal period is the time
during which the structures formed in the embryonic stage grow
and develop. At birth the voung of a given species are of a
definite shape, contour and type; the form or type which is most
common is accepted as normal; and deviations from the normal
are designated malformations, anomalies or developmental
errors. Many new strains and breeds of stock have been the
result of developmental errors becoming a fixed peculiarity.
Thus the polled cattle, the Boston bull-dog, the Mexican (hair-
less) dog, and the five toed chicken had their origin.

Etiology.—Malformations may be brought about by pre-
existing influences in the maternal cells, (internal or intrinsic
causes), or from external influences (external or extrinsic
causes).

Internal or Imirinsic Causcs,—Internmal canses are inherited
peculiarities, i e., heredity and atavismal influences. These are
probably not the usual causes of malformation in domestic animals
for malformed individuals are rarely used for breeding purposes.

External or Extrinsic Causes of malformations are pressure,
amniotic adhesions, excessive motion, insufficient or abrnormal nutri-

o
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tion, infectious diseases, etc. External causes exert their in-
fluence during the embryonic or formative period and they
must act in a mild degree or death of the embryo and abor-
tion follows,

Typical malformations are approximately of the same form
and are usunally produced by similar causes, Atypical mal-
formations are variable in form and may be produced by a
variety of causes.

A complete description of all malformations is beyond the
scope of general pathology. A general classification with 2
description and origin of the most striking malformations is
all that will be attempted in this chapter.

Malformations may be divided into two classes; 1st, Single
malformations, and 2nd, Double or multiple maliormations.

Single malformations are those affecting a single individual.
Single malformations may be grouped into five classes as fol-
lows: Malformations resulting from; (a) arrested growth or
development; (b) excessive growth or development; (c) trans-
position of visceral organs: (d) persistent foetal structures; (e)
mixture of sexual organs,

ARRESTED DEVELOPMENT.—Malformations caused by arrested
development may involve an entire individual or any part of
an individual. Arrested development of the entire individual
results in the formation of an irregular, fleshy mass, called a
mole, in place of the normal foctus. Moeles may be carried in
the uterus for the entire period of gestation. In some instances
a mole and a normal foetus may be delivered at the same time.
Moles have been observed in mares, more rarely in cows.

Malformations resulting from arrested development of a part
may be manifested by the entire absence of the part(aplasia),
by underdevelopment of the part, (hypoplasia), or by a lack
of union or fusion of tissue (schistosis and atresia). The fol-
lowing malformations are the result of local aplasia.

Acephalus. A name applied to a headless monstrosity.
Acephalus is probably the result of amniotic adhesions.

Atrichia. A defect in which there is no hair. This results
from some disturbance of cutaneous development.

Amyeclus. A malformation in which the spinal cord is absent.
Defects of the primitive streak or failure of production of the
neural canal interferes with or prohibits the formation of the
spinal cord and is the cause of amyelus.

Aecardia. A heartless monstrosity,

Agastria. A malformation in which the affected individual
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has no stomach. This may be due to lack of sacculation of the
embryonic gut,

Acaudia. A malformed individual in which the defect con-
sists in the absence of the tail. An acaudia fox terrier bitch
was recently observed, her mother whelped one or two tailless
puppies at each whelping. This bitch recently whelped an
acaudia¢ puppy.

Aprosopus. An individual having no face.

Agnathus. A term used to designate an individual in which
the inferior maxilla is absent, This is common in lambs.

Ametus. The name of a limbless or legless individual, Amelus
is the result of arrested development of leg buds and is usually
caused by unequal intrauterine pressure or amniotic adhesions.

Monopygusamelus. A monstrosity in which one posterior
leg is wanting. This is due to arrested development of leg buds,
probably due to amniotic adhesions.

Dipygusamelus. The name of a malformed animal in which
both posterior legs are absent. Result of arrested development
of leg buds.

Monothoracisanrelus and dithoracisamelus are monstrosities
in which one and both front legs are absent respectively.

Apus. A name applied to a malformation in which the feet
are absent. This may be the result of intrauterine amputation
or amniotic adhesions.

Monopygusapus is an individual in which one hind foot fis
wanting and a dipyvgusapus, an individual in which both hind
feet are absent,

Monothoracisapus, and dithoracisapus, are names implying
the absence of one or both front feet.

The following malformations are the result of under develop-
ment or undergrowth. (Hypoplasia).

Microcephalus, a term used to designate an individual hav-
ing a diminished sized head, also used to designate the small
head itself. This is probably the result of diminished nutrition
to the head and antertor part of the body during embryonic and
foetal development,

Micro-cardia. A name applied to an individual having a
small heart. This may be due to excessive pressure.

Microophthalmia. A term used to indicate a malformation in
which the eve or eves are smaller in size than the normal. This is
probably the result of insufficient nutrition.

Micrognathy, The name of an individual baving a diminu-
tive inferior maxilla. These are caused by undue pressure or
insufficient nutrition.
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Micromelus, A malformation so named because of the
diminished size of all legs. This is caused either by diminished
nutrition or undue pressure,

The following are illustrations of arrested development mani-
fested by absence of imperfect tissue union, thus producing
fissures (schistoses), or resulting in fusion of parts that are
normally separate (symactoses). Fissures of the body cavities
are due to increased accumulation of fluids in internal organs,
increased size of internmal organs, prolapse of viscera before
body walls have united, the presence of amniotic folds between
cleft edges or lack of sufficient tissues to close the margins.

Cranmioschisis. The name of a condition produced by fail-
ure of development and union of the cranial bones and resulting
in a cleft. The meninges and in some instances the brain
tissue may be exposed or there may be protusion of the menin-
ges and also of the nerve tissue, thus producing meningocele
or meningu-encephalocele,

Fig. 5. —Cranioschisin—Call.

Craniorrhachischisis. A malformed individual so called be-
cause of a fissure of the spine and cranium accompanied by
exposure or protusion of the spinal cord and brain.

Rhachischisis. A condition in which there is acleft of the
spinal column. This maliormation is usually the result of some
defect in the margins of the neural groove. If the fissure ex-
tends the entire length of the spinal column the resulting con-
dition is called holoschisis. If the fissure does not extend the
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entire length of the spinal column, the condition is termed
meroschisis (Gr. Meros=part, and schisis==splitting.) The
spinal meninges may protrude through the spinal column fissure
producing spina-bifida. A hernia of the spinal meninx that con-
tains cerebrospinal fluid is termed spinal meningocele, and if the
cord and meninges protrude, it is called a myelomeningocele.

Flg 61— hefloschluln

Cheiloschisis. is the condition resulting from arrested de-
velopment of the soft tissues covering the maxilla. This is the
condition popularly termed hair lip. It is an inconvenience
because it interferes with sucking the teat, the source of nutrient
of the new born mammal. The defect may also involve the
maxilla producing cheiliognathoschisis.

Palatoschisis. A defect in which the palatine processes have
imperfectly developed, thus leaving a fissure through which
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Fig. 65.—Palatoschisls,

ithere is free communication between the nasal and buccal
cavities. This condition is commonly spoken of as cleft palate.

Thoracoschisis. A condition resulting from failure of union
of the thoracic walls. The thoracic viscera, the lung, heart and

Fig. 9. —Abdominoschints,
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large vessels may protrude through the fissure thus producing
ectopiacordis or ectopiacordispulmonaris.

Abdominoschisis, is the condition caused by failure of union of
the abdominal parieties. The condition is frequently accompanied
by protusion of the abdominal viscera through the fissure. The
abdominal fissure may involve only a portion of the cavity or
it may be complete. [Ectopia gastrium is the condition result-
ing from protrusion of the stomach through an abdominal
fissure; ectopta vesicae, protrusion of bladder, etc.

Flg. 70.—Bynoephthalmla or Cyclople.

Svrovuophthalmia, or cyclopia (Gr. Kuklops=mythical single
eye monster), is a condition resulting from the fusion of the
optical vesicles. Arrested development of the anterior cerebral
vesicles allows the optical vesicles to contact and in some in-
stances there is one large double eye centrally located or there
may be two eyes occuring in a centrally located orbit. Cyclo-
pia is usually associated with defects of the nose.

Synactosis, is a general term denoting a condition caused by
the fusion of parts or organs that are normally separate.

Svumcelis. A malformation cansed by the fusion of two legs
into one irregular member.

Svudactylus,  An individual having the digits fused or grown
together. An illustration of syndactylism is the soliped hog.
The soliped hog usually has two separate digits of three
phalanges each and the ossa pedes are encased in a single hoof.

Svamelusdipus. A malformation having fused legs and two
feet.
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Synmelusmonopus. An individual having fused legs and only
one foot,

Synmclusapus. A monster having fused legs and no feet.

Synorchism. A malformed animal in which the testicles are
fused.

Arrested development may be evidenced by the nonappear-
ance of the lumen in any of the natural hollow organs, (atresia).
The mouth is formed by an ingrowth of the ectoderm and the
buccal cavity extends inward until it meets the anterior elonga-
tion of the embryonic gut. Later the partition separating the
buccal cavity and the cavity of the embryonic gut is absorbed

vE
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Flg. il.—A condltion of Solipedis In & hog.

and thus the cavities become continuous. Faijlure of the exten-
sion of the mouth cavity and its fusion with the embryonic gut
constitutes the condition. .dfresiac Orfs.

Atresia iridis. A defect in the eye due to the absence of an
opening (pupil).

Atresia oculi, a malformation in which there is no opening
between the eyelids.

Atresig anus is a condition in which there is an imperforate
anus, that is, there has been failure of union and fusion of the
aral ingrowth and the rectal outgrowth. Atresia anus is of
rather frequent occurrence and usually the defect is easily re-
lieved.

Atresia urethra,  Tniperforation of the uretnra,
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MALFORMATIONS RESULTING FROM EXCESSIVE DEVELOPMENT OR
OVERGROWTH.—Excessive development is usually evidericed as a
multiplicity of digits or phalanges though there may be multiplicity
of any structure.

Polydactylism.—The name applied to a malformed individual
in which there is an excessive number of digits. Individuals
having supernumerary digits are frequently observed. The
condition is probably more irequently observed in hugs than
in other animals. Polydactylism, hiowever, occurs occasionally
in the ox sgd horse.

Fig. 2. —Polyvdactylism in a hog,

Polymelusthoracicns—This is a malformation in which the
affected animal has one or more extra front legs. An interest-
ing case was observed in a cow in which there was an irregular
bone attached to the right scapula, and extending across the
median line. This bone articulated with an irregular supernum-
erary scapula and also with the spine of the left scapula. This
irregular formed scapula articulated with another bone which
was similar to a humerus on the distal end of which there was
a rudimentary ulnar. The condition of supernumerary posterior
legs is termed polvmeluspygus.

Dicaudis—An individual having two tails, This type of
malformation is not very common. It is probably the result of
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Fig. 73 —PFPrognathism, common name *‘undershot’”

a division or cleavage of the caudal segmments during embryonic
formation.

Multiplicity of internal organs is occasionally observed, Thus
several cases of partially double spleens have been reported. An
interesting case of malformation was observed in a hog, the defect
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consisting of a double penis. This individual may have been
called a dipenis.,

Malformations from excessive. growth may be applied to the
entire animal when it is excessively large (giants), Malforma-
tions resulting from overgrowth of a part are frequent; thus
one foot, one leg, the head or any other part may be overgrown.
Darwin, {in Plants and Animals under Domestication), men-
tions a cat that he observed which had incisor teeth one and
one half inches in length,

-l B . -
’ \_\ K,. ‘-\\
\\ \\\\\.\ \<\\Q§, SN
Fig. T+ —tichintosis meluy antleus or dunelun wpticus—Male,
{Drawing made from a pholograph.)

TRANSPOSITION OF VISCERAL ORGANS, (situs viscerum inversus-.
Very rarely animals are observed in which the visceral organs
are re-arranged. i. e, those organs that normally occur on the
left side of the body are found on the right side. A sheep in
prime condition was observed which was normal in appearance
except its head was turned slightly to the left and the atlas was
ankvlosed to the occipital. thus giving it hut little vertical
motion. The right shoulder was anterior to the left. The vis-
cera were entirely reversed; the heart was hanging toward the



MALFORMATIONS, 103

right: the four compartments of the stomacli were transposed,
the rumen being on the right side, and the spleen being in con-
tact with the right side of the diaphragm; the liver was on the
left side and the right kidney was posterior to the left which
was swinging free as the right usuaily does,

Transposition of visceral organs probably results from an
irregularity of the allantoic veins and their continuation. In
normal development the right vein atrophies and the left vein
becomes larger in early embryonic life and if for any reason
the left vein atrophies and the right vein becomes longer then
the visceral organs tend to develop in the reverse position.:

PERSISTENT FOETAL STRUCTURES,—All the malformations are
grouped into this class that retain embryonic or foetal structures
abnormal to extra-uterine forms of life.

Crypiorchids—{Gr. Kruptein—to hide and orchis-testicle) are
probably the most frequent malformations resulting from the
persistence of a foetal structure. The testicles of domestic ani-
mals are formed within the abdominal cavity during embryonic
life and later migrate, except in fowls, birds, etc., to their per-
manent position in the scrotum. Cryptorchids are animals in
which the testicle was properly formed, but did not descend
to the scrotum. Dr. DeWolf carefully inspected 46%1 male
hogs and found 28 single and 7 double cryptorchids.

Clgacal Persisience—~During embryonic life the rectum and
urogenital tract terminate in one common cavity known as the
cloaca. The cloaca persists throughout life in the avidae. but
not in mammalia. H. Brassy Edwards, M. R. C. V. S,, reported
a case in the veterinary Journal of an imperforate anus in a
brindle bull bitch pup 10 days old. There was no trace of an anus
and the prominence nsually felt in the perineal region of imper-
forate anus was also absent. On operation the rectum and
uterus were found to he fused, thus producing a cloaca. Dr. P.
Philtipson of Holbrook, Nebr., reported a colt in which there
was a cloacal formation. In this case the floating colon fused
with the uterus and the vagina was a common opening of the
digestive tract and the genito-urinary tract.

Cervical ectopia cordis.—This is the name of a malformation
in which the heart is located in the cervical region. The heart
ts normally formed in the cervical region and if the anterior
thoracic wall closes prematurely, the heart remains in that re-
gion,

MIXTURE OF $EXUAL ORGANS, IIERMAPHRODITISM.—The sexual
glands, ovaries and testicles, and the external genitals, of both
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Ti—Ectocardia.

Fig.

/ . . .
sexes, are derived from four similar embryonic structures, The
influence or factors determining sex are not known. During
embryonic development the sexual determination is not distinct,

TR .(‘;«:meg[c
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the individual .possessing more or less complete sexual organs
typical of both the male and the female. Animals in which
there is a combination of sexval organs are termed hermaphro-
dites. According to the development of sexual nrgans, herma-
phrodites are designated as true and pseudo or false herma-
phrodites.

A true hermaphrodete possesses secretmg sexual glands of
both sexes, i. e., they have secreting ovarian and testicular tis-
sues. The external genitals of the true hermaphrodite may -be
bisexual or unisexual. True hermaphrodites are rare, and fer-
tility of such animals is doubtful. True hermaphroditism may
be lateral, bilateral or unilateral.

Lateral hermaphroditigp is the condition in which there is
an ovary on one side and a ‘testicle on the other, The follow-
ing example illustrates this type. The animal was a two year
old bovine and had an ovaty suspended by the left broaa ga-
ment and a testicle suspended by the right broad llgament
The two glands had their normal appearance, typical of ovarian
and testicular tissues. This type of hermaphroditism is rare.

Bilateral hermaphroditism is typified by the presence on
both sides of an ovary and a testicle, or a single organ on each
side containing ovarian and testicular tissues. This type of her-
maphroditism, also is rare.

Unilatcral hermaphroditism is characterized by the presence
of a single organ, as an ovarv or testicle on one side and an
ovary and testicle on the other side or an organ containing ovar-
ian and testicular tissue on one side. This type is not common.

Pseudo or - false hermaphrodites are “individuals having one
distinct type of sexual glandular tissue and in which the exter-
nal genitals partake of the nature of both sexes. This type of
~ malformation is more common in the male and is usually the
result of persistence of Milllers canal and the further develop-
ment of the uterus and Fallopian tubes. In pseudohermaphro-
ditism the testicles are usually retained in the abdominal cav-
ity. There are usually Fallopian tubes, vagina and uterus, the
completeness of which is variable. The appearance of the testi-
cle is variable according to the development of the female
external genitals. Pseundohermaphroditism is much less fre-
quent in the female than in the male.

A rather well marked case of a pseudchermaphroditic horse
was obtained and carefully observed for some time after which
it was destroved and the type and relation of the sexual organs
were determined by dissection. In this animal the head and
neck while not dectsive of either sex in general rather favored
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the male in conformation. There was quite a well marked
vulva and the much elongated clitoris projected about four
inches postero-inferiorly and closely resembled a penis. The
uterus was quite rudimentary and the reproductive glands were
located near the normal location of the internal inguinal ring
and had very little resemblance to either testicle or ovary.
Microscopic examination did not solve the difficulty for the
glands were a conglomerate of small cysts. The mammary
gland was fairly well developed.

Double or Multiple Malformations—Under this caption
those malformations will be considered that involve two or more
individuals developing simultaneously. Marchand’s classifica-
tion of duplicate monsters is adhered to in the following discus-
sion. The entire subject of duplicate monsters may be subdi-
vided into 1st, symmetrical duplicity, 2nd, asymmetrical dupli-
city, and 3rd, multiplicity.

SYMMETRICAL DUPLICITY.—The individuals, in symmetrical
duplicity are, in the beginning, similar and symmetrical. Each
of the symmetrical duplicates is derived from separate, similar,
equal anlagen of a single fertilized ovum or bisection of a single
anlagen. This class of malformations may be divided into two
groups :—viz., complete and incomplete duplicities.

Complcte Duplicity.—Complete duplicates are in the begin-
ning alike and complete and the individuals may remain sep-
arate thus forming twins, (free duplicities,) or they may be
united, thus forming double monsters.

Twins, (free duplicates), develop in a single chorion though
cach individual usually has a separate amnion and allantois.
Monochorionic duplicates may develop equally or unequally.
depending upon the division of nourishment. The above dis-
cussion primarily applies to uniparous animals. However, by
varying the number it is equally applicable to multipares.
Twins also result from simultaneous fertilization of two ova.

Double monsters are mono-chorionic duplicities in which the
bodies are united. The two bodies may be equal or unequal in
size, depending upon the distribution of nourishment. Double
monsters are the result of partial fission of a fertilized ovum,
partial fusion of two separate anlagen of a single ovum, or par-
tiul fusion of two fertilized ova. The attachment of the two
bodies of the double monsters may be posterior, middle or anter-
10T,

Posterior union may be dorsal or ventral. In the former the
union occurs at the pelvis, and the dorsal surfaces of the bodies
are usually in apposition, such a monster is called a pvgopagus.
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Pygopagi have two umbilical cords which fuse to torm a single
cord; coceyx and sacrum are single, rectum and anus usually
single; spinal cord double anteriorly, fused posteriorily form-
ing a single filum terminale; urogenital system usually double.
Ventral posterior union may be confined to the pelvic region,
(ischiopagus), or it may extend anteriorly to and including the
thoracic cavity, (thoracisischiopagus). The two bodies in ven-
tral posterior union are so united that their venter surfaces are
in apposition. Ischiopagi. usuallv have a single umbilicus and
cord; pelvic organs may be single or multiple; there is usually
no anus. If one of the bodies is small or rudimentary, it is desig-
nated a parasite, (ischiopagusparasiticus}. Thoracoischiopagi,
may have single or double thoracic viscera; the abdominal vis-
cera are usually double.

Middle union in double monsters occurs on the venter sur-
face from the umbilicus and extends anteriorly. There is usu-
ally a single umbilicus; the abdominal viscera is usually double;
thoracic viscera single or double, depending upon the area of
union ; middle union may occur at the xiphoid cartilage, (xipho-
pagus), involve the entire sternum, (sternopagus), or the entire
thoracic venter surface, (thoracopagus), xiphopagi may survive,
the “Siamese Twins,” were of this type. Thoracopagi are fre-
quently unequal in size, the smaller one being designated as a
parasite.

Anterior union may be dorsal or ventral or the union may be

on the anterior surface of the head. Dorsal, anterior union
rarely occurs, the attachment being on the frontal region. These
malformations are designated Craniopagi. Ventral anterior
union occurs occasionally. The union in this type is along the
venter cervical region and extends onto the venter thoracic re-
gion. The sternum and oesophagus are single; larynx, trachea
and stomach may be single or double; intestine double; there
may be two faces or the faces may be fused. Fused-face mon-
sters resulting from union of the venter anterior cervical or
cephalic regions are called syncephali.
' Incomplete Duplicity is the name applied to those malforma-
tions in which the greater part of the body is single, duplica-
tion occurring in only a part. The duplicity may involve any
part. These malformations are not easily differentiated from
malformations resulting from multiplicity of parts as polydacty-
lism.

ASYMMETRICAL DUPLICITY are those malformations result-
ing from the development of two separate, dissimilar, uneqnal
anlagen of a single ovum, the development of a fertilized polar
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Flg. 76.—Dicephalic Calf.

Fig. 77.—Dicephallc Calf,
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body or the development of an isclated group of segmentation
cells. In asymmetrical duplicity one body is rudimentary or
under-developed, (the parasite}, and the other body develops
normally or nearly so, (the autosite). The parasite always
remains attached to the autosite or is included by it. Parasitic
duplicity may occur in any region. Thus the parasite may pro-
ject from the orbit, mouth, shoulder or it may be included in
the thoracic or abdominal cavities.

MuLTIpLICITY is the name applied. to des;guam the’ develop-
ment of more than two separate individuals in a single chorion.
Multiplicity is of rare occurrence. One single case has been
authentically reported in the human in the form of a tricephalus.



CHAPTER V,
CIRCULATORY DISTURBANCES,

Normal blood circulation is dependent upon the rate, rhythm
and force of the heart, the caliber of the blood vessels and the
resistance offered by them and the quantity and the quality ot
the blood.

Variation of Heart Action.—A marked variation in the heart
activity Tesults in imperfect circulation. Depressed or dimin-
ished heart action is more common than increased heart action.
Diminished functional activity is most frequently caused by in-
flammation of the endocardium, myocardium, epicardium or per-
icardium. Valvular stenosis and valvular insufficiency are the
result of endocarditis. Myocarditis diminishes the activity of
the heart and if the inflammation is long continued the muscle
cells are destroved and replaced by fibrous tissue thus per-
manently impairing the force of the heart. Inflammation of the
epicardium and pericardium may be accompanied by volumin-
ous exudation which distends the pericardial sac and produces
sufficient pressure to hinder diastole, or the exudate may be-
come coagulated and later organized attaching the sac to the
surface of the heart and thus hindering cardiac systole. Cardiac
activity may be diminished by the collection of fluid in the
pleural cavity, malformed thoracic cavity, tumors, occlusion of
coronary arteries, fatigue and thrombic formation upon the
cardiac valves. Diminished cardiac activity results in a dimin-
ished quantity of blood being sent out from the heart and an
accumulation of waste products in the tissues.

Increased functional activity of the heart is usually only tem-
porary exceptiLg in those animals affected with cardiac com-
pensatory hypertrophy. The most common cause of increased
cardiac activity is reflex stimulation, Increased activity due
to reflex stimuiation may terminate in exhaustion and syvncope
in a relatively short time. Increased functional activity. due
to a cardiac compensatory hypertrophy resulting from increased
resistance as in emphysema, chronic nephritis, etc., may result
in permanent over action of the heart.

Anatomical changes in the cardiac-structure, as hypertrophy,
fatty degeneration, fragmentation, fibrous formation, or necrosis

10
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may be evident when the functional activity of the heart is
varied,

Vascular Variations.-——The amount of blood passing into or
out of a given organ is determined by the caliber of the blood
vessels, provided the heart action and general blood pressure
remain normal. Variations in the caliber of normal blood ves-
sels depend primarily upon the response of the vessel muscu-
lature to vaso-motor stimulation, Blood pressure is dependent
upon the elasticity of the arteries and the force of the heart. In
general, pathologic vascular variations are the result of, first,
disturbed arterial elasticity; second, the maintainance of the
normal caliber of the vessels and; third, the permeability of the
vascular walls.

Arteriosclerosis is a condition in which the elasticity of the
vessel walls is lessened or destroyed. In the production of
arteriosclerosis there is vascular dilatation succeeded by suben-
dothelial fibrous formation which continues until the Iumen ui
the dilated vessel is reduced to its normal size. The hyper-
plastic fibrous tissue may later become calcified. Sclerotic
arteries are thick, stif and nonelastic. Sclerosis is most com-
mon in arteries although it occurs in veins.

The vascular caliber may be diminished by muscular con-
traction or by hypertrophied vessel walls. In animals affected
with chronic nephritis there is contraction of the systemic
arteries resulting in compensatory cardiac hypertrophy, Arterial
constriction is also common in the peripheral vessels of animals
affected with carbon dioxide poisoning. Local diminution of
vascular caliber may be produced by parietal thrombi. The
. vascular caliber may be increased by paralysis of the vaso-
motor nerves a condition which is sometimes observed in ani-
mals that have received injuries in the cervical region.

Increased permeability of vessel walls usually results from
insufficient nutriment to the vascular structures and occurs
most frequently in small vessels, i. e., capillaries and venules.
Increased permeability usually accompanies venous hyperemia
although it may exist independent of variations in the quantity
of blood. Thus oedema is common in hydremic individuals.

Variations in Quantity and Quality of Blood.—The quantity
of blood in a part is determined by the caliber of the supplying
vessel and by the blood pressure. Acute general anemia re-
sults in a diminished blood pressure which, if not corrected in
a short time, terminates fatally. Chronic general anemia is
accompanied by a slightly diminished blood pressure and a re-
tarded blood current.
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The most important variations in the quality of blood that
concerns the student of general pathology are due to the varia-
tions of the percentage of water contained. Hydremia is ac-
companied by disturbances of the renal function and by cedema.
Anhydremia is productive of a slow weak pulse and the sec-
ondary changes resulting therefrom. Excess of carbon dioxide
or urea in the blood stimulates the vaso-constrictor nerves thus
causing arterial contraction.

Hemorrhagic diathesis or hemophilia is an inherited condi-
tion in which there is little or no tendency for coagulation of
blood. The cause of this condition is the ahbsence of some
blood constituent essential to coagulation,

HEMORRHAGE.

DEFINITION,
ETIQLOGY.
Ruptured vessel.
Rhexis or diabrogiy.
Increased permeabilily,

Diapedests,

Predisposition (hemophilia),
I"4ARIETIES. .
Location,

Tissue.

Petechia (flea bite) pint point.

Eechymosis (over-Row) from pin poinl to size of dime.
Suggillation (suwelling) bruise.

Effusion.

Hematoma (blood tumor),

Infarction,

Surface—Skin, mucous, membrane, serous membrasne,
Epistaxis.
Hematemesis,
Hemopiysis,
Hematuria,
Hematidrosis,
Hematometra.,,
Hematocele,
Metrorrhagia, )
Hemathorax. . -« .
Hemocoelia, ele. - ' -

Iessels.

Cardium.

Arteries.

I"eins.

Capillaries.

APPEARANCE.
Macroscopie.
Microscopic,

Tissne hemorrhage.

Clod.

EFFECTS.

Rate of outflow.
Location.
Secondary chance of ex!razfmare
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Herfotrhage is the éscape of blood from 4 Vessél, (capillary,
vein, artery or heart.)

Etiology.—Some animals are predisposed to hemorrhage
(hemophiliay, Hemorrhagic diathesis or hemophilia is an in-
herited condition inm which there is little or no tendency for
coagulation of Blood. The causé of this condition is the ab-
sence of some blood constituent essential to coagulation
or rupture of vessel wall, resulting from diseased vessels
as ulceration, thus producing hemorrhage by diabrosis, or in

Fig. 78.—Petechinl hemorrhage, Kidney hog cholera lesion,

& Hemorrhagic aree. ¢ Qlomerulus engorged with hlnod.
b. Normal kldney tubule,

.

creased pressure and traumatism, thus producing hemorrhage
by rhexis. The permeability of the vessel walls may be suffi-
ciently increased Ly pressure or disease so that hemorrhage
takes place by diapedesis. The escaped blood, 1. e. the ex-
travasate, may flow dipon the surface of the skin, serous or
mucous membrancs, or into the tissues.

TISSUE HEMORRHAGES may vary greatly in amount and are
designated by the following terms, petechia, ecchymosis, sug-
gilation, effusion, infarction and hematoma.

Prtechige are small sharply defined hemorrhaglc points and are
probably caused by bacterial products in the blood.
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Ecchymoses are hemmorrhagic spots larger than petechiae and
less sharply defined caused by ruptured capillaries or precap-
illaries,

Suggillations and effusions are large indefinable hemorrhagic
areas, caused by braising which ruptures the small vessels,

Hemorrhagic infurction is a hemorrhage into an anemic area,
This is not a hemorrhage as ordinarily understood for the blood is

. !W—_\:- z

Fig. " —Hemaioma, caused by ruplure of spur yvein,

within the vessels and escapes into the anemic area because of the
diminished pressure.

A hematema is a circumscribed collection of  extravasated
blood in the tissues and is usually the result of hemorrhage
from an artery.

SURFACE HEMORRILAGE is designated according to its origin, thus:

Fpistavis is hemorrhage from the nasai mucous membrane and
is quite common in acute nasal glanders.

Hematemesis is hemorrhage from the stomach and is ob-
served in animals poisoned sith arsenic and those afflicted with
gastric ulcer or gastric carcinoma.

Hemaoptvsis 1s bemorrhage from  the lungs. It may be the
result of excessive exertion, abscess formation, tuberculosis, ete.
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Hematuria is hemorrhage into the urinary tract or bloody
urine. The blood may escape from the kidney, and if so there
will be tubular casts discernible on microscopic examination of
the urine; it may come from the ureter or bladder, and would
then be thoroughly mixed with the urine; or it may have its
origin from the urethra and would not be mixed with the urine
but would usually precede it.

Hematidrosis is hemorrhage from the surface of the skin
and is the so-called sweating of the blood and is caused by in-
creased permeability of cutaneous capillaries.

Enterorrhagia is hemorrhage from the intestinal mucosa and
may be differentiated from hematemesis by the appearance of
the extravasate in the feces. The extravasate in hematemesis has
the appearance of coffee bean grains in the feces while the en-
terorrhagia extravasate retains the hemoglobin color and is not
broken up into granules. (The coffee bean appearance of blood
extravasated into the stomach is due to the action of the hydro-
chloric acid of the gastric juice.) Enterorrhagia is caused by
infection as in anthrax and by caustics.

Hematometra is hemorrhage from the uterine mucosa the
extravasate being almost entirely retained in the uterus. This
is usually caused by improper removal of retained placenta.

Metrorrhagia is hemorrhage from the uterine mucosa and the
extravasate passes out of the uterus, Menstruation in the hu-
man is an illustration of metrorrhagia.

Hemococha is hemorrhage into the peritoneal cavity and is
caused by rupture of the peritoneum or some abdominal organ.

Hemothoray is hemorrhage in  the pleural cavity, and is
cansed by ruptured pleura as a result of fracture of a rib, etc.

Hematocele is hemorrhage into  the tunmica waginalis  cavity.
This may be the result of laceration or rupture of the tunica
vaginalis testis. .

Effects.—The effects of a hemorrhage depend upon the
quantity of blood lost and the location and secondary changes
of the extravasate. In health the vascular system practically
maintains a constant blood pressure by accomodating the
capacity of the blood channels to the volume of the blood.

The quantity of blood that an animal may loose without be-
ing seriously affected varies according to its age and health.

The blood tissue of the horse has been estimated at from
1-16 to 1-12 of the total body weight. One-tenth of the esti-
mated total amount of blood in the body has been withdrawn
from horses used in the production of anti-toxin once every txo
weeks for from six to eight months without injurious results.
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From !/, to 14 of the voluine of the blood in the body may be
withdrawn at once and the animal recover. Hemorrhage from
a small vessel has little éffect upon the welfare of the body for
the quantity lost is immediately restored from the lymph and
other fluids of the body. Thus there may be a constant hem-
orrhage from the dlgltal artery of the horse jor twenty-four
hours without injurious consequences.

A sudden large loss of blood diminishes blood pressure and
this results in imperfect action of the heart valves. The blood
is churned back and forth., becomes mixed with air and this
frothy mass accumulates beneath the valves and prevents their
closure.

Hemorrhage is serious when it occurs in the more delicate
or the more highly organized tissues. Thus the amount of
extravasate into the cerebrum may be very small and yet pro
duce sufficient disturbance to destroy life, while the same
amount of extravasate into the muscles of the tlugh forearm,
etc., would probably not be observed.

The extravasation of blood into one of the body cavities, as
the pleural or peritoneal cavity, will be partially absorbed as
entire blood before it beecomes coagulated, the remaining un-
absorbed portion will be in part disintegrated and carried out
by the leucocytes and the remaining portion' will finally be-
come organized and remain as a mass. of fibrous tissue. .If the
loss of blood is not sufficiently large to materially diminish the
blood pressure and the extravasate remains free from infection
there will be very little inconvenience from the hemorrhage;
but if the extravasate becomes infected the outcome will be
more serious. If the extravasate is into some important tissue
the secondary changes will be of more conset;uence than when
in the body cavities,

There is a natural teudencv for self arrest of hemorrhage,
because, 1st, blood pressure. s diminisled during hemorthage
and thus coagulation is favored: 2nd, the endothelium of the
injured wessels becomes roughengd and. Ahus. thrombic forma-
tion is. favored; and 3rd, fibrinogen is liberated from vascular
endothelium and thus the coagulation of the blood 1s favored.
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LYMPHORRHAGIA.

DEFINITION. .
(Extent of lymphatic sysiem).
{Lymph transdale guantily determined by blood pressure).
ETIOLOGY.
Ruptured vessel or space. .
LOCATION.
Surface, because of lymph spaces and low pressure.
Thorecic duct.
APPEARANCE,
Macroscopic.
Microscopic.
EFFECTS,

Lymphorrhagia is the escape of lymph from ruptured
lymphatic vessels. The lympathic system in general is the con-
necting system between the blood capillaries and the jugular
vein. In this system lymph is that portion of the blood which
passes, through (or is secreted by}, the capillary walls into the
perivascular spaces and consists of plasma diluted, leucocytes.
and usually contains considerable waste material. Lvmph
varies in its composition depending upon the source, location
and condition of the surrounding tissue. The lymph of the
lacteal system depends upon the kind of food-material di-
gested and the length of time since its ingestion.

Etiology.—Lymphorragia is the result of laceration or
rupture of the lymphatic channels. Because of the low pressure
within the lymphatic vessels, lymphorrhagia takes place only
upon surfaces or into the body cavities. Lymphorrhagia onto a
surface, if long continued, results in the so-called lymphatic
fistula. Rupture of the abdominal portion of the thoracic duct
accompanied by the escape of its contents into the peritoneal
cavity produces the condition known as chylous ascites.

Chylous ascites is differentiated from abdominal dropsy or
ascites proper by examination of the accumulated fluid. The
fluid of chylous ascites and lacteal fluid are practically identical
in composition. Ascitic fluid proper is diluted Ivmph and con-
tains no evidence of chyle or lacteal fluid. Lymphorrhagia may
also occur into the pleural cavity as a result of the rupture of
the thoracic portion of the thoracic duct.

The effects of lymphorrhagia depend upon the extent, loca-
tion and length of duration of the process. Extensive lymph-
orrhagia from a large lymphatic vessel depletes the body be-
cause of the loss of food substances, albumin, etc,, in the lymph.
Lymphorrhagia from the thoracic . duct, especially into the
peritoneal cavity, is serious because of the loss of food.
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OEDEMA, DROPSY OR HYDROPS.

DEFINITION.

ETIOLOGY..
Inereased production.
Increased permeability (Colnheim.)
Increased pressure.

OBSTRUCTED OUTFLOW. .
Valvular insufliciency or stenosis (cardiac).
Gravid wierus.

Tumor, Abscess, Ligature, elc.

LOCATION,

Peritoneal cavity (escites).
Thoracic cavity {hydrotherax).
Pericardial cavity (hydropericardium),
Arachnoid space (hydrocephalus external).
Lateral veniricles (hydrocephalus intermal).
Tunica vaginalis cavity (hydrocele).
Subculaneous lymph spaces (anasarca) (im legs only, stocking).
APPEARANCE.
Macroseopic.
Microscopic.
EFFECTS.

Oedema, dropsy or hydrops is the accumulation and retention
of lymph in the lymph vessels and spaces. Lymph is the
ronvevor of metabolic substances to and from all tissues of
the body except those directly supplied by the blood capillaries.
The quantity of lymph in the lymphatic channels is determined
by the permeability of the capillary walls and the rapidity of
lymphatic absorption. In health there is a balance between
the transudation of lymph from the blood vessels and its
absorption into the lymph vessels. In oedema there is either
a larger amount of lymph transuded or a smaller amount
absorbed,

" Etiology.—The causes of oedema may be:

1. Increased transudation which may be caused by (A)
Increased permeability (or secretory function) of the capillary
walls, thus allowing an increased amount of fluid to escape
from the blood, (B) Hyperemia: which produces an in-
creased intracapillary pressure resulting in sufficient injury
to the endothelial lining to allow an increased outflow of
plasma. Passive hyperemia is more frequently associated with
oedema than active hyperemia. Thus, tricuspid stenosis or
tricuspid insufficiency is usually associated with general dropsy.
“Stocking” is an ocedema usually resulting from venous hyper-
emia. .-

2. Obstructed outfloco of Iymph. Swollen lymphatic glands.
the result of inflammatory disturbances or neoplasms, and
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external pressure hinder the passage of lymph and hence favor
its accumulation. As the anastomoses of lymph channels i3
quite complete the obstruction of the outflow of lymph is a
minor cause.

Varieties of oedema according to location are as follows:—

Flg. 80.—Dog with Aucites, & result of an hepatle tumaor.

Ascites: an abnormal accumulation of an oedematous fluid
in the peritoneal cavity usually resulting from obstructed portal
circulation,

Hydrothorax, and abnormal accumulation of oedematous fluid
in the pleural cavity or cavities. It is usually unilateral in the
horse and is caused by obstruction of the internal thoracic vein.

Hydropericardium and abnormal accumulation of oedematous
fluid in the pericardial sac. This variety is very rare as a
primary condition. It is caused from venous obstruction of
cardiac vessels or vessels of the cardiac sac.

Hydrocele: an abnormal accumulation of an oedematous
fluid within the vaginal tunic, e. g., the so called “water seed”,
caused by adhesion of the vaginal tunic in the inguinal canal
which is usually the result of improper castration.

Hxydrocephalus: an abnormal accumulation of oedematous
fluid in the serous cavities of the brain or its meninges caused
by venous hyperemia. Thus external hydrocephalus is an
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affection of the subarachnoidean spaces and internal hydroce-
phalus an affection of the ventricles of the brain.
Anasarce: an abnormal accumulation of oedematous fluid

in the subcutaneous areolar tissue.

Fig. 8l.—Babs Qed , raused by valvalar losafficlency.

Appearance. Macroscopic—QOedema of the boedy cavities
results in their distention and in the displacement of the normal
cavity contents as a result of the accumulated fluid. The serous
membrane becomes discolored. Oedematous Anid is thin, water-
like, pale yellow, or colorless, contains less albumin and is less
coagulable than either blood serum or inflammatory exudate,
An oedematous tissue is swollen, Rabby, soft and pits upon
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pressure, and if incised, a watery, pale straw colored fuid es-
capes.

Microscopic—The intercellular spaces are increased in ex-
tent, hence the cells are farther apart than normal and may be
undergoing degeneration or atrophy, or be swollen and con-
tain wvacuoles.

Effects.—The effects of cedema vary according to the causa-
tive agent, the tissue involved, and the length of duration of
the process. If the etiologic factor is capable of reproducing
or increasing in quantity, as infectious agents (Bacillus of
Malignant Qedema), there is more extensive tissue destruction
than when the oedema is produced by other agents. Oedemx
of the meninges of the brain or spinal cord may result in
degeneration and destruction of the nerve cells and death of
the diseased amimal. On the other hand oedema of the sukb-
cutaneous tissues of the metacarpal or metatarsal region is of
little consequence. Qedema of brief duration does not, as a
rule, produce permanent injury to the involved tissue, but an
cedema of long standing is of serious consequence because of
the extensive hydropic infiltrations of the cells of the affected
tissue and because of the constant depletion of the system.
Hydropic degeneration, thrombosis and necrosis are frequent
sequellae of oedema.
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THROMBOSIS.

DEFINITION, -
ETIOLOGY.
Injured endothelium,
Mechanical—Ariery forceps.
Atheromatous degeneration,
Insufficient nutrition.
Foreign bodies—Parasites, elc.
Retarded rate of blood fow.
Increased coagwlability of blood.
PROCESS OF FORMATION.
LOCATION.

Oceurs in all vessels, more prevalent in veins and heart,
VARIETIES OF THROMBI,

Color.

Red.

W kite,

Mixed.

Extenl.

Partial

Lateral,
Parietal (anmlary,

Complete (obstructive).
EXTENSION OF THROMBI.
APPEARANCE.,

SECONDARY CHANGES OF THROMBI.

Decolorization,

Softening.

Simple.

Infective.

Organization,

Calcification,

EFFECTS DEPEND UPON.

Vessels obstrucied,

Secondary changes of thrombi,

Thrombosis is the condition resulting from a coagulation
of blood within the vessels or heart during life. A thrombus
is the coagulated blood within a living vessel. The accumula-
tion and adhesion of leucocytes on the interior of wvascular
channels is also spoken of as a thrombus. The term thrombus
should not be confused with a coagulum or a clot. A coagulum
is coagulated blood within a vessel formed after death of the
vessel wall, and a clot is coagulated blood formed outside of
the vessel,

Tlrombosis is of quite common occurrence. It is occa-
sionally a sequel of parturition. Thrombic formation of one
or both of the iliac arteries of the horse is 2 demonstrated
cause of lameness. Thrombo-embolic colic of the horse is
caused by thrombosis of the anterior mesenteric artery. The
appearance of ante-mortem clot is familiar to all post-mortem
examination observers. Intravenous or intra-arterial injections
are probably always succeeded bv thrombic formation at the
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point of the injection, but the thrombi resulting therefrom are
usnally of little consequence.

Etiology.—The coagulation of blood is a complex chemi-
cal reaction and is not thoroughly understood. From the various
investigations it may be concluded that three factors are essertial
in the coagulation of blood. 1st. There must be soluble albumins
from which fibrin is derived. 2nd. Tibrin ferment (fbrinogen)
which is probably derived from leucocytes and blood plates, (It
is probable that vascular endothelium may also liberate fibrinogen.)
3rd. Soluble lime salts, The following are the most frequent im-
mediate causes of thrombic formation.

1. Injury of the vascular endothelivin which may be caused
by: (A) Mechanical interference, as torsion by artery forceps.
or ligation: (B) Extension of disease from other portions of
vessel walls, as atheromatous degeneration: (C) Insufficient
nutrition the result of passive hyperemia: (D) Foreign bodies.
Thrombic formation succeeding injury of the vascular endo-
thelium is apparently a reaction on the part of the injured
cells for protection and to prevent hemorrhage until the wound
is repaired. Many thrombi are thus formed and later removed
by phagocytes, without causing sufficient inconvenience to be
clinically recognized.

2. Reterded floww of blood which may be caused by a weak
heart or the relaxation of the blood vessels especially the veins.
Frequently the so called “ante-mortem clot”, which is a throm-
bus, is observed in post-mortem examination of horses that
have died of pneumonia, pleurisy, peritonitis and other ex-
haustive diseases that are accompanied by a weak heart
action.

X Variations in the composition of blood, as increased number
of platelets, which increase its coagulability, (probably because of
the production of fibrinogen), contamination with bacteria, etc.

Process of Formation.—The process of formation varies ac-
cording to the kind of thrombus formed. A red thrombus is
formed when there is vascular obstruction and it is formed be-
cause of the coagulation of the blood contained in the obstructed
vessel. Coagulation in thrombic formation does not differ from
extravascular coagulation, YWhite thrombi are formed as a result
of leucocytic adhesion, and the deposition of the fibrin from the
blood plasma on an injured internal vascular surface. The leu-
cocvtes and fibrin mav continue to accumulate until the vessel
is obstructed.

Location.—Thrombi form in the heart. veins, arteries, and
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capillaries, They occur more frequently in the heart and veins
because of the presence of valves,

Varieties of Thrombi.—Thrombi may be classified on the
basis of color and extent:

1. Coloer. Thrombi are variable in color according to their
structure and may be red, white or mixed. A thrombus formed
in a vessel in which there is complete stasis of blood will oc-
cupy practically the entire vessel-lumen and be red. On the
other hand a thrombus formed gradually by the deposition ol
fibrin upon a roughened endothelial surface of a blood vessel
will be white. A mixed thrombus may be formed as a result
of blood-stasis in a vessel in which there was a white throm-
bus, or by a red thrombus becoming partially detached from
the vessel wall and contracting, thus allowing the blood to
pass through the partially obstructed vessel and depositing
fibrin (a white thrombus) upon the red thrombus.

2. Extent. A thrombus may be complete or obstruutive,
i. e., occupy the entire lumen of the vessels, or it may be partial.
A partial thrombus may be lateral, i. e., be found atong one side
of a vessel. Tt may also be parietal, i. e., extend around the
entire lumen of a vessel.

Extension of Thrombi.—A thrombus may form as a plug
in a vessel or may extend a considerable distance in the ves-
sel, the extension usually being in the direction of the blood
stream. Thus a bicuspid valve thrombus may extend, by
continued deposit, out into the posterior aorta until it has
reached the iliac arteries, or a thrombus arising in the metatar-
sal region may extend up through the metatarsal and continu-
ing veins until it reaches the posterior vena cava. The exten-
sion may be the result of direct growth or deposit upon the
original thrombus or it may be the result of fragments becom-
ing detached {emboli) and floating in the blood stream until
they arrive at the junction of blood vessels too small to allow
them to pass and so form secondary thrombi or produce embol-
ism.

Appearance of Thrombi.—Macroscopic—A red thrombus
appears similar to a blood clot but is usually a little more dense.
It is red, jelly-like and quite easily broken and may be partial
or complete. A mixed thrombus is practically the same as the
red except in color. A white thrombus is usually a little more
brittle than the red, is yellowish white in color and if formed at
different periods, strata may be observed.

Aicroscopic. A red thrombus is practically identical with a
blood clot, i. €., it is composed af fibrin in which white and red
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blood cells are entangled. A white thrombus consists essentially of
a mass of fibrin in which an occasional leucocyte or platelet
may be found.

Secondary Changes of Thrombi—1. Decolorization. A red
thrombus may become decolorized as a result of degenerative
changes in the red bloods cells. The contained hemoglobin be-

Flg. 82.—A Thrombus from the posterior anrta of & horer also 2 section of the
peslerior vena cava of A cuw containing a thrombus.

ing liberated may in part be converted into other pigments and
in part may be carried away by invading leucocytes.

Softening. Thrombi. either red or white, are sometimes
degenerated, disintegrated. absorbed and carried away as a
result of the following:

(A) Simple softening is a noninfective, degenerative pro-
cess that begins in the center of the thrombic mass and con-
sists of albuminous, granular or fatty degeneration. The spe-
cific cause of the degeneration is not known but is no doubt
the result of ferments. The degeneration extends irom the
~enter until the entire thrombus is involved. The disinte-
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grated material may be carried away by leucocytes or may
pass into the blood stream.

(B) Infective softening is an infective degenerative process,
the result of bacterial invasion into the thrombus. The source
of bacteria, that infect thrombi, is usually from the blood or
lymph. Suppuration or liquefaction is the resulting change.

X256
Fig. 63.—Red Thrombus, showing the fibrin, red cells and leucocytes,

The removal of the degenerative products may be accomplished
either by the blood stream or by the leucocytes. The outcome
of infective softening is likely to be much more serious than
when simple softening occurs.

3. Organization, If the thrombus does not undergo degen-
eration it usually becomes organized, but it may become calci-
fied. Very soon after a thrombus is formed the fibrin con-
tracts as it does in the blood clot, thus reducing the size of the
thrombus, and if it was a complete or occluding thrombus the
reduction may be sufficient to allow the cirenlation to be re-
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established. The endothelium and the vasa vasorum of the
contacting vessel proliferate and extend into the thrombus soon
after the fibrin contracts, the vasa vasorum usually being of
sufficient extent to produce complete vascularization of the
thrombus. The proliferated endothelial cells become fibrous
connective tissue cells and produce fibrous connective tissue
which later contracts and thus reduces the size of the throm-
bus. The dead and disintegrated tissue in the thrombus is car-
ried away by leucocytes, thus reducing the size of the throm-
bus still more. The contraction of the fibers usually continues!
until there is a mere cicatrix where there once existed an oc-
cluding thrombus. (This is a favorable termination.} The or-
ganization may result in the formation of an excessive amount
of fibrous tissue which may practically occlude the vessel, and
the vessel itself become a fibrous cord.

4, Calcification of the thrombi in the human is quite com-
mon, the calcified thrombi being called phleboliths and arteri-
oliths, according to the vessel in which they occur. The same
changes occur in thrombi of lower animals.

Effects -—The effects of thrombi depend upon the vessel
in which it occurs and the nature of the thrombus. I it
occurs in a terminal vessel the outcome will be different
than if it occurs in a vessel having collateral branches. If the
thrombus is occluding the outcome will he different than if it
is parietal. A thrombus that is brittle or is easily detached will
produce different results than one that is not easily broken
and is adherent to the vessel wall. The general condition of
the vessel wall is also a determining factor on the subsequent
changes of a thrombus. The principle results are as follows:

1, Obstructed circulation, which may be either partial or
complete, depending upon the nature of the thrombus and of
the vessel and the rapidity with which collateral circulation is
established. Continued partial obstruction in veins favors
hyperemia with its consequent oedema. Degeneration in ar-
teries favors anemia and atrophy. Complete obstruction re-
sults in necrosis with or without formation of infarcts.

2. Production of cmbolism by Iragments becoming de-
tached and occluding smaller vessels.

3. Formation of new bleod vessels.
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EMBOLISM.

DEFINITION,
SOURCE OF EMBOLL
Thrombic fragments,
Cells, fat, leukemia, twmor, elc,
Purasites,
Afr,
LOCATION, where vessels branch,
EFFECTS. .

Embolism is a condtion resulting from an obstruction of a
,blood vessel by a foreign body (embolus) that is suspended in
“the blood and is too large to pass through the vessel. An embo-
lus is a foreign body in the blood such as air, sarcoma cells.
ete,

Source of Emboli.— Thrombic fragments — Fragments from
disintegrating thrombi float in the blood until they arrive at
vessels that are too small to allow them to pass and there becom-
ing impacted produce embolism. An entire thrombus may also
become detached and float in the blood stream as an embolus
which, when impacted, would produce embolism. A thrombus in
an artery usually extends back to, and sometimes beyond
the first branch. the projection irequently becoming loosened and
carried into the branch as an embolus.

Abnormal cclls—I.eukemia i< frequently accompanied by
leukemic infarcts, a result of plugging of vessels by the enlarged
leucocytes or leukemic cells. Metastatic sarcomata are the result
of sarcomatous cells floating in the blood and becoming impacted
in small vessels where they multiply, thus producing secondary
tumors. Fat cells are a2 frequent cause of embolism especially
in the human, after a fracture of a long bone in which the blood
vessels are lacerated and fat cells from the marrow enter the
bload stream.

Parasites—FEmbolism may be the result of animal parasites.
The Strongylus armatus, in the larval stage is found in the
blood vessels of the horse and {requently produces aneurisms
of the anterior mesenteric artery. Here a thrombus forms, the
fragments of which passing on as emboli thus produce obstruc-
tions in the intestinal vessels which may result in thrombo-
embolic colic.

I"egetable microorganisms may cause embolism, thus bac-
teria in the blood are emboli. Pyemia result from 1netastases
of pyogenic organisms and pus. Apoplectic anthrax in sheep
may be the result of emboli of Bacillus anthracis plugging the
cerebral capillaries thus producing embolism.

Air may act as an embolus and ohstruct small vessels, or it
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may become mixed with the blood and become entangled in the
cardia¢ valves, thus interfering with heart action (a horse was
destroyed in four minutes by idjecting air into the jugular
vein). :
Location.—Embolism occurs most frequently in arteries and
in the portal circulatory system. Venous emboli as a rule pass
to the right side of the heart and into the pulmonary arteries
where they lodge. Fragments of thrombi from intestinal veins
pass into the portal system and are lodged in the hepatic capil-
laries thus producing embolism. Thrombic fragments from

Fig. N‘—Embollim. The embolus lodged at the point of divislon of an ariery.

the pulmonary veins, bicuspia valve and semi-lunar valves pass
into the arota and through its various branches and terminals
as emboli and finally they occlude the containing vessel and thus
produce embolism. Paradoxical embolism is the name applied
to the condition resulting from obstruction of an artery with an
embolus derived from the venous system and which has passed
from the right side of the heart to the left through the foramen
ovale.
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In some rare instances it appears that an embolus travels
in the direction opposite to the fow of blood and produces
obstruction ; this is called retrograde embolism.

Effect.—The results of embolism depend upon the composi-
tion of the embolus, obstructed circulation and infarction.

G e
So\spe Y
FIg. 86 —Anemlc (nfarcts In the apleen.
& Inftarcted aress duc 1o ¢mboll In capillaries suppl¥ing them.

Composilion of the embolus.—Emboli composed of cells
having the power to multiply, at the point of impaction (embol-
ism) become secondary foci or metastases of the primary patho-
logical condition, as metastatic sarcomata, leukemic infarctions,
etc. Pathogenic bacterial emboli not only obstruct circulation,
but also produce metastases of that disease as in necrobacillosis,
anthrax, ete. Filarial emboli and emboli composed of fatty cells
produce a mechanical effect only. Air emboli in small vessels
are absorbed after a time,
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Obstructed circulation—Obstructed circulation when produced
by non-infective emboli will have the samne effects and terminations
as the non-infective obstructive thrombi.

Infarction.—Infarction is the process of obstructing a
vessel with an embolus. The area supplied by the obstructed
vessel is called an infarct. The area of infarction is determined
by the region supplied by the occluded vessel and is usuaily
wedge-shaped. An area supplied by an artery that has been in-
farcted does not become bloodless at once because some of the
blood remains in the vessels of the infarcted area and some
may enter the periphery of the infarct through anastamosing
capillaries and venules of adjacent regions.

Infarcts may be anemic or hemorrhagic.

An anemic infarct is one in which there is limited anasta-
moses of venules and capillaries of contiguous areas. The blood
remaining in the vessels of an anemic infarct soon becomes de-
colorized and the area appears pale in color. Anemic intarcts
usually undergo necrosis early because of the lack of nutrition.
The type of necrosis is largely dependent upon the nature of
the embolus. Infarcts produced by infectious emboli usually
suppurate or putréfy and infarcts produced by non-infective em-
boli may become liquified, absorbed and replaced with fibrous
tissue or it may become caseated or calcified and surrounded by
a fibrous capsule and persist for a long time.

A hemorrhagic infarct is one in which there are anastamoses
of the vessels of the infarct and the venules and capillaries
of contiguous areas through which blood passes and becomes
stagnated in the affected area. Hemorrhagic infarcts may be-
come decolorized, there may be inflammation established around
their periphery, or the blood and the involved tissue may be dis-
integrated and absorbed.

Infarcts may become cystic, caseous, calcareous, absorbed
and substituted with fibrous tissue, or they may become infected
and there may be abscess formation or gangrene.

Infarction occurs most frequently in the kidney, spleen, brain,
lung and less frequently in the heart, liver, retina, etc.

Typical terminal arteries are common in the kidney and spleen
and hence infarction frequently occurs in these organs. In
the kidney anemic infarcts are most common, hemorrhagic and
anemic infarcts occur in the spleen, Cardiac infarction is not
common and is usually caused by thrombosis of the coronary
vessels. Cerebral anemic infarction occurs occasionally and the
infarct usually undergoes simple softening, hemorrhagic cere-
bral infarction is rare,
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ISCHEMIA. 4

DEFINITION,
ETIOLOGY.

Diminished calibre of supplying arteries,
Stimulation of vase cunsiricior nerves,
Inhibition of vaso dilator nerves.

Tonic spasms of vessel musculature,
Occulsion of supplying arteries.
Mechanical,
Tumors,
Throwmbi, ete.
Collateral hvperemia.
APPEARANCE.
Macroscopic, pale, flabby, lotver lemperature,
Microscopic, cell degeneration, atrophy or uecrosis.
EFFECTS—Depend upon exteni ond duration and may be atrophy or
necrosis,

ANEMIA, as usually considered, is a condition in which there
is either a deficiency in the quality or-in the quantity of blood.
The discussion of this theme will be found in special pathol-
ogy.

IscHEMIA is a condition in which there is insufficient or total
absence of blood in a part of the body.

Etiology.—Ischemia may be caused by mﬂuenceq that dimin-
ish the calitre or occlude the vessels supplymg blood to a part
or by collateral hyperemia. The calibre of arteries may be
diminished by contraction of the vessel musculature induced by
low temperature, high temperature, drugs, etc., which stimulate
the vaso-constrictor nerves, or inhibit the vaso-dilator nerves
or cause tonic spasms of the vascular muscle. The supplying
arteries may be occluded by mechanical pressure produced by
bandages, ligatures, harness, collar, thrombi, emboli, neoplasms,
tissue proliferations and tissue infiltrations. [Ischemia in one
part may be caused by hyperemia in a related part, because the
blood of the entire body is easilvy contained in the vessels main-
tained at the normal calibre, blood pressure causing an equal
distribution of it; and if the vessels of one area are increased in
calibre, followed by an increased inflow of blood, the quantity of
blood will be diminished in some part. thus a marked hypere-
mia of the spleen is usually accompanied by ischemia of the
stomach. It is possible for sufficient blood to collect in the ves-
sels of the liver to drain the system to a sufficient extent that
the animal would die of ischemia of the brain.

Appearance—Macroscopic—An ischemic tissue appears blood-
less and is pale, flabby and of a lower temperature than
the same tissue with a normal blood supply. If incised the tis-
sue appears dry and there will be limited or nn hemorrhage.
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Microscopic, the blood vessels are practically empty and the
tissue cells are more or less shriveled as a result of insufficient
moisture.

Effects.—The outcome of ischemia is determined by the
length of time it exists and the degree of completeness of the
condition. Temporary, partial ischemia usually terminates in
complete recovery. Continued partial ischemia is a frequent
cause of atrophy. Complete absence of blood for a considerable
time results in necrosis.

HYPEREMIA.

DEFINITION.
ETIOLOCY.
Enfeebled circulation,
Mechanical interference.
APPEARANCE.
Macroscopic, bluish, cold clammy.
Microscopic, engorged veins, degeneration.
EFFECTS—Depend wpon cause, duration, degree and Iocalion and maey be
fibrosis, oedema, thrombosis, necrosis and recovery.

Hyperemia is a condition in which there is an increased
quantity of blood in a part. The condition is practically local
for an increased total amount of blood could not be retained in
the general circulation without increasing the general blood
pressure which would result in an increased production of lymph
and hence diminish the volume of blood. Physiologic hyperemia
is evident whenever an organ or part is active. Local patho-
logic hyperemia may be passive (venous) or active (arterial).

Passive ok VENOUS HYPEREMIA,

Passive or venous hyperemia is a condition in which there
is a nmormal quantity of blood constantly flowing into an organ
or part, but a diminished quantity flowing out. An excess of
venous blood consequently accumulates in the part.

Etiology.—Passive hyperemia is caused by enfeebled circu-
lation due to weak heart, biscuspid and tricuspid insufficiency or
stenosis, or diseased vessels and by pressure upon the outgning
vessels by ligatures, bandages, neoplasms, dislocations, fractures,
etc.

Appearance.. Macroscopic—The affected tissues are bluish
in color and usually feel spongy, cold and moist when palpated.

Microscopic—A tissue affected with venous hyperemia has
distended capillaries and venules, the lymph spaces are engorged
with lymph and the cells are swollen and their protoplasm cloudy.
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Effects.—The outcome of venous hyperemia depends upon
the cause, degree. duration and organs affected. Thus venous
hyperemia resulting from infective phlebitis is more serious
than if caused by noninfective agencies. A venous hyperemia
caused by complete obstruction of a vein is more likely to be
fata] than one resulting from partial obstruction. Venous hy-
peremia of short duration is usually of little consequence but,
if long continued, it results in necrosis or fibrosis depending
upon the degree of obstruction. Venous hyperemia of vital
organs, as the brain or lungs, is more likely to have a fatal
termination than if some less important structure as a muscle
were involved,

Therapeutic 'enous Hypcremia properly produced results in
(a), diminution of pain, probably because of the dilution oi the
irritating substances (b), destruction of bacteria, the accumulated
blood serum possessing strong bactericidal properties (¢), in-
creased nutrition because of the increased amount of blood.
Bier's hvperemic treatment of open joints by producing venous
hyperemia illustrates this type.

Pathologic Fenous Hyperemia may result in fibrosis, cedema,
thrombosis, necrosis, or recovery. A long continued slight ven-
ous hyperemia usually results in ‘fibrosis and is noted in
the liver of animals affected with a slight tricuspid insuffi-
ciency or stenosis. A marked venous hyperemia, but not
caused by complete venous obstruction wusually results in
oedema, and is noted in the peritoneal cavity (ascites), in animals
in which the portal circulation is partially obstructed. Venous
hyperemia cansed by complete obstruction results in throm-
bosis and is observed in intussusception of the intestines, If other
venous channels are unable to convey the blood from a part in
which there is a complete venous thrombus, necrosis occurs as
in strangulated herniae. Venous hyperemia of short duration,
even though it is quite extensive, results in complete recovery if
the cause is removed and the tissues are repaired.
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ACTIVE OR ARTERIAL HYPEREMIA.
ETIOLOGY.

Increased calibre of arteries.
Stimulation of vaso-dilator nerves.
Inhibition of vaso-constrictor nerves.
Paralysis of wessel musculature.
Collateral ischesmia,
Diminished pressure,
APPEARANCE,
Macroscopic, red, hot, swollen,
Microscopic, engorged arteries and capillaries,
EFFECTS.
Hypertrophy, hyperplasia, inflammation, recovery.

Active or arterial hyperemia is a condition in which there
is an increased inflow of blood to a part or organ without an
equally increased outflow.

Etiology.—Arterial hyperemia is caused by an  increase
in the calibre of the supplying arteries, by collateral ischemia
and by diminished external pressure. The calibre of the supply-
ing artery may be increased by stimulation of the vaso-dilator
nerves, by heat, chemicals, etc., by inhibition of the vaso-con-
strictor nerves, and by paralysis of the muscular tunic of the
artery.

The calibre of the surface vessels is in part the result of ex-
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Flg. 96. —Hyperemnia, hemorrhage and ccdeme of intestine of a horse.
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ternal pressure. If the external pressure is materially dimin-
ished, there will he arterial hyperemia of the cutaneous arteries
as is evidenced in hyperemia produced by cupping. Collateral
ischemia may cause hyperemia of the related parts for the same
reason that collateral hyperemia may cause ischemia.
Appearance.— AMacroscopic—An arterial hyperemic part is
scarlet red in color, usually feels dense, dry and has an increased
temperature. If the tissues are incised, blood escapes freely.

Flg. §1.—Hyperemls of Kidoey, showling engorged capillarles,

Microscopic—Tissues affected with arterial hyperemia con-
tain dilated arteries and capillaries, the lymph spaces are en-
gorged with lymph, the tissue cells may be considerably swollen
and diapedesis may be noted.

Effects.—The effects of arterial hyperemia depend upon
the cause, degree, and duration and organs affected. Arterial
hyperemia caused by infective agencies is more serious than
if caused by other means. Arterial hyperemia of a sthenic
type is usually succeeded by inflammation and asthenic hyper-
emia may terminate in recovery.
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Arterial hyperemia of short duration is less serious than
it would be if long continued, thus, active pulmonary hyper-
aemia is occasionally aborted in the horse and such animals are
usually ready for service in 24 to 48 hours, but if active pul-
monary hyperemia continues for 24 hours it is succeeded by
inflammation (pneumonia). .

Arterial hyperemia varies in different organs. Affections
of the more highly organized structures are usually more seri-
ous.

Physiologic arterial hyperemia is a condition in which
there is an increased amount of blood flowing into a tissue be-
canse of increased physiologic demand, thus during gastric di-
~sestion an excess of blood passes to the stomach through the -
gastric arteries,

Therapentic arterial  hyperemia, when properly produced
in a diseased part, results in (a), diminished pain, (b). resorp-
‘ion of inflammatory exudate, hemorrhagic extravasate, and
vedematous transudate, ,(¢) increased nutrition, thus by the al-
ternate use of cold and hot applications an arterial hyperemia
is produced and is of value in strained tendons, bruises, etc.

Pathologic arterial  hyperemia, may produce hypertrophy,
hyperplasia and permanent arterial dilatation. Excessive de-
velopment of a part (hypertrophy or hyperplasia) may result
from a long continued active hvperemia as in thickening of the
vkin as a result of continued application of blistering agents.
Yt arterial hyperemia is as a rule of short duration for it
uxally terminates in recovery or is succeeded by inflammation.
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THE KINDS OF INFLAMMATION.

Etiology.

Simple.

Infective.
Non-suppurative,
Suppurative,

Surface.
Sub-surface.,

Exudate,

Serous.

Fibrinous.

Hemaorrhagic,

Tissue, i
Parenchymaious,
Interstitial,

Time, activity and resulls,
Acute.

Chronic.

Miscellaneous.

Catarrhal,

Purulent,

Ulcerative.

Vesicular,

Pustular,

Proliferative.

Specific,

TERMINATION.

Resolution,

Tissue proliferation,

Disgolution,

CONCLUSIONS,

Inflammation is a name applied to a group of pathologic
processes including circulatory disturbances, retrogressive and
progressive tissue changes. The term inflammation is difficult
to define because of the several factors entering into the process
and of the variation of each factor. It may be defined as the
reaction of "a living animal tissue to an irritant.

A stimulus is anything that produces action in a living tis-
sue. An irritant is anything that produces excessive stimulation
in a responsive tissne. Stimuli and irritants differ only in
degree. Mild friction of the skin is a stimulus to that structure.
When the {riction is intensified and the cutaneous function is
overstimulated the friction becomes an irritant. All living tis-
sues respond to stimuli and likewise to irritants. The response
or reaction of a living tissue to an irritant, i. e. excessive tissue
stimulation, accompanied hy circulatory disturbances and by
destructive or proliferative tissue changes, constitutes the pro-
cess known as inflammation. The general phenomena of in-
flammation will be better understood if some preliminary con-
siderations of the reaction to stimuli are first discussed,

General Consideration of Stimuli and Reactions.—It is a
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well known fact that all living things (organisms) respond to
stimuli, A stimulus is that which excites or produces a tem-
porary increased vital action, or it is any substance or agent
capable of producing activity in a living tissue or producing
an impression upon a sensory organ. The extent or degree
of response to a stimulus is directly proportional to the organi-
zation and complexity of the tissue and especially those tissues
which are: (a) capable of being stimulated ; (b) capable of trans-
mitting an impulse; and (c¢) capable of interpreting the impres-
sions produced by the impulse. The following discussion of
response to stimuli is confined to animal tissues because inflam-
mation affects animals only.

Protozoa, although of the simpliest structure, consisting of
a single cell, respond to the various stimuli. They respond to
light. Thus, if a portion of a cover glass preparation of living
amoebae be exposed to intense light, the amoebae in the
lighted area will, in a short time, become restless and begin
to move about and will finally move away from the area of
light. By a specially arranged hot stage, so that there are areas
of different temperature, amoebae will be observed to ac-
cumulate in the areas of favorable temperature and emigrate
from those of unfavorable temperature. That is. they respond
to or are responsive to thermic stimuli. In a similar way
amoebae respond to various chemical stimuli. If a drop of acid
be so placed that it will slowly diffuse into the water or fluid
in which the amoebae are being studied, they will move away
from the acid. If an amoeba be divided by mechanical means
so that one segment contains the entire nuclens and the other
segment has no nucleus, it will be observed that the nucleated
segment responds to the stimulus by regenerating tissus to re-
place the nonnucleated segment which was removed. On the
other hand, the nonnucleated segment of the amoeba may
survive the shock of separation, but soon begins to degenerate
and finally dies. Thus is shown the response of living struc-
ture to photic, thermic, chemic and mechanic stimuli.

If more complex animals be considered there will be ob-
served a similar response to stimuli. Thus, the hvdra responds
to the various kinds of stimuli and has a remarkable power of
regeneration of tissues. Vermes are very responsive to stimuli
and all observers have noticed that when an angle-worm is
cut in two both ends will crawl away. Vermes are among the
lowest forms of animals that possess cells corresponding to
white corpuscles or leucocytes of higher animals. These celly
are ohserved to emigrate to the point of injury or to surrnound
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the foreign bodies or substances that are experimentally in-
troduced into the bodies of vermes. This reaction is analogous
to the reaction of the mammalian leucocytes.

The discussion so far, has been with reference to amimals
that possess no blood or vascular systems, or at least only in
a rudimentary form.

Vertebrates are more highly organized and are consequently
more responsive to stimuli than invertebrates. Mammalia arc
the most complex in structure of all animals and they are like-
wise most responsive to stimuli.

The mammalian cornea is a nonvascular structure being
composed of fused layers of fibres arranged parallel to the sur-
face. DBetween the layers of flbres connective tissue cells and
lymph spaces are found but no nerves. The cornea is covered
externally by the conjunctiva., If the cornea be irritated there
will be a reaction, the extent of which depends upon the in-
tensity of the irritant. A puncture of the cornea with a sterile
needle produces the following reaction or tissue changes; (a)
within a few hours after the injury the affected area appears
swollen and the cells that were punctured begin to degenerate
while the uninjured cells immediately surrounding the needle
puncture become tumefied and vacuolated; (b) from twenty to
thirty hours after the puncture, wandering cells appear in and
around the injured area, and as the cornea is nonvascular they
must be migratory connective tissue cells; (c) by the third
or fourth day the punctured cells will have been removed. by
solution or otherwise, from the affected areas. Those cells sur-
rounding the injury will have divided by mitosis, the newly
formed cells replacing those that were destroyed and the
wandering cells will have migrated from the injured focus.
(The destroved epithelial cells of the conjunctiva are replaced
by those next to the injury).

Ti sterile iron dust, or other insoluble granular material is
aseptically introduced into the cornea, a reaction, as described
above, will take place, and, in addition, the migratory connec-
tive tissue cells will ingest or incorporate the introduced par-
ticles and carry them out of the injured focus.

When the cornea is injured more severely, as by the ap-
plication of a caustic solution (irritant), in addition to the
above reaction, a migration of leucocytes from the marginal
corneal vessels usually occurs within thirty hours. Some of
the invading leucocytes become destroyed and some of them
may multiply, but they usually all disappear from the point of
injury within from forty to fifty hours. The length of time
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necessary for repair of such an injury is variable according to
the extent of the injury and the readiness of response of the
tissue,

In vascular tissue the following reaction occurs. An asep-
tic cutaneous incision unites almost immediately if the wound
margins are placed and maintained in exact apposition. The
tumefaction is slight because of the limited extravasate from
the severed vessels. There is a slight exudate which coagu-
lates and cements the margins or lips of the wound. In a
microscopic section through such a wound some cells are found
destroyed and others injured. The cells bordering such an in-
jury sometimes increase in size to such an extent that they
project into the cement between the two incised surfaces. Wan-
dering cells and leucocytes in varying numbers appear through-
out the entire injured area. The cement (exudate) and the de-
generated and necrotic marginal cells are later absorbed. The
cells bordering the incision multiply by direct cell division, the
newly formed cells replacing those destroyed. New capillaries
extend through the newly formed tissue. Finally the leucocytes
emigrate and disappear from the injured area.

In a more extensive injury, such as a gaping wound that
later becomes infected, a more complex reaction is observed.
The following changes take place during the first twenty-four
hours after an injury of this nature is inflicted. There is hem-
orrhage, the extent of which depends upon the size of the ves-
sels severed and the gaping of the wound. The extravasated
blood accumulates in the wound and also infiltrates the ad-
jacent tissues. The injury (irritation) causes hyperemia, es-
pecially of the arterioles, resulting in engorgement of the capil-
laries. From the engorged and dilated capillaries there is
marked exudation. The exudate escapes upon the wound sur-
face and infiltrates the tissues of the injured area. The ac-
cumulation’ of the hemorrhagic extravasate and the inflam-
matory exudate plus the increased size of the vessels (hyper-
emia) tumefies or swells the injured area. There is an ac-
cumulation of mononuclear leucocytes or wandering connec-
tive tissue cells in the injured tissue and an immigration of
polymorphonuclear leucocytes. Many cells are destroyed out-
right by the injury or by the action of infectious bacteria.
Those cells bordering the destroved cells are injured and be-
come tumefied and may later undergo necrosis. The cells, es-
pecially the connective tissue cells located peripherally to the
injured cells, become enlarged and multiply by indirect cell di-
vision. The injured cells are repaired and the newly formed
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cells are massed together and project outward thus replacing
the destroyed cells.

The discharge from such a wound after twenty hours con-
sists of serum, shreds and fragments of necrotic tissue, dead
cells (especially leucocytes) and a variety of microorganisms.

The reaction in the above case consists of circulatory dis-
turbances, degeneration, necrosis, and regeneration of tissues.

Etiology.—The exciting causes of inflammation may act
from within the body, hematogenous or lymphogenous, or from
without, i. e., extraneous as burning, etc. They may produce their
action by direct contact upon surfaces of the body as from a
blistering agent externally applied, or, by contact internally, as
from arsenic. They may produce their effect while being ex-
creted, as in the production of nephritis by cantharides or tur-
pentine. Some harmless agents may become irritants as the
result of chemic change produced by some of the body juices
or fluids {lysins).

The causes of inflammation may be divided into two gen-
eral classes, non-infectious and infectious,

Nown-1nFECTIOUS.—The non-infectious causative factors are not
as active in producing inflammatory disturbances as the in-
fectious agencies, but they are of some importance and sheould
not be overlooked. Some have positively stated that “There
is no inflammation without infection.” Reasonable interpreta-
tions of clinical and experimental observations supply suffi-
cient evidence that there is inflammation without infection.
The following are the principal non-infectious causes of in-
flammation.

Mechanic or trawmatic—Surgical wounds which heal by
primary union are undisputed examples of mechanically pro-
duced inflammation. The reaction taking place in an aseptic
incision consists in cell-destruction, slight circulatory disturb-
ances, leucocytic immigration and regeneration of tissue. Such
a reaction is typical of inflammation and the affected area is
devoid of any infection. A sterile needle introduced into a
tissue, the surface of which is aseptic, produces a reaction
identical to the reaction observed in primary union of tissue.
Mechanic or traumatic causes of inflammation may produce, or
cause to be produced in the injured cells, chemic substances
that are responsible for the reaction.

Thermic—A temporary exposure to a high or low tem-
perature is sufficiently irritating to produce a marked inflam-
mation. Let those doubting this statement take the chimney
from a lighted lamp and hold it in the hand for one minute and

4
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they will acknowledge that heat produces all the symptomatic
cvidences of inflammation and there is no infection. The prin-
ciple abject in the use of the thermo-cautery is to produce or
estabiish inflammation, A thermo-cautery, or any severe burn,
produces tissue necrosis, as well as the destruction of bacteria
tn that area (sterilization), and an inflammatory zone is im-
mediately established around the necrotic tissue which is sterile
and may remain free from infection.

A short exposure to an extremely low temperature produces
an inflammation, If the exposure is of long duration necrosis
is likely to occur. *Chilblains” is an inflammation resulting
from temporary exposure to a low temperature. Sloughing
following freezing of calves’ ears, pigs’ tails and cocks’ combs
are familiar examples of necrosis resulting from long exposure
to extremely low temperature. An inflammatory zone is es-
tablished around’ necrotic areas produced by freezing similar
to the inflammatory zone observed arcund necrotic areas pro-
duced by burning. Thermic variations may produce chemic
substances in injured tissues which are sufficiently irritating to
establish inflammation.

Electric—It is common knowledge that clectricity causes
inflammation. Animals injured by lightning usually show evi-
dences of cutaneous inflammation. In cities animals as well as
men frequently contact wires charged with poweriul eclectric
currents and receive local injuries that are usually inflammatory
in their nature,

Chenic—There are maay chemicals that are irritants. A
number of them are used as therapeutic agents when irritants
are indicated. Mineral acids, caustic alkalies, mercury salts
and arsenic are some examples of chemic agents that produce
inflammation when applied in dilute soluttons, and necrosis
when applied in more concentrated form. A 10 per cent solu-
tion of nitric acid applied to the skin {or a very short time pro-
duces inflammation. Inflammatory symptoms following the
nitric acid application appear immediately ; and, as the acid is
a disinfectant, the inflammation cannot be the result of infec-
tion. In animals poisoned by any of the mineral poisons there
may always be observed an inflammation in the mucosa of the
alimentary tract more extensive than could have been produced
by infection in the limited time of action,

Many reptiles, bees. wasps, and ants introduce chemic sub-
stances into animal tissues that are extremely injurious and es-
tablish inflammation of very rapid evolution.

INFECTIOUS OR VITAL AGENCIES are the most important etiologic
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factors in the production of inflammation because they are the
most frequent offenders. Infection usualy produce inflam-
matory disturbances through the action of chemic substances
elaborated by the infecting micro-organisms, as metabolic pro-
ducts, The infection may be local and produce localized in-
flammation as in a superficial abscess and in coccidiosis. The
elaborated chemic substances may be absorbed from the local-
ized infection and produce inflammation elsewhere in the body,
Infection may be general and produce conditions similar to in-
flammation in practically all the tissues of the body as in gen-
eralized anthrax, However, the term inflammation is usually
confined to local disturbances. The extent of irritation pro-
duced by any infecting organism is dependent upon the virul-
ency of the given organism and the resistance of the infected
animal. Thus, infection with Streptococcus pyogenes equi may
produce pyemia in one animal and only a local abscess in an-
other. Again, some bacteria, as the anthrax bacilli, may pro-
duce septicaemia in one animal and localized inflammation in
another. A concise etiological classification of inflammation
produced by living organisms is impossible because of variations
hoth in the virulency of the organisms and in the resistance of
the tissues. Animal parasites are of considerable consequence
in the production of inflammation. They may produce inflam-
mation by mechanical interference, as the Echinorychus gigas
which inserts its barbed proboscis into the intestinal mucosa
thus injuring the tissue as well as opening an avenue for the
entrance of various bacteria. The Trichina spiralis by perfor-
ating the intestinal wall and by burrowing in the muscular
tissue produces sufficient irritation to establish inflammation,
the results of which are evidenced on microscopic examina-
tion of a lesion. It has been suggested that the etiological
factor of rabies is an animal parasite; the round-celled infil-
tration of the ganglionic nerve cells and perivascular spaces
having marked characteristics of the lesions of infammation,
Psorospermosis, a condition resulting from psorospermic in-
festation, is inflammatory in its character.

In a general way infective inflammations may be discussed
as non-suppurative and suppurative,

The non-suppurative infective inflammations are those in-
flammatory disturbances in which there is no purulent fluid or
pus produced. As examples the following may be cited—septic
infection succeeding nail pricks in horses feet; blackleg in
calves caused by the Bacillus anthracis symptomaticus, (Sar-
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cophysematous bovis) ; malignant cedema caused by the Bacil-
lus of malignant cedema.

Suppurative infective inflammation is characterized by the
formation of pus. The causative bacterial agents of suppura-
tion are designated as pyogenic bacteria or pyobacteria, The
following are the most important bacteria of this class:

Staphylococcus pyogenes aureus.
Staphvlocaccus pyogenes albus.
Staphylococcus pyogenes citreus.
Strepto-coccus pyogenes
Baccillns pyocyaneus.

Factors Concerned in Inflammation.—The animal body is
an intricate mechanism composed of different tissues in various
comhinations, The phenomena of inflammation are the changes
that take place in the tissues plus the conditions resulting from
those tissue changes, thus including all the changes taking place
in the inflammatory focus. The {ollowing are the most impor-
tant.

VASCULAR DISTURBANCES.-—These are universally present in
animals possessing a vascular svstem, but inflammation, or a
condition analagous to it, aceurs in the tissues of animals that
have no vascular svstem, and in nonvascular tissuies of animals
that have a vascular system. Hence vascular changes are not
essential in the process. The vascular changes are dependent
upon nervous influence, because the calibre of blood vessels,
especially arteries, is controlled by vasomotor nerves, i. e., vaso-
dilators and vaso-constrictors; stimulation of the former produc-
ing dilatation, of the latter constriction of the vessel. Inflam-
matory areas become necrotic when dilatation of the supplying
arteries and arterioles is inhibited. In experiments in which
dilatation of the arterioles takes place the inflammatory pro-
cess is limited and usually terminates in recovery in a short
time. Necrosis usuvally succeeds inflammation in tissues in
which communications of the vasomotor nerves have been de-
stroyed. For example, the cubital nerve in the horse probably
contains the vasomotor fibres that innervate the vessels of the
foot and the median nerve the sensitive fibres that innervate
the pedal structures. Median neurectomy is not succeeded by
vascular disturbances, but cubital neurectomy 1is frequently
succeeded by vascular disturbances and excessive exudation
that terminates in necrosis followed by stoughing of the hoof.

The following vascular changes occur in an inflammatory
focus and in the order designated:

Decreased calibre of the supplying arteries and arterioles.
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Temporary contraction of arteries is the first result of the ap-
plication of an irritant. The cause of the constriction of the
arteries is a spasmodic contraction of the musculature of the
vessels. This is succeeded by a marked arterial dilatation.
Dilatation of the arteries and arterioles. The response to
stimuli on the arteries is rapid and always active, in veins slow
and usually passive, in capillaries either rapid or slow but al-
ways passive. Dilatation of vessels in an inflamed area is
caused by stimulation of the vaso-dilators or inhibition of the
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Fig. 85 —Blood veseel, showing Corpuselea occupying veniral portion uf sirvam.
typlca) of normal cleculation,

vaso-constrictors. An increase in the calibre of the arteries
results in an increased amount of blood flowing through them
and iuto the capillaries. The increased amount of blood in the
capillaries mechanically increases their calibre and also in-
creases the amount of blood which enters the related veins and
results in a dilatation of them. By increasing the lumen of a
vessel the resistance to the flowing contents is correspondingly
diminished and this results in a temporary acceleration of the
rate of blood flow,

Acceleration of the rate of flow of the blood. The cor-
puscles occupy the axial, or central part of the stream as in
the normal circulating blood. The arterial dilatation plus the
acceleration of the blood flow constitute the essential factors in
active hyperemia.



148 VETERINARY PATIOLUGY,

Retardation of the rate of flow—A long continued dilata-
tion of a vessel results in injury especially to the endothelial
lining. The injured endothelial cells become swollen, rough-
ened and sticky. The leucocytes begin to appear in the peri-
pheral portion of the stream, probably because of the libera-
tion of some chemic substance by the endothelium that exerts
a partial chemotactic action upon the leucocytes. They roll,

Flg. 53.—Dilated blood vessel showing corpuscies apread throughout the entire
lumen typical of fAiret etages of hyperemia.

tumble, and creep along over the swollen endothelial cells and

finally adhere to their roughened surfaces. The continued at-

tachment of leucocytes to the endothelium dimiinishes the cali-

bre of the vessel and increases the resistance thus retarding

the rate of blood flow.

Oscillation.—The resistance of the flowing blood, due to the
roughened endothelium of the vessels and accumulation of
leucocytes becomes so increased that the propelling force is
momentarily overcome. The blood in the engorged capillaries
and arteries may temporarily cease flowing or it may flow
toward the heart, i. e. in the reverse direction during the dias-
tolic periods. This to and fro movement is termed oscillation.



INFLAM MATION, 149

Stasis.—The resistance may become greater than the pro-
pelling force and the circulation cease for a varying period of
time. This condition is denominated stasis.

Frudation—Varying quantities of the fluid and of the cell-
ular constituents of the blood pass through the vessels nor-
mally and an increased quantitv escapes through during in-
flammation. The portion of the blood that escapes through the
blood vessels is called exudate. The passing of the exudate

g, 90.—Blood viossel phowing marginatlon of Jeueotytlen 1¥pical of the firat stages
af inHammation.

through the vessel wall is termed exudation. It is still unde-
termined whether the normal tissue lymph is a secretory pro-
duct of the capillary endothelium or is produced by such physi-
cal processes as diffusion or filtration. The source of the in-
flammatory extudate is no doubt, the same as the source <[ nor-
mal tissue lymph. Exudation is a result of the vascular dis-
turbances.

It has been previously stated that in normal circulatory
blood the corpuscles occupy the axial stream and the plasma the
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peripheral stream. The corpuscles occupy the axial stream
because they have a greater specific gravity than the plasma.
Why the lencocytes enter the peripheral or plasmatic stream in
inflammation has not been clearly determined, but it is probable
that this margination is a result of chemotactic intluences.
After the leucocytes become marginated they pass through the
vessel wall as follows: Small protoplasmic processes extend
and pruject through the vessel wall. These processes gradually
increase in size until the entire lencocyte has, by protoplasmic
extension, passed through. The leucocytes usually pass be-
tween the endothelial cells but they may pass directly through
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Fig 91.—Blood wvesecl showing diapedesls of Jeucocyten typlca) of the cxudative
stage of Inflammation.

them. The exudation of ervthrocytes is passive, the cells being
forced through the vessel wall by pressure. To recapitulate:
fluid exudation is either a physical process, such as filtration, or
a physiologic process, a secretion; leucocytic exudation is a
physiologic process depending largely upon the chemic influ-
ences of the adjacent tissues, i. e., chemotaxis; exudation of
erythrocytes is a physical process resulting from intravascular
pressure plus diminished resistance of the vessel wall.
Exudate, 1. Composition.—Inflammatory exudate contains
varying quantities of cells suspended in a fluid (plasma, tissue
juice, etc). The fluid part of the exudate contains proteids
(serum albumin and serum glohulin} in excess of normal plasma.
It has a specific gravity of 1018 or more. The quantity of pro-
teid is directly proportional to the severity of the process and
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is never less than 4 per cent and frequently as much as 6 per
cent. It usually coagulates readily if withdrawn from the in-
flammatory tissues. The coagulability of inflammatory exudate
is so constant that it may be used in differentiating inflamma-
tion from oedema. The exudate is usually acid in reactiom.
The fluid portion of the exudate is similar to the blood plasma
with the exception of the varying percentage of proteids, and
the presence of some other scluble substances. Leucocytes are
the principal cellular elements found in the exudate, erythrocytes
occurring only in certain inflammatory conditions, such as
croupus pneumonia,

The following types of leucocytes are especially concerned
in inflammation; polymorphonuclear, lymphocytes small and
large. Polymorphonuclear leucocytes with neutrophile gran-
ules are the type most frequently found in an area affected
with acute inflammation, providing the causative irritant was
not too severe. About 70 per cent of the leucocytes present are
of this type. These cells appear in the affected area in the be-
gining of the process. They have the power of amoeboid
movement and may emigrate from the blood and lymph vessels
independently of the fluid exudate, These cells possess phago-
cytic properties and probably produce and liberate antitoxic and
bactericidal substances. They are the pus cells and constitute
the bulk of the exudate in suppuration. These cells may be
destroyed and disintegrated in the field of action or when the
inflammatory process ceases they may migrate from the in-
jured area and reenter the lymph or blood vessels. They do
not become formative cells and never produce new tissue,

Eosinophylic leucocytes, (polymorphonuclear leucocytes hav-

Fig. 92.—Typea of cells In Inflammatory exudates,
1. Lymphocyte. 4—5. Petymorphonuclear leucocytes.
3. Tranaltional Jeucocyte. 6. Endothetlal cella from lining of an artery.
2. Mononuclear lcucocyte,
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ing acidophile granules), appear early in an inflamed area.
They are usually quite limited in number except in localized
inflammation induced by animal parasites. There are frequently
observed in the liver, kidney, and other tissues, foci composed
of a mass of eosinophiles and appearing as inflammatory cen-
ters. These eosinophilic inflammatory foci are probably the re-
sult of invasion of animal parasites. Eosinophiles are abundant
in the lesions of bursattae and in epizootic lymphangitis. Their
origin is, so far as has been determined, from the blood, the
lymph and tissue spaces indirectly, and the bone marrow di-
rectly. The specific action of these cells in inflammation is
not known. They do not aid in the formation of new tissuex.

Mast cells or polymorphonuclear leucocytes with basophile
granules are observed in subacute inflammation (Adamiy.
Their origin is from bone marrow. Their nuclei apparently
become disintegrated in inflamed tissue. The sigpificance of
these cells has not been determined.

Lymphoeytic invasion of the affected areas and an excess of
them in the blood characterize some of the slow poing or
chronic inflammatory processes such as tuberculosis and ac-
tinomycosis. These cells also appear in affected tissues in 1he
later stage of acute inflammation but are never verv abundant.
They may have their origin from the blood, the lymph and
from adjacent lymphoid tissue. The large lymphocytes may
have their origin from the small lymphocvtes. Lymphocytes
have a very limited power of amoeboid movement. They have
never heen observed to ingest bacteria although they may in-
corporate fragments of destroved tissue cells or other inert sub-
stances. These cells may partake in the formation of new tis-
sue but this has not yet been positively determined.

Cells other than leucncytes are sometimes observed in in-
flammatory foci. Endothelial cells, wandering connective tis-
sue cells, giant cells, and red blood corpuscles may be presentin
inflamed areas.

Endothelial cells are especially evident in serous membranes
affected with inAammation. Thev appear later in the process
than either polymorphonuclear leucocytes or lymphocytes.
Their origin is probably from pre-existing, like cells. They usu-
ally have a sluggish movement, are slightly phagocytic and
also ingest fragments or particles of inert substances. These
cells may be destroyed or they may emigrate from the affected
area,

Wandering connective tissue cells are usually present in
inflamed tissues. These cells do not appear until some time
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after the injury is inflicted because of their slow movement.
Their source is from tissue spaces, and they are the preexist-
ing wandering connective tissue cells that occur in practically |
zll tissues of the immature animal. They may be phagocytic
but this property is not usually well developed. They are es-
pecially active in the process of repair.

Giant cells, so-called, are of common occurrence in some in-
flammatory processes especially tuberculosis and actinomycosis.
It is probable that endothelial cells are the progenitors of
giant cells, Some investigators have intimated that wandering
connective tissue cells may produce giant cells. The giant cells
may be formed either by a multiplication of nuclei without divi-

Fiz, % -Lawteitin, hog, (oducid by o caustle, whewing destructien of gasiric
mucopa.

sion of the cell body or by a fusion of several independent cells
(Syncytium). The latter view is the one most accepted at the
present time. The function of the giant cell has not been
specifically determined, but those in tubercular lesions fre-
quently contain many tubercle bacilli indicating that they are
phagocytic.

Red blood corpuscles or erythrocytes occur in the inflam-
matory exudate as a result of intense engorgement of the ves-
sels. They begin passing through the vessel wall after the
leucocytic migration. Increased intravascular pressure is the
principal cause of their escape from the vessel, their passage
through the vessel wall being entirely passive.
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2. Varieties—Inflammatory exudates may be serous, fibrin-
ous, or hemorrhagic.

a. A serous exudate continues in the fluid state as long as it
remains in the tissues or tissue spaces. It is composed almost
entirely of fluid, having very few cells. This variety of ex-
udate is characteristic of mild inflammatory conditions. The
constancy of the fluidity of the serous exudate is the result of
the action of enzyms that continually convert the albuminous
substances into soluble compounds as proteoses and peptones.

b, Inflammatery fibrinous exudate contains two enzyms, one
of which (leucoprotase) is active in an alkaline medium and
the other in an acid medium. “These enzyms probably exert
their greatest activity in a neutral medium, slight changes in
reaction increasing digestion by the one, and suspending di-

Flg. 94, —Acnte Fleurisy,
a. Engorged vessels b.  Exudate,

gestion by the other.,” In suppuration the acid digesting enzym
probably disappears (Barker). A fibrinous exudate is one
that coagulates within the tissues or tissue spaces. The coagu-
lation of the exudate is identical with the coagulation of blood
and is probably due to the liberation of fibrin forming enzyms
from disintegrated leucocytes. Fibrinous exudate is the variety
observed in inflammation resulting from severe irritation. The
exudate usually contains many cells and a large amount of
proteids.

¢. Hemorrhagic exudates are those in which the red blood cells
as well as leucocytes and plasma have passed through the ves-
sel wall. This exudate coagulates the same as the fibrinous
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exudate. Intense irritants are usually the causative agents of
hemorrhagic inflammation. Croupous pneumonia is character-
ized by a hemorrhagic exudate.

A so-called purulent exudate has been described but pus is
not purely exudative for some of its constituents are not de-
rived from the blood. Pus is composed of altered leucocytes,
tissue shreds, and usually bacteria, suspended in a fluid liguor-
puris. Liquor puris is blood plasma and dissolved tissue. Pus
contains no fibrin, the proteid constituents being converted into
soluble compounds by cellular enzymes and bacterial ferments.

3. The following are probably the determining factors of the
quality and quantity of inflammatory exudate.

a. Cause of inflamwation :---Generally speaking a mild irritant
or injury produces a serous inflammation, and un intense ir-
ritant produces fibrinous inflammation. Mechanical injuries,
when there are no surface abrasions, produce an inflammation
of a mild degree and the exudate is limited 1n quantity and is
nsually of a serous nature. Such injuries, however, usually
produce abrasions which favor the invasion of micro organisms,
Thermal disturbances of mild degree, produce a serous ex-
udate, if more severe the exudate is extensive and of a fibrin-
ous or hemorrhagic character. The use of a thermo-cautery is
an excellent example of thermal production of inflammation and
the severity of its use demonstrates the intensity of inflamma-
tion and the variations of the exudate. An irritating chemical
substance injected into a tissue produces inflammation char-
acterized by 'excessive exudation especially of a serous fluid.
The more irritating the chemical, the greater the quantity of
exudate and the greater the percentage of proteids. External
application of chemical irritants produces inflammation char-
acterized by a serous or by a fibrinons exudate. This latter
may be observed in the application of blistering agents. In-
fective inflammation is usually accompanied by a marked exu-
date from the beginning of the infection. The quantity and
quality of the exudate varies with the virulency of the organ-
ism. There are some exceptions however, e. g, tetanus infec-
tion causes a very limited exudate regardless of the virulency
of the tetanus bacillus. In some infections, as malignant
oedema. the exudate is largely Auid. In suppuration the ex-
udate is almost entirely leucocytic.

i, Condition of the animal effected. The exudate is usually
limited in animals having normal vessels, heart action, and
blood. In those animals in which the vessels are diseased and
especially if the endothelium has been injured there is a ten-
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dency to excessive exudation. A weak heart is conducive to-
excessive exudation, ¢. g., inflammatory oedema. Animals pos-
sessing dilute blood (hydremia) are predisposed to excessive
fluid exudation. The leucocytic amoeboid movement may be tem-
porarily suspended, or it may be increased during inflamma-
tion, resulting in an absence or in an excessive number of
leucocytes in the exudate. In animals having a clean close
build the exudate is not so extensive as it is in those animals
of a loose flabby make-up.

¢. The location and tissue affected. Exudation is in direct pro-
portion to the vascularity and density of the tissue. Inflam-
mation in compact bony tissue or beneath dense facia. liga-

Flg 96.—Acute Meningitin,
% Exudate, L. Engorged voeasels,

ments or tendons is accompanied by a limited exudate. In-
flammation of the cutaneous structure is usually associated
with excessive exudation, which accumulates in the subcutane-
ous areolar tissue. Inflammation of serous and mucous mem-
branes is accompanied with exudation which may in part be
discharged upon the surface but is usually accumulated in the
substructures.

4. Significance of the exudate—The significance of the exu-
date has had various interpretations. Virchow considered that
the irritation producing the inflammation resulted in increased
cellular activity in the injured area and that the exudate sup-
plied increased nourishment to the area in which there was
an excessive metabolism. Others have attributed to the exudate
the *‘Rushing out” of the injured area thus mechanically carrving
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away the irritant. The exudate dilutes the irritant, especially
chemical irritants, thus reducing the activity of the causative
agent and mitigating the inflammatory process.

It has been determined that serum possesses some sub-
stances, as opsonins, antitoxins, bacteriolysins and bactericides,
that are detrimental to infectious agents either by their bacter-
icidal action or by chemical union with bacterial products.
Thus the exudate reduces the irritation of infection by render-
ing bacteria inactive or by neutralizing their products. Phago-
cytes are very important factors in the exudate as they ingest
and destroy infectious micro-organisms. The opsonic index
championed by Wright of L.ondon is based on the above.

Flg. 6. —Inflammaticn, Gray Hepatlzation,
a.  Alr celle engorgrd wlth lucneytles, h. Hypervmia of capilaries

In aseptic incised wounds the exudate is of value in cementing
the incised surfaces together, although new tissue formaticen is
retarded by an exudate. The exudate mechanically protects the
injured surfaces in gaping wounds and possesses bactericidal
properties for a short time after the injury has been inflicted.
After the exudate hecomes inactive in its protecting properties
it is a2 favorable medium for infection and is then probably
detrimental. Injurious chemic substances may result from the
aseptic dissolution of an inflammatory exudate,

Fibrinous exudates may be injurious or heneficial depending
upon the location and the changes taking place in the exu-
date. The fibrinous exudate in crotpous pneumonia is injuri-
ous because it coagulates in the alveoli of the lung thus pre-
venting the respiratory function of that area. The fibrinous
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exudate in serous cavities is beneficial, especially in iocalized
inflammation, because it limits or circumscribes the inflamma-
tory irritant or process by coagulating thus producing adie-
sions of the two serous membranes. Many horses upon which
paracentesis abdominis or paracentesis thoracis is performed
might succumb to generalized peritonitis or pleurisy if the
inflammatory process established at the point of the puncture
was not circumscribed by adhesions the result of organization

Flg. 47.—Flbelaous FPleurluy, showing an extensive exudale wpon surface,

of fibrinous exudate. The immediate effect of a fibrinous exu-
date in a serous cavity is beneficial but the adhesions are fre-
quently permanent thus interfering with the normal function-
ing of the part affected. The fibrinous exudate is also benefi-
cial in croupous enteritis because of the protection of the dis-
eased mucosa from mechanical injuries by food stuffs. Jt is
on the other hand injurious in croupous enteritis for the exu-
date is a favorable nidus for bacteria and they may produce
substances that are irritating to the injured mucosa. The
coagulated exudate may also hinder intestinal secretion. The
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fibrinous exudate of diphtheritic inflammation is very injurious
because of its coagulation and pressure upon the tissues.

CHemoTaxis.—It has been determined by experiment that
chemic substances exert a definite influence upon motile cells,
There is always a leucocytic migration into capillary glass tubes
previously charged with turpentine or croton ¢il and tilen in<ert-
ed into living animal tissues. The same migration is ohserved
when the capillary tubes are charged with hacteria or their
products. Negative results are obtained when the tubes are
charged with quinine or chloroform. This attraction of leuco-
cvtes toward chemic substances is positive chemotaxis. The
repulsion of leucocytes from chemic substances is negative chem-
otaxis. The term “Chemotaxis” unmodified includes positive
and negative. Leucocytic migration into an inflammatory area
is a result of chemic influence or chemotaxis.

PracocyTosis.—This is the incorporation and destruction of
pathogenic bacteria and other foreign substances by phagocytes.
Phagocytes are cells having the power of ingesting and destroy-
ing microorganisms and other foreign particles. Polymorpho-
nuclear leucocytes having neutrophile granules are the most ac-
tive cells concerned in phagocytosis. Endothelial cells and wan-
dering connective tissue cells may be under some conditions
phagocytic. The phagocytic property of cells is variable depending
upon the virulency of the micro-organisms or strength of the
chemic substance and upon the resistance of the phagocyte, Bac-
teria are enveloped by protoplasmic extensions from the cell
body until they are entirely included in the aggressive phago-
cyte. After the enveloping process there may be observed diges-
tion vacucles surrounding the bacteria. The included bacteria
are destroyed by ferments produced by the phagocyte. It is an
intracetlular digestion. The length of time necessary for the
phagocyte to destroy the bacteria is variable. The bacterial
destruction may be instantaneous or the bacteria may possess
sufficient vitality to destroy the phagocyte. There is consider-
able evidence that infection is frequently generalized in the ani-
mal body by leucocytes that have enveloped bacteria and wan-
dered to another portion of the body. The included bacteria
destroy the leucocyte and, thus liberated, establish a new cen-
ter of infection,

Phagocvtosis is a very important factor in inflammation.
No doubt many localized inflammatory conditions are aborted
and the intensity of the attack of other infective inflamma-
tory conditions reduced by the process of phagocytosis. There
is a peculiar variation of phagocytosis occasionally observed,
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e. g.. leucocytes becoming phagocytic toward other leucocytes.
Fixed tissue cells may under some conditions become phago-
cytic towards leucocytes; this perhaps is for the purpose of
obtaining nutrition for the fixed tissue cells.

The Signs of Inflammation.—Inflammation may be recognized
in expased tissues by the so-called “Cardinal signs:” redness,
swelling, increased temperature, pain and impaired function.
These signs are usually perceptible in the early stages of acute
inflammation, but they may not be evident throughout the entire
process. Mild, chronic inflammation may not be accompanied by
any of the ahove signs. These signs are very variable in either
acute or chronic inflammaticn of internal crgans.

Fig. %% — scote Myositie.
A Lewcocrytis exudate.  Mueclce fibtepg disintesrated and vesscls ongorged.

Redness (Rubor) is a constant sign in the early stages of
acute inflammation. [t is the result of an excessive amount of
blood in the vessels of the affected area.

welling  (‘Tumor) is characteristic of acute  inflammation.
It is the result of the accumulation and retention of the inflam-
matory exudate plus the increased amount of blood in the part.
The extent of the swelling is in a direct ratio to the density of
the tissue, Thus the swelling resulting from subperiosteal in-
flammation may not be detected hecause of itz limited extent.
On the other hand, the swelling succeeding inflammation of
loose arcolar tissue may be very extensive, as in cellulitis. The
swelling resulting from inflammation is usually firm, dense and
quite resistant in contradistinction to swelling resulting from
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oedema, e. g., the tumefaction accompanying tendonitis is dense.
while the swelling accompanying “stocking” is soft and doughy.

The temperature (Calor) of tissue affected with acrive in-
flammation is invariably increased. This is the result of the
excessive cellular action in the inflamed area and the increased
amount of blood flowing into the part.

Pain (Dolor) is a common symptom cof inflammation. This
may be the result of pressure upon nerve endings by the accu-
mulated exudate. However, oedema is accompanied by an ex-
cessive accumulation of fluid in the tissues, and oedematous
tissues are not hypersensitive. It seems more probable that in-
flammatory pain is the result of the injurious action of the
irritant or soluble products of the exudate upon the sensory
nerve endings. The inflammatory pain is often referred to some
other part of the body, e. g, in pleurisy the pain frequently
appears abhdominal.

Impaired function (Functio laeso) is a constant feature ob-
served in inflammation. In the beginning of the process the
function of the affected tissues (especially secretory) is in ex-
cess of the normal, but this is succeeded in the later stages by
depression of the function, The increased function is a result
of increased nourishment, increased stimulation, and probably
increased pressure is also a factor: the depressed or diminished
function is the result of the injurious action of katabolic prod-
ucts, produced by excessive cetlular action, and of the irritaut
producing the inflammatorv process. Thus, in the beginning
of actite nephritis there is an excessive amount of fluid (urine)
excreted. this is succeeded by diminution or complete suppres-
sion of the excretion (urine).

Effects upon the Tissue Involved. — As a result of
the inflammatory process the tissues involved may un-
dergo various changes. These changes may be degenerative,
necrotic, regencrative or prolifcrative in character.  Degenera-
tion usually precedes regeneration, but the two conditions may
be independent of each other; thus in ulceration, degeneration
and necrosis may alone be evident, and in the formation of a
tubercle of tuberculosis proliferation is the principal process,
Both conditions may exist at the same time in different parts
of an affected area, degeneration taking place in the center of
the diseased area and regeneration or proliferation in the peri-
phery. Inflammation not accompanied hy either degeneration
or regeneration is rare. The injuries or irritants establishing
inflammation may and frequently do produce death of some of
the tissue cells; necrotic tissue is sufficiently irritating to pro-



162 VETERINARY PATHOLOGY.

duce inflammation, and necrotic areas are usually surrounded
by an inflammatory zone, Inflammation is confined to the
reactive process of the injured cells and should not be confused
with the death of the cells or necrosis,

Degeneration and regeneration are distinctly opposite pro-
cesses. The former is destructive, resulting in impairment and
death, while the latter is constructive, resulting in overgrowth
and proliferation. Degeneration is caused by insufficient food,
inhibition of irritating products, or excessive and frequently
perverted functional activity. Regeneration occurs when there
is an adequate supply of nutrition, and depends upon the rever-

Flg %3 —Chrsale Posomonls.
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sion of the cells to the embryonic type or stimulation of the
reproductive properties of the cells, the latter usually at the
expense of the normal functional activity. Both processes affect
the cellular elements of the tissues, primarily and actively, and
the intercellular substances secondarily and passively. Some
exceptions will be mentioned later. The leucocytes and wander-
ing cells may also undergo changes similar to those which the
fixed tissue cells are subject. In general, degeneration character-
izes acute inflammation and regeneration characterizes chronic
inflammation. The importance of either of the above processes
depends upon their extent The general consideration of the two
processes has been combined for the sake of comparison; but
they will now be considered separately.
Degeneration—Practically all  degenerations, to which tis-
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sues in general are subject, are common in inflamed tissues.
The following are the principal ones that have been described.

L. Parenchymatous degeneration (cloudy swelling), is the most
common type in acute inflammatory tissues. It is indeed rare
to examine sections of tissue affected with acute inflammation
and not find this degeneration. The presence of parenchymatous
degeneration is an additional factor frequently resorted to in diff-
erential diagnosis of inflammation. This type of degeneration
occurs in all tissues, but more especially in glandular structures.

2. Fatty degeneration does not occur as frequently as paren-
chymatous degeneration. Like parenchymatous degeneration,
it occurs in tissues affected with acute inflammation. It in-
variably occurs in combination with parenchymatous degenera-
tion and is usually a sequel of the latter. The presence of fatty
degeneration in inflammatory tissue may cause confusion in
microscopic diagnosis, especially if the degeneration is exten-
sive. The degeneration is common in epithelium (glandular),
muscular tissue and connective tissue.

3. Mucoid degeneration is quite common is inflamed tissues.
It is characteristic of catarrhal inflammation, This degenera-
tion affects the intercellular substance as well as the cells.
Mucus is bactericidal, therefore it is protectant and beneficial,
unless produced in sufficient quantity to induce mechanical in-
jury. Epithelium and connective tissue are most frequently
affected by this degeneration,

4. Serous degeneration, or more properly infiltration, is char-
acteristic of tissues affected with inflammatory cedema or other
inflammations in which there is excessive serous exudation.
This condition results from the passage into the cells of extra-
cellular serous fluid. The infiltrated fluid mechanically inter-
feres with the activity of the cell. It occurs most frequently
in muscular and connective tissue and occasionally in epi-
thelium,

5. Hyaline degeneration is of common occurrence in tissues
affected with chronic inflammation. It is the conversion of the
tissue into a clear, waxy substance, It is common in the mus-
cular tissue of blood vessels in chronic inflammatory foci as
well as in fibrous tissue resulting from proliferative inffamma-
tion,

6. Amyloid degeneration has been observed in chronic inflam-
matory tissues (Adami), although this is not a common sequel
of inflammation.

An intercellnlar degeneration specifically affecting the ce-
ment substances between the myocardial cells has frequently
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been observed in myocarditis. This causes a separation of the
heart muscle cells, i. e, fragmentation, which seriously inter-
feres with their function. The striations of muscle cells fre-
quently disappear as a result of inflammation.

Necrosis (local death).—All  degenerations produce  impair-
ment of {unction and frequently end in necrosis of the affected
cells. Destruction of tissue is a common result of inflammation
because of the various degenerations that accompany the in-
flammatory process. Suppuration is a type of inflammation and
is a liquifying necrosis. Necrosis of inflammatory tissue often
occurs independently of suppuration, though botli conditions
result from the same cause. Destroved tissue constitutes a fac-
tor in the future changes that occur in the affected tissue.
Superficial necrotic tissue is usually cast off. Ulceration is the
condition resulting from a continuous and sometimes a pro-
gressive cellular necrosis. An ulcer is a denuded surface result-
ing from continuous and sometimes a progressive cellular
necrosis.

Subsurface necrotic tissue may be disintegrated or dissolved.
and pass out of the affected area in the exudate or be carried
out by phagocytes; necrotic tissue may become surrounded and
permeated by large numbers of leucocytes which liberate dis-
solving ferments, thus forming an abscess: this liquefied necro-
tic mass may become inspissated, a condition termed caseation;
the necrotic tissue may become impregnated with calcium salts,
denominated calcification; finally, the necrotic tissue mayv be-
come dissolved and encapsulated, thus forming a cyst,

Regeneration.—This process usually  begins when degenera-
tion ceases. although it may be evident from the first. Cells
concerned in regeneration undergo a reversionary change. be-
coming similar to embryonic cells. Reproduction is an active.
vital property of embryonic cells, and this is also the principal
function of regenerating cells. The appearance of a tissue con-
taining an exudate with the succeeding degeneration has been
previously discussed. A concise comprehension of such tissue
is essential to a clear conception of the appearance of regenera-
tion in an inflammatory zone. \Whether degenerated cells are
capable of regeneration depends upon the kind of cells and the
extent of the injury to them, Regeneration of tissues impaired
or destroved by acute inflammation consists in the enlargement
and proliferation of the contiguous uninjured cells. The exu-
date is usually diminished in guantity at this stage. Prolifera-
tion in tissues affected with chronic inflammation is, in reality,
a fibrous hyperplasia. Cirrhosis of any structure is usually the
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result of chronic inflammation. The lowest types of tissues,
i. e., those passive in function, are most easily and most fre-
quently regenerated, e. g., connective tissue. Surface epithe-
Hum is frequently regenerated—muscular and nervous tissues
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are rarely regenerated. The age of the individual is an im-
portant factor in the regeneration of injured tissues. Tissues
in young animals regenerate more readily than like tissues in
old animals.

The origin or source of the cells that regenerate connective
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tissue is still a disputed point. It is certain that fixed and wan-
dering connective tissue cells are capable of this {function.
Endothelial cells are a type of fixed connective tissue cells which
are active in regeneration of connective tissue. Mononuclear
leucocytes as well as lymphocytes may be capable of producing
connective tissue, The regenerating connective tissue cells
(fibroblasts) are either oval or spindle shaped, the latter pre-
dominating, especially during the active regeneration period.

Endothelial cells are active in the production of new vessels.
Inflammatory tissue is usually more vascular than normal tissue.
In the vascularization of an inflammatory area the endothelial
cells produce long protoplasmic projections. Several of these
projections of different adjacent cells may fuse, thus forming an
anastomotic channel. or a single projection may separate in a
longitudinal direction, thus producing an extension of the old
channel. As the protoplasmic projections become larger and
longer there is an activity in the cell nucleus indicative of
mitosis, and cell division soon follows. This process of proto-
plasmic projections and mitosis continues as long as the in-
flammatory process is active. The irregular blood channels
(capillaries) so formed become surrounded by a layer of invol-
untary muscle tissues and yellow elastic tissue as a result of
extension of muscle fibres and connective tissue cells from the
adjacent vessel, the whole structure being surrounded by a
loosely arranged layer of white fibrous connective tissue. Thus
the capillary becomes an artericle. These cells that are active
in vascularization are designated angioblasts, They are the
progeny of endothelium,

Inflammatory injuries to surface epithelium, as epidermis or
mucous membrane, are usually repaired by multiplication of the
cells bordering the injury.

Irregular masses of nucleated protoplasm have been observed
in myositis and may represent regenerating muscle cells.

Kinds or Types or Inflammation—It is difficult to classify
inflammation because of the numerous variable factors that com-
pose it. The following classification is based upon etiology,
exudate, tissue involved, and time or severity of attack.

Etiologv.—Ftiologically, influnmation may be classified as
simple and infective.

1. Simple inflammation is noninfective and results from me-
chanic, thermic, electric or chemic interference.

Fractures, sprains, bruises and surgical-procedure wounds
are types of mechanic inflammation.

As tvpes of thermic inflammation, burns and frozen tissues
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may be mentioned. Local inflammatory disturbances resulting
from lightning or contact with electric currents are types of
electrically established infammation. The following may be
mentioned as chemic inflammations; formalin dermatitis, ar-
senical enteritis, chlorine pneumonitis, turpentine nephritis, and
those induced by the bites of poisonous reptiles, scorpions, bees,
wasps and ants; also those caused by the products of bacteria
and animal parasites. The inflammatory processes established
by mechanical interference may and usually do become infected
either by external contamination or by the deposition of infec-
tious agents from the blood or lymph,

2. Infective Inflammation is of more frequent occurrence
than non-infective. It is the kind of inflammation that concerns
the practitioner, veterinary inspector and sanitarian because of its
tendency to become generalized in the infected animal, and is
frequently transmissible to other animals. All tissues are sus-
ceptible to infective inflammation except hair, wool, feathers,
and the insensitive, nonvascular portions of the teeth, hoofs,
claws and horns. Infective inflammation may be either non-
suppurative or suppurative.

(a} Nonsuppurative infective infflammation is typified in mal-
ignant cedema, blackleg, localized anthrax and the earlier stages
of tuberculosis and actinomycosis, and is characterized by the
general phenomena of inflammation previously discussed. In-
fective inflammation may be nonsuppurative in the earlier stages
and in the later stages be complicated by typical sifppuration,
as in tuberculosis. More rarely nonsuppurative inflammation
continues throughout the entire process, as in blackleg.

(b) Suppurative infective inflammation or suppuration.—
Suppuration is liquefying necrosis, and may be surface or subsur-
face, circumscribed or diffuse. The liquefied necrotic tissue pro-
duced by suppuration is pus. Pus is a fluid, varying from a thin
watery substance to a thick, sticky, tenacious mass, and is usu-
ally alkaline in reaction. The color of pus is determined by the
infective agent, and it may be white, lemon vellow, golden yellow,
greenish yellow, green or black, and is frequently tinted red
with blood. Pus obtained from horses. donkevs and mules is
usually white or grayish white: from cattle, creamy yellow;
from sheep, greenish yellow, and from hogs, green or greenish
yellow. Pus is usually odorless. although it may undergo pu-
trefaction with the evolution of ill-smelling gases. Actinomy-
cotic pus has a nutty odor (Mayo). Pus may have a greasy,
smooth, sticky or granular feel when rubbed between the fingers,
depending upon its composition.
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Histologically, pus is composed of pus cells, i. e., lencocytes
{the most of which are necrotic, though some of them may pos-
sess vitality), shreds of necrotic tissue and tissue cells (the type
of which depends upon the tissue affected), usually pyobacteria
in varying numbers (many of them being included in the pus
cells) and liquor puris (the plasma or fluid portion of the exu-
date and the fluid resulting from the solvent action of the vari-
ous ferments). Animal microparasites are found in the pus re-
sulting from their activity. Practically all of the pus cells are
derived from polymorphonuclear leucocytes, and are usually the
neutrophile variety, there being only an occasional mononuclear
leucocyte. Extensive nuclear fragmentation and parenchyma-
tous and fatty degeneration of the cell protoplasm are evident in
most pus cells, indicating that they have undergone necrosis.
Degeneration or necrosis are also present in the fixed tissues of
the suppurative areas. The pus found in acute abscesses or dis-
charging from granulating wounds is uwsually a creamy fluid,
yellowish in color. Sanious pus is a reddish fluid resulting from
an admixture with blood. Ichorous pus is an acrid, corrosive
fluid that excoriates the tissues it contacts. Muco-pus and sefo-

Fig. 101.—Drawing ol a pus smear from a case of strangles, showing the organism
arranged In chalna— the Streptococeus pyogenes equl,
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pus are mixtures of mucous and pus, and of serum and pus,
respectively, Putrid pus is a thin, ill-smelling fluid, the result
of putrefaction,

Infection is the usual cause of suppuration. The following
is a brief description of the process. Pyogenic micro-organisms
gain entrance either by deposition upon or into a wound by
passing through the tissue or are carried and deposited by the
blood or lymph, and, finding conditions favorable, develop and
multiply. In their development, pyobacteria produce chemic
substances that are sufficiently irritating to establish an active
hyperemia and also to exert a positive chemotactic influence,
the latter attracting at first mononuclear leucocytes and later
causing the migration of neutrophilic polymorphonuclear leuco-
cytes to the focus of infection. Multiplication of the pyobac-
teria and leucocytic immigration continue. Phagocytosis be-
comes evident in leucocytes and some other cells, e, g., endo-
thelial cells. Liberated ferments, produced by the pyobacteria,
leucocytes and other cells, cause degeneration, necrosis and,
finally, solution of the tissue involved. Continued pyobacterial
multiplication stimulates an increased leucocyvtic immigration,
and the tissues are thus densely packed with cells. There is a
niarked accumulation of leucoceytes around the suppurative focus
apparently attempting to circumscribe the affected area. Thus
the process continues, there being a progressive liquefying cen-
tral necrosis within and a marginal leucocytic accumulation
without. The condition is repeated until the resistant influences
of the animal body destroy the pyobacteria, or uutil the pyo-
bacteria have destroyed the involved tissue, or the entire ani-
mal. {Suppurative osteitis may occur subperiosteal or in the
osseous tissue proper. Leucocytes invade the lacunae and pro-
duce solution of the mineral matter, and thus the bone becomes
porous. If this process continues the bone ultimately liquefies;
this is termed caries.)

Surface suppuration {purulent inflammation) is suppuration
of-a surface tissue, Pus produced in surface suppuration con-
stitutes a purulent discharge, and a persistent purulent discharge
is termed pyorrhoea, Inflammation of a mucous membrane ac-
companied by a purulent discharge is purulent catarrh. In puru-
lent catarrh the surface epithelium is infilirated with leucocytes
frequently to such an extent that the epithelial cells are disin-
tegrated, become loosened and exfoliate. The surface celts of
serotts membranes and the skin are similarly affected in purulent
inflammation. In any purulent inflammation there is always
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an engorgement of the subsurface vessels and the related areo-
lar tissue is infiltrated with inflammatory exudate.

Subsurface suppuration may be circumscribed or diffuse.
Suppurative centers become circumscribed first by a dense wall
of leucocytes and later by a fibrous capsule. The capsule is in
nearly all cases denser on the side next to the more important
tissue. Fibroblasts that form the circumscribing fibrous capsule
are probably the wandering connective tissue cells or their
progeny. The collection of pus in tissues, or lymph spaces, and
as considered by some in body cavities, constitutes an abscess.
The circumscribed pus may, by solvent action of its ferments,

Fig. 102 Suppurative Nephritis,
& Normal kldney tubule b. Suppurative focus surrounded by Kldney tissue.

dissolve ur erode the limiting structure (cells or capsule), and be
liberated ; the erosive action being in the direction of the least
resistance. In this way a surface discharge is effected. The
channel of exit of the pus may persist and become circumscribed
by a fibrous wall, thus forming a fistulous tract. If the pus
cavity is completely evacuated by surgical interference or other-
wise, and the cause removed, the surrounding tissue will, by
proliferation, fill the space previously occupied by the pus. The
pus in an abscess may be absorbed and the destroved tissue be
replaced by regeneration. If the capsule is exceedingly dense
the contained pus may become caseated and calcified.

Abscesses may be classified as superficial and deep; primary
or metastatic (metastatic abscesses may or may not be embolic).
simple or multiple, subfascial and intermuscular. A hot abscess
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restults from rapid, active suppuration, as submaxillary abscesses
in strangles, while the so-called cold abscess results from a slow
suppurative process, as in tuberculosis. Accumulations of pus
in body cavities as the peritoneal, pleural, pericardial, synovial
and the facial sinuses constitute empyema. Vesicles may be-
come infiltrated with lencocytes, which become pus cells, and
thus the vesicle becomes a pustule.

Diffuse suppuration is not limited by any definite border line.
Jt is the result of agencies possessing sufficient strength or
virulency to continuously and progressively destroy and liquefy
tissue or it occurs at a time when the resistance of the animal
or its tissues is so greatly diminished that there is inability to
successfully antagonize the causative agent. [P'urulent infiltra-
tion is the permeation of tissues with pus. Phlegmonous in-
flammation is the rapid and usually extensive infiltration of
tissues with leucocytes (pus cells), and occurs most frequently
in the subcutem and submucosa.

Exudate.~—According to the nature of the exudate inflammation
tion may bhe classified as serous, fibrinous, and hemorrhagic.
The physical properties, chemic and histologic composition of
inflammatory exudate has heen previously discussed.

{a)} Serous inflammation is characterized by a serous exudate.
[nflammation of serous membranes and inflammatory disturb-
ances of other tissues than serous membranes, caused by mild
irritation, may he of this type. Qccasionally serous inflamma-
tion is the result of intense irritation as in malignant oedema.
The terms serous inflammation and inflammation of scrous
membranes should not be used interchangeably, because in-
Hammation of serous membranes mav bhe characterized by
fibrinous or hemorrhagic exudate. A circumscribed accumula-
tion of inflammatory serous fluid (exudate) in the deeper lay-
ers of the epidermis or mucosa constitute a vesicle. Inflam-
matory oedema, a serous inflammation, is the condition result-
ing from the diffusion of an excessive amount of inflammatory
serous exudate into tissues as in cellulitis (inflammation of
sub-cutem).

(b) Fibrinous inflammation designates that type of inflammatory
disturhances in which there is produced a coagulable exudate.
The exudate may coagulate within the tissues or upon the tis-
sue surface. Croupous inflammation is the term applied to the
condition resulting from the coagulation of the exudate upon a
tissue sturface. Diphtheritic inflammation is the condition pro-
duced by coagulation of the exudate within the tissue and
upon its sutface, Croupous inflammation and diphtheritic in
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flammation are not distinctly separable although the former is
usually milder than the latter. Typical croupous exudate may
be detached without serious injury to the surface tissue but
the diphtheritic exudate cannot be removed without detaching
or extensively lacerating the surface tissue. Croupous pneu-
monia and croupous enteritis are examples of croupous inflam-
mation, the former being the most frequent type of preumcma
in horses and the latter occurring occasionally in cattle. Roup
or avian diphtlheria, and diphtheritic stomatitis and enteritis are
examples of diphtheritic inflammation, the former being com-
mon in fowls the latter in pigs. Fibrinous exudate may be
present in inflammation of serous membranes, constituting
fibrinous pleurisy, peritonitis, etc.

(¢) Hemorrhagic inflammation is significant of the action of
an extreme irritant. Hemorrhagic exudate coagulates, especially
upon surfaces, though it mayv coagulate within a tissue. Inflam-
mation of tissues in which the blood vessels are of meager struc-
trure (capillaries), and hence easily permeated or ruptured, is fre-
quently of this type. Croupous pneumonia is a hemorrhagic in-
fAlammation, Nephritis and hepatitis are irequently accom-
panied by a hemorrhagic exudate.

(Mucus and pus have been described as inflammatory exu-
dates by some and as inflammatory products by others.} They

T 1
e i < e Ao

Flg. 103, —Hemuorrhagic ¥Ergdate (Red Hepatigation.)
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are not inflammatory exudates. Inflammation of mucous mem-
branes in which there is an excessive production of mucus is
catarrh or catarrhal inflammation. (Suppuration is inflammation
accompanied by the formation of pus and may be surface or sub-
surface. Purulent inflammation is surface suppuration.)

Tissue—Histologically a gland or organ is composed of
parenchymiatous and interstitial tissue. Parenchymatous tissue
is the essential or functioning portion of a structure, as hepatic
cells. Interstitial tissue or stroma is the supporting framework
of an organ or part as the stroma of a Iymph node. The pro-
cess of inflammation may occur in either the parenchyma or
stroma. Classifving upon the basis of tissue affected then, there
are the two forms, namely, parenchymatous and interstitial in-
flammation.

(a) Parenchymatous inflammation is usually the result of
severe, active irritation, the interstitial type results from the
long, continued action of mild arritants, The two t¥pes may be
present simultaneously in the same structure or they may occur
independently,

(b) Interstitial inflammation is often the sequence of paren-
chymatous, although it may be the initial process. Inflammation
of the hepatic cells is parenchymatous hepatitis, of the hepatic
interlobular tissue, interstitial hepatitis, etc,

Time, Activity and Results of the Process—It is questionable
if the length of time an inflammatory process continues should
constitute a factor in its classification. By common usage, inflam-
mation would be classified according to the time basis, as acute
and chronic. Formerly this classification was based upon the
time element alone, but the duration of inflammation is so vari-
able that it is now recognized as an insignificant factor. The
activity and results of the process are the basic essentials relied
upon in differentiating acute and chronic inflammation.

(a) Acute inflammation is characterized by a sudden onset, by
a vigorous action and by production of retrogressive changes in
or destruction to the tissue affected.

(b} Chronic inflammation is characterized usually by an
insiduous onset, by a mild action, and by resutling in prolifera-
tion of tissue. The proliferated tissue may induce retrogressive
changes, as atrophy, but this is only an indirect result of the pro-
cess.

Either acute or chronic inflammation may occur throughout
the entire reaction or they may both prevail at the same time in
different parts of the same structure. The causative agents may
become less active as the process continues, thus acute inflam-
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mation is often succeeded by chronic inflammation. Injuries of
tendons are usvally accompanied by acute inflammation, but
this usually subsides early and is succeeded by chronic inflam-
mation. Chronic inflammation may be succeeded by acute in-
flammation provided that the irritating factor be sufficiently in-
creased or the resistance of the animal diminished.

Miscellancous—a. Catarrhal inflammation is inflammation of a
mucous membrane, accompanied by an excessive production and
discharge of mucus.

b. Purulent inflammation is characterized by the production
of pus. This term is confined, by some, to surface suppuration.

c. Ulcerative inflammation is one in which there is erosion
of surfaces, i. e., the production of ulcers.

d. Vesicular inflammation is one characterized by the pres-
ence of vesicles.

e. Pustular inflammation is one characterized by the pres-
ence of pustules,

f. Proliferative inflammation is practically the same as
chronic inflammation. It signifies the production of new tissue.

g. Specific inflammation is one resulting from a specific in-
fection, as glanders.

Termination.—The tendency of the reaction produced by
an injury is always favorable, but the reaction may be so sud-
den and extensive or continued so long that its results may
be harmful. The termination of inflammation depends upon the
extent, intensity, and duration of the irritant and the resistance
of the tissues. Inflammation may terminate in resolution, tissue
proliferation or dissolution.

Resolution embraces the processes of repair and these may
be summarized as follows:

a. Removal of the cause.

b. Re-establishment of circulation. This may be accom-
plished in a few hours or perhaps not for several days depend-
ing upon the extent of the injury and the kind of tissue injured.

¢. Restoration of vessels to their normal condition. The
tength of time required for restoration and the completeness of
the process depends upon the severity of the injury and the re-
establishment of the circulation,

d. Removal of the inflammatory exudate. The time re-
quired to remove the exudate depends upon its nature. Serous
exudates are usually removed by resorption, i. e., by the lymph
channels. Fibrinous and hemorrhagic exudates are usually dis-
solved and absorbed. or they may be carried away by phagocy-
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tes. Exudates may in part he consumed as nutrition by local
cells. .

e. Disposal of necrotic tissue. Necrotic tissue is disposed of
by sloughing, absorption, phagocytosis, or sequestration. Small
areas of necrotic tissue are usually promptly absorbed or dis-
posed of by phagocytic action. Considerable time is usually re-
quired in disposing of large areas or masses of necrotic tissue,
unless it is superficially located and separates from the surround-
ing tissue and sloughs. Subsurface necrotic tissue may be gradu-
ally liquefied and absorbed, discharged through a fistulous tract
(submaxillary abscess of Strangles), collected and carried out
by phagocytes, encapsulated, or sequestrated, and remain per-
manently in the tissue. Encapsulated necrotic tissue may be-
come infiltrated with calcium salts.

f. Regeneration of degenerated tissue and replacement of
necrotic tissue. The regeneration of degenerated tissue consists
in replacing the injured or destroyed cell protoplasm by normal
protoplasm. If only a few cells are destroved the adjacent cells
reproduce and thus renewal is usually rapid. Connective tissue
cells and surface epithelium are easily and efficiently regenerated,
but cardiac muscle, ganglionic nerve and cartilage cells are
rarely perfectly regenerated. Large areas of necrotic tissue are
usually substituted by fibrous tissue, This proliferated tissue is
termed granulation tissue in the beginning and cicatricial tissue
after it has hecome dense and more or less contracted. Granu-
lation tissue consists of capillary loops surrounded by masses
of cells. These cells are largely fibroblasts and produce fibro-
connective tissue. After the fibro-connective tissue has been
formed it contracts, thus becoming cicatricial tissue. Cicatriza-
tion is of value in closing gaping wounds, but is injurions when
it occurs in internal organs as the liver, because the pressure
produces atrophy and obstructs circulation. The capsule sur-
rounding pus cavities, after the purulent fluid has heen evacuated,
becomes a granulating membrane which soon fills the gap with
fibrous connective tissue. Exuberant granulation results from
excessive multiplication of cells, undue extension of capillary
loops, and failure of contraction of the fibrous tissue.

Tissue Proliferation—The tissue proliferated in inflammatory
resolution takes the place of tissues that pre-existed and had be-
come necrotic, while that occurring in inflammation resulting
from long continued mild irritation is not a substitution but an
addition to the tissue already existing. In this latter phase
tissue proliferation may begin in a very short time after the in-
flammation is estahlished or it may not appear for two, three,
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or several days. Fibro-connective tissue is invariably the pro-
duct of tissue proliferation. Fibro-connective tissue prolifera-
tion is closely associated with chronic inflammation, in fact it is
almost inseparable from it. The proliferated tissue appears first
in the frame-work of the tissue involved and may later extend
into the parenchymatous tissue. If the proliferated tissue is
excessive it may, by pressure, produce atrophy of the parenchy-
matous tissue. Cicatrization of the proliferated tissue causes an
irregular lobulation and constriction of the involved organ, as
in cirrhosis of the kidney. Strictures of hollow organs are pro-
duced in the same way. Adhesions of serous membranes are
produced by fibrous tissve formed during inflammation.

Dissolution or destruction is a result of intense irritation.
Necrosis of tissue is frequently a sequence of inflammation. A
single cell or only a few cells may be destroved or large areas
of tissue may undergo necrosis, Ulceration results from con-
stant cellular necrosis. Circulation mav be obstructed by an
inflammatory exudate and cause necrosis in large masses of
tissue. It may terminate fatally, in partial recovery, or in reso-
lution. depending upon the importance of the tissue involved in,
the affected animal.

Conclusion.—Inflammation is the reaction of a living tissue
to an irritant.

Inflammation is a complex process, the result of many fac-
tors.

It is not always a result of infection.

It is an adaptive, reparative and protective process,

It may produce sufficient reaction to cause destruction of
the portion involved and occasionally of the entire organism.



CHAPTER VI

PROGRESSIVE TISSUE CHANGES.

REGENERATION,

DEFINITION.
EXTENT—Depends upon age and tissue involved.
Blood,
Connective tissue,
Fibrous, .
W hite,
Yellow.
Cartilage—Rarely regenerated perfectly.
Bone.
Epithelium,
Surface—Complete and perfect.
Glandular—Irregular and incomplete,
Muscle—Ferfect regeneration rare.
Nerve—Cells do not regenerate, fibres do,

Regeneration is the process by means of which destroyed
tissues are replaced. Tissue destruction is the result of necro-
sis, primarily, and inflammation and degeneration, secondarily.
Regeneration is accomplished by multiplication of pre-existing
adjacent cells or by invasion and multiplication of wandering
connective tissue cells, The proliferating cells assume the charac.
teristics of embryonal cells, that is, their reproductive property
is over-developed and their other vital functions depressed. The
power of regeneration of a tissue is inversely proportional to its
specialization. Regeneration of the tissues of the less complex
animals is more nearly perfect than that of the tissues of highly
organized animals; thus invertebrates regenerate entire organs
or parts. Spallanzani cut off the legs and tail of a salamander
and observed in the course of three months six crops of these
members, In the entire three months 687 perfect bones were re-
produced and the regeneration was perfect regardless of the
point of amputation. The tissues of young growing animals are
more easily regenerated than those of mature animals. Single
cells or small areas of tissue are more perfectly regenerated than
large areas. In some cases destroyed tissues are not regenerated
but are replaced by fibrous tissue. The functions of some de-
stroyed tissues and organs may be performed by other struc-
tures. Thus, if the tibia of a dog is destroyed, the fibula in-
creases in size and assumes its function. Destruction of one
kidney is succeeded by a compensatory hypertrophy of the other

177
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kidney. The law of specificity, 1. e, cells beget like cells, is
the same in regeneration and in physiologic processes. Regen-
eration is the outcome of the unhindered multiplication of cells,

Blood is continually regenerated during the natural life of an
animal, The normal maintenance of blood is a physiologic pro-
cess, but regeneration of blood or some of its constituents may,
under certain conditions, be abnormal, as in leukemia. Leuco-
cytes are produced in lymphoid tissue of the lymph nodes, spleen
and bone marrow, and it is possible that they may multiply in
the tissue spaces. Erythrocytes probably have their origin in the
red marrow @f bones in adult animals. The red blood corpuscles
are nucleated in the beginning but the nucleus vanishes by so-
lution ot extrusion before the cells reach the general circulation
except in case of severe hemorrhage or other conditions in
which there has been rapid, extensive loss or destruction of
blood.

Blood vessels are usually the first tissue regenerated in the
repair of wounds. Blood vessels are formed in the embryo by
canalization of large mesodermal cells. many of which fuse, thus
forming continuous canals that later become blood vessels. This

Fig. 14.—¥asryglar Regeneration, showing vascular buds.

type of vascular formation is not common in repair of injured
vessels or regeneration of destroyed vessels, The usual manner
of vascular regeneration is by the growth and development of
endothelial buds from adjacent vessels. These buds are solid.
conical processes which extend outward from the capillary en-
dothelium. The buds or processes increase in size and become
hollow at their base, the cavity being thus continuous with the
lumen of the pre-existing vessel. As the buds increase in size
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there is an increase in the number of cells composing them.
Union or fusion of buds ur processes from different vessels re-
sults in anastomosis or inosculation. These processes are thus
the forerunners of capillaries and by a dilatation and an increase
in the thickness of their walls due to formation of fibrous and
muscular tissue, arteries and veins are formed. The new vessels
produced in the repair of an injury are invariably in excess of
the normal vascular requirements of the part. The excess ves-
sels in an injured area are obliterated by cicatrization,

Connective tissue is usually completely regenerated. Con-
nective tissue is regenerated from pre-existing connective tissue
cells, wandering cells and endothelial cells,

Mucoid comnective tissue is not normally found in the adult
animal except in a modified form in the vitreous chamber of the
eye. Mucoid tissue is not regenerated, although it is possible
that other types of regenerated connective tissue are mucoid in
the beginning.

Fibrous connective tissue is rapidly and completely regen-
erated. White fibrous connective tissue is frequently substi-
tuted for other tissues. The fibres in regenerated fibrous con-
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Fig. 195.—Flibrous Regenersticn,

nective tissue have the same origin as those in normal fibrous
tissue. Regeneration of white fibrous tissue may be studied in
the union of the ends of a tendon after tenotomy. The space
between the ends of the tendon is filled with blood and lymph
which escaped from the severed vessels. The pre-existing con-
nective tissue cells bordering the wound in the tendon, together
with wandering cells, begin proliferating within forty-eight
hours, their progeny heing fibroblasts. The fibroblasts produce
a tangled mass of fibrous connective tissue, and at the same time
there 1s vascularization of the extravasate which occupies the
space between the severed ends of the tendon. After the ends
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of the tendon are firmly united by the mass of newly formed
fibrous tissue the extravasate and the fibres, excepting those ex-
tending in a longitudinal direction, are absorbed. Finally the
repair is 5o complete that the defect is not visible to the unaided
eye and is difficult to detect microscopically. Scars are bands,
sheets or masses of white fibrous tissue and indicate imperfect
regeneration, the fibrous tissue in scars being largely a substitu-
tion tissue.

Yellowe elastic tissue is not as perfectly regenerated as white
fibrous tissue. White fibrous tissue usunally is substituted for
yellow elastic tissue when the latter has been destroyed.

Regeneration of cartilage is very imperfect probably because
of its irregular supply of nourishment. Destroyed cartilage is
usually replaced by fibrous tissue. In some instances injuries
to cartilage are succeeded by excessive cartilaginous prolifera-
tion. A case was observed in which the arytenoid cartilage was
severed in an operation to relieve roaring; six months later there
had developed at the point of operation a cartilaginous mass as
large as a goose egg. Perfect regeneration of cartilage does
occur, although it is rare. Regenerating cartilage cells are de-
rived from the inner portion of the perichondrium. Fibrous
tissue formation usually precedes the regeneration of cartilage,
althengh it may be formed from the beginning.

Osseous tisswe is usually perfecily regenerated . The cells
that produce osseous tissue are called osteoblasts. Osteoblasts
are usuaily derived from the osteogenetic layer of the perios-
teum, although they may have their origin from undifferentiated
connective tissue cells. The formation of osseous tissue is usu.
ally preceded by mucoid, fibrous or cartilaginous tissue. The
various stages of osseous regeneration are very similar to those
of normal bone formation. QOsseous regeneration may be illus-
trated by the union of a fracture as follows: DBlood and lvmph
vessels are ruptured when the fracture is produced. DBlood and
lymph escapes into the surrounding tissues and the interstice
between the two ends of the fractured bone. The injury pro-
duces necrosis and establishes inflammation. Vascularization of
the injured area initiates the process, after which there is solu-
tion of the extravasate, exudate and necrotic tissue. Osteo-
blasts accompany the newly formed vessels and produce irregu-
lar masses of fibrous tissue which later calcify. The calcarecus
tissue is infiltrated with osteoclasts derived from the blood which
dissolve out regular canals in the regeneration of long bones,
and irregular cavities in the regeneration of flat or irregular
bones. Qsteoblasts appear in the canals and cavities, formed
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by the osteoclasts, and produce fibrous lamellae which are later
calcified. This process continues until the canals or cavities are
filled with lamellae excepting a small central cavity which con-
tains blood vessels, thus Haversian systems are frequently com-
pletely regenerated. Excess of osseous tissue formed over and
around bones at the line of (racture (provisional callous), is
usually later reabsorbed.

Adipese tissue is not a typical primary tissue, It is derived
from the undifferentiated connective tissue cells by the conver-
sion of their protoplasm into fat. Adipose tissue is consumed
when the food supply is deficient, and the cells become typical
connective tissue cells or are destroyed. Adipose tissue is also
formed when the food supply exceeds the demand as a result of
production and accumulation of fat in the connective tissue cells,

Dentine is not replaced except in some of the lower animais.

Epithelium of surfaces is constantly destroyed and regen-
erated. The outgrowth and shedding of the superficial epi-
dermal cells is a physiologic process. Epithelization of small
abrasions of the epidermis and mucous membranes is rapid and
complete, the regenerating cells having their origin from the
epithelium bordering the injury. I the denuded surface is large
regeneration may proceed from the cells of the sweat glands
of the skin, or mucous glands of mucous membranes as well as
the epithelium bordering the injury.

Squanions cpithelinm is more completely regenerated than
columnar. Constant destruction of columnar cells may tause
the production of short columnar cells and finally squamous
cells, This, however, is rare, as the law of specificity is practi-
cally without exception. Glandular epithelium is not regenerated
as perfectly as surface epithelium (excepting the sweat glands,
oil glands, mucous glands, gastric glands, Brunner’s glands,
crvpts of Licberkiithn and uterine glands). Any of the foregoing
will regenerate from small islands of cells either in the duct or
body of the gland. The epithelium of the mammary gland in-
creases in amount during lactation and diminishes when lacta-
tion ceases. By observation it has heen determined that mam-
mary epithelium regenerates after it has been destroyved by ah-
scess formation or other destructive processes, provided newly
formed fibrous tissue is not substituted. By analogy it might
be supposed that the destroved epithelium of salivary glands
and of the pancreas may be regenerated, but this has not been
clinically or experimentally demonstrated. The liver is a tubu-
lar gland and regeneration of a single cell or a few cells is not
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uncommon, but large areas of liver tissue are probably never
regenerated, although some pathologists claim that they have
observed the regeneration of the major portion of a liver lobe
in the dog, cat and rabbit. Kidney cells, especially of the tubules,
are constantly regenerated, although the regeneration of an
entire tubule has never been observed. The testicular and ovar-
ian tissues are probably never regenerated except in the physio-
logic maintainance of spermatogenesis and obgenesis.

Muscular tissue is imperfectly regenerated. Injuries of invol-
untary muscular tissue are usually repaired by the substitution
of fibrous tissue which may later be replaced by involuntary mus-
cular tissue, the latter being derived from the adjacent muscle
cells. Two or three days after an injury to a voluntary muscle
fibre, the nuclei near the injury divide and a multinucleated
protoplasmic mass is formed on the damaged fibre. These pro:
toplasmic masses extend into the substituted fibrous tissue and
may split longtitudinally into regular fibres but more frequently
they die and disintegrate. Destroved heart muscle cells are
invariably replaced by fibrous tissue,

Nerve cells are not regenerated, at least in adult animals,
although their processes, axones and dendrites, are regenerated in
peripheral nerves. After a nerve fibre is injured the axone
degenerates to the distal end and to the first or second node of
Ranvier proximally. A few days after the injury the axone, if
its continuity has not been destroyed, begins to elongate, ex-
tending peripherally, in the direction of least resistance, which
is in the old sheath. If the axone extends in the original sheath
the tissue deprived of its nerve supply may become perfectly
innervated. The rate of growth of an axone has been variously
estimated at from .1 mm. to lmm. in twenty-four hours. Foot
lameness in horses that has been completely relieved by meta-
carpal and metatarsal neurectomies, sometimes reappear, in
from eighteen months to three years after the operation. thus
indicating that there has been reinnervation. If the proliferating
axone does not continue in the original nerve sheath it may
become entangled and coiled up in the scar tissue, of the wound,
thus producing sensitive scars and amputation neuromata.
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WOUND HEALING.
DEFINITION.
CLASSIFICATION.
Etiology.
Trawmatic.
Thermic.
Chemic,
Location,
Surface.
Subsurface, (Cephalic, cervical, thoracic, eic)

Characler,

Incised.
Punctured,
Lacerated.
Contused.
Stab.

Gun shot.
Bites.

Condition,
Asepiic,
Septic.

HEALING.

Primary union, (First Intention.)
Hemorrhage arrested,
Approximation of wound margins.

hesion of wound lips with exudate.
Multiplication of related cells.
Vascularization.
Epithelization,

Secondary union, (Second Intention.)
Hemorrhoge arrested.
Immigration of leucocytes to wound margins,
Infection,

Suppurotion,
Granulation,
Cicatrization.
Epithelization,

The regeneration of the individual tissues has been discussed.
The simultanecus regeneration of the tissue-complex of an area
in which there has been previous tissue destruction constitutes
wound healing. A wound is the result of sudden interruption of
the continuity of tissue or tissues. Some have restricted the
term ‘wound’ to those conditions resulting from traumatisms;
others confine it to injuries of soft tissue, and again some main-
tain that wounds occur only upon a surface. There is no good
reason for restricting the term, because both thermic and
chemic influences produce tissue destruction not distinguish-
able from wounds ntechanically inflicted. A fracture is a break
in the continuity of osseous tissue and is repaired in the same
way as wounds of soft tissue. Rupture of the liver or spleen is
characterized by tissue destruction and regeneration, the entire
process being identical with that in surface wounds. Wounds
result from sudden and violent action. Thus ulcers or necrotic
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tubercular centers are not wounds. A bruise may or may not
be a wound, depending upon the nature of the lesion, i, e.
whether or not the interruption of tissue has been affected,

Wounds may be classified as tc cause, location. character, and
condition.

1. Etiologically wounds may be traumatic, thermic or
chemic.

2. According to location wonnds may be, surface or subsur-
face, abdominal, cervical, thoracic, ete.

3. As to their character, wounds may be incised, punctured.
lacerated, contused, stab, shot, or bullet and from bites,

4. Wounds may be noninfectious and infectious.

Traumatic wounds usually heal more readily than wounds re-
sulting from thermic or chemic causes because traumatisms are
caused by mechanical force only and the destructive influence
ceases immediately upon removal of the cause; whereas the in-
fluence of thermic and especially chemic causes are more lasting
as their action continues after the wound has been produced.

Wound healing may be of one of two types, healing by pri-
mary union (first intention), and healing by granulation (sec-
ond intention or secondary union). These two modes of heal-
ing differ only in extent. Other methods of healing have been
described as immediate union, healing by third intention, and
healing under a scab. Immediate union, signifies union of parts
of a cell or the cut ends of fibres, etc., and is now thought to be
impossible; healing under a scab and healing by third intention
are properly discussed under the caption of primary union or
granuation.

Hrealing by Primmry  Union.—-This is the most desirable
method of wound healing and is wsually obtained in veterinary
practice only in surgical wounds and recently inflicted, clean cut
wounds. This mode of healing is of short duration and is ac-
companied by little if any infection and limited inflammation.
Healing by primary union takes place only in clean cut wounds,
i. e, when the tissues are smoothly and evenly divided and in
which hemorrhage is limited and easily controlled. After hem-
orrhage ceases or has been arrested the extravasate coagulates
thus agglutinating and drawing the wound margins together.
If the incised surfaces or severed tissues be approximated by
surgical procedure the coagulated extravasate and exudate as-
sists in maintaining them in that position. In surface wounds
varying quantities of serum and lymph discharge and coagulate
upon the suriace thus forming a scab. The injury producing
the wound and the extravasate are sufficiently irritating to es-
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tablish hyperemia and in some cases slight inflammation ac-
companied by a serous exudation and a leucocytic immigration.
The hemorrhagic extravasate is gradually disintegrated and re-
moved by phagocytes and at the same time, there is enlarge-
ment and extension by multiplication of the marginal tissue
cells of the wound into the coagulum which serves as a support
for the regenerating tissue.

Vascularization accompanied by fibrous formation initiates
the process of regeneration in the healing of a wound
by primary union. Vascularization is usually limited because
of the small size of the wounds. The newly formed vessels
are capillaries and supply the regenerating tissue. Fibrous
tissue is produced in sufficient quantities to replace all tissues
destroyed,

Disintegration of the coagulum and regeneration of new tis-
sue thus proceed until the newly formed tissue has entirely re-

Fig. 106.—Wound Healing by first intentlon.
a, Fibrlnous exuduate with prollferation of vessels. ¢. Bottom of wound.
b. Regeneration of eplthellum, d. Leucocyick
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by fibrils continuous with the coagulated extravasate and as
the latter is absorbed the scab gradually becomes loosened and
finally drops off leaving a shining surface. The regenerated
tissue formed in the extravasate is embryonic fibrous tissue the
amount of which depends upon the quantity of coagulum.
Upon the embryonic tissue thus formed, in surface wounds,
epithelization is usually rapid and complete. The scar appears
pale pink and is tender until cicatrization takes place and then
appears white, dense, firrn and hard. Whether the fibrous tis-
sue produced in wound healing is substituted later by the nor-
mal tissues of the part involved depends upon the generatlve
puwer of the tissues destroyed.

To recapitulate, healing by primary union embraces, coagula-
tion of the hemorrhagic extravasate, agglutination of the wound
margins, hyperemia, inflammation, vascularization, ibrous form-
ation, disintegration of the hemorrhagic extravasate and in-
flammatory exudate, cicatrization, epithelization and substitu-
tion,

Healing by granuiation—This is the usual mode of wound
healing in domestic animals. [t differs from the healing by
primary union in that there is invariably infection and suppur-
ative inflammation, degeneration and necrosis preceding regen-
eration. This mode of healing takes place in irregular wounds
having lacerated margins and in which there is considerable de-
struction of tissue and extensive hemorrhage and in wounds
the margins of which are not approximated. The extravasated
blood may coagulate in the wound, especially in subsurface
wounds, and also in surface wounds in which the margins are
approximated and retained by mechanical means, such as su-
tures, adhesive tape, etc. In lacerated or gaping surface
wounds, as wire cuts, the coagulum becomes detached and
drops out leaving the wound margins covered by a thin layer
of coagulated serum. Within a short time after the injury is
inflicted there is extensive leucocytic immigration into the tis-
sues bordering the wound. The infective micro-organisms cause
destruction and solution of the marginal cells until the tissue re-
sistance or local immunity checks their activity. Upon the ex-
posed wound surfaces there appears velvet like projections
(granulations}, which are capillary loops regenerated from ad-
jacent vessels.

Between and intermingled with the granulaticns, regenera-
tion of connective tissue takes place. Constant exposure of the
wound insures continued infection which retards the granula-
tion more or less, depending upon the extent of the infection,,
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the degree of activity of the micro-organisms and the resistaace
of the tissue. The destroyed tissue in the wound is ultimately
replaced with granulation tissue and, if the wound is upon tte
surface, epithelization proceeds as in healing by primary union.
The embryonic granulating connective tissue contracts i. e,

Flg. 107.—Exoberaot! Greanalstion, veulting frem wire cut,

vicatrizes about the time that epithelization occurs. Cicatriza-
tion consiricts and obstructs the capillary vessels, that are in
excess of the normal. thus diminishing the blood supply. If ci-
catrization does not occur new capillary loops {granulations)
are rapidly extended producing a fungoid bloody growth, called
excessive or exuberant granuation {prond ﬂeqh)

The efficient regeneration and substitution of the destroyed

- ,(;:«'_)CN,Z[C
C
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tissues in wounds that heal by granulation is possible only in
very voung animals and in tissues mot highly organized.

To recapitulate, healing by second intention embraces sup-
puration, granulation, cicatrization, epithelization and substi-
tution.

In some individuals the formation of fibrous connective tis-
sue is continuous and thete is formed large masses of cicatrical
tissue known as keloids. Keloids are classified with neoplasms
by some authors.

HYPERTROPHY.

ETIQLOGY.
Autenatal,
Unegual pressure.
Aurniotic adhesions,
Post-natal.
Increased nutrition.
Increased function,
Internal secretion.
Diminished pressure,
APPEARANCE.
Mucroscopic,
AMicroscopic,
TISSUE AFFECTED.
EFFECTS.

Hypertrophy literally means excessive nutrition. DBy usage
the term has come 10 mean, an abnormal increase in the size of
an organ or part. In a more restricted and definite sense, hy-
pertrophy is a term applied to that condition resulting from an
abnormal increase in the size of the essential cells of the part.
Thus an increase in the size of the liver as a result of an in-
creased amount of the interstitial tissue or an increase in the
size of a kidney due to an accumulation of an inflammatory ex-
udate or oedematous transundate is not an hypertrophy, al-
though such conditions have been called false or pseudo-hyper-
trophy. Tumors produce an increase in the size of the struc-
ture affected, but this should not be confused with hypertrophy.
Hyperplasia is a condition resulting from abnormal increase in
the number of the cells though it is difficult to differentiate
from hypertrophy.

CoMPENSATORY TIVPERIROPLY is the name applied to that type
of hypertrophy caused by increased functional activity. Thus
an increased blood pressure maintained for some time induces
compensatory hypertrophy of the heart.

CONCENTRIC HYPERTROPHY is a term denoting an hypertrophy of
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the tissues of a hollow organ, accompanied by a diminution in
the lumen of the hollow organ, e. g., hypertrophy of the heart,
oesophagus, intestine, or any other hollow organ in which the
hypertrophied tissues occupy a portion and thus diminish the
lumen of the organ.

In some instances hypertrophy represents a normal, physio-
logic process. The increased size of the pregnant uterus, and
the enlargement of the mammae during the gestation period are
examples of physiologic hypertrophy. Increased size of the
heart and voluntary muscles in horses trained for racing rep-
resents a physiologic hypertrophy. After the destruction of one
kidney by disease or the removal of one by operation, the re-
maining kidney increases in size and ultimately performs the
function of both, this is functional or physiologic hypertrophy
and also compensatory hypertrophy. In fact practically all hy-
pertrophies are physiologic, however, the hypertrophied struc-
tures are abnormal, therefore the condition is pathologic.

Excessive development of an entire animal i. e, giantism is
designated by some as general hypertrophy.

Excessive development of a part as one foot is designated
local hypertrophyv. Local hypertrophy is much more cammon
than general hypertrophy.

Hypertrophy may be inherited, (natural) or acquired. Ac-
quired hypertrophy may be antenatal or postnatal.

Etiology.

IxHERITED HYPERTROPIY.—The cause of inherited hypertrophy
is unknown except that there is an inherited impulse to grow
large. This type of hypertrophy is noted in giants,

ANTENATAL HYPERTROPIY is usually the result of unequal pres-
sure and amntotic adhesions,

THE CAUSATIVE FACTORS OF POSTNATAL HYPERTROPHY are, 1st, in-
creased nutrition, 2nd, increased function, 3d, a stimulus, prob-
ably an internal secretion, that canses the affected tissue to con-
sume excessive quantities of food. Two or more of these etio-
logic factors are usually evident in all cases of hypertrophy.

Increased nutrition—A long continued, mild arterial hypere-
mia in a tisste insures increase of the nutritive supply to the
affected part and such parts usually become hypertrophic.

Increased function is the prime causative factor of physiologic
or functional hypertrophy. Increased function is intimately
associated with increased nutrition, in fact long continued in-
creased function without increased nutrition is not possible. In
the production of functional hypertrophy -the part must be
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accustomed to the extra work gradually. An excessive amount
of work, assumed at once, by any structure will produce atrophy
or degeneration. Cardiac hypertrophy is invariably functional
as it usually is the result of valvular defects. Hypertrophy of
the involuntary muscle anterior to a stricture is also functional
as it results from increased muscular action to force the contents
of the intestine past the stricture. Voluntary muscular hyper-
trophy is also functional.

Some unknown cause is active in the production of certain
hypertrophic conditions. This unknown cause is probably an
internal secretion, at least this would appear to be the cause of
hypertrophy of the mammae and uterus in pregnant animals.
That certain internal secretions are required to sustain the nor-
mal balance in the growth of tissuex is evident in disease of the
pituitary body which frequently results in excessive develop-
ment of certain parts {acromegaly).

By diminishing the external pressure, experimentally, some
parts have been noted to become hypertrophic. This is becanse
of arterial hyperemia produced by diminished pressure.

Appearance.

Macroscopically, hypertrophied organs or parts are larger
and heavier than normal and may be regular or irregular in
shape. The general appearance of hypertrophied parts other
than size is not usually sufficiently distinct to differentiate them
from normal )

Microscopic—Renal compensatory hypertrophy  is  charac-
terized by increased length and size of the uriniferous tubules,
Hypertrophy of muscular tissue is characterized by increase in
the size of muscle cells. In general hypertrophied organs or
parts contain an excess of parenchyinatous tissue.

Effects.—The effect of hypertrophy varies according to the
tissue affected. There is usually an increased functional capac-
ity in an hypertrophied structure. The heart musculature may
become hvpertrophied to such an extent that its force ruptures
some tmportant Mood vessel and causes death. Increased fune-
ton of hypertrophied suprarenal hodies  tends to increase
blood presstire by the production and elimination of large quan-
tities of adrenaline which causes constriction of arteries and
cardiac dilation or rupture.
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HYPERPLASIA,

DEFINITION.
VARIETIES,
Parenchymdtous,
Interstitial,
ETIOLOGY.
APPEARANCE.
Macroscopic,
Microscopic.
TISSUE AFFECTED,
EFFECTS.

Hyperplasia, according to the derivation of the word, is ex-
cessive formation. Hyperplasia and hypertrophy are incorrectly
used interchangeably by some. Hyperplasia should be used to
designate the condition resulting from an abnormal increased
size of a part due to an increase in the number of cells of the
part. Accepting the last definition, hyperplasia may be due to
an increased number of parenchymatous cells, or an increased
number of interstitial cells the two types being called parenchy-
matous hyperplasia and interstitial hyperplasia respectively.
Parenchymatous hyperplasia and numerical hypertrophy are
sometimes used synonymously, Interstitial hyperplasia is prac-
tically the same as fibrous hyperplasia.

Parcnchymmatous hyperplasia i3 not of common occurrence
It is usually either inherited or congenital. The descended or
scrotal testicle of single cryptorchids is usually enlarged because
of an increased amount of parenchyma and hence is an example
of parenchymatous hyperplasia.

Fig. 108.—Hyperptasin Interstitial Testicular Cells.
&, Interstitlal hyperplastic tiseue. b. Seminiferous tubulcs not fully developed
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Interstitial hyperplasia is quite common as it i3 usuaily evi-
dent in chronic inflammatory tissues and it is also occasionally
observed in structures affected with functional fibrosis as is evi-
dent in the liver of animals afflicted with disturbances of the
cardiac valves,

Etiology.

The cause of parenchymatous hyperplasia is unknown. Inter-
stitial hyperplasia is produced by the long continued action of
mild irritants or other substances that produce over stimulation.

Appearance.

Macroscopic—DParenchymatons  hyperplastic  structures are
regularly or irregularly enlarged and are heavier than normal.

Filg. 10%.—Fen drawing of an Hyperplastle Ureter, ox, natlural slze,

Interstitial hyperplastic parts vary in appearance according
to the amount of hyperplastic fibrous tissue. The part may vary
from normal to dense, hard, pale irregularly lobulated masses of
fibrous tissue.

Microscopic—Parenchymatous hyperplastic  structures have
the same appearance microscopically as sections of normal tissue.

Sections of tissue affected with interstitial hvperplasia con-
tain an increased quantity of fibrous tissue which may be readily
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recognized microscopically especially if the section is stained
with hematoxylin and picro-fuchsin,

Effects, .

A part affected with parenchymatous hyperplasia will have
an increased functional capacity. The effects of an increased
functional capacity of a structure depends upon the part in-
volved, and may or may not be injurious to the animal in which
it occurs,

Interstitial hyperplastic structures have an increased quantity
of fibrous tissue and usually a diminished amount of parenchy-
matous tissue and a diminished function. Interstitial hyper-
plasia of the walls of hollow organs may cause irregularity of
the lumen (intestine) and hinder passage of the organ’s con-
tents.

METAPILASIA,

Metaplasia is the name applied to the conversion of a devel-
oped or matured tissue into another closely related. TUnder
normal conditions a matured tissue has specific cells and a char-
acteristic structure. The character of a tissue may be changed
by certain pathologic conditions. Metaplasia should not be con:
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fused with degenerative or infective tissue changes which are
observed in functional or inflammatory fibrous formation. Meta-
plasia is usually concerned in the conversion of one variety of a
primary tissue into another variety of the same tissue as fibrous
tissue into bone and occurs in physiologic processes as well as
in disease,

Metaplasia occurs in scars, the conditions consisting of the
replacement of fibrous tissue by osseous tissue. This type of
metaplasia is also evident in bone spavin, ringbone, sidebone, as
well as in scars resulting from fistulous withers, poll evil, etc.
Metaplastic osseous formation was recently noted in the omen-
tum of a sheep. The conversion of lymphoid tissue into adi-
pose tissue is metaplasia. The replacement or substitution of
sqgnamus epithelium for cubic or columnar epithelium repre-
sents a type of metaplasia.

Metaplasia is of little significance except as a pathologic con-
dition,
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RETROGRESSIVE TISSUE CHANGES.

DEFINITION.
ETIOLOGY.
Varialions in awtrition,
Chemic poisons.
Chemic reaction of tissue,
Variations of temperature.
Variations of function.
VARIETIES.
Alrophy,
Degeneration.
Infltration.
Pigmentation.

Physiologic cell growth and function are dependent upon nor-
mal metabolism. Retrogressive processes are those conditions in
which normal cell growth and function are diminished or sus-
pended. Retrogressive tissue changes are caused primarily by
abnormal cell metabolism or abnormal functioning, and are
accompanied by structural or chemic alteration of the cell proto-
plasm or diminution in the size of the cells,

Metabolic disturbances may be caused by the following:

Diminished nuiritive supply caused by (a)} occlusion or di-
minution of the calibre of nutrient vessels; (b) insufficient
supply of food to the animal; (¢) incomplete or lack of digestion
of the ingested food; (d) failure of absorption of digested food;
(e) inability of the cells to utilize digested food that has been
carried to them. Nutrition may be supplied in excess of the
normal requirements, thus disturbing the metabolic equilibrium,
Excess nutrients may be stored within the cells or they may be
converted into energy by oxidation. In the former the stored
food is a mechanical hindrance to cell action and in the latter
the cell is overworked in converting the food into energy. With-
holding of nutrient substances from cells produces destructive
metabolism and ultimately cell death.

Chentical substances, 1. e., poisons exert their action on cells
by combining with some of the protoplasmic constituents or by
accelerating. inhibiting or suspending the action of the cell
enzyms, thus interfering with metaholism.

Chemic reaction of a tissuc influences the action of cell

195
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enzyms, and hence is a factor in metabolism and in bringing
about retrogressive tissue changes.

Variations in temperaturs—The various albumens of protop-
lasm are coagulated at different temperatures. An increase of 3.6°
F. is sufficient to coagulate one group of albumins and an increase
of 9° F. is usually fatal because of the coagulation of other impor-
‘tant albumin constituents of the ceil protoplasm. Fever is invariably
accompanied by coagulation of some albuminous constituents
of protoplasm although it is possible that chemic substances as
well as the high temperature may have some influence in this
coagulation. Diminished temperature retards metabolic process-
es and if tissues are exposed for a sufficient time to a low tem-
perature the protoplasm dies and metabolism ceases,

Dininished or increased cell functioning are factors in the
causation of retrogressive changes. Diminished functioning for
a considerable length of time results in atrophy and if function-
ing of a specific part is decreased progressively through several
generations there will be failure of development of that part
{aplasia). Excessive functioning, to a limited extent, in a
part supplied with an excess of food, produces hyvpertrophy.
Functioning bevond the nutritive supply produces degeneration
and finally destruction of the cells,

Retrogressive tissue changes include atrophy, degeneration,
infiltration and pigmentation,

ATROPHY.
DEFINITION.,
DIFFERENTIATION.
KINDS,
Physiologic.
Pathologic.
ETIOLOGY.
Physiologic.
Sentdity.
Pathologic.
Disturbed nutrition,
Disturbed function,
Undue pressure.
APPEARANCE.
Macroscopic.
Micrascopic,
TISSUE AFFECTED.
EFFECTS.

Atrophy is that condition in which there is a decrease in the
size of an organ or tissue caused by a decreased size or a dimin-
ished number of the composing cells. In some instance the
interstitial tissue increases and replaces the atrophied cells and
the affected organ does not diminish in size. The term atrophy
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is usually restricted to a local diminution in size, as, of an organ
or part, although it has been applied to the condition resulting
from a general wasting away of all the tissues of the body, i. e,
emaciation,

Atrophy is differentiated from degeneration by the fact that
the former is purely a diminution in the size of the part, (a result
of decreased size or diminished number of the cells and without
any alterations in the cell protoplasm) while the latter consists
of chemical changes of the cell protoplasm and may result in in-
creased or diminished size of the cells. Atrophy and degenera-
tion may occur simultaneously in the same structure, the result-
ing condition being known as atrophic-degeneration or degenera-
tive-atrophy. Hypoplasia is an underdevelopment in contradis-
tinction to atrophy, which is diminution in the size after the
part has been developed.

Atrophy may be physiologic or pathologic,

PHYSIOLOGIC ATROPHY is a term used to designate the normal
diminution in the size of an organ or part. This occurs in the
thymus gland which is well developed at the time of birth. Soon
after this it begins to diminish in size and is practically extinct
by the time the animal matures. The mammary gland atrophies
after lactation ceases. Testicles and ovaries atrophy after the
period of reproduction or sexual activity. Senile atrophy is a
term employed to designate all atrophic conditions occurring in
the tissues of old or aged animals. Senile atrophy is a physio-
logic process.

PATHOLOGIC ATROPHY is a term used to designate abnormal
diminution in the size of an organ or part. Pathologic atrophic
disturbances involve muscular, glandular and nervous tissue
although no tissue is exempt. This type of atrophy is of fre-
quent occurrence, viz., diminution of muscle cells in lameness,
sweeney, etc., diminution in the size of the liver in hepatic
atrophy, renal, cardiac, splenic and gastric atrophy.

Etiology.— Pathologic atrophy may be the result of either
disturbed nutrition or disturbed function.

Disturbed Nutrition.—Atrophic  disturbances resulting from
mal-nutrition are most frequently the result of insufficient food.
Cells receiving insufficient food gradually shrink in size, possi-
bly because of auto-digestion. Insufficient nutritive supply may
be due to a2 diminished quantity of blood or an impoverished
bloocd. Diminished quantity of blood, i. e., a local anemia, is a
result of diminishing the calibre or obstructing the supplying
vessels,

“Thrombic formation, aneurisms, etc., may cause partial or even
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complete obstruction of nutritive vessels and thus be a causative
factor in atrophy. Starvation, or failure, of assimilation of food
is a cause of atrophy (general). However, in such cases atro-
phic degeneration of the cells is usually evident by the time the
body weight has diminished '/,, of the total weight. Certain
chemic substances may indirectly be of significance in the pro-
duction of atrophy, but they influence either the cell nutrition or
function,

Excess nutrition may induce metabolic disturbances of suffi-
cient gravity to cause the cells to become sluggish and more or
less inactive to such an extent that they will become atrophied.
However, excess food is a much less frequent cause of atrophy
than insufficient food.

Disturbed function.—Diminished or cexcessive functioning are
cansative factors in producing atrophy, the former being the
most frequent cause. Tissues deprived of function usually be-
come more or less atrophied. When an afferent nerve fibre is
disconnected from its end organ, (the mechanismm by which it
1icks up impressions). it begins to atrophy at once. probably
because of its failure to function. Muscles not functioning
atrophy. Thus there is muscular atrophy during most cases of
lameness. Diminished cardiac function resulting from dimin-
ished hlood pressure, is succeeded by atrophy of the heart muscle.
Glandular structures hecome atrophied because of disuse,

Exvcessive functioning. long continued, causes fatigue and in
some instances paralysis, the latter usually being succeeded by
atrophy. Atrophy from excess function is sometimes observed in
race hiarses, show animals and is not uncommon in musicians,
acrobats, trapeze operators, etc.

Pressure~—Aside from the influence of the vaso-motor mech-
anism there may be sufficient pressure from tumors, hyperplas-
tic formations, mechanical contrivances, as harness, ete., to dim-
inish or obstruct vessels and cause atrophy. Pressure may also
exert influence other than diminishing the blood supply, for con-
stant pressure alone causes atrophy, e. g. pressure atrophy of
ossecus tissue. Pressure atrophy, accompanying cirrhosic of
glandular structures as the liver or kidney, is usually caused byr
pressure of the newly formed fibrous tissue which partially ob-
structs the nutrient vessels. However, the compression of the
parenchymatous cells disturhbes their metabolic equilibrium and
is also a factor of some importance,

Appearance. Macroscopic. Atrophied organs are usually di-
minished in size. are irregular ar regular in shape, have a dry
shrunken anemic appearance and are usually pigmented. The
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parenchymatous tissue is most frequently involved, interstitial
tissue rarely becoming atrophied. The diminution in size may
be uniform throughout, the atrophied part thus retaining its nor-
mal shape, or the diminution may be unequal in different parts,
thus producing a lobulation of the affected portion. Atrophied
bone usually maintains its normal external slhape, as the process
is essentially a rarefication in which the Haversian and medul-
lary canals are increased in size . Pulmonary atrophy may con-
sist of diminution of the alveolar membranes to such an extent
that they rupture, thus produciing large cavities. Atrophic mus-
cular tissue is usunally more intensely pigmented than normal
muscle. The source of the excess pigment in atrophic muscles
may be from the atrophied muscle cells or it may have its origin
from the blood.

Microscapic—The celt body and nucleus shrink in size in
simple atrophy without previous alteration in the cell structure.
In numerical atrophy the cells first diminish in size and then dis-
integrate and die. Thus atrophy, disintegration and necrosis are
evident in numerical atrophy. The appearance of atrophic tis-
sues vary according to the structures involved. Atrophic kidney
tissue is characterized by the diminution in the size or in the
number of the glomerular and tubular cells. The tubules and
glomeruli may collapse the supplyving capillariex becoming oblit-
erated by pressure of the hyperplastic fibrous tissue. In muscu-
lar atrophy, the muscte cells diminish in size probably because
some of the fibrillae disappear.

Effects.—The effect of atrophy depends upon the structure
involved the extent of the condition and the age of the animal.
If the involved structure is not vital and the atrophy is of only
slight extent and in a young animal, in which the regenerative
power is good, the part will recover if the cause is removed.
Extensive atrophy of vital structures in old animals is usually -
fatal or at least predisposes to other conditions that are fatal
Again, a part may partially recover after a2trophic disturbances.
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CLOUDY SWELLING.
DEFINITION.
OCCURRENCE.
ETIOLOGY.

Chemic,

Bacterial products,
Phosphorous, Arsenic, elc.
Thermic,
APPEARANCE.
Macroscopic.
Microscopic,
TISSUE AFFECTED.,

Epithelium,

Muscle,

Nerve,

EFFECTS.

Cloudy swelling, albuminous, granular or parenchymatous
degeneration is a retrograde metamorphosis in which the proto-
plasm of the cell becomes granular. The granules in cells affected
with cloudy swelling are albuminous, at any rate they are solu-
ble in an excess of a 2% solution of acetic acid or a 1% solution
of potassium hydroxide, and give the typical albumin reaction
to the xanthoprotein test. Active glandular cells, especially those
that produce ferments, are normally granular; but the granules
in these cells do not respond to the foregoing tests and hence are
not albuminous. Cells in the earlier stage of fatty degeneration
are granular but the granules are not dissolved by solution of
acetic acid or potassium hydroxide, and they are dissolved by
ether or chloroform and are stained red with Sudan III. There-
fore they are fat granules, _

Cloudy swelling probably occurs more frequently than any
other retrogressive change. It invariably affects parenchymatous
cells in areas afflicted with acute inflammation and is usually
associated with infective diseases.

Etiology.—The causes of cloudy swelling may be divided in-
to two groups, Chemic and Thermic.

Chemic substances produce clondy swelling either by influ-
encing the action of cell enzyms, thys causing the separation
(coagulation) of the cell albumins, or by combination with the
albumins of the cell protoplasm’ thus forming new compounds
(albuminate of mercury, etc.) that are of no value to the cell.
Excessive quantities of albuminous substances may be assimi-
lated by the cells, the unused portion becoming coagulated or
rendered insoluble as it accummulates, thus producing cloudy
swelling, The chemic substances that produce cloudy swelling
are usually soluble and are in solution in the blood or lymph
from which they readily diffuse into the cell body where they

exert their action.
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Of the chemic substances capable of producing cloudy swell-
ing bacterial products are the most important. The diphtheria
toxin is probably the most active of all bacterial products in the
Jraduction of cloudy swelling. Other organic substances as leu-
comains and phenol are capable of producing this degeneration
as well as many inorganic substances as arsenic, mercury, phos-
phorous and the mineral acids.

Thermic disturbanees, especially high temperature, is prob-
ably a cause of cloudy swelling. Halliburton has demonstrated
that certain high temperatures produce turbidity or granular
degeneration of cells, From experimental evidence it is appar-
ent that different groups of the albumins of the cell protoplasm
are separated (coagulated) at different temperatures. The high-
er the temperature the more fixed the coagula and the more
difficult they are of solution. From the present known facts,
although the chemistry is not determined, it is evident that high

Filg. 111.—Cloudy Hwelllag, showing granular degeneration of Kldney ceDa.
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temperature is at least a predisposing if not an exciting cause
of cloudy swelling,

Appearance.—JMacroscopic—An organ or part affected with
cloudy swelling, has a parboiled appearance, it is lusterless and
lighter in color, softer in consistency, and is slightly enlarged.

Microscopic—An organ or part affected with cloudy swelling
appear cloudy, because of the presence of many small albuminous
granules, and the cells are slightly enlarged, hence the name
cloudy swelling. The increased size of the cell results from co-
agulation, the coagula occupying more space than the non-coag-
ulated protoplasm. If the tissues of an organ are examined with
the high power microscope the cell may appear slightly swollen
and its limiting membrane quite distinct; it may be considerably
swollen and have an indistinct membrane ; or, finally, it may have
ruptured and the space it previously occupied may contain a mass
of granular debris, The protoplasm of the cell body may con-
tain small, irregular granules, the nucleus may be almost normal,
slightly degenerated, or it may even be entirely disintegrated.

Tissues Affected—Epithelium, muscular, nervous, and con-
nective tissue are affected with cloudy swelling, the frequency
being in the order mentioned. Célls of excretory organs are
especially affected because of their eliminative function.

Effects.—~The effects of cloudy swelling depend upon the
structure involved. the extent of the involvment, and the age of
the affected animal, Affected muscular tissue has a diminisled
contractile power, Renal tubules may be occluded because of
the swollen tubular cells and the affected cells may also have
a diminished functional capacity. The function of any structure
is decreased and in extreme cases inhibited by cloudy swelling
of its component cells.

Cloudy swelling is usually a repairable process, providing the
cause is removed before the cells are destroyed.
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FATTY CHANGES.

PHYSIOLOGIC (Fatiy Infltration}.

DEFINITION,

ETIOLOGY,

Excess food.
InsufBirient exercise.
Heredity,

Infuence of disease.
Unsexing.

Laetation,
Fenesection.

APPEARANCE.
Macroscope—Greasy, pale color,
Microscopic—Droplets of fat belween cells,

TISSUE AFFECTED.

Normal depositions.
FEpithelinm, muscle,

EFFECTS.

PATHOLOGIC (Fatty Degencration),

DEFINITION.

ETIOLOGY.

Tnsuficient food.
tuability of cells to utilize food,
Freessive activity,

AHAPPEARANCE,
Macroscopre—Ureasy, pale, light.
AMicroscopic—Draplets of fot in cells.

TISSUE AFFECTED,

Epithelinm,
Muscle.
Nergpe,

EFFECTS.

Adipose tissue is not a specific tissue, but represents a modi-
fied connective tissue. The cells that later.become fat cells, are
vriginally flat or spindle shaped and usually occur in clusters or
groups. There are certain locations, called fat depositories,
where fat usvally occurs. Normally the principal fat depositories
are located in relation to the kidney capsule, subserosa (parietal,
visceral and omental peritoneum), subcutent, intermuscular areo-
lar tisaue, and in the orbital fossa. A well fattcned animal has
accumulations of fat in all the fat depositorics. In an emaciated
animal limited quantities of fat occur only around the kidney
in the omentum, and orbital {fossa.

Normal adipose tissue varies in color and consistency in the
different animals. In general it is white or yellow and appears
lobulated when cut across. The consistency depends upon the
melting point of the fat.

Olein is the principal kind of fat in the hog, stearin and pal-
mitin in the ox, and stearin in the sheep. It has been demon-
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strated, however, by Prof. Hopkins, of the University of Illi-
nois, that the body fat is the same as the ingested fat. (Hogs
were fed on cotton seed oil and the presence of the same kind
of fat was demonstrated in the hog tissue.) It has also been
found that butter fat in cow's milk is the same as ingested fat.
Opinions are at variance in reference to the digestion and assim-
ilation of fat. The fat splitting enzyms convert the fats into
fatty acids and glycerine. The alkali present in the intestines
unites with a part of the fatty acid, forming soap, the latter and
the glycerine pass by osmosis into the intestinal epithelium or
through the mucous membrane where the glycerine is substituted
for the alkali, the alkali passing back into the intestinal lumen
to form more soap (Hammersten). Some of the fat may be so
finely emulsified that it passes directly into and through the in-
testinal epithelium, and some of it may be incorporated by leu-
cocytes, and thus carried from the lumen of the intestine to the
lacteals (Howell). Fat droplets are present in the circulating
blood. The exact manner of the production of fat cells in normal
adipose tissue has not been determined.

All normal animal tissues contain varying quantities of neu-
tral fat. As much as 23 per cent of fat has been extracted from
kidney tissue (Adami). The proportion of neutral fat in the
same kind of tissue varies in the same animal under different
conditions and in animals of different species under the same
conditions. Thus the quantity of fat in the muscular tissue of
an emaciated animal is less than in an animal in good flesh. The
muscular tissue of the hog contains more fat than the muscular
tissue of the ox, sheép, horse or dog. In fact the presence of fat
droplets betwen the muscle cells is a distinguishing characteris-
tic of porcine muscular tissue. There is no definite limit to the
quantity of fat normally contained in the tissues of any animal.

Certain abnormal fatty changes occurring in the various tis-
sues have been described as fatty infiltration and fatty degen-
eration. These changes, although originally thought to be en-
tirely distinct, are closely related and may represent different
stages of the same process. These fatty changes may be dis-
cussed as physiologic fatty changes (fatty infiltration), and path-
ologic fatty changes (fatty degeneration). although there is no
good reason for the division nf the subject other than to recog-
nize the previous classification and prevent undue confusion,
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Physiologic Fatty Changes,
(Fatty Infiltration.)

Physiologic fatty changes is a condition in which there is an
excessive accumulation of fat, but the function of the afiected
part is not materially changed.

Etiology. Excess Food—House dogs and cats and many family
horses are usually fed to excess, resulting in the deposition of exces-
sive quantities of fat in practically all tissues, thus producing general
obesity. The “Strassburg goose” is force-fed with dough balls
in excessive quantities until excessive obesity is produced, the
liver especially becoming the seat of marked fatty accumulations.
In fact all prime “butcher stuff” is affected with physiologic fatty
changes or dietary obesity.

Insufficient Exercise— Animals kept in tie stalls or in close
quarters have a tendency to become excessively fat, especially if
they are fed a full ration, because there is diminished oxidation
on account of lack of exercise and the bulk of the consumed food
is stored as fat. ,

Venesection—Frequent bleeding diminishes the percentage of
red blood corpuscles and thus indirectly diminished oxidation
and favors fat accumulation,

Disease—Some diseases appear to influence the physiologic
deposition of fat. The early stages of tuberculosis in cattle and
hogs and distomatosis in sheep is accompanied by physiologic
fatty deposition. During convalescence from some diseases there
is an increased deposition of fat.

Lactation.—~The early period of lactation is accompanied by
fatty accumulation especially in the liver. (Possibly the liver
may act as a distributing center of fat.) The fatty accumulation
in the liver is evident regardless of any variations in the composi-
tion of food stuff.

Heredityv.—Some animals. especially hogs, except the Tamworths
and Yorkshires, appear to have an inherent tendency to become
excessively fat.

Castration.—Removal of the genital glands favors fat accumula-
tion in the tissues. Castrated dogs and cats, especially if cas-
trated when mature, become obese.

In general the exciting causes of physiologic fatty changes
are excess of food or diminished oxidation, heredity being a pre-
disposing factor.
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Appearance—JMacroscopic.—Tissues affected with fatty infil-
tration are greasy or oily, more friable than normal, and paler in
color, the color being uniform throughout or mottled. The quan-
tity of bloud in the fat varies, there being more, in general, in
the fat of young animals. Muscular tissue in which there is a
fatty accumulation contains areas or strata of fat and strata of
muscular tissue. The deposition of fat may be so extensive in
muscular tissue of hogs that there is little evidence of muscle.
Subserous accumulations of fat may be localized, giving the ap-
pearance of masses of fat, or it may be accumulated diffuselv
as thick layers of fat. In dogs and cats the excess fat is usually
deposited around the kidneys.

Microscopic~—In the carly stages of physiologic fatty changes,
small droplets of fat are observed between and within the cells.
The intracellular fat gradually increases and assumes the space
within the cell, the nucleus being crowded to the margin of the
cell and may ultimately disappezr.

Fig. 112.—Fatiy Inflliratlon, Mver. hog, showing infliratlon of globules from
peripheey of lobule toward {im cenler,

Tissue Affected.—All tissues are subject to fatty accumula-
tions, excepting the normal depositories, the liver heing most
prone to the affection.

Effects.—Tlhe influence of physiologic fatty changes is de-
pendent upon the extent of the condition and the duration of
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the process. If the nuclei of the cells are not injured and the
process is discontinued the infiltrated fat is disposed of and the
part recovers, If non-regenerative cells, such as heart muscle,
are destroyed. they will not be regenerated, even though the
fat is reabsorbed. The destroyed heart muscle cells may be
replaced with fibrous tissue.

Pathologic Fatty Changes.
(Fatty Dlegeneration.)

Pathologic fatty change, or fatty degeneration. iz a condition
in which the protoplasm of the affected cells diminishes because
of an increase of the intracellular fat. Fat or some of its cleav-
age constituents is probably constantly present in varving quan-
tities in all active cells.

Pathologic fatty changes are of frequent occurrence. being
associated with diseases of malnutrition, and occurring in acute
febrile diseases and many of the infective diseases. [t is espe-
cially evident in chronic phosphorous poisoning and some other
chemically induced diseases,

Pathologic fatty change is differentiated from cloudy swelling
as follows: The droplets of fat are soluble in ether and chloro-
form and are not dissolved with dilute acetic acid or potassium
hydroxide ; while the granules in cloudy swelling are insoluble in
ether and chloroform, but are soluble in dilute acetic acid or po-
tassium hydroxide. Again the fat droplets are stained red by
Sudan I1I, while the granules of cloudy swelling are not.
Fatty degeneration is difficult to differentiate from fatty infil-
tration, and in some instances it is impossible to differentiate
them; in fact, future investigation may confirm the identity of
the two processes. In the early stages the fat droplets are usu-
ally intracellular in fatty degeneration, and intercellular in fatty
infiltration.

Etiology.—In general, fatty degeneration is the result of the
disturbance of cell metabolism. The production of energy, be-
ing intimately associated with the metabolism of fat, becomes
a factor in the causation of fatty degeneration. Specifically,
disturbed nutrition is the principal cause of fatty degeneration.
Disturbed nutrition mavy be the result of, 1st, variation in the
composition of the blood, 2nd, diminished auantity of blocd. 3rd.
diminished oxygen supply, and 4th, changed environments of the
cells. Insufficient supply ot cell nutriment is the principal in-
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fluence resulting from circulatory disturbances or altered com-
position of blood. Diminished oxygen supply results in incom-
plete oxidation of the available intracellular fat which is then
accumulated within the cell. Changed environments include the
vatiation of the chemic reaction of a tissue, the tissue tempera-
ture, amount of fluid, etc. Disturbance of the environments in-
fluences the cell metabolism and may cause the union of cleav-
age products of fat that exist within the cell, or the infiltration
and intracellular accumulation of fat may be favored. Changed
environments may also render the cells unable to utilize the food
brought to them.

The causes of cloudy swelling are also etiological factors in
the production of fatty degeneration, in fact, fatty degeneration
is frequently associated with cloudy swelling and the fatty de-
generation is the result of disturbed metabolism. Disturbed
metabolism is produced by insufficient or improper food, dimin-
ished supply of oxygen. or inability of the cells to utilize the
food or oxygen supplied, the inability of utilization being a re-
sult of the damaging influence of chemic or thermic variation
of the environments of the cells.

Appearance.~Vacroscopic—A tissue affected with fatty de-
generation varies in appearance according to the extent of the
process. In general, affected tissues are paler in color (change
in color is frequently in patches which appear yellowish), lighter
in weight (in extreme case, liver tissue affected with fatty de-
generation. floats in water), greasy or oily in appearance, (a
knife blade that had been used in sectioning a fatty tissue is
usually smeared with drops of oil or fat), and usually swollen
or enlarged in the early stages, succeeded by diminution in size
as the fat is resorbed. Tissues affected with fatty degeneration
are less elastic, and more friable.

Microscopic.—In the very early stages the cells contain small
granules that are differentiated from the granules of cloudy
swelling only by the chemic test referred to above or by special
stains, as Sudan ITI. As the degeneration progresses. the minate
fat droplets coalesce, forming drops sufficiently large to be rec-
ognized microscopically, as small, clear spots or holes in the
cell protoplasm in sections of tissue fixed in fluids that are sol-
vents for fats and as fat drops in fresh tissues. The affected
cells are swollen to an extent which is proportional to the degree
of the degeneration. TMtimately the cell membrane ruptures
and the enclosed fat is liberated, thus producing a condition not
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differentiable from fatty infiltration. The nucleus is usually not
invoived in the beginning, but as the degeneration progresses
in the cytoplasm, the chromatin network disappears and the
entire nuclear structure finally becomes disintegrated, producing
the so-called granule cell. The degeneration may be continuous
throughout a tissue or it may be more or less patchy., The ex-
tent of involvement of the cells in an affected area is usually
unequal, some cells being only slightly affected, others contain-
ing considerable fat, and still others being entirely converted
into fat.

Fig. 113 —Faity Degencrution of the Liver, showing the early stage of the procesy
around the central veln,

Tissue Affected—Glandular tissue, particularly the liver,
is probably most prone to become affected with pathologic fatty
changes, or fatty degeneration. Muscular tissue is quite subject
to fatty degeneration, especially heart muscle. Epithelium other
than glandular, nervous and connective tissues, are not exempt
from this process, Tumors are occasionally observed to be
affected with pathologic fatty changes. Necrotic tissue fre-
quently becomes a fatty mass or an entire cadaver may be con-

Google
S
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verted into a fatty mass terimed adipocere, which is no doubt
the result of ferments liberated from the dead tissue.

Effects.—The couversion of the cell protoplasm into fat im-
pairs the cell function, At least diminished cell action, as well
as disturbed cell metabolism is evident in cells affected with
pathologic fatty change. In cells slightly affected, the droplets
are either oxidized or are extruded from the cell {absorbed when
the cause is removed). Cells more extensively affected may be
destroved, leaving a meshwork of vessels and fibrous tissue.
The area may later be filled with the new parenchymatous cells
arising from the surrounding less affected zones, and, like those
destroyed, it may persist as a mass of fibrous tissue, i. e., a scar.
If regeneration occurs there must he an adequate blood supply.

The degenerated cells may become caseated as a result of
the conversion of the fatty material into a cheese jike mass.
‘The usual cause of caseation of fatty debris is diminished or
obstructed blood supply resulting in gradual absorption of the
fluids, saponification of the fats and in some instances the forma-
tion of cholesterin. Caseated material derived from the fatty
debris may later be liquified or calcified.

AMYLOID CHANGES.

DEFINITHON.
ETIOLOGY.
APPEARANCE,
Macroscopic,
Microscopic.
TISSUE AFFECTED—SNubhendothelitom,
EFFECTS.

Some masses may be found in the acini of the prostate gland,
especially in old dogs and aged humans, that respond to the iodine
test and are considered by sonie authorities as amyloid bodies.
lesmloglc amyloid formations have not been ohserved other
than in the prostate gland and they probably have a pathologlc
origin. Thus a physiologic prototype of amyloid formation is
unknown,

Ampyloid substance (amylin) is an albuminoid, insoluble in
water, aleohol, ether, chloroform, xvlol, dilute acids or alkalies
and is not acted upon by pepsin. When tissue containing amy-
loid substances is immersed in Lugol’s solution the amyloid
areas assume a mahogany brown color and the normal tissue is
stained a yellowish brown. (To make this test wash the affected
tissue thoroughly until all blood has been removed, apply a lib-
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eral quantity of Lugol's solution for one or two minutes, wash
the excess of the reagent off and the above color reaction will
be observed). The test is equally applicable to macroscopic and
microscopic sections. If the sections, macroscopic or micro-
scopic, are immersed in dilute sulphuric acid. after the application
of Lugol's solution, the amyloid area will assume a blue color,
the normal tissue a brown color. The analine dyes usually stain
amyloid substances some shade of red.

The source of amylin is not definitely known. It may be
derived from the blood or from tissue cells. The formation of
amylin may depend upon variations in the percentage of some
chemic substance in the blood or tissue juices,

Amyloid formation is not common in the domestic animals.
Occasionally a dog is observed that is affected with amyloid ac-
cumulations in the prostate gland. One case has been observed
in a hog in which the liver was affected, and, excepting this, the
carcass showed evidence of no other lesions.

Etiology.—The cause of amyloid change is not known, al-
though it has been assumed by some pathologists to be associ-
ated with chronic suppurative conditions, as, tuberculosis, and
other chronic debilitating diseases, as carcinomatosis, The
tissues from several animals affected with chronic suppurative
processes, as fistulous withers, poll evil, quittor, tuberculosis,
glanders, casecus-ivmphadenitis, as well as tissue from animals
affected with tumors have heen examined, but amyloid changes
have not been found. Increased or diminished quantity of some
of the salts of the blood may be found to be an etiologic factor
in amyloid changes.

Appearance.— Macroscopic— Affected tissues or organs are
larger, paler, and firmer than normal. The amyloid areas are
homogeneous and translucent in appearance. The entire organ
or tissue appears homogeneous when the amylaceous material
is diffuse.

Microscopic—Amvloid substance is deposited in the frame-
work beneath the cndothelial cells lining the blood vessels. It
appears as an annular homogeneous mass encircling the vessel.
The amyloid substance may accumulate to such an extent that
the vessel is obstructed. After the capillaries have been gorged
bevond their resistance they rupture, thus allowing the amyloid
substance to permeate the interstitial spaces where it appears
microscopically as irregular homogeneous masses.

Tissue Affected—The blood-vascular subendothclial con-
nective tissue is the principal location of amyloid formation.
although it may occur in lvmph vessels and even the perimysium
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and endomysium may be affected as well as the stroma of the
mucous membranes. The liver, spleen, and kidney are the
most frequent locations of the process, probably because of the
large number of capillaries in those organs.

Fig. 114.—Amylold Denegeraiion, Liver,
& Liver cells b, Amylold msaterial.

Effects.—The condition is so rare that it is not possible to
generalize upon the effects of the process. The amylaceous ma-
terial is insoluble in the body fluids and it is quite probable that
if a part becomes affected, it remains so permanently.

HYALINE CHANGES.

DEFINITION,
ETIOLOGY.
APPEARANCE.
Macroscopic,
Microscopic,
TISSUE AFFECTED.
Uessels, Muscles,
EFFECTS.

This is a pathologic condition characterized by the conversion
of the cell substance into a homogeneous material called hvaline.
In the phenomena accompanying the physiologic changes of the
corpus luteum of pregnancy, a hyaline substance is produced.
The physiologic formation of hyalin, aside from that produced
in the corpus luteum of pregnancy, has not heen recorded.

The formation of hvalin is quite common in the muscular
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portion of the blood vessels of tissues affected with chronic in-
flammation and in the blood vessels of sarcomata. It has also
been ohserved in voluntary and heart muscle in certain diseased
processes,

Hyalin, an albuminous substance very similar to amylin, does
not respond to the iodine test, and is not acted upon by alcohol,
ether, chloroform, acids, ammonia, or water. Acid stains, as
eosin and acid fuchsin, have an affinity for hyalin and stain it
quite intensely.

Etiology.—The specific cause of hyaline formation is not
definitely known. Certain predisposing factors, however, are of
interest, \Wells found that lactic acid injected into voluntary
muscle was succeeded by hvaline formation, and it may be as-
sumed that the cause of hyaline changes in voluntary muscle is
excess of sarcolatic acid. Some diseased processes, as chronic
inflammation, tuberculosis, and sarcomatosis are accompanied
by conditions that tavor hyaline formation.

Fig. 115.—Hyallne Denegration, Vessels.
a. Hyaline around arieriep in maxilla of colt.

Appearance.— Macroscopic.—Rarely does this condition De-
come sufficiently marked to be recognized with the unaided
eve. The hyaline substance appears as a translucent, homogen-
eous, firm mass, intermingled with the normal tissue.

Microscopic~The hyaline substance appears as glassy areas,
and the adjacent tissue frequently becomes less distinct. Except
for the affinity of hyaline substances for acid stains and its fail-
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ure to react to iodine it is difficult to differentiate from amyloid
change.

Tissues Affected.—)Muscular tissue, involuntary muscle,
especially of the blood vessels, voluntary muscle and heart mus-
cle are subject to hyaline changes. Connective tissue is less fre-
quently involved and epithelium rarely, if ever.

Eftects.—\When hyaline has been formed in small quanti-
ties and the cause is removed the hyaline substance is resorbed
and the affected cells repaired. If the production of hyalin has
replaced the protoplasm of large cell masses, especially of mus-
cular cells, the area will probably not be repaired with muscular
tissue, though it may be with fibrous tissue, provided the cause
is removed,

MUCOID CHANGES,
Physiologic.

DEFINITION.
ETIOLOGY—Physiologic, patholegic,
APPEARANCE.

Macroscopic,

Microscopic.
TISSUE AFFECTED—Connective, epithelium,
EFFECTS.

The transformation of cell protoplasm into mucus is evident
in the physiologic production of mucus in the surface epithelium
of mucous membranes as well as in mucous glands. The physi-
ologic conversion of protoplasm into mucus is the result of in-
tracellular enzyms, or at least depends upon protoplasmic activ-
itv. As the mucus is produced the cell becomes enlarged and
ultimately ruptures, discharging the mucus. The mucus may be
formed only in the distal end of the cell or it may entirely re-
place the protoplasm of the cell. In the former the remaining
protoplasm of the cell regenerates the portion destroved. In the
latter the adjacent cell multiplies, thus filling the gap.

Mucus is a viscid, glairy stringy nitrogenous fluid. The
principal ingredient of mucus is mucin, a glucoproteid, although
there may also be present psendomucins. Mucin imbibes water.
thus becoming swollen, and from this swollen mass there is pre-
cipitated a stringv material by addition of alcohol or dilute acetic
acid. Pseudomucin forms a gelatinous mass when dissolved
in water, but by the addition of aleohol to this gelatinous mass
a stringy precipitate is formed which is redissolved in excess of
water, differing in this respect from mugcin.
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Pathologic.

Pathologic mucoid formation affects cells and intercellular
substance, Cellular pathologic mucoid change is identical to
normal mucus formation except that it is in abnormal locations
or is in excess in those locations in which mucus is normally
preduced. Intercellular mucoid formation is a condition result-
ing from the conversion of intercellular substances—fibres,
matrix of cartilage and bone—into mucus. Pathologic mucoid
changes occur rather frequently. It is evident in catarrhal in-
flammation, in cyst formations and as a retrogressive process in
many tumors.

Etiology.—The cause of pathologic mucoid changes is not
known. Excessive cellular mucoid formation accompanies mild
inflammatory disturbances of mucous membranes—so calied
catarrh, The increased production of mucus in catarrhal inflam-
mation may be the expression resulting from the exaggerated
function of the mucous membrane induced by the excessive
quantity of blood supplied.

Intercellular mucus formation may result from improper
nutrition or injurious influences induced by chemic substances.
It has long been thought, although it has never been proven,
that some product is evolved when the thyroid gland is dis-
eased that causes a mucus degeneration of all fibrous tissue in
the body (myxoedema). Some sarcomata and carcinomata are
affected with mucoid changes, prohably the result of chemic sub-
stances elaborated by the tumor cells.

Appearance.—Macroscopic.—Mucus of pathologic origin is not
differentiable from physiologic mucus. In pathologic conditions
accompanied by mucus formation the mucus is frequently mixed
with other substances, as blood, pus and food stuff. Thus the
mixture assumes varions appearances. A discharge composed
of mucus and pus (muco-purulent) is common in practically all
catarrhal inflammation, being the characteristic discharge of
catarrhal pneumonia and is the usnal discharge from the respira-
tory tract and conjunctiva, in dogs affected with distemper, in
horses afflicted with “stock vard fever,” etc.

The appearance of a tissue affected with pathologic mucus
changes, regardless of whether the cells, or intercellular sub-
stance is involved, depends upon the quantity of mucus pro-
duced. TIf there is a limited quantity of mucus and it is equally
distributed throughout, the affected tissue will appear swollen
and soft. If more extensive and diffuse the affected tissue will
be soft, spongy. and slimy. If the entire structure has practically
been converted into a mass of mucus, it will appear as a slimy,
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stringy, pulpy substance from which varying quantities of mucus
may be expressed.

The mucoid changes may affect circumscribed local areas that
appear moist and soft, spongy, or even cystic in contradistinction
to the surrounding normal tissue.

Microscopic—Mucus appears as a stringy substance containing
varying quantities of detritus. Fixing agents coagulate mucin
in which case it appears as a more or less homogeneous mass
containing many fibrillae or threads of coagulated material.
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Fig. 116.—Mucold Degeneratlon.

& Flbrous tissue, ¢ Mucold celin
b. Mucous substance.

Microscopic appearance of a tissue affected with pathologic
mucoid changes is variable according to the extent of the pro~
cess but in general the picture observed is the same as that of
the pormal tissue plus the mucus.

Tissue Affected.—Epithelium and the cells and intercellular
substance of connective tissue as well as some tumors are sub-
jeet to mucoid changes.

Effects.—The effects depend upon the extent, duration, and
regenerative ability of the affected tissue.
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COLLOID CHANGES.

DEFINITION.

ETIOLOGY—Unknown,

APPEARANCE,
Macroscopic,

- Microscopic.

TISSUE AFFECTED,
Thyroid, prostale, timors.

EFFECTS.

The term “Colloid” has rather an indefinite meaning and by
present day writers is used to indicate a variety of substances.
“The word colloid is merely morphologically and macroscop-
ically descriptive of certain prcducts of cell activity or disinte-
gration, which have nothing in common except the fact that they
form a thick glue like or gelatinous, often brownish or yellow-
ish substance” (Wells). One type of colloid substance is a
physiologic product of the thyroid gland, it is in part a secre-
tion of the thyroid cells and in part a conversion of those cells
into colloid material. This product is normally absorbed as it
is produced though it may accummulate in small quantities in
the gland acini, especially in aged animals.

Chemically the physiologic thyroid colloid is composed of
iodo-thvreoglobulin (a compound of globulin and thyroidin).
Thyroid colloid is glue like in consistency and varies in color

" tfrom brown to vellow., Colloid and mucous are closely related.
Colloid does not increase in bulk when it is suspended in water,
neither is it precipitated by alcohol or acetic acid—two tests that
are usually sufficient for differentiation of mucus and colloid.
Pseudo-mucin is more difficult to differentiate from colloid. The
latter, however, contains iodine and the former does not.

Pathologic colloid changes are conditions resulting from the
excessive production and retention of collagenous material. The
disturbance induced by excessive colloid accummulation is usu-
ally not serious although it may cause fatal termination. This
condition occurs more frequently in old dogs than in other ani-
mals, Sheep occasionally show lesions of this condition, in
some instances the entire flock becoming affected. Pathologic
colloid accummulation is a constant lesion in the thyroid gland
of animals suffering from exophthalmic goitre. Colloid changes
have been observed in cattle, sheep, horses, mules and one case
has been recently noted in a calf.

Etiology.—The specific exciting cause of pathologic colloid
changes is not known but undue exposure to inclement weather
is a predisposing cause of considerabl= moment. Exposure, in
some instances, appears to become an exciting cause of thyroid
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colloid accummulation. A flock of 128 healthy, yearling sheep
shipped from south central New Mexico to the Kansas City stock
vards, were all found to have enlarged thyroid gands at the
time of slaughter, which was about 24 hours after their arrival
at the stock yards. The thyroid glands were found on micro-
scropic examination to be affected with pathologic colloid accum-
ulation. This occurred in April, the sheep, having been sheared
iust previous to shipment, and the weather having been very
inclement during the entire time that they were in transit. Other
entire flocks of shéep that have been unduly exposed have been
affected in a like manner.
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Fig. 117.—1 hotograph ol a thyruld gland aforicd with Colloid Degenerntlon,

Endemic goitre in the human is indicative of an infectious
cause though the individual cases in non-affected areas dispels
the infection theory.

The absence or diminished quantity of icdine in the food,
water or, air, may be a causative factor in the production of
goitre and other colloid accummulations in the thyroid glands.

Appearance.— Macroscopic.—Colloid  most frequently oc-
curs in masses, varying in size from mere microscopic points
to bodies as large as a lead pencil rubber or even cyst like bod-



RETROGRESSIVE TISSUE CLIANGESN, 219

ies as large as a black walnut. More rarely the colloid material
may have infiltrated the tissue spaces and become diffuse. Col-
loid varies in consistency from a watery to a jelly like mass, is
usually of a clear amber color, although it may be translucent
or of a deep mahogany tint.

An affected tissue contains variable sized areas of hyallne,
rather firm, amber or mahogany colored masses deposited ir-
regularly throughout the entire structure.

Microscopic.—The cells are noted to contain smail droplets
of colloid material which is constantly produced and passed out
of the cells and accumulated in the acini, tubules, or intercellu-
Tar spaces. Other entire cells are converted into a colloid

Fl. 118 —Collvid Degeneration, Thyrold Gland,
& Collotd material complelely ANing the acini of gland.

mass. The conversion of a large number of cells into colloid
material in one vicinity produces colluid masses or the so-called
coHoid cysts. Colloid substance is homogeneous or slightly gran-
ular and is stained, by acid stains. It assumes an orange color
when stained according to Van Giesen’s method.

Tissue Affected.—Epithelium is probably the only tissue
in which colloid formation occurs. The thyroid gland is most
commonly affected. There is a degenerative change occurring
in carcinomata that is similar to the colloid formation although
it may be pseudomucin formation. McFarland states that col-
loid casts occur in the uriniferous tubules, in kidnevs affected
with chronic inflammation. Ziegler regards the prostatic con-
cretions, of the human, that do not react to iodine, as colloid,
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Effects—The effects of colloid accumulation depend upon
the extent of it. The exact function of the thyroid gland has not
been determined but it is quite certain that the iodine compound,
jodothyrein or thyroiodin is the active principle of the thyroid
secretion. It is not known whether the thyroid secretion has
some action rron cell metabolism or neutralizes various poison-
ous substances that result from metabolism or poisons intro-
duced into the hody from without. The colloid accummulations
in goitre contain less iodine per given volume than the normal
secretion, but the total quantity oi iodine is materially increased
resulting in circulatory disturbances, as rapid weak pulse, in-
creased. metabolic activity especially of proteids, increased secre-
tions, irritability, etc. Diminished iodine production, as ob-
served in myzoedema, is not common in cotloid accummulation.

SERCUS INFILTRATION,

DEFINITION.
ETIOLOGY—{Oedema),
APPEARANCE.
Macroscopic,
Microscopic.
TISSUE AFFECTED.
EFFECTS.

Serous infiltration is a condition in which excessive guantities
of lymph or serous fluid infiltrates the cells,

In the anatomo-physiclogic discussion of the cell, the nutri-
ents were said to be obtained by specific selective action of the
cells and by osmosis. Osmosis is probably the most important
mode of passage of extracellular substances into the cell.

In hydremia or other conditions in which cells are bathed by
excessive quantities of fluid, there is a tendency for them to
become hydropic.

Serous fluid that enters the cells in serous infiltration is thin,
watery and contains small quantities of proteids and salts,

Etiology.—The cause of serous infiltration is an excess of
serous fluids in the tissues. Serous infiltration is, therefore, an
accompanying condition of oedema and the causes of oedema
would likewise he the primary cause of serous infiltration. A
second cause may be the impairment of the cells in which they
are stimulated to imbibe more fluid.

Appearance.—Macroscopis—Because of the simultaneous
occurrence of oedema and cellular serous infiltration and in
view of the fact that oedema is so conspicuous, the serous infil-
tration is not recognizable in gross examination,
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Microscopic—When examined in the fresh state the cells
are enlarged, the extent of which depends upon the quantity of
fluid imbibed. The infiltrated fluid accumulated in the cells
appears as clear spaces or vacuoles. The vacuoles occur either
in the cyto-plasm or the nucleus and in extreme cases, they
occupy the entire cell and may even cause its rupture,

Tissues Affected.—Practically all tissues are subject to
serous infiltration. Those tissues in which ocedema occurs are
most frequently affected. Epithelium is quite frequently in-
volved in serous infiltration because this tissue forms the sur-
face of those structures affected with oedema,

Effects—The effects depend upon the extent and duration
of the condition. Some vegetable cells are capable of imbibing
fluid to a sufficient extent that they increase their size one hun-
dred times.

Animal cells cannot imbibe fluids to such an extent as vege-
table cells without being rent asunder. After the cells have
been subjected to serous infiltration for sometime, the nuclear
chromatin appears to dissolve and diffuse through the cell body.
This necessitates an impairment of the cell activities,

GLYCOGENIC INFILTRATION.

DEFINITION. .
ETIOLOGY—( Disturbed carbohyvdrate metabolism).
APPEARANCE.

Macroescopic.

Microscopic.
TISSUE AFFECTED.
EFFECTS.

This is a condition characterized by the infiltration of exces-
sive quantities of glycogen into cells that normally contain a
limited amount of it or the infiltration of glycogen into cells
normally glvcogen free.

The source of glycogen is not definitely known. Accord-
ing to some physiologists, glycogen may be formed from either
carbohydrates or proteids. The digested carbohydrates are
probably stored up in the form of glycogen, at least glycogen
is readily converted into dextrose whenever carbohydrates are
needed. Glycogen can be demonstrated in the normal liver cells,
kidnev cells, and in muscle cells, although it occurs in limited
quantities.

Glycogen is soluble in water and insoluble in alcohol, chloro-
form and ether. Its presence in tissue may be demonstrated by
smearing the tissue on a slide and allowing it to dry inverted,
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over crystals of iodine. The glycogen appears as brownish areas
in the cells. It may also be demonstrated by immersing in a
mixture of four parts of alcohol and one part of tincture of iodine,
sections that have been hardened in absolute alcohol, the glyco-
gen assuming a port wine color.

Pathologic glycogenic infiltration occurs in pus cells of suppu-
rating processes. The blood cells, especially leucocytes, contain
some glycogen in those animals affected with septic infection or
sapremia. Thus horses afflicted with sapremia induced by punct-
ure wounds of the foot show glycogenic infiltration, of the blood
cells. In diabetes mellitus the liver and kidney cells are infil-
trated with excessive quantities of glycogen.

Etiology.—Disturbed carbohydrate metabolism is insepar-
ably associated with glycogenic infltration although the specific
relation of disturbed carbohydrate metabolism and glycogenic
infiltration is not known. Glycogenic infiltration has some asso-
ciation also with certain infectious and inflammatory disturban-
ces as well as tumor formations.

Appearance.— M acroscopic.— Glycogenic infiltration does not
produce lesions sufficiently characteristic to be recognized with-
out the aid of a microscope.

Microscopic—The affected cells contain transparent colorless
areas near the nucleus. If the specimen has heen hardened in
absolute alcohol, the areas of glycogen may he stained port
wine color by four parts of alcohol and one part tincture of
indine. The areas are variable in size depending upon the ex-
tent of the condition. In extreme cases the glycogen may be
observed in the intercellular spaces.

Tissues Affected.—Liver, kidney, muscle, and blood cells are
most subject to glycogenic infiltration, the frequency in the order
naimed,

Effects.—The glycogen is readily reabsorbed provided the
cause be removed. The condition being associated with other
pathologic conditions, their removal becomes essential before
the glycogenic infiltration can be overcome.
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URATIC INFILTRATION.

GENERAL DISCUSSION.
DEFINITION.
ETIOLOGY—Deficient uric acid secretion,
APPEARANCE.

Macroscopic.

Microscopir—Needle like crystals.
TISSUE AFFECTED—Articulations,
EFFECTS.

Uric acid is formed by the kidneys from urea and passes out
normally with the urine. If not promptly eliminated, it com-
bines with sodium carbonate of the blood to form sodium urate
(quadriurate and biurate). The quadriurates are unstable but
the biurates are quite stable. Utric acid and urates do not nor-
mally exist as such in the blood of birds or mammals. The urin-
ary excrement of birds is composed of urates but no urea. In
birds the ureter terminates in the cloacum; the kidney excretion,
which is almost solid in consistency, is thus mixed with the feces
before it is eliminated from the body. This anatomic arrange-
ment probably favors the resorption of uric acid. At any rate
uratic infiltration is more common in birds than in any other
domestic animal.

Sodium urate is the usual compound found in uratic infiltra-
tions and when examined miscroscopically appears as a feltwork
of radiating clusters of needle like crystals. If urate of sodium be
treated with a few drops of nitric acid, and then evaporated to
dryness, and to the amorphous residue a few drops of ammo-
nium hydrate be applied, the entire mass assumes a purple-red
color, or if potassium hydroxide be applied, the mass becomes
bluish-purple.

Etiology.~Uratic infiltration is due to deficient excretion
of uric acid by the kidneys. It may be caused by ligation of the
ureters or by any obstruction to these ducts. An exclusive
meat or other nitrogenous diet, sometimes produces uratic infil-
tration in fowls. Old age is a predisposing factor,

Appearance—Macroscopic.—The phalangeal, metatarsal and
tarsal joints are most frequently affected in fowls. In the begin-
ning the condition is evidenced by a soft, painful, diffuse swell-
ing becoming more circumscribed as it becomes larger. The skin
over the affected area becomes thickened and scales off as the
swelling increases in size. The nodular swellings ultimately
rupture, the contents being buff colored and crumbling as it is
discharged. Sometimes masses of the urates accumulate as
small stones {tophi} under tendons, etc. The articular surfaces
are frequently eroded.
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Microscopic~—The needle like crystals of sodium urate, in
addition to more or less detritus from necrosis of the tissue, is
characteristic of sections or smears of tissues affected with uratic
infiltration.

Tissue Affected.—Articulations are the usual location of
uratic infiltration, especially those in the metatarsal region. The
skin and visceral organs may be affected.

Effects.—The accumulation of the urate crystals in the artic-
ulation, produces erosion of the articular surfaces, and thus
interferes with movement. Tophi beneath tendons also produce
disturbance of mobility.

KERATOSIS.
DEFINITION.
GENER AL DISCUSSION.
ETIOLOGY.

Desgication of surfoce epithelium,
Excess of intercellular cement,
APPEARANCE.
Macroscopice—Horny growths,
Microscopic.
TISSUE AFFECTED—Epithelium.
EFFECTS.

Epithelium becomes cornified thus forming the hard horny
hoofs, horns and claws, The conversion of epithelium inte horn-
like substance (characteristic of the hoof) consists of a dehy-
dration of the cells and the production of a glue like material
that cements the dessicated cells together. The ergots and
chestnuts in the skin of the horse are produced by the accumu-
lation of dessicated cells cemented together.

The cornified epithelium that characterizes keratosis varies
from dried scales to dense horn tissue.

Pathologic cornification is of rather common occurrence in
the domestic animals. The skin covering the carpus of oxen fre-
quently becomes materially thickened and cornified, one case
having been observed in which the cornified mass accumulated
until a projecting horn like structure some ten inches long and
six inches in diameter at its base, was present. As a general
condition it is observed in the skin of animals affected with ich-
thyosis.

Etiology.—Irritation appears to be a causative agent in
keratosis. The condition may be a sequel of inflammation and
sometimes occurs in scars. Whatever increases dessication of
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epithelium and stimulates the formation of excessive quantities
of cellular cement favors keratosis,

Appearance.—Macroscopic—Keratotic accumulations appear
like so much irregularly formed horn tissue. The resistance
of the cornified epithelium varies according to the completeness
of cornification.

Fig. 119.—FPhotograph of a Kermtotic, horn-like growth removed from
region of withers of an ox.

.

Microscopic—The cornified epithelium usually appears as
a mass of debris, although in some instances there may still be
evidence of cellular elements. The epithelial pearls of epitheli-
omata probably represent a type of keratosis,—the pearls appear-
ing as whirls of scale like elements suggesting the gross appear-
ance of a section of an onion,

Tissue Affected.—Epithelium is particularly affected. Some
tumors are affected, especially epitheliomata.

Effects—The area involved is inconvenienced. If the en-
tire skin is involved there may be secondary constitutional les-
ions.

v 00gle
S
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OSSTFICATION.

PHYSIOLOGIC.
PATHOLOGIC,
ETIOLQGY.
{rritation.
improper nutrition,
APPEARANCE
Macroscopie—Osseous masses.
Microscopie—CQsseons plales,
TISSUE AFFECTED.
Muscle.
Arteries,
Tumors.

EFFECTS.

Ossification, as in the formation of bone, is a normal process.
The process consists in the formation of fibrous lamellae that
are later calcified. Osseous bodies are sometimes formed in such
structures as the falx cerebri and tentorium cerebelli. These
osseous formations assume the shape of the original structures,
and are called osteophytes.

Pathologic ossification consists in the formation of a bone
like substance in abnormal locations, as muscles, arteries, tum-
ors, etc.

Etiology.—(Ossification prohably results from chronic irrita-
tion, improper circulation, or impoverished nutrition,

Appearance.—Macroscopic—QOssified muscle appears as a
porous osseous mass. In an autopsy of a horse the flexor bra-
chii muscle, was found to be a porous osseus mass, and appeared
like canciltated bone. Muscle ossification is  usually  des-
ignated myositis ossificans. An ossified falx cerebral or tentor-
jum cerebellar osteophyte appears as irregular bony masses.

Microscopic—The porous osseous tissue formed in pathologic
ossification is found on microscopic examination to consist of
osseous plates surrounding irregular cavities.

Tissue affected.—Muscle, arteries, connective tissue and tum-
ors,

Effects.—Ossification occurs only when the normal struoct-
ures have heen practically destroved. It represeuts a condition
that is not reparable.

For differentiation of this condition and osteomata see discus-
sion of the latier.
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CALCAREOUS INFILTRATION.

DEFINITION,
ETIOLOGY,
Impaired circniation,
Rickets.
Infoxication, Mercury, ctc,
UARIETIES,
Tissue Spaces—Caleull.
Tissue.
TISSUE AFFCETED,
EFFECTS.

Calcareous infiltration is a conditicn in which limz salts are
deposited in abnormal locations or excessive quantities are
deposited in those tissues in which calcareous depositions nor-
mally occur.

In the formation of osseous tissue, certain definite quauntities
of lime salts impregnate the softer formative tissue, thus produc-
ing typical bone. Considerable quantities of lime salts normally
occur in the blood and lymph of the various animals. The urine
of the horse, donkey, and mule frequently contains such large
amounts of calcium phosphate that it is quite turbid when ex-
creted. Excessive quantities of lime salt in solution predispose
to calcareous infiltration as well as to calculus formation.

The lime salt most frequently found in tissues affected with
calcareous infiltration is the carbonate, though other salts of
lime may be present as the phosphate and rarely, the sulphate.
These salts are all insoluble in water, alcohol, ether and chloro-
form, as well as most other solvents, The application of dilute
acids usually canse excessive effervescence because of the lib-
eration of carbon-dioxide.

Pathologic calcareous infiltration sometimes occurs in dense
scar or cicatricial tissue as in extreme cases of poll evil, fistu-
lous withers or quittors; in necrotic areas as tubercles of tuber-
culosis in cattle and hogs; in necrotic areas of arteries affected
with atheromatous degeneration: in inspissated pus; in the sup-
porting framework of the lungs producing pneumono-koniosis;
in the kidney ; and in other organs in chronic bichloride of mer-
cury poisoning; in parasitic cysts, as the trichina cysts in hogs,
and psorosperm cvsts; and in dead foetuses.

Etiology.—Imperfect circulation.— Tubercular lesions (tubercles)
are nonvascular and invariably become calcified sooner or later. Al-
though tubercles are nonvascular, there is more or less enzy-
motic action taking place resulting in the liberation of carbon
dioxide; there are variable quantities of fluid containing lime
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salts in solution filtering into the tubercles; the liberated car-
hon-dioxide combines with the soluble lime salts forming insolu-
ble calcium carbonate which is deposited in the tissue thus pro-
ducing calcification. Enzymotic action is also present in local
areas of tissue, other than tubercular, that have recently become
necrotic, as inspissated pus, thrombi, infarcts, necrotic areas in
arteries, and there is also sufficient soluble lime salts present
to combine with the carbon-dioxide liberated by the enzyms to
form insoluble calcium carbonate, thus necrotic tissue becomes
calcareous,

Dense fibrous masses are frequently poorly nourished hecause
of the obliterated vessels and occasionally become calcareous.
Thus it is not rare to find calcareous centers in the dense fib-
rous tissue of fistulous withers.

Improper Food —Food or water confaining excessive quanti-
ties of certain lime salts predispose to calculus formation and in
some instances to the deposition of lime salts in tissues as the
kidney and lung.

Inhalation of air contatning large quantitics of limc or clay dust
in suspension, results in their deposition in the alveoli of the
lung, and infiltration into the framework of the lung producing
the condition known as chalicosis. Horses and mules worked
in and around cement plants, stone crushers, rock quarries, etc,,
are affected with pulmonary chalicosis and are more subject to
pulmonary diseases than animals not so affected.

There are probably some chemic substances, resident in the
body which when increased or diminished favor the deposition
of lime salts. It may be that the chemic reactions of a tissue is
a factor of considerable moment in calcareous infiltration.

Appearance —Macroscopic.—Tissue affected with calcareous
infiltration is hard, granular and gritty. When palpated, it is
quite resistant and may be massive, but is more likely to be com-
posed of small calcareous masses held together by variable quan-
tities of soft tissue, It is gritty when incised or sawed and in
some instances the tissue is so densely infiltrated that it is impos-
sible to either cut it with a knife or saw, a chisel being required
to break it asunder. Calcareous tissues are heavier than normal
tissues. Tissue may be equally affected throughout or the calcar-
eous material may be concentrated in small areas arranged con-
centrically around a central mass or in lines radiating from a cen-
tral point. The calcareous material may appear in spherical
masses as in the tubercular lesions or in scales as in arteries
affected with athermatous degeneration. The air cells and bron-
chioles in the lungs of horses affected with chalicosis contain
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incrustation of scales of lime and the framework of the lung may
be infiltrated with small gritty calcareous masses.
Microscopic—The calcareous material may be amorphous or
crystalline and it may occur in the cells or between the cells.
Cellular calcareous infiltration normally occurs in the cells of
the pineal body and pathologically in kidney cells, nerve cells,
etc. The calcareous granules or crystals are usually stained
dark with hematoxylin and give the general impression that
chromatolysis (fragmentation of the nucleus) had occurred,

Fig. 120.—Atberomatous Degenetation, Aoria.
a Caicarious deposit in the tunica media

Calcareous material infiltrated between the cells may be amor-
phous or crystalline and assumes the same stains and appears
similar to the intracellular infiltrated lime salts. The calcareous
material is soluble in dilute acids, except caleium sulphate, with
more or less effervescence.

Tissue Affected—Necrotic tissues are most subject to cal-
careous infiltration. Blood vessels, lung tissue, kidney tissue,
dense fibrous tissue, are also subject to calcareous infiltration,

Effects.—Calcareous infiltration is a means of converting
necrotic tissue into a noninjurious mass. Calcified tissue is prob-
ably never regenerated because calcareous deposits are not ab-
sorbed.



230 VETERINARY PATUOLOGY.

CACULL

DEFINITION.
ETIOLOGY.
STRUCTURE.
SHAPE.
SIZE.
NUMBER,

OR.
COMPOSITION.
VARIETIES.

{Irinary.

Salivary.
Gastric,
Intestingl,
Biliary.
Lacteal.
Venous.
Arterial,

Calculi are accumulation in the body cavities, of min-
eral matter precipitated from the body fluids, or they may
be mineral incrustations upon foreign substances in the body
cavities. The mineral deposits formed within the tissues of
the animal body, as calcified tubercules, etc,, are calcareous in-
filtration or tissue petrification. Calculi, however, may and
frequently do, become attached to the tissue, surrounding them
(phleboliths), and a calcified tissue may become separated from
the surrounding structures (calcified necrotic tissue in fistula).
Hence the two conditions, calculus formation and calcification,
approximate each other closely and at times are not separable.

Etiology.—The causes of calculus formation are not thor-
oughly understood. The most probable cause is the supersatur-
ation of the body fluids with salines. The fluids may become
super-saturated either by an excessive production of the salines
or diminished excretion of them. The lack of oxygen or an
excess of carbon dioxide may cause the precipitation in body
fluids, especially of calcium and magnesium carbonates. Fer-
mentation of various juices may result in precipitation of a vari-
ety of compounds. But why the precipitate should accumulate as
a calculus is unexplained. It is a phenomencn pot understood.
There are many predisposing causes that aid in the formation of
calculi. The retention or delay in the excretion of fluids, especi-
ally if they undergo any chemical change, are principal factors in
calcular formation. Intoxication from mercury predisposes to the
formation of urinary calculi. The presence of any foreign body,
as particles of sand, desquamated cells, coagulated albumen,
parasites, etc., upon which a precipitate may accumulate, is a
predisposing cause. According to Ziegler all calculi have an
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organic nucleus. But it seems possible and quite probable that
particles of inorganic matter are deposited upon an inorganic
nucleus in the formation of calculi. _

Structure.—The structure of calculi varies. Homogeneous
calculi are composed of layer upon layer of the same material
and have the same appearance throughout. Heterogeneous cal-
culi are laminated. i. e., they are composed of layers of different
material and appear different in the succeeding layers. Calculi
vary from finely granular masses (appearing as though many
grains of sand had been fused into a mass) to lobulated masses
{mulberry calculi) ; or they appear smooth as though they were
molfen mineral run into forms.

Shape.—Calculi assume all conceivable shapes. Cystic calculi
vary in form from spheres to jack straws, and even coral like
bodies or ¢talactite calculi have been observed. Their form may
be determined by their location., Thus renal calculi may assume
the shape of renal tubules, renal pelvic calculi the shape of the
renal pelvis. Intestinal calculi are usually more or less spherical
in shape. Salivary calculi are ovoid. Calculi may be faceted
when occurring in large numbers.

Size—The size of calculi varies from the finest sand-like
grains to enormous accumulations. A 228-gram (7 0z.) cystic
calculus was removed from a Jack, by Dr. McCasey, Concordia,
Kansas. A 260-gram (# oz.) cystic calculus was removed from 2
five-vear-old Jack at the Missouri Valley Veterinary Association
clinic in February, 180%. Dr. Z. C. Bovd, in 1906, removed from
Steno’s duct, in a horse, a salivary calculus weighing 123 grams
(1 o0z.}).

Number.—-The number of calculi occurring in one animal is
quite variable. There has been a case reported in which there
were over 300 c¢vstic calculi in one dog, although that is an un-
usual number,

Color.—The color of calculi is determined by their composi-
tion. Thus biliary calculi are highly colored because of the bile
pigment, bilirubin and biliverdin, that they contain. Enteroliths
are usually colored from the intestinal contents. Arterioliths
and phleboliths are colored with hemoglobin or some of its
derivatives. TUrinary calculi may be gray. brown. yellow, or
even red, depending upon their composition. Saltvary calculi
may be chalk white or tinged with various colors.

Composition.—A variety of chemical compounds are found
in the various calculi. Urinary calculi may contain cystin, xan-
thin, urates, oxalates, carbonates, phosphates, calcium, magnes-
ium, etc. Cystin and xanthin urinary calculi are quite rare.
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Urafes are common in renal tubular caleuli, also in cystic caleuli
of dogs and cats. Carbonates predominate in cystic calculi of
the horse and ox. Ammonium-magnesium-phosphate is the prin-
cipal compound in cystic calculi of the sheep and hog. Urethral
calculi are of the same composition as cystic calculi of the

Fig. 121.—Group of CslenM, showing a varlety of shape,

same animal. Preputial calculi are usually composed of car-
bonates in the horse and of phosphates in the ox and sheep.
Biliary calculi may be composed of carbonates or phosphates, but
are more¢ frequently composed of calcium biliverdin. Enteroliths
may contain a large nucleus of fecal matter or hair which be-
comes permeated and incrusted with calcium or magnesium car-
bonates, phosphates, sulphates, or oxalates. Salivary calculi,
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arterioliths, and phleboliths are usually composed of the carbon-
ates and phosphates of calcium and magnesium. Lacteal calculi
are composed chiefly of phosphates.

Varieties.

Urinary Calculi are of irequent occurrence and may be con-
veniently classified according to the location in which they
occur.

1. Renal tubular calculi are most common in dogs and cats,
but may occur in horses, cattle and hogs. After formation they
frequently pass into the pelvis of the kidney and the urine may
wash them down through the ureter into the bladder and some-

Fig. 122.—Photograph of & 7 ounce Cystic Calculos successfully removed from the
btadder of a jack.

times on out of the animal body. They may obstruct the tubule
causing retention of urine with distension of the tubule and fre-
quently cyst formation.

2. Renal pelvic calculi are not rare, the pelvis of the kidney
sometimes bheing completely filled with a calculus. This variety
has been observed in the hog, dog. cat, horse, and sheep, the
frequency in the different animals being in the order named.
A T-gram (!4 oz.) renal pelvic caleulus was obtained in 1906
from a horse used for dissection purposes at the Kansas City
Veterinary College. G. H. Woolridge, of Dublin, describes a
case of calculus formation in the renal pelvis of a horse (Veter-
inary Journal for June, 180%) in which the entire kidney was
practically replaced by the calculus. The results of calculi in
the renal pelvis depend upon their extent. Complete obstruc-
tion necessarily results in the retention of urine followed either
by its resorption (producing uremia) or its accumulation (form-

®
)
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ing a cystic kidney). The former condition is common in dogs,
the latter in hogs.

3. Ureter calculi have been observed but are rare.

4, Cystic or vesical calculi are the most common of all urin-
ary calculi. Dogs and cats are guite subject to them, occurring
more frequently in the older animals, but the puppy and kitten
are not exempt. Bitches and castrated male cats are especially
subject to cystic calculi, Jacks are frequently affected with
cystic calculi, horses, goats, sheep and cattle less frequently.
A cystic calculus 18 x 20 cm. (7 x 8 inches) was successfully
removed from a 2-year-old colt by Dr. E. S Frv, of

Fig. 123.=[rinary Calcull
1. Preputial calculus, 2. Ronal pelvic caleyll

Naperville, Ill. Cystic calculi may cause no inconvenience or
they may produce sufficient irritation to establish a severe cys-
titis. They may obstruct the urethral opening resulting in reten-
tion of urine and rupture of the bladder. Frequently they hecome
imbedded in the walls of the bladder, and may cause dilatation
or pouching of its walls. Sometimes the calculi pass out of the
bladder and hecome lodged in the urethra, resulting in retention
of urine, difficult micturition, and usually urethritis.

5. Urethral calculi are common in old dogs. also in the bull
and ram, and have been observed in the horse. They occur in the
urethra, in the beginning of the gutter of the os penis in the
dog, usually in the first curve of the penis in the bull, just pos-
terior to the meatus urinaris in the ram and at the ischial arch

L ,(:;«'_)LTPFZ[C
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in the horse. They usually cause difficulty in micturating and
may completely obstruct the urethra with the same results that
are produced by occluding the urethral opening of the bladder.
Urethral calculi may produce erosions of the urethra and sur-
rounding tissues and thus, produce an artificial urinary canal
through which the urine will be discharged, this is probably
more common in male bovines, than in other animals.
About 200 urethral calculi were observed in the urethra of one
steer by Dr. B. F. Kaupp.

6. Preputial calculi sometimes occur in geldings, although these
are more frequently accumulations of the secretion from the ad-
jacent sebaceous glands. W. Williams reported cases in which
there was formation of stalactite bodies in the prepuce of oxen
and sheep that had been fed food material containing a large per
cent of phosphates. A preputial calculus weighing 11 grams
{}/, oz.) and another weighing 10 grams were obtained from a
hog by a veterinary inspector.

Salivary caicnli occur most frequently in the horse, although
they do occur in the ass, ox and sheep. Their formation depends
upon the ingested water containing a large quantity of car-
bonates of potassium, sodium and magnesium and the presence
of calcium salts in the saliva. (Dr. J. M. Lawrence, Veterinarian
U. S. Arnny, Fort Wingate, N. M., operated upon two horses,
removing from Steno’s duct in each a salivary calculus. In
the center of one of these calculi an oat grain (nucleus) was

Fig. 1}4.—Photograph of a Ballvary Celealos removed from Steno’s Durt, horee.

found upon which the deposit had taken place. This calculus
weighed 19 grams (*/; oz.) The result of salivary calculi is
to obstruct the outflow of saliva, the retention of which in the
smaller ducts may cause inflammatory, degenerative or atrophic
changes in the gland, and if the calculi are not removed the des-
truction of the gland or the rupture of the duct and a salivary
fistula. Tartar on dogs’ teeth has an origin similar to that of
salivary caleuli.
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Gastric Caleuli (gastroliths) occur in the paunches or reticula
of caitle, shecp and goats. They arc exceptionally rare in the horse
and hog, and probably never occur in dogs and cats.

Intestinal Calculi or enteroliths are found in the large intes-
tine of the horse, especially those fed upon bran. These cal-
culi are composed primarily of ammonio-magnesium phosphate,
the magnesium phosphate being dissolved out of the bran by the
acid of the gastric juice and uniting with nascent ammonia form-
ing an almost insoluble phosphate. Enteroliths may be of enor-
mous size, in some cases, weighing as much as ten kilograms
(22 Ibs.}. These calculi are likely to cause erosions of the mucous

Fix. 126.—Photograph of an Intestinel Caleulos having a clrcumference
of 12 Inches and weighing 3 pounds,

membrane as well as obstruction of the lumen of the intestine.
Linch, of Albany, N. Y., reported a case in the Review, 1906, in
which a calculus weighing 3.4 kilograms (7% Ibs.) was found.
Gage reported a case in which a calculus weighing 9 kilo-
grams produced fatal results. Hodgkins and Son of Hanley, Eng-
land, recently obtained three enteroliths, each weighing 1.6 kilo-
grams (31 Ibs.) from the intestine of a horse.

Biliary Calenli (Choleliths) are not rare in the domestic ani-
mals. They vary from the size of a pea to a baseball, are tinted
yellow, brown, red, green, or may be chalk white in color. Fre-
quently they occur in large numbers, are variable in shape, and
structure. They are usually composed of biliary pigments in
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combination with calcium, although carbonates and phusphates
are common ingredients. Biliary czleuli may form in the biiiary
collecting tubules of the liver in the bile duct or in the gall blad-
der. The results of their presence depend upon their location
and size. If they are small and cause no abstruction there will
be no inconvenience from them. If they are of a size that they
can be forced through the bile ducts they will produce severe
colicky pains at the time of passage. They may be sufficiently
large to obstruct the bile duct of some principal collecting tubule
and produce a stagnation and resorption of bile, resulting in

Fig. 128.—Blllary Caleull, Ox.
1. Showing Faccts. 2. Showing Crevice,
2. Ehowlng Facels and Laminatlon.

various disturbances because of the presence of the bile in the
blood,

Lacteal Caleuli (galactoliths} may be formed in the galacto-
phorus sinuses, particularly of the ox. They are usually com-
posed of calcium phosphate,

Puileboliths or calculi in veins have been observed by Spoon-
er in abdominal veins and by Simmonds in the jugular vein.
They are probably the result of calcification of thrombi which
have later become detached from the vessel walls and are true
caleculi. They produce an obstruction in the vessels in which
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they occur. They may be of slight significance or may cause 2
fatal termination, depending upon the importance of the vessel
and extent of the collateral circulation or anastomoses. These
calculi are usually composed of calcium compounds.

Arterioliths are calculi formed in arteries. Their cause, for-
mation, composition and termination being practically the same
as that of phleboliths.

Lithopedia are calcified foetuses. In extra-uterine foetation the
foetus occasionally lives only for a short time. Dead extrauter-
ine foetuses frequently become impregnated with lime salts,
producing the so-called lithopedia. Lithopedia may also occur
within the uterus. This class of calculi is quite common in
swine and some cases have been observed in cattle and sheep.

CONCREMENTS.

DEFINITION.

ETIOLOGY.

VARIETIES.
Hair balls.

Cerumen,

Concrements are accumulations of organic material in the
cavities of hollow organs. Their effects are practically the
same as the effects of calculi. Their formation depends upon the
collection and massing together of orgamic substances derived
either from the body in which the concrements occur or from
some extraneous source. They may be homogeneous or hetero-
geneous in structure; oval, spherical, or angular and faceted in
shape, variable in size, color and number, (373 oat hair concre-
ments were found in the great colon of a horse by C. Roberts,
M. R. C. V. S). They may be composed of hair, mucus, fecal
matter, casein, inspissated pus or bile, ingesta of various kinds,
etc.

Hair Balls (Egagaropiles) are accumulations of hair into
masses. They occur most frequently in animals that lick them-
selves as the ox and deer, Other animals are affected as the hog,
dog and cat, also man, especially barbers, hair-sorters, hair-dress-
ers, etc. Dr. A, Trickett observed a Persian cat that vomited
a mass of hair 34-inch in diameter and 3 inches long. Egagaro-
piles vary in size from a pigeon’s egg to a basket ball. They
are in some cases simply masses of hair in others they are im-
pregnated and incrusted with mineral substances, giving them
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the appearance of calculi. Hair balls incrusted with mineral
salts taken from the deer by someone’s grandfather or greal-
grandfather is the ordinary “mad-stone” in use at the present
time. Recently a hair ball (bristles) completely filling the stom-
ach was obtained from 2 hog slaughtered in a packing house.
Hair balls are usnally found in the abomasum or large intestines
of the ox and in the stomach or large intestine of the hog. The
presence of a hair ball produces the same effects that would be
produced by any other indigestible body of the same size in the
same location.

Fecal Concrements.—The intestinal contents may accumulate
into compact masses. These concrements interfere with the

Flg. 1:7.=—=Halr Haiis.
(Egagaroplles)
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movement of food-stuff through the canal and may completely
obstruct it. Appendicitis in the human is frequently a result ofa
fecal concrement in the vermiform appendix. These concrements
occur most frequently in the horse, dog and cat. They are usu-
ally composed of cellulose in the horse, of bones and bone frag-
ments in the dog and cat. The large intestine is the usual loca-
tion of them in the horse and the small intestine in the dog or
cat, Maxwell reported a case in which alfalfa accumulated in
the large intestine. of a horse, the concrements being 1rom 1715
to 2215 cm. (¥ to 9 inches) in diameter, The fine hair of
clover or oats frequently accumulates and forms concrements.
The results of fecal concrements depend upon either mechanical
interference in the passage of intestinal contents, erosion of the
intestinal mucous membrane or perforation of the intestinal wall,
or a combination of two or more of the above.

Inspissated Bile.—!If the outflow of bile is obstructed it will
become condensed or inspissated to a degree depending upon
the length of time of obstruction. Inspissation of bile frequently
occurs. The animals most frequently affected are the ox and
hog. An ox liver, containing several concrements composed of
inspissated bile in the interlobular ducts, was recently presented
to the Kansas City Veterinary College museum. Bile in this
condition may form masses which in general appearance resem-
ble bitiary calculi. It is sometimes impossible to differentiate
bitiary calculi from inspissated bile, and. in fact calculi are

Mg 128
1. Imsplmaied pos from long abscems. 2. Inspissated pos, guttural pouch, horse,
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frequently of secondary origin, the thickened bile forming the
nucleus. The results of inspissated bile depend first upon the
resorption of bile into the system and, second, upon the absence
of bile in the intestine. ,

Inspissated Pus.—Empyema sometimes terminates, when
there is no surgical interference, in resorption of the liguor puris.
after which the solid constituents frequently mass together,
forming concrements. These concrements may form in any cav-
ity in which the suppuration is slow going or chronie, provided
the movement of the part is limited. Their formation has been
noted in the guttural pouch. After formation they may become
calcified. They are of little importance except as pathologic
phenomena.

Lacteal concrements result from the coagulation of the casein
of milk and its accumulation in the galactophorous sinuses.
These concrements occur in the cow and can usually be expelled
through the lacteal duct by manipulation.

Ceruminous concrements occur in animals in which the hair
or wool extends far into the external auditory meatus. They
are composed of cerumen and are the result of an excessive pro-
duction or limited excretion of it. They may form into sufficient -
masses to completely occlude the external auditory canal and
thus interfere with hearing. Concrements have been found
the bronchial tubes, Their formation depends upon the accu-
mulation and condensation of mucus or purulent fluid. They
may obstruct bronchioles and produce atalectasis.

Prostatic concrements frequently occur in old dogs. They
are present in many of the enlarged prostate glands. They con-
sist of masses of accumulated colloid-like material. The results
depend upon the pressure that they may exert. Thus there may
be an obstruction to the outflow of urine.

-

PIGMENTARY CHANGES.

Physiologic pigmentation is variable. The color and extent
of pigment varies in different animals and in the same animal
under different conditions. All physiologic pigmentation is the
result of deposition of hemoglobin or some of its derivatives,

The skin of animals is usually extensively pigmented, with
the exception of albinos and some white skinned animals not
albinos. The production of the cutaneous pigment is not well
understood but probably results from metabolic activity of the
deeper layers of epidermal cells. Because of the intense cutan-
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eous pigmentation of animals, erythema, hemangiomata and other
pathologic processes are not as evident as like conditions in the
human. The excessive cutaneous pigmentation protects the skin
from the injurious influences of sunlight.

Hair, wool, fleece, fur and feathers are variously colored, the
color depending upon the scluble pigment in the cortical portion
of the cutaneous appendages. The color of the skin is usually
an index to the color of the hair or similar epidermal appendages.
The color of hoofs, horns, and c¢laws is probably dependent upon
cutaneous pigment.

Voluntary muscle tissue is pigmented with varying quanti-
ties of hemoglobin, excepting the so-called white meat of fowls
(the sternal muscies and muscles of the pectoral arch). The
pigmentation of the voluntary muscles varies in the different
animals. The equine muscles are the most intensely red, the
intensity of pigmentation in the muscles of other animals being
in the following order: bovines, ovines, porcines, canines, felines.
The flesh of duck and quail and the dark meat of other fowls is
darker even than equine muscle. Heart muscle is very dark in
color because of the excessive quantities of pigment. Gizzard
muscle is intensely pigmented. Involuntary muscle of all ani-
mals is very light in color, because of the limited quantity of
pigment contained. The significance of the pigmentation of
muscle is not known, possibly the hemoglobin of the muscle cell
has some important metabolic function. . .

The mucous membrane, particularly of the mouth, is fre-
quently pigmented. The buccal mucous membrane of the sheep
and dog is often black. The uterine mucous membrance of
the bitch is occasionally quite black as a result of pigmentation
derived from the uterine glands; and no doubt is indirectly a
derivative of hemoglobin.

Bones, especially the internal portion of the articular extremi-
ties, are frequently pigmented from the red marrow that occupies
the spaces in the cancellous bone.

The liver and spleen are naturally deeply pigmented because
of the excess of free hemoglobin in those organs. The kidney
also appears pigmented, probably because of the excess quantity
of blood contained in it. The choroid tunic of the eye is deeply
pigmented with a substance not unlike melanin, the purpose of
which is to absorb rays of light.
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EXCESSIVE PIGMENTATION.

(Hyperchromatosis.)

DEFINITION.
ETICLOGY OR SOURCE.

Hematogenous.
Hemoglobin.
Hemosiderin.
Hematoidin,

H epawfeno us.
Bilirubin,
Biliveridin,

Cellular,
Suprarenal—Addison’s disease.
Tumor—Melanin.
Pregnancy.
Freckles.

Exiranecus,
Purewmonokoniosis.
Anthracosis—Carbon.
Siderosis—Iron.
Chalicosis—I.ime.
Kalinosis—Clay.
Argyriasis—Silcer,

TATTOO.
EFFECTS.

Excessive pigmentation, also known as pigmentary infiltra-
tion, is a pathologic condition characterized by the presence of
an excess of pigment in the tissues. Pathologic pigmentation is
quite common. Icterus, melanosis, and anthracosis are types
of pathologic pigmentation. This condition may be congenital
as melanosis macunlosa of calves, or it may be acquired as in
icterus.

Etiology—In pathologic pigmentation the coloring matter
may be derived from internal sources, as blood. bile and cells, or
from external sources as ceoal dust, silver, lead and various pig-
ments.

Broob.—Pigmentation as a result of deposition of hemoglobin
of the blood is designated hematogenous pigmentation. Hemo-
globin is the principal hematogenous pigment, although hemo-
siderin and hematoidin, both derivatives of hemoglobin, are of
some importance.

Hemoglobin is the normal coloring matter of the red blood
cells and muscle. It constitutes ahout 90 per cent of the solids
of red blood cells. It is a compound proteid and exists only in
combination with lechithin. Hemoglobin splits up readily into
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globin and hemochromogen, the latter combines with oxygen to
form hematin.

Hemoglobin is liberated from the red blood cells in all condi-
tions in which there is rapid destruction of these celis, as in tick
fever, anthrax, hemorrhagic septicemia, toxic doses of chlorate
of potassium, lead poisoning, etc. A portion of the liberated pig-
ment is climinated by the liver and kidneys, thus excessive quan-
tities of bile and bloody urine (lemaglobinuria) are a feature of
tick fever, lead peoisoning, etc. The liberated hemoglobin not
eliminated from the hody is deposited, especially in the vessel
walls, but ultimately diffuses into the lymph and infiltrates prac-
tically all tissues. Post-mortem staining is the result of hemo-
globin deposition into the dependent tissues. Hemoglobin is
also liberated from muscle tissue in azoturia and other discased
conditions of muscle. The hemoglobin liberated from muscular
tissue is disposed of in the same way as that derived from red
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Fix. 129.—Haermosiderin Plgmentation,
Tubules containing deposits of hacrosiderin In the cells
Normal kidney tubules
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blood cells, Hemoglobin pigmentation, the results of bruising,
is common in the superficial tissues of animals slaughtered im-
mediately after shipping.

Hemostderin is a derivative of hemoglobin. It is yellowish
brown in color, is insoluble in water, alcohol, ether, chloroform,
dilute acids and alkalies. It contains iron and gives the typical
iron reaction with potassium ferrocyanid. Hemosiderin is the
common pigment observed in tissues that have been previously
stained with hemoglobin. Extravasated biood observed in pete-
chiae and hematomata appear as typical hemoglobin pigmenta-
tion for a few days, after which the hemoglobin is converted into
hemosiderin and the affected parts become a yellowish brown.
Hemosiderin pigmentation is observed in tissues of animals that
have been bruised three or four days prior to slaughter. It is
also observed in post-mortem examinations of animals that have
been affected with diseases accompanied by hemorrhages for a
period of three to five days, as purpura hemorrhagica, acute tick
fever, anthrax, etc. Hemosiderin pigmentation is of common
occurrence in tumors.

Hematoidin is an iron free pigment, probably derived from
hemosiderin. It is soluble in chloroform, but is insoluble in
water, alcohol and ether. It occurs in rhombic crystals and is
occasionally observed in old hemorrhagic foci. _

Blood pigments, hemoglobin, hemosiderin, and hematoidin
are deposited in the cells and intercellular substances. The pig-
ments are removed by solution and resorption of the dissolved
pigment or by leucocytes which incorporate the inscluble pig-
ment granules and carry them out.

Blood pigmentation has little effect upon the tissne in which
deposition occurs, but the flesh of fond producing animals is
usually condemned when pigmented because of its unsightly
appearance,

The deposition of a brownish or blackish pigment in bones
{ochronosis) is occasionally observed in the carcasses of cattle
which were apparently in good heaith, The cause of this pig-
mentation is unknown. It probably does not injure the tissues
or the meat for food, but such meats are usually condemned be-
cause of their unsightly appearance. Another brownish pig-
mentation of muscular tissue (xanthosis) is associated with mus-
cular atrophy or disease of the suprarenal bodies. This condi-
tion is of no consequence except public sentiment prevents thie
sale of such meat.

BiLE pigmentation results from the resorption of bile and its
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deposition in the tissue. Bile pigmentation is designated hepa-
togenous pigmentation and the condition produced is commonly
known as icterus or jaundice. Qbstruction of the bile duct or
any of its radicles by pressure, duodenitis, calculi, etc., will result
in retention of the generated bile which is later resorbed into
the blood. Destruction of considerable numbers of liver cells or
diminution of their function may possibly result in the retenticn
in the blood of those products that are normally converted into
bile, and thus produce a hematogenous icterus. Excessive pro-
duction of bile, as in acute tick fever, is frequently accompanied
by resorption of some of the bile and its deposition throughout
the body, thus producing a generalized icterus,

Bile staining is most evident in the conjunctiva and ocular
sclera of the living animal where it produces a lemon or greenish
vellow discolorization. If resorption of bile is very extensive
it may appear in the urine. In carcasses, biliary pigmentation
is most evident in the adipose tissue, cqpecially the subcutaneous
fat, although it is usually well marked in the subserous fat and
may be detected in the lymph nodes, spleen, kidney and muscu-
lar structures.

The bile may be deposited in the cells or between the cells
as greenish-vellow amorphous granules. The granules are read-
ily soluble in alcohel, hence they are best detected in frozen sec-
tions.

e
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Fig. 130..—Icterus aftecting lymphatic tiseue.
a. Normal tissuc. b Deposft of blie plgment.
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The effects of resorption of bile are variable, The tissues are
discolored ; there may be pruritus, as the bile appears to act as
an irritant on nerve endings; putrefactive changes may occur in
the intestine, and the heart may be depressed. Other inconstant
symptoms may appear, especially if the quantity of resorbed
bile is large.

Cerrs.—Aside from hematogenous and hepatogenous pigmenta-
tion the products of certain body cells become a factor in hyper-
chromatosis.

The principal pigment produced by cellular activity is mel-
anmin. Melanosis maculosa is a congemtal cutaneous, pathoIOg]c
pigmentation of calves resulting from the excessive production
of melanin by cutaneous cells in certain areas.

Melanotic deposits are of common occurrence in the various
glandular tissues, especially the liver, kidney, and suprarenal
glands. The deposits in the glandular tissue may occur in the
cells or intercellular spaces, and may appear as 1rregular yellow-
ish-brown or black masses. Melanin may occur in the form of
fine granules or be flocculent. Black kidneys are occasionally
observed, in abattoirs, especially in hogs. These usually result
from deposition of delicate, flocculent masses of melanin in the
kidney cells.

Melanosis is of most frequent occurrence in white animals,
although it has been observed in Aberdeen angus cattle, red
short horns, black and bay horses, and black and red hogs.

Melanotic tumors are pigmented with melanin, The melanin
may be a product of the tumor cells or of the adjacent tissue
cells. The principal melanotic tumors are the melano-sarcomata,
although there may be a benign melanotic tumor called a mel-
anoma.

In a disease of the suprarenal capsule in the human (Addi-
son’s disease) there is a peculiar bronzing of the skin. This con-
dition has not been noted in the domestic animal, probably be-
cause of the dense pigmentation of the skin. It is thought to be
a form of melanosis,

A pigmentation has been noted in atrophic tissues, especially
atrophied muscles. The pigment of atrophic muscles may be
the result of disturbed cell metabolism or it may result from con-
centration of the pigment, because of the diminution in the size
of the cells. Brown atrophy of the heart is a condition in which
pigmentation is prominent.

Freckles are pigmented areas of the skin in the human, the
result of cutaneous cellular action. Because of the intense pig-
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mentation of the skin in domestic animals, freckles are not easily
observed, except in white animals.

Pregnaney in the human is frequently accompanied by local-
ized pigmented cutaneous areas. Such areas have not been re-
corded in domestic animals.

Aside from the blood, bile and cellular activities, pigments
may be introduced into the body from without.

The most common external substance that produces pigmen-
tation is carbon. The most extensive pigmentation by carbon
i3 in the lung, producing the condition known as anthracosis.
Anthracosis is a common condition in the lungs of animals used
in and around coal mines, in cities in which there is large quan-
tities of coal smoke, in cats and other pet animals confined in
coal bins, engine houses, etc. The inhaled carbon is largely ex-
creted in the mucus discharged from the respiratory tract, al-
though some of it is deposited in the epithelium of the air cells,
and ultimately may be found in the interstitial tissue of the lung.
Anthracosis apparently produces little harm unless it is exces-
sive, when it predisposes to inflammatory disturbances. When
examined in gross the lungs vary in color from a gray to a deep
black. Microscopically small particles of carbon may be observed
in the cells and intercellular substances of the lung tissue,

Argvriasis is a condition in which silver is deposited in a tissue.
After the silver is deposited it is combined with sulphur, thus
forming silver sulphid, which is brownish black and imparts a
simmilar color to the tissue. Argvriasis i3 not common in animals
except those used in and arcund silver smelters or as a result of
the application of some silver preparation to the tissues.

Siderosis is a condition in which iron is deposited n a tissue.
Iron, like silver, usvally combines with sulphur, forming the
sulphid, which is brown or black in color. Siderosis is not
common in domestic animals, except in the intestinal epithelium
of animals that have been medicated with iron preparations.

Hydrargirosis is a condition resulting from the deposition of
mercury in a tissue. This condition is present in the intestinal
mucosa after medication with calomel or other mercury prepara-
tions. The mercury sulphid, which is brown or black in color,
is the usual pigment in hydrargiresis.

Plumbosis is a term applied to pigmentation with lead. This
form of pigmentation may be evident in the intestine in chronic
lead poisoning. It appears as a bluish black pigment.

Tattooing is the introduction of insoluble pigments into tissues.
In tattooing, the tissues are first punctured or injured, after
which some insoluble pigment is introduced into the wounds.
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Some of the pigment is carried out by leucocytes and some of it
is entangled in the cicatrix of the healing wound, where it re-
mains permanently. Tattooing is a very valuable means of
marking stock, as it gives a positive means of identification.
Registered cattle, horses, sheep, hogs, dogs, ete., are tattooed in
the ear, and fowls on the legs. The wound is made with an instru-
ment similar to a hog ringer, in which slugs containing needle
points arranged in the form of figures or letters are used. This
instrument is used to punch holes into the inner surface of the
external ear, immediately after which carbon is rubbed into the
wound. When the wounds are healed, the tattoc may be easily
observed.

Effects.—Excessive pigmentation of a tissue or tissues is of
little pathologic significance. Pigmented tissues are probably
not hindered in their physiologic activities, excepting in so far
as the cause of the pigmentation is an etiologic factor in the dis-
turbance of the functioning of a part. Icteric pigmentation is of
consequence because of the action of the bile upon nerve cells.

Pigmentation, especially when excessive, is a basis for the
condemnation of meat and meat products because of public sen-
timent.

ABSENCE OF, OR DIMINISHED PIGMENTATION.
(Hypochromatosis.)

Visible pigmentation may be less than normal, and in some
instances there is a complete absence of pigment. Areas con-
taining less pigment than normal and depigmented areas are
permanently white in color, as they are not affected with sun-
light or any other conditions that tend to produce pigmentation.
This condition may be of antenatal or postnatal origin.

Etiology.—Antenatal absence of, or diminished pigmentation
may be inherited or it may be caused by disturbances of the
embryonic cells that produce normal pigmentation. Postnatal
absence of, or diminished pigmentation is usually the result of
disease in which areas of tissue have been destroyed and later
substituted by cicatricial tissue.

The total absence of pigment (achromatosis) is not of com-
mon occurrence, being most frequent in rabbits, birds and rats
(albinos). An albino is an animal devoid of cutaneous and chor-
oid pigment, the condition being inherited or congenital. The
animals thus have white skin and usually white hair and their
eyes are pink or red because of the absence of choroid pigment,
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the blood being observed through the transparent ocular struc-
ture. The so-called “Wall-eyed” horses have little if any pig-
ment in the choroid tunic, and frequently they have depigmented
localized cutansous areas.

Depigmentation is probably never generalized. Permanent
localized depigmentation, lencoderma or vitiligo, is a character-
istic symptom affecting the external genitals of horses afflicted
with dourine. It is also observed in cicatrices resulting from
burns or extensive operative procedure. Surgeons usually make
incisions in an oblique direction in order that the hair in the ad-
jacent skin may cover the scar. Scars are usually devoid of hair,
and when hair is present it may lack pigment. The application
of some medicaments on the skin of some animals causes the
hair to lose its pigment.

Temporary depigmentation is evident after an attack of coi-
tal exanthema, vaginitis accompanied by an ichorous discharge,
and by many other conditions characterized by erosion or necro-
sis of cutaneous tissue.

Effects.—The alisence of pigment is of no serious conse-
quence except in some animals. Hogs that are white skinned
cannot be raised in some loczalities because of the effects of the
sunlight. Depigmentation of the choroid.is also of some conse-
quence. because the eye is exposed to the effects of excessive
light, ’



CHAPTER IX.

NECROSIS AND DEATH.

NECROSIS.

DEFINITION.
ETIOLOGY.
Suspended nulrition,
Thermic,
Burning,
Freezing.
Chemic.
VARIETIES.

According lo cause.
Inanition,
Thermic,
Chemic,

According to characler of mecrolic lissue.
Coagulation,
Colliguation,
Casealtion.
Gangrene.
Musmmification,

Miscellaneous.
Senile,

Faiy.
Focal,
lack-sores.
TISSUES AFFECTED.
DISPOSITION OF NECROTIC TiSSUE.

Absorption,

Exfoliation,

Encapsulation,

Sequestration.

EFFECTS.

Necrosis is local death. Tt is death of a part of the living body.
The term necrosis is applicable to the death of any kind of tissue,
glandular, muscular, osseous, etc. Necrosis is usually a rapid
process, that is, it is sudden death of a part. Death of a cell or
a group of cells that have been previously affected with degen-
eration, i. e, a slow or lingering death, is termed necrobiosis.
Caries is a term used to designate necrosis of dentinal or osseus
tissue.

Cells are constantly worn out and destroyed in physiologic
active tissues. The physiologic destruction of cells is not usu-
ally thought of as necrosis although the cause and manner of
death may be similar, and there may be no difference in the ap-
pearance of cells destroyed by physiologic and pathologic pro-

Cesses,
£51
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The term necrosis is applicable to the pathologic death of a
single cell, although such a limited necrosis is rarely recognized.
Clinically necrosis is usually not noted except when the area is
sufficiently large to observe with the unaided eve.

All tissues of all animals are subject to necrosis, and it may
occur upon a surface or in subsurface structures. Bursattae is
a disease characterized by necrosis of the skin. Necrotic stoma-
titis, a disease in puppies, calves and pigs, is accompanied by
necrosis of the buccal mucous membrane. Tuberculosis, glan-
ders, actinomycosis, and caseous-lymph-adenitis are diseases in
which there is surface or subsurface tissue necrosis.

Etiology.—Necrosis may be primary but it is more fre-
quently secondary. Secondary necrosis is a sequel or result of
some other pathologic process, as hemorrhage, oedema, throm-
bosis, anemia, hyperemia, inflammation, degeneration, infiltra-
tion and infection.

Primary necrosis is the result of; (1) obstructed nutrition;
(2) chemic substances; (3) temperature variations.

Obstructed nutrition.—A tissue or part, from which nutri-
tion is entirely obstructed, will die after zll the available nutri-
ents have been consumed.

Nutrition may be obstructed from a part by some mechanical
means. An occasional result of mechanically obstructed nutri-
tion is observed in dogs in which a rubber band has been placed
upcn a leg, an ear, the tongue, or the tail, the circulation being
thus obstructed the part distal to the rubber band soon becomes
necrotic. The improper adjustment of bandages, especially when
used to support fractures, is frequently a cause of necrosis.

Tumors, cysts, abscesses and other pathologic enlargements
may exert sufficient pressure to obstruct circulation and produce
necrosis. Fractures and herniae may mechanically occlude blood
vessels and result in necrosis, The seriousness of omental
hernia or, in fact, any hernia, is due to the fact that the vessels
supplying the hernied structures are occluded, resulting in ne-
crosis and the absorption of the products of the necrotic tissue.

The plugging of a terminal vessel by a thrombus or an em-
bolus (infarction) produces necrosis if collateral circulation is
not established, Thrombo-embolic colic is a condition usually
caused primarily by the larvae of the Strongylus armatus enter-
ing and producing a parietal thrombus in the anterior mesen-
teric artery, fragments of the thrombus become detached, pass
down to and occlude the terminal mesenteric arteries, resulting
in ischemia of the walls of the intestine, and if the circulation
is not soon established the ischemic area becomes necrotic.
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A part or organ separated from the remainder of the body
undergoes necrosis sooner or later, the time depending upon the
condition of the tissue and the temperature in which the sep-
arated portion is kept. Maceration and bruising produces ne-
crosis to a varying degree, depending upon the extent of the in-

jury.

Flg. 131, —Photograph shewing Necrwels Above (he (o of a horse,

Chemic  substances—Certain  chemic substances as phenol,
arsenic, mercury bichloride, strong solutions of the caustic alka-
lies and mineral acids, as well as the products of a large number
of bacteria, are tissue destroyers. Phenol abstracts water from
all cells to a sufficient extent <o destroy their vitality, and it pro-
duces a rapid disintegration of red blood cells. Arsenious tri-
oxide is frequently applied on tumors because of its erosive
action. Bichloride of mercury combines with the cell albumins,
forming albuminate of mercury, thus inhibiting the cell action,
and when all of the cell albumin is combined the cell is de-
stroyed. The caustic alkalies and mineral acids coagulate the
cell albumin or abstract the cell water, thus destroying them.
The Bacillus necrophorous produces chemic substances that
cause coagulation of the cell protoplasm (coagulation necrosis).
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De Schweinitz has described a chemic substance produced by
the Tubercle bacillus, as necrotic acid, which is thought to pro-
duce necrosis in tubercular lesions, The toxin of the diphtheria
bacillus produces focal necrosis in practically all tissue in an
individual afflicted with diphtheria. The products of pyogenic
bacteria produce marked tissue destruction.

Chemic substances produce necrosis by coagulation of the

Fig. 132.—Baclllus Necrophorus—Pleomorphle form,

albumin by dehydration or by the formation of new ceil com-
pounds, thus inducing metabolic disturbance and cell death.

Temperature variations—All active cells have a maximum
and a minimum temperature. Thermic variations beyond these
means are injurious and destructive if the variation is extensive.
The high temperature causes coagulation of the cell protoplasm
(cloudy swelling), which, if extensive, destroys the cells.
Necrosis resulting from burning is of common occurrence. Low
temperature is not as rapidly destructive as high temperature.
Freezing produces necrosis of the tissues of warm blooded ani-
mals, probably because of cell disintegration induced by the for
mation of ice in the cells.

Types or Varieties of Necrosis.—Several factors may be used
as the basis for the classification of necrosis.

Etiology—According to the cause, necrosis may be: a. In-
anition necrosis, b. Thermic nzcrosis, ¢. Chemic necrosis.
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Inanition necrosis is that type resulting from obstructed
nutrition. As an example of this type may be mentioned the
necrosis of the scrotum and its contents in rams induced by
placing a rubber band moderately taut around its upper portion.

Fig, 133 —ID'hotograph of the Ergut of Hye

This is a method frequently resorted to in the castration of old
rams. Bed sores vbserved in the superficial structures in ani-
mals afflicted with diseases that cause them to constantly assume
the decubital position, are the result of obstructed nutrition in-
duced by pressure upon the nutrient vessels or thrombic forma-
tion secondary to bruising.

Thermic necrosis results from exposure to extreme tempera-
tures. Thus necrosis of cutaneous tissues is of common occur-
rence in animals as a result of ¢conflagrations or undue exposure

b Google
C
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to the solar heat rays or thermo-cautery. Necrosis induced by
freezing is very common in calves, pigs, and chickens, in the
temperale and frigid zones.

Chemic necrosis is represented by the extensive destruction
of the buccal, oesophageal, gastric, and intestinal tissues induced
by the ingestion of iye. Corrosive sublimate and arsenious tri-
oxide destroy the mucous membrane and frequently the deeper
tissues of the alimentary tract in animals poisoned with these
agents.

Location.——Necrosis may be surface or subsurface. Surface

e — T T T — ~——a—— -~ ——— =

Fig. 134.—Ergot Polsoplog In Cattle, Photograph by Dr. W, T, Bpencer.
1. Sloughing above the feel, 2. Sloughing of the ends of the lalix

necrosis may be of the skin, mucous or serous membranes, Sub-
surface necrosis may be of any tissue, muscle, bone, glandular,
etc. _

Nature or condition of the necrotic tissve.

1. Coagulation necrosis.—This type of necrosis is character-
ized by the coagulation of the necrotic tissue. It is the result of
the presence of some enzym that produces the formation of fibrin
or some allied substance. Coagulation necrosis is evident in the
coagulation of blood and inflammatory exudates. The exudate
in fibrinous inflammation (croupous and diphtheritic) usually
becomes firmly coagulated. On the other hand, coagulation is
rarely observed in collections of lymph, as in ascites, etc. The
necrotic tissue in anemic infarcts, especially in the kidney, is
sometimes coagulated,

2. Colliguation necrosis.—The condition resulting from solu-
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tion of a substance or surface area of necrotic tissue is colliqua-
tion, Solution of the necrotic tissue is the result of enzyms
that dissolve or digest the dead tissue. Suppurative processes
(as abscess formation, etc.), are examples of this tvpe of necro-
sis. Liquefication of anemic infarcts, inflammatory exudates
and thrombi, with or without the formation of cysts, is colliqua-
tion necrosis. In the brain of horses that have died of the so-
called blind staggers areas are found containing liquefied nerve
tissue.

3. Caseation necrosis.—\Vhen the fluid is absorbed from li-
quefied necrotic tissue, the remaining solids may become cheese-
like, thus producing the condition known as caseation. Caseation
may be primary, but it is more frequently secondary to liquefying
necrosis. Caseous material is granular, soft or crumbly in con-
sistency. Caseation is characteristic of the typical lesion of cas-
eous-lymph-adenitis in sheep and goats. Liquefaction precedes
caseation in this disease. Tubercular lesions, especially in the
bovine, is characterized by caseation, although they later become
calcified. Necrotic centers of a caseous nature are observed in
the lesions of bursattae. ‘

4. Mummifying necrosis (mummification, dry gangrene).—
Necrotic tissues superficially located may become dessicated, thus
producing the condition known as mummifying necrosis. This
type of necrosis occurs upon a surface that is freely exposed to
air and of tissues in which there is little moisture, The ear, tail
and hoof lesions, characteristic of ergotism, are the most typical
examples of mummifying necrosis. In ergotism, the lesions are
produced by constriction of the arterioles. This in turn in-
creases hlood pressure, and, consequently, the work of the heart.
This ultimately results in the diminution or complete absence of
blood from the extremities, and the latter sooner or later become
necrotic, The necrotic tissue, as ears, tails, ete., in animals
affected with ergotism become mummified because blood is prac-
tically shut off from the affected parts and the contained moist-
ure soon evaporates, for they are freely exposed to the air on
two or more surfaces. Frozen tissues may become mummified.
The umbilical cord in new born animals undergoes mummifica-
tion.

5. Gangrene—By the laity, the term “gangrene” is used to
designate any type of necrosis, and by some medical men it is
used to signify death of soft tissue en masse. Gangrene is that
type of necrosis characterized by putrefaction of the necrotic tis-
sue. Gangrene invariably occurs in tissues in which there is a
good supply of moisture, as in a tissue affected with venous con-
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pestion, and usually occurs upon a surface because infection is
more likely to occur there. Parenchymatous mammitis of the
bovine is frequently succeeded by necrosis and putrefaction of
the necrotic tissue (gangrene). Gangrenous pneumonia is not
uncommon and may be the result of embolic metastasis of organ-
isms from septic metritis, etc., or it may be induced by medica-
ments introduced into the lung.

Miscellaneons.

1. Senile Necrosis.—This is a type of necrosis occurring in
old age. It is not uncommon in old dogs and aged horses, and
is usually the result of inelasticity of the arteries and an insuffi-
cient supply of nutrition.

2. Fatty Necrosis.—This is a condition characterized by the

Fig. 135.—Multiple Fatty Necrosls.
Fat cells underguing disintegratlon, because of Sapontfication.

conversion of fat into fatty acid and glycerine, that is, saponifica-
tion of fat. The name fatty necrosis is a misnomer, as the condi-
tion is not necrosis. It should be called saponification of fat. In
fact, a fully developed fat cell represents that amount of stored,
available food, and there is in reality no vitality in the cell, and
necrosis in dead tissue is not conceivable. Again, the real exist-
ing condition is saponification of the fat, not necrosis. The prob-
able cause of fatty necrosis is resorption of steapsin induced by
pancreatic disturbances, although steapsin may be absorbed from
the intestine. Some four or five cases have been observed in the
dog. several cases in the sheep, and one horse was examined
that was affected with fatty necrosis, In each of the above cases
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there was evidence of pancreatic lesions, as inflammation, hem-
orrhage and atrophy was noted in one case. Recently it has
been suggested that this condition is caused by disturbances of
the islands of Langerhan.

The areas affected are at first soft and spongy, but later be-
come more or less calcareous as a result of combination of limme
salts with the free fatty acid.

Fatty necrosis usually involves the omental fat, and espe-
cially that in close proximity to the pancreas, though all fatty
tissue is subject to this condition,

In gross appearance the involved portions are dull, lusterless,
opaque, slightly raised, usually circumscribed areas, of a yellow-
ish white color. If the lesions are advanced, calcareous granules
may be observed by palpation. In microscopic section the cells
of the affected areas may contain needle-like crystals, or the cell
substance may appear as a granular mass.

3. Tocal necrosis—In certain infective diseases it has been
noted that small foci of the various parenchvmatous tissues un-
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dergo necrosis. In many instances, this occurs in the ahsence of
any circulatory disturbance, indicating that the exciting cause,
chemic substance, is carried by the blood and appears to have
a selective action for certain tissue. This type of necrosis is com-
mon in diphtheria and typhoid fever in the huinan and in hog
cholera, glanders, generalized tuberculosis and probably some
other infective and chemically induced diseases of the lower ani-
mals,

The areas affected are frequently not sufficiently large to
observe with the unaided eve. Microscopic sections show the
cells in various stages of necrosis. The nucleus may be appar-
ently normal or entirely disintegrated, the cell body max be
granular or hyaline, it may be intact or appear fragmented. Leu-
cocytic invasion of the necrotic area is of frequent occurrence,
and may at first give the impression of an infected focus. Necro-
tic tissue in focal necrosis may be absorbed and the destroyved
tissue regenerated ; it may become liquefied, thus forming a cyst;
it may become infected and be succeeded by abscess formation,
or it may be substituted with scar tissue.

1. Jack-Sores.—This is a name applied to a very prevalent
condition in jacks in which there is necrosis of the skin and sub-
cutaneous tissue. Perhaps jack-sores should not be classed as
a separate or distinct type of necrosis, but it is so common that
it merits a special mention, The skin and subcutaneous struc-
tures of the legs, venter surface of the abdomen and thorax, and
maxillary region are most frequently affected. The necrotic
areas may be very extensive, in some instances involving the
entire metatarsal or metacarpal region.

The etiology of “Jack-Sores™ is not known, but no doubt it
is the result of malnutrition and probably an irregular, indefinite
lymphatic circulation is the primary cause.

Tissue Affected.—No tissue is exempt from necrosis. The
tissue affected depends upon the cause, the animal and geog-
raphical location.

Disposition of Necrotic Tissue.—Necrotic tissue or products
derived from it are more or less irritating and may produce an
inflammation in the living tissue around the necrotic mass.
The perinecrotic inflammation insures an increased number of
leucocytes around and in the necrotic area. The necrotic tissue,
leucocytes and other living cells may produce enzyms that
will ultimately dissolve the necrotic tissue. There may be
a contraction of the necrotic tissue and later it mav separate
from the surrounding normal tissue. The reaction of the adja-
cent living tissue may be limited and cause the production
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around the necrotic area of a fibrous or osseous capsule, or even
cause a fibrous formation throughout the entire necrotic mass.
From the foregoing it.is apparent that necrotic tissue may be
disposed of as follows: 1. Abscrption. 2. Exfoliation. 3. En-
capsulation. 4. Sequestration.

Absorption—The necrotic mass is more readily absorbed
when it is in a liquid state (colliquation), although leucocytes,
and various other cells may produce enzyms that are capable of
dissolving coagulated necrotic tissue. Absorption of Auid ne-
crotic tissue i3 in part accomplished by means of the lymphatic
tissues, and in part by means of leucocytes that incorporate and
convey fragments of necrotic cells to the various organs that
dispose of waste materials. Necrotic infarcts are occasionally
entirely absorbed.

Exfoliation—Necrotic surface tissue is frequently disposed
of by separation of the dead from the living tissue as a result o1
inflammation or contraction of the necrotic mass. The separated
necrotic mass is the sphacelus. The process of separation and
sloughing is exfoliation. Exfoliation is the usual disposition of
necrotic extremities induced by freezing and by ergot poisoning.

Encapsulation—The irritation produced by subsurface ne-
crotic tissue may be insufficient to cause an acute inflammation,
but it may stimulate fibrous hyperplasia. Thus a fibrous capsule
or wall is built around the necrotic mass, i. e., it becomes encap-
sulated. In some instances the encapsulated necrotic tissue later
becomes calcified, or it may become liquefied, the capsule retain-
ing the liquid, thus a cyst is formed.

Fibroblasts may extend into the necrotic area and form
fibrous tissue throughout the entire mass, thus there would be
a mass of cicatrizing fibrous tissue permeating the necrotic
mass.

Sequestration.—This is a term applied to the separation of
subsurface necrotic tissue, more especially necrotic bone, from
the surrounding healthy tissue. The separate necrotic portion
is termed the sequestrum, and the process of its separation
sequestration. Ai osseous sequestrum may be encapsulated, the
capsule later becoming osseous, thus forming an involucre.

Effects.—Necrosis is the condition resulting from tissue des-
truction. The effects of tissue destruction depend upon the
variety of tissve, the extent aad lscaticn of the condition, and
the age and condition of the animal in which it occurs. If the
tissue destroyved is capable of regeneration, or if it is limited in
extent, and the animal is otherwise in good ~ondition, the effects
will be insignificant. Tf the tissue destroved cannot he regener-
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ated and is extensive, the animal will be deprived of that quan-
tity of tissue and if the function of the destroyed tissue is of
prime importance, the animal will die.

Necrosis is invariably associated with inflammation, which is
especially active around the necrotic area, and the results of
this inflammatory reaction must also be considered in estimat-
ing the sum total of the effects of necrosis,

DEATH.
DEFINITION.
ETIQLOGY.
Suspended heart action.
Respiratory arrest.
g;spended brain action,

Post Mortem Staining.
Temperature change.
Muscular rigidity.
Decomposition,
TESTS.
Mirror,
Blister,
Incision,
Relaxation of sphincter muscles.

Death is the condition resulting from the permanent arrest
of all functions. Death should not be confused with necrosis.
The former refers to somatic death and the latter to the death
of a part. It is difficult and in fact impossible to determine the
exact time when life ceases in a body. The various body tis-
sues do not all become lifeless when the individual as a whole
dies. The length of time that vitality is retained in the tissues
of a dead animal depends upon the variety of tissue, the age of
the animal and the cause of death. The less highly organized,
the tissue, the longer its vitality is retained. The tissue of young
animals possess their vitality for a longer time than the same
tissues of an aged animal. Death results from disturbance of
certain vital centers and these tissues, as well as all others speci-
fically acted upon by the agency that causes death, lose their
vitality earlier than tissues not acted upon.

Death may be physiologic or pathologic.

Physiologic Death.

This is that type of death observed in old animals. During em-
bryonic life the principal function of all tissue cells is reproduc-
tion. As the tissue becomes more matured, the reproductive prop-
erty of its cells gradually diminishes and has practically disap-
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peared in old age. Cell repair is complete in early life, but gradu-
ally diminishes as the animal becomes aged. The activity of cells
and their life cycle is limited as is that of all active structures
either animate or inanimate. Therefore, if new cells are not pro-
duced and the old cells are not repaired their energy or vital
forces are finally exhausted and they degenerate and die. If large
numbers of cells of all tissues die the animal involved is incapaci-
tated and ultimately sufficient cells die to diminish the function of
the vital organs to such an extent that there is collapse and som-
atic death,

Physiologic death is initiated by a gradual decline which
may continue until the individual dies. Or after a long per-
iod of slow decline, death may be sudden as a result of a sudden-
ly diminished function of a vital organ. Physiologic death is sim-
ilar in a way to the collapse of the one horse chaise which, as the
story runs, was used until it literally fell to pieces. Very few
domestic animals die a physiologic death. Those animals whose
flesh is used for food are butchered long before physiologic death
would intervene, and those animals used as beasts of burden are
usually destroyed when their earning capacity is monetarily less
than the food they consume.

Pathologic Death,

Pathologic death signifies the ending of life prior to the time
that the vital forces have been exhausted.

Etiology.-—Pathologic death is that type caused by accident
or disease process. Death primarily is the result of permanent
suspension of heart action, respiration or brain functioning.

Suspended heart action may be caused by influences acting upon
the cardiac nerve centers in the medulla or upon the heart mus-
culature direct. The significance of suspended heart action is
self evident. There being no blood circulating the tissue would
soon consume all available nutriment and then succumb, Tem-
porary arrest of heart action is called syncope.

Respiratory arrest is usually the result of nervous influences
though clonic spams of the respiratory muscles would produce
a similar effect. The absence of respiration implies the absence
of oxygen to oxidize the blood and the tissues and the absence
of oxygen for a considerable length of time results in carbon-
dioxide poisoning and death. Apnoea is a condition in which
respiration is arrested.

Permanent arrest of all brain functioning even for a brief period
results in cessation of all the principal functions and death.
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Thus, suspended brain function results in arrest of heart action
and respiration either of which results in somatic death. Coma
is a term used to designate a condition in which all conscious-
ness or recognition of environments is suspended but the con-
trol of vital functions is still maintained.

Signs of death.—The changes that occur in dead tissue are
of considerable importance especially to inspectors of carcasses
of animals, the flesh of which is intended for human consump-
tion. The most important post mortem changes in tissues are
as follows; post mortem staining (livores mortis) ; death stiffen-
ing (riger mortis); and decompeosition or putrefaction,

Post Mortem Staining—The blood usually undergoes changes
immediately after death. The disintegration of red blocd cells
allows of the liberation of hemoglobin which is deposited more
or less extensively upon the inner lining of the blood vessels and
heart and also filters through the vessels and stains the peri-
vascular tissues., The length of time after death that post mor-
tem staining becomes evident depends upon the cause of death.
In fact the purplish staining along the cutaneous vessels evident
in dead bodies may be evident in the living body of animals. Thus
liberation of hemoglobin takes place during life in the blocd of
animals affected with septicemic diseases.

Temperature changes —The carcasses of all dead animals assume
the temperature of the environment sooner or later. The length
of time necessary for the body heat to pass out of a dead body
depends largely upon the cause of death. In some diseases,
those in which tissue change is limited, the temperature is sub-
normal at the time of death and rapidly assumes the environmen-
tal temperature after death. In other diseases, those in which
tissue changes are extensive, the temperature may vary from
normal to considerably above normal at the time of death and
may increase for several hours after death. Temperature changes
may be extremely variable in a carcass. Also a remarkably low
subnormal temperature has been observed in many living ani-
mals, especially those in a comatose state and yet the animals
recover. The thermic variations should never be relied upon in
determining whether or not life is extinct, at least not within
48 hours after the animal is supposed to he dead.

Rigor Mortis.—That the body of an animal becomes rigid after
death is common knowledge to all observers. Rigor mortis re-
presents a condition of the muscle fibre in which it becomes rigid
as if in a tonic contraction. The length of time after death that
rigor mortis appears and the length of time that it persists de-
pends upon the condition of the animal at the time of death.
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~Thus muscular rigor appears usually in a few minutes after
death and is of brief duration in animals, that have died as a
result of a long continued exhaustive disease, as chronic tuber-
culosis, On the other hand rigor mortis may not become evi-
dent until 24 hours after death in animals that have been killed
while in a perfect state of health and it may continue for from
two to four days. In catalepsy, muscular rigidity is a charac-
teristic symptom. Other conditions, however are sufficient to
differentiate this from rigor mortis,

Decomposition or putrefaction is caused by the action of putre-
fying bacteria.

The decomposition of a tissue is sufficient evidence of the fact
that it is lifeless. Decomposition or putrefaction is not easily
detected in the early stages. The evolved odor is usually the
accepted sign of decomposition and during some seasons of the
year, decomposition may not become evident for several days
after death. The carcasses of animals dead of septic infections
usually decompose immediately after death, e. g. carcasses dead
of anthrax, hog cholera, etc.

Tests.—Because of the uncertainty of the above signs espe-
cially, during the first 24 or 48 hours after death, certain tests
are recommended to determine the presence or absence of life
in a certain body. They, like the above signs, are not absolute.

The mirror test.—Respired air contains more or less water
vapor. Respiration is not always perceptible. Water vapor is
condensed upon a cold surface. The procedure of this test con-
sists in holding a mirror over the nostril and if any air is ex-
pired the watery vapor from the expired air will be condensed
and rendered visible upon the surface of a mirror. This test is
not infallible for the respiratory functions may be so diminished
that the moisture (watery vapor) of the expired air is insufficient
for condensation upon the mirror.

Blister Test.—DBlisters or vesicles can usually be produced by
heat or chemic vesicants applied to the skin of a body in which
life still exists. The formation of vesicles is not possible in dead
tissue because the production of a blister represents the response -
of a living tissue to an irritant and only living tissues are cap-
able of reacting. Vesicle productions varies in living animals
and in some cases they are not produced.

Incision—Because of the elasticity of living tissues, all incised
wounds gap in the living body. Tissue elasticity disappears
when the tissue dies, consequently incised wounds in dead tis-
sues do not gap.
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Certain post mortem changes are rather constant in the eye.
These changes consist of a cloudiness of the lens and the aque-
ous humor, the condition gradually becoming more intense.
The surface of the eye, i. e., the conjunctiva, becomes dry and
scaly in appearance.

All sphincter muscles are usually relaxed at the time of death
and remain so permanently.



CHAPTER X.

TUMORS.

(Neoplasms.)

DEFINITION.
FREQUENCY.
STRUCTURE.
- Cells,
Intercellulor.
Vessels.
Nerve lissue,
SIZE,
SHAPE.
COLOR.
CONSISTENCY.
NUMBER.
GROWTH.
EXTENSION,
NATURAL RESISTANCE.
RETROGRESSIVE CHANGES.
CLINICAL CONSIDERATION.
ETILOLOGY.
VARIETIES,
Occurrence.
Primary,
Secondary.
Recurrent,
Structure.
Histoid.
Organeid.
Teratoid..
Clinically,
Benign,
Mualign,
Tissue,
Aduit,
Epithelial and connective—Papilioma.
Connective,
Fibrous—Fibroma,
Mucous—Myroma,
Cartilage—Chondroma,
Osseous—Osicomn.
Dentine—Qdontoma.
Adipose—Lipoma.
Glia—Glioma.
Muscular,
Involuntary—Leiomyoma,
Voluntary—Rhabdomyoma.
Vascular,
Blood wvessel—Hemangioma.
Lymph vessel— Lymphangioma.
Nervous.
Neuroma,
%7
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Embryonic,
© Connective.

Sarcoma.
Eundothelioma,
Hypernephroma,
Placentoma.

Epithelial.
Carcinoma.
Epithelioma,
Adenoma,
Hypernephroma.
Plancentoma.

Adult and Embryonic,
Any and all tissues.
Teratoma.

- The term “tumor” was formerly used to indicate any swelling
in animal tissues. They, more than any other pathologic entity,
have been studied and investigated by scientists, and yet little
is known of their pathology. With the present limited knowledge
it is impossible by definition to clearly differentiate them from
some other pathologic conditions. They have been defined as
new growths of tissue developing independently in any tissue
of the animal body and atypical in structure and function. Also
they are non-inflammatory growths of new tissue, persistent,
independent of the surrounding structures, atypical in structure
and function. A more concise idea can be formulated by think-
ing of them as parasites, that is, they are new growths of tissue
that develop in or upon the animal body at the expense of the
animal, and are subject to the same pathologic conditions that
the normal tissues are, as degeneration, necrosis, etc,

Frequency.—Tumors are of frequent occurrence. They
are more common in dogs particularly aged ones thar in other
animals. Of 12% animals presented in the daily clinic at the
Kansas City Veterinary college during one college session, 12
were affected with tumors.

The frequency of tumors in animals treated in the Berlin,
Dresden, and Munich veterinary colleges for an average period
of seven years is shown by the following:

Of 86,613 discased horses, 1,113 suffered from tumors, or L3 per cent.
Of 85,537 diseased dogs, 4020 suffered from tumors, or 4.7 per cent.

f 4972 diseased cattle, 102 suffered from tumors, or 2z per cent.

Structure.—Tumors are composed of cells and usually, an
intercellular substance. The cells may be similar to normal em-
bryonic cells or to adult cells. The embryonic tumor cells differ
irom normal embryorntic cells in that the former have no ten-
dency to become matured while the latter have. The accom-
panving cut shows a section of a sarcoma composed of embry-
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oni¢ cells that are similar to embryonic connective-tissue cells.
Papillomata are composed of cells that are very similar, if not
identical, to adult epithelial cells, and are supported by an adult
connective-tissue framework.

Tumor cells are very similar to the cells of normal animal
tissues. They have practically the same structure and require
the same kind of nutriment. However, they do differ from the
normal tissue cells in their power of growth and reproduction.

Tumor cells are usually more susceptible to changed environ-
ments than normal tissue cells. The nuclei of the cells of a rap-
idly growing tumor are usually larger probably because of in-
creased functional activity.

The intercellular substance of tumors is as variable as the
intercellular substance of normal tissues. Tumors having a
mesodermal origin usually have an intercellular substance closely
resembling that of normal connective tissue and hence may be
mucus, fibrous, cartilaginous, or osseous, Tumors of an ectoder-
mal or an entodermal origin may appropriate the pre-existing
tissue framework for their stroma. Some tumors, like some
normal tissues, are practically devoid of intercellular substance.
Again, in some tumors the blood-vessels are the only intercellular
substance. Anatomically the intercellular substance or stroma
s an integral part of a tumor and its function corresponds to
the function of intercellular substance of normal tissue. The
cells and intercellular substance of tumors may be so arranged
that the resulting structure approximates that of normal tissue
(histoid tumors), but is never identical to a normal tissue. The
different parts of a tumor may be assembled so that the resulting
organization appears as an atypical gland or organ (organoid
tumor). or tumors may be composed of structures derived
from all three germ layers grouped indiscriminately but having
sonie resemblance to an embryo (teratoid tumors.)

Like normal tissue, tumors are usually nourished, by blood
and lymph. The blood and lymph vessels may be structurally
the same as normal vessels, or they may be composed entirely of
tumor cells. The vessels have their origin from pre-existing ves-
sels in the tissue from which the tumors are developed. They
may be telangiectatic, cavernous, or plexiform, and their
course is usually along the tumor stroma. Blood and lymph may
also permeate the tumor through intercellular spaces, frequently
resulting in hemorrhage or lymphorrhage. Some tumors have
no blood or lymph supply, their nourishment probably being
derived from consumption of normal tissue.

Nerve cells and axones have heen demonstrated in some
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tumors. They are, in some cases at least, a result of peripheral
extension and development of the tumor tissue around normal
nerve tissue, thus entangling it in the tumor. It is an open
question whether nerve tissue exists in tumors except in those
derived from normal nerve tissue or those in which normal
nerve tissue is entangled.

Leucocytes are common in tumors. Lymphocytes and poly-
morphonuclear leucocytes have been demonstrated in the blood
and lymph channels, perivascular and intercellular spaces, and
within the tumor cells. The cells and the manner in which they
are assembled, the structure and arrangement of the intercellu-
lar substance, and the presence of the blood and lymph vessels
indicate a common origin of tumor tissue and normal tissue.

Fig. 137.—Section of Har ., showing sarcomatous cells and blood vesseln

Size—Tumors are quite variable in size. They may become
so large that they mechanically destroy life. An abdominal sub-
serous lipoma, about the size of a wash-tub and weighing thirty-
eight kilograms, (8314 lbs.) was observed in an ox. A six-
kilogram (13 /; Ihs.) fibroma was removed from the inferior
cervical region of an eighteen kilogram (40 lbs.) dog. A twelve
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kilogram (26 2/5 lbs.) chondroma was obtained from the ster-
num of a fifty kilogram (110 lbs.) sheep. All of the above tum-
ors were of sufficient size to mechanicaily inconvenience the
animals afflicted, and in one case resulted fatally. From the
enormously large tumors there are all gradations to those
miscroscopic in size, miliary tumors. The size of tumors is
determined to some extent by the amount of nourishment sup-
plied, the kind of tissue of which they are composed, and their
location.

Shape.—The form of tumors is largely determineq by the loca-
tion and the kind of tissue in which they occur. They may be
spherical, ovoid, elliptoid, nodular, miliary, tubercular fungoid,
polypoid, tabular, elongated -cylindrical etc. Where there is no
resistance or only a slight resistance there is a tendency to
sphericity. In outline they may be regular or irregular, smooth,
nodular or even granular and in some cases the exact outline
cannot be determined. Large tumors that in shape approach a
sphere are designated as spherical, ovoid, elliptoid, ete. Those
that vary in size from a pigeon egg to a small pea are spoken
of as nodular tumors. Miliary tumors are small spherical
growths varying from a small pea to those microscopic in size.
Spherical or oval tumors causing an elevation in the tissue in
which they grow are known as tubercular tumors. Fungoid or
projecting tumors are those that develop from the surface
or sub-surface tissue, being attached to the normal tissue by a
wide base. Polypoid tumors or polypi have the same origin and
project as fungoid tumors, but are attached by means of a
small pedicle. Tabular tumors are flat and usually develop be-
neath the surface and especially beneath fasciae, tendons or liga-
ments,

Color.—The color of tumors is dependent upon; first, the
kind of tissue composing them; second, pigmentation; third,
degeneration ; and fourth, the amount of blood they contain. A
rhabdomyoma is more intensely colored than a fibroma, provided
that the blood supply is the same in both, because of the hemo-
globin in the muscular tissue. Melanomata and chloromata are
so classified because of the deposition of pigment in them. Tum-
ors, like normal tissues, become changed in color as a result of
the various degenerations. Those having a limited blood supply
are pale in color, while those having a large blood supply are
highly colored. Hemorrhages may result in a deposition of
hemoglobin or some of its derivatives, thus giving the tumor
a mottled appearance. Mottling may also result from an un-
equal blood supply.



272 VETERINARY PATHOLOGY.

Consistency.—Some tumors are soft and spongy, jelly-like,
and from this type there are all variations up to those that
are hard and resistant, bone-like. Their consistency is determined
largely by the kind of tissue composing them and the secondary
changes (degenerations) that affect them. Mpyxomata being
largely composed of mucus are soft, fibromata are more resistant
and osteomata are bone-like. Chondromata are usually quite firm
and resistant, but they may undergo mucoid degeneration and
become soft and spongy. Colloid degeneration is rather common
in carcinomata, rendering them glue-like in consistency. Occa-
sionally a tumor becomes calcified as a result of calcareous infil-
tration.

Number.— Tumors may be single, that is, a single one only
occurring in the animal body. Single tumors are usually benign
although they may be malign. An animal may be afflicted with
a great many tumors at the same time (multiple tumors). Tum-
ors may become multiple by metastasis. Tumors resulting from
metastasis are designated secondary and the original tumor pri-
mary. Multiple tumors may be malign, as sarcomata, carcino-
mata, etc., or they may be benign, as multiple fibromata, Tum-
ors that recur after they have been removed are designated recur-
rent tumors.

Growth.—The growth of tumors is the result of the inherent
proliferative property of the tumor cells. Some tumors grow like
an onion, there being a multiplication and accumulation of the
central or internal cells, resulting in an interstitial expansion and
an increase in the size of the tumor. Practically all benign tum-
ors grow by interstitial expansion. Malign tumors grow by mul-
tiplication of the peripheral cells and their infiltration as well as
by interstitial expansion. The extent of growth of all tumors is
proportional to the amount of nourishment they receive and to
the adjacent tissue resistance. The relative amount of nourish-
ment to tumor tissue and to normal tissue in the same body may
be very unequal. Thus a tumor frequently receives an excessive
amount of nourishment and grows rapidly, while the normal tis-
sue in the same body is deprived of nourishment, resulting in its
atrophy or degeneration and emaciation. As a rule, the rate of
growth is indefinite. Malign tumors grow more rapidly than be-
nign. A tumor that is growing rapidly may cease growth, dim-
inish in size, grow again and diminish again. Diminution in
size may be succeeded by absorption and disappearance.

Extension.—The manner of extension of the various tumors
depends upon the migratory properties of the tumor cells and
the relation and structure of the blood and lymph vessels. Tum-
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ors composed of embryonic cells extend more repidly than those
composed of adult cells because embryonic cells are plastic and
are to some extent capable of amoeboid movement. Adult cells
are fixed in their form and none of them, excepting leucocytes
and endothelial cells are migratory. The nutrient vessels of
tumors are sometimes formed of tumor cells that are easily de-
tachable, a structural peculiarity predisposing to tumor metas-
tasis.

Fig. 138. —Photograph of a seciion of a horse’s lung, showing Metasisile Barcommata.

Benign tumors nsually extend only by growth in continuity
or contiguity. In fact, practically all tumors composed of adult
tissites extend by pushing aside the normal tissue. Malign tum-
ors are extended by blood, as sarcoma; by lymph, as carcin-
oma; or they pass from one point to another through natural
channels as the digestive and respiratory tracts.

Summary—Tumors may be extended (1) by growth in con-
tinuity, (2) by growth in contiguity, (3) by blood, (4) by lymph.
{5) by natural channels other than the blood and lymph vessels.

Natural Resistance.—Normal tissues have a natural resist-
ance to any injurious influence as the formation of tumors, in-
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flammation, degeneration, etc. Tissue resistance to the devel-
opment of neoplasms varies in different animals, in the same
animal at different times, and possibly also in the different tis-
sues of the same animal. The resistance of the surrounding
tissue is made evident in some cases by the formation of a fibrous
wall or capsule that limits and separates the tumor and the nor-
mal tissue. Degeneration and necrosis may also be interpreted
to be a result of opposed action by the invaded tissue.

Retrogressive Changes.—Tumors are subject to the same
degenerative processes that normal tissues are. Hemorrhages,
necrosis and degenerations are frequent in tumors because
of the imperfectly formed and irregular distribution of the
supplying vessels, The results of hemorrhage into tumors
depend upon the amount of extravasted bloed and the secondary
changes therein. A tumor the size of a cocoanut would likely
become necrotic if a vessel ruptured and a half a liter of blood
escaped into the tumor tisswe. A small quantity of extravasate
when infected with putrefactive microdrganisms as a rule results
in necrosis of the tumor tissue. Necrosis is a sequel of ob-
structed circulation or results from the solvent action of meta-
bolic products. Thus, necrosis may be the result of thrombosis
or embolism. Thrombic formation is especially prevalent be-
cause of the irregularities of the lining of the tumor vessels.
Emboli are common, as they are frequently detached tumor cells.
Circulation may also be interfered with by pressure of the tumor
tissues, thus obstructing the efferent or afferent blood vessels.
Some metabolic products of tumors constantly dissolve the sur-
face cells, resulting in ulceration, a common necrotic condition
observed in tumors. Tumors may be invaded with pyogenic
bacteria, resulting in suppuration.

Of the degenerations, mucoid and colloid are the most com-
mon, Fatty degeneration and calcareous infiltration occur less
frequently. Mucoid degeneration affects connective tissue and
epithelial tissue tumors, occurring more frequently in the former.
Colloid degeneration is found in epithelial tissue tumors.

A four-kilogram (9-1b.) renal hypernephroma undergoing
colloid degeneration was obtained on post-mortern examination
of a three-year-old steer. Fatty degeneration usually succeeds
necrosis in tumor tissve. Calcification of tumors is guite com-
mon. Pigmentation is more common in tumors than in normal
tissue. Melanomata are tumors containing melanin tha#t has
been deposited in the tumor cells. Chloromata are tumors con-
taining a green pigment. Hemoglobin, hematoidin and hemo-
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siderin are frequently found in tumors after hemorrhage into the
tumor tissue.

Clinical Consideration.—Tumors are benign or malign.
Benign tumors are usually encapsulated, i. e., they grow only
by interstitial expansion; are composed of adult or matured
tissue; have no tendency to recur when removed, and have only
a mechanical effect upon the body in which they occur. Malign
tumors are usually not encapsulated; they grow by peripheral
infiltration; are usually composed of embryonic tissue; fre-
quently recur when removed, and have a tendency to kill by
absorption of the metabolic products which are deletericus to
the body. Malign tumors of domestic animals are not as fatal
as they are in the human. Many horses affected with sarcomata
have been permanently relieved by operation.

Etiology.—There are some predisposing factors as heredity
and breed peculiarities that are frequently involved in the devel-
opment of tumors. Cadiot refers to a family of dogs in which
the females were affected with carcinomata of the mammae for

Fig. 13%.—Photograph of & horse affected with an ocular Epithe¢oms,
This was & seourl of A wire it

v 00gle
S
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two successive generations. Hereford cattle are more frequently
"affected with ocular tumors than any other breed. Injuries in
which there is a destruction of the tissue surfaces predisposes
to tumor formation, and, in many instances, in the human, sub-
surface wounds are a causative factor in the production of
epithelial embryonic tumors. A few cases of epitheliomata have
been studied in the horse and ox that were secondary to injuries,

The exciting causes of tumor formation have not been defin-
itely determined, and this accounts for their undetermined char-
acteristics. Many theories have been advanced. Cohnheim ad-
vanced the idea that tumors were developed from misplaced
embryonic cells (cell rests). This theory has received the sup-
port of many pathologists. It is in accord with the general
biologic law that every cell produces a cell like itself or “like
begets like.” The supporters of this theory have not proved it.
but the opponents have not disproved it. All biologists recog-
nize the complexity of embryonic development and are aware
of the possibility of cells becoming entangled or misplaced dur-
ing the formation period. Experiments have demonstrated the
possibility of successfully transplanting tissue, both embryonic
and adult, into a foreign location in the body. Transplanted em-
bryonic tissue, however, does not remain as such, but scon be-
comes mature tissue, whereas malignant tumor cells have no
tendency to become matured, Transplanted tissue cells do not
infiltrate the surrounding tissue nor form metastases, but remain
as distinct islands of cells.

The parasitic theory has been supported by a large number
of scientists. No doubt malignant tumors resemble infectious
diseases in that they extend by metastasis and produce similar
effects. However, the uncertain transmission of tumors from
one animal to another is certainly antagonistic to the parasitic
theory.

Bashford, superintendent of the Imperial Cancer Research
Fund, London, England, successfully transplanted 66 per cent
of sporadic tumors. On the other hand, Ehrlich has successfully
transplanted only about 14 per cent of sporadic tumors. No one
has produced a satisfactory proof of the isolation of any causa-
tive parasite. By some authorities bacteria were thought to be
the active agent in tumor production, and by others protozoa
were claimed as the causative factor, and, more recently, many
radical observers have proclajimed that yeast were the cause.
Some have even claimed that the tumor cells are parasites,

Chemic disturbances, particularly changed chemic reaction in
a tissue, is responsible for tumor formation according to some,
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An alkaline secretion at points where exposure and irritation
occurs produces carcinomata (Hertzler). Following this thought
an acid reaction in a normally alkaline tissue would tend to pro-
duce sarcomatous tissue.

The specific causative factor of tumor formation is not known,
but it is something that excessively stimulates the reproductive
power of cells. In fact, all other functions practically cease, the
entire cell energy being expended in reproduction. That is,
tumors are the result of a disturbance in the cell nietabolism in
which reproduction is far in excess of the physiologic limit and
is exercised at the expense of all other functions.

Varieties.—There is no satisfactory method of classifying
tumors. Some authors have attempted methods of classifying,
but until more is known concerning them a classification is un-
wise. The following is an attempt at grouping them, but is in
no way complete. They may be grouped as to:

OCCURRENCE.
Primary—The original or first tumor.
Secondarv—Melastatic tumor.

Recurrent—A newly developed tumor at the point from whick
oneg has been recently removed.
STRUCTURE.

Histoid—Simple tissue tumor.
Organoid—COrgan-like tumor.
Teratoid—Mixture of various lissues reswiting in a structure re
semb!mg an embryo,
CLINICALLY
Bemgu—No tendency to kill.
Malign—FHazving a tendency to kill,

The following scheme shows the general structure and rela.
tion of the various tumors:

1 Myxoma, Chondroma ...ovvvvrvenrnans
Connective ... i Osteoma, odontoma, ...... Ceeatirsearena
Lipoma, Glioma «........cooicanna, ..
Fibroma ‘ :
Epithelitm ««vevv 0., Papilloma .........cco.nnnn
Adult Tissue . Leiomgoma e et a s

Muscular-myoma Rhabdomyoma ..... T
Lymphangioma .. -+« .o viiviiaan

Vescalar-an 'oma{ -
& Hemangioma ...o--- ciareiniiiiia...

Tumors .
1 Nervous-neuroma

Round Cell .
Connective-sercoma % ?});zldolied %1{1

i B Endothelioma § Placentoma ....
Embryonie Tissue Carcinoma ».s-...... | Hypernephoroma
Epithelium { Adepoma ..... e
Epithelioma .........

.

2L

VWouI
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FIBROMA.

Fibromata are tumors composed of adult fibrous connective
tissue. They occur in all animals. The skin and subcutaneous
areolar tissue is their most frequent location, but no tissue is
exempt. They are frequently found in the region of the sternum
of the horse and ox, in the ovary and uterus of the cow, and in
the perineal and elbow regions of the dog. In the skin and sub-
cutaneous tissue they usually appear as loose, circumscribed,
nodular growths. Some fibromata have no well defined border
or line of demarcation but are apparently diffused through the
tissue. This type, however, is somewhat rare, and possibly they
are not fibromata. They mav become so large that their pres-
sure produces atrophy, degeneration or necrosis of the skin cov-
ering them, or the surface epithelium may produce sufficient
new tissue to compensate for the increased surface. These tu-
mors are usually single, that is, only one tumor occuring in the
individual ; but they may be multiple. Multiple fibromatosis is
occasionally observed in the subcutaneous tissue of horses.
They are variable in size, being so small in many instances that
they are not observed in an ordinary examination. A fibroma
may be so large that the diagnostician would mistake it for a
malignant tumor, a hernia, cold abscess, etc. Their shape is as
variable as their size. They may be oval, tabular, tubercular,
nedular, and, in fact, they may have any conceivable shape and
contotir,

If the skin or covering tissue is incised or dissected away the
tumor is wsually found to be surrounded by a fibrous capsule or,
in rare instances, it may blend imperceptibly with the surround-
ing normal tissue. They are not difficult to remove in their
entirety because of their encapsulation. When they are excised
their blood supply is found to be disproportionate to their size.
With the small or limited blood supply there is a tendency to
a slow growth and degeneration and necrosis. With an exces-
sive blood supply there may be rapid growth and perhaps fre-
quent hemorrhages into the tumor tissue. If the excised tumor
is sectioned and the cut surface examined with the unaided eve,
it appears to be composed of compact bundles of fibrous connec-
tive tissne atvpically arranged (hard fibroma) or of loosely ar-
ranged bands of fibrous connective tissue inclosing areolar spaces
(soft fibroma). In color the section appears pearly white with
grayish-white, vellowish-white or dull pink areas, depending
wmpon the compactness of the tissue, whether the fibre bundles
are cut longitudinally or transversely, and the amount of blood
contained. A fibroma is firm, dense and resistant, and when cut
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into there may be a creaking sound similar to that produced in
cutting a tendon. They have little or no tendency to peripheral
infiltration but grow by central or interstitial expansion, mechan-
ically pushing the contacting tissue aside,

If the tumor has degenerated or become necrotic quite a dif-
ferent picture than the above will be seen. It may be a mass of
mucus as a result of mucoid degeneration. It may contain
necrotic areas or the entire tumor may undergo necrosis, the
necrotic tissue becoming liquified, coagulated, caseated or calci-
fied. Hemorrhage into the tumor tissue may give it a mottled
appearance. The hemorrhagic spots may be red, yellowish-red
or greenish-red, depending upon the changes in tife hemoglobin.

Microscopically, the tumor tissue appears as white fibrous
connective tissue, being composed of cells and a white fibrous
intercellular substance.

Fig. 140.—Section of a4 hard Fibroma showing: 1. Transverse sectlon of
bundles of Fibres; 2. Longitudinal sectlon of bundles

The cells are usually few in number, are flat and have a flat,
oval nucleus. Cells are more prevalent in the rapidly growing
tumors, The arrangement of the Abres varies and is the deter-
mining factor of the denseness of the tumor.

A hard fibroma is made up of bundles of fibres extending in
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various directions and occupying practically the entire space,
there being no interfunicular spaces. The bundles are compact
masses of parallel, wavy fibres, with here and there a cell. The
fibres are of two varieties, viz.: glia fibres and collagen fibres.
Glia fibres are found along the surface of the cell and are parallel
to its long axis. They are straight or slightly curved and prob-
ably extend from one cell to another. Collagen fibres are out-
side but lie close 10 the cell and appear slightly wavv. Collagen
fibres predominate in fibromata. Blood vessels are few in num-
ber and may be absent.

A soft fibroma is composed of small bundles or bands of
fibrous tissne loosely arranged. Ceils and blood vessels are more
numerous than in hard fibromata. The general appearance of a
loose fibroma magnitied one hundred diameters is very similar

Fir lil.—8oft Flbroma, showing wavy looeely arranged Abres

to areolar tissue, except that in the former vellow elastic tissue
is ahsent, while in the latter it is present. All variations in the
compactness of the fibrous tissue s fonnd from the soft to the
hard fibroma. In fact some sections indicate that a soft fibroma
becomes a hard fibroma by an increase in the intercellular fibres.

Clinically. fibromata are innocent or benign tumors. Their
rate of growth is relatively slow. They may cause a fatal termin-
ation by mechanically obstructing the lumen of a hcllow organ,
as the intestine, hy pressure upon vital organs, as the brain, or
they may become so large that the affected animal is unable to
move ahout in search of its food. Thus Kitt mentions a fibroma



TUMORS, 281

that weighed 178 kilograms (391 ®/, lbs.) They do not extend
by metastasis, neither do they recur when removed.

Fibromata can usually be differentiated from inflammatory
new growths by the history of the case, fibromata having no
defined cause and inflammatory new growths resulting from irri-
tation. Microscopically, inflammatory new growths contain mi-
totic plasma cells and fixed connective tissue cells, while mitosis
is rarely observed in fibromata. There is also an extensive blood
supply in inflammatory growths, but a limited supply in fibroma-
tous tissue. Actinomycotic and botryomycotic tissues are recog-
nized by the presence of the causative fungi. Spindle-cell sar-
comata may be confounded with fibromata and are sometimes
difficult to differentiate. Sarcoma 'cells usually contain more
protoplasm than fibroma cells, and this may be used as a basis
for differentiation. By a gross examination a leiomyoma may
be mistaken for a ibroma, but the microscopic appearance of the
nuclei is characteristic, The nuclei of fibroma cells are oval
while those of leiomyoma cells are rod-shaped. If the fibroma
contains degenerated or necrotic centers the differentiation may
be more difficult in gross section but microscopic examination
of the unchanged tumor tissue will be sufficient. \Vhen the en-
tire tumor has-degenerated or become necrotic diagnosis may
be impossible. Fibromatous tissue may be found in other tu-
mors or fibromata may become contaminated by permeation or
infiltration of other tumor tissue as mucoid, sarcomatous, etc.,
resulting in a fibro-myxoma, fibro-sarcoma, etc. The first por-
tion of the compound word denoting that the mixed tumor con-
tains more of that tumor tissue. Thus a fibro-myxoma is a
tumor composed of fibroma tissue (fibrous connective) and myx-
oma tissue (mucoid connective}, the former predominating.
Mixed tumors will be discussed after consideration of the simple
tumors.

A keloid is a dense overgrowth of white fibrous connective
tissues in a cicatrix. These growths are quite common in the
negro, especially at the point of an injury, as a razor cut or ear
puncture for an ear-ring, etc. Because of their frequency and
extent they have been considered as tumors by some authors.
Thev are not true tumors but rather an inflammatory new
growth resulting from improper cicatrization in wounds. They
are not common in the lower animals.
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MYXOMA,

Myxomata are tumors composed of mucoid connective tissue.
These tumors may be a subvariety of fibroma. Purely myxo-
matous tumors are not very common, occurring more frequently
in combination with other tumor tissue. They are usually found
in ‘connective tissue, but in no special location. They have been
found in the heart, along nerve trunks, in the nostril, and a case
has been reported of a pure myxoma involving the entire orbital
structures in a horse. These tumors are usually about the size
of a hen's egg, rarely becoming very large, probably because of
their destruction by degeneration. They are invariably single.
They appear as semi-solid masses, surrounded by fibrous cap-
sules and are usually dirty-white or gray in color. After they
are removed and an incision made into them 2 mucus or gela-
tinous, ropy fluid escapes. The cut section appears as a glassy,
semi-transparent, semi-solid mass and is very similar to Whar-
ton’s jelly. The escaped fluid will be found by chemical test to
contain considerable mucin. Their blood supply is usually very
meager, in fact some authors regard myxomata as a mucoid
degeneration because of their limited blood supply.

Microscopically, a myxoma is composed of stellate cells, in

Fig. 142.—Sectlon of Myxems from the orbitat fossa of a horme,
ahowing stellate cells.

C
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which the cell processes are apparently continuous with the pro-
cesses of adjacent cells. Myxoma cells have an oval nucleus and
the spaces between the cells and cell processes are filled with
mucus, which appears as a stringy, gray substances that stains
red with eosin. Myxomatous cells produce both kinds of fibres,
i. e, glia and collagen fibres. Tle collagen fibres are more or
less separated from each other by a varying quantity of fluid
containing mucin. Myxomata are prone to degeneration, result-
ing in the formation of a cyst, or the fibrous capsule may become
eroded, allowing the degenerated contents to escape into the sur-
rounding tissue or upon a surface, In the latter case the degen-
erated contents is usvally absorbed. Cicatricial tissue is usually
produced in the cavity or space occupied by the myxoma. Sub-
surface, myxomatous, degenerated areas may become infected,
resulting in abscess formation,

Clinically, myxomata are benign tumors. They grow slowly
by interstitial expansion, do not recur when removed, and ex-
tend only by continuity or contiguity.

These tumors are differentiated from muccid degeneration, as
the latter contains no stellate cells, and there are usually some
of the cells present in mucoid degeneration that are normally
present in that area. Clinically, it may at times be difficult 1o
distinguish between mucus retention cysts and myxoma, but by -
the exploring needle the contents of the cyst may be evacuated
and thus the nature of the mass will be determined.

CHONDROMA

A chondroma is a cartilaginous tumor. They occur in cattle,
sheep, dogs, horses and fowls. They are found most frequently
in the location in which cartilage is normally found. The ster-
num seems to be a favorite location for their development, prob-
ably because of the frequent injuries of the sternal cartilage due
to the fracture of ribs and other injuries, They not infrequently
occur in other bones, possibly developing from islands of cartil-
age that have not ossified, or from marrow or periosteum. They
also occur in glandular tissue as the thyroid, parotid, ovary and
testicle, and a few cases of chondromata of the lung have been
reported.

These tumors appear as hard, nodular, well-defined growths,
unless they are undergoing degeneration. In this case they may
be of the nature of cysts, or if their capsule is ruptured, they may
be soft, spongy, diffuse masses. They are variable in size. A
chondroma weighing 12 kilograms (26 1/5 Ibs.) was obtained
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from the sternum of a sheep killed in a Kansas City abattoir.
‘Another about the size of a pigeon’s egg and attached to the
sternum of a small hen was found by a city meat inspector.

Their shape is very irregular, but they are most frequently
oval. As a rule they have a regular surface, though they may
be lobulated. They are usually separated from the surrounding
tissue by a fibrous capsule, but they may be firmly adherent to
the adjacent tissue. In cutting, the tumor gives a resistance sim-
ilar to cartilage and they may be gritty because of calcification
or ossification. The ablated tumor is bluish-white if it is a pure
chondroma. Degenerated areas will vary in color according to
the kind and degree of the degeneration. Necrotic centres appear
dull gray or yellowish-white and white if calcified. If the tumor
is mixed the color will vary according to the contaminating tumor
tissue.

Chondromatous tissue is composed of cartilage cells and an
intercellular substance. The cells are irregular in size and shape
and the number found in each lacuna is more variable than that
in normal cartilage. The size, shape and arrangement of cells in
different areas in the same tumor is variable. The cells are fre-
quently degenerated. the nucleus fragmented and the cell mem-
brane ruptured, allowing the cells to fuse as a homogeneous

Flg. 143.—S8ectlon of Chondromm from sternum of a sheep,
showing lacunae wlith Inclosed cartllage cclis,
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mass. The lacunae are not so distinct as those in normal cartil-
age, and their capsule may be absent. The intercellular substance
is usually homogeneocus, as in normal hyaline cartilage, or it may
be fibrous, as in normal fibro-cartilage or elastic cartilage. The in-
tercellular substance becomes fibrous towards the margin of
the growth and finally forms a perichondrium. The cells may be
arranged in rows near the perichondrium, but they are more
likely to be irregularly distributed. The microscopic appearance
of .a degenerating, necrotic or mixed chondroma depends upon
the kind and extent of the condition existing.

Clinically, chondromata are usually benign, but they may be-
come malignant because of their extent. Some surgeons have
recorded csses of metastatic chondromata. These tumors are
frequently lobulated and may be multiple, They have little ten-
dency to recur when removed.

LIPOMA.

Lipomata are tumors composed of adipose tissue with a con-
nective tissue framework supporting the vascular supply. They
occur quite commonly in the horse, ox, and dog, but none of the
domestic animals are exempt. They usually develop where adi-
pose tissue normally exists, as the subcutaneous tissue, submu-
cosa and subserosa, omentum, etc. Thev mayialso occur in tissue
that contains no fat, as the liver, kidney and even the brain.
They occur most frequently in the subcutaneous tissue in the
lrorse; in the intestinal and omental subserosa of the ox and
hog; in the subcutaneous and conjunctival submucosa in the
dog, and in the uterine submucosa of the sheep and the cow.

Lipomata are usually circumscribed, but they may be diffuse.
The accompanying cut is from a photograph of a two-year-old
colt in which there is shown a diffuse subcutaneous lipoma of
the left hind leg. These tumors mayv become enormous in size
in the horse and ox, some cases having been reported of lipomata
as large as a wash-tub and weighing 30 to 70 kilograms (66 to
154 1bs.). In consistency, these tumors may be firm and dense
or soft and flabby. They are usually surrounded by a fibrous
capsule and in section those from the peritoneum and omentum
are vellowish or white in color. Peritoneal, omental, submucous
and subcutaneous lipomata have a smooth surface; intestinal
lipomata are usually lobulated. Bands of connective tissue may
divide the tumors into lobes or lobules or the connective tissue
may be diffuse throughout the entire structure. Tn cutting a
lipoma the resistance varies accerding to the quantity of fibrous
connective tissue it contains. If osmic acid is applied to the free
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surface of the gross specimen it stains the adipose areas black
but has no effect upon other tissue. Occasionally groups of adi-
pose cells become necrotic and calcify, thus forming gritty areas.
Complete necrosis with sloughing or calcification is not rare in
the larger lipomata.

Mg 144 —From protograph taken #8-20.'T of a colt aflected with a Subculancoms
Lipoma. Photograph presented by J. TT. MoNeil
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Microscopic sections of lipomatous tissue closely resemble
normal adipose tissue, except that the cells may be larger and
perhaps more irregular in shape. . As in normal adipose tissue
the adipose cells are supported by connective tissue cells and
fibres, The application of Sudan III and osmic acid gives
further proof of the composition of the cells.

Lipomata may be multiple but they are typical benign tumors,
though death may result from the mechanical effects produced

Fig, 146.==8ectlon of a Lipoimm from omentum of an 0x, showing iframework.
of adipose calls,

by them. They do not form metastases. Subserous lipomata pro-
duce volvuli which terminate fatally in horc:s. Large periton-
eal or omental lipomata of the ox and dog frequently cause suffi-
cient displacement of the abdominal organs to materially de-
range their function. Subcutaneous carpal lipomata in the horse
may become so large that they mechanically interfere with loco-
motion. Lipomata may have a fibrinous infiltration and organ-
ization resulting in lipomatous elephantiasis,
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OSTEOMA.

An osteoma is a tumor composed of osseous tissue. Pure
osteomata are not common. They occur most frequently in re-
lation to bones and usually at the union of osseous tissue devel-
oped from different ossifying centres. These tumors are quite
common in mules, appearing as projecting pedunculated masses
attached to the inferior maxilia, More rarely theyv are found in
other organs, as the lung, parotid gland, mammary gland, etc.

Fig. 148 —Ferd lated On Tumer Maxills. THorse.

These tumors are usually small, rarely becoming as large as
a cocoanut. They are hard, nodular masses that are frequently
lobulated and usually firmly attached to the surrounding tissue.
It is possible that they are developed from osseouns cells which
have been misplaced in bone formation or from the osteogenetic
layer of the periostenm. When they develop adjacent to pre-
existing bone the periosteum or endosteum surrounds them.
Those osteomata developing in other structure than bone are
surrounded by a distinct membrane which is usuvally very sim-
ilar to periosteum. . Osteomata mav be classified as: (1) hard,
ivory or eburnated, and (2} soft, spongy or cancellated. Either
of the foregoing classes may be homologous or heterologous.
Homolngous ostecmata occur in hony structures and may be an
exostosis or an enostosis. Heterclogous osteomata occur in other
tissue than bone,

Hard, ivory or eburnated osteomata are structurally very
similar to the compact osseous tissue of a long bone. Haversian
systems may be present or they mav be absent. TIf the Haversian
systems are present they are irregularly arranged and are ap-
proximately perpendicular to the surface of the related bone, If
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the Haversian systems are absent the tunior is composed of
superimposed lamellae like the outer circumferential lamellae of
the shaft of a long bone.

Soft, spongy or cancellous osteomata are surrounded by a
periostoid membrane. In structure they are similar to cancellous
osseous tissue. The marrow spaces may be occupied by tissue
that is structurally identical to red marrow or they may be filled
with sarcomatous tissue, fibrous connective tisssue, etc. The
blood vessels are usually normal in structure and their distribu-
tion is through Haversian canals in the hard osteoma or the
spaces in the soft osteoma,

Osteomata are invariably single; do not recur when removed;
have no tendency to form metastases; and hence are benign.

They should be differentiated from (1) ossification of inflam-
matory new growths as ringbone, spavin, myositis ossificans,
etc.; (2) hyperplasia of osseous tissue; (3) ossification of twnor
tissue as fibromata, chondromata, etc.; (4) metaplasia in which
ossenus tissue is the end product; (5) calcification.

GLIOMA.

A glioma is a tumor composed of supporting cells (neuroglia
cells) of the tissue of the central nervous system. Neuroglia
tissue occurs in two forms, as ependymal cells lining the neural
canal and the ventricles and as glia cells which are derived from
the ependymal cells and act as a supporting framework of the
central nervous syvstem. Gliomata are of two types, depending
upon the tvpe of cells composing them, viz., spider cell glioma
and mossy cell glioma. Gliomata have been observed only two or
three times in the domestic animals. They usually have their
origin in the gray matter near the central canal of the spinal
cord or in the gray matter of the cerebrum. They do not become
large and they are usually not encapsulated. They are composed
of cells that are very similar to normal neuroglia cells. The
glioma ceils mav be slightly larger than neuroglia cells but they
have the fibre-like processes characteristic of them.

These tumors do not form metastases but are likely to produce
a fatal termination by pressure upon nerve centers.

_ODONTOMA.

QOdontomata are tumors composed of dental tissue and usu-
ally occur in connection with teeth, particularly the superior
molars. Odontomata are of frequent occurrence, the majority
of dental diseases in two tn fAve-vear-old horses heing due to
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them (Williams). Facial bulging is a common symptom of
them and there may be an excessive mucus discharge from the
nostrils. Cystic odontomata may produce super-resonance, which
is useful in differentiating them from empyema of the facial
sinuses.

These tumors are derived from the enamel organ, dentine
papilla, or the tooth follicle, Their derivation to some extent
determines their structure. Those derived from the enamel
organ are composed of an enamel covering and in some cases
the entire odontoma is enamel. Dentine is usually the pre-
dominating tissue in those derived from the dentine papilla.
From the tooth follicle there are usually formed cystic odonto-
mata, although they may be fibrous or may contain ossified cen-
tres and cementum. Their structure varies considerably and it is
not rare that all of the above structures are represented in one
odontoma.

In size, odontomata vary from microscopic masses to irregu-

Fig. 141 =—Photograph of an Odentema of the Inlerior  maxills of o horee,
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lar bodies. Their shape and color are as variable as their size,
Epithelial or enZmel odontomata are the highest in the scale of
hardness of all tumors. Other types of odontomata are soft.
Cystic odontomata may be single or multiple, as many as three
hundred having been observed in a single follicular tumor of
this type. They may grow very rapidly but more frequently
they develop slowly. They have no tendency to form metastases.
Degeneration is common in those developing from the tooth
follicle. Clinically they are benign but may cause fatal termina-
tion mechanically or from infection.

According to the derivation Sutton describes four classes of
odontomata as follows:

1. Those derived from the enamel organ or epithelial odonto-
mata. They usually appear as irregular masses covered with
enamel. They may contain cystic cavities separated by enamel
partitions. Epithelial odontomata are usually surrounded by a
firm capsule, and in some instances appear to have had their
origin from a mucous membrane, Miscroscopically they are found
to be composed of cnamel cells and irregular columns of epithe-
lial cells forming alveoli. The epithelial cells vary in shape from
columnar to the stellate or typical progenitors of enamel. These
tumors occur in most of the domestic animals and usually in
early life. Two epithelial odontomata were obtained from the
left maxillary sinus of an aged horse used for dissecting pur-
poses. These odontomata were completely enclosed in an osse-
ous mass, the maxillary sinus being completely filled by the new
growth. The facial bones were slightly bulged. The osseous
formation surrounding the odontomata and the thickening of the
facial bones indicated that considerable time had elapsed since
their formation.

2. Those derived from the tooth follicle. Depending upon the
nature of the neoplasm this group may be further subdivided
into follicular and fibrous odontomata, cementomata and com-
pound follicular odontomata.

Follicular odontomata result from hyperplasia of the tooth
follicle tissues which thus prevents the normal eruption of the
tooth. They may appear as simple or multiple cysts. Their
walls may be calcareous or osseous but they are more frequently
membranous. The cysts are usually subdivided into many com-
partments, the cavities of which are lined with epithelium. This
lining epithelium secretes a viscid fluid, the accumulation of
which is responsible for the enlargement of the cwsts. They
occur in sheep, hogs and horses.

Fibrous odontomata are produced by a marked increase of
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the enveloping fibrous capsule of the follicle. The hyperplastic
fibrous tissue usually fuses with the cementum, and the entire
mass may later become calcified or ossified. These odontomata
are most common in ruminants, goats especially being affected.
They are prone to occur in animals afflicted with rickets.
Cementomata (Osteocystoma capsulare dentiferum) are
formed by ossification of excess tissue developed around the
tooth follicle. The hyperplastic cementum may include several
tooth germs. They appear as masses of cancellous or spongy
bone and are structurally very similar to cementum, being com-
_posed of irregular spaces surrounded by osseous tissue contain-
ing branched lacunae. They are most common in horses, occur-
ing most frequently in connection with the incisor teeth.

Flg. 143.—Epithellal Odontoma,

Compound inllicslar odontomata result from the ossification
of irregularly located areas of the tooth follicle tissues, thus
leaving intervening areas of fibrous tissue. The ossified masses
are designated denticles and they may be very numerous, as
many as three hundred having been observed in a single tumor.
The intervening tissue usually degenerates and becomes of a
liquid consistency. Thus the tumor appears as a ¢vst containing
many cavities. The denticles vary in size and consistency. These
tumors have been observed in the goat, sheep, ox, and horse.
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3. Radicular odontomata are those derived from the dental
papilla, developing from the roots of a tooth after the crown
has formed. They appear as bony masses and are frequently
enclosed within the maxilla, Structurally, they consist of den-
tine and cementum, the dentine usually being surrounded by a
cemental capsule. They are occasionally observed in domestic
animals, being most common in boars.

4. Composite odontomata are composed of varying amounts
of irregularly arranged enamel, dentine and cementum. A single
tumor may contain several teeth fused into one mass. Their
structure varies with the amount of each of the above named
constituents they contain. Thus they may be almost entirely
enamel or contain a very little enamel. They may be solid and
massive or cystic. They are very likely to cause suppuration
and necrosis of the adjacent tissues. This type of odontomes
occurs more frequently in the horse.

Dentigerous cysts are more properly classified as a type of
teratomata and will be discussed with that group of tumors.

NEUROMA,

Neuromata are tamors composed of nerve tissue. They are
exceedingly rare. They occur in connection with ganglionic
cells and most frequently those of the sympathetic ganglia, al-
though they may occur in the brain. They appear as nodular
growths varying from the size of a pin head to that of an apple
They are gray or white in color, rather firm, and usually sur-
rounded by a capsule. Irregularly shaped ganglionic cells inter-
posed with some nerve fibres constitute their minute structure,

These tumors should be differentiated first from the so-called
“amputation neuromata,” which are simply an entangled mass
of regenerated axones and are not tumors ; second from fibromata
that develop from the perineurium or endoneurium of a nerve
trunk.

Neuromata may be multiple but they are benign.

ANGIOMA,

These are vessel tumors that are developed independently of
pre-existing vessels. But it is frequently impossible to deter-
mine whether the mass of vessels is a result of excessive growth
of the pre-existing vessels (hyperplasia) or whether they are
newly-formed vessels,

Possibly angiomata should be discussed under the caption of
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endotheliomata as it has been thought by some that the endothe-
lium is the only neoplastic portion of an angioma.

This group is composed of (1) hemangiomata. (2) lymphan.
giomata.

Hemangiomata arc blood-vessel tumors. In the human they
are found most frequently in the skin and may occur in the skin
in domestic animals, but are not often observed there because
of the pigmentation of the skin. They are found most frequently
in the liver and the spleen of the ox, dog, horse and sheep, An
occasional case is observed in the subcutaneous tissue of the
horse. Hemangiomata may be subdivided into four varieties.

Hemangioma simplex  (Capillary telangiectases, nevus, birth
mark) is a tumor in which there is an excess of capillary vessels
are considerably enlarged or dilated. The vessel wall is usu-
ally altered in structure, the endothelial cells being larger and
the perivascular tissue more dense. These are quite common
in the liver of the ox where they appear as irregular blood spots,
red or purplish in color.

Flg. 14% —Harmangloma Simplex,
A Large capillarles vngorged with bloed. b. [Liver cellm

Cavernous hemangioma {hemangioma cavernosum) is a tumor
composed of spongy tissue similar to erectile tissue. The caver-
nous spaces are filled with blood, thus coloring the tumor red or
bluish-red. These tumors are found most frequently in the liver
and spleen. An ox liver containing cavernous spaces, each as
large as a hen’s egg and containing parietal thrombi, has heen
observed. A lobulated enlargement in the spleen of a dog was
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found to be a cavernocus hemangioma. The spaces in cavernous
hemangiomata are lined by endothelium that is supported by a
very limited amount of white fibrous connective tissue, yellow
elastic tissue being practically absent,

Fip. 150.—Photngraph of sapleen of dog affected with an Hemangloma Carvernuosum,

Hemargioma hypertrophicion is a blood-vessel tumor composed
of masses of relatively small vessels, in which the vessel walls
ate hypertrophied. Qne of these tumors occurring in the subcu-
taneous tissue of the metacarpal region of a horse has been
observed, It appeared as a mass beneath the skin and was
about the size of a hen's egg. Pulsations could be observed and
hy palpation they were quite distinct. The tumor when removed
was a tangled mass of blood-vessels with comparatively small
openings. Microscopically, the vessel walls were found to be
hypertrophied. The vessels were held together hy fibrous con-
nective tissue,

Cirsoid ancurisms are tumors composed of dilated and enlarged
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tortuous arteries. This variety of hemangiomata is not common
in the domestic animals.

Lymphangiomata are tumors composed of newly-formed lym-
phatic vessels. These tumors are not common ; in fact, only one

Flg. 151.—Secticen of Hemanglioma Hrpertrephlewm, showing an Increase In
the number of the vessels and an hypertrophy of their walls

or two cases have been reported by veterinarians. The tumors
may be conveniently divided into capillary and cavernous.

Angiomata are usually benign tumors, although by rupture
they may produce fatal hemorrhage or lymphorrhage.

MYOMA.

Myomata are muscle tumors. They are divided into two
classes: 1. Leiomyomata or the smooth muscle tumors. 2.
Rhabdomyomata or the striated voluntary muscle tumors. My-
omata, found occasionally in the human, are rare in the lower
animals.
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Leiomyomata are found most frequently in those locations in
which involuntary muscle tissue normally exists, as the uterus,
bladder, intestine, etc. They are nodular or diffuse, dense, pale
pink masses appearing very similar to fibromata. Microscopic-
ally they are composed of miscellaneously arranged involuntary
muscle cells. They differ from fibromata in that the muscle cells
are thicker and usually not as long as the fibres of fibromata.
Frequently they are combined with fibromata forming a leiomyo-
fibroma, making the diagnosis more difficult. Leiomyoma cells
may be very similar to the cells of a spindle-celled sarcoma, but

Flg. 152.—Lelomyoma, smatl] intesiine, mule,

the nuclei of the former are long and rod-shaped while those
of the latter are oval in shape, a characteristic usually sufficient
for diagnosis. The cytoplasm of the leiomyoma cells stains
densely with acid stains.

Rhabodomyomata have been found in the kidney, ovary and
testicle. They are probably the result of the development of
misplaced embryonic myoblasts. These tumors are usually pale
in color. In microscopic section the cells are irregularly striated,
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and are variable in shape and arrangement,

benign,
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These tumors are

e

Fle.

15 —Lelomyoma.

A& ESmoolth nuclhous ccll. showing nucleas,

s

ARCOMA.

A sarcoma is a turnor composed of embryonic connective tis-

sue cells.

The cells have no tendency to become mature but

constantly appear as undifferentiated embryonic cells. Sarcomata
are of frequent occurrence in all domestic animals, They have no
predilection for tissue or location, and are variable in size and
shape. They may be circumscribed hut ave more frequently dif-
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tuse. Metastases are frequent in the lungs, liver and kldney
Metastatic sarcomata are usually circumscribed.

Sub-surface sarcomata may produce necrosis of the surface
tissue, the tumor projecting as a red, granular mass, which ap-
pears very similar to exuberant granulation. The surface tissue
may not be destroyed, the tumor appearing as a sub-surface
nodule or diffuse mass. Some sarcomata are encapsulated and
are easily enucleated, but the malignant varieties have no cap-
sule and it is impossible to differentiate the surrounding tissue
from that of the tumor. Sarcomatous tissue may be soft and
spongy or hard and dense, depending upon the extent of the
mtercellular substance and the kind of cells composing it. 1n
color they vary from gray or white to pink and they may be
inottled, depending upon hemorrhage, pigmentation, or necrosts.

the microscopic appearance varies with the different varie-
ties, but in general they are composed of embryonic cells having

Fla. 154 —Photnsraph of a horae affected with Saftoms of the Medlastinum vesolt-

Ing in obmrucied clrculatlon,
(n) Oadaina Inferior thoratic revion. (¢) Bybcutapoous velns.

(] Jux 14r vein sugutked with blood.
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a limited amount of intercellular substance. The cells may be
round, spindle, or myeloid, and the intercellular substance may
he mucoid, fibrous, cartilaginous or osseous. The cells contain
a large centrally located ovoid nucleus, occupying practically
the entire cell body. Mitotic figures are common in rapidly
growing sarcomata. Frequently there are multipolar mitotic
figures indicating the possible division of a cell into three or
more daughter cells. Karyolysis or nuclear fragmentation is
well marked in those cells that are centrally located in the tumor,
that, is, in degenerating centres, and in cells of sarcomata that

Fig. 165 —Fection of tumor, showing mottled appearance, 6 result of Neerstic centres
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are not growing rapidly. The portion of the cell body not occu-
pied by the nucleus is composed of undifferentiated protoplasm.
In appearance the intercellular substance varies according to
its composition, An abundance of capillaries and small blood
vessels are found in sarcomata. These may be normal in struc-
ture or they may be infiltrated with sarcomatous tissue, and,
in some cases, the blood flows through channels formed by sar-
coma cells. Hemorrhage is of frequent occurrence in sarcomata.
The blood vessels have no regularity in their distribution, a
structural peculiarity frequently resulting in degeneration and
necrosis. Lymphatic spaces and vessels are absent in sarcomata,
excepting lympho-sarcomata, unless they are entangled during
the development of the tumor, Nervous tissue has not been
demonstrated as a distinct entity in sarcomata. There are usu-
ally many leucocytes and frequently some plasma cells in sar-
comatous tissue. The plasma cells may produce the intercellular
structures of sarcomata or they may become adult connective
cells and produce fibrous connective tissue.
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Fig. 156.—R d cell Bay

The rapid development and the irregular distribution of blood
vessels predispose sarcomata to destructive processes. Mucoid
degeneration frequently occurs and may result in the complete
destruction of the tumor. Necrosis is also quite common, and
suppurative conditions are not rare. If the normal tissues are
eroded, exposing the tumor tissue, septic infection is common
and sometimes results fatally.

This group of tumors may be classified, according to their



302 VETERINARY PATUOLOGY.

cellular elewments, as (1) round-celled sarcomata, (2) spindie-
celled sarco.rata, and (3) myeloid-celled sarcomata,.

Round-cell sarcoma, This tumor is composed primarily of
round cells (spherical cells) and is rather common. They de-
-velop in any tissue and are, as a rule, the most malignant tu-
mors of this entire group. They are soft, spongy, and usually
quite vascular, and, as a rule, are not encapsulated.

Structurally the cells of this variety approximate the embry-
onic epithelial cells more closely than do those of any of the
other types. According to the size of the cells two classes may
be recognized, viz.: small and large. There is, however, no dis-
tinct line between the two classes. The small, round cells are
about the size of lymphocytes while the large, round cells are
as large and sometimes much larger than mononuclear leuco-
cvtes. The nuclei of this tvpe of sarcoma cells are, relatively,
much larger than the nuclei of lvmphocytes or leucocytes. In
fact, the nucleus nccupies practically the entire cell body., The
intercellular substance is very limited and is usually mucoid or
reticatar.  Blood vessels are usually numerous, and their walls
are frequently formed by sarcomatous cells. MMetastatic growths
are frequently in this tvpe. The cut on page 273 is from a pho-
tograph of the lung of a horse, showing metastatic round-celled

.

Fig. 158 —Photograph of sheep's heart, showing ¢ Iympho sarcoms of the
pericardium.
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Fig. 155.—Section of a Lymphe Sarcoma of a dog's omentum. phowing the
Iymph vepecls and sarcomatous itlseud.

sarcomata. The primary tumor involved the eye-ball and finally
destroyed the soft structures of the entire orbit. In this case
two or three metastatic tumors were observed in the liver also.
The cut on page 299 is a photograph of a thorse in
which there was an extensive sarcomatous formation in the
thoracic cavity involving the mediastinum, pericardium, pleura
and some smaller nodules in the lung. (The lung nodules were,
no doubt, metastatic formations.) Because of their tendency to
form metastases and the rapid peripheral infiltration these tu-
mots usually cause a fatal termination,

Lympho-sarcomata arc a variety of round-celled sarcoma, and
are called lymphomata by some authors. They are quite com-
mon in all domestic animals. These tumors have their origin
in lymphoid tissue and are extended by the lymph. Two cases
have been studied in the ox in which the primary lesion was in
the wall of the abomasum. One case of generalized lymphosar-
comatosis has been ohserved in a chicken. A pericardial lym-

A
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phosarcoma was found in a post-mortem examination of a sheep.
An omental lymphosarcoma in a dog was reported in the Ameri-
can’ Veterinary Review, December, 1905. The color, consistency
and size of lymphosarcomata is ¢uite variable,

Microscopically these tumors are found to be composed of
lymphoid cells, the tumor cells being supported by stellate cells.
Lymph vessels are usually quite numerous and their structure is
similar, if not identical, to that of normal lymph vessels. The
stellate supporting cells and the presence of lymph vessels are
the distinguishing characteristics of lymphosarcomata. There
is no leucocytosis in animals affected with lymphosarcomata,
while in those affected with leukemia leucocvtosis is well marked.

These tumors are malignant. They form metastases through
the lymph and blood channels. They are usually surrounded by
a very thin capsule.

|
|

Fig. 169.—Photograph of & mule affected with a spindle cel] Barcoma of the eyclids
1. Granular denuded tumorous surface. 2. Granular fungoid tumorcus TASS
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Spindle-Cell Sarcoma.—Tumors of this variety are composed
of spindle-shaped cells. They are more firm and dense than the
round-cell sarcomata. These tumors are not rare, occurring
most frequently in connection with the skin.or subcutaneous
tissue. Some of the resistant and incurable cases of fistulous
withers are spindle-celled sarcomata. A collar boil that did not
respond to treatment was found to be a spindle-cell sarcoma.
These tumors are common in the eyelids of horses and mules
and are sometimes quite resistant to surgical interference. The

Fig. 180.—Secction from spindle rell Barcoma of a mule's eyelid.

cells vary from short, thick fusiform cells to elongated fibre-like
cells. Spindle cells are more matured than the cells of round-
cell sarcoma. Round cells have no tendency to become spindle
cells, neither do spindle cells become either round cells or ma-
tured connective tissue cells. The cells in spindle-cell sarcomata
have no defnite arrangement but extend in all directions. In
microscopic section some cells are cut transversely, others ob-
liqguely, and still others longitudinally. Hence we find the
nucleus is centrally located, is usually spherical or oval in shape,
and is not as large in proportion to the size of the cell as that
of the round cells, Some have suggested a classification of this
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group into large and small-celled varieties, The cells are usu-
ally held together by reticular connective tissue. This may be
demonstrated in sections in which the sarcoma cells have been
dissolved out by acetic acid. The density of the tumor depends
upon the relative quantity of protoplasm the cells contain and
the amount of intercellular material. A tumor composed of
short, thick spindles is less dense than one composed of fibre-
like cells. Blood vessels usually have normal vessel walls and
ate not as numerous as they are in round-cell sarcomata.

Fiz. 181 —Myeliid or Glant ceil 3arcoma of the Hamerns.
n. Gtant colle b.  Sarcoma cells

These tumors are usually encapsulated. rarely form metas-
tases and are, in general, not as malignant as the round-cell
variety. They may be mistaken for fibromata, but a careful
study of a microscopic scctinn is usually sufficient for differen-
tiation. Fibromata contain no elements that appear like trans-
verse sections of spindle cells, Leiomyoma may be differen-
tiated by the shape of the nucleus and the selective actinn of
stain as picrofuchsin,

Myeloid-Cell Sarcoma (Giant-Cell Sarcoma).—This is a
variety of sarcoma characterized by the presence of myeloid or
large multinucleated giant cells {myeloplaxes). Surgeons and
pathologists frequently find myeloid sarcomata in man, but they
are rare in domestic animals. They are invariably found in
relation to, or in connection with, bone-marrow, or more rarely
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in relation with periosteum. They frequently contain cartilag-
inous, osseous or calcareous centres.

Microscopically, they are composed of myeloid cells and
round or spindle cells. The myeloid cells are the distinguishing
elements of this variety of sarcoma. The size of the myeloid
cells is variable, frequently being 80 to 100 microns in diameter
and with an irregular outline, varying in shape from a sphere to
an elongated mass. Their protoplasm may be quite granular or
almost clear. They have many nuclei—150 being observed in
one cell. These nuclei have no definite arrangement but occur
miscellaneously throughout the entire cell body. The round and
spindle cells are like those occurring in round and spindle-cell
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Flg. 162.—Photograph of horee's head affected with mixed cell Sarcomm

sarcoma. There may be an excess of one or the other or they
may be equal in number. The intercellular substance varies
from mucoid to calcareous in nature. There is usually an exces-
sive blood supply, the blood vessel walls being usually normal
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in structure. Degeneration as well as necrosis and calcification
are of frequent occurrence in myeloid sarcomata.

These tumors may not be completely encapsulated, though
there is always a tendency for them to be circumscribed. They
are the least malignant of all sarcomata. They rarely form me-
tastases.

Mixed-Cell Sarcoma.—This is a variety of sarcoma charac-
terized by the presence of variously shaped cells, as round, spin-
dle and even stellate cells. This variety is not as common as
either the round-cell or spindle-cell varieties. They have been
observed in the horse, hog and ox, but they doubtless occur in
all domestic animals. They affect bone, glandular tissue, and
meninges of the brain, in fact, no tissue is exempt. An inter-
esting .case of mixed-cell sarcoma of the inferior maxilla of a
horse was described in the December Veterinary Review, 1905,
The tumors frequently degenerate and become necrotic. Mi-
croscopically they are composed of round cells and spindle
cells that are identical in structure with those described in the
discussion of round-cell and spindle-cell sarcomata. Stellate
cells may be present, and are very similar in structure to mucoid
connective tissue cells. The cellular elements are supported by
reticular tissue or by fibrous connective tissue. The number of
blood vessels is variable. There is an excess of vessels in those

Fig. 163, —Photograph of Maxllls of horse shown in Fig. 162. showing 3 bony points;
the remainder of the maxilla belng completely destroyed by the sarcomatous thesue,
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made up principally of round cells and in those that have a lim-
ited amount of intercellular substance. The vessel walls may
be normal or they may be composed of sarcomatous tissue. De-
generate or necrotic changes in the tissue necessarily alter the
microscopic appearance.

Fig. 1§4.—Bection of 8 mixed cell Sarcomm of the Inferlor maxiila of a horae,

These tumors are usually diffuse; that is, they are not encap-
sulated, They form metastases, and hence are malignant.

Alveolar Sarcoma.—This is a sarcoma characterized by the
arrangement of the sarcoma cells into groups or nests, and is
occasionally found on domestic animals, especially in the ox and
hog. The reproductive glands, ovary and testicle, are the strue-
tures most frequently invaded by them. They may become
quite large. An alveolar sarcoma obtained from the ovary of a
heifer weighed 15 kilograms (33 1bs.) and was about 20 cm. (8
in.) in diameter.

Microscopically the cells are usually round, although they
way be spindle-shaped. The stroma of the tumor is made up of
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two portions. One portion is usually composed of spindle cells
which are connected into dense bands extending in various direc-
tions and forming alveoli; hence the name alveolar. The other
portion of the stroma is intercellular and corresponds to that of
the round-cell sarcoma. The arrangement of the cells into nests
is suggestive of a carcinoma, but the differentiation is not diffi-
cult and depends upon; first, the presence of intercellular sub-
stance between the cells which is present in sarcomata but is
absent in carcinomata; second, sarcomatous cells are embryonic
connective tissue cells and hence contain nuclei relatively large
in proportion to the size of the cell, while carcinomatous cells are
embryonic epithelial cells and contain nuclei relatively small in
proportion to the size of the cell.
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Flg. 165.—Section of Alveolar ¥arcoma fram ovary of helfvr showing alveoll flled
with sarcomatous cells

These tumors grow slowly. They are uswvally encapsulated
and have no tendency to form metastases, They are very mildly
malignant.

Enthothelioma is a tumor composed of endothelium., This is
a tumor that is not specifically a sarcoma, but mzy be so classed.
Endothelium has the same origin as connective tissue, i. e.. the
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mesoderm. Embryonic endothelial cells are structurally iden-
tical with embryonic connective tissue cells, These tumors are
not very common in domestic animals. An endothelioma was
observed in the lung of a dog, another in the testicle of a bull.
These tumors may have their origin from the endothelium lining
blood or lymph channels, peritoneum, pleura, pericardium, arach-
noid membrane, any organs developed from mesothelium, or
deflections from any of them. They are variable in shape, size,
color and consistency. :

Microscopically they are composed of cells that most fre-

Fig. 166.—Sectlon of Epdothelioma from a bull's testicle, Note the bands of
conncetive tissue and arrangement of celle

quently resemble sarcoma cells, although they may approximate
the structure of carcinoma cells, The cells may be arranged
in tubules, transverse or oblique sections appearing as sections
of gland tubules or acini. If arranged in columns transverse or
oblique sections appear as cell nests. The cells are usually
cubical or spherical in shape, although they may be spindle or
even squamous, The stroma varies according to the tissue in-
vaded and may be dense fibrous or mucoid. Blood vessels are
usnally quite numerous, and if the endothelium is derived from
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the endothelium of a vessel, the vessel may be very irregular i
calibre and structure. 1f the cells occur in columns or nests i
will be necessary to differentiate them from carcinomata. Thi
differentiation involves the comparison of cells derived fror
mesoderm and those derived from centoderm or ectoderm. Th
only essential difference, and that is not constant, is the size ¢
the nucleus. The differentiation may also be governed to som
extent by the distribution of the blood vessels. If the cclls occu
in tubules, their differentiation from the adenoma will be neces
sary. Adenomata may be differentiated by obscrving the same
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Flg. 187.—From drawisg of a Nodule of a Medlastine] endothelloma.
1. Column of endoihelial celis. 2. Diftuse mass of cndothellal cellm,

factors that are used in differentiating endotheliomata from car-
cinomata. Alveolar sarcomata are very difficult to differentiate
from endotheliomata, in fact it is sometimes impossible.

These tumors are not encapsulated and usually form meta-
stases. They usually occur in internal organs and hence surgical
relief is impossible, Fatal termination is the usual outcome.

Fibrosarcoma.—This is a tumor composed of both adult and
embryonic connective tissue. They are quite common, espe-
cially in the eyelids and in labial commissures of horses and
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mules, Several cases of dense tissue growths in the withers
of horses have been observed. These animals when presented ap-
peared to be affected with chronic inflammation of the subcutan-
eous tissue or deeper structures. Most of the above cases were
clinically diagnosed as fistulous withers and an operation recom-
mended. The operation usually consisted of dissecting away
the dense masses of tissue. The cages were ysually returned in

Flg. 188.—A s0 called gempe smrcomas from uterus of a cow.
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from four to six weeks after the operation with growths larger
than those present before the operation. The operation was
usually repeated two or three times with the same results.

On microscopic examination these growths were found to be
fibrosarcomata, being composed principally of fibrous connective

Fig. 169.—Photograph showing Meiamotle tumor superior to anue

tissue in which there were some spindle cells and occasionally a
few round cells. The presence of both fibrous and sarcomatous
tissue is the principal characteristic of these tumors. The num-
ber, size and distribution of blood vessels are very irregular.
These tumors are not distinctly encapsulated, but they do not
form metastases. They are prone to recur after ablation. They
may destroy life after a considerable time, as their growth is.
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relatively slow. Operation usually stimulates them to grow
more rapidly.

Melanosarcoma.—A melanosarcoma is any variety of sarcoma
in which melanin is deposited in the tumor cells. These tumors
are quite prevalent. Gray horses seem to have a special predis-
position to them, but they are also found tn bay and black horses,
black or red cattle, black hogs, and, in fact, all varieties of do-

Fig. 170.—Melane Barcoma of hog skin

mestic animals regardless of color. On microscopic examination,
melanin is found deposited in the tumor cells. The melanin may
be in masses or granular and occasionally it may be found out-
side of the cells. Excepting the deposit of melanin, these tumors
have the same microscopical appearance as the round or spindle-
cell sarcomata described before.
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Melanotic sarcomata are frequently malignant. In an autopsy
of a gray mare metastases of melanosarcomata were found in the
liver, lung, spleen and kidney, the primary growth being located
in the subcutaneocus tissue on the right superior portion of the
anus. Another case was observed in which there was general-
ized melanosarcomatosis in a short-horn cow.

Myxosarcoma.—This is a tumor composed of myxomatous
and sarcomatous tissue. The existence of this group of tumors

Fig. 171.—Sectlon of Melano Sarcomm of a horse's lver, showing the
deposlt of melanln In 1the tumor celle

is doubted by some pathologists because sarcomata are prone to
underge mucoid degeneration, and, because if the mucoid degen-
eration is of limited extent and generalized throughout the en-
tire tumor, differentiation would be practically impossible. If
the mucoid degeneration affects localized areas the differentia-
tion is not difficult. One myxosarcoma has been studied. It in-
volved the right lobe of the liver of a cow but was not the cause
of death. The tumor, about the size of a goose egg, was encap-
sulated, soft and pale pink in color.

Microscopically it was composed of stellate cells, the pro-
cesses of which were apparently united, thus forming alveoli.
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There were also round cells, some areas being composed almost
entirely of round cells and others of stellate cells. The round
cells were like the round cells found in sarcomata, The alveoli
formed by the stellate cells were filled with a stringy mucus ma-
terial. A few blood vessels were observed but they were not as
numerous as in pure sarcomata.

These tumors may be malignant. When they occur upon or
near available surfaces they usually become necrotic, slough and
produce no further trouble.

Flg. 1iz2.—Eection of a Myxo-Sarcoma, from a cow'a liver, showing:
i. Spaces formed by the unlon of the processes of the sieliate celis
2. Sarcoma cells.

Chondrosarcoma and tumors composed of chondromatous and
sarcomatous tissues are not common. They usually occur in
the location most favorable for chondromata. A chicken affected
with a chondrosarcoma of the sternum was obtained at a butch-
er's stall at the city market in Kansas City recently.

Microscopically, these tumors are found to be composed of a
mixture of chondromatous and sarcomatous tissues in varying
proportions. Sometimes the chondromatous tissue is apparently
stroma for the sarcoma tissue proper. In other cases the stroma
is apparently formed of sarcomatous tissue and the chondro-
matous tissue is the essential portion of the tumor,
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These tumors may grow to an enormous size. They are not
as malignant as pure sarcomata and metastatic tumors are rare.
They should be differentiated from chondrofying sarcomata and
from sarcomata involving cartilage.

Osteosarcoma.—This variety of tumors is composed of
osseous and sarcomatous tissues. They are rather common,
occurring in the horse, dog and ox.

Microscopically, osteomatous and sarcomatous tissues are
arranged in various proportions and in various relations, but
the combining tissue in any case must be new growth tissue.
Ossifying sarcomata are not osteosarcomata, neither are sarco-
mata of osseous tissue osteosarcomata,

These tumors are usually malignant, but they do not form
metastases.

Hemangiosarcoma,—These tumors are composed of heman-
giomatous and sarcomatous tissues, They are relatively com-
mon, occurring in the location common for haemangiomata and
may affect any of the domestic animals. These tumors are essen-
tially very vascular and are highly colored.

In microscopic examination variations are observed in differ-
ent hemangiosarcomata. The sarcomatous tissue in some cases
appear to have had its origin from the tunica adventitia of the
vessel wall; in other cases the sarcomatous tissie appears to
have had its origin independent of the vessels, Again, the ves-
sels may act as the supporting stroma for the sarcomatous tissue.
The vessels may be capillary or cavernous, sinusoid or plexiform.
The vessel wall may be practically normal, but more frequently
it is either hypertrophied, as a result of increased number of
the cellular elements or increase in the size of the cells, or it
may be thin, scale-like and atrophied. Sometimes the endothe-
lial cells lining the vessels are cubic or columnar in shape, thus
diminishing the lumen of the vessel. The sarcomatous cells may
be either spindle-shaped or round.

These tumors are quite malignant, and they usually grow
rapidly, The metastatic tumors are most frequently pure sarco-
mata.

PAPILLOMA.
(Warts.)

Papillomata are fibro-epithelial tumors, These are perhaps
the most common of all tumors. They occur upon the surface of
the skin, and upon mucous, serous, and synovial membranes..
They are very common upon the skin of calves, especially around
the eyes, ears and poll. They occur most frequently on the lips,
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buccal mucous membrane, and arms of dogs. The skin of the
legs and lips are the common locations in the horse. The lumen
of the oesophagus of the ox may be almost occluded by the pres-
sence of masses of papillomata. In a horse used for dissecting
the cardio-pyloric junction was found to be a mass of these
tumors. T'he mucous membrane of the bladder of the ox, sheep

Fig. 173.—From photograph showing Paplllomatosls of mucous membrane
of lips of & horse.

and hog is sometimes studded with papillomata. These tumors
have also been observed upon the combs and wattles of fowls.
They sometimes occur in horses’ feet but are usually necrotic
and do not have the appearance of papillomata.

These tumors may be hard, i. e., covered over by stratified
squamous epithelium that has become cornified. This variety is
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invariably found upon the skin and constitutes the growths ordi-
narily known as warts. They may also be soft, and are then
found upon mucous, serous or synovial membranes, in which
case the covering epithelium is not cornified. Hard papillomata
or warts may appear as tabulated masses, as fungoid growths or
as a mass of villi. Any of the above forms may have a smooth
surface or be fissured with a very irregular surface. They vary
in size from a millet seed to an apple. They may be single but
are more frequently multiple.

Microscopically, they are composed of adult epithelium and
of fibrous connective tissue in varying proportions. They sug-
gest the structure of cutaneous papillae. In fact, they have been
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Fig. 174.—8ection of Papllloma from O(espophagns of cow, showing
banda of stroma covered by eplthellum,

described as hypertrophied papillae. The fibrous tissue is the
supporting structure or framework of the tumor and contains
the blood vessels and nerves when they are present. The epi-
thelium is the covering mantle of the fibrous tissue. In the hard
papillomata the epithelium is stratified and the surface cells are
cornified. Tn soft papillomata the epithelium may be single or
stratified but the surface cells are not cornified. The proportion
of fibrous tissue and epithelium in papillomata may be the same
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as in normal papillae or the fibrous tissue or the epithelial tissue
may be in excess. Hence some papillomata are apparently sub-
epithelial fibromata and others are masses of epithelial cells
upon a very limited fibrous matrix. Papillomata have the
same relation to underlying structures that normal papiliae
have. The stroma of the papillomata has a definite connection
with the dermis in cutaneous papillomata and the epithelium
apparently originates from the lower layers of the epidermis.
Transverse sections appear as areas of stroma surrounded by
epithelial cells, while epitheliomata are composed of columns of
cells surrounded by a stroma.

These tumors are essentially benign. They may result fatally
Lbecause of mechanical interference, as in the occlusion of the
vesophagus or the urcthra. They may undergo necrosis, thus
providing an entrance for infection and result in fatal septicemia.
Papillomata do not form metastases, but they are irequently
multiple. Cases have been recorded where the condition papil-
lomatosis has been transmitted from one animal to another. By
constant irritation some epithelial cells may hecome enlarged in
the subsurface, thus providing a centre from which an epithe-
lioma may develop. They respond to medicinal treatment and
surgical interference.

EMBRYONIC EPITHELIAL TUMORS.

This is a group of tumors composed of embryonic epithelial
cells, and for description may be divided into three varicties,—
(1) carcinoma, (2) epithelioma, and (3) adenoma.

Carcinoma is an epithelial tumor characterized by the group-
ing of cells into nests or alveoli. They are of rather common
occurrence but not as common as sarcomata. Horses and mules,
cattle, sheep, hogs and dogs have been observed affected with
carcinomata. These tumors have no selective action for any
tissue, They have been found affecting mucous membranes,
glandular structures, invading muscles and even in bone. They
are usually diffuse, although they may be limited by a membrane
resulting from reaction of the surrounding tissue. They are
usually soft (encephaloid), but they may be quite hard (scir-
rhous), depending upon the amount of stroma or fbrous tissue
contained. The color of a cut section of a carcinoma is usually
gray, dirtv-white or pale pink. They may be mottled because of
degenerating or necrotic centers or hemorrhage. Lobules may
be abserved, especially in those carcinomata formed by the cel-
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lular infiltration into dense areolar tissue. Small blood vessels
may be present, but the blood supply is usually very limited and
the vessels occur only in the stroma.

Microscopically, these tumors are found to consist of embry-
onic epithelial cells arranged in nests, the cells having no inter-
cellular substance between them. The cells are variable in size
and in shape, they may be squamous, spherical or columnar. The
nucleus is usually much smaller in proportion to the size of the
cell than the nucleus of sarcoma cells, The stroma is usually
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Fig. 175 —Section of Maxiliary Cercinoma of a horse. showlpng the nes
of cplthellal cells surrounded by a stroma.

appropriated from the pre-existing tissue and therefore is vari-
able in quantity and structure. In some cases sarcomatous tissue
constitutes the stroma. The stroma forms alveoli in which the
carcinoma cells occur, In fact, the alveoli are, in many instances,
simply ditated lymphatic spaces which have been invaded by
carcinoma cells. Lymph is usually quite abundant and bathes
the nests of the carcinoma cells in the alveoli. Because of the
freedom of anastomosis of lymph spaces and the constant flow of
tymph, carcinoma cells are easilv and rapidly diffused. Karvo-
kinetic figures are of common occurrence in rapidly growing
carcinomata. There is usually an inflammatory reaction accom-
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panied by a leucocytic infiltration in the adjacent tissue. In rap-
idly growing carcinomata the cells frequently completely ob-
struct the flow of lymph through the alveoli, resulting in degen-
eration or necrosis. Mucoid degeneration is perhaps the most
frequent variety, thus producing a mucous mass.

Clinically, these tumors are malign, They are not circum-
scribed, hence their extirpation is practically impossible. In fact,
surgical interference usually stimulates them to more rapid de-
velopment, and, in addition, opens an avenue for infection. They

Fib. L76.—Scetion of an Eplthelloma of the hock of a hors : was the Boquel
of an injury. Note the Ingrowth of the eotumne of <plthelial cells.

form metastases. The metastatic tumors usually occur in the
first Iymiphatic gland that the lymph passes through from the
area affected with the carcinoma. Then by metastasis they will
be extended on to the next group of glands and finally reach the
blood stream and form carcinomatous emboli in the lungs,
liver, etc.

These tumors should he differentiated from alveolar sarco-
mata, endotheliomata and papillomata. The sarcoma has a much
larger nucleus in proportion to the size of the cell and the cells
are usually smaller than carcinoma cells. In a cross-section of 2
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papilla from a papilloma the cells will be found arranged around
the stroma instead of in nests as in carcinoma,

Carcinomata are sometimes associated with other tumors as
fibromata and chondromata, but they are more frequently in
combination with sarcomata, in which the sarcomatous tissue
forms the stroma of the carcinoma, The sarcoma cells are usually
of the spindle-celled variety.

Epithelioma.—This type is the result of an ingrowth of epi-
thelium into the underlying structures and has been classed by
some as a sub-variety of carcinomata. In this variety of tumors

Flg 17i.—Fpitkellima from c¥c of an ox.

there is considerable evidence that they are secondary to
surface injuries. A horse with a large fungoid growth beneath
the left eye was sent to a Kansas City veterinarian for treatment.
The history of the case brought out the fact that the tumor was
the sequel of a wire cut. Two similar cases of epitheliomata oc-
curred in the eye of two cows after severe attacks of keratitis.
Epitheliomata are not rare and may affect any of the domestic
animals. They always occur primarily in relation to epithelial
surfaces. The surface is usually denuded and there is usually
an acrid, fetid discharge. They may appear as elevated nodular
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masses or as ulcerated surfaces and are rarely emcapsulated.
Their consistency varies with the amount of connective tissue
stroma present. Their color is usually white or gray, although it
may be quite variable as a result of degeneration or necrosis.
The quantity of blood depends upon the vascularity of the tissue
invaded.

Microscopic sections of epitheliomata are usually very similar
to carcinomatous sections, indeed, it is sometimes impossible to
differentiate them from carcinomata. In the beginning of the
tumor formation, if sections are made perpendicular to the sur-

Fig. 178.—8ectlon of & pear] cell Epitholloms of the Bubcutum of a 14-year-old
dog, showing pearl cella and columns of eplihetlal cella

face, the ingrowing epithelium will be observed as columns of
cells. These cell columns extend into the areolar lymph spaces
and are then distributed the same as in carcinomata, the pre-
existing tissue stroma becoming the stroma of the tumor. The
presence of the epithelial cells or their katabolic products some-
times produces a chronic inflammation of the stroma. The pres-
sure produced from the thickened stroma upon the columns of
epithelial cells may result in the formation of “pearls.” Epithe-
liomata containing the “pearls” are designated pearl-cell epithe-
liomata,
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Clinically these tumors are not as malignant as carcinomata
proper, and they have less tendency to form metastases. They
are frequently completely destroyed by surgical interference.

Adenoma.—This is a glandular tumor. While it is similar
to a gland it is functionless or has a perverted function. Though
occurring more frequently in glands, as the kidney, mammae, mu-
cous or sebaceous glands, testicle, liver, etc., they may occur in
any tissue. Swine and dogs are most frequently affected with
them. They are usually circumscribed, rather firm, nodular,
white or grayish-white masses, varying in size from a pea to a

Fig, 179 —Photggraph showing Mampary Adesoms of & blich

man's head. In section the gross specimen usually appears lobu-
lated, and, if the tumor is large, there are usunally necrotic centres
here and there through it. The blood supply is limited, the ves-
sels usually being obstructed by the pressure of the new-formed
adenomatous tissue.

In microscopic sections glandular cells are found in various
arrangements as tubules, acini, etc. The mimicry, however, is -
not complete, and there is usually little difficulty in differentiat-
ing adenomata from normal gland tissue. The cells vary in
shape from short cubical to tall columnar. They are usually
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arranged in a single layer, although the tubules or acini may be
entirely filled with cells arranged layer upon layer. The type
of cells adheres to the description given in discussing carcinoma.
The stroma is usvally composed of fibrous connective tissue
and is variable in amount. Blood vessels are found within the
stroma. The cells lining the acini may be active and the secre-
tion is frequently retained, thus resulting in a cyst-adenoma.
The accumulated secretion may cause degeneration of the stroma,
and the acini rupturing one into another produce a large cyst.

by
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Fig. 150.—Sectlon of an Adenpomw from ithe frontel sinus of o mule, showing
the arrangement of tumor lissue into aclni and tubules,

Clinically these tumors, as a class, are malignant, but do not
produce fatal results as rapidly as carcinomata. Many individ-
ual adenomata are henign, A horse’s tail was recently ampu-
tated that for three years had been affected with an adenoma of
the sebaceous glands. A bitch affected with an adenoma of the
mammary gland has been under observation for two years and
is normal except for the presence of the tumor. These tumors
rarely recur when removed. From experience it has been found
that mammary adenomata of the bitch usually result fatally im-
m~diately after operation. (The operation appears to produce
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sufficient shock to destroy life.) Adenomata are extended by
means of the lymph. Various combinations of adenomata are
common.

Adeno-Sarcoma.—This is a tumor composed of adenomatous
and sarcomatous tissue. These tumors are seldom observed dur-
ing life because they cccur in the kidney, and it is not an easy
matter to palpate the kidney in the domestic animal unless there
is extreme emaciation. They usually affect only one kidney.
They occur in young animals and are most common in the hog
although one has been observed in a horse. These tumors grow
rapidly and may hecome very large. [lay reported one that
weighed 27.2 kilograms (60 1bs.) found in the kidney of a hog.

Renal adenosarcomata usually have their origin near the kid-
ney pelvis, The renal tissue is gradually displaced by the tumor,
and in some instances the kidney tissue is entirely destroved as
a result of pressure atrophy. The tumors are usually confined to
the kidney, but they form metastases, in the lung (through the
blood, or in the sublumbar lvymph nodes (through the lymph.)

In gross appearance, these tumors are irregular in outline.
They are usually surrounded by a thin fibrous capsule from
which fibrous bands project into the tumor dividing it into
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Fig 191 —Scetlon of an Adenn-Barroma of the kidney of a hog, showlng the
sarcomalous tiasue between the acinl and tubules
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irregular iobes. These tumors are usually mottled, though they
may be uniform and of a white or light gray color.
Microscopically, adenosarcomata are composed of epithelium
and connective tissue. The amount and arrangement of the two
types of tissue are variable. Some areas may be entirely epi-
thelium (adenomatous) and other areas connective tissue (sarca-
matons).  The epithelium is arranged as grandular tissue,
the tubes and acini of which are irregular in shape and size
and may contain disintegrating, epithelial cells or their products.
The epithelium is usually arranged in a single layer in the tubes
and acini though they may be grouped in some instances and

Flg. 1k —=eetion of a Cystadenoma of the mammary gland of a aheep, showing:
1. <oagulated c¢yvatle contenta surrounded by an atrophied acinous wall

thus appear simlar to carcinomatous nests of cells. The epithe-
lial cells are small and usnally contain finely granular chromatin.
The connective tissue cells are usually fusiform although they
may be nearly spherical in shape. They contain relatively large
nuclei in which granules may be observed.

Cystadenoma is also common, especially in those adenomata
that produce secretion. They are found in the adenomata of the
mammary and sebaceous glands. _

Hypernephroma are tumors which may be classed either with
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sarcomata or carcinomata and is composed of tissue similar to ad-
renal tissue. They occur most frequently in the kidney, ovary,
or adrenal body itself. Hypernephromata are rarely diagnosed
as such in living domestic animals. They are variable in size, fre-
quently weighing as much as five kilograms (11 1bs.}) Usually
gray in color and invariably containing hemorrhagic areas they
thus appear mottled. There is usually an encapsulating mem-
brane present. Blood-vessels are numerous, especially in the
stroma. Degeneration and necrosis is of common occurrence.

X250
Fig. 183.—~Hypeérnephroms of the kidney of an ox, showing larger 1¥pleal hyperne-
phromatous cella containing fat droplews.

Microscopically, these tumors are jound to be made up of
large cells similar to epithelial cells and usually containing fat
droplets. These cells are arranged in rows or columns, the
columns being separated from each other by a small amount of
stroma. The columns of cells may be quite variable in their
diameter, appearing at times as long, slender columns and again
as rather long nests of cells. The stroma is composed of fibrous
connective tissue and contains many blood-vessels.

Clinically, these tumors are very malignant, and, although
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they are encapsulated, they form metastases through the blood.
They usually result fatally in the human, even after operation,
probably because of the liberation of considerable of the adrena-
lin substance which increases blood pressure to such an extent
that heart failure supervenes.

PLACENTOMA.
(Syncytioma.)

A placentoma is a tumor composed of tissue similar o the
chorionic villi.

These tumors have been described under a variety of names
as syncytioma malignum, deciduoma malignum, chorio-epithel-
ioma, epithelioma seritonale, chorio-carcinoma. Only recemily
have placentomata been recognized as distinct tumors.

A placentoma is essentially a tumor of the uterus. They arc
not common in domestic animals but this may be because of fail-
ure to recognize them. The uterus or fallopian tube is their
most frequent location. They occur more frequently after spur-
ious or mole-pregnancy and usuwally appear a short time after
parturition. Abortion is a predisposing cause. The primary
tumor almost invariably occurs in the uterus though a few cases
have been reported in women in which the primary tumor was
in the kidney. They are very malignant.

These tumors appear as soft, spongy, villous, bleeding masses
and are variable in size. They have the general appearance of
placenta or foetal membranes in both the primary and the metas-
tatic tumors. They begin to develop at the cotyledons or zone
of placental attachment and rapidly extend into the uterine mus-
cular tissue and invade blood vessels, thus metastases occur
in a short time after the tumor appears. Because of their struct-
ure (embryonic cells and rich vascular supply) they grow rap-
idly.

The presence of a placentoma is indicated by uterine hem-
orrhage occurring a few davs after normal parturition or abor-
tion. The uterus is enlarged and the affected individual rapidly
becomes anemic and emaciated. The uterine discharge usually
contains shreds of the tumor and the cavity of the uterus is
occupied with a soft bleeding mass.

Microscopically, these tumors are composed of a protoplasmic
ground-substance, which is arranged in an irregular network
forming alveoli. The protoplasmic mass is usually continuous,
there being no evidence of cell partitions, and it contains many
nuclei thus forming a syncytium. Within the alveoli of the pro-
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toplasmic mass occur many small variously shaped celts, Rlood
cavities and canals are abundant and hemorrhagic areas are not
uncommon.

TERATOMA,

These tumors are composed of the different kinds of tissues that
approximate the structure and arrangement of normal tissue so
closely that it is difficult to differentiate them macrosopically or
microscopically from normal tissues and organs. Teratomata
are so closely related pathologically to malformation, that in
some cases it is impossible to determine which condition exists.
Structurally they are found to be composed of either embrvonic
or adult tissues. Cutaneous structures are the most frequent tis-
sues observed in this class of tumors, although tissues of bone,
muscle, intestine, rudimentary eyes, brain, etc., have been found
in them as well as sarcomatous and carcinomatous tissue,

Fig. 18¢.=Dermold Cyul from the withers of a horse.

These tumors are quite variable in size, shape and color. In
consistency, they vary from a viscid mass to dentine and enamel.
They are usually single, grow slowly and rarely form metasta-
ses, although a few have been observed that grew rapidly, metas-
tasized and recurred when removed. They frequently undergo
degeneration tending to cystic formation. Clinically, teratomata
are henign, only rarely terminating fatally.

Etiologically, they are as mysterious as the other types of
tumors. They may have their origin from tissue inclusions.
Some teratomata may succeed imperfect tissue union. The the-
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ory of parthenogenesis may be applicable in the explanation of
some of them, but the specific cause or causes of teratomata has
not yet been determined.

Teratomata are of frequent occurrence in all domestic ani-
mals but are more prevalent in equines, They are found in any
tissue and in all parts of the body although they are more fre-
quent in the skin, ovaries, testicles, kidneys and parotid glands.

Fig. 186.—Dertoold Cyest from eye of B wleer, showlng tuft of halr
growing upon <ornca.
Because of the heterogenous structure of teratomata they are
difficult.to classify.

Dermoid cysts are teratomata composed primarily of skin
and its appendages (hair, sebaceous glands, horn, teeth, etc.)
They may be solid, but are more frequently cystic. In size they
vary from a pea to a basket ball. There is usually surrounding
them a dense capsule from which a villous mass may be ob-
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served projecting into the cyst cavity. Extending from the vill-
ous projection are tufts of hair or teeth. The villus is, in struct-
ure, very similar to skin. In some teratomata hair and teeth are
produced directly from the inner portion of the cyst wall. Cys-
tic dermoids usually contain hair and a pultaceous material de-
rived from the sebaceous glands or they contain teeth and a vis-
cid fluid. Dermoid cysts without any capsule are occasionally
observed. The accompanying cut illustrates hair extending
from the anterior surface of the eye. Those found in the ovaries
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Flg. 138.—Dentigerous Cyst on ieft Inferior maxillary of 3 years oid colt
contalning 431 tecth, Removed Dec, 11, 1805,
by H. M. Stevenson, Perry, Iowa

nsually contain elements of all three germ layers. Thase of the
testicles may contain vestiges of all the germ layers, but are
usually cystadenomatous or cystocarcinomatous in type although
they may contain cartilage, teeth, osseous tissue, etc. Solid der-
moid cysts are a heterologous mass, of embryonic or adult tissue.

Dentigerous cyst is the name applied to those dermoid cysts
containing teeth. These are the most important to the veterin-
arian because they are of the most frequent occurrence. They
are invariably encapsulated and may or may not contain a villus
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projection. The teeth vary from an irregular conglomerated mass
of dental tissue to those perfect in form and structure. The con-
stant production and accumulation of the containing viscid fluid
results in enlargement of the cyst and frequently rupture of the
capsule and the production of a fistula. The most frequent lo-
cation of dentigerous cysts is near the base of the ear in the
region of the parotid gland although they may occur in any
other place especially in the ovary and testicle. They are most
common in horses.

Cholesteatoma is a teratoma composed of pearl like masses
of epithelium in which there is more or less cholesterin. They
are not comymon but have been observed in the brain, (choroid
plexus and tuber cinereum) and wurinary organs. ‘There
was recently obtained from near the kidney of an ox, a mass of
substance of a waxy consistency, that gave the typical reaction of
cholesterin and was probably a cholesteatoma.

CYSTS.,

DEFINITION.
ETIOLOGY.
Retained secretion.
Obstrucled outflow,
Excessive production in ductless glands.
Retention of hemorrhagic exiravasate,
Colliquation necrosis.
False bursae.
Parasiles,
STRUCTURE.
VARIETIES,
Reteniion; Atheroma.
Exudation; Hygroma, Shoe bail, Capped hock, Meningocele,
Extravosation; Hemalocele, Hematoma,
Degeneration; Colliquation necrosis, Hydatiform
Purasitic; E chinoccosis, Measley pork,
Dermoid; Cutaneous, Dentigerous
SECONDARY CHANGES.
EFFECTS.

A cyst is a bladder like growth surrounded by a capsule
and containing a liguid, semiliquid or gelatinous material. Cysts
are not true tumors. However, a tumor may become cvstic,
{Cystoma,) and the capsule surrounding a cyst may proliferate
and become a true tumor. Collections of inflammatory and oede-
matous fluids, are not usually considered as cysts. Cysts may
be single or multiple. The latter are designated multilocular
Cysts,

Cause.—-Cyvs's may be caused by, 1. obstruction of gland ducts,
thus fave=in~ pecrimulation »nd retention of a normal secretion



336 VETERINARY PATHOLOGY.

or excretion, €. g., renal cysts; 2. By excessive secretion into duct-
less structures, e. g., distension of bursae; 3. By extravasation
into the tunica vaginalis sac, e. g., hematocele; 4. Liquefying
necrosis, e. g., formulation of cysts in the cerebrum of horses
affected with “blind staggers.” 3. Parasites, e. g., Cysticercus
cellulosae.

Structure.—The cystic wall varies according to the age of
the cyst. In the beginning it may represent the original gland
structure or a condensation of the normal tissue of the part.
Later the cystic walls may be lined with epithelium or endothel-
ium, which actively secretes as long as the cyst grows, The cys-
tic capsule may be composed entirely of fibrous connective tissue.
In some instances the primary capsule is fibrous and later an
endothelial lining develops. The cyvst wall or capsule may be

Mg 187 —Retentlon Cyst n cervical reglon of dog,
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firmly adherent to the adjacent tissue or it may be loosely at-
tached.

The cystic content varies according to the nature of the cyst.
Urine, milk, saliva, mucus, semen, liquor folliculi and other secre-
tions and excretions are represented in cystic contents, Blood
i, e., hemorrhagic extravasates and various tissues that have
undergone colliquation necrosis may represent the contents of
cysts. The various secretions, excretions, extravasates, exudates
and necrotic tissue usually undergo some modification when re-
tained within a cyst.

Varietiea—Rctention cysts, those resulting from the accumu-
lation and retention of normal secretions, e. g.,, ovarian cysts,
renal cysts, mammary cysts, testicular cysts, ranulae, mucus
cysts, sebaceous cysts (Atheromata).

Fig. 138 —Uterine Cyeb the capmule of which had become osscous,

Exudation ¢vsts, those resulting from excessive secretion into
ductless glands or cavities, e.g., hygroma, capped hock, meningo-
cele,

Extravasation cysts, those resulting from hemorrhage into tis-
sues or closed body cavities, e. g., hematocele, hematoma.,

Degeneration cysts. those resulting from liquefaction of mne-
crotic tissue ,e, g. colliquation cerebral cysts.

Parasitic ¢vsts, those resulting from the development of para-
sites in the tissue, e, g.. cysticercus cellulosae, cysticercus bovis,
cysticercus echinococcus, ete,
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Dermoid cysts, those resulting from inclusion of cuotaneous
tissue, These have been discussed under the head of teratomata.

Secondary Changes.—The cystic wall may become the seat of
inflammatory disturbances, neoplastic formation or necrosis. In
some instances cysts are destroyed because of the disintegration
of their capsule, by disease.

The cystic contents may undergo degeneration, become in-
spissated or calcified.

Effects,.—The effects of cyst formation depend upon the
tissue involved and the size and nature of the cyst. 'The cysts
frequently become so large that the entire organ is destroyed,
e. g, ovarian and renal cysts. In some cases the cysts may
destroy life, especially if a vital organ, e. g., the brain is in-
volved. Cysts may persist for vears and be of no serious con-
sequence, on the other hand thev may seriously inconvenience
the functional activity of the part “invoived and impair the health
of the animal from the beginning.



CHAPTER XI.

FEVER
(Pyrexia).

DEFINITION. .
ETIOLOGY —Toxins; plomains; kalabolic tisswe products; drugs.
PERIODS OR STAGES {Cowurse),
Onsel (Stadivm [ncrenenti).
Acme (Stadium Fastigium).
Decling (Stadium Decrementi),
Convalescence.
VARIETIES, according lo
Conrse,
Reguiar,
Irregulor,
Duration and lemperature vorialion.
Ephemeral,
Continuons.
Remitlent,
Intermitient.
Severily,
Sthesie.
Asihenic,
SYMPTOMS. .
Chill, diminished secretious, increased hourt aclion and respirction,
nerpousness and restlessiess.
LESIONS.
Par;ndryma!om degeneration, hemolysis, hyaline degeneration, loss
of fai.

Body heat is a product of metabolism. The body heat or
temperature of warm hlooded animals is practically constant,
although changed environment, diet and use or occupation pro-
duce some variations, Thus a horse confined in a barn has a
temperature .3 to 1° F. higher than when not so confined, pro-
vided the diet is the same in both conditions. A narrow ration
is conducive to increased oxidation and consequently a higher
temperature. Animals in action have a higher temperature than
when at rest. Thus a dog’s temperature is from [ to +* F. higher
immediately after than it is before a chase.

The accurate regulation of bedy temperature is accomplished
by the action of the thermo-regulating center or centers. Tissue
action is always accompanied by increased heat production, and
frequently different parts of the same animal may vary 1 to §° F.
in temperature. The equalization of body heat and the distribu-
tion of heat to the different parts of the body is accomplished
by means of the circulating blood. Heat is continually produced
in the animal bodyv and is constantly eliminated from the bodv

£
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in the excretions (air, perspiration, urine and feces), as well as
by direct radiation. The relative amount of heat dissipation by
the excrements and by radiation varies in different animals.

Normal temperature is the balance of equilibrium maintained
between thermogenesis (generation of heat) and thermolysis
{dissipation of heat). The normal temperature of an animal
used during the day is about 1° F, higher in the evening than in
the morning.

Fever is a condition in which the equilibrium between ther-
mogenesis and thermolysis has been overthrown, i. e., there is
a disturbance of metabolism accompanied by increased tempera-
ture. It is not a disease but a symptom complex, common to
several different pathologic conditions. Fever should be dif-
ferentiated from heat stroke and sunstroke. In heat stroke there
is no disturbance of thermogenesis or thermolysis, but the ther-
molytic centers are unable to cope with the existing external
conditions, and there is accumulation of heat in the body, whereas
fever is a result of disturbed equilibrium between thermogene-
sis and thermolysis. Sunstroke is a condition produced by the
action of actinic or chemic rays of the sun upon the nerve cen-
ters, temperature variations being onlv a predisposing factor,

Etiology.—Fever is usually caused by bacterial products
as toxins, endotoxins and bacterial proteids. Tissue products
as leucomains, peptones and various albumins are also capable
of producing fever. Certain therapeutic agents are causative fac.
tors of fever. -

Course.—The course of a fever may be divided into four per-
inds or stages, as follows:

Onset (stadium Incrementi) is the period of increase between
the time of normal temperature and the time that the tempera-
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Fig. 180.—Charts showing two fever curves, On the Jeft la given the temperature and
on the top each number signifes once day or 24 hours. From 1 to 13 is Lhe
onget; from 12 to 17 and 20 respectively the Acme; from 17 1o 32 1a
& gradual decline (Iysig): and on 20 18 shown & rapid
declined (criste).
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ture reaches its average height. The length of the onset and the
temperature during this period is variable.

Aeme (stadivm fastigium) is that period of time that the
temperature remains high. It is the time from the termination
of the onset to the beginning of the decline.

Decline (stadium decrementi) is the time extending from the
termination of the acme until the temperature reaches the nor-
mal level. A sudden decline, i. e, when the temperature sud-
denly changes from acme to normal, is called crisis. In a jarge
percentage of the cases of fatal equine pneumonia the tempera-
ture suddenly drops from the acme to normali, or even subnor-
mal, the sudden change (crisis) causing death. Excessive varia-
tions, as a sudden rise of temperature of a sudden fall of tem-
perature (may be to subnormal) are of rather frequent occur-
rence a short time before death and is called the moribund or
premortal stage, A gradual decline from acme to.normal is
called lysis.

Convaleseence is that period extending from the time that the
temperature becomes normal until the animal has recovered.
This period varies in length, a long continued fever essentially
requiring a long pericd for convalescence. The temperature
variation during this period is inconstant, but usually there is
only slight fluctuation from the normal.

Varieties.—Fevers may be classified according to course, to
duration, and to temperature variation as follows:

According to the course fevers are regular and irregular, tvpi-
cal or atypical. A regular fever is characterized by the appear-
ance of the various stages or periods of fever as described above.
An irregular fever is one in which the stages are not distinct or
are not regular in their appearance and duration,

According to duration and temperature variations, fever may
be ephemeral, continuous, remittent or intermittent.

Ephemeral fever is of brief duration, usually lastitg not longer
than 24 hours. It is the type of fever observed in nervous, ex-
citable animals. This variety of fever may be produced at will
by some nervous women.

Continuous fever is that type in which there is a continuous
high temperature. In continuous fever there are usually morn-
ing and evening variations the same as in the normal temperas
ture. Croupous pneumonia without complications is an example
of disease in which there is a continuous fever.

~ Remittent fever is characteristic of pyemia and is recognized
by the irregularly periodic variations of temperature in which
the temperature is always above normal,
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Intermittent fever is the name applied to that type in which
there are periodic variations, the temperature becoming normal
between the fever periods. Intermittent fever is observed in
equine pernicious anemia.

Fever may also be classified as: 1st. Sthenic. 2nd. As-
thenic. Sthenic fever is active, vigorous and destructive. As-
thenic fever has an insidious onset and is slow in action,
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Fig. 190.—Contisuows fever chart showing morning and evening varlations, but & continuous
high temnperatyre. .

Symptoms.—Fever is usually ushered in by a chill because
of the constriction of cutaneous vessels which thus diminishes
the temperature of the skin and produces the sensation of chill-
ing. There are diminished secretions, as perspiration, saliva and
urine. In long continued fever there is constipation because of
absorption of fluid from the intestines. The pulse rate is usually
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Flg. 191.—Remlttent fever c¢hart, showing varlations In which the telnperature is
always above pnormal.

increased and its character is changed because of the action of
katabolic products on the nerve centers. Respiration is increased
probably because of an effort to eliminate large quantities of air
and waste material, and thus there is a tendency for the tem-
perature to be diminished. The affected animal is more or less
nervous and restless.
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Fig. 192 —lotermittent fever chart In which there are perlods of normal tempers.
ture.

Lesions.—All parenchymatous structures are affected with
cloudy swelling, the extent of which depends upon the degree
of temperature and its duration. Hemolysis is more or less ex-
tensive. Chronic or long continued fever usually causes hyaline
degeneration, especially of the vessel walls. The affected animal
rapidly diminishes in weight because of the consumption of fat,



CHAPTER XIIL
INFECTIVE GRANULOMATA.

Infective granulomata embraces a group of specific inflam-
matory conditions characterized by the proliferation of endothe-
lial cells, fibroblasts and other cells. Though the consideration
of the following diseases helongs more properly to a discussion
of infective diseases, their description will be of value to the stu-
dent of general pathology.

TUBERCULOSIS.

Tuberculosis is a specific, infective disease, caused by the
bacterium of tuberculosis affecting practically all of the higher
animals and also some of the lower forins of animal kind.

Extent—McFarland states that 14% of the deaths in the hu-
man family are from tuberculosis. It is probable that 25% of
all humans have ot have had tuberculosis.

The prevalence of animal tuberculosis is variable in different
communities, the percentage depending upon methods emploved
for control and eradication under different sanitary laws, upon
transportation rules and regulations and upon the conditions un--
der which the animals are maintained, The exact pércentage of
tubercular animals in any country is not known, but the relative
number has been determined by tuberculin testing and by post-
mortem examination at abattoirs. In the United States the
percentage, generally speaking, is low in comparison with other
countries. According to the post-mortem findings of 7.621.517
cattle slaughtered in United States establishments having official
inspection during the fiscal yvear beginning July 1st, 1906, and
ending June 30th, 1907, 29,835, i. e, 4% were tubercular,
This percentage is probably below the actual percentage, as
dairy cattle are more extensively affected than beef cattle. The
Secretary of Agriculture in his report for 1903 holds that 1%
of beef cattle and 109 of dairy cattle are tuberculous.

According to the above report 2% is the estimated prevalence
in the United States of tuberculosis among swine.

Porcine tuberculosis is apparently on the increase in the
United States. In Germany it varies from 1-7%. Equine tuber-
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culosis is not common in the United States, or at least only a
few cases have been reported. Tuberculosis is usually found in
those horses and mules that have been fed on tubercular cows’
milk.

Tuberculosis of sheep is very rare and the disease is still
less common in goats.

Dog and cat tuberculosis is not uncommon and is usually
observed in pets of tubercular humans, although barn cats, espe-
cially those fed milk from tubercular cows, frequently become
tubercular. (A dairy was recently inspected in which 68% of
the cows were tubercular and on autopsy three barn cats also
were found to be affected in a like manner.)

Tuberculosis of fowls is more prevalent in the United States

Fig. 193 —Bacterlom Tuberculosls Borvine, Pus showing lcucocyics and tiesue
shreds.

than is ordinarily suspected, although the percentage of affected
birds is difficult of determination because there is at present no
official inspection of fowls.

Etiology— Tuberculosis is caused by the Bacterium tuberculo-
sis. This bacterium has rounded ends and is frequently slightly
Hent. It varies from 2 to 5 microns in length and from .3 to .5
in widt!t. (These bacteria may appear as long, delicate, mycelial
threads, branching forms, or even as a ray like fungoid growth,
the form depending upon the environment. The pleomorphism
of this micro-organism has caused some doubt as to its classifica-
tion as a bacterium.) The Bacterium tuberculosis may occur
singlv or in pairs, and it is not uncommon to find several lying
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side by side, They dq not form spores, but they may contain
granules and vacuoles, and they may have a beaded appearance
because of fragmentation of their cytoplasm.

The Bacterium tuberculosis is extremely resistant to external
injurious influences, probably because of a wax-like substance
that constitutes about one-third of the body weight and forms
the principal part of the external covering or capsule. (These
bacteria are stained with difficulty but when once stained retain
their stain even though subjected to the action of alcohol and
acids.) The staining peculiarities are probably due to a fatty
substance they contain.

Source of infection.—The bacterium tuberculosis may be
transmitted direct from tubercular to healthy animals, but infec-
tion is more frequently obtained from foodstuffs, or barns, feed
racks, watering troughs, posts, soil, etc. Tubercular animals
are almost constantly eliminating the bacterium which contam-
inates everything that the tubercular discharges contact. The
cadavers of tuberculous animals are usually deposited in the soil,
and, in many instances, the proper precautions are not taken to
destroy the infecting micro-organism. Infected manure is
spread vpon the soil and thus it becomes infected. The various
crops, including hay, grown upon a tubercular infected soil, may
be contaminated with the Bacterium tuberculosis and infect sus-
ceptible animals that consume such food. Sometimes the car-
casses of animals dead of tuberculasis are thrown into rivers or
creeks, thus infecting the watér. TRé waste praducts of many
small slaughter houses are fed to hogs and this affords oppor-
tunity for them to become infected. Skimmed milk and whey
from creameries and cheese factories are also sources of tuber-
cular infection,

Channel or avenue of entrance of the infection.—The Bacter-
ium tubercylosis may gain entrance into the tissues of a healthy,
susceptible animal through the mucous membranes or through
abrasions of the skin, though the latter mode of infection is not
of common occurrence in domestic animals. Cutaneous infec-
tion is occasionally observed in the mammae of sows and in the
castration wounds of barrows,

From clinical and experimental evidence and autopsy lesions
observed in abhattoirs, it seems evident that the digestive tract
is the principal channel of entrance of the Bacterium tubercu-
losis in hogs, cattle and fowls. Tt was originally erroneously
concluded that the presence of pulmonary tubercular lesions was
positive evidence that the infection had gained entrance through
the respiratory tract, Tubercular free experimental animals fed
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foodstuff contaminated with the Bacterinm tuberculosis have
frequently become affected with primary pulmonary tubercular
lesions. (The possibility of inhalation of the infection was care-
fully guarded against in these experiments.) It is presumed that
the Bacterium tuberculosis is incorporated by leucocytes in the
digestive tube and that the leucocytes then pass through the
intestinal wall into the lacteals and thence to the thoracic duct
to the right heart and on to the lung, the first capillary system
encountered, where they may lodge and establish tubercular foci.
No doubt the respiratory tract is the channel of entrance in some
cases of tuberculosis, but the number of animals infected through
this channel is very small,

An occasional case of tuberculosis may be the result of infec-
tion through the genito-urinary organs. Thus the penis of a
bull may become infected by serving a cow afflicted with uterine
or vaginal tuberculosis, and this same bull by copulation may
infect other cows. Tubercular lesions are occasionally observed
in the superficial inguinal glands of steers, and this may be the
result of infection in the castration wounds.

Conjunctival infection may occur as a result of forcible dis-
charge of infection from the respiratory tube of an affected
animal,

In summarizing, the digestive, respiratory, cutanecous abra-
sions, and genito-urinary organs are the principal channels of
entrance of the Bacterium tuberculosis, the frequency being in
the order mentioned.

Lesions.—The characteristic lesion of tuberculosis is the
tubercle. A tubercle is a nonvascular nodule, composed of leu-
cocytes, endothelial, giant and connective tissue cells, with a
tendency for the central part of the nodule to undergo necrosis,
The lesion may vary in animals of different genera and in differ-
ent animals of the same genus. Thus tubercular lesions in hogs
may differ in some particular from those in cattle because of
variations in the resistance of the hog and ox. Variations of the
tubercular lesions in different individuals of the same genus occur
because of variation of individual resistance of the infected ani-
mal and variation of the virulency of the infecting organisms.
Tubercular lesions may be modified or obscured by lesions re-
sulting from secondary infections, The initial or primary lesion
may occur in any tissue or organ. Lymphoid tissue, however, is
more frequently affected than any other,

The Bacterium tuberculosis and its products are the etiologic
factors in the formation of a tubercle. The bacterium having
lodged in a tissue favorable for its growth and development, be-
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gins to multiply and to eliminate those products that stimulate
the surrounding connective tissue and endothelial cells to in-
crease in number, and, at the same time, exerts a positive chemo-
tactic action upon leucocytes. If the influence of the bacterial
products is exerted upon the connective tissue and endothelium,
the resulting tubercle will be composed of connective tissue cells
and endothelial cells, and if the influence of the bacterial pro-
ducts is of a chemotactic nature, the tubercle will contain leu-
cocytes,

Structurally, a young tubercle consists of a cellular focus in-
fected with varying numbers of the Bacterium tuberculosis, As

T

Fig. 194.—8&mall ¢ellular tubercle; lver, x800. Shawing small round cells with tu-
bercle bacllil scattered here and there, alap a few partlally destroyed
hepntic cels,
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tne bacteria multiply the quantity of their products is increased,
and these stimulate cellular multiplication and accumulation, and
thus the tubercle grows. The formation of a tubercle constitutes
a tissue reaction, but there is no vascularization; that is, no
new blood vessels are formed, and the existing capillaries in the
invaded tissues are finally obliterated. A tubercle is, therefore,
strictly non-vascular, although in the very beginning the affected
zone may be hyperemic. Cells constituting a tubercle obtain
nutriment from adjacent tissues by absorption. Tubercles grow
by multiplication of the peripheral cells, the central cells becom-
ing degenerated after they have consumed all available nutrition.
The structure and appearance of a tubercle varies according to
its age, thus: a tubercle in the very early stages is a cellular mass,
a little later the central portion of the cellular mass becomes
necrotic, and at about the same time a median zone, consist-
ing of bacteria, endothelial, and, in some cases, gant cells,
becomes evident: the outer zone is the active zone and is com-
posed of bacteria, connective tissue cells and leucocytes. As
the tubercie becomes larger the necrotic zone extends to the
median and outer zones toward the periphery. Necrosis is
usually evident in tubercles that have attained the size of a pea.
The central necrosis is primarily of the coagulation type, but
the coagulated necrotic tissue may become liquefied, always be-
comes caseous and usually calcified according to the quantity of
fluid contained. The calcification may be limited in extent, the
necrotic tissue containing small calcareous particles that cause
the necrotic tissue to have a “gritty feel,” or it may be so ex-
tensive that the tubercle cannot be dissociated except by the use
of a sledge, Liquefied tubercular necrotic tissue (pus) is yellow-
ish in color in the ox, dirty white in hogs and vellowish in fowls.
It is not sticky, although it becomes quite thick and is finally
caseated..

Tubercles may vary in size from a microscopic point to large
masses. All tubercles are small in the beginning and are usually
entirely cellular. Small cellular tubercles in which there is no
necrosis are designated miliary tubercles. Miliary tubercles ap-
pear as minute, grayish, translucent, pearl-like specks or nodules.
If all the lesions in an affected animal are miliary in character,
the disease is termed miliary tuberculosis. Miliary tuberculosis
is most common in hogs.

The appearance of a tubercle changes when central necrosis
begins. The color of caseous and calcareous tubercles varies
from a dirty white to a yellow color. The tubercles may or may
not be encapsulated. The capsule of a tubercular lesion is rela-
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tively thin, though it is tough. Secondary tubercles may develop
from a primary tubercle, and daughter tubercles may develop
from a secondary tubercle, thus are produced the irregular nodu-
lar tubercular masses. The tissues contiguous to a tubercle are
ischemic, probably because of the enfringement of the affected
areas with lymphoid cells. !

Little difference is noted in tubercular lesions in the various
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Fig. 196.—A Leston of 'l'ubm-lol:lo from the Post-pharsugeal Lymph Gland of am
Ux. A—glunt-celln; b—capeous center within the tubercle; c—flbrous capeule,
tissues except possibly osseous tissue and serous membranes.
Tubercular lesions of osseous tissue are usually associated with
extensive suppuration of the osseous structures, while tubercular
lesions of serous membranes are frequently entirely cellular in’
structure and do not undergo central necrosis.
Bowine tubercular lesions are usually encapsulated and become
quite extensively calcified. The age of the lesions is sometimes
important in medico-legal cases. Calcification usually begins
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when the tubercle is from six to eight months of age and is ex-
tensive by the time the lesion is one year old. Tubercular masses
are ovcasionally observed in the lung, bronchial or mediastinal
glands, and in the liver. These masses may contain all stages of
tubercular formation or the entire mass may all be in the same
stage of development, as liquefying necrosis, caseation or calcifi-
cation. Tuberculosis of serous membranes of bovines should
receive special mention because of the characteristic appearance
of the lesions. Bovine serous membrane lesions vary in size from
a millet seed to a walnut, but are usually about the size of a pea.
These lesions are frequently thickly studded over large areas of
a serous membrane. The nodules are surrounded by a firm cap-
sule which causes them to appear as pearl-like bodies, and hence

Fig. 108, —Fhotograph of a tub la Y gland, OXx

the name, “pearly disease.” Sometimes serous membrane tuber-
cular lesions are very extensive; this type may be called “mass
tuberculosis.”

Porcine Tubercular lesions are characterized by enlargement of
lymphatic glands, the formation of tubercles of variable sizes in
or upon serous membranes and within the substance of glandular
organs, bones and other connective tissues, The tubercles pro-
duce increased density of invaded soft tissues and are, therefore,
easily detected except in very recent infection. The tubercular
nodufes in the early stages present about the same color as the
surface of the tissue invaded. In sectioning the tubercle the cen-
tral portion is caseous and slightly yellow or fibrous and white.
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Sometimes there is a combination of both conditions and occa-
sionally the tubercles contain calcareous granules. The central
portion of porcine tubercles rarely contains liquefied necrotic
tissue.

Microscopically porcine tubercular lesions are always cellular
in the beginning. The cellular tnbercles are fairly constant in
structure regardless of the tissue in which they occur. The
center is at first represented by a mass of lymphoid ceils, the
other cellular elements occurring as the tubercle develops,

Necrosis, or fibrosis, succeeds the cellular siage in the por-
cine tubercular lesion. Necrosis of tubercles is probably the
result of the activity of very virulent bacteria or the low resis-
tance, of the infected animal. The necrotic center may be sur-
rounded by a cellular zone (lymphoid and endothelial cells), or
it may be surrounded by fibroblasts. The necrotic material is
invariably caseated and later becomes calcified,

Fibrous lesions vary from the formation of small quantities
of fibrous tissue to dense fibrous centers. Fibrous lesions are
probably produced by bacteria of low virulence, or occur in ani-
mals having a marked resistance. The central portion of the
fibrous lesion may become calcified.

The so-calied arbor vitae gland is a fibrous center in which
the fibrous tissue is arranged similar to the trunk and branches
of a tree, hence the name. This lesion is observed in the hog
in the cervical lymph nodes. The bacterium tuberculosis has
been demonstrated in about 30 per cent of arbor vitae glands.

The lesions of porecine tuberculosis are in bLriefl either cellu-
lar, necrotic and calcified tubercles, or cellular, fbrous and calei-
fied tuberctes. The lesion is always non-vascular as in other
animals,

Avian tubercular Icsions are very similar to mammalian tubercles.
and may occur in practically any tissue. Microscopically, avian
tubercules are found to contain giant cells, endothelioid cells,
small round cells and connective tissue cells, the arrangement of
which is the same as described in mammalian tubercles. Avian
tubercular lesions have been found in the liver, spleen, intestine,
mesenteryv. kidney, lung, skin, and bones, the frequency being
in the order mentioned.

Avian tubercles in glandular tissue, i. e.. in the liver, kidney,
spleen, etc., hegin as small, dirty, white cellular foci. They usu-
ally occur singly, though they may occasionally become conflu-
ent, thus producing nodules a quarter of an inch in diameter.
As the tubercles in glandular tissue undergo necrosis, they as-
sume a yellowish color. Intestinal tubercles are about the same
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size as those in glandular tissue. The intestinal lesions are usu-
ally quite hard and dense and present a glistening appearance.
Necrosis frequently destroys the intestinal wall and thus a tuber-
cular intestinal ulcer is produced. Mesenteric tubercles are fre-
quently pedunculated and they invariably present a pearl like
appearance.

Extension.—Tuberculosis, except in some cases of the acute
form, essentially a localized disease. However, the disease,
even in the chronic form, has a tendency to extend and involve
new tissue, The extension may be accomplished by means of,
first, the lymphatic system, second, the digestive, respiratory
and genito-urinary tubes, third, the blood vascular system and
fourth, by continuity and contiguity.

Tuberculosis is usually extended by the lymphatic circulation.
Thus the first group of lymph nodes through which the lymph
passes from a tubercular lesion is almost invariably involved. In
fact this is a characteristic of the disease. The large per cent of
lymphatic lesions is also evidence of extension by means of the
lymph. It has been previously stated that hogs are invariably
infected by ingestion of tubercular material and in 93 per cent of
tubercular hogs the submaxillary lymph nodes are affected. which
is further evidence of lymphatic extension. The fact that infec-
tion may extend along the digestive, respiratory or genito-urin-
ary tracts, has been demonstrated. Thus the discharges, con-
taining the Bacterium tuberculosis from a pharyngeal tubercle
may pass through the oesophagus and stomach and find a nidus
favorable for its development in the intestine. In a like manner
the lung tissue may become affected by extension from laryngeal,
tracheal or bronchial tuberculosis and prostatic tuberculosis may
result from extension of renal tubercular lesions. In extensive
or generalized tuberculosis the tubercles not infrequently in-
volve and produce necrosis of the blood vessel walls and the
virulently contaminated necrotic material being discharged into
the blood resulting in tubercular metastasis, Thus tuberculosis
is extended by means of the blocd. Extension by the blood in-
variably results in generalized tuberculosis whicli is usually
acute,

In the discussion of tubercular lesions, the formation of sec-
ondary and daughter tubercles was mentioned. The production
of secondary and daughter tubercles is a means of extension.
If the newly formed tubercles are in the same kind of tissue as
the primary tubercle then the extension is by continuity. If the
secondaty or daughter tubercles are in tissues dissimilar to that
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in which the primary tubercle occurs the extension is by con-
tiguity.

In the majority of the cases of lymphatic extension and in
some of the cases of blood extension the Bacterium tuberculosis
is incorporated in and transported by leucocytes. The leucocytes
usually have sufficient vitality to destroy the incorporated bac-
teria but occasionally the leucocytes may be destroyed after
having transported the bacteria a considerable distance. Thus a
Bacterium tuberculosis from a pulmonary tubercle may be incor-
porated by a leucocyte and carried to the kidney and the leuco-
cyte being destroyed the liberated bacterium may establish a tub-
ercular focus in the renal tissue. The occurrence of Bacterium tub-
erculosis in the milk of cows having no mammary tubercular
lesions as well as the fact that ingestion of tubercular material
frequently causes pulmonary tuberculosis, may be due to leuco-
cytic incorporation and transportation of the infecting micro-
organism,

Elimination.—From the sanitary point of view it is always of
considerable importance to know the channels or avenues
through which infectious agents are discharged in order that they
may be destroyed. Tuberculosis affects all tissues and the Bac-
terium tuberculosis may not be eliminated from the affected ani-
mal or it may be discharged in one or more of the secretions or
excretions. It has been determined by the Department of Agri-
culture that about 40 per cent of tubercular cattle eliminate the
Bacteriumn tuberculosis in their feces. The same investigators
also found, in a limited number of dairies, that about 25 per
cent of tubercular cows, regardless of location of the lesions,
eliminated the Bacterium tuberculosis in their milk. These are
facts of prime importance in adopting means for checking the
progress or for suppression of the disease. The discharges from
the respiratory tract of tubercular animals frequently contain the
Bacterium tuberculosis, especially if they have pulmonary lesions
of the disease. The urine and discharges from the female genital
organs may be contaminated with the infection. Renal tuber-
culosis, however, is not of frequent occurrence and it is not
probable that the Bacterium tuberculosis is eliminated in the
urine of tubercular animals in which there are no renal lesions.

In general the channel! of elimination of the bacterium tuber-
culosis depends largely upon the location of the lesion.

Tuberculin and Tuberculin Test.—Tuberculin is a bio-chemic
material containing the products and the disintegrated bodies
of the Bacterium tuberculosis. It is prepared by growing the
Bacterium tuberculosis in glycerine bouillon for a certain Iength
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of time. The glycerine bouillon culture is filtered and the fil-
trate sterilized by heat and concentrated to the desired strength
by evaporation over a water-bath. The active principle of tuber-
culin is probably a nucleo-proteid or its chemic derivatives.

Tuberculin is a very reliable diagnostic agent. Its chief use
in veterinary medicine has been in the diagnosis of tuberculosis
in cattle, It is practically as reliable in the detection of human,
porcine and probably avian tuberculosis as in the detection of
bovine tuberculosis. The principal method of application has
been by subcutaneous injections and noting the temperature
changes in the suspected animal. The normal temperature of the
animal is ascertained previous to the injection and the tempera-
ture is taken every two hours, beginning eight hours after tuber-
culination. On the day succeeding the injection a rise of from two
to three degrees Fahrenheit is considered a reaction and this sig-
nifies that the patient is tuberculous. This reaction is probably
due to the specific irritating action of the injected tuberculin
upon the tubercular foci producing intense hyperemia around
and disintegration of the tubercle. Thus there is a sudden dis-
charge of tubercular products into the system and the intense re-
action, thermic and constitutional follows.

A purified tuberculin used directly in the conjunctival sac
is now on the market. The ophthalmic reaction consists of the
production of a marked hyperemia of the conjunctive in from
six to ten hours after tuberculination. At the present time
the technique is at fault or the tuberculin is of inferior quality
and the ophthalmic tuberculin test cannot be relied upon.

ACTINOMYCOSIS.

Actinomycosis is a specific, inflammatory granuloma, caused
by the Cladothrix actinomyces and characterized by the forma-
tion of tumorous masses of fibrous tissue that usually develop
suppurating centers and fistnlous tracts.

Distribution and extent.—Aclinomycosis is prevalent in Eu-
rope, Australia, Africa, North and South America. The extent
of the disease varies in different countries. According to the 24th
Annual Report of the Bureau of Animal Industry there were
slaughtered in establishments having federal inspection 7,621,717
cattle, of which 22,742 were found to be affected with actinomy-
cosis, or one in about each 340. The actual per cent is even
larger, for many animals afflicted with actinomycosis are slaugh-
tered where there is no official inspection maintained.

Susceptible Animals.—Cattle are more frequently affected
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with this disease than other animals, though actinomycosis of
sheep, goats and hogs is occasionally reported. A few cases
have also been observed in the horse, mule, dog and wild ani-
mals.

Etiology.—A fungus, the Cladothrix actinomyces or actino-
myces hovis, is the specific cause of actinomycosis, The life his-
tory of this organism is not known, but it is thought that it
passes a part of its life cvcle upon some of the grasses, Each
matured fungus is composed of a central body 10 to 40 microns
in diameter, from which the radiating filaments (mycelia) extend
outward for a distance of from 5 to 20 microns, then becoming
enlarged, terminate in club-shaped bodies from 10 to 50 microns
in length. Thus the matured fungus has the appearance of a
tosette and is commonly called the “ray fungus.” Detached clubs
are capable of reproducing the entire rosettes as descrihed. The
fungus can be cultivated in artificial media where it develops
a tangled mass of mycelia.

Source.—The Cladothrix actinomyces is probably most fre-

Fig. 197.—Drawing of Actinomyces (Ray fungus) in sectlon of tongue.
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quently cbiained from vegetation, especially wild rye (Hor-
dium murinum) consumed by the animal. Infection occurs most
frequently in animals fed on dry feed as fodder, stover, straw or
hay. During January and February, 1908 .86% or 376 cattle of
41,403 slaughtered had actinomycosis of the tongue or submax-
illary lymph nodes, and of 12,481 cattle slaughtered in July, 1908,
44 or 31% were affected with actinomycosis. Some rather exten-
sive outhreaks have been investigated in which it seems highly
probable that infection has been direct from one animal to an-
other, or indirect by means of the discharge of actinomycotic ani-
mals that had been smeared on rubbing posts, feed racks and feed
troughs. (Of 98 head of cattle, three of which were actinomycotic
when placed in the feed lot in November, 42 head were affected
with actinomycosis when inspected 2142 months later.)

Channel of Entrance.-—The causative fungus may gain en-
trance into the system by way of the digestive tract, the respira-
tory tract or through the skin. Abraded surfaces appear to be
essential for infection, though it has not been proven that the
fungus cannot penetrate uninjured surfaces. The digestive tract
is the most frequent channel of entrance in cattle. The tongue,
especially the dorsal surface at the junction of the base and apex,
is subject to injury by the rough, harsh food consumed by cattle.
Tongue injuries may also be inflicted by licking boards, posts,
etc.,, containing nails and splinters. Awns of wheat, barley and
rve, chaff, splinters and hair accumulate in the erosions or wounds
of the tongue, producing the so-called “hair sores.” More than
12% of 18,000 cattle slaughtered during the winter months in one
of the Kansas City packing houses had “hair sores” upon their
tongues. The “hair sore” is intimately associated with lingual
actinomycosis; indeed it is rare to find actinomycosis of the
tongue or submaxillary lymph glands when there is no “hair
sore.” Diseased teeth, especially if the gingival mucous mem-
brane is involved, also provide an entry for the ray fungus. The
possibility of the infection passing through the intestinal or
gastric wall explains the cases of peritoneal actinomycosis that
are occasionally observed

Respiratory infection is not of common occurrence. This type
of infection probably occurs by inhalation of chaff or awns con-
taminated with the Cladothrix actinomyces.

The skin is probably the most frequent channel of entrance
in hogs. Actinomycotic scirrhus cords are quite common, the in-
fection taking place in the castration wound. Mammary acti-
nomycosis is sometimes observed in sows, especially those run-
ning in stubble fields, the infection taking place through abra-
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sions produced by the stubble. Abrasions resulting from rub-
bing on stanchions and feed boxes may be a source of infection in
dairy cattle.

Lesions.—Macroscopic.—Actinomycotic lesions may be sur-
face or subsurface. The fungus may invade and produce the
lesion in any tissue.

Surface lesions begin as small inflammatory centers which
usually thicken and become elevated above the general surface.
The lesion gradually increases in size, and in some cases assumes
a fungoid appearance. At this stage the lesions vary in size from
a small pea to a walnut. The surface tissue may become eroded
as a result of the extension of necrosis from the lesion and the
typical actinomycotic pus discharged or more frequently the
lesion becomes encapsulated by the formation of a dense fibrous
capsule. The capsule usually limits the development of the lesion
and it may be diminished in size by the contraction of the fibrous
tissue constituting the capsule.

Subsurface lesions, though beginning as inflammatory centers,
are invariably kircumscribed by a dense, fibrous wall. As
the disease progresses the center of the lesion undergoes lique-
fying necrosis. The necrosis extends, producing irregular, tor-
tuous sinuses that may extend through the capsule and into the
surrounding normal tissue. Ultimately the liquified necrotic
tissue (pus) would ordinarily be discharged upon a surface, or
the fungus contained in the necrotic tissue (pus) would perfor-
ate the primary capsule and cause the production of a secondary
fibrous capsule. Thus the lesion is frequently composed of sev-
eral communicating cavities (multilocular) containing actinomy-
cotic pus. If such a lesion is incised and pressure applied the
typical beads of actinomycotic pus will appear in various
places upon the cut surface. Actinomycotic pus is creamy,
sticky, tenacious, yellowish-white and contains small, yellow,
gritty granules. The pus has a greasy feel and may have a
slight odor. If the pus is permanently maintained within the
capsule, its fluid content is absorbed and becomes caseous,

Osseous actinomycosis is of common occurrence. The fungus
having gained entrance produces inflammation, which is sue-
ceeded by disintegration of the osseous tissue and the formation
of cavities or pockets. By growth and extension of the infect-
ing fungus, inflammation and disintegration is favored, and thus
communicating cavities are formed in the affected bone. As the
process of rarefaction continues within there is new osseous tis-
sue deposited without. Thus bone affected with actinomycosis



INFECTIVE GRANULOMATA. 3509

becomes enlarged and cancellous and has a honeycombed ap-
pearance.

Microscopic—The presence of the Cladothrix actinomyces in
a tissue produces an irritation resulting in an accumulation of

138.—From photograph. showing actindmycotle nodules en the dorsum 1 &0 Ox tonfud.
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small round cells, the production of endotheloid and giant cells by
the invaded tissue, and finally the development of a fibrous cap-
sule around the entire mass. The fungus may appear in the be-
ginning as mycelial elements, but later it has the typical rayed
appearance. In old lesions the central portion or body of the
fungus becomes calcified.

Surrounding the clubs or mycelium in the early stages are
varying numbers of small, round cells (lymphocytes).

As the disease progresses, the matured fungus is more or
less surrounded by giant cells that actually contact the fungus.
The actinomycotic giant cell is very irregular in shape and size
and has varying numbers of nuclei scattered indiscriminately
throughout the cell hody.

Endotheloid cells appcar marginally to the giant cells. These
cells are similar in appearance to the endotheloid cell of tuber-
culosis, having a relatively large cell body and a small, single
nucleus.

The small, round cells are first noticed immediately around
the fungus, but later they infiltrate the surrounding tissue also,
and are in excess of all other cells in the lesion.

. Fibroblasts appear in the margin of the early lesion, and
through their activity a thick fibrous capsule is produced.

Actinomycotic pus is found to he composed of tissue shreds
and fragments, lymphoid cells and some polymorphonuclear
leucocytes, an occasional endotheleid cell and the Cladothrix
actinomyces.

Extension.—The extension of actinomycosis has usually been
described as taking place only by growth in continuity or contig-
nity, or by passing along the respiratory, digestive or genito-
urinary tubes. By a careful observation of over 72,000 cattle
slaughtered, it has been found that many cases, in which there
were “hair sores” but no actinomycotic tongue lesions, showed
actinomvcosis of the submaxillary lvmph nodes. The majority
of cases of lingual actinomycosis are accompanied by involve-
ment of the submaxillary lymph nodes. That practically all
cases of actinomycosis of the submaxillary lyvmph nodes occurred
in animals having “hair sores” is indicative of lvmphatic exten-
sion. It is therefore quite probable that actinomycosis may be
extended in the animal body by means of the lymph.

Differential Diagnosis.—Bovine actinomycosis may be con-
founded with tuberculosis, nodular disease, abscess formation
and varjous tumors. :

Tubercular lesions calcify, actinomycotic lesions rarelv be-
come calcified. Tubercular pus is usually quite different from
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actinomycotic pus. The former is not sticky or tenacious, and
does not contain the small, vellow, gritty granules found
in the latter, The capsule of an actinomycotic growth is
thicker and denser than the capsule of a tubercular growth, The
two diseases can be differentiated positively by microscopic ex-
amination of the pus and the lesion. The Bacterium of tuber-
culosis would be found in tubercular pus and the Cladothrix
actinomyces in the actinomyvcotic pus. Tubercular lesions are
characterized by the presence of the horse shoe giant cell, the
actinomycotic giant cell is irregular in outline and size, is poly-
nuclear, the nuclei being scattered indiscriminately through the
the cell body.

Nodular disease, though not very prevalent in cattle may be
mistaken for actinomycosis. The nodules of nodular disease
are in the intestinal wall. The pus in the nodule is greenish yel-
low in color, and though fluid in the early stages, it later be-
comes caseous but never contains the calcarecus granules,
Microscopically the finding of the Cladothrix actinomyces in
actinomycotic lesions or pus and the absence of this fungus in
the lesions of nodular disease is sufficient for differentiation.

From abscesses the differentiation may be made by the pecul-
iarity of the pus, and the capsule, which is usually much more
dense in actinomycotic lesions than in abscesses.

Osteosarcomata may produce lesions in bone similar to actin-
omycotic lesions. A microscopic examination is always suffi-
cient for differentiation of these diseazes.

Ovine actinomrycosis mav be confounded with ovine caseous
lymphadenitis and nodular disease. Ovine caseous lymphaden-
itis is essentially a disease of lyvmphoid tissue characterized by
the formation of greenish yellow pus that later caseates in con-
centric layers, but never contains gritty granules. The color of
the pus and the arrangement of the caseated necrotic tissue is
usually sufficient for differentiation of ovine caseous lymphaden-
itis from actinomycosis.

The remarks on the differentiation of nodular disease in
bovines is equally applicable to ovines.

GLANDERS.

Glanders is a specific, infective disease, especially affecting
equines, caused by the bacterium mallei.

Glanders is prevalent in all countries with the possible ex-
ception of Iceland, Australia, and some isolated islands. The
disease is found in practically all parts of the United States. Tt is
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more prevalent in those portions of a country in which there is
extensive horse traffic. The invasion of a province or a country
by an army is usually succeeded by the appearance of glanders.

Etiology.—Glanders is caused by the Bacterinm mallei. This
organism was described by several different investigators in
1882. 1t is similar in appearance to the Bacterium tuberculosis,
has rounded ends, is from 2 to 3.5 microns in length and .3 to
.5 microns in width. This bacterium cccurs singly except that
when grown upon potato medium, pairs or even long filaments
are not rare. Like, the Bacterium tuberculosis, it produces ple-
omorphic forms when cultivated in different media or under
varying conditions. In old cultures it frequently becomes
short and is sometime coccoid in appearance. Branching forms
are not uncommon. It does not form spores.

The Bacterium matlei is stained by aqueous solutions of ana-

Fig. 19%.—Bacterimmn Mallle, 'x1000.

line dyes that are slightly alkaline in reaction, such as Loef-
fler’s methylene blue. It is so-called “Gram negative.” i. e,
it is decclorized by Gram’s solution,

Source of Infection.—Infection probably occurs most fre-
fluently in an indirect manner, i. e., the infection is obtained
from some surrounding object or thing that has been contamin-
ated with the infected discharges of a glandered animal.

The Bacterium mallei is strictly parasitic and the source of
the micro-organism is either the discharges from an infected
animal or the carcasses of animals that have died of
glanders.  Fortunately this bacterium possesses little re-
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sistance to light, dessication and other external influ-
ences and consequently the infection in discharges is as a rule,
promptly destroyed. The length of time that the Bacterium
mallei may exist outside of the animal body and retain its viru-
lency has never been absolutely determined. Authentic cases
of glanders have appeared in horses that had been placed in
stalls that had been vacant for one year, but prior to that time
occnpied by glanderous horses. A few reports are indicative of
the fact that Lhe Bacterium mallei may retain its virulence in
infected buildings for two or even three years, but these re-
ports need further substantiation. It seems probable from clin-
ical and experimental evidence that, except in the animal body,
the virulence of Bacterium mallei is rarely retained longer than
one year.

In cities, public drinking fountains, hitching posts and feeding
troughs are probably the greatest sources of infection. The
purchase of second hand harness, wagons, and other equipment
should be regulated by ordinances or laws to prevent the
spread of such infections as glanders.

The Channels of Entrance of the Infection.—All exposed
surfaces and natural openings of the body may permit the Bac-
terium mallei to gain entrance to the tissues. In glanders, as
in tuberculosis it has been quite conclusively demonstrated
experimentally that the majority of the cases of glanders results
from the ingestion of the Bacterium mallei. No doubt infection
may occur by inhalation of the infectious agent and an occa-
sional case may be the result of cutaneous inoculation. It is
possible for the discharges containing the Bacterium mallei to
become pulverized and carried by air currents and in-
haled. Farcy may or may not result from cutaneous infec-
tion. Such inoculations are casily accomplished by bridles,
harness, saddles, curry combs, c¢te. More rarely the conjunc-
tival membrane may be the channel of entrance. For example
a horse, affected with nasal glanders mav sneeze or cough and
thus infection be forcibly introduced onto the mucous mem-
brane of the eye of another horse.

Lesions.—Macroscopic—The lesions of glanders are found
especially in the mucous membrane of the anterior respiratory
passages, lymph nodes, lung and skin, the frequency being in
the order mentioned. It is probable that the Bacterium mallei
primarily affects lymphoid tissue. The gross lesions may be
diffuse or circumscribed, depending upon the virulency of the
infecting organisms and the resistance of the affected animal...

Diffuse glander lesions are usually found in animals having
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little resistance and in which the disease assumes an acute
form. In the nasal mucous membrane, diffuse, glanderous les-
ions appear as severe inflammation in which the submucosa is
extensively infiltrated. The engorgement of the tissue may be
sufficient to obstruct circulation and result in necrosis of the
mucous membrane thus producing ulcers variable in size and ir-
regular in contour. The submaxillary lymph nodes are invari-
ably hard and enlarged and may or may not be adherent to the
maxilla,

Pulmonary, diffuse glander lesions vary in size from a hazel
nut to a basket ball and are irregular in shape. These lesions
are gravish or dirty white in color. The lesions may undergo
a central necrosis or they may become fhbrous in nature. The
necrotic material may be of a semi-solid or caseous consis-
tency and in the smaller foci there may be calcification. In
practically all cases of pulmonary glanders the bronchial and
mediastinal lvymph nodes are enlarged and contain cellular necro-
tic or fibrous centers. :

Diffuse cutanecus lesions are not of common occurrence.
They may be present in acute general glanders, the manifesta-
tion in the skin being of the nature of a diffuse gangrenous der-
matitis, Cutaneous nodular lesions may become diffuse as a
result of rapid and extensive necrosis. Diffuse lesions occur
in lvmphoid tissue. Splenic lesions are usually nodular though
a few cases have been reported in which there were diffuse
lesions of the spleen. Osseous lesions are usually diffuse and
appear as a suppurative osteitis,

Nodular lesions are common in animals that have a marked
resistance or in those cases infected with mildly virulent bac-
teria. In chronic glanders the lesions are usually nodular.

The appearance of nodular lesions in the nasal, pharyngeal
and tracheal mucous membranes as well as in the mucous lin-
ing of the facial sinus varies according to the age of the lesion.
In the beginning the lymphoid tissue of the mucosa or submu-
cosa becomes swollen and the tumefaction is surrounded by a
hyperemic zone. As the disease progresses there is necrosis
which not only involves the lesion but also the surface tissue,
thus producing an ulcer. The size depth and contour of the
ulcer necessarily depend upon the extent of the necrosis. In
some instances the nasal septum and facial bones may be per-
forated. The ulcers vary in size from mere points to areas as
large as a silver dollar. The large ulcers are usually the result
of two or more necrotic centers becoming confluent. The de-
nuded surface is usually limited or surrounded by a raised
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border, the latter being the result of cellular infiltration. The
tissue adjacent to the denuded surface may finally produce
sufficient new tissue or granulation tissue to repair the injury.
1f the necrosis involves only the superficial epithelium: the re-
pair will be complete and there will be no scar, bhut if the
necrosis has involved the mucosa and portions of the submucous,

Flg. 200.—Nmmal septs, showing glanderous ulccrs.

A naesa) ecptum from glandered horse.

A Cl‘llfﬂf?l'm ulcer having o thick ralsed border with a depresscd grenulating
center.

fhowe characteristic oulltne of an ulcer. also fusion of two or more
primary ulcers

Thumb tackm

A nasal septum from e second glandered horse.

Typlcal Iorateriform vleers and Iarge necrotic area the result of fusion of several
ulcers, :

Cleatrices shown as Srregular white spots,

Thumb tacks

Wi BRSO e
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there will be large quantities of cicatricial tissue produced and
consequently a scar. In nodular glanders of the anterior air
passages, the submaxillary [ymph nodes are invariably enlarged
and contain fibrous, caseous or calcified necrotic foci.
Pulmonary nodular lesions are usually dirty white in coler
and vary in size from pin point centers to masses as large as a
man’s head. These nodules in the beginning are entirely cellu
lar and are surrounded by an hyperemic zone. As they become
larger the central portion usually becomes necrotic and the
hyperemic zone becomes infiltrated with fibroblasts that pro-
duce a fibrous capsule. The small nodular lesions may be small
and thickly distributed throughout the entire luny. The large

Flg. 201—Cutanevas Glanders—Farey,
1. A large croston or uleer (farcy bud) on the Internal surface of fetlock,
2, 3 and 4, Other ulcers appearing along the course of the [Fmphatics,
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lesions are usually few in number and they may be forined Ly
two or more nodules becoming confluent. The central casecus
necrotic tissue in the small foci frequently becomes calcified.
Calcification is usually not evident in the large pulmonary les-
ions, The bronchial and mediastinal glands are invariably in-
volved and they may be caseous, calcified or indurated.
Nodular lesions of the skin are found in the superficial por-
tion of the dermis or in the subcutaneous tissue. The nodules
in the skin rarely become larger than a pea but those of the
subcutaneous tissue may become as large as a hen’s egg. The
central portion of the cutanecus and subcutaneous nodules and

Fig. 02—Mieroscoplc Rectlon through a glanderous ulcer,
Margin of ulcer-necrotic tlssue.
Normal nasal mucous membrane.
Fhowing depth of erosion.
Small round cella
Epithelold cellm.
Fibrous tlasue.

bad ool il o

the superficial tissue covering them become necrotic and a
sticky, tenacious, semi-fluid material is discharged onto the
surface. The related lymphatic vessels are all engorged and
the lymph nodes are enlarged and later become indurated.

The tissue destroyed in the lesions of cutaneous glanders
may be partially regenerated, but are more frequently repatred
by the substitution of fibrous tissue thus producing a thickened
fibrous skin.

Small nodular lesions have been noted in the spleen, lhiver
and kidney. The splenic lesions may be caseous or calcified.
‘Hepatic lesions are usually caseous. The portal lymph nodes
are usually involved when lesions are present in the liver and
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the lvmph nodes atong the hilus of the spleen are invaded in
splenic lesions.

Microscopic—A smalt lesion is the result of a diffuse prolii-
eration of lvmphoid and endotheloid cells and migration of
polymorph leucocytes. The proliferated cells may accumulate in
groups, thus producing nodules. In the beginning there is usn-
ally a well marked hyperemic zone around the cellular center
The cells constituting the central portion of the lesion later un-
dergo necrosis and about the same time the hyperemic zone
becomes less evident. A fibrous capsule may or may not en-
close the lesion, depending upon whether it is diffuse or nodular.

In the nodular form of the disease there is a proliferation of
fibroblasts in the tissue that was previously hyperemic. The
fibroblasts produce the capsule that characterizes nodular gland-
ers. In the older subsurface centers there is formed caseous
material and in the small centers calcareous particles. In sur-
face lesions, necrosis or hbrosis is evident.

Diagnosis. —Mailcin is a filtrate obtained from a glycerinated
bouillon culture of the Bacterium mallei, Mallein is of diagnostic
value only., The cause of the reaction of glandered horses to mallein
is due to increased tissue action. The reaction noted in glanders con-
sists in a thermic disturbance, a swelling at the point of inocu-
lation, stiffness in gait, general depression and there is usually
frequent urination. The temperature variations in glanders range
from 2° F. to 5° F. The maximum rise of temperature usually
oceurs in from ten to twelve hours after malleination, though it
may rot appear until the eighteenth hour after injection of the
mallein. The high temperature evidenced in a mallein reaction
is maintained for a period of from 24 to 60 hours. The swelling
is usually quite large and is very sensitive. The lymphatic ves-
sels that are related to the swollen area become engorged and
present a knotted appearancee. The swelling characterizing a
mallein reaction persists for several days. Stiffness of gait may
be due largely to the disturbance induced by the swelling at
the point of injection, but at least in some cases it is evident that
the stifiness of gait is not proportional to the size of the swell-
ing. Aside from stiffness the reacting animal has a dejected
appearance. The cause of frequent urination is not known,

Agglutination.—The bacterium mallei produces an agglutinogen
which causes the animal body to produce an agglutinin. A spe-
cific agglutinin is found in small quantities in the blood serum
of normal horses and in larger quantities in horses with gland-
ers. The agglutination test for glanders depends upon the
same principle, as that upon which the typhoid agglutination
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depends. The agglutinin appears to cause the bacterial cell
membrane to become sticky and thus the bacteria acted upon
adhere to each other when they are brought into contact and
clumps or clumping of the bacteria results; this constitutes
the agglutination reaction. Blood serum is obtained from the
suspected animal and placed in a normal salt solution in which
are suspended dead Bacteria mallei. A series of four tubes is
usually used in order that different dilutions may be made. In
the 1st tube the dilution is made 1 to 200, i. e, one part of serum
is taken to 200 parts of salt solution in which the Dacterium
mallei is suspended. In the 2nd tube, the dilution is made 1 to
500, the 3rd tube 1 to 800 and in the 4th tube, 1 to 1200, These
tubes are placed in an incubator. The reaction consists in a
deposit of clumped or agglutinated Bacteria mallei in the bot-
tom of the tube. Normal horse serum usually contains suffi-
cient agglutinin to produce a reaction in tube number one, that
is in a dilution of 1 to 200. A deposition in tube number two is
considered suspicious and deposits in tubes three and four is
positive .evidence of glanders. The reaction time is from 24
to 60 hours.

The agglutination test is an accurate means of diagnosis it
the test fluid is properly prepared and has been properly pre-
served and if the operator uses care in making the test. The
time required is much less than the time necessary in making
the mallein test. Another advantage is that the blood serum of
an animal dead of suspected glanders can be as readily tested as
the serum from a living animal—hence it is useful in medico-
legal cases.

EPITHELIOMA CONTAGIOSUM.

Epithelioma Contagiosum is a specific infective disease of
fowls and it may be transmissible to pigeons. The disease is
widespread in the United States. It is, according to Cary the
most serious drawback to the poultry industry of the south. It
is quite prevalent in Hawaii, and has been described in many
different localities in Europe.

Etiology.—The cause of contagious epithelioma is unknown.
The evidence obtainable at the present time indicates that the
eiologic factor is either a protozoon, (coccidium), or an ultra
microscopic or filterable virus,

Lesions.—Macroscopic.—The disease is initiated by a catarrhal
ifflammation of the mucous membrane of the head and neck.
The disturbance may be localized in the eve, nose or mouth, or
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may involve all those parts. The inflammatory disturbance stim-
ulates or is accompanied by a proliferation of epithelial cells in
“the eye, nose, mouth or even on the wattles and comb. These
epithelial new growths are at first grayish, have a smooth, glis-
tening appearance and are surrounded by a hyperaemic zone.
Later the growths, which become nodular, undergo degenera-
tion, especially upon the surface. The necrotic tissue may re-
main and form a scab or it may slough leaving 2 ragged, brown-

P 108
Left side of head, showing cye with extensive istlon of necrotle
roaterial,

ish or grayish indurated surface. These nodules may become
as large as @ pigeon’s egg. They frequently entirely obstruct
vision and in some cases destroy the eye: those appearing in
the nostril may seriously interfere with respiration or even
obstruct the air passages; and nodules in the buccal cavity may
prevent eating or the prehension of food ; while those that occur
in or upon the wattles and comb may be so extensive that
these structures are practically destroved. These nodules may
entirely undergo necrosis, the necrotic tissue becoming dry
and scaly or necrosis may begin in the center of the
nodule and be of a liquefying character and when the entire
nodule has undergone necrosis the mass is discharged as a
thick, watery fluid containing flakes of coagulated necrotic tis-
sue, Again the discharge may be thick and creamy or it may even
be of a caseous nature.
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Microscopic—These nodules are found to be composed largely
of epithelial cells supported by irregular bands of connective
tissue in which there is a limited blood supply. The majority of
cells are very large. Some of these cells contain oval re-
fractile bodies that have been considered as protozoa by some.

Fig. 204,
Right mide, showing growth from eye, nasal cleft, and mouth.

These bodies are also observed between the cells, The epithelial
cells, especially those in the center of the nodule, usualty show
more or less of a nuclear disintegration. The marginal cells in
the nodules are usually more or less flattened. The cell nests

b Google
C
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may develop from glandular or surface epithelium, which, in
the attempt to repair the eroded surface, becomes entangled in
the ragged edges of the ulcers and develop as an epithelioma.
The cell nests increase in size by a multiplication of the peri-
pheral epithelial cells. The rapidly multiplying marginal cells

Fig. 205, —Microscopic sectlon of Epithetioma conlagiosum.

Surface of growth (rom nasal mucous membrane,

Area of epithellal cells. celle large In center, becoming smeller and Anally
blending with the conhective timsue,

Apparently connective Ussue undergoing mucold degeneration.

Frobably blood vempelw, but the ¢ells are smaller than normal red blood cellw

of the chicken. The cells are alen quite irregular in shape.
6. Degeneration of centrat celln The nucleus of the cell firat degencrates and
finally the cell body.

to =

o

consume practically all of the central cells and there is central
necrosis of the cell nests.

The nests are irregular in size and outline and they are
grouped to form the nodules. The nodules mav or may not
have bands of clear, hvaline substance that represents fibrous
tissue undergoing hyaline or mucoid degeneration.
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Abiated (L.Ab, from and Ferre, to bear).
Removal of a parl as by cutting off.

Abgormalithes (L.Ab, from and Norma,
rule). Conditlons not in accord with
the usual.

Aborted (L.Ab, from and Orir, lo erike).
Prevented from full development.
Abepded (L.Ab, from and Radere. to
vub), Having Lhe surface LUissue

rubbed off.

Abscess (L.AbL. from and Ceder, to de-
partl. A circumecribed, molecular
digintegration of sub-surface tlsfve.

Abgorptiom (L.Ab, from and Sorbere, to
suck in). The process of taking up
substances Into the tissues.

Accessory (L, Accesaorius, additlonal).
In sddition o,
Achromatosls (Gr.A, without, Chromb.

color and osls, a condition of). A
conditton of absence of color,

Acldophlle (L.Acere, 10 be sour and GF.
Phileeln, to love). Readlly stain-
able with acid dyes.

Acinl (L.Acinus, & grape). The small-
(st lobuleg or parts of o compound
structure.

 Acromegaly (Gr.Okros, end and Megalon,

: large). A conditlon characterized by
overgrowth of the extremities and
tace.

Actlnomycoals (Gr.Aktls, a ray, Mukes,
fungus and osis, a condition o). A
discape caused by the “ray Tungus.”
Cladothrlx mctlnomyces.

Adepsma (Gr.Aden, gland and Oma,
tumor). An epithellal tumor re-
sembling a gtand in siructyre.

Adipocere {L.Adeps, fat and Cera, waxl.
A wax-llke nsubstance formed ©b¥
exposure of Usaye of a cadaver Lo
molature with alr excluded.

Aeroble (Gr.aer, alr and Bilos, Ufek
Requiring free ox¥gen (airy in or-
der to lUve and mulliply.

Aggiutioln  (L.Agglutinare, to atick to-
gether). An adeptation produet of
the body cells produced by Immu-
nizatlon with corresponding cells
which causes & clumplng or coales-
cing of the kinde of cetla used In
immunization,

Aggloilnogen (1. Agglutinare, to stick
together). A subsian¢e present Inm

bacterinl immunization which glves
rise to the production of agglutin-
ina by the body cells

Alveolar (L.Alveolus, a small lobel.
Fertalning to an alveolus, (A small
cavily for a tooth or histologlc di-
viglon In = lung, gland, ete)

Amboceplor (Gr.Ambo. both and L. Ca-
pere, to take). One of the types of
receptors or Intermedlary bodles In
Enhrlich's lateral side-chain theory.

Ammlioals (Gr.A, without and Mitos,
thread.) Direct divislon of cells
without formation of Uhread-liNe
mtructures,

Amalotle (Gr.Amnlon, 8 foeta]l mem-
brane.) Pertalning to the amnion,
one of the foetal membranes.

Amoeba (Gr Amolbe, & change) A co-
loriess, wingle-celled, animal organ-
sm that constantly undergoes
changes of Torin.

Amylaceovs (Gr.Amulon, atarch.) or
the nature of, or containing starch.

Amyllm (Gr.Amulos, starch.) The in-
soluble wall of & wstarch grain.
Starch c¢ellulose.

Amylold (Gr.Amulos, atarch and Eildos,
form.) Like starch.

Ansbollsmy (Gr.Ana, uwp and Ballein, to
throw.}) The transformation of food-
stuflg Into complex tissue-clements

Apaerohle (Gr.A, without, Aer, alr and
Bios, life.) Able to live In the ab-
sence of free oxygen or alr,

Anaphase {(Gr.Ana, up and Phaals,
phase.) The third stage In mitotie
c¢lt division.

Anssares (Gr.Ana, up and Soarx, flesh.,
An accumulation of non-inflamma-
tory serum In  the aub-cutaneous
arcolar tlesuec. .

Anastomonls (Gr.Ana up and Btomoein,
to bring to a mouth.) The establisvh-
ment of & communication between

two distinet portlons of Lhe sama
organ (Usually vessels),
Anemin (Gr.A., without and Halma,

blpod.) A deficiency of blood or of
any of Jts constituents

Angleblast (Gr.Aggelon, o vessel and
Elastos, germ.) One of the cells of
angioblastic origin concerned in the
formation of veasgls
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Angioma {Gr.Aggelon, vesse]l and Oms,
tumor.) A tumor composed of ves-
seis independently of pre-exlsting
blood or lymph veasels.

Aphydremin (Gr A, without, Hudor, wa-
ter and Haimas, blood.) A diminu-
tlon of the watery constiluents of

the blood.
Ankrlosis (Gr Agkulos, stiffened, and
osis, a copditlon of.) A unlon of

bones In an articulation.
tounda-

Amlagen (Ger.Anlagen.) The
tion or deslgn of & structure, tha
beginning.

spomaly (Gr.A, without and Homalos.
average.; A marked deviatlon from
the normal

antennin] (L. Ante, before and Natua,
born.) Existing before birth.

Anthracosls (Gr.Anthrax, black and
osle, & condition of.} A lung discase
characterized by deposition of coal
dust.

Antitoxin (Gr.Ant, againet and Toxi-
kon. polk ) A batance elabo-
rated by the body-celle to counter-
act the toxinw of other cells

Aplasla (Gr.A, whhout and Plasia, for-
mation.) A conditlon of tallure of
development.

Apmoen (GFA, without and Phecln, 1o
breathe.} A translent ceasation of
reapiration.

Argrriasis (L.Argentum, shiver and oals,
a condition of.) A condition of plg-
mentation by deposition of siiver.

Arterfolith {(Gr.Arteria, to keep alv.
trachea and Lithos, stone) A cal-
culus or stone in an artery.

Srterionclercals  (Gr.Arteria,  trachea,
Skleros, hard and osie, a condition
of.) A chronle inflammation of ar-
teries with hardening of the walls,
especlally of Lthe inliroe.

Arthropods {(Gr.Arthron, a Jjoint and
Pous, foot.} A class of animels hev.
Ing Jjointed lege.

Ascites (Gr.Askos, a bag) An abnor-
mal collectlon of mon-inflammatory
fluld In the peritoneal cavity.

Asstmilatlom (L.Ad. to and Simlilare, to
make likey) The procoss of tAKIng up
food-stuffs by the tissues and mak-
ing them & part of themselves

Asthenle (Gr.A. without and Sthenos,
ptrength. t Characterized by sabsence
ot strengilth or vietence.

Asymoreiriesl (Gr.A, without, 5um, to-
gether mnd Metron, fmeasure.) Be-
ing unlike in corresponding organs
or parts of opposite sldes of a body
that are normally of the same size.

Atavismal (Gr.Atavus, grandfather.) A
conditlon of reappearance In an In-
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dividual of & pecullarity posscssed
by & more or lesa remote progenl-
tor,

Atalectanls (Gr.A, without, Telom, form
and Ektasis, expansion,) Imperfect
expansion or collapse of the air ves-
I¢les of the lung.

Atheromatous (Gr.Athere. gruel, Oma,
tomor and oum of the wnature of.)
Of the nature of an aethroma. (A
sebaceous oyt containing & grumous
material. )

Atresla (Gr. A, without and Tretos, per-
torated.) Fallure of a normal open-
ing or canal to develop.

Atrophy (Gr. A, withoewt and Trophe,
nourlahment.} A conditien in which
there is A decrease in pize or num-
ber of the composing cells of an
organ or ilssue.

Atypleal (Gr.A, without and Tupos.
type.) Not conforming to type, Ir-
regular,

Antoalte {Gr.Autos. eclt and Sitos, food)
A mmonster capable of independent
axistence afier birth,

Avidae (L.Avis, bird.) A famlly of wver
tebrater

Bectericidnl (Gr.Bakterion, & little stick
and L.Coedere, to kill.} Demtructive
10 bacteria

Baaophlle (Or.Basis, foundation and
FPheleein, to [ove.) A sabetmnce that
readliy combines with basic dyes

Beplgn (L.Benignus, kind.) Not danger-
ous to health or life.

Blfida (L.Bls, twice and Findere, to
cleave.) Divided Into two parte)
Biologle (Gr.Biom, life and Logos, sta-
dy.) Pertaining to Blology. (The
study of the structure, function and

organization of living forms.)

Buccal (L.Bucca, cheek) Pertalming to
the cheeks

Bursaitae (L. Burss, purse.) Small bar-
Bae or vesscls, A disease of the skin
characterized by necrosia.

Calelfled (L.Calx, lime and Flere, to be-
come.) A condition of depositlon of
calcarecus matter in tissues,

Camalizstlon (L.Canalis, & canal) The
process of tormation of canabs.

Caries (L.Carles, rotten.) The molecular
nectosla of DBone, enamel. dentine,
etc. corresponding to necrosis in
golt tlaaue.

t'arcinoma (Sr.Karkinos, crab and Oma,
tumor. ) A malignant epitheltal
newgrowih,

Catarrh (Gr.Katarrhein, to flow down.)
An Inflammatery condltion of a
mucous membrane In which there 18
an excesslve production of mucus

Caustle (Gr.Ealein, to burn) A sub.
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stance that desiroys tlzsue, Mors
vlolent than corrosive,

Cellulose (L.Celluta, a smaill cell apd
oxls, & condition of.) The principal
constituent of cell-membranes

Ci fum (L.C wtum, & rough
stone.) A plastlc material capable
of becoming herd and of binding
together contiguous materials,

Centrosomie  (Gr.Kentron, center and
Soma, body.) A structural part of
& cell In active mitotic cell-divi-
skon.

Ceromimous (L.Cers, wex and osis, a
condition of.} Of the nature of cer-
umen, {The wax of the ear.)

Challtosis (Gr.Chalix, gravel and oals,
& condition of) A disease of the
lungs caused by the Inhalatalon of
dust.

Chemotazls (Gr.Chemia, chemisiry and
Tasseln, to arrange.) The property
of cell attraction or repulsion due
to chemic substances.

Chlamydo (Ger.Chemue, & cloak.) A
cloak or maatie, (Used aa & limit.
ing preftx.)

Cholelithingls (Gr.Chole, bite, Lithos,
stone and oalm, & condiion of.) The
condition in which there are coal-
cull In the gall-bladder or ducte

Cholestentoms  (Gr.Chole, bile, Stear,
fat and Oma, tumor.) A tumor
composed of pearl-like masses of
epithellal tissue mingled with
more or lews cholesterin.

Cherold (Gr.Chorlon, chorlon and Eidos,
1ike.} The vascular tunic of the eye
contlpuous with irls and between
the welerotic coat and. retina.

Chromatin (Gr.Chroma, color.) The part

of the protoplsam of & cell that
takes up stalns,
Chromaivlysls (Gr.Chroma, c¢olor and

Luein, to loose.) The destruction of
coloring matter.

Chromosome (Gr.Chrowa, color and
Soma. body.) One of the minute
bodles into which the chromatin ot
the cell in resolved in Indirect cell-
divipion (Mitosin,)

Cleatricial (L.Clcatrix. & scar.) Of or
pertaining to a cleatrix,

Cleatrix  (L.Cleatrix, scar.) The con-
nectlve timsue Lhot replaces a local
lons of tissue,

Clreumperibed (L.Circum, arfound and
Scribere to write) ©Of lUmited or
deflned extent.

Cirrhosls (Gr. Kirrhos, reddish-yellow.)
An overgrowth of connectlve tissye
in an organ usually the result of
chronic inflammation,

Cirsold (Gr.Kirsos, a varlz and Eidos,
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form } FResembling & varix. (A di-
lated and tortuous vesse],

Clomle (Gr.Klonos, commotion.) Char-
acterised by spasmodle and convuls-
Ive muscular coniractions alternat-
Ing with relaxations,

Clot (A.8.Clate, a burr) A special poll-
dification of the blaod outalde of &
vessel

Conguisted {(L.Coagulmre, to curdie.) A
condition In which “here s a coag-
wlum,

Congulam (Coagulare, to curdla.) 4
nol_ldiﬂcatlon of the blopd ocourring
in ‘a deaa veage],

Coagulation (L.Congulare, to
The process of forming n
lum.

Coal

curdle.)
congi.

(L.Coal e, 1o grow to-
gether.) The union of two or more
parts of things.

Coccldiosls (Gr.Kokkos, @ berry and
osls, n conditlon of,) The condition
of being affected with Coccidlia, a
genus of unicellular protozos.

Collagen (Gr.Kolls, €lue and Gennaeln,
to produce.) A wubstance of the
body, especlally of cartllage, that is
converted into a gelatin by bolling.

Collagenouy (Gr.Kolla, glue and Gen-
haein, to produce.) of the nature

of Collagen.

Collateral (L.Con, together ana Latus
slde.) Of the nature of an accep-
sory, oot direct.

Colliquation (L.Con, together and Lf.
quare, to melt.) The Uquetaetion
or breaking down of a tlesue or
organ,

Coms (Gr.Xoma, a deep aleep.) A
Mate of ubconsclousness mot influ.
enced by externa) stimull, coptrol
of vital funcilons still pernlating.

Compenmatory (L.Compensare, to equal.
ize.} HRestoring a balance or dett-
¢lency of a part by means of worne
other part or organ.

Complement (L.Cum, together and Ple-
re, to AtL) That which supplics =a
deficiency.

Complex (L.Cum, together and Plere,
to flll) The totallty of a thing A
thing taken as a whole with consi-
deration of its make-up of paria,

Compenent (L.Cum, fogether and FPo-
nere, to place.) One of the parts
that make up a body.

Concentric (L. Cum, together and Cen-

trum, center.) Arranged In an
equidistant manner about a common
point.

Cengenital (L.Cum, together and Gr.

Gennaeln, to produce,) Existing for

occuring at birth,
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Congestlon (L.Con, together and Ce-
rere, to bring. ) An abnormal oot

Jection and retentlon of biood in
the vessels of a part.

Congiomerate (L.Cum, together and
Glomerare, to heap up.) Arranged
in & mass together Indiscriminately.

Couldia (Gr.Konis, dust and diminutive
toerm.) The declduouw, axial wpores
of certaln (ungl,

Conjugation (L.Cum, together and Ju-
gare, to yoke.) A condition of being
Joined.

Contiguity (L.Cum, together and Tan-
gere, to touch.) A conditlon of belng
in contact. {(Bpolen of two Alfferent
kinds of tisaue.)

Coptimnity (L. Cum, together and TI-
gere. to touch.} A conditlon of being
without interruption of part.
{Within the same tispue.}

Conveatiomally (L.Con, togetherand,¥e.
nire, to come.) According o agree-
ment,

Cornifbed (L.Cornu, horn and Facere, to
make.) The conditlon of having

been made or having become horny.

Corporatiom (L.Corpus, a body.) A col-
lective body consldered as one or
taken as & whole.

Corpuysele (L.Corpus, body and diminu-
tlve term.) A small body or atruc.
ture. Usually the celi-content of the
bloed.

Correlnted (L. Con, together and Rela-
tlo. relation.; Related to

Corroplve (L.Con, together and Rodere,
to gnaw.) A substance that destroyvs
tismue (leme violent than 4 caudtic).

Coribent (L.Cortex, bark.) Of or per-
talning to the cortex, the surtace
layer.

Cotyledons (dr.Kotuledon, a sockel)
An cnlarged vascular organ of the
chorlon.

Crogpows (A SKropan, to ory alowd.)
Of the nature of croup. Character-
ized by a deveclopment of a mem-
branous dgposit or exudate on the
surtace of 4 mMucous membrane,

Cataneous {(L.Cutls, skin.) Pertalning
to the skin.

Cycle (Gr.Kukios. a circle.) A round of
years. A perlod of time.

Cystadenoma (Gr.Kustls, bladder, Aden,
gland and Oma, tumor.) An aden-
oma contalnlng cyste,

Cyetic (Gr.Kustis, a biadder.) Pertain-
ing to or resembling a cyst.

Cytoplasm (Gr.Kutos, c¢ell and Plessein,
to mold.) The essentlal, viscid sub-
stance of a living cell.—FProto-
plasm.

GLOSSARY.

Cyioslp {Gr.XKuios, cell and osis, a con-
ditlon of.) Cell proliteration.

Death (A.3.Death.) The toial cessatlon
of lite,

Debris  (L.Dis, apert and Briser, to
brealt.) The material resulting rrom
the destruction of anyihing.

Decnitnl (L.Decublius, e lying down.)
The position of Iying down.

Degeneration (L.De, away from and
Gerere, to become.) A morbld com-
version of the elements of a tissue
Inilo new substance,

Deletering (L.Delere, to destroy.) Char-
acterized by s hurtful or destric-
tive tendency.

Dentlcle (L.Dens, tooth and Alminutive
term.) A small tooth or prelecting
pofiot.

Depleted (L.De, from and Plere, to
#il.}) Condition of diminished amount
of flutd In & body or pari

Dermatologle (Gr.Derma, skin and Lo-
gos, study.) FPertaining to dermm-
tology. The study of the skin.

Desgbenpt (L.Desslcare, to dry wup.) A
substance that haa the property of
drying up other substances

Desslcated (L.Deaslcare, to dry up.) A
condition of being drled up.

Detritus (L.De¢, away from and Terere,
to rub.) Finely divided materlal worn
off fromn Aubstances by rubbing.

Disbroeds (Gr.Dia, through and Blbros-
keln, to eat.) A conditlon of having
been broken through corrosive &g
tion.

Mapedenls (Gr.DMa, through and Pedae-
In, 1o leap.) The passage of blood
through an unruptured vessel-wall

Disster (Gr.Dis, two and Aster, siar)
The so-called double star or wreath
In the mittole ecell divimion.

Dinstole (Gr.Dla, through and Stole, &
drawing.) The perlod of dilatation
of the chamber of the heart.

Dichotomous (Gr.Dlcha, wssuwnder and
Temneln, to cut.) Regularly divid-
Ing into palrs from bottom to top.

Mfuse (L.Dis. apart and Fundere, to
pour,) Not limited In extent.
DMgestlon (L.Dis, apart and Gerere, to
carry.) The preparation of food-
stuffs for absorption and aasimila-
tlom.

Diphthertle (Gr.Diphiheria, akin or

membrane.} Pertaining to diphthe-
tia, or characterized by formation
of false membrance Iln and wpon &
mucous membrane.
Disintegrated (L.Dis. apart and Integer,
a whole.} Broken up or decomposed,
Dissimliation (L.Dis, apart and Simu-
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lare, to make lke.} To cause to ap-
pear different. .

DMasoctated (1.Dis, apart and Soclare, to
amsociate.} A condition of belng se-
paratied of broken wap.

Dropsy (Gr.Hudrops, dropsy.) The col-
lectlon and retention of & non-in-
Aammatory lymph transudate within
a tisewe or body-cavity.

Ebumated {L.Ebur, Ivory.) An Increased
density of bone, simitiar to ivory.
Ecchymosls (Gr.Ek, gut and Chumoma.
& flowing out.) An extravamation of
blood inte the subcutanecus Llasura.

Ectropis (Gr.Ek, out and Trepein. to
turn.} Eversion or turning out of
the edge of a part, especially of the
eyelid.

Eftervescenes (L.Effervescere, to boll
up.) Glving off bubbles of gas.

Effwmsloa (L.Effundere, to pour out.) The
escape of a llquid exudate Into a
tisaue or part, especlalty of serum

or blood
Ellminatiom (L.Ex, ouat and Limen,
thresheld.) The expulslon of any-

thing from the body, especlally of
waste broducts.

Emaelatlon (Empciare, to become lean.)
A condition resulting from o genera)
wasting away of all tlssues of the
body.

Embolus (Gr.En. In and Ballein, to
ihrow.) An obatraction in a veapel
by matter from another polnt,

Embryopal (Gr.En. in and Bruein, to
grow ) Pertalning to an embryo. The
foetus In the early magen of Ita de-
velopment,

Emphysema (Gr.Emphusaeln, to Inflate.}
A condition In which there 1a an

accumulation of gas In the Inter-
stices of the connective tissue.
Emprema (Gr.En, Iln and Pyon, pus)

Pus In a hody cavity.
Encephsalold (Gr Egkephalos, braln.) Of
the nature of bralp tissue.
Endewnic (Gr.En, In and Demow, people.)
A disease found Iln a vertaln pilace
more or lexs counstantly.

Endomyslom (Gr. Endon, within and
Mus, mustle.) The connective tlsBue
sirycture  separating muscle-fibre
bandlea

Esdotheilum (Gr.Endo, within the Thele
nipple and Oma, tumor.) A tumor
composed of endothellal cellw.

Endothellum (Gr.Endo, wlihin and The-
le, nipple.) Cellp covering the inner
surface of vesgels not communicat.
ing with the outer air.

Endotoxin (Gr.Endon, within and Toxi-
kon. polanny A poigonous subetance
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found within the cell body of a bae.
terium,

Enterolith (Gr.Enteron, bowe) and Lith-
o8, slome.) A concretlon found in
the Intestines: An intestinal calcu.
lus.

Eanterorrhagls (Gr.Enteron, bowek
Hregnunal, to burst torth.)
morrhAge inte the Intestines.

Enucleated (L.Ex. out of and Nuacleus,
kernel.) Removed (n  sach a way
that the body comes out vlean and
whote from its cepsule (as of A ta-
mor. }

Engootle (Gr. En. in and Zoon, animal,)
Pertaining 10 a diseawe of lower
&nimals and found In & certain placs
more or less constantly,

Enzym (Gr.En In and Zume, leaven.)
A ferment formed within the body.

Ensymotle (Gr.En, {n and Zume, teaven. )
Pertalning to leaven, {Enzym.)

, Ecslmopblle (Gr.Eos, dawp and Philee-
in to love.) SBhowlng a pecullar af-
finity for eosin or ecld staing In
Eeneral.

Ependymal (Gr.Epi, upon and Enduma,
& garment.) Pertalning to the Epen-
dyma, The Hning membrane of the
cerebral ventricles and of the cen.
tral canal.

Epbemersl (Gr.Epi, upon and Hemers.
day.) Lasting but s day: tempo-
rary.

Epldermal (Gr.Epl, upon and Derma.
skix.) Periaining to the epldermis.
the outer tayer of the skin,

Epllepsy (Gr.Epl, upon and Lepals, wel-
Iure.) Paroxysmal loss of consclous-
hess with convulsions lasting but a
short time,

Epistaxis (Gr.Epl. upon and Etazein. to
cause to drop.) Hemorrhage (rom
the nose,

Epithellam (Gr.Epl, upon and Thele, nlp-
Pple.)  Cells forming the epldermis
and lining vessels that communleate
with the externai alr,

Etlology (Gr Altloa. cause and Logos,
study.) The study of the causes of
discase,

Evolutionary (L.Ex, out and Volvere, to
roll.) Periaining to evolution: The
Process of development from simple
to complex form.

Exanthemaious (Gr.ExX, out of and Ant-
hema, & breaking forth and ous
pertalning to.) OfF the character of
Exanthems: An eruption of the skin

Exciting (L.Ex, out end Cltare, to stir)
catting forth Qrecily.

Exerement (L.Ex. out and Cernere, to
separate.} Matter cast out as wasie
from the body (empecially the feces.:

Exceretlon (L. Ex, out and Cernere. 1.

and
He-
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separate.) The discharge by the tia-
sues of waste Droducts

Exfollates (L.Ex, Trom and Follare, to
give forth leaves) To separate Jote
thin layers

Sxfollation {L.Ex, (rom and Follare, to
xive torth leaves) The procesa of
separating into thin Jayers

Exophthalmie (Gr.Ex, out and Oph-
thalmos, eye,) Pertatnlng to abnor-
mal extrusion of the eye-ball

Extlrpation (L Ex, oul and 8tirpa,
stem.) Complele removal or eradica.

S el o parr,

Exirurasstion (L-Extra, outside. add
Vag, vessel.) The escape of tluld
from Ita containing cevity or ves-
el {Eapecially applled to the
bloed. )

PBxira-utering (L.Extra, outside ot and
Ut¢rus, uterun} OCutalde of Lhe wute-
e,

Extrinsle (Extra, without and Secus,
otherwlse.) Coming from the out-
side: Not directly belonging to »
part,

Exndats (Ex, out and Sudare, to swent.)
A portlon of the bleod that has
passid Into & timue from fts ves-
sels becauss of Inflammatory dis-
turbances.

Bxodation (L.Ex, out and Budare, to
sweat,}) The production of an eEu-
date,

Faceted (Fr.Facette, a little face) Pro-

vided with many small plane sar-
faces.
Faeultative (L.Faculiag, capabllity.}

Capable of assuming a parl or con-
dition (spoken of bacteria)

Fever (L.Fibres.) An ebhormally high
temperature.

Fibrinopuraient (L Fibra, fibre and FPus,
pus) Composed of fbrin and pus

Fibrineus (L.Fibra, fAber.y Of the na-
ture of or conalsting of Abrin.

Flbroglia (L Flbra, thread and Glia,
giue.) The glue-like Abres of some
Lumors.

Filamentegs (L.Fijum, a thread and
ous of the nature of.) Like & small
thread En structure.

Fllaria (L.Filum, a thread.) A genus of
nematode wortha, thread-lUke, endo-
parasitic.

Fllum termimale (L.Filum, s thread and

Terminale, terminal.) The long.
slender. thread-like Lermination of
the spinal cerd.

Fiagella (L. Flagella, a whip) A motile
whip-like procces {usuatty applied
to some bacteria).

Foel (L.Focus, & fire-place.} The prin-
cipal seats of & discase

Foetus {L.Foctus. offspring.} TUnbora

GLOSSARY.

off-spring of viviparous animals In
later developmental stage.
Folllele (L.Follls, & bellows and diminu-

tive term.} A smaill sac or gland.
Fractons (L. Frangers, to break ) Apt
to become difficull to control,
Fravigre (L .Frangere, to break) A
break in the continulty of oaseous
tesus (bone)
Fuopetion {(L.Fungi, to perform.) The

normal action or work of a part.

Fualform (L.Fusus. a spindic and Fer-
ma, form.) Like a spindle In form.

Galactophervus (Gr.Galsa, milk and Fer-
¢in, to bear.) Producing milk.

Gangrens (Or Gangraine, a sore.) That
type of neroais characterized by pu-
trefaction of the necrotie Lissue,

Gemnation (L.Gemma. bud.) The act
of budding or reproduction by bud-
ding.

Geatatiom {(L.Gestare, to bear.) The
period from fertilization of the ovum
to Its expulsion from the uterus

Glils cells (L.Glla, glue.) Neuroglia or
the wsupporting-siructure cells  of
nerve-tissue,

GHemma (Gr.Glla, glue and Oma, tumor.)
A lumor <omposed of neurogils
celis

Glrcogem (Gr.Qlukon, sweel and Gennteln

to prod ) A batance formed

trom carbohydretes in the body and
stored up In  certaln  structyres:
often called animal siarch

latlon (LG la, & lttle gvain.)

The formation of new tissue in the

repadr of local tows of tiesue and

composed of capillary vesscls eh-
closed by groups of connective tis-

Bue cells

Haptephore (Gr.Haptein, to seize and
Phorein, to carr¥.) The stable. non-
polsonous element of & toxln Which
enabies It to unite with a antitoxin
{Ehrlich's Jateral side-chaln theo-
™.)

Hetmiothe (Gr.Helmins,
branch of lovertebraies
worms.

Hematetmeshs (Gr.Haima, blosd and
Emesls. vomiting.? The vomiting
of blood, Gasiric hemorrhage.

Hematidosds (Gr.Halma, blood and Hi-
drosts, sweatlng.) The eweating of
blood or of & blood-like subslance.

Hematin (Gr.Halma, blood.} A product
of decompositlon of Hewmoglobln,

Hematorele (Gr.Halmea, blood and Kele,
tumor.) The extravasatlon of blood
inlo a cavity, especlally the lunice
vaginalis testle.

Hematogemeos (Gr.Haima, blood and

a worm.) A
known aa
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Gennasin, to produce.) Derived from
or having origin in the blood.

Hematoldin (Gr Helms, blood and El.
dos. resemblance.) A yellowlah-
brown, iron-free substange obtained
trom hemoglobln of the blood.

Hemstoma (Jr.Haims, blood and Oma,
tumor.) A clrecumscribed collection
of extravasated blood.

Heomatometrn (Gr.Halma, bdlood and
Metrn, uterus.) An accumulation of
blood In the uterine cavity, extra-
vasated from the mucosa.

Hematarls (Or-Haima, blood and Ou-
ton, urine.) Urine contalning whote
blsod. A condlilon of bloody wurine.

Hemochromogen (Gr.Halma, blood,
Chroma, color and Gennaein, Lo pro-
duce.) A cryeislline coloring maiter
derived from the hemoglobln of the
blood.

Hemocoella (Gr.Haima, blood and Kol-
s, belly.) An accumulation of bloed
within the peritoneal cavity.

Hemogenons {Gr.Halma, blood and Gen-
naein.) Derived from the blood or
having origk In the blood.

Hemogloblm (Gr.Haims. blood and L.
Qlobus, globe.) The coloring matier
of the red blood copuscles.

Hemeglsbinurly (Or. Haima, blood, L.~
Globus, & globe and Gr.Ouron, yrine.)
A dlscharge of urine containing he-
moglobin, A condition of hemoglo-
bin In the urine,

Hemolysls (Gr.Haima, blood and Luein,
to loose.) Destructlon of the blood
or of 1t corpuscles.

Hemoptysls (Gr.Haima, blood and Piu-
ein. to spit.y Spitting blood from
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Beterogensomy (Gr.Heteros, other and
Qencs, kind.} Composed of different
substancens,

Humor (L.Humor, molsture.) a fluid or
seral-fluld part of the body.

Hyalin (Gr.Hualos, xless.) A \ranslucent
substance. The chlef nitrogen cob-
stitute of hrdated cyms.

Hyaloplasm (Gr.Hualos, glass and Plas.
sein, to mold.) The fuid portlon of
the cell-protoplasm,

Hydemrgyrvsls (Gr.Hudor, water and
Arguros, sllver (Mercary.) A depowit
of mercury in the tisaues.

Hrdremia (Gr.Huodor, water and Hal-
me, blood.) A condition in which
the fluld of the blood is In excess of
the normal proportion of cella.

Hydrocele (Gr.Hudor, water and Keie,
tumor.) A collection of ocedematoup
fiudd within the tunlca vaginalis

Hydrocephalus  {Gr.Hudor, water ang
Kephale, head.) A cotlection of oede-
matous Auld in the serous cavitleg
of the brain or Its meninges.

Hydroperieardivms  (Gr.Hudor,  water,
Perl, arcund and Kardis, heart.) A
collection of cedematous Auld in the
pericardial aae.

Hydrople (Gr. Hudrops, dropsy.) Per-
taining 1o or affected with dropsy.

Hrdrops (Or.Hudrope, dropsy.) Dropay:
An abnormal collection and reten-
tion of serum in the cellular {issue
or o B body cavitry,

Hydrethorax (Gr.Hudor, water and Tho-

rax, thoraxr.) Abnormal accumula-

tion of an ocedematous fuid In the
pleural cavity.

Hyp matosls (Gr.Huper, abave,

the respiratory p ge—p L4
hemorrhage.

Hemorrhage (Gr.Halma, blood and
Hragnuni, to burst forth). The es-
cape of blood through a vessel wall,

Hemosbderin (Gr.Heima, blood snd 8-
deros, Iron) A golden-yellow pig-
ment containing iron and derived
from the hemoglobln of the blood.

Hempothorax (Gr.Haims, blood and
Thorax, thorsx.) An accumulation
of blood in the thoracie cevity,

Hepatogenous (Gr.Hepa, ilver and Gen-
naein, to produce.) Produced by or
in the tiver.

Hermaphrodite (Hermes and Aphrodite,
Greek deltles ) An Individus) that
poEscsgel TNOre or lesd completely
both male and female genital or-
gans.

Hernia (Gr.Hernos, a sproui.) The pro-
truslon of an organ through an ab-
normal opening in the wall of Ite
contalning cavity.

Chroma. color and oals, & condition
of.) A condition of excessive depo-
sitton of pigment in the tissues.

Hyperemba (Gr.Huper, above and Hal-
ma. blood.) An Increase In the blood
supply to a part. .

Hypernepbroma (Gr.Huper, above Ne-
phros. kidney and Oma, tumor.) A
tumor composed of tissue similar to
adrenal tiesue.

Hyperplasla (Gr.Huper, above and Plas-
ls, formetion) An Increase in the
number of cells In a part,

Hyperpiastic (Gr.Huper, above and Plag-
is, formaetion.) Pertaining to hy-

perplasin
Hypersensitlve (Gr.Huper, above and
L.Bensue, feeling.) A conditlon of

Increased or abnormal lendency to

readtlon to a stlmulus.
Hyperirephy (Qr.Huper, above and Tro-
phe, nourishment.) An ezcessive
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incr. ase In the mize of the cellmof a

tissuv.

Hyphae (Gr.Hupha, a web.) The flla-
ments compoeing the mycellum of &
fungus.

Hyphomycetes (Gr Hupha, a web and
Mukes, a fungus} A Egroup of
fungl including the molds. Bome Afv
pathogenic.

Hypoplasia (Gr.Hupe, under and Plas-

fa. tormatlon.) Defectlve or incom-
plete development of a tisaue.

Hypothests (Gr.Hupo, under and Tithe-
nal. to put.) A proposition taken
for granted In order to draw a COR
clugion to ald in explanation of cer-
tain tacts.

Tehorows (GrIchor, serum or pus} Of
the nature of fchor: An acrid, thin,
puriform discharge,

fehthyosds (Gr.Ichthus, s fish and oale,

a condition of.}) A condltion Ilke
the scales of a fish.
feterus  (Gr.lkieros, yellow.) Jaundice,

a yellow pigmentatien of the tie-
sues with the coloring matter of the
bite.

Immunity (L.In, not and Munls, serv-
ing.} A condition of exemptlon (rom
a disease.

{mparcted 1L.In, In and Plngere, to
drive.) Driven Armly in or distodged
with diffleuity,

Isanktbon (L.Inanls, empty.) A wasting
of the hody from lack of food or
from Inabllily to aeslmilate §t.

Inbreeding <A.S5. In, and Broden, (o
nourish.) The production of off-
spring by closely related parenis

Incorporated (L.In, and Corpus, body.}
Thoroughly united with a body in a
coOmpact rnass,

Indurated (L.In,
Rendered hard,

Inest (L.In, not and Ars, ari.) Without
action.

Iofaret (L.In, in and Fareire, to stull.)

P A wedge-shaped area (hemorrhaglc

and Durus, hard.}

or ancmic) in an organ produced
by obstructlon of a termina! veseel

Jatection (1.In. in  and TFacere, 1o
make.) The Invesion of the body by
pathogenic micro-paraslies and the
sum-tolal of the dJdisturbances pro-
duced by their pregence therein,

Intectlous (L. In, into and Facere, to
make.) Capable of communicating a
disense.

Inflammation (L.In, and Flamma, flame.}
The reaction of a lHving anlma) tia-
sue to an lrritant accompanicd by

elreulatory dimturbances and by de-
structlve or  proliterative  tlaaue
<hanges.

GLUSSARY.

Imgeated (L.In, tn and Gerere, to bring.)
Taken into the stomach or atlmen-
tary tract,

Inherlied (L.In, to and Hacrers, to
cleave.) Born to or belonging to by
birth.

lohibitlnr {(L.In, in and Habere, to
hold.} Holding In check or hinder-
ing (rom deolng a thing.

Inimicnl (L.In, not and Amicus, friend.)
Having a hostlle tendency. Liable to

Injure.
noculating (L.In, Into and Oculus, a
bud.) The Introduction of a wirum

of a discase into a wound or abra-
slon of the akin.

[noscualation (L.In, into, and Os, mouth.)
The Joining of blood vessela by dl.
rect communication,

[nsldlous (L.Insidioe, ambush.) Coming
on stealthily or imperceptibly.
inppissnted (L.In, intensive term and
Splamare, (o thicken.y Thickens by

removal of Auld,

Insysceptibiiity (L.In, not and Suwscl-
pere, to receive ) Not havieg a la-
bilty to acquire a dleensc,

Infercetiular (L.Inter, between and Cel-
1a. cell.) Exlsting between the cells
of n iissue.

Interfumicular (L.Inter, between and
Funiculus. cord } Existing between
the bundies of timaue,

Imtermitent (L.Inter, between and

Mittere, to send.) Characteriged by
intcrvals between.

Imterstice (L.Inter. between and Siare.
to stand.) Spaces betWeen or Lo
stand between.

Interstitlal (L.Intcr, between and Sis-
tere, to place.) Pertaining to stryc-
turea between the celis of a part.
(Stroma. )

Intracellular (L.Intre. within and Cella,

cell.r Exlsting within the celly of
a tlesuc.
Inirinele (L.Intra, within and Secum

otherwisc,) Sltuated cntirely within
or periaining <¢xcluslvely to a part

Imtussusception (L.Intus, within and
Susclpere, to recvive.) A sllpping of
one part of an orgen (usually In-
testine. ) into the parts beyond,

Invaginetion (L.In, within and Vagine.
a sheath.) The unsheathing of a tls-
aue,

Involuere (L.In, In and Volvere, to
wrap.) The covering or sheath con-
taining the pequestrum of necrosed
bone.

Irritant (L.Irritare, to exclte.) Anvthing
that producea an excemive actlon or
funetioning In a responsive tlmue.
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Ischemln (Gr. Ischein, to check and Hal-
ma, blood.) A local anemia

Ischlopagas (Gr.lschlon. hip and Pa-
gos, unifon.) A monster with two
heads and with bodies united at the
hipa

KEaryokinesty (Gr Karuon, nucleus and
Kinesls, motion.) Indirect cell-divi-
slon with formatlon of thread-lke
structurce. (Miowsis.)

Earyolysls (GrKaruon, nucleus and
Luein, 1o Yoose.) The morbld de-
stryction of the cell nucleus,

Eaiabollam (Gr.Katam, down and Ball-

ein, 1o throw.) The traneformation of
complex  tlasuc-elemenis into simp-
ler onea in the production of energy,

Eerailtls (Gr.Kcras, horn of cornea and
I, inflammation.) Inflammation
of the cornea,

Eeratosls (Gr.Keras, horn or cornea and
osis, a condltion of.} A Aiscase of
the skin characterized by an over-
growth of horny tlssue.

Kinetle (Gr.Kinecin, to move.)
ing to motion.

Eolold (Gr.Ecle, a cltaw and Eidos,
Ike.) A raised, cutaneous denge
overgrowth of white fAbrows con-
nective tlasue in a  cleatrix, very
common in the negro,

Pertaln-

Lacermted (I.Lacerage, to tear.) Condi-
tlon of Lelng torn apart leaving
ragged cdges.

Latunse (L.Lacuna, a small lake.}
Small plts or depressions: Hollow
spacen. :

Laminated (L.Laming, o plate or scale.)
Made up of Jaminae, of thin flat
plates.

Leclthin (Gr.Lekithos, the yolk of an
egg.) A complex nitrogenous sub-
stance found widd'y distributed in
the body tissues.

Lefomyoma (Gr.Lelos ., smooth Mus.
mugcle and Oma, tumor.}) A tumor
composcd of unwetriped muacle tis-
me.

Leston {L.Laceio, to hurt.)
bid structural change.
Leucoderma (Gr.Lewkos, white and Der-
ma, skin.) A condition of abnormal
whiteness of the skin—Albinlsm In

paichen,

Lentomain (Gr Leukna. white of egx and
QOma.}) 4 product of metabollam
of the tlssuea of the body and nor-
mally present In them,

Leucoeytosls (Gr.Leukos, white, Kutos,
cell and osie, & condition of.r An
Increase in the relative number of
teycocytes In the blood.

A  mor-
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Leucoprotese (Gr.Leukos, white and
Protos, frat,) A ferment.

Leukemla {(Gr.Leokos, white and Hal-
ma, blood.) A conditlon In which
there 1a a proportional increase of
leucocytea In the blood,

Lobulste (Gr.Lobus, a lobe and diminu-
tive term.) Contalning small lobes.

Lumen (L.Lumen, Jight.) The cavity
surrounded by walls of a tubular
veapel,

Lymph (L.Lympha, water.}) That por-

tion of the ©btood which pabsses
through the caplilary walls into the
perlvarcular apacep and consliste of

diluted plasma, leucocyten  and

usually wasic material.
Lymphogenous (L.Lympha, water and

Ge. Gennaeln, to produce.) Pro-

ducing lymph,

Lymphocrte {L.Lympha, water and Gr.-
Kutos, cell.} A varlety of leucocyte
found In lymph glands. They are
small, with very large nucleus.

Lymphorrhagls (L.Lympha, water and
Gr.Hraghunal, to burst forth.> The
flow of Iymph from a ruplured
lymph-vessel

L¥sin (Gr.Luein, to looee} A cell pro-
duct with power of cleavage of
other cells or substancen

Lysis (Gr.Lucin, to loose.} A gradual
decline. (enerally used In combina-
tion to signify destruction or break-
ing up.

Maceratbon (L. Macerere, to malie moft.)
The softening of a wolld by soaking
in n Uguid

Macrosceple (Gr. Makros, long and Sko-
pein, to view,) VYisible with the un-
afded e¥e or WwWithout the use of a
miscroscope.

Malformatien (L.Malus, bad and For-
ma, form.) An abnormal develop-
menl of an OFEAN OT part.

Mallgn il.Malus, bad.) Likely to kit

Mammalla (1. Mamma, breast.) A class
of vertebratee that suckle thelr
young.

Margination (L.Marginase, to furnish
with a border.) The act of furnish-
Ing with a district border. (Th=
accumulation of leucocyies on the
Interior of a vessel wall.)

Muaat-cell (Ger. Mast-zellen,
A Iarge type of
with  basophillc
atainable,

Melanin (Or.Mclas, black.) A black plg-
ment, natural in some tiesues, often
pathologic.

Melanouls (Gr.Melas,

food-cell.)
leucocytes  filled
granules, highly

black, osle. 8 con-
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aitlon of.) A condilion of abnor-
maé plgmentation with melanin,

Metabollan (Gr.Mela, after and Balieln,
to throw.) The phenomena by which
foodstuffs are transformed Into cofa.
plex tissue-e¢lementis or complex tis-
sue-clernents are converted into
simpler ones in the productlon of
enerygy.

Metamorphosls (Qr.Meta, after and
Morphoeiln, te change, and ovsls, &
condition of.) A change of whape or
structure, ususlly a degcneration.

Metaphagse (Gr. Meta, after and Phaasis,
phase.}) The mecond period In in-
direct celt-dlvision, (Mitosls.)

Meiaplagiy (Gr. Meta, after and FPlasis,
formatinn.) The conversion of a
developed or melured tlssue 1ato
another clopely related tissue,

Hetnsiatle (Gr.Meta, afier and Stasis,
hait.) Pertaining to Metasiasle.
The transfer of A disease process
from one Organ to anolther by means
of bleed or lymph.

Metrorrhagis (Or.Metra, uterus  and
Hregnunal, te burst forth,) Hemorr-
hage from the uterine mucoss, the
extravamate belng almost wholly re-
tained in the uterus.

Miersn (Or.Mikros. small.} ' One one-
thousandth of & milimeter (1-
25,000 of an Inch). Represented by
the greed leiter mu.

Microparasite (Gr.Mikros, small,
beslde and Silos food.) A vperesite
requiring high megnification tor ob.
servatlon.

Mlerwphyte (Gr Mikros, small and Phu-
ton, plant.) A microgcople plant,
Microscople (Gr.Mikros. small end Sko-
peein. to view.) Not visible with the

unelded eve.

Microzos (Gr.Mikros, small and Zoon

tmal.) A mler ple animal or-
ganlam,

Mirturitiom (L Micturire, to urinaie.}

The passage of urlne. Staling.

Millary (L.MUSum, millet.}) Conslating
of small tubercles or nodules of the
otze of millet seed,

Mitosts (Gr. Mitos. thread and os8ls, &
condition  of.} Indlrect celi-division
with formatlon of thread-Hke sifuc-
tures. Karyokinesls.

Mole (L.Moles, 2 mass.) A masy formed
in the uterus by nrrested develop-
ment or degenersation of a foelus
Also & Nevum

Monsater (Gr.Monoa, single and Amster,
atar.) The single siar or wreath In
Indirect cell-divislon (mitosin),

Monochorionle (Gr.Monos, single and

Para,
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Chorion, & footal membrame.) Hav-
Ing » single chorfon,

Mohonwclear (Gr.Monos, single and L.e
Nucleus, nuclens.) Having but one

nucleus.

Merbid (L.Morbus, diseape.) Pertaining
to discage.

Moribund (L.Morirl, to die.) In & dying
eondition.

Morpholegy (Gr.Morphe, form and Lo-
gos. study.) The mtudy of the form
and structure of organtzed belogm.

Mutpe (L.Mucus) The viscid fluld se-
creted by special glands of mucous

membrajes.
Muoltiparous (L.Multus, many and Pare-
re. to produce.) Bringing forth

motre than one offepring at a birth.

Mycollal (Gr.Mukes, a fungus and He-
lon, ap overgrowth.) Perialning to
& mycellum,

Mycetlum (Gr.Mukes, a tungug and He.
los. an overgrowih.) The vegetative
fllaments af & funguR

Mycosls (Gr. Mukes, fungus and omis, &
conditlon of.) A growth of fungus
in the tiasye,

Myelol (Gr.Muelos. marrow and Eidos,
Hke.) Resembling marrow.

Myoblast (Gr.Mus, muscle and Bleston,
germ.} A cell developing into s
muscle fibre.

Myoma (Gr.Mus, muscie and Oma, tu-
mor.) A tumor composed of mamscle
tismue.

Myositls (Gr.Mus, muscle and Itls, In-
flammation.) Inflammation of mus-
cle tissue.

Myziodems (Gr.Muxos, mucus and Olde.
ma, oedema.} A condition In which
tigsues, especlally the hands and
face, are Inflltrated with a mucue-
lke substance.

Myzoms (Gr. Muxos, mucus and Owma,
tumor.) A connective-llesue tumor
made up of mucin-contalning Inter-
cellular substance.

N t (L.Nanci . to arise)  Jum
coming into exlstence, Just libermied
from a chemical compound.

Necroblosis (Gr.Nekros, a corpse and
Blos, Wte.) Gradus! and progressive
death of & cell or of o group of
celln

Necrosls (Gr.Nekros, a corpse.) Death
of a tesue apddenly, In moasa while
surrounded by living tissue.

Neotormation (Gr.Neos, new and L.For.
ma, fortn.) A circumscribed new
growth ot tiasue of abnormal struc-
ture and locatlon and functioniess.
Tumor,

Neoplasin (Gr.Neos, new and Flagsein,
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to mold) A neoformation, a tu- Ossification (L.Osss, bone and Facere,
maor. to make,) The formation of bene

Newrliemman (Gr.Neuron, mnarve and Ostefils (Gr.Osteon, bone and Itis, in-

Lemma, & husk.}) The covering-
sheath of 8 nerve-fibre,

Newroglia (Gr.Neuron, netve and Gl
glue.) The tissue forming tha basls
of the supporting (ramework of the
¢entral nervous tissus.

Neuroma (Gr.Neuron, nerve and Oms,
tumor.) A tumor composed of Derve
tinsue.

Neater (L-Neuter, neither.) Neither the
one nor the other. Inactive. Nelther
acid por alkallne.

Neotrophile (L. Neuter. nelther and Gr.
Fhileeln, to love.} A cell or siruc-
ture stalnable by neulral dyes,

Nevus (L.Nevus, & mole,) A mole. A
congenital sngloma of the akin
Birthmark.

Nidus (L.Nidus, & nest.) The original
point of a morbid process oOr focus
of infeclion.

Noxlows (L.Noxlous. harmful.)
harmful propertlen

Nacleolne (L. Nucleus, s small nut and

Having

diminutive term.) A small body
within the nucleus of & cell
Nutloopiasm (L .Nucleus. a amall nut

and Gr.Plagsein, 1o meld.) The pro-
toplasm of & nucleus.

Nuclems (L.Nucieus, & wmell nut.) The
cagentlal part of a Hving cell.
Obligatory (L.Oblgare, to bind.) Bound
by conditions. Not facultative,
Odontoms  (Gr.Odons, tooth and Owms,

tumor.}) A tumor of tooth-like
struciure.
Oed (Gr.Old & awelling.) The

accumylation apd retentlon of 1¥ymph
in iymph vesasels and spaces. Dropey.

Dogenesls (Gr. Qon, egg and Gennaeln,
to produte.) The orlgin and de-
velopment of the egg,

Ophibalmis (Gr.Ophthalmos, the eye.}
Inflammation of the atructures of
the epe.

Opeonin (Gr.Opsone, & dainty food.) A
product of the body-cells that pre-
pares bacterin for phagocytosia

Optloum (L-Optimus, best.} A cond)-
tlon characterized by the most fav-
orable conditiona,

Organlred (Gr.Organon, organ.} Con-
verted Into an organ or organ-llke
siructure.

Osciilntion (L .Oscillare, to vibrate) A
regular motlon back and forth
within narrow Hmita,

Osmotle (Gr.Ovmos, !mpulge.) Pertain-
ing to is. The p of -
quids and substances In  solution

through a membrane,

flammation.}) Infiammation of bonwe,

Osteobiast (Gr.Osteon, bone mnd Blas
tos, germ.) A cell of mesoblastic
orlgin  concerned In the formation
of bone.

Dateoclast (Gr.Osteon, bone and Hlaeln,
to break.) A large multinuclear cell
concerned in the removal of bone.

Ostesphyte (Gr.Osteon, bone and Phu-
ton, plant) A hony outgrowth, tree-
Hke n character,

Molegtt (Or.Ous, ear andl Logos, stu-
dy.) Pertaining to Otology: The mu-

- 4y of the ear.

Oxyphile (Gr.Oxus, sharp and Phllecin,
to love.) Biminable with acia dyes.

Palpated (L.Palpare, to feel of) Rx-
amined with the hand to delermine
conditions beneath,

Paratentesls {(Gr.Pare, near and Kenie-
sls. puncture.) Burgical puncture of
the walls of a cavity.

Paralysis (Gr.Pars, near and Luein, to
lotse.) Loas of sensatlon or motion
In & part.

Parsslte (Gr.Para, near and Sitos, food.)
An organism thai gaine protection
or sustenance or both et the eZ-
pense of another organiem.

Parenchyma (Gr.Pera, near En, In and
Cheem, foundatlon, to pour In.) The
foundation, or emsential or (unction-
ing portion of a struciure.

Parenchymaious (Gr.Para. near En, In
and Cheem, foundation, to pour In.}
Pertaining to or affecting the paren-
chyma.

Purtetes (L.Paries, wall.) The envelop-
Ing or investing structure of a body
cavity.

Partarition (L.Parturire, to bring forth.)
The act of giving birth to young.

Pathogenesls (Gr.Palhos, suffering and
Gennaein, to produce.) The origin of
diseasge,

Pathology (Gr.Pathos, suffering and
Logos, study.) The siudy of dis-
eage.

Peptons (Gr.Papton, digesting.) Pra-
teidw formed by the actlon of pep-
#n onp albumins during digestion.

Perlichondrium (Gr Perl, around and
Chondros, cartllage) The Abrous
conneclive-tizsye covering of cartl-
lage.

Perimysium (Gr.Perl saround and Mus,
ynuscle.) The sheath of connective-
tissue around & tfasclcuiug of mus-
cte fibres, '
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‘qulutoid (Perl, around, Osteon, boae Poeumonokenlesls (Gr.Pneymon, lung
and old, of the nature of.}) Of the and Konla, dust, swis a condition

nature of perlosteum: The sheath
of connective tissue around bones
excepting on articular surfaces.
Perlpheral (Gr.Perl, around and Pher-
¢in, o carry.} Pertaining to the pe.
. riphery: The external boundary.
Petrification (Gr Petra, & sione and L.-
Facere, 1o mmake.) Conversion Into
a stone-1le subatance.
Phagocytic 1Gr.Phagein, 10 cat and Ku-

tos, cell} Pertalning to a phago-
cyle.
Phagocytosls (Gr.Phageln, Lo eai, Ku-

tos, cell and osle, condiilon of.) The
actlve fubctioning of phagocytes. A
blood cell that ingests and deatroys
harmtul matter in the tissuea)

Phiebollth (Or.Phlebs, & veln and Li-
thos, a sone.) A calculus or con-
cretlon 1o & veln,

Phlegmonens  (Gr.Phlegmone,  phleg-

mon.} Pertaining to phlegmon, (AR

Inflammation characterized by 1he

spreading of purulent fluld in the

tisues

ph (Gr.Phoaphoros, phoa-

phorous.) ‘The emisslon of light

without appreclable productlon of
heat.

Photogenle (Gr.Pholos,
naein, to produce.}
ducing Hght.

Physlology (Gr.Phusie, nsture and Lo-
gos. study.) The study of the func-

g

lUght and Gen-
Caugelng or pro-

tlone of the organs of the llving
body.
Phytoparsslte (Gr.Fhutos, plant, TFark,

near and Sitos, food.) A parasite
vegelable organlem.

Figmented (L Fingere, to paint ) A con-

ditlon to  depositlon of coloFing
maller In the tissues
Placenial (Gr.Plakous, & cake) Per-

taining to the placenta The organ
of the uterine wall to which the
foetus is altached and from which
it obtalns jits nourlshment.

Placentoma {Gr.Plakous, & cake and
Oma. a tumer.} A tumor composed
of placental tlssue.

Pleomorphisn (Gr Pieon. more  &Rd
orphe, form.) The state of having
more ithan one form.

(L. Flexus, brald and Porma.
torm.) Having the appearance or
structure eimilar to a Plexus. (A
network of vessels)

Plumbosls (I.Flumbum, lead snd oals,
a conditlon of.) A condillon of pol-
soning by or deposition of lead In
the iimsues.

Plexiferm

of.) A conditlon of chronic indura-
tlon Ino the tung tlssues due to the
deposition of Inhaled dust.

Post-patal (L.Post, after and Nansisel.
to be born) Occurlng afier birth,
Polar (Gr.Polos, pole.) Perlalning to &

pole. {Elther extremliy of an axis)

Palydactyllem iGr.Polus, many asnd
Dekinlos, Anger.) The conditlon of
having many diglts.

Uslywenal (Gr.Polus, many and Gonos.
angle.) Having many angles or
slden. (Spoken of a surface.)

Polytiedral (Or.Polus. many and Hedra.
oide.) Having many aldes or sur-
faces (8poken of & solid)

Polymerle (Cr.Polus, many and Meros.
part.) Pertalning (o the existence ol
a large number of parte

Polymorphonucienr (Gr.Folus, many.
Morphe, form and L.Nucleus, nuc.
leus.) Having nuclel of many forma

Potentla) (L.Potens. powerful } Cap-
abte of doing work or of actiag

Predisposltion (L.Prac, before, Dis
apart and FPonere, to piace) The
condition of liabiliyy to acquire =
disease.

Primitive (L.Primue, Arst )
point of time: Original

Progemy (Gr.Pro, before and Gennaeln,
o produce.) Offepting or descend-

First In

enta.
Frugresslve (L Pro, before and Gredl
to wiep.) OGraduslly advancing or

moving forward.

Frolapee (1.Pro, forward and Labi, to
slip.} The falllng dowaward or for-
ward of a part.

Proflterate (L.Pro. forward an Ferre, to
bear) ‘To form new Ussue of the
same kind {(usuaily excessive)

Proltfie (L.Pro, forward and Lakl, to
altp.) The quality of belng able to
proliferate.

Prophase (Gr.Pro, before and Fhaals,
phasc.) The Orsi stage in Indireet
cell division (Mitoalw.)

Proteoses (Gr. Protos, fArst.) Bubstances
formed In gastric dlgestion and into
Intermediate between a proteid and
& peplone.

Profoplaam (Gr. Protos. Arst and Plasse-
in, to mold.) The viscid, emsentlal
aubstance of a living cell

Preistype (Grprotos, Arst and Tupos
type.} An origtnal Lype, one after
which others arc copled,

Pretozsow (Gr.Frotos. first and Zoon, ani-
mat» A class of unlcellular, animal
microor ganisma.

Peeude (1. Peeudo, false) False
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Paorospermic (Gr.Psora, lich and Nper-
ma, weed.) Of the nature of or like
a Paorosperm A protoxoon. A
coceldlum,

Piemaln (Gr.Ptoma, a corpse.}) A Pro-
duct formed In the decompoaition of
dend animals tlasues

Purstent (L.Pus. pus.) Of the nature or
associated with pus, upon A& #SUr-
ace.

Fus (L Pus, pus) Liquefed, necrotic tls-
sue compomed of altered leucocytea,
timaue shreds and usually micropar-
agites., suspended In a flaid (iiquor
puris.)

Pusiule {(L.Pus, and diminutive term.)
A vespicte containing pus.

Pyegenle (Gr.Puon, pus and Gennaeln, &
produce.] Capable of producing pus.

Pyervhoen (Gr.Puon, Dus and Hrols, =
flow.} A persistent discharge of pus
upon a surface.

Pyrexin (Gr.Pur, fire and Hexis, & ha-
bit.) An abnormal elevation of &
tempematare. (Fever.)

Badicuilar (L.Radix, root and diminu-
tive term.) Pertalning to or ilke a
radicle or root.

Ranuls, (L.Rans, frog and diminutive
term.) A cystic tumor In the mouth
(especlally on the tongue) due to
the obatruction aof » gland-duct,

Receptors {(L.Recipere, to recelve.) The

»glde-chaing” of & body cell (Ebriich’s
side-chaln theory.)

Regeneration {(L.Re. again and GQenar-

are. to beget.) The Drocess by
which destroyed tlssues are re-
placed.

Remittent (L.Re. back and Mittere, o
send ) Characleriged by abatemnt or
subsidence or rTepetition,

Resorbed (L.Re, agaln and Sorbere, to
absorb.) Teaken up agaln into Lhe
system. Spoken of a substance that
has passed out and accumulated in
the tissues.

Retbeular (L. Reticulum, & 1lttle net
(Kete) ). Resembling a net. Formed
by a net.work.

Betrcaresslve (L. Retro, backward and
Gradus, step.) Of the nature of re-
trogresslon. Agolng bachward rrom
a pre-existing conditlon.

BRhabdomyoms (Gr.Rhabdos, s rod.
Mues, muecle and Oma, tumor.) A
torm of muscle-tumor (Myoma),
characterized by the presence of
striated muecle fibres.

Bhexis (Gr.Rhexls, rupture.) The rup-
ture of an organ or vessel.

Rythm (Qr.Hruthmos, rythm.) The re.
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currence of & motion or sound at
tegular intervale,

Rupture (L.Rumpers, to break.) A con-
Aition of being broken ‘apart by vie-
lence,

Sacculate (l.Baccus, & sac and diminu-
tive term.) Teo form amall sacs
Samicn {L.Banies.) A thin. fctld, wsero-
purafent fluld dlecharge from an ul-

cer, Gsatuln, ete,

- (LBanles.) Pertaln
the bature of Sanlex
Baprémin (Gr.Bapros, rotten and Haima,
blood.) The entrance into the blood
of the products of putrefactive mi.

croorganisma

Baprogenic (Gr.Sapros. putrid and Gen-
naeln, to produce.} Causing or pro-
ducing putrefaction.

Baprophytie (Or.Saprow, rotten and Phu.
tos. plant.) Pertalning to Sapro.
phytes: (Vegetable organisme llving
on decaying organlc matier.)

Sarcoletome (Gr.3arx, flesh and Lemma,
a sheath.) The delicate sheath en-
veloping & mugcte fibre,

Sarcoma (Gr.Sarx, flesh and Oma. tu-
mor,) A tumor mads up of embryo-
nal connective timsue cells,

Behistosgls (Gr. SBchistos, & cleft and
oale. & condition of.} A oconditlon of
being split or cleft.

Belrrhens (Qr.Bkirrhos, hard.) Of the
nature of a Hcirrhus, (A bhard tu-
mor: A Carcinoma.)

Bclerm  (Gr.Bklerom, hard.) The Arm
outer coat of the eye-ball continuous
with the cormea and oplic nerve.

Becretlen (L Becernere, to gecrele,) The
procesa of geparaling out & substanes
from the blogd.

Begmentation-cells
Becare, Lo cut.)
an ovum formed by dividing
two equal parte.

BHenlfle (L.Senex, old.) Pertaining to old
age. :
Sequel (L.Bequil. to follow.) A follow-

ing upon or & resultant of. :

Sequestration (L. Hequestrare, to ufrpar-
ate.} The formation of a scquesttum.

Sequeatrum (L.Sequestrate, to separate.)
A plece of dend bone that has be-
come separated from the scund bone
during necrosls ,

Bldercals <(Gr.Sideros, Iron and osis, &
condition of.) A conditlon of pig-
mentation by the deposit, cspeclally
in the lunge. of particles of fron. .

Bllurcld (Gr.Sliures, & species of Aah)

g to or of

(1. 8egmentum (rom
One of the cells of
into

Pertalning to Situroide!, an order
of fishes.
Bimultaneous (L.Simul, at the =ame
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time.) Existing or happening at the
same time.

Binusold (L. Hinus, & cavity and oid, of
the nature of) Like a woious: (A
hollow orf cavity or tract.)

Bloogh (M. E.Slouh, the skin of & snake.}
A wmass of soft tissue destroyed by
necrosin

Sloaghing (M.E.Blovh, skin of a
snale.) The procesg of becoming a
slough.

Boliped (L.Solus, alon: ond Pes, foot.)
An animal with o single hoof or
digit.

Bomaile (Gr.Soma, body.) Pertalning to
the body, especlally to the frame-
work as distingulshed from the vie.
cera.

Bpecific (L.8pecies, specien) OFf or per-
taining 1o & epccles, Produced by a
particular kind of organism.

Specificlty (L.Spccles, specles and Face-
re, t0 make.) The quallty of being
specific,

Bpermatogenesis (Gr.Bperma, semen and
Gennaein, to produce.) The develop-
ment of SpermatoEoon,

fphacelun (Grepbakelos, dead.) A mase
of #oft tisgue destroyed by necro-
=i

Bpirem (L.Spira. a coil.) The close or
mother-skein of chromatin fibrils In
Indirect celt divialon, (Mitosis. )

Spongleplasm (Gr.Spoggos, & sponge and
FPlagsein, to mold.y The fine proto-
plasmic threads forming the reti-
culum of a cell,

Hpont. (L.Bp will. }
without external influence,

8pore (Gr.Sporos, secd.) A reproductive,
resting element of lower organismes.

Sporulatlon (Gr.Gporos, seed and 1. Fer-
re, to mbke) The production of
spores.

Bialactlte (Gr.Stalazein. to drop.) A
pendant cone of calcium asits like
an Icicle,

BStaels (L. Stare to stand,)
atill or sioppage of motion,
clally of blood, In a part.

Btenosls (Gr.Stemos, narrow.) A narrow.
ing of the tumen of a vessel,

Sterlle (L.Sterilin. barren.) Incapable of
reproducing.

Bthemte (Gr.Bthenos, atrength.) Chay-
acterized by atrength or meverity.
Btrats (L.Straium, astratqm.} A sertes

of layers,

Stroma (Gr.Stroms, & bed) The tlesue
forming the ground subwtance or
framework for the essential part of
an organ. Interstitlal tlssue.

Buggillation (L.Sugglllare, to beat black

Oc¢euring

A standing
eape-

GLOSSARY.

and bive.) An exteosive, caplllary,
timue-hemorrhage.

Bupperstiom (L.Bub,
pus.) The formation of puas
tace or subsurface.)

Busceptible (L.SBub., under and Clpere,
to tnke.) Having a labiiity to ace
quire a discase,

Bwelllyg (A.S.8wellan, Lo grow larger.}
An elevation or elevated arca (sape-
cially abnormal.)

Symptom (Gr.5un, together and Ptome,
a rtalllng.) Bequential functiona)
distyrbances due to discase.

Soeytlum (Gr.fun, together and Kutos,
cell.) A fusion of several cells into
a single cell,

Bymeope (Gr.Bun, together and Kop-
teln, to ptrike.) A partia! or com-
pliste, temporary suspenhsion of heart
action.

Bruothesls (Gr.5un, together and Tithe-
naf, to put.) The formation of o
compound by putting together 18
conatltyenta.

Systole (Gr.Sun, together and Btellein,
to place.) The period of the heart's
contraction cepecially of the ven-
tricles. —Oppowed to Diastole,

Telophase (Gr.Telos, end and Phasle,
phasc.) The fourth and last stage
in indirect cell 2lvislon. (Mitosim )

Felanglectatle (Gr. Telos, end Aggelon, s
vessel and Ektasia, a dilatation.) Of
or pertalning to Telangiectagls, (A
permanent dlatation of groups of
capiltaries ald arterioles,

Temable (L.Tenere, to hold.} Able to be
held or supported,

Teratoms (Gr.Teras, monster and Omas,
tumor.) A tumor compased of tie-
suca derlved from all three germ-
layers

Tetanle (Gr.Tetanos, tetanus) Pertain-
Ing to or resembling tetanus, Char-
acterized by tonle muscular spasma.

Thermale (Gr.Therme, heat.) Of or pers
talning to hent.

Thermogenic (Gr.Thermos. heat and
Gennacin, to produce.) Pertalnlng to
causing or producing beat,

Thermegeneals (Gr.Therme, heat and
Gennacin, to produce.) The genera-
tion or production of heat.

Thermelssis (Gr.Therme, heat and Lue-
int to loose.} The loss of heat,
Theraciachiopagus (GT.Thorax, thorar
Ischion, nip end Pagos, union.) A
monater with two headsp but with
bodles and hips unlted.

Thrombosls (Gr.Thrombos, & clot and
osls, a condition of.) A condition of
the ¢xistence of & thrombus

under and Pus,
(Hur-



GLOSSARY,

Thrombes (Gr.Thrombos, & clot.) A coa.
gulum formed within a living blood.
vesnel. .

Tolerance {L.Tolsrare, to endure.) Abil-
Ity to endure the continuation of an
act

Tonle (Gr.Tonlkos, tone.) Pertalning to
tone, Characterized by contlnuous
tenslon or contraction, or an agedt
that tends ito restore normal tohe.

Tophl (Gr.Tophos, a stone.}) Hard stone.
like deposits.

Torsion (L.Torguere, to twist,) A twist-
Ing or the act of twisting.

Toxin (Gr.Toxikon, a polson.) A nitro-
geoous  product  formed by  cells.
Dacterial toxin

Transodate (L. Trans, through and Su-
dere, to aweat.) A fAuld that has
passed through s membrane. Espe-
elalty non-inflammatory blood serum

that has passed through vessel
walle

Transudstlon (L.Tiane, through and
Sudare, to sweat.} The production
of a transudate.

Traumatium (Gr.Trauma, & wound and

ism, & condition of.) A <condition
due to an injury or wound.

Tricephalus (Gr.Tris, three and Kep-
haie, hend.) A monster having three
heads.

Trophie (Gr.Trophie,
to nutrition.
Tubercle (L.Tuber, s swelllng and dim-
Inutive term.) A small nodule.
Tonsefied (L.Tumere, to swell and Fa-
cere, to make.) In a swollen <ondi-

tion.

Tumer (L. Tumere, to swell.) A morbid
splurgement. A growth of new tls-
suc non-Inflammatory, persistent and
independent of the aurrounding
structures, atypleat in structure and
function.

Ulcer (L.tflcus) A denuded wsurface re.
sulting from a continuous and some-
timea progremsive cellular necrosle.

food.) Pertalning
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Ujceratiom (L.Ulcus, an ulcer.) The for-
matlon of an ulcer.

Ultrambervecople (L. Ultra, beyond, Gr.-
Mikros, small apd Ekopeeln, to look
at.) Too smalli to bo eeen wWith a
microscope,

Uniparows (L.Unus. one and Parere, to
produce.) Bringlng forth one off-
spring at & birth.

¥accime (L.Vacca, cow.) An aitenuated
viras used for | Iation purpom:

¥acwolated (L.Vacuus, empty.) A condl
tion of the presente of vacuolew.

Vaconole (L.Vacuus, empty.) A space or
cavity in the protoplzsm of a celk

¥aptularization (L Vasculum, & small
vegsel) The process of becoming
vascilar or of being supplied with
vemsela.

Vehlele (L.Vehere, to cmrry.) A sub-
stance perving to carry or hold an-
other.

Vesicle (I.Vesica, a bladder and Almin-
utlve term.} A circumseribed accu-
mulation of Ioflammetory serous
exudate In the deeper layers of the
epldermis or of the mucosa, usually
about pinhead size.

¥lUloe (L.¥illus, a tuft of hair.) One of
the minute projections of the mu-
cous membrane of the intewtinal
.canal.

Viroleocy (L.Virua, a poleon.) Pertain-
ing to exireme poisonousneas. die-
ease producing power or strength.

¥irulent (L.Virus, a polson.) Very pow-
erful or Polasonoun

Vitiligo (L.Vitlligo, witlligo.) A ekin-
discase characterized by dlsappear-
ance of normal pigment in patches

Yolvelua (L.Volvere, to 1oll.) A Twiat-
ing of an organ s ma to occlude Iits
Tumen.

Wennd (A8 Wund, wound.) The result
of the wsudden interruption of the
Continuity of a tissue or tissues,

Lymogenle (Zume, leaven wnd Genna-
eln, to produce.) Causing or per.
taining to fermentation,
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A

Abdomino-schisis, ¢8.
Abscess, cold, 170,
Abscess formation, 169.
Abscess, hot, 170.
Abscess, metastatic, 170.
Absorption of necrotic tissue, 261,
Acardia, 93.
Acaudia, o4
Acephalus, 93.
Achorion Schoenleini, 40.
Achromatosis, 249
Acidophiles in inflammation, 152,
Acme, fever, 341
Acquired disease, 37.
Acquired immunity, 82
Acquired immunity theories, B7.
Acromegaly, 100.
Actinomycosis, 355.
Avenue of entrance, 357.
Differential diagnosis, 3j60.
Distribution, 355.
Etiology, 356.
Extension, 360.
Lesions, 358
Source of infection, 356,
Susceptible animals, 355.
Active and acquired immunity, 83,
Acute disease, 35.
Acute inflammation, 173.
Adenoma, 326.
Adenoma clinically, z27.
Adenoma, microscopic, 326.
Adeno-sarcoma, 328.
Adeno-sarcoma, microscopic, 329.
Adipose absorption, 204.
Adipose depositories, 203
Adipose digestion, 204-
Adipose regeneration, 18r.

Aerobic bacteria, §8.

Agastria, 93.

Agglutination test, glanders, 368

Agnathus, g4

Albino, 249

Alveolar-sarcoma, 309

Amboceptor, 90, 9I.

Amelus, 94

Amitosis, 24.

Amputation neuroma, 182,

Amylus, 93.

Amylin, 2to.

Amyloid formation, 211

Amyloid formation appearance, 2II

Amyloid formation, cause, 211,

Amyloid formation, effects, 211.

Amyloid formation, tissue affected,
211,

Amyloid reaction, 210.

Amyloid test, 211,

Anabolism, 31

Anzrobism, 58

Anaphase, 28.

Anasarca, 120,

Anatomical alterations, heart, 110

Anemia, 132

Angioma, 293

Anhydremia, 112, .

Anomalies, 9.

Ante-patal disease, 37.

Ante-patal hypertrophy, 180.

Anthracosis, 248.

Aplasia, 93.

Apnoea, 77. '

Apoplexy, 77.

Aprosopus, 04,

Apus, 04.

Argyriasis, 248.

Arrested development, 93.



Arteriolith, 238.
Arterioclerosis, r11.
Arthropoda, 69.

Ascites, 119,

Aspergillus fumigatus, so.
Aspergillus, niger, s1.
Asthenic fever, 342,
Atheroma, 337.
Atheromatous degeneration, 229,
Atresia, 90.

Atresia anus, 9o

Atresia iridis, go.

Atresia oculi, oo

Acresia oris, ¢9.

Atresia urethra, 9o.
Atrichia, 93.

Atrophy, 106

Atrophy, appearance, 198
Atrophy, cause, 197.
Atrophy, effects, 199.
Atrophy, pathologic, 197,
Atrophy, physiologic, 197.
Atrophy, senile, 197,
Autosite, rog.

Avian tubercular lesion, 352,
Axone, rate of growth, 182.
Axone regeneration, 82

Bacilli, 53.

Bacteria, 52.

Bacterial immunity, 86.

Bacterial pigmentation, Go.
Bacterial protelds, 62.

Bacterial toxins, 61.

Bacterium mallei, 362.
Bacterium tuberculosis, 348.
Bacterium necrophorus, 253, 234.
Basophiles, 152,

Benign tumors, 273,

Bile concrement, 240

Biliar calculi, 236.

Birth mark, 204

Blister, 42

Blister test, 265.

Blood flow in inflammation, 147.
Blood oscillation, 148.

INDEX. 389

Blood pressure, It

Blood quality, 111,

Blocd, quantity, 111.

Bleod regeneration, 178
Blood stasis, 140.

Blood vessel regeneration, 178
Bovine tubercular lesions, 360.
Bursattae, 251,

C

Calcareous infiltration, 227,

Calcareous infiltration, appearance,
228.

Caleareous infiltration, cause, 227.

Calcareous infiltration, effects, 229.

Caleareous infiltration, tissue affect-
ed, 229,

Calculi, 230.

Calculi arteries, 238

Caleuli bile ducts, 236.

Caleuli, cause, 230,

Calculi, color, 231.

Calculi, composition, 231,

Caleuli, feetus-litho pedium, 238.

Calculi, gall bladder, 236.

Calculi, intestine, 236.

Calculi, kidney, pelvis, 233.

Calculi, mammary ducts and sinuses,
237.

Calculi, number, 231.

Calculi of prepuce, 2as.

Calkuli of salivary gland ducts, 235

Caleuli, shape, 231.

Caleuli, size, 231.

Caleuli, structure, 231.

Calculi, stomach, 236.

Caleuli, ureter, 234.

Caleuli, urethra, 234

Calculi, urinary bladder, 234.

Calculi, uriniferous tubules, 233.

Canalization, 178

Cancellated osteoma, 288

Carcinoma, 320.

Carcinoma, c¢linically, 323.

Carcinoma, differentiation, 3a23.

Carcinoma, encephaloid, 320.

Carcinoma, metastasis, 323.
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Carcinoma, micrescopic, 322,

Carcinoma, scirrhus, 321,

Capillary telargiectasis, 204

Cartilage regeneration, i8o.

Cartilage tumor, 283.

Caseation necrosis, 257.

Castration, fatty changes, 205.

Catarrhal inflammation, 174.

Cavernous hemangioma, 294.

Cell, definition, 20.

Cell growth, 23.

Cell motion, 29.

Cell reproduction, 24.

Cell shape, 23.

Cell size, 23.

Cell structure, 21.

Cell waste, 32

Cementoma, 204

Centrosotne, 22.

Cerummenous concrements, 241,

Cervical ectopia cordis, 103.

CLeiloschisis, ¢6.

Chemical causes of disease, 44

Chemical composition of exudate, 150.

Chemical necrosis, 253

Chemical reaction, cloudy swelling,
200.

Chemical . reaction,
changes, 195.

Chemotaxis, 159.

Chilblains, 144

Cholelith, 236,

Cholesteatoma, 135.

Chondroma, 283.

Chondroma, clinically, 285.

Chondroma, microscopic, 284

Chondro-sarcoma, 317.

Chorin-carcinoma, 331.

Chorio-epithelioma, 331.

Chromosome, 27.

Chronic disease, 33.

Chronic inflammation, 173.

Chylous ascites, r17.

Cicatrization, 18s.

Cilia, 31,

Circulatory disturbances, 110

Cirsoid hemangioma, 205.

retrograde

INDEX.

Cladothrix actinomyces, 356.
Cloacal persistence, 103,

Cloudy swelling, 200.

Clody swelling, appearance, 202.
Cloudy swelling, cause, 200,
Cloudy swelling, effects, 202,
Cloudy swelling, tissue affected, 20e.
Coagulation necrosis, 2356,
Cobra, 48

Coceidium, 371.

Coceus, 53.

Colliquation necrosis, 256.
Colloid formation, 217.

Colloid formation, appearance, 218
Colloid formation, cause, 217,
Colloid formation, effects 220.
Colloid* tests, 217.

Color blending, 3s.
Compensatory hypertrophy, 188,
Complement, 90, 91.

Complete duplicates, 106.
Composite odontoma, 293
Compound follicular odontoma, 292,
Concentric hypertrophy, 188,
Concrements, 238,

Concrements, bile, 240.
Concrements, cerumen, 240,
Concrements, fecal matter, 230
Concrements, hair, 238.
Concrements, milk, 240.
Concrements, parasitic, 241.
Concrements, pus, 240.
Concrements, source, 238
Congenital diseases, a7.
Connective tissue regeneration, I70.
Contiguity, 75.

Continued fever, 342
Continuity, 7s.

Convalescence, fever, 341
Corneal, reaction, 141
Cornification, 224.

Corrosive poisoning, 44.
Craniopagi, 107.
Craniorrachischisis, 98,
Cranioschisis, g5.

Crisis, 141.

Cyclopia, o8,



Cysts, 335.

Cysts, degeneration, 337.
Cysts, dermoid, 338, .
Cysts, extravasation, 337.
Cysts, exudation, 337.
Cysts, multilocular, 33s.
Cysts, parasitic, 337.
Cystic calcali, 234.
Cystoma, 335.

Death, 77, 262

Death, pathologic, 263.
Death, physiologic, 262.
Death signs, 264.

Death tests, 26s.
Precomposition, 263,
Deciduoma malignum, 331.
Decline, fever, 337.
Degeneration cysts, 334
Dentigerous cysts, 334
Dentine regeneration, 181.
Depigmentation, 250.
Dermoid cysts, 333
Diabrosis, 113,

Diapedesis, 113,

Dricaudis, 100,

Dicephalus, 108.

Diphtheritic inflammation, 171,
Diplo-coccus. 53,
Dipygusamelus, g4.
Dislocation, 4o.

Direct cell division, 24,
Disease, 3.

Disease extension, 74.
Disease termination, 75.
Dropsy, 8.

Dueplicities, assymetrical, 1o7.
Duplicities, free, 106.
Duplicities, incomplete, 107,
Duplicities, monochorionic, 106,

Eburnated osteoma, 288,
Ectopia gastrium, g8.
Egagaropile, 238.
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Elrlicl’s lateral chain theory, 8.

Electric causes of disease, 44.

Embolism, 528,

Embolism, effects, 130,

Embolus, 128

Embolus air, 128,

Embolus, bacterial, 128

Embolus cells, 128,

Emtolus, location, 129,

Embolus, parasitic, 128.

Embolus, thrombic fragments, 128,

Embryonic epithelial tumors, 32I.

Empyemia, 170,

Encapsulation of necrotic tissue. 261.

Encephaloid carcinoma, jz1,

Endermic goitre, 218

Endothelial cells in inflammation,
152.

Endothelioma, 310,

Endotoxins, 6z,

Enterolith, 236,

Enterorrhagia, 115.

Ephemerat fever, 342,

Epistaxis, 114

Epithelial odontoma, 291,

Epithelial pearls, 2zs.

Epithelial regeneration, 181, 182,

Epithelioma, 324.

Epithelioma, clinically, 326.

Epithelioma, microscopic, 328,

Epithelioma, pearl, 325,

Epithelioma, seritonale, 331.

Epithelioma contagiosum, 370

Epithelioma centagiosum, cause, 3.

Epithelioma contagiosum,  lesion,
371, 3r2.

Epithelization, 185.

Ergot, 46, 255.

Erythrocytes in inflammation, 152,

Etiology, 19.

Etiology of disease, 38

Exciting cause of disease, 40.

Exfoliation, 261.

Exkaustion theory of immunity, 8.

Exophthalmic goitre, 217.

Extension of disease, 4.

Extravasate, 184.
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Extravasation cysts, 337.

Exuberant ‘granulation, 187,

Exudate, 150,

Exudate, cause,
155.

Exudate, chemical composition, I150.

Exudate, histological composition,
15t-

Exudate, effects, 155, 157.

Exudate, fibrinous, 154.

Exudate, heruorrhagic, 154

Exudate, purulent, 155,

Exudate, serous, 154.

Exudate, significance of, 156.

Exudation cyst, 337-

determining  kind,

F

Fatty changes, 203

Fatty changes, pathologic, 207,

Fatty changes, pathologic, appear-
ance, 208,

Fatty changes, pathologic, cause, 207.

Fatty changes, pathologic, effects, 210

Fatty changes, Physiologie, 205,

Fatty changes, physiologic, appear-
ance, 200.

Fatty changes, physiologic, cause, 205.

Fatty changes, physiologic, effects,
200,

Fatty infiltration, 208,

Fatty necrosis, 258

Favus, 40.

Fecal concrements, 239,

Fever, 330

Fever, acme, 341.

Fever, asthenic, 342.

Fever, continuous, 342

Fever. convalescence, 341,

Fever, course, 340

Fever, decline, a1

Fever, ephemeral, 341.

Fever, intermittent, 342,

Fever, onset, 340.

Fever, sthenic, 342.

INDEX,

Fibrinous exudate, 154.
Fibroblasts, 179.

Fibroma, 278.

Fibroma, clinically, 280.
Fibroma, differentiation, 281,
Fibroma, hard, 279.
Fibroma, soft, 280,
Fibro-sarcoma, 312.

Fibrous hyperplasia, 1g2.
Fission, 56,

Fistulous tracts, 170
Flagella, 54.

Follicular odontoma, 29r1.
Focal necrosis, 250.
Fracture, 40, 183.

Fracture, repair, 180.
Freckles, 247,

Function, variations, 196, 197.

G

Gangrene, 257.

Gastric caleuli, 236,

Gastroliths, 236

General diseases, 38.

Giantism, 18¢.

Glanders, 361.

Glanders, agglutination test. 368.

Glanders, avenue of infection, 362.

Glanders, cause, 362.

Glanders, diagnosis, 368, 369.

Glanders, lesions, 363.

Glanders, mallein test, 368

Glanders, course of infection, 362

Glioma, 289.

Glycogen, 221,

Glycogen composition, 221.

Glycogen tests, 221.

Glycogenic infiltration, 221.

Glycogenic infiltration, appearance,
222,

Glycogenic infiltration, cause, 222.

Glycogenic infiltration, effects, 222,

Goitre, 217.

Granulation, 183,

Granulation, exuberant, 187.

Growth of tumors, 272,
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H
Hair balls, 238.
Haptophores, 89, 90, oL
Health, 35.
Healing by primary union, 184
Healing by granulation, 183,
Heart anatomical changes, 1to.
Heart diminished action, 110,
Heart increased action, 110.
Helminthes, 63.
Helminthes response to stimuli, 140.
Hemangioma, 204
Hemangioma cavernosum, 204.
Hemangioma cirsoid, 2g5.
Hemangioma kyperthophicum, 295.
Hemangioma simplex, 2g4.
Hemangiosarcoma, 318
Hematemesis, 114.
Hematidrosis, 115.
Hematocele, 115.
Hematogenous pigmentation, 243.
Hematoma, 115,
Hematometra, 115.
Hematuria, 115.
Hemic potsons, 45.
Hemocoelia, 114-
Hemoglobin in pigmentation, 244.
Hemolysis, 343.
Hemophilia, 112,
Hemoptysis, 114.
Hemorrhage, 77, 112
Hemorrhage, cause, 113.
Hemorrhage, ecchymotic, 114
Hemorrhage, epistaxis, 114,
Hemorrhage, effects, 115,
Hemorrhage, petechial, 113.
Hemorrhage, suggillation, 114
Hemorrhagic exudate, 154
Hemosiderin, 245.
Hemotoidin, 245.
Hemothorax, 118.
Hepatogenous pigmentation, 246
Heredity, 35.
Heredity in fatty changes, 205.
Hermaphroditism, 1o3.
Hermaphrodite, bilateral, 104.
Hermaphrodite, Tateral, 104.

393

Hermaphrodite, false, 1o4.

Hermaphrodite, true, 104

Hermaphrodite, unilateral, 1o4.

Hernia, 4o.

Histoid tumor, 260,

Humoral theory of immunity, 8g.

Hyalin, 212.

Hyalin, chemical composition, 213.

Hyaline formation, 212.

Hyaline formation, appearance, 213

Hyaline formation, cause, 213.

Hyaline formation, effects, 214.

Hydrargirosis, 248.

Hydrops, 118

Hydrothorax, 119

Hydropericardium, 119

Hydrocele, 119.

Hydrocephalus, 119,

Hyperchromatosis, 243.

Hyperzmia, 113.

Hyperzmia, arterial, 135,

Hyperzmia, arterial, appearance, 136

Hyper®mia, arterial, cause, 133

Hypermmia, arterial, effects, 136.

Hyper®mia, arterial, pathologic, 137.

Hyperzmia, arterial, physiologic, 137.

Hypermmia, arterial, therapeutic,
137.

Hypermzmia, Bier's, 134

Hyperzmia, venous, 133.

Hyperzmia, venous, appearance, 133

Hyperemia, venous, cause, 133.

Hyperzmia, venous, effects, 134

Hyperzmia, venous, pathologic, 134

Hyperzmia, venous, therapeutic, 134.

Hypernephroma, 320.

Hyperplasia, 188.

Hyperplasia, appearance, 192,

Hyperplasia, cause, 1ge.

Hyperplasia, effects, 193.

Hyperplasia, fibrous, 192,

Hyperplasia, interstitial, 191, 192,

Hyperplasia, parenchymatous, 191,

Hypertrophy, 188

Hypertrophy, ante natal, 18g.

Hypertrophy, appearance, 190,

Hypertrophy, cause, 18a.
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Hypertrophy, compensatory, 188,
Hypertrophy, concentric, 188.
Hypertrophy, effects, 190.
Hypertrophy, general, 189,
Hypertrophy, inherited, 180,
Hypertrophy, numerical, 192
Hypertrophy, post natal, 18¢.
Hypertrophy, false, 188
Hypochromatosis, 249.
Hypoplasia, 93, o4

Icterus, 246.
Immediate union, 18¢
Immunity, 78.
Immunity, acquired, 82
Immunity, active acquired, 83.
Immunity, bacterial, 86.
Immunity, inherited, 8o.
Immunity, passive, 86,
Immunity, toxic, 84
Inanition, necrosis, 254.
Incision test, 26g.
Tndirect cell division, 26.
Infarct, 131.
Infarct, anemic, 131.
Infarct, hemorrhagic, 131.
Infarction, 131.
Infective granulomata, 341,
Inflammation, 138
Inflammation, acute, 173.
Inflammation, catarrhal, 174
Inflammation, causes, 143
Irflammation, chronic, 173
Inflammation. croupous, I71.
Inflammation, diphtheritic, 171.
Infammation, effects, 161.
Inflammation, factors concerned im,
146.
Tnflammation, hemorrhagic, 172
Infammation, infective, 167.
Inflammation, interstitial, 17a.
Inflammation, non-suppurative, 167.
Inftammation, parenchymatous, 173.
Inflammation, phlegmonous, 170.

INDEX.

Inflammation, proliferative, 174

Inflammation, purulent, 165, 174

Inflammation, pustular, 174.

Inflammation, signs, 160.

Inflammation, simple, 166,

Inflamtmation, specific, 174

Inflammation, suppurative, 167,

Inflammation, termination, 174, 175

Inflammation, ulcerative, 174

Inflammation, vascular changes, 146,
147, 148

Inflammation, vesicular, 174,

Inflammatory exudate, 150.

Inflammatory exudation, 149

Inherited disease, 3s.

Inherited epilepsy, 37.

Inberited immunity, 8o.

Inherited malformations, 36,

Inherited ophthaimia, 37.

Inherited tumors, 36.

Inspissated bile, 240.

Inspissated pus, 240.

Tntermittent fever, 342.

Interstitial hyperplasia, 191, 192

Interstitial inflammation, 170,

Interstitial expansion, tumor, 272,

Intestinal calculi, 236.

Involucre, 261.

Todothyreoglobalin, 217.

Trritability, 32.

Irritant, 130.

Ischiopagus, 107.

Ischiopagus parasiticus, 107.

J

Jack sores, 260.

Karyokinesis, 26.
Kataholism, 31

Keloid, 281.

Keratosis, 224.

Keratosis, appearance, 228.
Keratosis, cause, 224
Keratosis, effects, 228.
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Lactation a factor in fatty changes,

205,
Lacteal calculi, 237.
Lacteal concrements, 241.
Lamellz formation, 181,
Larkspur, 46.
Leiomyoma, 296, 297.
Lesion, 19,
Leucocytes in inflammation, 151.
Leucocytes, basophillic, 152,
Leucocytes, eosinophyllic, 151,
Leucocytes, neatrophyllic, 151,
Leucocytic margination, 150.
Leucoderma, 250.
Lencomains, 48.
Lipoma, 283.
Lipoma, clinically, 287,
Lipoma, microscopically, 287,
Liquor puris, 155,
Lithopedia, 238.
Local disease, 38.
Loco, 47.
Luxation, 40.
Lymphocytes in inflammation, 153.
Lymphangioma, 296.
Lymphorrhagia, 117,
Lymphorrhagia, cause, 114,
Lymphorrhagia, . effects, 117,
Lymphomata, 3o3.
Lymphosarcoma, 303.
Lysis, 341,

Malformations, ¢z.
Malformations, atypieal, g3.
Malformations, multiple, 1oL
Malformations, single, g3.
Malformations, typical, 93.
Malign tumor, 275

Mallein, 368,

Malleination, 368.
Margination, leucoeytic, 150,
Mechanic causes of diseases, 4o
Melanin, 247.
Melzno-sarcoma, 318,

INDEX.

Melanosis, 247.

Membrane, cell, 22.

Meningocele, g6

Metabolism, 31.

Metaphase, 27,

Metaplasia, 193.

Metastases, carcinoma, 323,
Metastatic tumor, 272
Metrorrhagia, 113.

Microcardia, oq.

Microcephalus, o4

Microcoecus, 53,

Micrognathy, o4.

Micromelus, gs.

Microophthalmia, g4

Miliar tubercle, 340.

Mirror test, 26s.

Mitosis, 26,

Mixed cell sarcoma, 308

Mole, 93,

Monophygus amelus, g4,
Monophygosapus, o4,
Monothorracisamelus, o,
Monothoracisapus, g4,

Moribund stage fever, 341.
Mosaie coloring, 3s.

Moulds, 49.

Movement, amaboid, 30
Movement, ciliar, 31.

Movement, intracellular, 2q,
Mucoid changes, 214

Mucoid changes, appearance, 215
Mucoid changes, causes, 215.
Mucoid changes, effects, 216.
Mucoid changes, pathologic, 215.
Mucoid changes, physiologic, 214.
Mucoid tissue regeneration, 179.
Mucus, 214

Multilocular cysts, 33s.
Multiplicity, 101,

Mummifying necrosis, 257.
Muscular tissue regeneration, 182
Myeloid sarcoma, 306,
Myrelomeningocele, g6,
Myocarditis, 1r10.

Myoma, 296.

Myositis ossificans, 226,
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Myxoedema, 218,

Alyxoma, 282.

Myxoma clinically, 283.
Myxoma miscropically, 282,
Myxosarcoma, 316.

Necrobiosos, 251,
Necrosis, 25L

Necrosis caseation, 257.
Necrosts chemical, 253.
Necrosis, coagulation, 256
Necrosis colliquation, 256.
Necrosis fatty, 258.
Necrosis focal, 250.
Necrosis inaniation, 254.
Necrosis mummifying, 257.
Necrosis putrefying, 257.
Necrosis senile, 258.
Necrosis subsurface, 256.
Necrosis surface, 256,
Necrosis thermic, 254,
Necrotic stomatitis, 251.
Nerve tissue regeneration, 182.
Neuroma, 293-

Neuromata amputation, 182
Neurotoxic poison, 45.
Neus, 294.

Neutrophile, 151.

Nucleus, 22.

Numerical hypertrophy, 191.
Nutritive disturbances in

197

atrophy,

Obstructive necrosis, 252.
Ochronosts, 245.
Odontoma, 28g.
Odontoma composite, 203.
Odontoema compound follicular, 2g2.
QOdontoma, epithelial, 291.
Odontoma fibrous, 291.
Odontoma follicular, 201
Qdontoma, radicular, 293.
Qedema, 148.

Qedema appearance, 120,
Qedema cause, n8.

INDEX.

Qedema effects, 121,

Oecdema varieties, 119

Olein, 203.

Onset fever, 340,

Ospora porrigenes, 8.

Ophthalmic tubercular test, 355.

Organoid tumor, 26g.

Osseous regeneration, 180.

Ossification, 226,

Ossification appearance, 226,

Ossification cause, 220,

Ossification effects, 226

Osteoblasts, 180,

Osteoclasts, 180.

Osteomna, 288,

Osteorna cancellated, 288.

QOsteoma clinically, 280.

Osteoma eburnated, 288,

Osteoma microscopic, 280,

Osteo-cystoma dentiferum capsular,
292.

Osteophytes, 226.

Osteo sarcoma, 318.

Palatoschisis, 96.

Palmatin, 203.

Papilloma, 318.

Parasitic causes of disease, 48,
Parasitic cysts, 337.

Parasitic theory of tumors, 276.
Parenchymatous degeneration, z20,
Parenchymatous hyperplasia, 191.
Parenckymatous inflammation, 173.
Parenchymatous poisons, 44.
Partial recovery, 77.
Pathogenesis, 1.

Pathology definition, 19.
Pathology comparative, 1.
Pathology general, 19.

Pathology human. 19,

Pathology special, 19

Pathology veterinary, 19.
Pathologic anatomy, 1¢.
Pathologic atrophy, 197.
Pathologic death, 263.
Pathologic physiology, 19
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Pearl cell epithelioma, 325,

Peripheral infiltration, 272,

Persistent foetal structures, 103.

Plrwmacyte, 150.

Phagocytosis, 130,

Phagocytosis theory, By.

Phlebolith, 237.

Phlegmonous inflammation, 17a.

Phosphorescence, 60,

Photic cause of disease, 43.

Physic cause of disease, 42.

Phyto-parasites, 48.

Phyto-toxin, 79

Pigmentary changes, 241.

Pigmentation bile, 246.

Pigmentation carbon, 248.

Pigmentation cells, 247.

Pigmentation effects, 249.

Pigmentation hemoglobin, 243.

Pigmentation hemosiderin, 245.

Pigmentation, hemotoidin, 245.

Pigmentation Iron, 248,

Pigmentation lead, 248.

Pigmentation mercury, 248

Pigmentation, silver, 248,

Placentoma, 331.

Plumbosis, 248.

Pnenmomycosis aspergillosis, so,

Prneumonokoniosis, 248.

Porcine tubercular lesion, 351

Polydactylism, 1o00.

Polumelusthoracicus, 100.

Poison, 44

Post mortem staining, 264.

Post natal disease, 38

Post natal kypertrophy, 180.

Predispusition, 1s.

Predisposing causes of disease, 38-40.

Predisposing causes of age, 38

Predisposing causes of breed, 39,

Predisposing causes of climate, 39.

Predisposing causes of color, 30.

Predispcsing causes of food and
water, 40.

Predisposing causes of genus, 30.

Predisposing causes of imitation, jo.

Predisposing causes of location, 30
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Predisposing causes of occupation,
40.

Predisposing causes of overwork, 4o

Predisposing causes of previous dis-
ease, 40.

Predisposing causes of season, 3o

Predisposmg causes of sex, 30.

Preputial calculi, 235.

Pressure atrophy, 190.

Primary tumors, 272,

Progressive tissue changes, 177,

Proliferative inflammation, 174.

Prophase, 26.

Prostatic concrements, 241,

Protoplasm, 20.

Provisional callous, 181.

Protozoa, 63,

Protozoa response to stimuli, 140.-

Psvuedo-hermaphrodite, 104,

Pseudo-hypertrophy, 188

Ptomains, 61.

Purulent inflammation, 16¢-174.

Putrefaction, 61,

Pus, 155-167-168.

Pus concrements, 240,

Pustule, 170.

Pustular inflammation, 174

Pygopagus, 106.

Pvyorrhoea, 160.

Pyrexia, 130.

Rachischisis, gs.

Ranulae, ;37.

Rattlesnake, 48

Reaction aseptic injury, 142.
Reaction, septic injury, 142.
Receptor, 80-90-g1.

Recovery, 7s.

Regeneration, 177.
Regeneration adipose, 181.
Regeneration blood, 178
Regeneration blood vessels, 178,
Regeneratinn cartilage, 180,
Regeneration connective tissue, 179
Regeneration dentine, 181,
Regeneration epithelium, 181,
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Regeneration mucoid, 179
Regeneration muscle, 182,
Regeneration nerve, 182,
Regeneration osseous- tissue, 180
Regeneration white fbrous, 199
Regeneration yellow elastic, 180.
Regenerative inflammation, 175.
Regenerative power, 177.
Remittent fever, 342
Reinnervation, 182,

Renal ezdeno-sarcoma, 328

Renal tubular calculi, 233

Renal pelvic, 233.

Resistance to tumors, 273,
Retention cyst, 337

Retention theory of immunity, 87.
Retrogressive tissue changes, 105-6.
Retrogressive tissue in tumors 274
Rhabdomyoma, 297.

Rhexis, 113.

Rigor mortis, 264

Ringworm, 40.

Round cell sarcoma, joz2.
Rupture, 40-183.

Saccharomyces, st
Saccharomyces cerevisiae, 51,
Saccharomyces farciminosus, s2.
Salivary calculi, 235
Saponification, 258
Sarcinae, §3.

Sarcoma, 208.

Sarcoma alveolar, 300.
Sarcoma cells, 300.
Sarcoma mixed cell, 308
Sarcoma myeloid cell, 306.
Sarcoma round cell, 306,
Sarcoma structure,, 30I.
Sarco-chondroma, 317.
Sarco-endothelioma, 312
Sarco-fibroma, y12.
Sarco-hemangioma, 318
Sarc>-lymphoma. 303-
Sarco melanoma, 315,
Barco-myxoma, 316,
Sarco-osteoma, 318

INDEX.

Schistosis, ©5.
Schizomycetes, g2,
Scirrhous carcinoma, 321.
Sebaceous cyst, 337. -
Secondary tumors, 272
Senile atrophy. 197,
Senile necrosis, 258.
Sequestration, 261.
Sequestrum, 201,
Serous exudate, 154
Serous inflammation, 2.
Serous inflammation appearance, 220
Serous inflammation cause, 220.
Serous inflammation effects, 220
Siderosis, 248.
Significance of
date, 156.
Signs of death, 264.
Signs of inflammation, 16o.
Situs Viscerum inversus, 102,
Sodium urate, 223
Specific inflammation, 174
Specificity law of, 178.
Spina bifids, 96.
Spindle cell sarcoma, 325.
Sporotrichium audouini, 49.
Sporulation, 56.
Stadium decrementi, 341.
Stadium incrementi, 140.
Staining, post mortem, 264.
Stearin, 203.
Sternopagus, 107.
Sthenic fever, 342.
Streptococcus, §3.
Stimulus, 139,
Stocking, r12I.
Substitution, 185,
Sub-surface necrosis, 256.
Suppuration, 167

inflammatory exn-

‘Suppuration subsurface, 170.

Suppuration surface, 167.
Suppurative osteitis, 160.
Surface mecrosis, 156.
Symmetrical duplicates, 106,
Symactosis, 958

Syncope, 77.

Syncyvtium, 153.
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Syncytioma malignum, 331.
Syndactylus, of.

Synmelus aprs, ©9.
Synmelus dipus, g&
Synmelus monopus, ¢5.
Synorchism. 9o.
Synophthalmia, o8,

T

Tattooing, 248
Temperature, cause of cloudy swell-
ing, 201.
° Temperature, cause of degenerations,
196.

Telophase, 28.

Teratoid tumors, 269,

Teratoma, 332.

Termination of disease, 75.
Tests for death, 265,

Thermic cavses of disease, 42.
Thermic necrosis, 254.
Tkermogenesis, 340.

Thermolysis, 140.

Thoracopagus, 107,
Thoracoschisis, g7.

Thrombosis, 122.

Thrombosis cause, 123,
Thrombosis, effects, 127,
Thrembus, 122.

Thrombus annular, 124
Thrombus appearance, 124.
Thrombus calcification, 127.
Thrombus complete, 124
Thromhus decolorization. 125.
Thrombus, extension, 124.
Ttrombus infective softening, 126.
Thrombus location, 123
Thrombus organization, 126,
Thrombus parietal, 124.
Thrombus red, 124

Ttrombvs simple softening, 125.
TFrombus white, 124,

Tire1 tonsurans, 40.

Tophi, 223.

Toxic immunity, 84.

Toxophore, 8g-go-91.

Transportation of visceral organs,
102 :

Traumatic wounds, 184,

Tricephalus, 109,

Tricophyton tonsurans, 49-

Tubercle, 349.

. Tuberculin, 354.

Tuberculin test, 354

Tuberculosis, 344.

Tuberculosis extent, 344.
Tuberculosis etiology, 345.
Cuberculosis avenue of infection, 346.
Cuberculosis source of infection, 346,
Cuberculosis lesions, 347.
Cuberculosis extension, 333.
Tuberculosis elimination, 354-
Tumors, 267.

Tumors benign, 277.

Tumors body resistance, 273.
Tumors cause, 275.

Tumors cells, 26q.

Tumors clinically, 27s.

Tumors color, 271

Tumors consistency, 272.

Tumors extension, 272.

Tumors frequency, 268,

Tumors growth, 272.

Tumors histoid, 277.

Tumors intercellular substance, 269.
Tumors malign, 277.

Tumors metastasis, 272

Tumors mottled, 271.

‘Tumors number, 272

Tumors nutritive supply, 260.
Tumors organcid, 277.

Tumors primary, 272.

Tumors retrogressive changes, 274.
Tumors secondary, 272

Tumors shape, 271.

Tumors size, 270

Tumors structure, 268.

Tumors teratois,, 277.

‘Tumors varieties, 277.

Twins, 100,
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Ulcer, 164

Ulceration, 164,

Ulcerative inflammation, 174.
Union dorsal, 106.

Union posterior, 106.

Union ventral, 106.

Urates, 223.

Uratie infiltration, 223.
Uratic infiltration appearance, 223.
Utatic infiltration cause, z23.
Uratic infiltration effects, 224.
Ureter calculi, 234

Uretheral calculi, 234.

Uric acid, 223.

Vv

Valvular insufficiency, 110

Valvular stenosis, 110

Varieties of tumors, 277.

Vascular buds, 178

Vascular constriction, inflammation,
146,

Vascular dilation, 147,

Vascular permeability, 111,

Vascular regeneration, 178.

Vascular variations, i1

Vascularization, 178-185.

Venesection in fatty changes, 20.

INDEX.

Venom, 48,

Vesicle, 42.

Vesicular inflammation, 174
Viper, 48

Vitiligo, aso.

W

Wandering cells, 152

White fibrous regeneration, 7%
Wound, 40.

Wound cause, 184.

Wound healing, 184-3.

Wound subsurface, 184,

Wound surface, 184.

Wound traumatic, 184

X

Xanthosis, 245.

Xiphopagi, 107-
Y

Yellow elastic regeneration, 184.
r 4

Zooparasites, 63.
Zootoxins, 78.
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