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INTRODUCTION

Among the various basic intracellular changes which pathologists
have found the means to recognize in the body tissues of diseased
humens and animels the deposition of microscopically visible fats or
fat-like substances has long been a prominent subject for thoughtful
speculation and argument as well as a considerable amount of systematic
investigation. The organs and general locations where these substances
may be found and many of the disorders with which they are connected
are well known but, in spite of theories propounded by medical lsaders,

past and present, there 1is no agreement and little certain knowledge

as to how or why this phenomenon occurs,

Pathological lipidosis has an important relation to the contem-
porary health of the patient and his prospects of recovery sven
though no definite symptoms, subjective or objective, can be ascribed
solely to this change. Body cells seldom, if ever, die as the direct
result of the deposition of fat in them and it may well be that the
process itself does not have a great influence on the vital functions
of the cell. WNevertheless in & majority of instances visible fat is
seen in cells which are well on the road toward death (degenerative
fatty infiltration) and its presence all too often means that their
fate is sealed. Therefore, it must of a certainty be an important
feature in the general pathological picture of those diseases in which

it occurs. The situation which led to the fatty deposit is one of



great moment to the cell and to the orgenism even if the 1lipid itself
is not. If the exact mechanism of its formation could be ascertained
it would at least constitute & noteworthy addition to our understanding
of just how animel beings live and die, and its presence or absence
could conceivably be an important consideration in routine diagnosis

or even treatment.

Note: The term "“lipidosis™ is preferred to the more generally
used, but less precise, "lipoidosis", in view of the present pre-
eminence among chemists of the word "1lipid" to cover the gresat group
of fats and fat-like substances. (See section on Chemical Nature
and Sources of Animal Fatse.) ™Lipoids™ and ™lipoidosis™ will refer

in this paper to the fat-like substances but not to neutral fats.
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HISTORY AND REVIEW OF LITERATURE

Before reviewing the rather limited amount of investigational
work on lipid changes which deals directly with the kidney it will
be advantageous to look briefly at the gemeral proolem of fatty
changes in the tissues and the beliefs which are or have been held
concerning them. The various aspects of the subject with which
researchers heve been concerned include its chemical, anatomical,
physiological, pathological and nutritional phases. Contributions
of value have been made from each of these sciences.

It is common knowledge that if an animal or person receives a
diet of higher cealoric wvalus than is needed and can be oxidized
there is an accumulation of fat in that individual's body. This fat
is within cells which histologists designate as adipose connectlve
tissue cells and these accumulate in certain well kmown storage areas
of the body. When it is excessive the condition is called obesity.
Besides occupying the storage areas these adipose tissue cells have
a tendency to overflow into the interstitial areas of certain
parenchymatous organs, for instance, spreading from the coronary
groove of the heart, a normal storage place, to infiltrate between
the muscls bundles of the myocardium itself. While often referred to
as "fatty infiltration", a less confusing term for this process is
"gdiposity™. There is no connection between it and the presence of

fat or lipid substances within cells except in the case of the liver,
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whose cells apparently have a normal function of storing droplets of
fat in their cytoplasm when its supply is temporarily abundante

Apart from adipose tissue, we find that all other body fat occurs
in the cytoplasm of pre&xisting cells of normal body structures. It is
the rule for the cells of the adrenal cortex and of the corpus luteum
and the Sertoli and Leydig cells of the testes to contain considerable
lipid substance. Phagocytic cells of inflammatory exudates not infre-
guently contain large amounts of fate. Presumably it is a residue which-
they have phagocytized from dead cells in the vicinity. Cells swollen
with lipid droplets make up a rather imperfectly understood tumor-like
enlargement known as the xanthoma. Lipids occur in the walls of injured
blood vessels and some other structures. The pancreas occasionally
contains intracellular fat. In the liver, fat is very frequent, as
previously notede The myocardium and the kidneys are almost egually
subject to lipidosis, these two organs possibly having much in common
in its pathogenesise.

While the present study deals only with lipidosis of the kidney,
the general problem is so interwoven with fatty changes in the liver
that brief consideration must be given the facts and theories that
have evolved from the study of that organe.

Since chemical analyses always show the liver and other organs to
contain e considerable amount of fat whether or not any is visible

histologically, there have long been two schools of thought concerning



the origin of microscopically visible intracellular fat, Virchow (77),
nearly one hundred years ago, was the father of the concept that micro=
scopically visible fat in the liver cells came from two different
sources. If the hepatic cells and their nuclei seemed to be morpho-
logically and functionally uninjured and if the fat in the individual
cell took the form of a single, or a very few large droplets, he

thought this was merely an excessive storage in that organ of "depoct
fat" transported thers by the blood either directly from the products

of digestion or indirectly via the fat-storing adipose tissues. Since
it was brought in from the outside this was called “fatty infiltration™.
Modern investigations, such as those of Bollman, Mann, Flook and Hester
(9, 10, 25, 26, 51), leawve no doubt that this sort of fatty infiltration
of the liver readily occurs, with no other cause than a recent heavy
consumption of fat in the diet accompanied by insufficient exercise or
other activity to bring about its oxidation.

On the other hand, there are many instances where fat appears in
liver cells &s numerous fine droplets, giving the cytoplasm a "foamy"
appearance in ordinary histologic sections which have been subjected to
fat solvents. Such livers commonly also show necrosis or other degener-
ative changes, congestion and other indieations of being seriously
demaged. The physiologic evidence also points to impairment of the
liver functionally and concomittant disease, often infectious, gives
ample cause for such livers to be considered damaged or “degenerated".
Yence, Virchow called this condition "fatty degeneration", and, more

or less contrary to present-day beliefs, he thought that this fat had



a different origin: that a degenerative change in the cell brought
about coalescence of the cell's normally invisible fat into micro-
scopically discernible droplets. This supposed phenomenon has been
given the name of "fat phenerosis™, which means an "unmasking®" of fate.

Virchow's views received support from the workx of Resenfeld
(64, 65) in 1903 as to the kidney but not with respeet to the liver,
Rosenfeld found the fat of normal kidneys to be from 18 to 29 per cent
of the dry weight of the organ, with only 17 to 23 per cent in kidneys
showing well marked "fatty metamorphosis", thus failing to demonstrate
the slightest inoreass of fat in the kidneys which contained visible
droplats,

Also supporting the idea of phanerosis, Leathes { 44 ) found in
1906 that a kidney which showed considerable fat in histologic sections
had no more, and often had less fat upon chemical analysis than did the
normal kidney with no histologically demonstrable fat. Analysis of a
normal kidney showed about 18 per cent lipoid (dry weight), one showing
"fatty degemeration" might have less than 16 per cent, and one containing
on analysis as much as 23 per cent lipid might show none at all by
staining methods,.

On the other hand, the work of several investigators indicates that
Virchow's explanation of the origin of "degenerative™ fat was erronsous.
By using in the diet of dogs certain identifiable fats, such as mutton
fat, which is characterized by a high melting point (Rosenfeld, 64, 65),
or fat containing atoms of "heawvy hydrogen", or deuterium (Schoenheimer,

66) fat has been traced from the food to the subcutaneous fat depots and



thence to the degemerated liver cells,

Rosenfeld's analyses of liver, in contrast to those of the kidney,
gave a much higher percentage of fat, 25 to 30 per cent (dry weight),
in livers microscopically showing "fatty metamorphosis™ than in normal
livers, which had from 12 to 20 per cent. However, Rosenfeld's cases
of "fatty metamorphosis™ probably were not confined to the degenerative
type of change but may well have included instances of fatty infiltra-
tion, where the fat, even by Virchow, was considered of dietary origin.

Imrie (37) made use of the fact that the normal, invisible fats of
thse organs are highly unsaturated, their iodine walues reaching from
135 to 1560, while the fat of the adipose tissues has an iodine wvalue of
approximately 65. (That of oleic acid is 90.) By determining these
values he showed that as the fat content of the liver rises to abnormal
heights the iodine wvalue comes to resemble that of the adipose tissues,
an indication that the incoming fat has originated in those tissues.
The heart and kidney differed from the liver in that wvariations in fat
content were not great, running from about 1,30 to about 3,75 per cent,
and in that, as the fat content of these organs increased, there was
only a partial tendency for the iodine wvalue to approach that of adipose
tissue, the shift being from an iodine value of approximately 140 in
either of these organs with small amounts of fat to about 115 when the
amount of fat was maximal. He suspected that these organs take up
principally fat previously desaturated by the liver, and that when the
fat content increases in disease they lose the normal ability to oxidize

it for energy and it accumulates in the cells,



Imrie made histological sections of his specimens, as well as
chemical analyses. He found that the visible fat in the heart and
kidney (tubules) ran roughly parallel to the results of chemical
analysis, although there were some exceptions. The diseases responsible
for his cases of fatty change will be listed elsewhere.

Achard, Verne and Bariéty (2) enalyzed dogs' kidneys for fat imn
connection with other studies. They found the fat to constitute 3 to
4 per cent of the total weight (not dried) but stated that there were
wide variations, not only between different kidneys but between dif-
ferent samples of the same kidney.

Dible and Hay (18) made fat analyses of the kidneys of rabbits in
which lipidosis was induced by starvation., They found that the
analyses paralleled the histologic evidence of fat, the percentages
running from 2.20 to 3.29 (not dried)s The lowest percentage in kidneys
which contained visible fat, minimal in amount, was 2.58. More than
3¢0 per cent was considered always pathological,

Popjék (61) made analyses on humen kidneys from 221 autopsies. The
amount of fat increased from 1l.71 per cent of the total undried weight
in normal kidneys to more than 6 per cent in some showing stainable fat,
and the results were proportional to the histologic changes. He was
convinced that the fatty changes represented neutral fat derived from
the fat-storage depots.

Mottram (57) fed cats a diet rich in milk; their kidneys contained

much fat which resembled milk fat in melting point and iodine number.



From the above it will be seen that the weight of recent work is
in favor of the fat, even in the kidney, being brought in from the

storage depots and that it is in no sense due to phanerosis,

Location in Tubules

Other features that have interested investigators are the part of
the nephron involved, the position in the cell, and the size of the
droplets. It is well agreed that most of the lipid droplets are at the
base of the epithelial cell, around and below the nucleus. The size
of the droplets varies in an apparently irrsgular way from those just
visible to the microscope to those the size of an erythrocyte or
larger. But on the portion of the tubule containing the fat there
could scarcely be greater discrepancies than exists among the reports
of various writerse.

Achard, Verne and Baristy (2) found it in dogs exclusively in the
ascending branch of Henle's loop when the amount of fat was not great;
when the amount was larger it was also in the convoluted tubules, first
in the segment of Schachowa (straight part approaching descending loop),
later in the principal part itself. Very rarely they observed droplsts
of fat in the ducts of Bellini. They stated that the mitochondria of
the epithelial cells tend to break up into granules with the increased
deposition of fat in the ecell, but the granules do not change into fat

as has been claimed,
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MacNider's (48) experience was much the same. 1In his dogs the fat
was in the ascending branches of Henle's loop and when the amount was
increased it was also in the convoluted tubules. In a second experiment
by this author (49) the same was true but the descending limbs also
contained fat,

Christiana Smith (71) found the same parts involved, using cats
principally, and also a few dogse.

In the work of Dible and Hay (18) with rabbits whose kidneys
developed fat as the result of starvation, it was in the wide proximal
part of the descending and the wide &istal part of the ascending loops
of Hemnle, with small amounts occasionally in the convoluted tubules.

Scuderi (€8), studying renal excretion of fat by injecting very
considerable amounts of it into the renal artery of dogs, obtained
kidneys which had extensive lipidosis of the medullary rays, doubtless
the ascending branches of Henle's loops. It also appearsd in the urine.

Hermann, Dechaume and Vial (33) encountered limited amounts of
fat in the slender (descending) arms of Hemnle's loops in dogs experimen=
tally deprived of their spinal cordse

Fuller (28) studied remal lipoid in 430 human autopsies with
death from various causes. Fat was most frequently encountered and
was largest in amount in the ascending loops of Henles second in
frequency were the convoluted tubules, where its distribution was
patchye.

Zwemer and Wotton (82) found fat both in convoluted tubules and
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in the loops of Henle of guinea pigs foreibly fed large amounts of
Sudan-stained cod=liver oil and killed & few hours later.

Rice and Jackson (63) reported that in normal rats the part of
the nephron principally involved was the convoluted tubule with minimal
emounts of fat in the descending arms of Henle's loops near the apex
of the pyramids.

Heppler and Simonds (32), in their work with dogs, found fat in
the lower parts of the convoluted tubulese They stated that small
amounts are normal there, with a great increase in case these cells
are injured by poisoning with mercury or uranium saltse

Foote and Grafflin (27) encountered fat in the proximal convoluted
tubulss of dogs and cats. In the cat there were small and large
droplets in the "first part™ of the tubule, by which they meant the
whole of the "pars convoluta®, and also in the upper portion of the
"pars recta"., In dogs it was in the "second segment", which is the
terminal portion of the pars recta, usually lying in the upper part
of the medullary raye. Dogs also sometimes had fat in the portion of
the proximal tubule nearest the glomerulus.

In the dogs of Izzo and Marenzi (38) the fat was in the distal
convoluted tubules, in both normal and hypertrophlic kidneys,

Mottram (57), producing fatty kidneys in cats by rich diet,
found practically all of the fat in the convoluted tubulese.

Modellt's (54) eats had much fat in the proximal and distal convol=-
uted tubules, practically none elsewhere. When Modell and Travell (55)

produced uranium injury of the convoluted tubules the characteristic



feature of retaining visible fat appeared to migrate to Henle's loopse
Summarizing these reports we find opinion as to the favored
location for lipids sbout evenly divided between the convoluted and
the straight tubules (Henle's loops), with the proximal convoluted
tubules leading the distal and the ascending loops occupying a more
important position than the descending. It may be, however, that
there is more agreement than at first appears. The proximal convoluted
tubule completes its convolutions, turns centrally to enter the medullary
rey, running straight for a distance, after which it narrows markedly
to become the descending branch of Henle's loope Some histologists
call this straight part either the "pars recta" or the segment of
Schachowa, considering it still a part of the proximel convoluted
tubule. Others consider this segment as the beginning of the descending
branch of Henle's loop, Dible and Hay apparently referred to this seg=
ment when they wrote of "the wide proximal part of the descending loop",
and it is highly probable that this difference in terminology is re-
sponsible for other discrepancies in the statements of some of the
writers gquoteds In the original descriptions which are to follow in
subsequent parts of this paper this segment will be included with the
proximal convoluted tubules although it approaches the group of straight
tubules which are conspicuous as the medullary ray in the ordinary
microscopic section. Species differences will also account for some of
the discrepancies but the only point which stands out is that in cats

it is the convoluted tubules wnich develop lipidosise



Glomeruli

Fat in the glomeruli falls into a different category from that in
the tubules. Most of the writérs to whom reference has been made above
either have made no mention of the glomeruli or have definitely pointed
out the absence of fat in them. Exceptions include Scuderi (68), who
found a little fat in the gleomeruli of dogs when he had injected con-
siderable amounts of fat into the bloodstream, and Hepler and Simonds
(32), who found & very limited amount in dogs poisoned by mercury,
uranium or potassium dichromate. Zwemer and Wotton (82) report some
fat in the glomerular capillaries of guinea pigs fed large amounts of
cod=liver o0il by stomach tube. This appears to have been in the
capillary lumina &s & part of a lipemis; it seems probable that the
fat found by Scuderi was susceptible of the same interpretation.

Fuller (28) found fat rather frequently deposited in scarred
glomeruli of nephritis, especially glomerulonephritis. Anisotropie
lipoid (cholesterol) was often included.

To Simonds and Lange (70) we are indebted for a study of fatty
chenges in the glomeruli in 76 human autopsies and 133 experimental
dogse. They compiled reports of fat in the glomeruli of human kidneys
in the following disemses: Acute yellow atrophy, alecoholism, amyloidosis,
anemie, beriberi, burns, cirrhosis, diabetes, diphtheria, dysentery and
enteritis, eclampsia, erysipelas, exophthalmic goiter, heart disesase,
Jaundice, malignant tumors, meningitis, mercury poisoning, passive

hyperemia, peritonitis, phenol poisoning, pneumonis, purpura, scarlet



fever, sepsis, tuberculosis, typhoid fever, and, with outstanding fre-
quency, acute and chronic glomerulonephritis, nephrosclerosis and
nephrosis,

In form the fat reported by these authors varied from minute,
dust-like particles tc droplets larger than an erythrooyte. Its loca=
tion was often difficult to determine, sometimes it was apparently in
the basement membrane but more often it was in the endothelial or
epithelial cells, they could not determine which. In many cases the
afferent arterioles were also involved. At times there appeared to be
some fat in the juxta-glomeruler apparatus, as noted by Goormaghtigh (29).

Their experimental dogs were given repeated smell doses of poiscns.
The following list states the name of the poisonous substance and the
percentage of trials in which glomerular fat appeared: snake venom,

30.03 streptococcus toxin, 33.3; staphylococcus toxin, 25.0; diphtheria
toxin, 27.8; potassium dichromate, 26.4; uranium nitrate, 18.2;
mercuric chloride, 0.0C; controls, 10.8s It will be noted that the
first four of these substances are known to be producers of glomeruler
nephritis under suiteble circumstances,

Volhard and Fahr (78) observed the occurrence of fat in the glomeruli
and stated it was the result of lipemic blood flowing through the

capillaries,

Possible Causes

Leaving the glomeruli and turning to lipidosis of the kidney as

& whole, which to most writers means the fat in the tubules, we shall
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see what informetion has been adduced bearing on the possible causes of
the conditione

In the first place, there have been those who considered fat
droplets in the epithelium of the renal tubules %o be a feature of
normal histology, at least in cats and dogs. Foote and Grafflin (27)
found lerge end smell droplets of fat to be "ocharacteristic™ in certain
parts of the proximal convoluted tubules of those animals, in the first
part in cats, in the last part in dogs. They also drew support from
the work of three earlier writers: Peter (60), 1909; Zimmermenn (81),
1911; and Nakamura (58), 1936.

Izzo and Marenzi (38), while studying nephrectomy and lipemis,
made histological exeminations of the "normal" kidneys of two dogs and
found fat in the distal convoluted tubules.

MacNider (48), in a study of the effects of anesthetics upon the
kidney, found "much more steinable lipoid"™ in old than in young dogs,
all presumably normel. He also found it in the kidneys of six normel
dogs used as controls in another experiment (49).

Simonds and Lange (70) found 10.8 per cent of the normael control
dogs used in their experiment to have fat in the glomeruli.

Christiana Smith (71}, while testing different staining methods,
working with presumable normal cats, reported that the loops of Henle
commonly contained numerous large droplets of fat and the convoluted

tubules occasionally very fine granulese



Hepler and Simonds (32) found considerable fat in the lower part
of the proximal convoluted tubules of normel dogse.
Achard (1) stated that the presence of lipids is normal in the

straight tubules but pathological in the convoluted tubulese

AGE

The age of experimental animaels has besn considered a factor by a
number of researchers, MacNider (495) concluded from his experiments
with 21€ dogs that among normel animals there is more stainable renal
lipid in the old than in the young and also that ochloroform end ether
are more toxic for the kidneys of olc¢ than of young animals as shown
by degenerative and fatty changes and by diminished functionel power,

Modell (54), studying the kidneys of 26 normal cats, found much
fat in the convoluted tubules of all adults, with & very small amount
occasionally in Henle's loops. But in very young or fetal kittens
there was only & small amount of fat, in extremely fine granules, near
the junetion of the proximal conveluted tubules with the descending
branches of Henle's loops,

Rice and Jackson (63) studied lipidosis in rats and stated that
there was a small amount of fat in the convoluted tubules at birth,
which reached its maximum at 3 to & days of age. Between 14 and 32
days of age thers was none, but it reappeared in limited amounts at
6 weeks and at older ages. In the medulle there was some fat at all

ages, in the interstitial tissue as well as in the tubules,
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But Fuller (28) concluded after studying 430 humen autopsies that
there was no relation between the deposit of lipids and the age of the

patient,e

Obesity=Starvation

The effects of diet, of obesity, and of starvation upon renal
lipidosis have received repeated studye. Dible and Hay (18) examined the
kidneys of 20 unusually fat rebbits, found no fat in them, and concluded
that adiposity had no relation to the amount of fat in the kidney. But
when 42 rabbits were left € days without food there was a certain amount
of fat in the kidneys of alle The amount of renal fat was proportional
to the degree of adiposity (all of them being rather lean),.

Previous reference has been made to the work of Modell (54), in
which he found much fat in the kidneys, chiefly in the convoluted tubules,
of normal adult cats. He then starved one cat for 14 days, so that it
lost 44 per cent of its body weight, but the previously determined
picture of renal fat was not altered, although its liver was practically
devoid of stainable fat. Likewise, one cat, killed three and one-half
hours after a heavy meal of cream, showed the same renal picture,
although its liver was loaded with fat in the form of extremely large
droplets. So he concluded that hepatio fat was more or less proportional
to the general fate-storage of the body but that renal fat showed no such
variatione

Mottram (57), as a result of his experiments, stated that with fat
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in the food and in the blcod stream cats!' kidneys show a marked infil-
tration with fat, quite the contrary to Modell's results. Rice end
Jackson (63) found much the same in the case of rats as Mottram had with
cats: a moderate increase in renal fat with a high carbohydrate diets

Scuderi (68), studying lipuria, found no fat in the urine of dogs,
whether he starved them or fed them large meals of cream.

Achard, Verne and Bariéty (2) report great variation, from zero
upwards, in the visible lipids of kidneys of dogs, regardless of whether

they were starved or fed large amounts of butter,

Diseases

We may now review such information as is available tending to
correlate renal lipidosis with specific diseases. A considerable
amount of research has been accomplished with the toxic nephropathies
produced by certain specifically nephrotoxic chemicals, notably mercury,
uranium, and potassium dichromate.

Modell and Travell (55) induced uranium nephritis in nine adult
catss Killing them at 24 to 72 hours, he found albumin end sugar in
the urine. The convoluted tubules showed cloudy swelling, necrosis and
an increase in the amount of fat beyond the already-present normal.
Furthermore, fat now appeared in the loops of Henle, which remained free
of cloudy swelling and necrosis. In view of the impending dissolution

of the epithelium of the convoluted tubules he suggested that the



development of fatty deposits in the loops of Henle might constitute an
extension of the lipoid from the dying areas to new fields where the
metsbolic role of lipoid could go on untrammeleds

MecNider (49) produced uranium nephritis in dogs in whose loops of
Henle a certain amount of fat had been shown to be normal. In dogs
¥illed six hours after the administration of the uranium salt this fat
had increased; at twelve hours there was still further increass and it
had begun to appear in the convoluted tubuless Albuminuria and glyco=-
suria also developed: At 24 hours the fat in the loops was the same
and in the convoluted tubules it had increased greatly. Cloudy swelling
and necrosis had begun to appear in the convoluted tubulesos At 48 hours
the lipoid chenges were stationary and the necrobiotic changes were more
advancede

Hepler and Simonds (32) found that poisoning by either mercuric
chloride, uranyl nitrate or potassium dichromate brought about a great
increase in the normal amount of fet in the lower part of the proximal
conveluted tubules of dogse

MacNider (48) in a second experiment found that chloroform and, %o
some extent, ether were capable of producing remnal lipoidosis. This
lipoidosis was much more severe in dogs in which a uranium nephropathy
had previously beern induced. But Dible and Hay (18) were unable to
produce any lipidic change in rabbits' kidneys by chloroform anesthesia

maintained for three hours,
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Dogs suffering from experimental destruction of the spinal cord
had a limited emount of fat in the loops of Hemnle in the experience of
Hermann, Dechaume and Vial (33).

The diseases in which Imrie (37) found fat in the renal tubules
were: Addison's disease, alcoholism, carcinoma of the pancreas,
diabetes, endocarditis, fractured skull, gastro-enterostomy, hydroguinone
poisoning, chronic pancreatitis, peritonitis, pernicious anemis, puer=-
peral sepsis, septicemia, toxemia of pregnancy, tuberculcsis and typhoid
fever,

In the 430 autopsies in which Fuller (28) studied renal lipidosis
the causes of death, with the number of cases of each, were: diffuse
glomerular nephritis, 9; renal arterial and arteriolar atherosclerosis,
7; extra-renal atherosclerosis, 523 lobar pneumonia, 253 lobular pneu=
monia, 92; other acute infections, 593 tuberculcsis, 453 syphilis, 123
traumatic injury, 20; malignant neoplasisa, 393 exogenous poisons, 4;
miscellanscus, 58; undetermined, 8., He stated that no apparent rselation
existed between the age of the patient and the deposit of lipids; hours
elapsed post-mortem were not a factor; and neither were the causes of
death except in the case of renal disease,

Popjék (61) studied lipidosis of the renmal tubules in 221 human
autopsies but did not record the causes of death in his cases,

The foregoing references all pertain to the tubules of the kidney,
For diseases in which glomerular fat has been reported the reader is

referred to the section on glomeruli,



Recourss to the current text=books of pathology affords little
that applies directly to the kidneys. Bell (5, p.95) states of "fatty
metamorphosis™ in general: %“The conditions in which fatty mstamor=-
phosis occurs are: (a) chronic alcoholism (the liver is most severely
involvsd); {b) mineral poisoning (phosphorus, chloroform, arsenic);

(¢) acute and chronic infectious diseases and infections = usually
only a slight increase of fat; (&) obscure toxemias; (e) severe
anemias; (f) chronic passive congestion; (g) chronic tuberculosis.”
Moore (58, p.51) tells us: "Tissue anoxia and cellular poisons are

the usual causes of fatty metamorphosis of the viscera, It is possible
that the poisons act by blocking cellular oxidatione Tissue anoxia is
operative in cardiac failure and chronic passive congestion of the
viscera, in patients with longstanding severe anemia, in persons living
under conditions of decreased oxygen tension, and in patients with
increased metabolism because of fever." Ogilvie (59, p.5) adds a
1ittls known poison to the nephrotoxic class with the statement: "Imn
the experimental animal fatty degemeration has been produced in the
kidney within two hours by the injection of oxalic acid."

The condition which has been designated "lipoid nephrosis™ merits
attention in a discussion of renal lipidosis because one of its charac-
teristic features is the deposition of fat droplets in the renal
parenchyma, Their usual locations are the terminal portion of the
proximal convoluted tubules ("segment of Schachowa"), the ascending
loops of Henle, and the glomeruli. Other manifestations of the disease

include severe albuminuria, hypoproteinemia, edema, and lipemia and
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lipuriae. A large part of the lipid substance is cholesterole. The
condition appears to have been first described in 1913 and has been

the subject of numerous contributions. While certain authors have
suspected that a disturbancé of protein metabolism is the primary fault,
the predominant view today, surmarized by Bell (6), is that the primary
lesion is damage to the glomeruli which does not occlude the glomerular
capillaries to produce hypertension and azotemia, but rather leaves
them in a state of permeability to albumine. In accordance with well
accepted pathologieal principles, the loss of albumin results in
hypoproteinemia, the hypoproteinemie causes the edema. The feature of
concern in this paper is the presence of lipids in the blood, urine

and cells of the kidney. This is precisely the aspect for which there
is no entirely satisfactory explanation. It is desired to refer only
to those few publications which appear to cast some light on this
phase,.

Achard (1) offers an interesting substantietion of the theory that
lipemia is a consequence of anemia (and, therefore, probably of hypo=
proteinemia) by reference to an experiment by Fishberg in which lipemia
was the result of an artificially produced hemorrhagic anemia. He then
postulates an explanation of the separating out of lipids from proteine-
poor blood on the basis of an experiment in wvitro in which a flocculated
suspension of cholesterol and lecithin becomes a stable emulsion when
some protein is added.

Carillo (12), pointing out diagnosticidifficulties in differentiating

between lipoid nephrosis, on the one hand, and ancylostomiasis with a



syndrome of edema and hypoproteinemia apparently due to dietery defi=-
ciencies, on the other, cited cases of supposed nephrosis with typical
albuminurie, edema, hypoproteinemia and cholesterolemia, which recovered
upon the elimination of the helminthiasise

Heymenn and Clark (36), in an attempt to Mexplain the mechanism
which increases the blood lipids in lipemio nephrosis", performed a
large number of experiments on dogse. They found that (1) nephrectomy,
bilateral or unilateral, regularly produced hyperlipemia (cholesterol,
phospholipids, and total lipids)e. (2) The hyperlipemia was not the
result of abstinence from food or water, nor of anesthetics, as shown
by control experiments. (3) Sham operations, performed as controls, it
is admitted, did result in more or less distinct hyperlipemia in about
one-third of cases. (4) Mercuric chloride, uranium nitrate and potassium
dichromate, each, injected parenterally, produced & hyperlipemia indis-
tinguisheble from the previcus cases. Serum proteins were not alterede
(5) Since the injections of each of the three renal poisons mentioned
in (4) had caused local abscesses in some cases, it was desired to
determine the lipemia-producing powers of such abscesses. Abscesses
caused by calcium chloride or mild cauterization did not produce hyper=
lipemia but the very extensive abscesses and necroses caused by turpen-
tine, croton o0il, carbon tetrachloride and severe cauterization (under
anesthesia) did produce hyperlipemia. There was extensive damage of
tissue in these cases and the authors felt that this tissue damage was

adequate to explain the hyperlipemiam. (6) Injection of large amounts
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of extracts of beef and swine kidney had no effect, either upon normal
dogs or upon those receiving injections of mercuric chloride. (7) Their
own work and that of others showed that cats and monkeys responded
similarly to dogs to these lipemia-producing agents, rats also to some
degree, but rabbits did not. These authors felt that the hyperlipemia
of lipoid nephrosis is the result of renal damage (or complete absence
of kidney function) and that the kidney has an important control over
lipoid metabolism.

Izzo and Marenzi (38) studied the influence of nephrectomy on
plasma lipids and lipemis in general. They measured in the plasma of
four experimental dogs the total phospholipids, total.choline,
sphingomyelin, lecithin, cephalin, cholestercl (total, free and esterie-
fied), end fatty acids (total, saturated and unsaturated), always after
a fast of 16 to 20 hourse Two determinations were made, after which the
right kidney was removed; then determinations were made at two- or three-
day intervals until the thirty-fifth day. At this time the left kidney
was removed and determinations were made daily thereafter for the life
of the animal, approximately four days. In gemeral, and subject to
mark;d deily fluctuations, the lipid constituents showed & very notable
rise from their immediately post-cperative levels after the first
nephrectomy until about the fourteenth day. Decline set in at this
stage, showing compensatory hypertrophye Following extirpation of
the remaining kidney the lipid constituents rose again and continued to

do so for the rest of the animalts life,



These investigators (38) also studied normal dogs and showed that
there were great daily variations in total phospholipids, lecithin,
cephalin, sphingomyelin, cholesterocl (total, free and esterified) and
fatty acids (saturated and unsaturated) in normal dogse. They starved
certain dogs from three to six days and fed others large amounts of
fat and of meat, There were no significant variations in plasma lipids
in either case, from which the conclusion was drawvn that the above
named lipid substances in the plasma play no part in the transport of
fats mobilized from the fat depots of the bodye

Ferrari (23) has listed the diseeses in which lipuria may ocour
as the following: Lipoid nephrosis, fatty degeneration of the kidneys,
chronic infections with alterations of the blood plasme or lesions of
the renal epithelium, yellow fever, syphilis, tuberculosis, filariasis,

bilharziasis, and helminthiases generally.,.

Possible Functions of Renal Lipid

When fat appears in the kidney, what is it doing there? ¥Few opinions
and fewer concrete facts are available on this question. Achard, Verne
and Bariéty (2) called attention to the fact that the two kidneys of an
individual are alike in respect to the fat they may contain, thus imply-
ing that the disturbance is general and not local in nature. The work
of Popjgk (61) indicates that variations in the amount of neutral fat
are in no way coupled to the amount of phospholipids and cholesterol,
Karsner (40, p. 45) contributed the information that cells in tissue

cultures are entirely capable of ingesting fatse



Several have inclined to the view that fet seen in cells of the
kidney is in the process of excretion. Zwsmer and Wotton (82), finding
fat droplets in the glomerular capillaries, Bowman's capsule, in both
lumina and epithelial cells of the proximal convoluted tubules and in
the small vasa afferentia which surround those tubules, and in the
lumina of the loops of Henle, all in guinea pigs fed Sudan-saturated
cod=liver oil by stomach tube, belisved that the fat was in the process
of excretion, Their belief was strengthened because they frequently
found the fat globule to have an hour-glass shape as it was squeezing
between two endothelial or epithelial cells, They believed that such
& process could be explained by mechanical forces and surface tension,
but that the cells lining the proximal convoluted tubules do work in
passing the fat in an extremely fine emulsion betwsen their rod-shaped
mitochondria,

Modell (54) noticed that the lumine, as well as the epithelial
cells, of both distal and proximal convoluted tubules of cats contained
fat droplets, and that the nuclei and other structures of the cells
appeared entirely uninjured. He also found little or no fat in the
kidneys of fetal or very young kittens, more in ordinary adults, and
most in pregnant females, His conclusion was that the fat was in the
process of excretion and that the amount was proportional to the general
functional activity of the kidney,.

Scuderi (68), after satisfying himself that the urine of normal,

or starved, or heavily fat-fed dogs contained no fat, injected consider=-
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able quantities of fat into the blood stream. Fat was present in the
urine of all such dogs, seven in number, the amount varying from 6 to

25 droplets per low-power field of urine. Fat droplets were seen in

the lumens of tubules but not in Bowman's capsules. Repeating this
experiment of injecting fat into the blood stream with dogs whose
convoluted tubules had been destroyed by uranium, he found no fat in

the urine. His conclusion that fat is excreted, but only by the tubules,
was also supported by some experiments with frogs. But, making scme
quantitative tests, he concluded that the amount of fat secrsted into
the urine was probably never of real significance in relieving a lipemia
or condition of fat embolisme. He also concluded that the amount of fat
in the urine bore no relation to the amount that might be found in the
kidney cellse

Christiana Smith (71) felt that the fat in renal epithelium played
some important part in the metabolism of the cells, possibly as stored,
oxidizable food, and that mitochondria were of lipoid nature, possibly
convertible into ordinary fat droplets. She was not able to offer any
very tangible evidence on this elusive question.

Modell and Travell (55), upon finding that when cats! kidneys are
injured by destroying the epithelium of the convoluted tubules with
uranium the principal seat of cellular lipid moves from the convoluted
to the straight tubules, suggested that the appearance of fat in the

latter location was not a degenerative process, such as occurs with
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chloroform poisoning, but a protective arrangement by which the function
pertaining to intracellular lipoid could still be carried oute. The
function was presumed to be excretion of the lipoid,

MeacNider (48) reported that a number of his experimental dogs were
"naturally nephropathic®, showing "ecapsular and intraglomerular®
nephropathy, "with slight histological evidence of epithelial injury".
This would seem to mean that those animals were already afflicted with
the variously manifested chronic renal damage which veterinarians kmow
to be surprisingly frequent in older dogs. At any rate these dogs with
glomerular injury also had much fat in the loops of Henle. He concluded
that severe glomerular injury is apparently first expressed in the
tubules by this great excess of lipoid accumulation,

Hepler and Simonds (32) observed that in experimental mercury and
uranium nephropathy of dogs the same tubules often showed both calcifi-
cation and lipoidosis. In fact, calcium and fat deposits often occurred
in the same cell. They recorded that this phenomenon had been seen by
Klotz (42) in rabbits poisoned by heavy metals. So they reasoned that
there might be some comnection between the two processes, calcification
and lipoidosis,

In dogs which were on a blacktongue (pellagra) producing diset, but
which did not develop signs of that disease, Sebrell (69) observed unex-
pected and unexplained deaths accompanisd by marked fatty degemeration
of the liver and kidney, and sometimes of the heart, He believed that

this condition was in some way connected with the diet,
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Reference to certain publications relating to the technique of
demonstrating lipids in the tissues will be deferresd to the section
dealing with that subject and the distinction between neutral fats and

the lipoids will be most conveniently treated in the section on chemis-

try.



THE CHEMICAL NATURE AND SCURCES OF ANINAL FATS

Preparatory to the study of the deposition of 1ipids in the kidney
it is appropriate to look briefly at the main faets on the chemistry
of those substances. The great group of fat-like substances is known
as The Lipids, the term lipins being e less favored synonyme. They are
grouped together because they have either similar chemical constituents
or similar (but not identical) solubilities. Roughly speaking, they are
often viewed in physiology as consisting of the true, or neutral fats
and the lipoids, or fet-like substances, of which cholesterol is of
prineipal concern in pathology.

More precisely the lipids include:

(1) The true, or neutral fats, which are esters of fatty acids with
the alcohol, glycerol, in other words, triglycerides,

(2) The waxes, which are esters of fatty acids with certain aleohols
other than glycerol. Beeswax is an example.

(3) The phospholipids, also sometimes known as phosphatides, in which
phosphoric acid and certain nitrogenous groups have replaced one or more
fatty=-acid radicalse The most important of this group is lecithin, in
which the nitrogenous group is choline.

(4) The glycolipids, also known as galactolipids because the sugar
component is almost always galactose, or as cerebrosides because they
occur most extensively in the braine They can be decomposed into fatty

acids, a sugar, and a nitrogenous base, sphingosine,



(6) The sterols, which are solid, monohydroxy aleohols, can also
be considered as complex phenanthrene derivatives. Cholesterol is the
one of outstanding importance in sau.imal life. These non=-saponifiable
substances are grouped with the fats (in America, not in Burope) largely
because of similar solubilitiese

These different lipids are separated and identified usually by
saponifiebility and certain differences in solubilities, which, of course,
necessitates their being dissolved out of the body fluids or tissues. In
meny situations this is gquite impracticable, as in the study of separate
droplets of lipid in the tissues. Examination with the polarizing micro-
scope affords certain limited differentiation without chemicel analysise
The true, or neutral fats are odorless, tasteless and generally

colorless solids or liquidse. They are insoluble in weter, salt solutions,
dilute acids, and dilute alka;ies, but readily soluble in a number of
organic substances such as ether, petroleum ether, chloroform, alcohol
(hot ), xylene, toluene and carbon tetrachloride, which are known collec=
tively as "the fat solvents". The fats have a neutral reaction. The
fatty acids which go to make up these triglycerides include a number of
saturated acids belonging to the paraffine series and a few unsaturated
acids belonging to the olefin seriese. Among the former, palmitic acid
with 16, and stearic with 18 carbon atoms account for the bulk of most
fats, but butyrie, caproic, caprylic and capric acids, with much lower
molecular weights and lower melting and boiling points also occur not
infrequentlye. 1In the unsaturated group oleic acid with one double bond
is found in largest amount, more highly unsaturated acids being decidedly

minor in higher animalse



Analytical methods which subdivide these neutral fats down to indivi=-
dual fatty acids are complicatede It is usual to identify a sample of
fat chemically by certain characteristics which indicate its predominant
fatty acids in a general waye These characteristices include certain
physical gualities, particulerly the melting point and the index of
refraction and the following chemical qualities: The iodine number is =&
measure of the amount of iodine which can combine with the fat. Since
the iodine substitutes for the hydrogen atoms lacking at the double bonds,
a high jodine number indicates a relatively unsaturated type of fatty
acidse. The Relchert-lieissl number denotes the amount of alkali necessary
to neutralize the volatile fatty acids, hence is a measure of the amount
of volatile fatty acids of low molecular weighte The saponification
number, measuring the amount of potassium hydroxide required té saponify
a gram of fat, 1s also an indication of the‘size of the molecules and the
molecular weight of the fat. Many natural fats, including those charac=-
teristic of various species of animals, can also be identified by the form
of their crystals, obtainable by evaporating a solution to dryness.

Bach species of animal has its own kind of fat with physical
appearances and characteristic responses to the preceding tests which
render it rather easily recognizablee TWhatever kind of fat an aninsl
mey consume in its diet, that fat is normally made over into the fat
characteristic for the species before becoming integrated into the

adipose tissues. However, the ability to accomplish this is not unlimited,

and if an snimal receives a diet containing a large amount of some peculiar



fat his own body fat will come to resemble that of the diet in its
physical attributes and chemical compositione This has been demonstrated
not only in the experimental laboratory but alsoc in the feedlot, as, for
example, when fattening swine on peanuts, whose richness in wvolatile
and unsaturated fats produces an undesirable softness and oiliness of

the pork fat,

Still unknown are many details of the metabolic processes which
result ultimately in the transfer of the lipids of an animal's food to
storage or utilization in its tissues. 1In the intestine the ingested
fat is emulsified, partly through the aid of the bile, and hydrolyzed into
its constituent fatiy acids and glycerol. 1In this form chiefly, with
saponification playing a much less important part than was formerly be=
lieved, it is absorbed by the epithelial cellse. Recombined into an
esterified state in those cells, it presumably attains at this point
the special molecular arrangements characteristic of the recipient
speciess Transfer into the blood stream is peculiarly s function of the
lacteals and the lymphatic vessels, slthough recent studies suggest that
perhaps as much as 40 per cent is absorbed direetly into the portal
circulastione A perceptible portion of the fat of foods must remain
undigested or unabsorbed for from 15 to 26 per cent of the dry weight
of humen feces is fat (75)e

The total amount of lipids of all kinds in the blood normally emounts
to from 0.6 to 0.8 per cent (600 to 800 mg. per 100 cce ) of the plasma

(11), of which approximately 175 milligrams per 100 cubic centimeters



~Zle

(abbreviated henceforth, 175 mg. per 100 cce) is cholesterol, and 350 mge
per 100 cce is falty acidse In addition, blood plesme contains from 60
to 350 mge per 100 cce of phospholipids, chiefly lecithin, not to mention
a very considerable amount in the cell walls of the erythrocytes (75)e

A physiological hyperlipemia follows a meal exceptionally heavy in
fatse FPathological hyperlipemia is notable in certain cases of uncon=-
trolled diabetes, in which Boyd (11 p.27) maintains the blood fat may
reach 20 per cent. It also occurs in hypothyroidism, where it is somewhat
proportional to the lowering of the metabolic rate, and in certain types
of nephritis, especially "lipoid nephrosis", The lipemis of lipoid
nephrosis is believed by Bell (6) to be an indirect result of the elbumi-
nuria and hypoproteinemia, basing his opinion on experimental work which
produced lipemia as well as edeme by repeated withdrawal of plasma proteinse
These hyperlipemias consist in some cases chiefly in ean increase of neutral
fats, in others the principal devistion from normal is e hypercholester=-
olemiae. There is considerable varisnce in reports as to which predominatese
Blood from hyperlipemic individuals can be readily detected by a creamy
layer which rises to the top upon standing,.

To the question of how the fat is transported and utilized there are
no proven answerse A current belief based upon the work of Eloor (8) is
that lipids are prepared for transportation and oxidation by previous
phosphorylation so that they circulete as phospholipids. It is obvious
from the analyses given in a preceding paragraph that this could apply

only to a part of the lipid in the blood,
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The theory that fats undergo in the liver a dehydrogenation to a
relatively unsaturated state before being used elsewhere has been
presented in the reference to Leathes' publication (44). A% any rate it
seems to have been shown by Schoenheimer's (66) work with deuteriume
labelled fats that the fats in the storage depots are not stationary but
thet there is a continual "Surn-over", a consumption of the old and a
replacement by new fat supplied by the diets. 1In fact one author (80)
mekes the statement that the half-life of fat in the depots is from six
to eight dayse

Whetever other connection the liver may have with lipid metabolism
it is known that & heavy and abnormel infiltration of fat into the liver
cells may occur as the result of a diet too rich in neutral fests or chol-
esterol (9, 10, 25, 26, 51)s Bubt this infiltration can be prevented by
providing in the diet a very liberal amount of choline. In the earlier
investigations lecithin was used for this purpose but studies showed that
its constituent choline was the essentiasl factore. In the absence of choline
the same result coula be achieved if liberal amounts of suitable eminoscids
were supplied, since choline can be synthesized by the body, presumably
the liver, from methionine to supply methyl groups, and glycine or serine
to supply ethanolamine (31)e Information is not aveilable as to how the
choline acts unless it would be to hasten the conversion in the liver of
neutral fat to phospholipid, which, as previously stated, some believe is
& prerequisite to utilization of fat. It is kmown that choline has the

ability to augment the rate of phospholipid metabolism in the liver, its
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formation and its removel (31, pe 335)e The relation of these facts to
practical medicine would seem to be that a diet too rich in cholesterol
or neutral fats without lecithin, coupled with a deficiency of protein
(containing the above named amino acids), may conceivably be a cause of
cirrhosis through the agency of an irritation or injury resulting from
chronic fatty infiltration.

It must be pointed out that the degenerative fatty infiltration of
the liver such as results from poisoning by phosphorus or carbon
tetrachloride is not influenced by choline or its precursorse.

Studies along the same lines alsc brought out the probable exis=
tence of an enzyme in the pancreas capable of preventing fatty infile
tration of the liver to the same extent as choline. This enzyme has
been named lipocaice

Both experimental investigation and common experience in animal
feeding tell us that body fat can be synthesized from carbohydrates and
from proteins, although the chemical processes by which such conversions
are achieved are obscure. Perhaps the carbohydrates pass through pyruvie
acid, acetaldehyde and repeated aldol condensationse. Iany asmino acids
are known to be convertible into carbohydrates and so to such an extent
proteins may be transformed into fats viae the carbohydrate route. How=
ever, there is evidence that some amino acids, at least, are converted
into fat directly. Vitemins of the B group play an essential part in
these processes: pyridoxine appears necessary in the conversion of

protein to carbohydrate; thiamine, riboflevin and pantothenic acid are



required for transforming carbohydrate into fat.

There is some evidence that the reverse process of conversion of fat
to carbohydrate can occur in the liver but this is by no means certain.
According to one theory, the biterminal beta oxidation of fat would result
in the formation of succinic acid, which may act as a precursor of
carbohydrate.

The catabolic processes of lipids, likewise, are in general obscure.
The fat is ultimately oxidized to carbon dioxide and water with the
liberation of energy at the rate of 9.3 Calories per gram. As is true with
other biological oxidations, the oxidation of fat appears to proceed in a
series of gradual stepse. A prevalent theory is that the fatty ecids,
after being separated from the glyceryl radical by hydrolysis, are
oxidized by the repeated splitting off of two carbon atoms to form acetiec
acid, the two atoms lost being always the alpha and beta atoms. It is also
believed that this oxidation may proceed simultanecusly at both ends of a
long=chain fatty acid following oxidation of the terminal methyl group to
a carboxyl group, the whole process being known as biterminal beta oxida=-
tione A somewhat different theory envisages the oxidation as taking place
at the same time on every alternate carbon atom throughout the chain.

The glyoeroi resulting from the originel hydrolysis is believed to be
oxidized in much the same way as are carbohydrates.

It is known that three compounds called collectively the acetone
(or ketone) bodies, namely beta=hydroxybutyric acid, acetoacetic (or

diacetic) acid and acetone are formed by the liver in the process of



oxidation of fatty acids. These substances acecumulate in the blood and
urine whenever, from any cause, as starvation, diabetes, or toxic intra-
cellular changes, the liver is prevented from oxidizing a plentiful
amount of glycogene. These substances assume considerable clinical impor=-
tance in several diseases, in part at least because the first two, being
acids disturb the acid-base balance. As 4o the mechanism of pro=
duction of the acetone bodies, if the beta-oxidation theory is followed
it may be concluded that the beta<hydroxybutyric acid is formed as the
firet step in oxidation of butyric acid after the fatty=-acid chain has
been cut down to four carbon atomse Further oxidation can logically be
supposed to lead to aceto=-acetic acid, and decarboxylation to acetone.
Or, according to the theory of multiple alternate oxidation the chain is
broken into two=carbon groups, which are oxidized to acetic acids. The
members of each pair of acetic=acid molecules then unite to form sceto-
ecetic acid, from which the other two acetone bodies are derived.

It was formerly held that these substances developed during an
abnormal catabolism of fate MNMore recently the idea has gained acceptance
that these are normal steps in the catabolic process, the three acetone
compounds being susceptible of further oxidation by the muscles but not
by the liver. The liver is conceived as oxidizing appreciable amounts
of fat only when carbohydrate fuel is unavailable, so that in a state
of normal health the acetone bodies do not accumulatee

The neutral fats are undoubtedly an important source of energy for

the body and presumably this is available to all body cellss But still
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unanswered is the question of just how the change occurse. Are fats
carried as such or as phospholipids directly into all cells of the body
indiscriminately and there oxidized? Or is it necessary for the fat to
bpe converted into glycogen or glucose or into simpler lipid derivatives,
or to be hydrolyzed or desaturated before non=hepatic cells can utilize
it? Do most different kinds of body cells oxidize fats with equal
facility, or at all? We still do not have positive answers. Vital to
the arguments of this study are the questions, does the fat of the blood
enter the individual cell, or do phospholipids or fatty aecids or pre=-
cursors of fat do so, and in what tissues? It is not surprising that
chemistry lacks positive answersto these questions. We can analyze the
chyle, the lymph, the blood, or chunks of fixed tissue but techniques
dealing with individual intracellular particles are very limited in
Scope.

Concerning the fat~like substances a few pertinent facts are
avallablee. Lecithin and the phospholipids in general are structural
components of c¢ells, a role not credited to the neutral fats. They are
found in all cells and are essential constituentse How they get there
is not elucidated.

Phospholipids can be synthesized in the animal body; the site and
mechanism are unknowne They appear to be transported in the blood in
loose combination with proteinse.

The phospholipid cephalin is an essgntial component of thrombo=

plastin or the "thromboplastic factor" of blood coagulatione



-0~

Cholesterol is another lipoid substance known to be an essential
constituent of all cells. It is capable of being synthesized in the body
but just where or how is not knowne Its rather constant concentration in
the blood has been mentioned earlier. Approximately 60 per cent of the
cholesterol of plasma exists in combination with unsaturated fatty acids.
Since it is thus esterified in the blood but uncombined within cells the
theory has been advanced that it acts as a vehicle for carrying fatty mcidse

Cholesterol is released from cells undergoing necrosis and in the
tissues fregquently forms erystals of typical shape, a rhomboidal plate with
a rhomboidal segment cut out of one corner. Large amounts of it are
found in the semi-necrotic plagues which line the large blood vessels in
atherosclerosise. Of considerable interest is a recent finding that these
atherosclerotic plagues can be reproduced experimentally in rabbits by
feeding e diet very rich in cholesterol. The inference has been drawn
that & diet too rich in cholesterol (eggs, butter) may be a basic factor
in the causation of atherosclerosis of humans but this is without proof.

Cholesterol is a normal constituent of bile end is found in large
amounts in zgallstonese

Other steroids of the body include the bile acids and the hormones
of the adrenal cortex and sex glandse These, however, are very distant

relatives of true lipidse
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STAINING REACTIONS AND OTHER TECHNICAL METHODS
BY WHICH LIPIDS CAN BE RECOGNIZED IN TISSUES

Intracellular fats and other lipids are usually best demonstrated
by staining techniques, which are ordinarily applied to sections, al-
though smears or teased preparations are occasionally useful.

Theorstically the tissue may be fixed or unfixed although & very
little experience demonstrates some practical difficulty in cutting
unfixed tissues on the freezing microtome. Formalin (in 10 per cent
aqueous solution) is commonly used as a fixative although objections
heve been made (7, 53) that less lipid material is visible after the
tissue has been fixed in formalin. It is said that the fatty acids
dissolve in the fixing fluid, the degree of loss becoming important
when the time in formalin solution is prolonged more than a very few
dayse.

Other fixatives can be used, but obviously not those which are fat
solvents. Potassium dichromate, usually in the form of Mueller's fluid
(potassium dichromate, 2.5; sodium sulfate, 1; water, 100.) may be used
and has a special application preceding osmium tetroxide in the demon-
stration of degenerated myelin (Merchi's method ).

This writer in his preparation of the earlier sections used for
this paper employed duplicate tissues, one fixed in Mueller's fluid and
one in 10 per cent formalin. Being unimpressed with any slight differ=

ences, he later contented himself with formalin fixation. It would




seem that if the period in formalin is not unduly prolonged the changes
are negligible.

Sectioning is ordinarily done by the freezing method, since the
colvents necessary for either the paraffine or the celloidin (nitro-

liulosse) method of embedding are also fat solvents which remove the

Q
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fat from the tissue. This, of course, is the reason why fat droplets
appear only as empty spaces in ordinary histological sections. However,
Bell (7) has described a method by which fat can be preserved and
stained in sections prepared by paraffine embedding. This is derived
from certain chromation techniques previously described by Smith and
Mair (73), Dietrich (20) and Ciaccio (13,14). It depends upon fixation
in potassium dichromate, which renders the fat droplets relatively in-
soluble by attaching the chromate radical (CrOs) to unsaturated fatty
acids. The droplets are then stainable by Sudan III (as well as by
hematoxylin). The method was used in differentiating neutral fats from
cholesterol esters and will be referred to again in that comnection.
Methods of staining fats ars of three principal typese. The first
is that of producing a black color through reduction of osmium tetroxide.
This compound has been commonly known as osmic acid but it is not an
acid and contains no replaceabls hydrogen. Unsaturated fats and fatty
acids are oxidized at their double bonds as the osmium tetroxide is
reduced. Through the intermediate action of alecohol, apparently through
production of an hydroxide, saturated fats also develop the same black

color. This, the oldest method of demonstrating fats, is infrequently




employed at the present time. Its slowness and the opportunity for
confusing results have led to its abandonment for ordinary fats. A
considerable number of days is required; the stain, which is usually
applied to the blocks of tissue before sectioning, will not penetrate
more than a millimeter, so that any but superficial sections are un-
reliable if negative; and certain non-1lipid substances, such as eleidin
and tennin, also give the same reaction.

This principle is still useful for demonstrating myelin degenera-
tion of nerves. Myelin is also blackened by osmium tetroxide but in the
method of Marchi the myelin is first treated with a dichromate solution.
This "chromates" the lipids of normal myelin without discoloring then,
so that when subsequently exposed to the osmium no reaction takes place.
But degenerated myelin is not so affected by dichromate and turns black
when the osmium tetroxide is appliede

The second and most popular method of staining fats is with oil=
soluble dyes. The dye is dissolved to saturation in one of the fat
solvents; when the tissue section is placed in the solution some of the
dye lsaves the solvent and enters the fat droplets. The first such
dye, introduced by Daddi in 1836 (17), is known as Sudan III. It is
a diazo bethanaphthol compound with two benzene rings attached by the
azo linkages. Its color index number (abbreviated Cs Ie Noe «..) is
248; synonyms are Sudan G, scarlet B fat soluble, fat ponceau G, 0il
red AS, O, B, or 3B, Tony red, and cerasin red. It imparts to the fat

an orange red shade.
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Another, and very similar dye of this class, is Sudan 1V, C. Ie
No. 258, also known as scarlet red, scarlet R, Scharlach R, with soms
less acceptable synonyms being oil red 1V, fat ponceau, fat ponceau R
or LB, and cerotine ponceau 3B. It differs chemically from Sudan III
by the addition of two methyl groups, that is the benzene rings are re=-
placed by toluene rings. It gives a deeper red color than the preceding
stain. A saturated solution of this dye in equal parts of acetone and
70 per cent alcohol constitutes Herxheimer's stain (34) for fat, and is
the stain routinely used in much of the work subsequently to be described
in this papere.

A third dye of this class, less frequently semployed, is Sudan II,
also known as oil red 0, Ce. I« No. 73. Synonyms are oil scarlet, fast
oil orange II, red B, fat ponceau, and orange RR. It may be substituted
in Herxheimer's stein and produces & still deeper red. Chemically this
dye is, according to Conn (16), a beta~naphthol with one xylsne ring
attached by an azc linkage in the ortho position.

The third class of fat stains may be called the supersaturation
stains sinoce their effectiveness in combining with fats depends upon their
release from & fresh supersaturated solution, This method was very recently
introduced by Lillie and Ashburn (47). They have used a number of dyes and
recommend four as being most satisfactory: coccinel red, which is 1,5~
diamyl-diamino-anthraquinone, a deep orange-red; oil blue N, chemically
1,4-bis-amyl-amino-anthraquinone, which gives a deep blue color; oil red O,
also known as Sudan II (see above); and the mono-azo dye, Sudan brown,

Ce Is Noo Ble
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The dyes of this group are dissolved to saturation in pure isopro-
panol (isopropyl alecohol) and then, just before use, this solution is
markedly diluted with water, usually to a strength of 40 to 60 per cent
isopropanol, This produces a very vigorous solution, which, however,
loses its strength in a few hours.

A new dye which can be used in solutions belonging either to the
second or third class of fat stains is Sudan Black (B?). It was intro-
duced by Baker (3) and is of British manufacture. Its chemical composi=
tion is not yet known beyond the fact that it is a complex azo-compound.

Finally it is of interest to note that chlorophyll can be made to
serve as a potent stain for fats, exerting a certain selective action
on different lipids. It is used in alcoholiec solution in much the same
way as the Sudans (22, 43).

Hadjioloff and Ouzounoff (30) succeeded in staining fat intravitally
in the frog, by injection of an acetone solution of Scharlach red into
the dorsal lymph sinus, but dogs, cats, and mice succumbed to intravenous

administration of all such staining preparationse

Differentiation of Lipids by Staining Methods

Scarlet red (and doubtless the other Sudans) stain neutral fats,
fatty acids and many lipoids, that is, practically all the lipids occur-
ring in the body. There are no stains which are entirely satisfactory
for differentiating the various classes of lipids. In fact Mallory (50,

p. 117), citing the work of certain investigators, states that it is
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impossible to distinguish between various kinds of fats and fat=-like sub=-
stances by means of stains. Research into this problem has been hampered
by the faot that neutral fats often exist together with fatty acids,
phospholipids or cholesterol in the same cell, This is but natural if
our theories of interconversion are correct, and in the light of the
known existence of different lipid forms in the blcod. (See section on
Chemistry.)

Nils blue A, 2lso known as Nile blue sulfate, introduced by Lorrain
Smith (72) in 1907, combines with fatty acids and stains them a pale,
clear blue. It is not soluble in fat but, as usually purchased, or as
the result of being boiled with sulfuric acid, it contains a small amount
of a red oxazone dye which stains the neutral fats pink, thus producing
a useful differentiation between these two substances.

In Fischler's (24) technique fatty acids, with or withoutlﬁgﬁiraiii
@E@iﬁniby caleium, are stained blacke. This process depends upon the fact
that fatty-acid crystals and their calcium salts, after mordanting with
copper acetate, will form with hematoxylin a black compound that is
almost insoluble in Weigert's mixture of borax and potassium ferricyanidee.
Since soaps in the body are usually combinations with sodium and potas-
sium, they are made insoluble by incorporating calcium salicylate into
the fixative. Comparing sections made by the use of this fixation with
others made from ordinary formalin fixation shows what fatty acids and
what soaps, if any, were present in the tissues. This is of value

principally in the study of fat pnecrosis. Counterstaining the neutral
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fats with a red fat-soluble stain such as Sudan IV gives a differentie=-
tion between neutral fats end fatty acids,

Cholesterol and its esters can be identified, not without diffi-
culty, by adapting some of the standard chemical tests for these sub-
stances to microscopic tissue techmniques. One of these is the digitonin
test. A better onme, probably, for histopathology is Schultz’ (67)
method, which adapts the Lisbermann-Burchard test for sterols to use
on tissue sections. The sections are first oxidized by one of a‘number
of agents (ferric alum, hydrogen peroxide, sodium iodate), then subjected
to the action of strong acid, by which the cholesterol, free or esteri-
fied, takes a blue=green colore

Chromation, as it is called, serves to separate neutral fats from
certain lipoids, in most cases from cholesterol esters amnd lecithin,
it is believed. In this process the tissue is fixed in & solution of
potassium dichromate, as mentioned in the paragraph on sectioning. The
several originators of different variations of this techmique, Bell,
Smith and Mair, Dietrich, and Ciaccio, already referred to in that para-
graph, used their respective methods for the purpose of differentiating
the different lipoid substances from neutral fats, the paraffin sec-
tioning being incidental. They all depend upon the fact that the neutral
fats, with tri-olein as the usual unsaturated component, are less easily
chromated than cholesterol, its esters, and probably some other lipoidse
The unchromated lipids, remaining soluble in alcohol and other solvents,

disappear in the subsequent processes of embedding and deparaffinizings




the chromated lipoids are stained black with hematoxylin or red with the
Sudanse

Dietrich (20) believed that his method stained only cholesterol and
fatty acids. Ciaccioc (13) felt that his technique rendered visible the
lecithin and possibly some other lipoids. Smith (72) believed that, in
most instances, the lipids that chromate rapidly and stein with hemetoxylin
consisted of mixtures of cholesterol and fatty acidse. Bell (7) found
that by his technique the "lipoid" substences were preserved and colored
throughout the whole spherical droplet while droplets of neutral fats
were chrometed only on the outside so that the result was a hollow circle
of steined materials. The latter author found both types in the renal
tubules but believed that in most cases of nephritis cholesterols were
the predominent intracellular lipidse

A pumber of techniques are especially applicable to myelin sheaths
of nerves, which are composed lergely of glycolipids (cerebrosides)
mixed with some phospholipids snd other lipoids, but we have no stains
for distinguishing phospholipids and glycolipids as such. Compounds of
this nature, along with cholesterol, free or esterified, and other
possible sterols, are usually treated collectively under the general

term of lipoidse

Polarization Microscopy

Most fat=-like compounds can also be differentiated from true fats

by use of the polarizing microscope. Such a microscope differs from the
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ordinary one in having two Nicol prisms, one interposed between the con-
denser and the object and known as the polarizer, the second located in
the eye-piece and called the analyzer. Nicol prisms are cleavege
rhombohedrons of transparent calcite (Iceland spar) which are cut diag-
onally, with the cut surfaces polished and cemented together with Caneda
balsem.

Each of these prisms has the property of polarizing light, that is,
of shutting out all light except that which vibrates in one narrow
plene, the “vibration plane" of the prism, at right angles to the
direction of the light ray. When the polarizer prism is interposed
between the condenser and the object viewed all light is excluded from
the object except that which vibrates in the vibration plane of the
polarizer, which happens to be placed, let us say, in a north-south
direction. The analyzer prism in the eye-piece can be rotated as
desired. If it is rotated so that its vibration plane is parallel to
that of the polarizer the observer is able to see the object with the
polarized light. But if the analyzer is rotated so that its vibration
plane is east and west the two vibration planes are at right angles and

the analyzer shuts out the only light which the polarizer transmits, and

no light reaches the microscopist's eye.

However, meny crystalline substances, those which are not "iso-axial®
erystals, by their peculiar refractive properties destroy the state of
polarization of the light and restore it to the condition of vibrating
in all directions, or at least in more than one direction. Hence there

is a portion of such light that can pass through the analyzer, vibrating,
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as it is, in the proper plene, and the object becomes visible. Such
erystalline substances are said to be doubly refractive, birefringent,

or anisotropic, all synonymous terms. Owing to their peculier refraction
the light from such bodies gives the appearance of a Maltese cross to the
observer. Cholesterol and its esters have this characteristic of aniso-
tropism; they occur as droplets end present to the observer the appear-
ance of bright, tetrad-like spherical bodies with Maltese-cross merk-
ings, the so-called fluid crystals of Lehmann, in a field of darkness.

By this means many workers have found it possible and often prace
ticable to differentiate cholesterol, its esters, and possibly some other
lipoids from neutral fats. Most fat stains do not interfere with this
procedure, but the fat must not be heated to destroy its crystalline
state. Turner (76) has studied anisotropic crystals in the urine and
encountered considerable uncertainty in recognizing some of the forms
which cholesterol may assume, and in differentiating it from such

substances as sodium salicylate.

Fluorescence Microscopy

Fluorescence microscopy has not found a very important place in
the study of lipids. Fluorescence is the property by which certain
substances, when illuminated by invisible, ultra-violet light, glow
with a visible light of characteristic color. A number of substances

possess natural fluorescence, including vitemin=-A, carotenes, chloro-

phyll, porphyrins, ceroid, riboflavin and various alkaloids. It will



be noted that & number of these, especially the first three, are fat-
soluble pigments. Fat containing them acquires the fluorescent propertye.
Popper (62) has found the fluorescence of vitamin-A in certain kidneys,
particularly those of persons suffering with lipoid nephrosis.

Another type of fluorescence is that obtained in many tissues when
they are stained with very weak fluorescent dyes such as phosphine 3 Re.
The same types of lipids as are stainable with Sudan III can be stained
by this process and demonstrated by means of their fluorescence. Popper
found that this technique revealed the same renal lipids as standard
staining procedures but much larger amounts were visualized.

Popper's report also describes a third type of dimly fluorescent
lipids in the kidney apparently releted to arteriosclerotic changese.
This substance he believed to come from disintegrating tissue pigments
such as lipofuscine.

Metcalfe and Patton (52) report the successful use of fluorescence

microscopy for much the same purposes as POppere
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THEORETICAL POSSIBILITIES
WITE RESPECT TO RENAL LIPIDOSIS
We are now ready to comsider from & theoretical standpoint the
various possible causes and explanations of 1lipid deposits in the kidneye.
we have seen that by the technigues commonly employed, such as Sudan
stains, no distinction hes been possible between the different classes
of lipids, and the term fat has been equiwelent to lipids of all kinds,
or practically soe. It has already been implied that fat in the renel
glomeruli is in quite @ different catezory, causally speaking, from
that in the epithelium of the tubules. It may well be also that when
fet is encountered in the intrarenal blood vessels its significence is
more closely related to vasculer than to renal diseaseas
Concerning ourselves first with fat in the epithelium of the
tubules, the following possible explanations of its pressnce present
themselves: (1) As has been pointed out in reviewing the literature,
it has been claimed that visible fat in the epithelium of the tubules
is & normal condition, at least for certain ages. The present writer
takes the liberty of rejecting this view from the start, purely on the
grounds that most kidneys of normal enimals do not show it. (2) It
may be that fat is normally and regularly provided to the cells by the
blood as a food from which the cells derive energy and that when the fat
becomes visible it is an excess stored for future use; or (3) the fat

being normelly provided in finely divided and invisible form, visible
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deposits develop because of some injury to the cell which prevents its
normal utilization by oxidative processes. This is essentially the
theory of phanerosis which wasbrather freely discussed in the refer-
onces to the literature. (4) It may be, as some have suggested, that
the epithelium of the tubules has a function of excreting fat from the
blood into the urine either normally and regularly, the presence of
visible fat representing some disorder of that process, or (5) that

the epithelium excretes fat exceptionally in responss to some abnormal
demand for such a function, such as might conceivably come, for instance,
from an excess of fat in the blood. (6) It has also been proposed that
fat is excreted through the glomeruli, either normelly or abnormally,
and resorbed through the epithelium of the tubules in the same way as
sugar. On this basis the abnormality accounting for the deposition of
fat in the cells may be in the fat passing the glomerular filter in

the first place, or (7) that the epithelial cells resorb it instead of
letting it escape in the urine, or (8) that a normal resorptive process
is abnormally carried on, probably because of injury to the cellse (9)
The fat may appear in the epithelial cells because they absorb, imbibe
or even phagocytose it from nearby intercellular fluid. An explanation
of its origimal presence might well be that it is released locally from
injured, dying or dead cells in the area, since it is known that some
lipid in invisible form is a normal constituent of all body cellse.

(10) Since it has been shown that somewhere in the body the synthesis

of fats occurs from carbohydretes and proteins, it is conceivable that




this process might occur in the cells under discussion, the fat being

monufactured in situ. This idea, however, appears not to have been

proposed and probably does not merit serious comsideration. Lastly,
the possibility, even the probebility, must not be overlooked that more
than one of these processes is concerned.

Discarding the proposed theory of synthesis of fat in the tubular
epithelium, it may be concluded that the fat is brought to the cells
in the blood stresm, possibly in the form of & very fine emulsion of
neutral fat, possibly as phospholipid (see Chemistry), cholesterol, or
other lipids. These substances, at least, are known to circulate in
the bloode There is no evidence that the nature of the lipid molecule
is changed after it reaches the cell; on the other hand, all investi-
gations touching this phase have been predicated upon the assumption
that no such change occurse

The question of what particular segments of the uriniferous tubule
are involved in the fatty change, and the reason therefor have attracted
considerable mttention without unanimity of conclusions. There must be
some important significance in the feect that in a given kidney the fat
is found predominantly, if not exclusively, in a certain segment of all
the nephrons involved, as, for instance, in the ascending arms of Henle's
loops. Perhaps, it is related to decreased or increased (compensatory)
function in excretion or resorption of fat; perhaps the cells are
injured, their oxidetive powers impeired, most likely as & side effect

of the excretion of some exogenous or metabolic poison. It is generally




accepted that the various segments of the nephron differ in their normsl
functions but we can do little more than surmise what these differences
are., Another possible explanation, not to be overloocked, is that the
segments most prone to fatty change are those which have the largest
cells, with the most room for fat dropletse There are kidneys in which
the cells of the ascending loops of Henle contain a large amount of fat
and those of the descending loops only a very little, and yet, in pro-
portion to the volume of cytoplasm, the degree of lipidosis in the two
situations may be quite comparable,

Likewise it can be said that fat in the glomeruli has been brought
in by the bloodstream. There is room for doubt whether the fat-containing
cells are endothelial or epithelial but recent developments in histology
indicate that the multiple invaginations of the thin but closely invest-
ing epithelial covering constitute a greater portion of the bulk of the
glomerular tuft then does the capillary endotheliume. It seems probable
that here, &s well as in the body of the tubules, the fat is in the
epitheliasl cellse,

Determination of the exact location of the fat droplets which occur
in the walls of blood vessels is by no means easye. No one seems to have
examined this point in detail. Lipids can occur in cardiac muscle cells,
as we know from the study of this condition in the hearte. Whether smooth
muscle cells can be similarly affected or whether it is connective tissue
cells or wandering cells that hold the fat hes not been demonstrateds

The obvious source of this fat also would be the blood stresame
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Further speculation at this point seems precarious. The findings
and opinions expressed in published works have been reviewed, Such
evidence as the present investigations provide will be presented in

subsequent paragraphse
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METHODS EMPLOYED

In attacking the problem of the nature and cause of renal lipidosis
there were availeble three general fields in which data were obtainable.

The first of these was the records and microscopic slides of more
than 10,000 autopsies performed at the Hospital of the University of
Michizan on which special stains for fat had been made of lung, heart,
liver, kidney and adrenal, in addition Yo the rsgular hematoxyline-eosin
stained sections of all organs and tissues. The procedure adopted was
to examine the recorded summary of each autopsy, selecting all those in
which the original diagnostician had noted any appreciable degree of
fatty change in the kidneys. From the latter group the microscopic
sections, particularly the fat-stained frozen sections, were given
detailed study to determine the amount of fat and its location, and this
was correlated with the cause or causes of death and important contribu-
tory disorders. Corrslation studies were also made with the amounts of
fat in the liver and in the heart,vwith obesity, with emaciation,
cachexia and malnutrition, with fetal atelectasis and asphyxia, and
with age and sex.

The second field of effort was a somewhat similar study of the
same condition in the kidneys of animals. The animals were of the
common domestic species and were selected from those presented for
treatment, or at least for diagnosis, at the Clinic and Hospital of the

School of Veterinary Medicine of Iowa State College, during a period of




about one year (1947-48)e No attsmpt could be made to survey the whole
gamut of animal diseases with respect to the incidence of renal lip idosis.
The kidneys selected for fat stains-werel(é) from animals the nature of
whose illness and death suggested that remal lipidosis was likely to be
found or, at least, presented special interest from an investigational
standpoint, or (b) kidneys whose gross appearance at necropsy was
believed to indicate the presence of that condition. This last applied
especially to the dog for in canine kidneys fatty change produces a
conspicuous,gross picture, Examination of the kidneys was accompanied
by fat stains of the liver or heart if the same criteria suggested that
these would be profitable. In this limited sampling of veterinary prac-
tice a number of importent diseases were not encountered at all, so
that no conclusions are to be drawn from the absence of any particular
disease from the list here presented. However, it is believed that
enough cases of several common affections are presented to afford
reliable conclusions as to renal lipidosis in those diseases., Moreover
a sufficient number of cases of renal lipidosis have been studied to
show rather clearly in what types of disease the condition develops in
enimalse

The third field of study consisted in attempts to produce renal
lipidosis by experimental procedures. Animals available for experimen=-
tation were chiefly ownerless dogs presented for euthanasiae. Experimental
methods were necessarily limited to those which would not cause the

animal any appreciable pain. The plans for producing death were designed

¢



to test certain theories evolved with regard to the cause of renal
lipidosise

Tissues from animals were usually stained with Sudan IV; otherwise
they were handled in the same way as the human tissues. 1In examining
the materiel the same points were considered as in the human kidneys
although the plan of recording is somewhat more detailed, as will be
geen in the individual protocols in Appendices B and Ce

A word may be said hers regarding recognition of the different
parts of the tubule as seen in sections prepared primarily to show fat.
First of all, the cortex is conspicuously divisible into two types of
areas, the labyrinths and the medullary rays. The labyrinths contain
the glomeruli and the convoluted tubules. The latter are of two kinds,
proximal and distal, Distinguishing these two presented no great
difficulty as long as the renal structure was not seriously altered by
pressure, inflammation or fibrosis. While the classically described
“"prush border™ may not heve appeared clearly, the proximal tubule was
recognized by its large size, its tall epithelium, often leaving little
space for the lumen, and the paucity of nuclei. The distal convoluted
tubule, on the other hand, is usually a little sme.ller, often flattened,
and is lined by & single layer of epithelial cells which show a conspic-
uous regularity in their much lower height and the closer, even spacing
of the nuclei, which form a row, all at the same distence from the

basement membranee. <

While the convoluted tubules never run so that they can be cut



longitudinally, if the section is in the right plane the straight
tubules of the medullary rays may be followed for their whole length,
a striking picture when they are filled with fat. The straight tubules
seen in the rays or in the medulla itself are of three kinds. The
straight collecting tubules are largest and have a rather large lumen
with a correspondingly low epithelium. The ascending branches (or arms)
of Henle's loops, sometimes referred to simply as the ascending loops,
are nearly as large but have a taller epithelium and a narrower lumene.
The descending branches (or arms or loops) are very tiny and the height
of the epithelial cells is often so slight that the cell bulges around
the nucleus. When this occurs the tubule in cross-section may have a
lining so thin and irregular that it resembles a capillarye

These criteria are briefly those described by standard texts on
histology. While it is true that the beginning of the descending loop
partakes more of the characteristics and dimensions of the proximal
convolubed tubule, forming what some writers have called the "upper
portion" and others, the segment of Schachowa, this writer found himself
unable to make so fine a distinction with his material and this segment
was treated with the proximal convoluted tubule, which it resembles. In
some canine kidneys it was noticed that fat existed in the straight
tubules and in the convoluted segments immediately adjacente. These
latter may actumlly have been the segments of Schachowe but, lacking

assurance of this, they were not so described. Likewise the last part
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of the ascending branch presents slight differences but these do not

eppear to have been important in locating the fat depositse.




THE STUDY OF REKAL LIPIDOSIS IN AUTCPSIES AT THE HOSPITAL OF THE UNIVERSITY

OF MICHIGAN

Material Studied

For an investigation of the incidence and nature of lipidosis in the
human kidney the records and files of microscopic slides of the Hospital
of the University of Michigan were utilized. §Slightly more than 10,000
autopsies, occurring between July 1, 1914, and January 1, 1948, were
revieweds. In 552 of these autopsies the original diagnostieian had
recorded appreciable quantities of fat or lipoid in the kidneyse (Such
records as definitely stated the amount of fat as slight are not included
in this number as it was felt they would tend 4o obscure rather than
clarify the issuess) Of these 552 cases 62 were excluded from consideration
because the slides had been damaged by long storage or were unavailable.
In the remaining 490 cases sections of kidney, as well as of lung, heart,
liver and adrenal, stained with Sudan III, were examined in detail by
the writer with a view to determining the exact location and relative
emounts of lipids in each component of the renal architectures. The amount
~of lipids was graded according to a scale running from 1 plus to 4 plus,
the higher figure indicating no fixed amount or concentration but merely
the maximum that was encounterede

Since these 490 cases included specimens with amounts of lipids still

so trifling as to be of very questionable value in reaching conclusions, a <



further elimination of the weaker examples of lipidosis was made by in-
cluding for consideration only those in which there nad been a rating of

at least 3 plus in the proximal convoluted tubules or in the ascending arms
of Henle's loops, both of which tend to carry heavy loads of fat, or else

o reting of at least 2 plus in some other structural unit less prone to
extensive lipidic change. After these eliminations there remained 288
cases of what we may consider well marked lipidosis, and it is these

which form the material of this section, and which will be treated in

detail in Table I.

Description of Lipid Changes

The various structures of the human kidney in which lipids ordinarily
occurred were (1) the glomeruli, (2) the epithelial cells lining the wall
of Bowmant's capsules, (3) the proximal convoluted tubules, (4) the des-
cending arms of Henle's loops, (&) the ascending arms of seme, (6) the
distal convoluted tubules, (7) the collecting tubules and (8) the walls
of blood vessels in the kidneye

The lipids existed in the form of droplets, or granules, if one may
use a term suggestive of their appearance when stained, varying in size
from the lower limits of microscopic visibility to a diameter of possibly
10 microns. In the epithelial cells of the tubules the granules were only
at the base of the cells when they were few in number, but as the amount

of lipids increased the granules were augmented in size and overflowed into
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ell parts of the cytoplasms. No further significance could be attached
to the size or the position of the granules. In the glomeruli the
position of the fat was subject to some doubt, but it probably was in
the epithelial cells which cover the capillaries. In the arterioles
its precise location was not easily determined but it may well have
been confined to eells of connective=tissue origin rather than in the
cytoplasm of the muscle cells themselves.

In rare cases granules of fat appeared also in the interstitial
connective tissue. This was usually in the vicinity of tubules which
contained lipids and there seemed to be a relation between the fat in
the tubules and that in the interstitiume. Often these interstitial lipids
were witnin phagocytic cells but not alwayse Still more rarely certain
more distal segments of the collecting tubules in the renal pyramids
contained stainable lipids in cast-like elongated masses filling their
luminae

The significance of these different locations will be considered
latere.

In the liver the fat droplets varied from minute granules to those
of a very large size that almost filled the cytoplasme Location of the
fat was usually central or peripheral in the lobule. Detailed considera=

tion of hepatic lipids is beyond the scope of this studye

In the heart the lipids took the form of meny minute droplets or
granules sprinkled through the cytoplasm of certain myocardial cells. In
any given microscopic section the distribution was apt to be pateny,

involving clumps of muscle cells here and there.



In the adrenal the fatty material was in large globules or small
droplets in the cytoplasm of the epithelial cells of the cortexe. In this
organ a very considerable amount of lipoid is considered normal, and the
presumably pathological condition i1s not an excess, but a deficiency of
fate

For the sake of brevity as well as clarity most of the detailed
data were compiled in tabular form, which will be found as Table I, in
Appendix Ae This table shows for each of the 288 individuals studied
(a) the histological siructures of the kidney in which the lipids were
found, (b) whether lipids existed concurrently in heart, liver and
adrenal, (c¢) an approximetion of the amount of lipids in each place,
and (d) the diseases in conjunction with which the lipidosis oceurred.
It is possible to draw a number of tentative conclusions from this table
end the following pages will be devoted to several phases of the infor=-

mation so derivede

Renal Lipidosis Correlated with Various Diseases

The most salient feature of the tabulated data is the fact that
in this collection of cases, all characterized by renal lipidosis,
certain diseases appear with great freguency, others rarely or not at
alle One eannot escape the impression that a causative reiation must
exist, for example, between arteriosclerotic diseases and the deposition

of renal lipids. In order to test the correctness of such a superficial




impression Table II was constructed, comparing the frequency of several
diagnoses which were outstanding for their frequent occurrence in the
lipidosis group with their frequency in a control group representing
the average experience of this hospitale The group of controls con=
tained 400 cases selected as follows: the first 100 autopsies of the
fiscal year 1947 (AY), the second 100 of the year 1942 (AT), the third

100 of the year 1936 (AN), end the last 100 of the year 1930 (AH)e
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TABLE II
Disorder diagnosed, major or minor Percentage of Percentage of
288 cases of 400 CONTROLS
RENAL LIPIDOSIS in which each
in which each disorder was
disorder was diagnosed
diagnosed
Arteriosclerosis, general 749 5.0
Atherosclerosis, general 274 17,6
Arteriosclerotic cardiopathy,-coronary 12.5 775
atherosclerosis, infarction, etc.
Arteriosclerotic encephalopathy,-cerebral 3.4 0.5
hemorrhages, infarects, ischemia
Arteriosolerotic nephropathy,—nephrosclerosis 14.6 9.8
Arteriolosclerotic nephropathy,-nephrosclerosis 2342 44,75
Nephritis,glomerulo-tubular (glomerulonephritis) 7.6 1.5
Nephritis, parenchymatous 1,0 0.75
Pyelonephritis 2.1 Se25
Uremiea Ba7 1.0
Anoxemia=-asphyxia 1.7 246
Disbetes el 0e7%5
Heart Disease, rheumatic 5.2 1.25
Heart Disease, valvular (includes endocarditis) 5.2 3.0
Heart Failure o4 : 1.0
Pneumonia 32.0 28,0
Pulmonary Embolism 2.1 0,75
Peritonitis 5e® 2.75
Septicopyemia,-septicemia, abscesses except 4,9 8.75
in kidney
Tuberculosis Te6 4.25
Graves Constitution 8e7 Bed
Thymico=-lymphatic Constitution or Persistent 11.1 12,75

Hyperplastic Thymus
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From Teble II we see that renal lipidosis was prevalent well beyond
a normal expectancy in the following conditions: Atherosclerosis, arterio=
sclerotic cardiopathy and arteriosclerotic nephropathy, each of which was
one and one=half times as frequent in the renal lipidosis group as in
the general average, or, in other words, showing a ratio of 1.5 to 1;
arteriosclerotic encephalopathy, with a ratio of 6.8 to 1l; arteriolo~
sclerotic nephropathy esnd glomerulotubular (glomerular) nephritis, 5 to 1;
heart failure, 3+4 to 1; rheumatic heart disease, 4 to 13 valvular heart
disease, le7 to 1l; pulmonary embolism, 3 to 1; diabetes mellitus, 4 to 1;
uremia, 8.7 to 1; peritonitis, 2 to 1; tuberculosis, l.8 to l.

Do these diseases have some common factor or factors which could be
responsible for the strong tendency to fatty change in the kidney? Infec-
tion, acting directly, is certainly one thing that can be eliminated.
Could there possibly be some obsocure antigen=-antibody combination as has
been postulated in glomerulonephritis? 1Is there a hyperlipemiat Is the
supposed hypercholesterolemia of atherosclerosis and some forms of
erteriosclerosis concerned?

To what extent is tissue anoxia a factor, local or general? With
respect to local changes it mey be pointed out that the tendency for
lipids to be deposited in the jmmediate vieinity of local injury is too
great to be ignored, as will be detailed elsewheree. The lipidosis around
renal abscesses and infarcts, in areas of renal fibrosis, in damaged
glomeruli but not in healthy ones, are all examples of this phenomenone
But what is the nature of the local injury? could it be cellular anoxia?

The features of local injury will be considered in more detail elsewheres
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It is not difficult to visualize a generalized anoxia in (1) the
various heart diseases, where impairment of circulation is the rule, and
(2) in the reduced lung capacity which must go with pulmonary embolism.

We think of pneumonia here; it would seem to be in the same category.
Renal lipidosis is frequent in pneumonia although the figures scarcely
entitle it to & place among the outstanding producers of lipidosis,.
Perhaps this is because many pneumonia deaths are really due to bacterial
toxic products rather than to suffocation. In fatal pulmonary tubercu-
losis reduced pulmonary ventilation may be an important contributory cause
of death.

Anoxia may be assumed to exist in all forms of atherosclerosis and
arteriosclerosis, either generalized, where the vascular changes are wide-
spread, or in the involved area when the vascular narrowing is localized.
In witness of this we may cite the eventual gangrene of the extremities
in these infirmities. In diabetes the well known tendency toward indolent
ulcers and gangrene likewise may well be evidence of anoxia and asphyxia=
tion of the tissues. The accompanying ketosis is also a lack of oxida-

tion as far as fats are concerned but at present the exact mechanism is

still obscure.

In arteriolosclerotic nephropathy, where each arteriole is narrowed,
and in glomerulonephritis, where the capillary flow is impeded or obliter-
ated, the probability of a local ischemia and anoxia is obvious. Yet,
the mechanism is hardly so simple as this for if renal ischemia is the

explenation how shall we account for lipidosis in the liver and heart,
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Which Teble I shows to be practically as prevalent in arteriolosclerosis
as in any other disease, and whioch is by no means unknown in glomerular
nephritis?

Uremia is a symptom, ordinerily, of renal dysfunction and can be
considered as included emong the kidney diseases above. In fact, refer-
ence to Teble I will show that with four exceptions all the case numbers
listed under "Uremia" are also included under oné or more of the
kidney diseases, usually glomerulonephritise \

Peritonitis is often very painful. Can it be that reflex inhibition
of respiratory movements 1is the cause of a generalized anoxemia in
this conditiont

1t would seem that in most, if not all, of the outstanding diseases
mentioned above, the renal lipidosis might be explained on the basisy
of general or local anoxise. Since oxygzen is necessary for the burning
of fat and since fat probably is not susceptible to any other normal
chemical catabolism, anoxia as the cause of deposition of lipid substances
("fatty degeneration®, "degenerative fatty infiltration™) becomes an
enticing explanatory theorye Against it are (1) the objection already
reaised to renal anoxia as the cause of cardiac and hepatic lipidosis
in asssociation with arteriolosclerosis and glomerulonephritis; (2) the
fact that under the heading "anoxemia, asphyxia" Table II shows that
condition to be not more but less frequent in the lipidosis group
than in the average experience of the hospitale These cases Were mostly
asphyxia neonatorum and only 5 in number (Table T.), 80 possibly too

much weight should not be accorded this objectione
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Renal Lipids Correlated with Those in the Liver and Heart

A correlation of lipid-containing kidneys with lipid=containing
livers and hearts yielded no startling conclusions. The average relative
frequencies of lipid deposition in kidneys, liver and heart for all cases
;:vered jn Table I are closely approximated by the ratios 100:80: 40.

The kidney:liver: heart ratio for the cardiac diseases, "Heart Failure",
“yalvular- and Rheumatic Heart Disease®, taken as a group was 100 : 97
71. Those for arteriosclerotic and arteriolosclerotic nephropathies were
very similar to each other and closely approximated 100 s 90 : 4T7. The
ratios for "Glomerulonephritis™ and "Uremia”, disorders in which there

is maximum renal demege, closely paralleled each other and averaged

100 ¢ 58 s 21,

These figures support the idea that local injury is somehow a factor
in the production of lipidosis, for when the heart is injured the relative

frequenocy of lipidosis of that organ rises; when the kidney is injured its

frequency of lipidosis increases.

Renal Lipidosis Correlated with Obesity

Tt has been held that the presence of excessive or increasing amounts
of fat in the general metabolism favored its deposition in the renal
tubules when other conditions were suitable (18, 57, 63)s The well known
tendency for fat to be deposited in the liver when dietary fat is exces=

sive could conceivably be duplicated to a minor degree in the kidney.
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For these reasons it was undertaken to determine what correlation,
if any, might exist betwsen renal lipidosis and the rather frequently
diagnosed condition of obesitye. For considerations of practicability
the most recent 6017 autopsies were used for this study, dating back
to July 1, 1933. In this total of 6017 cases thers were 504 diagnoses
of renal lipidosis, or 8.4 per cent. There were 253 cases of obesity,
among which 33 also had renal lipidosise This is 13.0 per ceﬁt,
appreciably higher than the 8.4 per cent found in the total number of
autopsies. The statistical significance of this difference was deter=
mined. Chi squars was found to be

2 2
(220 = 231.748) plus (33 = 214262) - )
5314748 51e052 7.08974, With one degree

of freedom, this was larger than the one per cent level and, thereforse,
highly significant. (See Statistiecal Methods by George W. Snedecor,
4th ed. 1946. The Iowa State College Press, Ames, IowWa. p.190.) It
seems justifiable, therefore, to attach considerabls importance to
obesity as a factor in the production in the production of renal

lipidosise

Renal Lipidosis Correlated with Emeciation=Cachexia

Since careful investigators (18) have found the renal deposition
of lipids in experimental animals to bear a certain relation to starva-
tion, the correlation of renal lipidosis with the recorded diagnoses of

either emaciation or cachexia was determined on the same 6017 autopsies

mentioned above. A total of 515 autopsies were recorded as showing




emaciation or cachexia. Among these 515 there were 46 diagnoses of renal
lipidosis, which amounts to 8.9 per cent. The percentage of renal
lipidosis in the whole 6017, as stated above, was 8.4. It was therefore
concluded that there was no significant relation between renal lipidosis

and emaciation or cachexiae

Renal Lipidosis Correlated with Fetal Atelectasis-Asphyxia

In a similar way renal lipidosis was correlated with the diagnosis
of "Fetal Atelectasis and Asphyxia", the same 6017 autopsies being usede
There were 56 cases of fetal atelectasis and asphyxia and among these
there were seven cases of renal lipidosis, which is 12.5 per cente Come
paring this with the 8.4 per cent of renal lipidosis, the general exper=
jence in the 8017 autopsies, the contrast possibly offers some slight
support to the theory that tissue anoxia is important in the etiology of

renal lipidosisy in spite of the contrary indication in Table Ile

Histological Locations of Renal Lipids and Their Significance,= Tubules

Cursory examination of Table I will show that renal lipids were
found in the epithelium of the renal tubules so much more often than in
any other structure that one thinks principally of the tubules when renal
lipidosis is considered. It is also apparent that the proximal convoluted
tubules and the ascending arms of Henle's loops are involved with much
greater fregquency than the other parts of the nephron., These two struce

tures are also far in the lead as regards the quantity of fat present, a "
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fact which is not evident from the table since the grading of the amount
of lipids was based in each case on & minimum and maximum for that loca-
tion and not designed to compare the amounts of fat in the different
locationse.

Their respective counterparts, the distal convoluted tubules and the
descending arms of Henle's loops, hold minor positions both in the scale
of frequency and in the amount of fat present. When either of these
segments of the nephron contained fat there was nearly always a concomit-
ant lipidosis of the proximal convoluted or ascending portions as well.

Whether any special significance is to be attached to lipidosis of
these various parts of the nephron remains a matter of conjecture as far
as this study is concerned, although certain other investigators have
of fered interesting hypotheses (2, 32, 55)s The writer feels compelled
to admit that the partition of lipids between proximal and distal con-
voluted tubules in thes table probably contains & number of inaccuraciese
In numerous kidneys the lipids were found only in tubules that were
damaged and atypiocal, usually atrophic or compressed by surrounding
fibrous proliferation, and in these the distinetion between proximal and
distal tubules was often inconclusivee

The collecting tubules contained lipids only rarely, and always in
conjunction with very considerable lipidosis of the more proximal parts
of the nephron. Whether the tubular epithelium contains lipids becausse
the latter are in the process of excretion, because the affected cells

cannot oxidize it, or because they are storing it for energy, theories

all of which have their advocates, there seems to be no evidence that



the fat in the collecting tubules is anything more than a sort of overe

flow from the tubules above,

Glomeruli

Lipids in the glomeruli may well have a different significance from
that in the tubules. There was often marked contrast between the amount
of fat in glomerulil and that in the tubules. TFive of the cases with
glomerular lipids showed none at all in the tubules and 244 of the 283
cases with lipids in the tubules had none in the glomeruli.

Tt was the writer's imprsssion in going over the microscopic slides
that glomeruli which contained fat almost invariably showed some histolo=
gical evidence of injury, even to the point of complete scarring. Bx-
emination of Table I reveals that there were just 38 individuals having
lipidosis of the glomeruli. In 33 of these 39 there were diagnoses of
either glomerulo=-tubular nephritis (13 cases) or arteriosclerotic or
arteriolosclerotic nephropathy or a combination of those afflictions,
or of amyloidosis with extensive destruction of glomeruli (2 cases),
or hydronephrosis (1 case)s Two other cases were accompanied by
extensive embolism, so that it 1is possible the fat-containing glomeruli
had been damaged by lodged emboli, the situation not having been observed
in the particular sections stained for general tissue pathologye

Viewing the glomerular lipidosis from another angle, Table I shows
that under glomerulo-tubular nephritis 54,5 per cent (12/22) of the

cases had fat in the glomeruli; under arteriosclerotic nephropathy there




were 29.2 per cent (12/41); arteriolosclerotic nephropathy, 31.3 per cent
(21/67); hydronephrosis, 50 per cent (2/4); pyelonephritis, 20 per ocent
(1/5); and uremia, 60.8 per cent (14/23)e On the other hand, the general
average for all cases in this study was 13.5 per cent (39/288).

The conclusion that glomerular lipidosis is intimately related %o
obstructive or destructive changes in the glomeruli with presunmptive
enoxia is in general accord with the views of Fuller (28) and those of

Simonds and Lange (70) previously cited.

Bowman's Capsules

Only nine individuals had lipids in the epithelial cells lining the
walls of Bowmen's capsules. In five of these the lipid was also found in
the glomeruli (although not the same glomeruli) and in four it was note.
Every one of these patients had severs renal disease in the form of
glomerulo-tubular nephritis, arteriosclerotic or arteriolosclerotic
nephropathy, or some combination of these conditions, a fact which points
strongly toward local injury as the cause. Local cellular anoxia may
well be presumed to be present in each instance, on the basis of the
renal pathological changes as a whole,

Simonds and Lange (70) report finding fat in the epithelium of
Bowman's capsules in cases of acute and chronic glomerulonephritis, and
certain acute infections and intoxications. It usually, but not invari-

ably accompanied fat in the capillary tufts themselves,




Blood Vessels

Lipids appeared in the walls of arteries or arterioles within the
kidney in 21 individuals. Study of the microscopic sections gave the
impression that the vessels containing the fat were in practically every
instance notebly damaged, usually by the thickening which is oharacteris-
tic of arteriosclerosis and arteriolosclerosis. Reference to Table I
shows that all of these 21 individuals suffered from some form of the
arteriosclerosis syndrome. The kidneys, themselves, presented arterio=
seclerotic changes in 14 cases, along with similar alterations in various
other vascular structures of the body, and in one other case arteriolo-
sclerotic nephropathy was present (and the prineipal cause of death).
The arteriosclerotic changes may be said to have occupisd & position of
major importance in 16 of the totalsy in the remaining five they were
minor, slight or incipient. It is reasonable to suppose, therefore,
that this form of lipidosis is a part of the disease process taking
place in the vessel wall itself, although a search for lipids in the
injured vessels outside the kidney would throw essential light on that

tentative conclusione

Interstitial Tissue

Although not included in the table, lipids were noted also in the
jnterstitial connective tissue of 23 individuals. In 16 of these it was

in the cortex, usually but not invariasbly in close proximity to fat-laden
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convoluted tubules. Occasionally much of this lipid was within
phagoeytes, particularly when the area showing the fat was close to,
and doubtless related to an abscess, infarct or tubercle.

Fat in the interstitial tissue has been reported by Fuller (28)
and by Rice and Jackson (63). The former author found it in areas of
scarring, the sequelae of old inflammatory lesions or of vascular
nephrosclerosis and states that occasionally it was in part anisotropie
(presqmably cholesterol), The latter authors mention a few "liposomes”

in the stroma near heavily laden tubules,

Lumina of Tubules

Lipid was found in the tubular lumina in six individuals, Usually
it had the appearance of a cast filling the tubule for a variable dis=
fance but doubtless it was in a liquid state during life. In two of
these individuals fet-containing phagocytes were in the lumina. The
presence of fat in the lumina of the tubules must be ascribed to an
sbnormal excretion of that substance, which is recognized by several
writers to be possible, or else to release of fat from disintegrating
epithelial cells, of which no evidence was encovntered. In four of the
six the principal cause of death was glomerulo-tubular nephritis. 1In
none of them were there injuries likely to be productive of fatty embolism
as described by Warthin (79), who states that lipuria may follow thatl

condition,




CLINICAL CASES IN ANIMALS

The kidneys of 95 animal patients were sectioned and stained for
fat, detailed protocols of the individual cases being presented in
Appendix Be. AS stated in a previous section, these cases were selected
for study either because the kidneys were believed at the necropsy table
to contain fat, or else the nature of the illness was such that lipidosis
seemed probable, Hence, this collection of cases is not necessarily a

representative sampling of animal diseases in general.

Species

In serutinizing this list of animals it seems appropriate to
consider first the numbers of each species involved. These data are
presented in Teble III, the actual number of representatives of each
species being followed by the percentage of the total which that species
holds. 1In the hope of forming some idesa, nowever vague, of whether renal
lipidosis tends to be more prevalent in one species than another, &
standard of comparison was set up by determining the percentage of each
species of animal among 400 consecutive necropsies performed &t the
veterinary Hospital and clinie of Iowa State College during practically
the same period of time as that during which the 95 renal cases were
collected. These percentages have been entered in the fourth column of

the tablee.
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The two groups of cases are not entirely comparable because a small
aumber of the kidneys studied were chosen from animals presented at what
is called the Diagnostic Laboratory, rather than the Hospital and Clinic.
This laboratory concerns itself with the smaller farm species almost
exclusively, so that taking some of the kidneys from this laboratory
resulted in somewhat higher proportions of sheep, pigs and chickens in
the renal-lipidosis group than in the general average. The great prepon=
derance of canine cases could be due either to the fact that dogs hold a
leading place numerically among animals treated at the Hospital and
clinic or to the fact that it is much easier to detect gross evidence of
lipidosis in the dog's kidney than in that of other species.

Early in the course of this study the writer acquired the impres=
sion that renal lipidosis occurs more frequently in dogs than in the
other domestic snimals. Sufficient data to prove or disprove this
belief is not available but the fragmentary evidence derivable from
these 95 cases, included in the second column of Teble III, tends

strongly to support this view.

TABLE III
Species No. of No. of cases Percentage of each
cases having renal species amongs:
studied lipidosis Group 400 con-
studied secutive
necropsies
Horses 2 0 ( o%) 2 6
Cattle 19 7 (37%) 20 25
Sheep 5 2 (40%) 5 1
Swine 11 9 (82%) 12 6
Dogs 52 48 (92%3 55 58
Cats 2 2 (100% 2 2
Miscellaneous 4 4 2
66 100




-gl=-

Diseases

Of major importence is a consideration of the diseases in connec=
tion with which renal lipidosis occurs. We may steart with some common
infections.

Eight cases believed to be of CANINE LEPTOSPIRCSIS are included
in the list. All of them had consi@erable fat in the kidneys, and in
all but two it was in both the convoluted tubules, proximal or distal,
and some part of the loops of Henle. In two cases the glomeruli also
contained noteworthy amounts of fat,.

Canine leptospirosis is a dissase frequently encountered in most
parts of this country. The spirochaetal orgenism whioh causes it is in
some instences the same as that found in the human disease, and in others
a slightly different species. Unfortunately there is no infallible wey
of meking e diagnosis of this disease in every case. The organism can
be demonstrated under favorable circumstances by dark-field microscopy
or by silver-impregnation methods but these techniques fail when there
is eny considerable lapse of time post-morten and for some other reasons
ﬁot well understood. Cultursl end animal-inoculation methods give equally
erratic results., One diagnostic procedure may succeed in a given case
where others fail. There is also an agglutination test but, unfortunately,
the disease is often too acute for agglutinins to reach a diagnostic level.
In the cases cited the diagnoses were based upon clinical symptonatology
and gross pathology, both of which are highly charactefistic but not

irrefutablee
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The writer is inclined to explein the renal lipidosis in lepto-
spirosis on the basis of local injury transpiring within the kidney,
guite likely toxic in nature. Certain it is that at death the causative
organisms are more numerous in the kidney thean in any other part of the
body, although microscopically visible changes in many acute cases are
not impressive. There is very good reason to believe that chronic
cases occur in which the kidneys are extensively damaged, with infiltra=
tion of lymphocytes, large mononuclear and plasme cells, loss of tubules,
and fibrosis. The best support for this view is to be found in the work
of Jones, Roby, Davis and Maurer (39), who detected subecliniocal cases in
war dogs by means of the agglutination test, killed the dogs as dangerous
carriers, and, upon post-mortem examination, were successful in demon-
strating the orgenisms by Warthin~-Starry (41) silver impregnation of
kidney sections or by cultures in & considerable percentage of the
cases. The kidneys of these animals, which the writer had the privilege
of reviewing, all showed extensive pathological changes of the kind Jjust
mentioned. We may, therefore, adopt tentatively the plausible but un-
proved explanation of an intrarenal toxic or other injury resulting
directly from the presencse of the parasitese

SWINE ERYSIPELAS is & bacterial infection (acute in the threse
cases cited here) in which lipidosis was consistently present, at
jeast in the convoluted tubules and usuelly in other structures of the
kidney. This disease, in its acute form, is of septicemic nature in

thet the causative organisms are found in many Orgens ircluding the
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kidnoyss Wnile sections of the kidneys show little beyond toxic injury
o the tubules ead severe hyperenis, this is another disease in vhich
it soens justifisble fo relate the fatty changes to looelly forned toxinss

PEUHONTA wes 8s fickls in its production of renal lipidosis in
auinals 85 in humens, There vere five cases in calves, of which only one
ad widespread fatty cheuges end three ¥ers entirely negative, The more
usual caugative agents of preuncnia in bovine eninals are bacteris of
the generaw and Corynebecteriun, The pnounonias in which
these organisus vere detected failed 0 show any lipidosis, The sen can
be said of one case of generalised pasteurella irfection (No. 29)s One
zey tentatively concludo thet in bovine aninals these two infections are
not productive of renal lipidosis; however, & cauing preunonia in which
the pasteurella orgauisn was {solated showed considersble renal fatty
changs, espeoially in the ascending loops, Pnoumonia in & sheep, causks
tive organisn wmoim, also had extensive lipidosis of the ascending
loops, In addition to differences in type ead cause, prewonias show
great variations in the anoust of lung tissue involved, Host patients
do not die fron lack of respiratory capacity but, presumebly from
toxenis, Lipidosis, when it ocours, might be conpatible either with
toxenia or with anoxia,

CANINE DISTRIPER, as represented by three cases, including one in
which puownonia ves & conplicetion (Fos 16), was twice accompenied by
renal lipidosis, the third case being without fat in the kidneys. il

conclusions are possible both because of conflicting findings in the

“fhe

very fow cages and beosuss of the great variety of conplications proue to
develop in comection with this influense=like viral infection,

4 congerles of highly VARIED INFBCTIOUS CONDITIONS (Nosy 21=87),
gach represented by & single case, includes streptococcio mestitis, with
conplications, in & co¥; staphylococcic polyarthritis in a pig; feline
gistemper (a viral {nfection); end gas gangrene in & nink, all of which
exhibited & rather pronounced degres of renal lipidosis, In most cases
hoth convoluted and straight tubules were affected, along with obher
structures in some instencess THO dogS vith pyometra were outstending
examples of renal lipidosis; the most narkedly involvad cese, however,
was ot without conplications, whose part ir inducing the lipidosis
catmot be eveluateds

The following dnfections cccurred in single instazces without the
developnent of renal lipidosis: blackleg (& bovize clostridiel infec~
tion), pasteurellosis, @ non-specific peritonitis, & paralyzing spondy=
litds dus to brucellosis, all in bovines, canine blastomyeosis, oanine
histoplasmosis (almost uo fat), end several pyogenic processes, newolys
squine strangles, equine Fistulous Withers, & suppurating fracture ina
ealf, suppurative arthritis in @ sheap, eud abscesses in & pigs While
other pyogenic infections, 88 pentioned dn the preceding paragraph, have
been scoonpanied by renal lipidosis, the munber of suoh cases Which are
not "lipogenic” is certainly Iupressives

4 variety of POISONS, organic and inorgenie, have been knowe 68

produers of renal lipidosise [Three less vell kmown types of poisoning
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had the same effect when encountered clinically: the chemically uninves-
tigated toxic principle in the leaves of young cockle-bur (Xenthium sp.)
plants, which are frequently eaten by pigs (three cases), the recently
iptroduced ret-exterminator, alpha-naphthyl-thio-uresa (ANTU) (two
clinical cases); and the insecticide, dichloro-diphenyl-trichloroethane
(DDT)e The one case of poisoning with the last named substance, however,
is not beyond guestion &s to diagnosis. (It is regrettable that oppor=
tunity was lacking to do confirmatory experimentation in connection with
this poison.)

There follow five cases of MALIGNANT NEOPLASIA, canine or bovine.
While they are by no means gufficient to represent this class of diseases,
and while there is, perhaps, little or no pathogenetic relationship among
the different neoplastic diseases included here, it can be gsaid that,
whatever the reason, renal lipidosis occurred in all of them. It was
pronounced and widespread in the four dogs, quite limited in the one
bovine.

Pursuing the collected cases in the order in which they eppear in
Appendix B, we next encounter six dogs with FATAL DISEASE OF THE CENTRAL
NERVOUS SYSTEM (Nos. 49-54). Perhaps these cases have nothing more in
common than the fact that it is convenient to present them together.

Four were characterized by paralysis, probably of an obscure, infectious
nature, some presumably connected with cenine distemper. One was &
case of hydrocephalus of unknown etiology; the last, an intracranial
neoplasm of the medulloblastoma type, with secondary hydrocephalus.

All of these six cases had well marked lipidosis, at least in the




medullary rays, and in most cases the convoluted tubules shared in the
process. In the animel with the brain tumor the glomeruli were also
jnvolved. No explanation can be vouchsafed.

Three animels with ANEMIA, nutritional or hemorrhagic, and porcine,
canine, and bovine respectively, had a considerable degree of lipidosis,
again most notable in the medullary rays. On the other hand, a sheep
and & dog suffering from severe helminthiases, known to produce profound
anemias, failed to develop remal lipidosis.

Next there follows a group (Nos. 60-68) in which ANOXIA was thought
to exist as a result of impairment of respiratory or cardiec functions.
Four cases of heart disease, chiefly valvuler, one of pulmonary conges=
tion with the heart probably & minor factor; and one of pulmonary compres=
sion resulting from diephragmetic hernia, all in dogs, were accompanied
by well marked deposits of renal fat. As usual, the ascending loops of
Henle, especially those in the medullary rays, were the principal seat of
the deposits, but convoluted tubules shared in the process with one ex-
ception, and the glomeruli were involved in three of the seven cases.
There are two other cases in this group. A cow dying from severe
streptococeic valvular endocarditis complicated by metastatic nephritis
and abscesses, was inexplicably free from any renal fat. A shesp,
accidentally suffocated in two hours or less, was also negative. This
is in acoord with the results of several suffocations induced experie
mentally.

The next group is one of nephritis, other NEPHROPATHIES and local

renal damage (Nos. 69-81). There are ten such cases in dogs, including




one of renal amyloidosise All show considerable renal lipidosis. The
ascending loops, chiefly those in the medullary rays, again were out-
standing as the site of fat deposition, although the convoluted tubules
were also involved in most cases. In five cases the glomeruli also
contained fat. A case of valvular ENDOCARDITIS in a bovine animal and
one in a pig were similar although the degree of lipidosis was moderates
Two cases in the nephropathy group are of especial interest. One 1is
No. 69, & dog with senile uremise and secondarily contracted kidneys in
which lipidosis was absent from all tubules but marke& in the glomeruli,
arteries and arterioles, and nesarby interstitial tissue, all in proximity
to areas of inflammetory infiltration and fibrosis. The other is No. 81,
a dog in which one kidney was largely destroyed by an old ﬁydronephrosis
and the other had undergone compensatory hypertrophy. The functioning
hypertrophic kidney showed marked lipidosis of the medullary rays,
probably as the result of certain features of the general state of ill
health (believed to be an infection)e The hydronephrotic kidmey, however,
had large amounts of fat in the ascending loops at all levels, in proximal
and distal convoluted tubules and their basement membranes, and in the
glomeruli, the walls of Bowmen's capsules and in the fluid contained
therein. All this was in areas of extensive destruction of remnal tissue.
It is believed that this case is am exceptionally brilliant illustration
of a conviction which has impressed the writer with increasing force as
he has studied human and animel kidneys, namely, that intracellular deposi-

tion of lipids often rests on a basis of complete or partisal destruction

:

4
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of other cells in the immediate vicinity of those which contain the fate
Mere urinary obstruction in steers, as represented by two cases,
one & common acute urinary lithiasis, the other complicated by mild
pyelonephrotic changes, failed %o produce any renal lipidosise.
Twelve MISCELLANEOUS CASES complete the collection. Patients in
this group which showed rensal lipidosis were a dog with stricture of
the esophagus, one with intestinal obstruction and gangrene, another
with enteritis, a cat with hepatitis, a cow with a necrotizing hepatitis
and & sheep with cirrhosis. Devoid of fat in the kidney were a dog with
intestinal gangrene, two chickens with hemangiomas of the liver, a pig
suspected of having consumed some poisonous plant, a calf fed a diet rich

in soy-bean oil, and a normal muskrat (Fiber zibethicus)e

Liver and Heart

In poisoning by cockle burs there were extensive deposits of fat in
the liver and heart, as well as in the kidney (ascending loops)e The
same was true in the one case of poisoning by dichloro-diphenyle=
trichloroethane. Alpha=naphthyl-thio-urea, on the other hand, produced
lipidosis of the kidneys exclusively. Nore data on this substance is
presented in the section on Exéerimental Attempts to Produce Renal
Lipidosise

Little more can be gleaned from the limited date. It is obvious
that lipidosis can occur in the kidney without the liver being involvede.

The converse is also & generally accepted fact but, since the cases in




this collection were selected for renal lipidosis, they contribute nothing

on this pointe

Emaciation and Obesity

Only one animal in the collection was recorded as being obese,
and only one was seriously emaciated. MNutritional extremes are likely
to be less frequent in animals than in humans because of restrictions
pleced on the diet and the fact that when a meat animal reaches a state
of moderate or slight obesity it often goes to market. Before an
animal becomes seriously emaciated in the course of a wasting disease
it is of'ten put to death so that great emaciation is not cowmmon in

veterinary practice.

Asphyxia

A group of patients has already been discussed in which prolonged
deficiency of oxygen was suspected of being responsible for the lipidosise
The matter will receive further attention in the section on Experimental

Attempts to Produce Renal Lipidosise Some of the common anoxemic diseases

of humans are rere or non-existent in animalse

Histological Locations of Renal Lipids

Tubules

As has already been indicated, the ascending loops of Henle, particu=




larly those in the medullary rays, are the favorite location of fatty
deposits, especially in the dog. The cat may be an exception in that
there appears to be more of a tendency for the proximal convoluted tubules
to be involved. The findings in the two cats in this colleection suggest
this and there are precedents in the literature (54, 55) for such an

assumption.
Glomeruli

The glomeruli contained more or less fat in 20 out of the 95 cases.
gix were cases of nephritis, renal amyloidosis or similar nephropathy
with local destruction of kidney tissue. One of two cases of pyometre
also had severe local inflammatory and destructive changes in the kidneyse
1f we accept the postulate that leptospirosis damages the kidney with a
locally injurious poison even though mieroscopic evidence of this is
delayed beyond the duration of acute cases, it becomes possible to explain
the glomerular lipidosis in two of the cases of leptospirosis on the same
basis. In four additional cases death was attributable to cardiac disease
or similar mechanisms from which, it is believed, the existence of asphyxia,
or anoxia, can be deduceds The kidneys of the dog with malignant melanome
showed marked glomerular lipidosise. They were extensively invaded by the
malignant cells. Did the malignant cells, with their well known super-
normal vitelity, rob the predxisting tissue of its oxygen?

However, a canine malignant lymphoma brought about a small amount of

glomerular lipidosis without invading the kidneye. Still without any




plausible explanation are cases of swine erysipelas, pneumonia, esophageal

stricture, brain tumor snd a second case of pyometrae

Bowman's Capsules

Four cases had fat in the elongated fibroblasts of the walls of
Bowman's capsules. It always accompanied lipidosis of the glomerular

tuft proper and was doubtless an extension from the latters.

Pelvic Epithelium

There was a very considerable deposit of medium-sized fat droplets
in the epithelial cells of the pelvic lining in two cases. In one it
accompanied & liberal lipidosis of tubules and interstitial tissue of the

region, in the other it did note

Interstitial Tissue

Four cases of canine nephropathy showed 1lipid droplets in the
interstitial tissue, within fibroblasts or phagocytes. It was an accom=

peniment of local tissue damage.

Blood Vessels

The walls of arteries and arte;ioles suffered lipidosis in four
nephropathic dogs and in one pneumonic calf. In the latter it was minimal
in degrees. It was ordinarily e concomitant of local tissue destruction
or inflemmation. Whether vessels outside the kidney shared the condition

was not determinede




Comparison of Human and Animal Lesions

In general it would have been most difficult to distinguish a
section of humen lipidic kidney from one coming from one of the animal
species. Histologically the bovine kidney differs in being lobulated so
thet there are some differences in architecture. A few minor departures
Prom whet is seen in human kidneys may be mentioned. The fat droplets
in animal kidneys did not show as strong a tendency to be restricted to
the base of the epithelial cells of the tubules as is the case in the
humen kidney: they were often rather evenly distributed throughout the
cytoplasm of the cell. No difference among the various species of animals
was detecteds

Comment has already been made upon the tendency of the fat to be
found principally or entirely in the ascending loops of Henle in the
medullary rays. This appears to be especially characteristic of the
doge In the human the fat is much more freguent in the convoluted
tubulese.

The deposition of fat in the walls of Bowmen's capsule, in the
epithelium of the renal pelvis, and 2lso in the epithelium of meny intra-
hepatic bile ducts are features that the writer has not noted in humen
kidneys, and which others appear not to have described. Fat droplets in
these places were usually numerous and distinet when they occurred at all,
although, as noted above, only e few animals showed these particular

phenomenete
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EXPERIMENTAL ATTEMPTS TO PRODUCE
RENAL LIPIDOSIS IN ANIMALS

Experimental Phosphorus Poisoning

Three dogs were given phosphorus dissolved in carbon disulfide.
Doses varied, but 0.05 grams produced illness from which & small dog
recovered while 0.25 grams in divided doses was fetal to larger dogs in
from three to seven dayse. Symptoms were depression, anorexia, poly=-
dipsia and polyuria, with other manifestations verying with the indivi-
duale. 1In all three dogs fat appeared in the ascending lcops of Henle
and in one it extended also to the descending loops and the distal con=-
voluted tubuleses The degree of lipidosis appeared to be somewhat pro=
portional to the emount of phosphorus ingested. There were also large
amounts of fat in the liver, but the heart was not involved in the one
dog in which fat stains were made on this organ. It was, therefore,
concluded thet phosphorus poisoning is a potent source of renal lipidosise
(Protocols of these, and subsequent, experiments are included in Appen=

cix Co)

Experimentel Administration of Chloroform

A dog kept under chloroform snesthesia, administered in the usual
way, for one hour and 25 minutes, and dying unexpectedly at the end of

that period, showed no fat in the kidneys or liver. In a second dog
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chloroform anesthesia was meintained for three hours end five minutes and
then deliberetely terminated by inereasing the rate of inmhalation to a
fatal effect. This dog had a small emount of fat in the distal convoluted
tubules. Its heart contained a large amount; the hepatic epithelium, 2
1ittle; the epithelium lining the intrahepatic bile ducts, a great deal
of fate

In & third dog it was desired to test the effect of "delayed
chloroform poisoning"e. The animal was kept under chloroform anesthesia
for one hour and three minutes, then, thres days later, he was deeply
enesthetized for two hours and twenty minutes. Three days after the
second anesthetization, while in apparent normal health, the dog wes
killed by electrocutione Considerable fat was found in the proximal and
distal convoluted tubules, and the liver parenchyma and bile ducts were
heavily laden with ite

A fourth dog (Exps 7), after having been observed and found in
apparent good health for six days, was placed under chloroform enesthesia
and died in less than five minutese This epimel showed large amounts of
fet in the ascending loops in the medullary rayss The initial amount of
chloroform inhaled may have been excessive. However, a persistent and
markedly hyperplastic thymus weas found et necropsye No other explanation
could be found for the lipidosis; a status thymico-lymphaticus may

possibly have accounted for the unexpected death of the enimale
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Alphe~Naphthyl=Thio=Urea (ANTU) Experimentally Administered

Tt has been the writer's experience recently to see in dogs a large
number of cases of eccidental poisoning by alpha-naphthyl-thio-urea
(ANTU) when used in a rat=poisoning campaign, and its ability to produce
extensive fatty cheanges in the kidney have been apparente A few such
ceses are included in the section on Clinical Cases in Animals in this
papere. In three dogs poisoned experimentally the kidneys end livers
were stained for fate All had lipidosis of the ascending loops in the
medullary rays end in the two animals most markedly affected there were
smaller amounts in the proximal convoluted tubules. These dogs lived
from six to 15 hours and the degree of lipidosis appeared to be somewhat
proportional to the length of time the poison was present before death

cut its action shorte

Experimental Asphyxiation

All through this study the evidence in naturally occurring ceses
has repeatedly pointed to local or general anoxia as a cause of renal
lipidosise The qQuestion arose as to the possible effects of asphyxia
or anoxemie experimentelly inducede The simplest and most direct method
to accomplish this seemed to be by mechanical interference with respire-
tione

This was attempted in the case of one small dog (Expe l1) by manual

compression of the chest so that only a minimal filling of the lungs was



permitted. The dog was first anesthetized with chloroform for humene
reasons. The restriction of respiration was carried on for 48 minutes,
produeing merked signs of asphyxiation and a fatal termination at the
end of that periods At necropsy there was no sppreciable degree of renal
lipidosis and results were considered negativee

Subsequently asphyxiation was produced in six dogs by the simple
expedient of placing them in a small air-tight container. A common
galvanized=iron waste can of either ten or twenty gallons capecity end
having a tightly fitting cover was used. Such cans admitted only e very
smell emount of air. When the space not occupied by the dog seemed exces=
sive some of the air was replaced by waste material. Anesthesia was
first induced in these animals by the use of nembutale While nembutal
doubtless reduced the animal's basal metabolism and oxygen requirements
to & very low level, no other anesthetic appeared adequate for the length
of time these experiments requirede The degree of renal lipidosis appeared
to vary roughly with the length of time that the animal remained alive in

a partially asphyxiated state, as is shown by the following tables

TABLE IV
Experiment No. Hours Animal Lived Degree of Lipidosis

12 11/2 None

13 S None

14 5 4 plus in ascending loops
1 plus in proximal tubules

15 Sx None

16 51/2 None

17 5 1/2 2 plus in ascending loops

1 plus in proximal tubules

#«Note that this dog actually lacked air for only three hours. See
protocole




As the table shows, when an asphyxiative state was meintained for
five or five and one=half hours 50 per cent of the dogs developed
lipidosise While a pre¥xisting lipidosis could not be absolutely
excluded with the small number of positive animals, there was no evi-
dence of any condition or disorder that would account for a pre&xisting
fatty changee It is believed, therefore, that a state of inadequate
oxygenation continued for a sufficient length of time induces renal

lipidosise
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FINAL DISCUSSION AND CONCLUSIONS

Attention has already been directed to the salient features of
renal lipidosis as they appeared in man, in naturally diseased animals,
and in experimental animals. A composite view of all findings is now

appropriate,

Histocytological Considerations

In the great majority of cases of renal lipidosis it is the
epithelial cells lining the tubules which contain the lipids, and
in most instances the proximal convoluted tubules and the ascending
arms of Henle's loops are the segments of the nephron involved. 1In
the dog the ascending arms of Henle's loops, as they pass up the
medullary rays, are decidedly predminent in susceptibility to deposie
tion of fat. The reasons for these differences are probably inex=
tricably dependent upon the 1ittle understcod differences of function
in the several segmentse

The droplets appear first at the base of the cell and spread to
more superficial parts of the cytoplasm as their number grows. The
fat is originally in small droplets but tends to coalesce into lerger
ones as the amount of fat in the cell increases.

The glomeruli rather frequently contain lipid deposits, their
exact position apparently being in the cytoplasm of the epithelial

cells which invest the capillaries. Cellular damage or vascular




obstruction can usually be demonstrated in such glomeruli; this was
practically always true in the humen ceses. When intraglomerular
injury is lecking, desath or injury of cells in the immediate vicinity
of the glomeruli is usually present and is believed to account for
the lipidosis in accordance with principles to be enuncisted later,
However there were some cases in animals in which no explanation was
apparent,

Involvement of other structures of the kidney, such as the
interstitial tissues, occurred occasionally and is believed to be
related to damage or destruction of tissue in the immediate viecinity.
In human arteriosclerosis and artericlosclerosis this damage appeared

at times to be limited to the vessel wall itself,

Chemicophysiological Considerations

This study did not attempt toc distinguish different kinds of
lipids. The consensus of the literature is that both neutral fats
end lipids are usually present,

It is impossible to say in what chemical or physical form the
lipids pass through the cell wall into the cell. Excspt for the
hypothetical imbibition of lipids from dead or dying cells via the
intercellular fluid of the vicinity, the lipid=-ccontaining cells acquire
the fat from the blood stream. Hyperlipemie may be a factor in some
cases but in the majority of instances renal lipids ere deposited

without there being any notable increass of lipids in the blcode
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Most evidence opposes the view that fat in the cells of the
tubules or other parts of the kidney is in the process of being

excreteda.

Correlation with Lipicdosis of Liver and Heart

This study suggests that, while renal, hepastic, and cardiac
lipidosis often occur concomitantly, each may also develop indepen-
dently of the others. The view that lipidosis develops readily in
each organ when conditions in that organ are suitabls is supported by
the greater frequency of cardisac lipidosis observed in cardiac disease
and of renal lipidosis in renal disease. Probably either localized

or generalized disorders can initiste the requisite conditions.
Qbesity
1t was shown in the study of renal lipidosis in humans thet
obesity is a factor favoring the deposition of lipids in the kidneye.

Emaciation

Emaciation had no effect on renal lipidosis as judged by the

data obtained in this studye

There is & rather prevalent belief encountered in the literature
that renal lipidosis follows a period of starvation in experimental
animals (previously well fed, it is to be presumed). This is consistent

with what is known of a disease called pregnancy tozemia in the ewe
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(end rarely the cow). Ketosis and severe fatty cheanges in the liver,
with milder involvement of the kidneys, are outstanding features of
this disease., It hes been shown to occur late in twin or triple
pregnancies with a semi-starvation diet, and is avoided by an adequate

intake of carbohydratesse

Diseases

The human diseases found to be most prevalent in connection with
renal lipidosis, and, therefore, of presumably causal relationship,
were (1) nephrosclerotic end glomerular diseases of the kidney, in
which both local snoxis end cellular damage of various kinds may be
inferred; (2) arteriosclerotic (including atherosclerotic), and
pulmonary diseases, cardiac impairments of all kinds, and peritonitis,
in which generalized anoxic conditions may be presumed to have
existed; and (3) diabetes, in which disturbances of oxidative meta-
bolism or the condition of hyperlipemie may have been factorse

Among animal patients the diseases accompanied by renal lipidosis
were more varied. They included (1) a heterogeneous group of nephro-
pathic diseases, in which local cellular damage was suspected of
playing a causative role (Ordinary exudative (pyelo) nephritis was by
no means inconspicuous in this group although it appeared to be
definitely excluded from the corresponding group of human diseases);
(2) a veriety of unrelated and dissimilar infections, in some of which

the lipidosis was thought to be due %o local toxic damage, with no
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explanation aveilable in others; (3) cardiac and respiratory diseases
in which anoxia was presumed to exist; (4) one hundred per cent of a
group with dissimilar malignant neoplasms; (5) intoxication due to
some plent and "chemical™ poisons, apparently quite unrelated in their
nature and mode of actions (6) & group of diseases of the central
nervous system, some of which were in all probability infectious and
one of which was unguestionably neoplastic; (7) a relatively large
miscellaneous groupe

It appears certain that the range of diversity of disesases
importent in bringing about renal lipidosis in animals is mach broader
then was evident in humans. Whether more diverse mechanisms were
operating camnot be stateds The arteriosclerotic dissases which
occupied such an important place among humens are almost non-existent
jp epimsls. On the other hand, as previously explained, local destrue-
tion of renal tissue plays an important part in the cases seen in
animals, and the direct or indirect ®]ipogenetic™ action of toxic
substances cannot be denied.

The experimental investigations were confirmatory of the prevalent
opinions that phosphorus, chioroform (delayed), and alpha-nephthyl-
thic=urea are among the poisons which cause renal lipidosis. The
experiments on asphyxiation were designed to confirm or refute the
hypothesis that anoxia is an important factor in inducing renal
lipidosis. While far from exhaustive, they tend tc show that uncom=

plicated anoxia over & period of sufficlent time can have this result,
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Conclusions as to Cause

The principal objective of this work was naturally to gain some
nowledge of the cause or causes of the condition under study. Data
are at times conflicting but, on the wheole, the evidence points to
three principal causes of renal lipidosis:

(1) Local damage, necrosis, or destruction of tissue
(2) Certain poisons
(3) Anoxia, at least local, and often general.

It may be that anoxia is the basic derangement underlying the
other two causes,

The possibility must be considered, however, that in areas of
tissue destruction the intracellular lipids have been passively
imbibed or even actively phagocytized by living cells from an inter=
cellular fluid saturated with lipids released during the disintegra=-

tion of other cellse
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SUMMARY

The occurrence of renal lipidosis was studied in humean
autopsies, in naturally diseased domestic animals, and by attempts
to produce the condition experimentally in dogse Renal lipidosis
was found to be intimately associated, in all probability in a
cause=~and-effect relationship, with nephrosclerotic and glomerular
diseases of the kidney, arteriosclerotic diseases generally, and
diabetes. This was especielly true in humans; in animals a greater
variety of diseases entered into consideratione

Certain poisons were clearly capable of causing renal
lipidosis and sufficiently prolonged partial suffocation usually
had the same effecte Such causative factors were more potent in
the presence of a state of obesity, perhaps because of an excessive
supply of lipids in the general metabolism, perhaps because the
obesity merely signalizes a metabolism already imperfect in
powers of oxidatione

It is probable that local or general anoxia may be a basiec
cause underlying ell these more proximate causative factors,
elthough the possibility has not been excluded of a more or less
mechenical transfer of lipids from necrotie to living cells in
those frequent situations in which renal lipidosis accompanies

local destruction and necrosis of tissuee
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APPENDIX A

Teble I. Explanation:

In order to present in concise and accessible form most of the
jnformation gathered on the lipids found in the various organs and
special locations in the 288 autopsies studied at the University Hos=
pitel the following table was constructed. This table shows for each
individual (=) the histological structures of the kidney in which lipids
viere found, (b) whether lipids existed concurrently in the heart, liver
and adrenal, (c) an approximation of the amount of lipids in each place,
eand (d) the disorders in conjunction with which the lipidosis occurrede
The cases are grouped under the names of the various diseases, each
case number commonly appearing under each of the several diagnoses which
the diagnostician had recorded as applicable to that individual. In
most instances there were certain of these diagnoses which appeared to
be of principal, or major significence in causing illness and desath,
and others which seemed of incidental or minor importance. Hence, in
Table I each diagnosis is treated in two ways: TFirst, there is given
a list of ceses in which the disorder was considered of major importance;
then, under the subheading "minor", follow the case numbers in which this
disorder played a lesser roles

The comparative amount of fat present in any given location 1s

roughly denoted by means of one or two asterisks. The different histo=



logical or enetomical locations are indicated in vertical columns, the
findings for a given patient are shown along the horizontel line opposite
his case number, all listed under the major or minor diagnosis which is
under consideration. Thus two asterisks indicate a marked amount of
lipoid; a single asterisk, a moderate amount; a blank denotes the

absence of lipoid; a question mark means that the information for some
reeson is not available. The colum devoted to the adrenal is an
exception: a "minus" sign (=) here means that the emount of lipoid in
this orgen was considered subnormal; the space is left blank if the

gland contained a reasonably normal emounte
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TABLE I (Continued)
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1.1 ot © o o . to = o =
* o [3] [} L —t O el ot © ol
Case Number % o o @ o ° 3 Ry 5 G
m s I A < (o] (] [ae] ] =1 <
KIDNEY DISEASE, GLOMERULO-TUBULAR, GILOMERULAR NEPHRITIS, majors (Cont.)
A 217 AP * *k * *
A 219 AP * * *
A276AP oo-aoooooo**cu-lo.ovooo**aoooooooooo.o* e s s e e e OO RS
A 339 AP * ok
A 261 AO * *k * % * %
A 183 m .'.'......**ll‘.'..* * ...0..'.0....** ? o8 s0 00 0
A 212 AN * Ak *
A 216 AD ¥k ¥k ¥ ek ? ?
minor:
A 168 AY * * ¥k Kk K * ok
A 151 AT ok ok k& kk
A 47 AM * * 1
KIDNEY DISEASE, HYDRONEPHROSIS, major:
A 160 AT xk % *k R % *k
minor:
A 11 AZ * ** * ?
A 3681 AY * *% * %k 7
A 253 AT * .ICI...'..* ...0...* * 0..0....* **Cll....'.".
A 49 AR *H ok ok
KIDNEY DISEASE, PYELONEPHRITIS, majors
A 24 AT ok * * ook -
minors
A 232 AY o *% >k *%E -
A 320 AY * *k Aok ? -
A 349 .Av * .ll"..I..**..llll..'C..II.Q......l.ll**.ll.....l...
A 213 AU 3ok <k i * %
A 65 AS "ok >k Ak *

KIDNEY DISEASE, TUBULAR CR PARENCHYMATOUS NEPHRITIS, minor:
A 24 AX ok * ok -
A 49 AR E 2 3 * % * %
A 203 AO ok o
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Structurs: o @ he g 2 3@ o L] it 3 s
3 ~ o —i 2 P < — 0] [ j=5]
i = o g g3 9 w s
®© w 0 o .o Q9 n =] a ot
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o a $ E o &0 & e = —~ P
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Case X er o 9 ® ) ot o —~ ot o g .
m [« A <4 (] &) [22] -1 — <
LIVER=CIRRHOSIS, ATROPHIC, majors:
A 14 AT aok wok *k
A 282 AQ Wk ok ok %
A 91 A.o .'.Q.O..Q**'.'....‘..ll.I'.O'.'....O.l.**...ll..l...

A 206 AQ >k * *

LIVER HEPATITIS, ACUTE or SUBACUTE YELLOW ATROPEY, majors
A 270 AR *k don * %

LUNG ANTHRACOSILICOSIS, BRONCHIECTASIS, BRONCHITIS, TRACHEITIS, LARYNGI-
TIS, PLEURITIS, (for Pneumonia, see below. ),

major:
A 352 AY *ok >k ok
A 285 AG #k xx 7 7
minor:
A 175 AX *k : * ok 9 -
LUPUS, major:
A 253 AW * * *” * K
A 47 AM * -
MALIGNANT HYPERTENSION, major:
A 83 AX ** * ?
A. 288 A.x * *x %k * *
.A 193 AW * ..'......**'.ll.l!'..0'.**.l.l...**........I....'...
A 280 AT * ok
A 440 AT * ik * *« 2
minor:
A 11 AZ * ki * —

MENINGITIS, MENINGOCOCCIC, PNEUMOCOQCCIC, etc., (for Tuberculous menin-
gitis, see below),

major:
A 67 AZ *h *% PO
A 64 AW *xh "

A 864 AW *% ?
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® . ¢4 & § & = g = 3 £
Case Number B o w o n — o 2 a s
o L o 0 4 o —~ - - g A
m Py =] <4 (] O m — A -

MENINGITIS, MENINGOCOCCIC, PNEUMOCOCCIC, etc., (for Tuberculous menin-
gitis, see below),
major: (Continued)

A 278 AW *’ ok e 4 * *
A 282 AW *¥ %ok *E Kk
A 162 AV eesaaasssssessnseses¥¥ s encctssersnasssenseessen
A 205 AT & o * ko * ok
A 313 AR *%k * * & *k
NEOPLASIA, ADENOCARCINOMA OF GASTRO -INTESTINAL TRACT and ACCESSORY
GLANDS,
me.jor s
A 346 AX ek * *k ok
A 100 AW ¥ *
A 118 AW esascascssescene¥ %k * * Leevccccscscce® ci0acne
A 276 AW K% * ok * ¥k %k *ok ek
A 49 AV * * %
A 259 AV K s essesnsveesecrssa¥hoeoroescncscssossok * Lcessos
A 126 AU ok * 7 -
A 200 AU K 1 -
A 227 AU eesreesseecvsessceenFFoeoseonscessaocvscsose¥ sesecsco—
A 5 AT * * * * -
A 234 AT * K * % ? *¥
A 253 AT ¥ ceescesee® consscce® * cenesse¥® *¥K,osaovesonse
A 240 AS ok * * xR
A 258 AS * »
A 262 AS ceesssncee® wacveessncvess® cssevsesserceeTKoesreoronses
A 400 AS * %
A 73 AR * * *
A 23 AO R i T T L L Ty
A 325 AO ** *x
A 386 AO * *k * %
A 453 AOQ eevesssssssesescese®Keuicoieasosacsasscsne? ssecvrvsons
A 198 AN * * * * * ?
A 325 AL * *x 7 ?
minors
A 342 AX * * *
A 78 AR * *
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QOrgan or Lipids in Kidney
Histological % P 1~
Structures - 2 Pu a © - o w o 2 q S8
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Case Number = 8 @ e T = o o B 80
a A 2 &2 a 3 a 3 3 324
NEOPLASIA, CARCINOMA, ADENOCARCINOMA, RESPIRATORY TRACT, majors
A 1 AZ * ok * * * *k ok
A 49 AZ * *k ok ok
A 383 AY * * % ko %
NEOPLASIA, CARCINOMA, ADENOCARCINOMA, BLADDER, major:
A 232 AY *K ok #ok ok -
NEOPLASIA, CARCINOMA, ADENOCARCINOMA, MALE GENITO-URINARY TRACT, major:
A 247 AP * * ?
NEOPLASIA, CARCINOMA, ADENOCARCINOMA, FEMALE GENITAL TRACT, major:
A 121 AY * * * Kk x
A 358 AY Ao * ok -
A361 AY .-oo-o.oo* 00000000**.000.000‘c.ooaooit..-.** -
A 160 AT * % * *ok Kok ok ek
A 110 AR ¥ * *ok ko ok
A 40 AM * ?
minor:
A 67 AU ¥ * *x
NEOPLASIA, CARCINOMA, ADENOCARCINOMA, BREAST, major:
A 8b AY ok
A 4 AS Kk k% K’k k%
minor:
A 196 AT * * ook
NEOPLASIA, LYMPHOBLASTOMA, major:
A 10 AZ * *k * -
A 260 AP ok % ?
A 169 AG ok *% % 7 -
NEOPLASIA, HODGKINS DISEASE, majors
A 47 AZ ? *ok * ok -

NEOPLASIA, MELANOBLASTOMA, major:
A 140 AX * Ak ok kK -
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NECPLASIA OF CENTRAL NERVQUS SYSTEM, major:
A 79 AY t 3 ok w*k ¥
A 377 AY ? ? *k * %
A 334 AX cecsnsnesa¥¥ eereoeoeXNeenossossvsscocsns®hososonoecone
A 270 AW e * H
A 281 AV 4 K * K * 4
A 67 AU seesesassescess o K seevesvscecscssevseososes¥ o oseevesocac
A 126 AT * * *
A 266 AT * Ak
NEOPLASIA, MISCELLANEOUS, majors
A 159 AT * £ 3 b I 1
A 346 AT * * * %k * ok *xk 9
A 360 AT O ¥ gessssssaveed¥ ¥k KKioiuocaon
A 266 AP * *
A 340 AP * ok %*
Alll AO '00'000!00**0.!!00'.* oo.oo-.oo‘cnooo-o.**oocooo-co-o
A 233 A £ * & * K *kk k%
OFPERATION, AS THE APPARENT IMMEDIATE CAUSE OF DEATH, major:
A 3T7T AY ? ? Aok *k 7
A 202 AX kK ok -
A 293 AW ceseconsas™® ceeessssnsene®Haroersasescrce® oucnsencres
A 27 AT ot * *k 7 -
A 63 AT k¥ * -
A 244 AT veevesensrssecscscscsasse¥Feoereoeoesascnssssens¥koqoenononen
A 372 AT * *
A 243 AS * <k ?
A 325 AO eveenssosssnsessssce¥ oeaesesaosnsosoncveceFhosossennnna
A 150 AN ** ok * ** 9
A 196 AN * * *% 2
A 212 AN essesessee® oaaossscsscve®Rarerveavasees® socscisccnse

OBESITY, AS A MAJOR CAUSE OF DEATH:
A 12 AV * ok %
A T6 AP * %
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OTITIS MEDIA, minor:
A 132 AU * x%k ?
A 270 AR dk * ok * %
A 73 AP o’ * %
PARALYSIS AGITANS, majort
A 95 AP * *
PEMPHIGUS, meajor:
A 85 AS *.oK dek Ak
A 306 AL Kk o
PERIARTERITIS NODOSA, major:
A 349 AV * * %k Lt
PERITONITIS, ACTIVE, EXTENSIVE, major:
A 313 AW -k *ok ok
A T AV ok E 2]
A259 _A.v *o-oo.ncoooo.-cno-oo**.lcoooooootctonoo*
A 196 AU ek E 2" €
A 213 AU ok ok "
A 92 AT Hok *ok
PERITONITIS, ACTIVE, EXTENSIVE, major: (Subacute)
A 211 AT *k * dok
A 400 AS * ok
AZGOAP ...I'IIllll!....".**........Ql.'.....* . e @
A 325 A0 %ok >k
A 363 AQ %% *% *k
A 40 AM *
minor:
A 317 AY * * * * %
A 24 AX *ok *% *k
A346AX ....C.l.l**...'-...* lIIII'!OIlC.'v".**
A 100 AW *% *
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Organ or Lipids in Kidney
Histologieal 4 + P
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PITUITARY, CYSTS, TUMORS, INFARCTS, m&ajor:
A 372 AT * *
A 126 AE K * * L ? ?
minor:
A 35 AZ * Hok -
PNEUMONIA, EXTENSIVE and IMPORTANT, major:
A 317 AY * * * ** -
A 201 AW o+ K * %k %k *
A 236 AV .‘CODQCOCQQIII....‘**.Q'O"'Il"!'.!!.? **oo.oo.
A 252 AV * dok *ok
A 132 AU * ek ? *ok
A227 AU c-oo-oo-ccc-n-onan.**.-.-ao-uoc-ocoo-o*'ot-oooooo--l
A 139 AT * ook *# -
A 143 AT *% * K
A 151 AT ccavesen s XK LR KKy aeassrssasacsssnascccnnese
A 165 AT * * * * * *x *%
A 238 AT * R M xk * -
A264 AT l'.c...'.* .".0"..00'.**0‘0!0'.* **o-.-caoto-"l
A 380 AT *k * a0k kK
A 20 AS * * * *
A 144 AS R AT N N T *¥¥e,o0a0
A 176 AR * ok " * *
A T3 AP sk ok o K
A 95AP obooaa-o--u----ccc---..‘* -o..o'---c.'* * ee e e o w
A 340 AP * * %k *
A 91 A0 ok *oF
A 233 A0 P L L S, & *Kooaaae
A 244 A0 * ok * 23 ok
A 327 AO 4k * £ 2 *
A383 AO ooo‘on..c-oooo.n.ntcn-co**o--.-o--on.oo-o-a.c--oco.t
A 150 AN dok ok * Aok
A 160 AN * *% %% 1
Al?l M‘I o-ooo-t.c* -.----..ocon* ssessssvessnssave¥ ' EEEEX )
A 183 AN e * * L 20 ?
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&k ok % * ¥ k5 ¥k ? ?
minor:
& ¥
& % e ok * K
...‘t.....‘l..!.l‘**...l..'.....ll..'**...'..'......
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Organ or Lipids in Kidney
Histological £ 42 P~
O 4 o
Structure: i a E w 4 g 29 u w B =3 ° 8
=S — O — E !>-9| 3 'E; .:1' 'Qv): “
En = D3 o« < == S w ' £
Q « 2 oo &0 0 s o -
2§ 2 5 SEB o om T g
5 5 F 8 % 4 .05 5 5 B
Case Number g S 2 o 1 - 3 B P 5L o
A A& 2 A S & A 3 =&
PNEUMONIA, EXTENSIVE and IMPORTANT, majors (Continued)
A 24 AT Aok x * xk —
A 27 AT *% * % "% 2 -
A 92 -A-T noa---ou--o.o.co...**ooccooooo-a---.oo.**o..--.. ——e
A 126 AT * * *
A 306 AT *k ? * ? ?
A44O AT ..‘* "‘C**....l".* ......l.l..l......** ? e s e O
A 65 AS *k ok % ok
A 214 AS * LA * ok * Kk
AZSOAS Q.'.....O**..lll...** **.....I.I.'.Q.* s e esa o0 s 0 sQ
A 240 AS ok * * *% ok
A 258 AS * *
A262 .A.S o-ouon-a.* ....C"I'.'..* ‘.l.c.!..oo..**-coct-o..n-
A 395 AS * ¥ *ok * *xk
A 73 AR * * *
A127A.R **0..0000.0....Dt..t...c......l‘c.t‘!l.u'olo.o-l.l...t
A 1E8 AR * * ¥k * * % * * *
A 298 AR % * * & ok
A313AR osoooco..** * **.IO.'........l....**....llll...
A 213& AQ ok * *ok %
A 282 AQ *k ok *% *
A421 AQ .t‘...l'..'.‘......**O...I...* '...l'l.* * [N NN )
A 247 AP * x ?
A 260 AP * *
A276AP ...QQ._...**.......o..a‘.**.....l.l.'...* N I I I N J
A 367 AP *% *
A 423 AP * * *ok * *
Alll Ao O'...‘.‘.**.......l* ..l...'.‘.....l...**.l..c.ICC.I
A 203 AQ Aok "k
A 261 A0 * ek *k Ty
A386 Ao '..'O....‘ .C'....Q..'..**I........l...**‘."l....‘.
A 419 AD *k * * ok
A 212 AN *x % *
A 152 AG * % * *% 7 ?

POISONING, CYANIDE, major:
A 103 AZ *% *k *kK
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TAELE I (Continued)

Organ or Lipids in Kidney
Histological b + L
Structure: o @ E @ E 2} e u “ ks g 3&
a3 —~ O > - —i (] —t s
& = o3 < - o 3 3 0 a
¢ = 5 T L 83 3 8 & 4 7
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Case Number B o @ o “ 4 9 F =
m &:« | <4 (] (] 28] i | - <} %4
POISONING, THEOPHYLLINE, major:
A 273 AW *x *%k * % ok
POISONING, UNKNOWN, major:
A 102 AC 1ok % *ok * ?
POLIOMYELITIS, major:
A 391 AY %k e
POLYCYTHEMIA, major:
A 76 AP %
minor:
A 370 AY * * ok * * *k
PREMATURITY, majors:
A 390 AY *k ok >k *” K -
A 393 AY * 3k *
A 140 AW esessnsese¥®¥esoasese® soceacsasacsccossse¥®rooaiarronee
A 291 AW L3 *xk * K
PROSTATITIS, PROSTATIC RESECTION, URETHRITIS, etc., major:
A 320 AY * *k *ok ? -
A B4 AT *k * ik -
A 100 AT evesencsee®¥eooososeensssae® sesvvcocacsss® sasecrese="oe
A 250 AQ * x * *
A 197 AN * ok * ** »ok *% ?
minor:
A 453 ACQ ok ?

SCLERODERMA, major:
A 152 AG * % * *k ? ?
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Organ or Lipids in Kidney
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Case Number g 19 a3 et et P ar e 3 -
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SEPTICOPYEMIA, ABSCESSES not in kidney, EMPYEMA, PURULENT OSTEOMYELITIS,

majors

A 180 AY ** K ook ?

A 24 AX ok ok w0k e ok -

A 342 AX H veescsene® osessssesevessvessessacssveccs¥¥icacaccnens

A 17 AU ¥k * £2 Y *K *

A 126 AU &% * ?

A 196 AU Q..l.l'..**o.....l..oonucotoaoaoooon'l'h-oooi* e s ™™g

A 100 AT %k * * -

A 250 AS * ¥ Ak ?

A 49 AR teevcassce¥¥eoeooosvssanasanssovsosennoneakk ¥K, 00000

A 238 AR Ak * %k * -

A 382 A * **

A 386 A0 cevsccsse® srevevesscnona¥Kioasesncsvesce® coscescscce

L 306 AL *k * % ek 2

minor:

A 5 AT * * * * -
SYPHILIS, ACTIVE, major:

A 35 AZ * % -

A 363 AY *% sox

A 13 AE % geeessses®Fereeorseo¥¥ L P | ? Tee

A 66 AE * % *k ? ? ?
THROMBOSIS, AORTA and GENERALIZED, WITH PURULERT INFLAMMATION, mejor:

A 23 AU ? * -
THYMICO~LYMPHATIC CONSTITUTION, minors ok

A 79 AY K%k * * %

A 72 AV * » *

A 11 AQ ¥ seeeesesescessessacssevesesncscecceXk ® cesassssces

A 327 AQ ek * ok *

A 306 AL *k L %% ? 7

A 270 AKX essessesessssescssne® * qesecaccvrseved ? 200

A 30 AJ * ¥ * ** ? ? ?

A 278 AE 5 ok * % %k ? ?

A 3 AD eoesevscsscscsessssa® eaosssanssanconcce¥ 1 Zee

A 216 AD ok x% * Xk o’ %k ? 17

A 102 AC k% dek * % * ?
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Case Number /M L <4 A (&) m 1 -1 < Gy
THYMUS, PERSISTENT HYPERPLASTIC, minors
A 23 AY % ok
A 64 AY *%
A 180 AY .II.....**..I..'l.‘**‘l..".‘.....'.I..**....'....'.
A 299 AX * %k * %
A T3 AW *k ok * % ok * ok
AZOOAU .-nto-.t..oc'-.."000'--**14-uooo-n.-oooo.-n? - .
A 116 AZ *x ok xk ? ?
A 128 AT * >k
4’{ 139 AT ooo.coonc.oooa..co.* **oon-..on-ooo.**-.o"oo.--.
A 145 AT * ok *
A 372 AT * *
A214AS * ‘l.I..t.'.O..**ll."lI‘.* .l."!'.** *x ¥Kqgooneow
A 230 AS *% * K * % *
A 395 AS * A% * ¥ * * %
A 76AP .....’.O**.l..l"........'...l....".'.0.'..‘......‘
A 95 AP * * *
A 187 AP * * * * *
AZSOAP ’...l'l"l'..."".* *l....!""0.0....".’.‘..‘
A 423 AP * L #* % * *
A 138 AQ Aok * * *k *ok ok ?
A 232 AO a0k - % T * sk * K

TRAUMA OF CENTRAL NERVOUS SYSTFM, SKULL FRACTURES, TRANSVERSE MYELITIS,

majors:

A 288 AY *ok

A 66 AW *k %k ok
A

A 145 AT *
A 384 AT * *
A 297 AS ceeesess® caseecrressese®
A 253 AM *
A 229 AD * %

TRICHINOSIS, major:
A 111 AR * aex *

* s
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ok
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*ok
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) sy D

atco,
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Structure: 4 @ Eg a4 w oa o o ke § la
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APPENDIX Be. CLINICAL CASES IN ANIHAIS

LEPTOSFIROSIS, Dog

Case Noe 1 (Identification: 14004~117«48,) Cocker Spaniel, male,

—mnm—— e

9 months olde 1Ill 1 weeke Treated with penicillin the last 4 dayse

DIAGNOSIS of probable leptospirosis based upon clinical and post=
mortem findingse

GROSS LESIONS: Typical of leptospirosis: well marked icterus;
petechial and ecchymotic hemorrhages over surface and in depths of
lungs; small areas of localized catarrhal gastritis; much brown bile
in small intestine and evidence of some blood; liver congested; spleen
small, dry and very pale; kidneys moderately swollen and irregularly
mottled with gray in cortex; capsule hyperemice

MICROSCOPIC LESIONS: Kidney, periglomerular fibrosis, extensive
calcification of cortical tubules, several sclerotic arteries, usually
with localiied lymphoeytic infiltration and fibrosise. Liver, consider-
able central necrosise.

FAT STAINS: Kidneys:
Glomeruli

Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

o 00000-&-1-{-1{-00

Liver:
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LEPTOSPIROSIS, Dog (Identification: 14004-117-48.) Continued

There is considerable distortion and atrophy of tubules so that
distinguishing between proximal and distal convoluted tubules, as well
as between ascending and descending loops of Henle, is not always

acoomplished with certaintye
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LEZPTOSPIROSIS, Dog

case No. 2 (Identification: 14025-123=48,.) Boston Terrier,

female, 2 years old. Clinically i1l 12 days, vomiting, anorexia,
polydipsia, anoxise, hemeturie. Owner said dog had fever 2 dayse

DIAGNOSIS of probable leptospirosis based on clinical and
post=mortem findingse

GROSS LESIONS: Severe icterus. Several pin=-point hemorrhagic
ulcers in intestine. Several blotchy nemorrhages in lungs. A large
hemorrhagic area in the urethra, which was the source of the hema-
turia. Toxic degenerative changes 1n liver. Lipidosis of medullary
rayse. Spleen small, empty of blood. Anemic appearence. Irregular
detentition. Recent pregnancye

MICROSCOPIC LESIONS: Kidney: cloudy swelling and pyknosis in
convoluted tubules: probable fat in medullary rays: edema and
myxomatous proliferation in pyramide. Liver: cloudy swelling and
early central necrosise

FAT STAINS:  Kidney:

Glomeruli 0

TWalls of Bowman's capsules 0

Proximal convoluted tubules +++ in deeper zone of
Distal convoluted tubules 0 cortex, at same level

Ascending loops in medullary rays ++++ as the fat in medullary
Ascending loops in medulla 0 rayse

Descending loops of Henle o
Collecting tubules 0
Lumina of tubules (lower) ¢}
Pelviec epithelium 0
Interstitial tissue o)
Walls of blood vessels o
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LEPTOSPIROSIS, Dog

case Noe 3 (Identification: 14026=137=48.) Manchester Terrier,

female, 8 years old. Euthanasia (by nembutal) directed by owner
because of an illness supposedly connected with urinary apparatuse

DIAGNOSIS of probable leptospirosis on basis of post=mortem
findingse

GROSS LESIONS: Acute hemorrhagic nephritis with hematuria:
Kidneys, dark-red throughout with fatty medullary rays. Severe
acute catarrhal and hemorrhagic cystitis; bladder contained nearly
1 cce of triple phosphate crystals and a very small amount of urine.
Severe hyperemia of urethral and vaginal mucosae. Rather severe
catarrhal enteritis, acute hemorrhages in colone. Acute congestive
swelling of spleen (not typical of leptospirosis but typical of
nembutal poisoning)e

MICROSCOPIC LESIONS: Kidney: Extreme hyperemia, all partse
Cloudy swellinge. Lipidosis. Bladder: Rather mild catarrhal cysti=-
tis, mostly hyperemia. Vagina: Severe subacute wvaginitis with much
hyperemia and approaching ulceration. Spleen: Very severe conges=
tione

FAT STAINS: Kidney:

Glomeruli ++++ = some fat in some part of
Walls of Bowman's capsules 0 almost every glomerulus.
Proximal convoluted tubules ++ = in inner cortex, near
Distal convoluted tubules + medullary rays and
Ascending loops in medullary rays ++++ overflowing into des=
Ascending loops in medulla ++ cending loops for a

Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue
Walls of blood vessels

short distance in
outer medullae.

OO0 00 +




LEPTOSPIROSIS, Dog
Case No. 4 (Identification: Diage. Lab. 1076., 30 July 1948.)
DIAGNOSIS of probable leptospirosis based on symptoms and typical
post-mortem findings. Further details not available. (Necropsy per-
formed by others than the writer.)

FAT STAINS: Kidneys:

Glomeruli ++4++ = Some fat in nearly alle
Walls of Bowman'te capsules 0

Proximal convoluted tubules +++

Distal convoluted tubules 0

Ascending loops in medullery rays ++4++

Ascending loops in medulla ++4+

Descending loops of Henle 0
Collecting tubules o
Lumina of tubules (lower) o]
Pelvic epithelium o
Interstitial tissue )
walls of blood vessels o
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LEPTOSPIROSIS, Dog

Case Noe S (Identification: 14077-205=48.) Terrier dog, male,

11 years olde Fever, diarrhea, trembling, nasal discharge. Ill
3 dayse

DIAGNOSIS of probable leptospirosis based upon post-mortem
lesions, which were not entirely typical.

GROSS LESIONS: Marked icterus. Most of small intestine,
sprinkled with round hemorrhagic spots rather uniformly 2 to & mme
in diametere. In ileum and colon, a diffuse hemorrhagic inflammatione.
Slight catarrhal gastritis. Irregularly diffuse fibrosis of kidneyse
yild catarrhal cystitis and urethritis. 01d healed mitral Qalvular
endocarditise Congestion of lungs. Severe acute purulent rhinitise

MICROSCOPIC LESIONS: Liver: congestion, degenerative fatty
infiltration (small droplets), atrophy of hepatic cords, early cen=
tral necrosis. Kidney: diffuse fibrosis of medulla, hyaline in
outer portion, myxomatous with calcification in region of pyramnide

FAT STAINS: Kidney:

Glomeruli 0
Walls of Bowman's capsules 0
Proximal convoluted tubules ++
Distal convoluted tubules ++
Ascending loops in medullary rays O
Ascending loops in medulla ++
Descending loops of Henle o

Collecting tubules 0

Lumina of tubules (lower) 0

Pelvic epithelium 0

Interstitial tissue 0

Walls of blood vessels )

Liver: ++ - based upon hematoxylin-

gosin preparation
onlye
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LEPTOSPIROSIS, Dog

case No. 6 (Identification: 223-48.) Dog, Labrador breed, male,

———vara—

2 years old. Vomiting bile and blood for four dayse

DIAGNOSIS of probable leptospirosis based upon symptoms and post-
mortem findingse

GROSS LESIONS: Severe hemorrhagic and early ulcerative gastritis.
Enteritis, less severe, in upper small intestine. Sloughing of epithe-
lium from dorsum of tongue, apparently without inflammatory reaction
beneath; no known poison or irritent medicine was given. Very severe
pulmonary congestion and hemorrhege. Severe tracheitis. Terminal
aspiration of vomitus. Asphyxiation; trachea, expanded to maximume
Spleen empty of blood. Toxic and post-mortem changes in liver and
kidneys ™

MICROSCOPIC LESIONS supported the grosse. Localized areas of lympho-
ceytic infiltration in kidneys, with early fibrosis.

FAT STAINS: Kidney:

Glomeruli

Walls of Bowman's capsules

Proximal convoluted tubules

Distal convoluted tubules

Ascending loops in medullary rays

Ascending loops in medulla

Descending loops of Henle

Collecting tubules

Lumina of tubules (lower)

Pelvic epithelium

Interstitial tissue
Walls of blood vessels

- in injured areas onlye

+ O 00

++

CQOO0OO0OO0O0 +
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LEPTOSPIR0OSIS, Dog

case Noe 7 (Identification: 14142-284-18.) Collie=-typse, female

dog, 6 years olde ¢linical diagnosis: Probable leptospirosise
Examination of urine negative for Leptospirae but positive for
Staphylococcie Treated with penicillin, 300,000 unitse

DIAGNOSIS of probable leptospirosis based upon clinical and
post=mortem findingse

GROSS LESIONS: Generalized icterus, moderate. TWidespread areas
of pulmonary hemorrhagee Considerable gastric hemorrhage. Patchy
hemorrhagic enteritis, the hemorrhages being apparently from the
tips of villi. Spleen, markedly enlarged and firm, probably reticulo~-
endothelial proliferation. Numerous white, abscess=like areas of
cellular infiltration in renal cortices, usually triangular with apex
central, firm in consistency. Marked toxic changes in liver. TwoO

tapeworms, Tenia pisiformis.

MICROSCOPIC LESIONS: Early subacute infectious nephritis:
small areas of mononuclear and lymphocytic infiltration in cortex;
some had the structure of pseudotubercles. Tubules had disappeared
in these arease. Venous congestion, cloudy swelling of proximal con=
voluted tubules, marked lipidosis of medullary rays. Brown, granular
pigment in epithelium of certain distal convoluted and collecting
tubules. Severe central necrosis of liver, quantitative atrophy and
central congestion. Severe congestion of spleen. Subacute jejunitis
with many large mononuclear cells in villi,

BACTERIOLOGIC FINDINGS: Cultures of kidney yielded a few colonies

of Escherichia coli, significance uncertaine




LEPTOSPIROSIS, Dog (Identification: 14142-284=48,) Continued

FAT STAINS: Kidneys

Glomeruli trace
Walls of Bowman's capsules 0
Proximal convoluted tubules 0
Distal convoluted tubules 0

Ascending loops in medullary rays  ++++
Ascending loops in medulla

Descending loops of Henle

Collecting tubules

+ = In zone of cortico=
0
0
Lumina of tubules (lower) o]
0
0
o

medullary junction
onlye

Pelvic epithelium
Interstitial tissue
Walls of blood vessels




~xlie

HEPATITIS, LEPTOSPIROSIS?, Dog

cagse loe 8 (Identification: 14060=173=28.,) Cocker Spaniel, female,

adult. Vomiting, fever, suggestive of leptospirosise

DIAGNOSIS of hepatitis of unknown nature based upon post-mortem
findings and inability to confirm suspected leptospirosise.

GROSS LESIONS: Severe icteruse. Liver, tawny yellow, turning to
bright lemon=-yellow under a stream of water; snlarged with distinect
lobuler outlines. Body fat, bright, deep yellow. Spleen, tremendously
enlarged, firm, very dark red. Lungs, uniformly dusky red, probably
old congestion. Kidneys, swollen, hyperemic, with a distinect red zone
of blood and lipidosis at cortico-medullary junction. Bladder con-
tained blood, no urines. No lesions in gastro-intestinal tracte. No
hemorrhages in tissuese

MICROSCOPIC LESIONS: Toxie hepatitis: central necrosis, peri-
pheral degenerative fatty infiltration. C(Cloudy swelling of proxzimal
tubules of kidney, probeble fatty change in medullary rayse

BACTERIOLOGIC FINDINGS: Cultures of spleen negative. Inoculation
of emulsion from kidney and bladder into hamster, negative.

FAT STAINS: Kidney:

Glomeruli 0

Walls of Bowman's capsules 0

Proximal convoluted tubules 0

Distal convoluted tubules 0

Ascending loops in medullary rays 4+t

Ascending loops in medulle + -~ scattered, in pyramide
Descending loops of Henle 0

Colleeting tubules 0

Lumine of tubules (lower) 0

Pelvic epithelium 0]

Interstitial tissue 0

¥alls of blood vessels 0

Liver ++ = according to hematoxylin-

eosin preparation, onlye.
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SWINE ERYSIPELAS

Case No. 9 (Identification: 13986, Diags Lab., June 29, 1948.)

Pig about 5 months olde.
DIAGNOSIS of swine erysipelas based on positive cultures

Erysipelothrix rhusiopathiaes

GROSS LESIONS: Acute swelling of spleen. Renal cortex,
pele; medulla, bright cherry-red.

MICROSCOPIC LESIONS: The swelling of the spleen was due
congestione Severe congestion and cloudy swelling of kidneye

BACTERIOLOGIC FINDINGS: Erysipelothrix rhusiopathiae in

culture from the spleene

FAT STAINS: Kidney:
Glomeruli

Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Ducts of Bellini

Lumina of tubules (lower)

QGO+ O+

race

O ¢ + O
+*
+
+

Pelvic epithelium ++++ = mostly in basal layer

of

very

to

pure

Interstitial tissue 0 of epitheliume

Walls of blood vessels 0

¢
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SWINE ERYSIPELAS

Case No. 10 (Identification: 14016. Diage Labe #1077.) Pig,
about 4 months old.

DIAGNOSIS of swine erysipelas based upon bacteriological
findingse

GROSS LESIONS: Typicale (Necropsy not done by the writer.)

WICROSCOPIC LESIONS: Severe congestion of splsen. Severe
acute catarrhal gastritis. Marked congestion of kidney; cloudy
swelling of proximel convoluted tubules. Cloudy swelling and early
central necrosis of liver.

BACTERIOLOGIC FINDINGS: BErysipelothrix rhusiopathiae isolated

in pure culture from the spleen.

FAT STAIXNS: Kidney:
Glomeruli

Tells of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

+
+

QOO0 QOO0O0CO0O0+ OO0
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SWINE ERYSIPELAS

Case Hoe 11 (Identification: 1394le Dre TeSeL., UsSe Swine
Research.) Pig, female, young adult weighing 375 poundse
DIAGNOSIS of swine erysipelas based on cultures positive for

Erysipelothrix rhusiopathiae from spleen, kidney and heart bloode.

GROSS LESIONS: Enlarged spleen. Renal hyperemia with fat
in medullary rays. Marked catarrhal gastritise.

MICROSCOPIC LESIONS: Acute nephritis with severs hyperemia
in all parts, fatty and other degenerative changes in tubules,
increased cellularity of glomeruli, and a few infiltrations of
lymphoecytes. Large fat vacuoles in the proximal tubules of certain
nephrons.

) 7
BACTERIOLOGIC FINDINGS: Causative organism isolated as noted

abovea

FAT STAINS: Kidney:

Glomeruli 0
Walls of Bowman's capsules 0
Proximal convoluted tubules ++

Distal convoluted tubules o
Ascending loops in medullary rays +
Ascending loops in medulla +
Descending loops of Henle 0
Collecting tubules 0
0
+
0
0

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue
Walls of blood vessels
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PNEUMONIA, Calf

case No. 12 (Identification: 14089-221-48.) Guernsey calf,

femele, 1 year old, I11 about 5 days with pneumoniea.

DIAGNOSIS of pneumonia based upomn symptcems and post-mortem findings.

GROSS LESIONS: Extensive bilsteral lcbular pneumonia in stage of
lete red hepatization with much pus in bronchioles. Rather severe
acute caterrhal enteritis throughout small intestine. Two old para=
rharyngeal ahscesses filled with inspissated pus. Ulceration of dorsal
sulcus of tongue with plant fibers imbedded in same. Persistent (but
not pervious) urachus open almost to umbilicus with last lz to 14 cm.
a small, thick-welled tube containing puse. Small umbilical rerniee
Circinate lesion, 4 cm. in diameter, rough and slightly elevated, in
mid-ventral area of bladder mucosa, with some caleification, believsd
to be an early inflammatory papillomatous proliferation. Lymphadenitis
and usual toxic changes sccompanying pneumonie. Three recently healed
fractures of ribs. Prominent rachitic rosary with restoration of bones
to normel hardness,

MICEOSCOPIC IESIONS: Acute purulent broncho-pneumonia in stege

of gray hepatization with necrosis spreading from meny bronchi. Ulcer

in tongue, granulomatous end suppura*ing but with no evidence of
actinomycotic type of reaction. Bladder lesion proved to be a subacute
proliferative thickening of submucosa with infiltration of lymphocytes.

BACTERIOLOGIC FINDINGS: Pasteurella multocida and Corynebacterium

pyogenes in pharyngeal abscesses and lungse

FAT STAINS: Kidney negeative for fate
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PNEUMONIA, Calf

Case lioe 13 (Identification: 14057-1€4-48.} Angus calf, male, 6

months olde Ill1 6 days with typical symptoms of pneumonia.

DIAGNOSIS of pneumonia based upon symptoms end post-mortem lesionse

GROSS LESIOKS: Acute lcobular pneumonie in stage of early gray
nepatization, involving most of right lung and the anterior parts of
the left. Remainder of lung, air-containing but noneresilient. Numerous
subepicardial petechiae. Liver, pale with distinet lobular outlinese.
Pale streaks in renal cortex radiating to the capsule but probably not
fate

MICROSCOPIC LESIONS: Pneumonia as sbove. A purulent exudate with
some areas of fibrin and epithelioid cells and with many huge fet-filled
phagocytes. Increased myxomatous connective tissue in the subepithelial
layer of the bronchi. Severe fatty change in the liver, large droplets
evenly distributed throughout lobule. No marked changes in kidney.

BACTERIQLOGIC FINDINGS: The report was Alceligenes sp., possibly

nov. spe., not considered significant. Probably the organism was &

Pasteurella.

FAT STAINS: Kidney:
Glomsruli
Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules
Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue
Walls of blood vessels
Liver:

¢ O O

race

+ Q0000 Q0O + QO

++ - based upon hematoxylin-
eosin preparatione
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PNEUMONIA, Calf
Case Noe 14 (Identification: 14038=140-48.) Shorthorn calf, male,
8 months olde A rather chronic pneumonia: hospitealized 7 days, ill
considerably longere

DIAGNOSIS of subacute purulent bronchoegneumonis based on symptoms
and post=mortem findingse.

GROSS LESIONS: Gray and late red hepatization, involving ventral
portions of both lungse Copious purulent exudate, mostly in bronchiolese
Pleural adhesionse. One metastatic abscess in livere Adhesions of
liver to diaphragme. Subepicardial extravasations of considerable size;
a few subendocardial petechiasee. IMucoid degeneration of fat of coronary
groove of hearte Renal cortex radially stresked with pale material,
probably not fate

MICROSCOPIC LESIONS: Pneumonia as aboves Renal chenges minimale

BACTERIOLOGY: Microcoocus spe in pure culture from lunge

FAT STAINS: Kidney:
Glomeruli

Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending lcops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

+ *

+ 00000+ +w +0+
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PNEUMONIA, Calf

case Noo 15 (Identification: 14001, Diage. lLab., 22 July 1948.)
Calf, about 4 months old, from Iowa State College Dairy. Dyspnea and
symptoms of pneumonia for several weeks,

DIAGNCSIS of chronie suppurative broncho-pneumonia with abscesses
besed on symptoms and post-mortem findings,

GROSS AND MICROSCOPIC LESIONS were typical for the diagnosis
givene

FAT STAINS: Kidney: entirely negative for fats
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PNEUMONIA, Calf

Case No. 18 (Identification: 13950-89-48,) Angus calf, female,

11 weeks old. History of "flu" 1 month ego. Present illness, dyspnee
for 1 week. Trested with injections of dam's blood and, last 4 days,
sulfamerazine,

DIAGNOSIS of Pasteurella prneumonia based upon symptoms, lesions
and bacteriological culturses.

GROSS LESIONS: Prneumonia in stage of late red hepastization with
abscesses, involving two-thirds of lung volume. Chronie (?) nephritis:
cortex very pale with coarse, white radiating streaks. Catarrhal
enteritis,

MICROSCOPIC LESIONS: Chronic tubular (7) mephritis: the white
radial streaks noted grossly were arcas of early fibrosis extending
through the cortex. The tubules in these areas are very minute, or
collapsed, end few in number. A% least part cf the space previously
occupied by lost tubules was taken by fibrous tissue, relatively
immeture. Atrophy of some glomeruli. Hyperemia. Probably an earlier

toxie injury to tubules.

BACTERIOLOGIC FINDINGS: Pasteurelle multocida and Streptococcus

Sp. were isolated from the lung; Streptococci, from the kidney.

FAT STAINS: Kidney: negative for fat.




PNEUMONIA, Sheep

Case Noe 17 (Identification: 14093=-158-48.) Lemb, female, 6 months

olde Ill 5 days with pneumonisae

DIAGNOSIS of pneumonia based upon clinical symptoms and post=
mortem lesionse

GROSS LESIONS: Very extensive bilateral pneumonia in stege of
late red and early gray hepatization, involving apical, cardiac, and
tips of diephragmatic lobese Severe empyeme on right sidee

MICROSCOPIC LESIONS supported the grosse.

FAT STAIKS: Kidney:

Glomeruli o]
Walls of Bowman'!s capsules o
Proximel convoluted tubules trace
Distel convoluted tubules trace
Ascending loops in medullery rays 0
Ascending loops in medulla +tt

Descending loops of Henle 0
Collecting tubules 0
Lumine of tubules (lower) 0
Pelvic epithelium o
Interstitial tissue 0
Walls of blood vessels 0
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PNEUMONIA, DISTEMPER, Dog
g&fﬁ.ﬁﬂl-li (Identification: 14027-128-48,) Cocker Spaniel, female,
1 year olde Ill 10 days. Conjunctivitis, convulsions. Ate but vomited
occasionally, showing post-prandial peina

DIAGNOSIS of pneumonia of canine distemper based upon symptomatology
and post-mocrtem demonstration of the pneumoniea.

GROSS LESIONS: Severe pneumonia in stage of late red hepatization,
jnvolving right apical and cardiac lobess. Catarrhal enteritis with
blood in fecese

MICROSCOPIC LESIONS: Very severe suppurative pneumonia with areas
of necrosise. Severe acute pharyngitise Lipidosis in medullary rays and
probably in-heart.

BACTERIOLOGIC FINDINGS: Pasteurella multocida isolated from lunge

FAT STAINS: Kidney:
Glomerulil

Walls of Bowman's capsules
Froximel convoluted tubules - near medullary rays
Distal convoluted tubules onlye

Ascending loops in medullary rays ++++ - large granulese.
Ascending loops in medulla - fine granulese
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue
Walls of blood vessels

O+ OO

OO0 +CO+

Some foreign fibers, probably cotton, and some mycelium of a mold contain
adsorbed crystals of stein (Sudan IV) or of stained fat. This suggests
that such crystels of precipiteted stain can be adsorbed to certain
tubules, and would explain & not infrequently encountered phenomenon as

an artefact.

¢
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CANINE DISTEMPER, Dog

gase No. 19 (Identification: 263-48.) Boston Terrier, female,

1 year olde Clinical diagnoses were: Coccidiosis, based upon fecal
examination (successfully treated); conjunctivitis, eczema, negative
for external parasitese

DIAGNOSIS of canine distemper (virus of cerré) based upon con=
junctivitis and other symptoms in conjunction with post-mortem lesionse
Asphyxiation by aspirated food was immediate ocause of deathe

GROSS LESIONS: Severe acute caterrhal entero~colitis, typicel of
cenine distemper. Venous congestions Trechesl and pulmonary hyperemiee
Conjunctivitis. Messive regurgitation of undigested food from en over=-
filled stomsech, producing occlusion of left main bronchus and partial
occlusion of righte Renal lipidosis well marked in medullary rayse
Marked eczematous erythema over anterior part of bodye.

MICROSCOPIC LESIONS: No sections made other than fat stainse

FAT STAINS: Kidney:

Glomeruli o
Walls of Bowmen's capsules 0
Proximal convoluted tubules 0
Distal convoluted tubules 0

Ascending loops in medullary reays ottt
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Iumine of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

= in zone of cortico=-
medullary junction and
in pyramidse

QOOO0O0O0 +
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CANINE DISTEMPER
.EEEﬁ.Egi.EQ (Identification: 14018-132-48,) Shepherd dog, male,
2 months olde.

DIAGNOSIS of acute cenine distemper (virus of Carré) based on
typical history, symptomatology and post-mortem findingse.

GROSS LESIONS: Kidney: congestion, marked cloudy swelling,
apparent zone of lipidosis in ouber medulla. Toxic changes in other
organsse

MICROSCOPIC IESIONS: Early purulent foci in liver. Toxic degen=

erative changes in kidney.

FAT STAINS: Kidney: entirely negative for fat.
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EQUINE STRANGIES
Case No. 21 (Identification: 14008~125-48,) Shetland Pony, femals,
4 months old. Copious purulent nasal discharge for 10 days. Sub=-
maxillary abscess whiech recsded upon discharging its contentse

DIAGNOSIS of equine strangles based upon symptoms and post-mortem
pathology and becteriologic examination. (strangles is a very common
and usually benign respiratory infection of young horses. )

GROSS LESIONS: Abscess the size of a man's fist located ventrally
and to left of third to seventh tracheal rings and extending dorselly
to trachealis muscle, where it had penetrated the trachea. Prieumonia;
ares of red hepatization 10 to 15 cm. in diameter in root of right
cardiac portion. {(Lung of horse has no distinct lobes.) Renal
cortices pale. Hepatic lobulation distinct. Severe escariasis.

MICROSCOPIC LESIONS: Lung: Pneumonia, red hepatization. Toxic
changes in kidney and adrensal. Lymphoid hyperplasia of lymph nodules

of cecal mucosa.

BACTERICLOGIC FINDINGS: Streptccoccus egui isoleted from

cervical abscess but not from heart blood or pericardial fluid.

FAT STAINS: Kidney: negative for fat,




aly-

FISTULOUS WITHERS, Horse

Case Noo 22 (Identification: 271-48,) Spotted saddle horse, femals,

7 years old, weighing ebout 1100 pounds. The chronic suppurative process
commonly known as fistulous withers had existed for several weeks.
Satisfactory cure was considered improbable and euthanasia was performed
by electrocution,

DIAGNOSIS of fistulous withers based upon symptoms and post-mortem
lesions.

GROSS LESIONS: Very extensive abscessation and draining sinuses
in region of withers, arising from ligamentum nuchae and first two
thoracic vertebral spines. The largest abscess extended one-third of
the length of the scapula, superficially to it

MICROSCOPIC LESIONS: HNo sections were made.

FAT STAINS: Xidney: Negative for fat,
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PARALYSIS, BRUCELLA SPONDYLITIS, Calf

case No. 23 (Identification: 14020-134-48.) Calf, female, 2 months

——— ema——

old. Unable to rise for about 18 days; euthanasia by electrocution.
The paralysis was at first posterior but escended to involve the
forelegs also., Defecetion and urination normal. Spinal reflexes to
cutaneous stimuli present.

DIAGNOSIS of paralysis due to a Brucella abscess in vertebre
based upon clinical end post-mortem findings, including positive
cultures.

GROSS LESIONS: An ebscess in body of third cervical vertebra,
gbout 1 x 1 x 2 cm., full of creamy pus, with rupture between the
transverse processes into the musculature ventral to the vertebrae,
Cord, markedly comprsssed at this point. Marked excess of synovia in
both coxc-feroral ard femoro-tibiel Joints and one scapulo~-humeral
joint and in certain tendon sheaths of the hind legs. A red granulo-
matous mess about 1 x 1 x 2 cm., attached within the acetabular
cavity near the origin of the round ligament of the left hip joint.
Periarticular hemorrhages and inflammation.

MICROSCOPIC LESIONS: Vertebre: chronic abscess with much
fibrosis extending into marrow spaces of the spongy bone. Reaction

chiefly of menonuclears, lymphocytes and plasma cells. The pus

contained very few recognizable cells. Cord, distorted with one side
appearing to have lost some of its neurons ir. the ventral horn. The
granulomatous mass from the acetabulum proved to be myxomatous tissue
end fat with hyperemias and inflammation, Lymphoid hyperplasis of lymph

node., No marked changes in kidney.
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PARALYSIS, BRUCELLA SPONDYLITIS, Calf (Identification: 14020-124-48,)
Continued
BACTERIOLOGIC FINDINGS: Cultures of the abscess yielded Brucella

abortus (or Brucella suis; differentiation not absolutely certsin.)

Cultures from joints yielded a hemolytic streptococcuse.
FAT STAINS: Kidney: entirely negative for fat,
This paralysis had not progressed to the point of interfering

with respiration; hence, no asphyxia,
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BLACKLEG, Bovire

case No. 24 (Identification: 268-48.) Brown Swiss heifer, 8

months old. The animal sickened suddenly and died a few hours after
arrivel at the hospital, total illness being about 18 hours in duration.

DIAGNOSIS of blackleg (caused by Clostridium chauvei) tased upon

post-mortem lesion, confirmed by smears, anaerobic cultures and
inoculation of a guinea pige
GROSS LESICNS: Black, dry, hemorrhagic arsa in right subscapular
muscle, typical of blacklege. Very severe hemorrhagic peritonitis.
An irregular area about 30 cm. in diameter, of subcutaneous hemorrhagic
infiltration, over ventral ebdominal region. Spleen, rather firm but
gaseous (from post-mortem change ). The blood clotted.
MICROSCOPIC LESICNS: No sections made other than fat stainse.
BACTERIOLOGIC FINDINGS: Smears of the lesion im the muscle
showed & mixture of organisms some of which could well have been

Clostridium chauvei. Anssrobic cultures yielded an organism which

was typical in morphology and biochemical reactions for Clostridium

chauvei. Inoculation of snome of this culture into a guinea pig killed

it in 18 hours, with 2 typicel peritonitis, in the exudate of which
typical bacilli were found.

FAT STAINS: Kidney: mnegative for fat.
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PASTEURELLOSIS, Bovine

cese No. 25 (Identification: 14141-266-48.) Shorthorn steer, 1

year old. Severe tympanities of rumen (first compartment of stomach),
noted 5 days snte-mortem, and persisting until death. Rumenotomy and
ruminal lavege were performed 1 day before death. Prolapse of rectum
existed last 2 days of life,

DIAGNOSIS of generalized pasteurellosis (alsc known as hemorrhagic
septicemia) based upon bacteriologic findings and post-mortem lesionse.
Flatulence, secondary to peritonitis.

GROSS 1ESIONS: Very severe hemorrhagic enteritis, somewhat
milder in duodenum and changing in the colon to sharply circumseribed
submucous hemorrhages covering a total of two-thirds of the mucosal
surfece. Bile, yellow and flocculent. Severe diffuse fibrinous and
hemorrhagic peritonitis with extensive, early adhesions, secondary to
the enteritis by direct extension. Extreme flatulence of all stomechs
and intestines, not post-mortem. Consequent marked compression of
lungs with appaerent asphyxia. Numerous subepicardial petechiae,
Meningeal hyperemia; increased cerebro-spinal fluid including that
in the lateral ventricles. Congestion of renal medulla with possible
fat in the tubules,

MICROSCOPIC LESIONS: Supported the gross. Marked renal conges-
tion or hyperemis with minute hemorrhages. Prolapsed rectum, its
mucose completely filled and distended with fresh blocod, some of which

had escaped to the free surface and clotted there. Minor polymorphonu-




PASTEURELLOSIS, Bovine (Identification: 14141-266-48.) Continued

clear and lymphocytic infiltraticns. Tremendous edema of submucosa
and interstitial tissue of muscularis,
BACTERIOIOGIC FINDINGS: Culture of fluid of lateral ventricle of

brain yielded Pasteurella multocida. (The hemorrkagic lesions are

typical of this infection.) Minor colonies of Pseudomoneas aeruginosa,

FAT STAINS: Kidney: negative for fate
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MASTITIS, TOXIC HEPATITIS, Cow

Case Noe. 26 (1dentification: 14069=124-48,) Brown Swiss cow,

5 years old. Acute mastitis with fever and refusel to eat, appearing
abruptly. Ten days later a living calf was delivered manually from
an atonic and inactive uterus. Four days after this the cow dieds

DIAGNOSIS, based upon all ante-mortem and post=mcrtem data,
believed to be acute toxic hepatitis resulting from acute mastitis of
all parts of udder, with terminal metroe-peritonitise

GROSS LESIONS: The liver was described at necropsy as showing
acute yellow atrophy (acute toxic hepatitis) from unknown cause,
believed to antedate parturition. Severe and extensive early adhesive
peritonitis supervening on a rather superficial suppurative metritise
No involution of uterus. Apparently mild, diffuse mastitis. Atony of
rumen, which was full of water and mineral oil (medication) with a
little ingesta.

MICROSCOPIC LESIONS supported the grosse The principal change
in the liver was degenerative fatty infiltration, which was widespread
and severe. In the outer renal medulla the epithelial cells contained
large fat droplets in which there was a large amount of brownish
precipitates

BACTERIOLOGIC FINDINGS: Streptococci had been isolated as the

cause of the mastitis during life,
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MASTITIS, TOXIC HEPATITIS, Cow (Identification: 14069-194-48,) Conte

FAT STAINS: Kidney:
Glomeruli

Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

Liver:

++4

++4+
++t

COQCO0O0o

+t

= extreme, in outer medulla,

= based upon hematoxylin-
eosin preparation onlye.
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PERITONITIS, Bovine

Case Noe. 27 (Identification: 115-~48.) Hereford steer, 1 year old.

Tympenites for 7 days, resisting treatment. Laparotomy revealed
severe peritonitis as result of previous rumenocentesis. BEuthanasia
(by electrocution)e.

DIAGNOSIS of peritonitis based on very extensive post-mortem
lesionse

GROSS LESIONS: Very extensive and severe peritonitis with early
adhensionse Extensive early hemorrhagic and fibrinous pleuritis,
presumably metastatic. Subepicardial petechime. Pale kidneys.
Atony of abomasum (true stomach)e

MICROSCOPIC LESIONS: not determined.

RACTERIOLOGIC FINDINGS: inconclusive.

FAT STAINS: Kidney: mnegative for fate

Adrenal: mnormel liberal amount of lipoide
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INFECTED FRACTURE, calf

Ccase lNo. 28 (I1dentification: 210-48.) Guernsey calf, female,

21 days old. Shortly after birth it suffered a simple transverse
fracture of the middle of the left femur. A Stader splint was
applied. There was & slight diarrhea but the calf hed no fever
and appeared to be doing well until a few hours before death.
DIAGNCSIS of toxemia or septicemie based upon post-mortem
findings. Sudden release of infectious material was suspected.
GROSS LESIONS: An abscess 4 cm. in diameter at the site of
the fracture. The seats of the four screws of the Stader splint
were infected and suppurating. Subepiecardial petechiae. Pulmonery
congestione Toxie changes in liver and kidneys. Moderate catarrhal
gastro-entero=-colitise
MICROSCOPIC LESIONS: The sections were discarded when it was
found that the kidney was negative for fate

BACTERIOLOGIC FINDINGS: Proteus mirabilis was isolated but was

not considered the significant organisme

FAT STAINS: Kidney: entirely negative for fate




SUPPURATIVE ARTHRITIS, Sheep

Case Noe 29 (Identification: 14053-169-48.) Hampshire rem, aged

4 years. Euthanasia by electrocution because of incurable necrobecillo-
sis end arthritis, left fore foot. General health was goode

DIAGNOSIS of suppurative arthritis and necrobacillosis based upon
symptoms, lesions and bacteriologic findingse

GROSS LESIONS: Extensive suppurative metacarpal~phalangeal
erthritis, both digits, left fore foot; chronic ebscessation, fibrosis
and periarthritis extending from this level to interdigital spaces
Kidneys, pale. Liver, somewhat pale with lobular architecture visible.

MICROSCOPIC LESIQNS: Toxic changes of liver and kidney, ineluding
lipidosis of liver and hydrops of epithelium in ascending arms of
Henlet's loopse

BACTERIOLOGIC FINDINGS: Corynebacterium pyogenes isolated from

infected jolnte.
FAT STALNS: Kidney: negative for fate.

Liver: +++ - large droplets at periphery
of lobulese
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CHRONIC STAPHYLOCOCCIC POLYARTHRITIS, Pig

case No. 30 (Identificetion: 14024. Dr. S. K., August 3, 1948,)

Pig about 4 months olde

DIAGNOSIS of chronic staphylococcie polyarthritis based on
clinicel and post-mortem pathologic and bactericlogiec findingse

GROSS LESIONS: Various joints of the limbs, enlarged with
periarticular fibrosis. Kidneys, slightly pale with many fine
petechiace

1 ICROSCOPIC LESIONS: Kidney: Toxic changes; some small fool
of lymphoeytes and plasma cells; apperent fat in some convoluted
tubules; possible swelling of cells in glomeruli; a mild resem-
blance to human glomerulo=tubular hephritis.

BACTERIOLOGIC FINDINGS: Staphylococcus aureus isolated from

kidney of this pig and from Jjoints of another, similarly affected,

from seme herds

FAT STAINS: Kidney:
Glomeruli

Walls of Bowmant's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulle
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

+ OO

++ - only in areas other-
wise injurede

0O000QOO0OQO0
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ABSCESSES, Pig

case No. 31 (Identification:

216=48,) Poland-China sow, &
young adult weighing about 400 pounds, was shipped in & erate and

died ir transit. The Express Company presented the dead animal

for diagnosise

DIAGNOSIS of submaxillary aebscesses based upon post-mortem
findings.

GROSS LESIONS: Two abscesses in the submaxillary region, esach

the sige of a man's fist, doubtless arising in lymph nodes. Severe

acute congestion of lungs; hyperemias or congestion of the trachea.
Presumed to be en extension of pharyngeal infection. Several

subepicardial petechise. Renal cortices are irregularly palee

MICROSCOPIC LESIONS: Tissues were discarded when it was

found that the kidney was negative for fat,

FAT STAINS: Kidney: mnegative for fate.
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BLASTOMYCOSIS, Dog
Case No. 32 (Identification: 14066-181-48.) Labrador dog, male,
2 years old. Symptoms typical of pneumonia for 2 weeks, also nasal
discharge, left nostril occludsd with swelling over same. Breathed
through mouth. Emaciation. Roentgenologic examination the day before
death showed lungs as entirely opaques

DIAGNOSIS of acute blastomycotic pneumonitis based upon stained
and unstained smears from lung tissue and confirmed by sectionse

GROSS LESIONS: All parts of lungs, swollen and rather uniformly
mottled with hemorrhagic areas less than 1 cm. in diameter and irregu-
lar in shape. Deep pealpation showed a considerable degree of increased
resistance. Cut surfaces everywhere exuded pus freely. Tissue sank
in water. Liver, swollen and very fragile. Kidneys, swollen, cortex
irregulerly pale. Swelling over nostril, no longer present. Large
(nearly 1 cm.) ulcer in midline of roof of mouth. A number of ulcers
in upper small intestine, "punched out", one-half the thickmess cf the
wall. Several round ecchymotic hemorrhages, 6 to 8 mm. in diasmeter,
in same area.

MICROSCOPIC LESIONS: Pulmonary blastomycosis. Organisms were
typical, with budding, and very numerous. Exudate, copious, chiefly
purulent. Post-mortem change. Mucosa of small intestine, heavily
infiltrated with plasma cells., Congestion of liver. No evidence of
blastomycosis outside lungse

BACTERIOLOGIC FINDINGS: Attempts to culture the organism were
unsuccassful,

FAT STAINS: Kidney: mnegative for fat,
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HISTOPLASMOSIS, Dog
Case No. 33 (Identification: 14091-227-48,) Mixed Terrier, male,
6 months old (estimated), weighing 20 pounds. A stray brought by
Police for suthansasia, which was carried out by nembutal intra-
venously.

DIAGNOSIS of histoplasmosis based upon post-mortem lesions
and demonstreation of typical orgenisms in smears and sectionss
There were no clinical signs of illness,

GROSS LESIONS: Lungs contain about two dozen hard, granulo=
matous nodules, irregulear in shape, 5 to 1C mm. in diameter, treans-
lucent and brownish in color. Portal lymph node enlarged to 2 cm,
in length, yellowish brown in color, possibly the seme condition as
existed in lungs. Congestion of liver. Renal cortex, uniformly pele

and swollen. Several immature tapeworms, probably Tenia pisiformis;

also two ascaridse

MICROSCCOPIC LESIONS: Pseudotuberculous nodules in the lungs,
sharply circumscribed but not encapsulated. They consisted of reticulo-
endothelial cells, mononuclsars and polymorphonuclear neutrophiles, and
the centers showed early simple necrosis. Some of the reticulo=endo-

thelial cells contained typical Histoplasma organisms in their cyto-

plasme Acid-fast stain, negative. The portal lymph node showed the
sams changes. Renal changes, minimale
BACTERIOLOGIC FINDINGS: Cultures from nodules of lungs showed no

growth.
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HISTOPLASMOSIS, Dog (Identification: 14091-227-48.) Continued

FAT STAINS: Kidneys
Glomeruli

Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

+ OO

race

QOO0 O0OO0OO0Oct O
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FELINE DISTEMPER, Cat
Case Nos 34 (Identification: 264-48.) Cat, female, 8 weeks olde
Symptoms suggestive of feline distemper.

DIAGNOSIS of feline distemper, also kmown as infectious feline
enteritis, panleucopenie, etc., & viral infection, based upon symptoms,
post=mortem lesions and elimination of other possibilitisse

GROSS LESIONS: Anemiase Local ischemis of parts of intestine;
patchy catarrhal enteritis in other parts. Pulmonary hyperemias. One
ascarid worme

MICROSCOPIC LESIONS: No sections made except fat steins. These
indicated no marked cellular changes except the fate

FAT STAIKS: Kidney:
Glomeruli

Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumine of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

+

COO0OO0OCOO + 04+ 00
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PYOMETRA, Dog
Case Noe. 35 (Identification: 1395le Diage Lab., Mey 21, 1948.)
St. Bernard, female, 7 years old. Vaginal discharge since parturition
2 months ante-mortem.

DIAGNOSIS of pyometra and early peritonitis by direct extension,
based upon symptoms and post-mortem lesions,.

GROSS LESIONS: Uterus filled with blood=tinged, creamy fluid.
Early fibrinous exudate on peritoneal surfaces. Radial streaks,
typical of fat, in medullary rays of kidneys. Other data not
contributorye.

MICROSCOPIC LESIONS: Severe chronic proliferative purulent
metritis involving all layerse. Fibrino=purulent perimetritis.
Numerous vecuoles, appearently lipidosis, in ascending loops and
possibly in distel convoluted tubules of kidney; a pigment, possibly
hemosiderin, in tubular epitheliume Other data none-contributory.

BACTERIOLOGIC FINDINGS: Inconclusive.

FAT STAINS: Kidney:

Glomeruli

Walls of Bowman's capsules

Proximal convoluted tubules

Distal convoluted tubules

Ascending loops in medullary rays +4d

Ascending loops in medulla ++++

Descending loops of Henle

Collecting tubules

Lumina of tubules (lower)

Pelvic epithelium

Interstitial tissue
Walls of blood vessels

o eoNoNe

QOO+ OO
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PYOMETRA, Dog

case No. 36 (Identification: 14017-131-48.) Mixed Terrier,

female, weighing 20 pounds, 14 years of age. Clinical diagnosis of
pyometrs. of some duratione

DIAGNOSIS of metritis and pyometra based on symptoms and poste
mortem findings.

GROSS LESIONS: Severe pyometra and hemorrhagic endometritis of
both cornua with practical occlusion of the horns by a papilloma=-
like local muscular hyperplasia shutting them off from the corpus
uteri at its bifurcation. (Cervix, normal.) Early localized peri-
metritis and peritonitis., Overies, atrophic. Large, pale kidneys.
Pneumonia in one cardiac lobe, in stage of red hepeatization. 014,
healed mitral valwvular endocarditis. Omne adrenal enlarged, misshapen,
mottled, friablee.

MICROSCOPIC IESIONS supported the grosse. The suspected papilloma
at the bifurcation of the uterus proved toc be a local muscular hyper-
plasia. Areas of heavy lymphocytic infiltration in kidneys with
marked atophy of the cortical tubules of such areas. As shown by the
fat stain, the proximal tubules still normal in size and contour
contained no fat. Two retained corpore lutea in one ovary. Multiple
small cortical adenomas of adrenal. Cardiac and pulmonary lesions
confirmed,

BACTERICLOGIC FINDINGS: Cultures of uterine pus yielded Klebsiella

genitaliae and Proteus ammoniae. (Significance doubtful,)
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FYOMETRA, Dog (1dentification: 14017-131-48.)

FAT STAINS: Kidney:
Glomeruli

Walls of Bowmen's capsule
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumine of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

Continued

apparently in basement
membranes.

irn elongated fibroblasts.
in damaged areas only;
subcapsulare

extreme; large granules.

in phagocytes in cortex.




GAS GANGRENE, Mink
Case Noe 37 (Identification: Diage Labe #810. 14 June 1948.) A mink,
a few days olde Right hind leg was chewed off by mother, leaving a
wound showing evidence of gas gangrenes A litter-mate recovered under
penicillin therapy from a similar wounde
DIAGNOSIS of gas gangrene based on above date and bacteriological
findingse

BACTERIOLOGY: A hemolytic Clostridium sp. isolated from cultures made

shortly after deathe

FAT STAINS:  Kidney:

Glomeruli 0
Walls of Bowman's cepsules 0
Proximal convoluted tubules ++
Distal convoluted tubules 0
Ascending loops in medullary rays O
Ascending loops in medulla +
Descending loops of Henle o
Collecting tubules ++++
Lumina of tubules (lower) 0
Pelvic epithelium ++4++
Interstitial tissue 0

wWalls of blood vessels 0
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COCKLE=-BUR POISONING, Pig
Case Nos 38 (Tdentification: 13933. Diag. Labe 29 April 1948.)
Pig, 3 to 4 months olde Pastured where cockle burs were sprouting. Sev=
eral pigs in the herd were affected and the typical leaves of seedling
plants were identified in the stomachs of some of theme

DIAGKQOSIS of poisoning by seedling cockle burs besed on above historye.

GROSS LESIONS were insignificante Typical leaves were identified in
some pigs but not in this individuale.

MICROSCOPIC LESIONS: Desquamation of intestinal epithelium and
chief cells of gastric mucosa. Central necrosis and congestion of livere
Kidney: marked cloudy swelling and early pykmosis in proximal tubules,
probably lipidosis in ascending loops. Heart: possibly some lipidosise
Spleen: lymphoid exhaustion (from some other cause)e

FAT STAIKS: Kidney:

Glomeruli 0
Walls of Bowmen'!s capsules trace
Proximal convoluted tubules 0
Distal conwvoluted tubules trace

Ascending loops in medullary rays +++ = large dropletse
Ascending loops in medulla + - small dropletse
Descending loops of Henle slight trace
Collecting tubules 0
Lumina of tubules (lower) 0
Pelvic epithelium 0
Interstitial tissue o
valls of Dblood vessels 0
Liver: +++ = at periphery of lobule,
outside the central necrosis;
small dropletss
Heart: +++ = small droplets, irregularly
diffuse, also in Purkinje
cells of endocardial layeTe
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COCKLE-BUR POISONING, Pig

Case No. 39 (Identification: 13934. Diage Labe, 29 April 1948,)

Pig, mixed breed, femals, 6 weeks old. From seme herd as case no. 38
Seme historye. Ill about 15 hourse

DIAGNOSIS of cockle-bur poisoning based on history and demonstration
of typical cotyledons of the plant in stomache

GROSS LESIONS were insignificante. The cockle=bur leaves were found
in the stomach of this individual.

I CROSCOPIC LESIONS practically identical with those of case noe 38e
The central necrosis of the liver is less marked.

FAT STAINS:  Kidney:

Glomsruli 0
Tialls of Bowman's capsules trace
Proximal convoluted tubules 0
Distal convoluted tubules 0

Ascending loops in medullary rays ++++ = large droplets.

Ascending loops in medulla

Descending loops of Henle

Collecting tubules

Lumina of tubules (lower)

Pelvic epithelium

Interstitial tissue

Walls of blood vessels
Liver:

+ OQOCO0O00O0 +

++ - at periphery of lobule,
outside the central
necrosise

Heart: +4+
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COCKLE~-BUR POISONING, Pig

case No. 40 (Identification: 13935. Diag. Labe., 30 April 19484 )

Pig, mixed breed, male, 6 weeks olde From same herd as cases noe. 38 and
39, with same historye Ill about 8 hourse

DIAGNOSIS of cocekle=bur poisoning based on history and finding typical
cotyledonous leaves in the stomach.

GROSS LESIONS were minimal except the presence of typical leaves in
the stomache

FICROSCOPIC LESIONS: Liver: severe central necrosis with destruction
of the greater part of each lobulee. Kidney: cloudy swelling, necrosis,
fatty changese

FAT STAINS: Kidney:

Glomeruli 0
%alls of Bowman's capsules 0
Proximal convoluted tubules 0
Distal convoluted tubules trace

Ascending loops in medullary rays +++

Ascending loops in medulla

Descending loops of Henle

Colleoting tubules

Lumina of tubules (lower)

Pelvic epithelium

Interstitial tissue

Walls of blood vessels
Liver:

+ Q00000 +

+ - at periphery of lobule,
outside the central necrosise



el xxixe

"ANTU" POISONING, Dog

Gase Noe 41  (Identification: 13654-345-46.) English Setter, female,

5 years olde Died during night; circumstances led owner to suspect
poisoning by "ANTU"e

DIAGNOSIS of poisoning by alpha-maphthyl-thio=urea (ANTU) based
upon history and post-mortem lesionse

GROSS LESIONS: Hyperemia of tracheal mucosa, hydrothorax, severe
pulmonary congestion and edema. Hyperemia of gastric mucosa; acute
catarrnal enteritis, most severe in duodenum and colon, with much bile
in intestine despite comparative fullness of gall bladder. Severe
hyperemia or congestion of kidneys, giving them a diffuse, very dark
red color. Radiating white streaks in renal cortex indicating fet in
medullary rayse

MICROSCOPIC LESIONS support the grosse. Necrosis of much tubular
epithelium in cortex and medulla of kidneys; fat in medullary rayse

FAT STAINS: Kidney:

Glomeruli

ialls of Bowman's capsules

Proximal convoluted tubules

Distal convoluted tubules

Ascending loops in medullary rays ++++ = and a narrow zone of

Ascending loops in medulla medullo=-cortical junction

Distal loops of Henle at origins of rayse

Collecting tubules

Lumina of tubules (lower)

Pelvic epithelium

Interstitial tissue
Walls of blood vessels

000

0OO0OO000O0O0O
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"ANTU" POISONING, Dog

Case No. 42 (Identification: 13953. Diag. Labs) Mixed Terrier,

female, adulte. History of possible access to "ANTT"e

DIAGNOSIS of poisoning by alpha=-naphthylethio-urea (ANTU)was con-
sidered certain on basis of history and typical post-mortem lesionse

GROSS LESIONS: Very severe hydrothorax, pulmonary edema. Necrosis
of livere. Acute gastritis with marked hyperemia. Acute hemorrhagic
nephritise. Bicornuate pregnancy, 9 fetuses, one being in body of uteruse

MICROSCOPIC LESIONS: Liver: congestion, necrosis, degenerative
fatty infiltration (proved incorrect by fat stain)e Kidney: congestion
or hyperemia, early necrosis, extensive lipidosis in ascending loops and
possibly in distal convoluted tubuless

FAT STAINS: Kidney:
Glomeruli
Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules
Lumine of tubules (lower)
Pelvic epithelium
Interstitial tissue
Walls of blood vessels
Liver:

(e NoNeoNe

+
+
+
+

eNeoRoleNoNoNaNe)

For other "ANTU" poisonings see Animal Experiments in Appendix Ce
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"DDT™ POISONING, Dog

Case No. 43 (Identification: 14048-162-48.) Fox Terrier, female,

5 weeks old. The pup had been given a very heavy application of
DDT in oily solution, covering the whole body, three days before
death, by the owner. Symptoms were those of depression and generalized
intoxication. This dog had no symptoms of distemper; however it was
the last of a litter of which all the others had died of that diseasee
DIAGNOSIS of probable poisoning by DDT (dichloro=diphenyl-
trichlorethane) based upon nistory and absence of any other apparent
cause of deathe.
GROSS LESIONS: Heart extremely pale; liver almost white; well
marked lipidosis of medullary rays of kidneyse. No respiratory infec=
tion or other evidence of distempers

¥ICROSCOPIC LESIONS: Very severe lipidosis of liver, heart and

kidneye

FAT STAIXS:  Kidney:

Glameruli o)

Walls of Bowman's capsules 0

Proximal convoluted tubules 0

Distal convoluted tubules +

Ascending loops in medullary rays ++++ = droplets small to

Ascending loops in medulla +++ large, increasing in

Descending loops of Henle 0 size with the amount

Collecting tubules 0 of fat.

Lumine of tubules (lower) 0

Pelvic epithelium ++

Interstitial tissue 0

Wells of blood vessels 0
Liver: ++++ = extreme, could hold no

more fat than it hase.

Heart: ++++ = fat in practically

every muscle celle
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MALIGNANT MELANOMA, Dog

Case Noe 44 (Identification: 14042-153-48.) Boston Terrier, male,
agede Hospitalized repeatedly during the 3 months preceding death with
such complaints as "stiff and sore", skin disorder, coughing and vomiting
(second month), bloating, snorexise. Prolapse of intervertebral discs and
lumbaer arthritis (roentgenological), laryngo=tracheitis, infestation with
cecal worms (Trichuris vulpis), and ascites were diagnosed at different times
and treatede Blood=cell counts normal except a late mild leucocytosise
Blood uree, normale Euthanasia with severe conjunctivitis and ulcerative
keratitis present at that time,

DIAGNOSIS of malignant melanoma based upon histopathologye

GROSS LESIONS summsrized microscopicallye. Lesions in intervertebral
dises not demonstrablee

MICROSCOPIC LESIONS: Melignant melanoma, largely amelanotic,
extensively inveding liver, lungs, spleem, kidneys and various lymph
nodes. Prostatitis and prostatic hyperplasia. Purulent conjunctivitis
and keratitis with pus in anterior chambere. Primary neoplasm not found;
not in eyee

FAT STAINS: Kidney:

Glomeruli ++++ = oxtreme

Walls of Bowmen's capsules 0

Proximal convoluted tubules + - differentiation between
Distal convoluted tubules ++ proximal and distal not
Ascending loops in medullary rays ++++ certaine

Ascending loops in medulla +++

Descending loops of Henle

Collecting tubules

Lumina of tubules (lower)

Pelvic epithelium

Interstitial tissue

Walls of blood vessels
Liver: ++++ = oxtreme in the few liver

oills resisting the neo=
plasme Very large dropletse

ocNoNoNeReRo
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MALIGNANT LYMPHOMA, Dog

case No,., 45 (Identification: 14065-178-48,) Cocker Spanisel,

female 3 years old. "Doing poorly"™. Anemic. Ancylostomiasis diag=-
nosed by fecal examination and treated with n-butyl chloride,
"Lymphocytoma™ diagnosed by biopsye Futhanasia by electrocution,

DIAGNOSIS of malignant lymphoma based upon ante-mortem and post=
mortem histopathologya

GROSS LESICNS: A large tumor mass partially encireling and
markedly constrieting the upper colen. Neoplastic masses in anterior
cervical, anterior mediastinal, and mesenteric lymph nodes. Liver,
hard, enlarged, with prominent lobular architecture, and with what
appearsd to be white, lymphold tissue in the Islands of Glisson,
Spleen, slightly enlarged with markedly rounded edges. F¥idneys, very
pale. Stomach greatly atrophied (dog was not eating)e No hookworms,.

MICROSCOPIC LESIOKS: Malignant lymphoma approaching lymphosarcoma
type. Severe degenerative fatty infiltration of liver (large and
small droplets), which was heavily invaded by neoplastic tissue.
Albuminous degeneration (bright pink-steining spheres sbout 10 microns
in diameter in cytoplasm of epithelium cf proximal tubules) of kidney;

fatty change ia ascending loops.
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MALIGNAWT LYMrHOMA, Dog (Identification:

FAT STAINS: Kidney:
Glomeruli
TWells of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Tescending loops of Henle
Collecting tubules
Lumina of tubules (lower)
Pelvic epithelium
Interstitiel tissue
Walls of blood vessels
liver:

OO0

+++

+
+
+
+

+++

+ O000QC

++

14065-178-48.) Continued

- based upon hematoxylin-
eosin preparation onlye.
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MALIGNANT LYMPHOMA, Cow

Case No. 46 (Identification: 14006=-121-48.) Cow, 6 years olde
Presenting symptom, prolapse of right eye because of a tumorous growth
behind ite. Enucleation; death 6 days latere.

DIAGNOSIS of malignant lymphoma, lymphosarcoma type, based on
post=mortem findingse

GROSS LESIONS: Malignant lymphoma involving right orbit, prac-
tically all abdominal lymph nodes, the anterior mediastinal (but not
bronchial) and one anterior cervical node, infiltrating the abomasum
and joining it extensively to the liver end diaphragm, transforming
wall of right auricle into a hard, white mass, producing extensive
right periureteral proliferation (to 7 cm. total diameter) and a hard
mass in the right renal pelvise. Right kidney, pale, early hydro-
nephrosis. Right uterine cornu irregularly thickened with neoplastic
tissue, up to 3 cme Pregnancy, left cornu, nearly full term, with
pyometra and impending abortion.

MICROSCOPIC LESIQHS: Malignant lymphoma, lymphosarcoma type,
invading the various tissues as noted above.

BACTERIQLOGIC FINDINGS: BEscherichia coli isolated from pus in

uterine horne

FAT STAINS: Kidney:
Glomeruli
Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules
Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue
Walls of blood vessels

Liver: negative for fate

+

COO0O0OO0OO0 +0000CO0
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CARCINOMA COF LIVER, Dog

Case No. 47 (Identification: 14072=196=48.) Fox Terrier dog, aged

femnle. I11 for some time; presented for euthenasia without detailed
exeminatione Nembutal intravenously was used for this purposes

DIAGNOSIS of papilliferous cystadenocarcinoma of liver based
upon gross and microscopic lesionse

GROSS LESIONS: Tremendous ascites. A cystic enlargement in
one right lobe of liver reaching 7 cme in greatest diameter, with some
proliferation of firm, white tissues Small, contracted kidneys,
probably secondary to chronic nephritise.

MICROSCOPIC LESIONS: Primary papilliferous cystadenocarcinoma
of liver, probably arising in bile ducts. Low degree of malignancye
Chroniec pyelonephritis, probably hematogenous, characterized by
sections of kidney which contained no tubules or only atrophic
tubules with pale epithelium, their place being taken by fibrous
connective tissue, glomeruli remaining. Well marked mucous duo=-
denitise

FAT STAINS: Kidney:

Glomeruli 0

Walls of Bowman's capsules 0]

Proximal convoluted tubules +++ = in areas of almost
Distal convoluted tubules complete destruction
Ascending loops in medullary rays ++++ and fibrosis, only.
Ascending loops in medulla +b4 Distal tubules cannot

Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue
Walls of blood vessels

be distinguished from
proximale

eNoNaoRoNoRO)
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CARCINOMA OF PANCREAS, Dog (Identification: 14149-5-49,.) Continued

MICROSCOPIC LESIONS: Scirrhous aderocarcinoma of pancreas, grade
IV, divided into lobules by heavy trabeculae. In most areas the cells
were guite undifferentiated. The lymph nodes (presumed) had become
heavily encapsulated spheres of similar carcinoma. Several hepatic
scirrhous metastases at the islands of Glissone. Cloudy swelling of
proximal renal tubules with fatty change in medullary rays. Subacute
pericystitis with considerable proliferation of embryonal connective
tissue,

FAT STAINS: Kidney:
Glomeruli

Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in meduvllary rays ++++

Ascending loops in medullsa ++++ - at cortico-medullary
Descending loops of Henle Jjunction and in pyra=-
Collecting tubules mids.

Lumina of tubules (lower) ++

Pelvic epithelium
Interstitial tissue
Walls of blood vessels

O +Q00

[eNe)

(oNoRo
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PARALYSIS, Dog

Case No. 49 (Identification: 14009-119-48.) Rat Terrier, male, 18

months olde Posterior paralysis for 1 week; may have been struck by
car.

DIAGNOSIS of paralysis, possibly infectious, based upon symptoms,
gross and microscopic post-mortem lesions.

GROSS LESIONS: Large subcutaneous hematocyst and extravasation
covering much of posterior ventral abdominal wall, of traumatic
origine. Chronic adhesive cystitis and pericystitis involving the
region of the vertex and uriting same by immature adhesions to the
intestines, traumetic in origine. Acute purulent posthitis with con=-
siderable swelling but no obstruction. Atony of bladder, urinary
retention, paralytic ?. Slight enteritis. Lipidosis of medullary
rays. Apparent transverse myelitis at ninth and tenth thoracic
segments, traumatic?.

MICROSCOPIC LESIONS: Slight perivascular lymphocytic infiltra=
tion in various parts of central nervous system, probably signifying
an infection. (Dogs are believed liable to such infections of central
nervous systeme )

FAT STAINS: Kidney

Glomeruli

Walls of Bowman's capsules

Proximal convoluted tubules

Distal convoluted tubules

Ascending loops in medullary rays +++++ = extreme.

Ascending loops in medulla - very fine dropletse.

Descending loops of Henls

Collecting tutules

Lumina of tubules (lower)

Pelvic epithelium

Interstitial tissuse
Walls of blood vessels

- very fine droplets.

O+ OO0

oNoNoNoNeoRoN |




PARALYSIS, Dog

Ccase No. 50 (Identification: 14078-206-48,) Irish Setter, male,

18 months old. When presented dog showed postericr paralysis, with
ineclination of head to right, swallowed with difficulty. After 15
days in hospital dog was moribund, appearing dead, but on close
observation was ssen to breathe once or twice per minute and reacted
to painful stimuli. Temperature below 93 deg. Fo Euthanasia by
electrocution. Clinically the condition was considered 2 sequsl of
distempers

DIAGNOSIS of paralysis, probably paralytic "chorea®™ following
canine distemper based upon history, symptoms and prevalent beliefs
concerning distempere

GROSS LESIONS: None visible in central nervous system. Terminal
pneumonia, right apical and diaphragmatic lobes, in stage cf late
red hepatization, other lobes, congested and even hemorrhagic.
Intestinal mucosa, swollen snd light brown in cclor. Toxic changes
in liver and kidneyse

MICROSCOPIC LESIONS: Subacute catarrhal jejunitis with infil-
tration of plasma cells and mononuclears into mucosa, Proximal
tubules of kidney showed cloudy swelling excepting a number whose
epithelium was greatly flattened, probably because of disuse atrophye.

Sections of central nervous system, unsatisfactory.
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PARALYSIS, Dog (Identification: 14078-206=48.) Continued

FAT STAINS: Kidney:
Glomeruli

Wells of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

+
- scattered.

Q00000+ +000O0C
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ASCENDIKG PARALYSIS, Dog

Ccase No. 61 (Identification: 14076-204-48.) Pomeranien dog,
female, 1 year olde Paralysis of 26 days duretion, starting in
posterior limbs end gradually ascending until almost complete.
Euthanasie by nembutel intravenously when moribund. Sphincters and
elimination remained normele. ‘

DIAGNOSIS of paralysis probably due to a viral infection, based
upon symptoms and histopathologye

GROSS LESIONS: Well marked hyperemia of cerebral pia matere
pether severe catarrhal enteritis, cecitis and colitis. Liver,
normele Toxic changes in kidneyse Spleen, markedly filled with
blood as result of nembutale

MICROSCOPIC LESIONS: Heavy perivascular infiltration of lympho-
cytes end hyperemie in right lateral columns and dorsal median septum
of lumbar cord, typical of & viral infectione Liver cells "foamy"
with metabolites, not fate Congestion of spleen (nembutal), liver,
kidney. Edema of kidneys. Edems. of tonsil.

BACTERIOLGGIC FINDINGS: Culture of lumbar cord yielded no growthe.

FAT STAINS:  Kidney:

Glomeruli 0
TWalls of Bowman's capsules 0
Proximal convoluted tubules 0
pistal convoluted tubules 0
Ascending loops in medullary reys +++

Ascending loops in medulla
Descending loops of Henle
Ccollecting tubules

Lumine of tubules (lower)
Pelvic epithelium
Interstitial tissue

Tialls of blood vessels

000000
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ASCENDING PARALYSIS, Dog

case Ne. 52 (Identification: 14021-135-48,) Cocker Spaniel,

female, 4 years old. Hospitalized & days before death with posterior
incoordination and suspicion of rabies. During these six days the
posterior incoordinatiocn became paralysis and ascended to involve all
motor functions. Respiratory weakness the last 24 hcurs, snding in
respiratory paralysis and asphyxiation. Appeared conscious to last,

DIACNOSIS of ascending paralysis due to degenerative changes in
spinal cord based upon symptoms and post-mortem lecsions.

GROSS LESIONS: Brain, apparently normal. Hyperemia of lepto=-
meninges throughout most of cord, especially the thorsacic region. A
subarachnoid hemorrhage extending to central canal via a fissure nsar
dorsal mid~line throvghout lumbar region. At 1lst thoracic lsvel
ventral columns were bslieved to be softened. Rather severe chronic
catarrhal enteritis and colitis. Large, pale kidneys with radiating
streaks of lipidosis in medullary rays. Probably some toxic changes
in liver. (Necropsy began immediately after death.)

MICROSCOPIC I.=SIONS supported the gross., WNecrosis extended for
a considerable distance on either side of the hemorrhage in the
dorsal region of the lumbar cord, Hyperemia of pial vessels without
inflammatory reaction. Lipidosis of medullary rays. Search for
Negri bodies was negative.

BACTERIOLOGIC FINDINGS: Cultures from spinal cord on three kinds

of media yielded no growths
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ASCENDING PARALYSIS, Dog (Identification: 14021-135=48.) Continued

FAT STAINS: Kidney:
Glomeruli

Walls of Bowman?s capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medullsa
Descending loops of Henle
Collecting tubules

Lumine of tubules (lower)
Pelvic epithelium
Interstitial tissue

Wealls of blood vessels

COOOQCOO+0O0O+ 00
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HYDROCEPHALUS, Dog

Case No. 53 (Identification: 14011-127-48.) Scottie, female, 18

months olde Greatly depressed and moribund when presented. Died during
exeminatione

DIAGNOSIS of hydrocephalus based upon post-mortem findingse

GROSS LESIONS: Severe internal hydrocephalus. The dorsal cerebral
layer over the lateral ventricles was only 4 to 8 mme. thicke No increase
of spinal fluide MNModerate acute catarrhal enterocolitise

MICROSCOPIC LESIONS: Very severe congestion of liver with central
necrosise Renal congestion, lipidosis and cloudy swelling. Sections
of brain unsatisfactorys

FAT STAINS: Kidney:
Glomeruli
Walls of Bovman's ocapsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules
Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue
Walls of blood vessels
Liver:

- scattered. Fat is as

heavy in a given tubule
+4b+ as in the ascending

loops, but such tubules
are rare and constitute an
extension from the ascending
loopse. Amount of fat in
medullary rays is extreme,
and in form of large
granulesae

+ O+ QO

cNeNeNoReNoloRo)
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BRAIN TUMOR, Dog

Case No. 54 (Identification: 14096-214-48,) Boston Terrier,

——— ———

male, 11 years old. Dog had no control over right side of body and
right legs. Falls to that side, even from a sitting postures This
condition had been coming on for 3 weeks. Euthanasia by nembutal
intravenouslye.

DIAGNOSIS of medulloblastoma and internal hydrocephalus based upon
gross and microscopic lesionse.

GROSS LESIONS: Severe internal hydrocephalus, most pronounced on
left side, the layer of cerebrum covering the lateral ventricle being
reduced to & thickness of 6 or 7 mm. After the brain was fixed (in
formalin) a well demarcated, irregularly spherical tumor from 2 to
3 cm. in diameter was noticed in left thalamic region. Bilateral
cateracts, well advanced, with anterior and posterior symechiae
drawing lenses into pupils. 014, healed mitral velwvular endocarditise.
Anthracosis. Moderate chronic catarrhal enteritis. Two ascarid worms;

1 tapeworm, Dipylidium caninum.

MICROSCOPIC IESIONS: The tumor had the structure of a medullo=
blastoma, round, lymphocyte-~like cells. Some areas showed a picture
characteristic of gliosis. The sections of eye did not show the syn=
schiae. The lens contained some apparently calcified spots of micro=
scopic size. Some disintegration of cells of renal tubules; very pale

cytoplasm in the ascending loops, probably from fatty change. Liver,

congested with probably a little fat,




BRAIN TUMOR, Dog

~xXcvii-

(Identification:

FAT STAINS:
Glomeruli
Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted btubules

Kidney:

Ascending loops in medullary rays

Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lunina of tubules

Pelvic epithelium
Interstitial tissue

Walls of blood vessels

14096-214 =48, ) Continued
++++ = very fine granulese.
0
++ - very fine granules.
0
0
+4++ - fine granules in outer

medulla, coarse in
pyraemidse
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ANEMIA, Pig

Case Noe 55 (Identification: Diag. Labe #306. Dr. S.Xe., 31 March

————

1948.) Pig, 1 week olds Diarrhea, anemia, hemoglobin 5.4 gm. per
100 cc., and probably hypoglycemia. This is a syndrome frequently seen
in baby pigs but not completely understood.

DIAGNOSIS of anemia of baby pigs, based on above datae

GROSS LESIONS: Yellow liver, pale kidneys, urate (?) crystals in
renal pelves and bladdere. Slight pneumonia in apical lobess

I CROSCOPIC LESIOHS: Not determined.

FAT STAIKS: Kianey:

Glomeruli 0

#Walls of Bowman's capsules 0

Proximal convoluted tubules ++

Distal convoluted tubules 0

Ascending loops in medullary rays ++++ = large droplets.
Ascending loops in medulla +

Descending loops of Henle 0

Collecting tubules +++ - large droplotse
Lumine of tubules (lower) 0

Pelvic epithelium +++

Interstitial tissue 0

Walls of blood vessels 0

Liver: ++++ = all zones, moderately

large droplets, usually
f£illing the cells and
becoming confluente.
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HEMORRHAGIC ANEMIA, Bovine
Case No. 56 (Identification: 14161-20=49,) Jersey cow, 4 years
olde Hospitalized for suppurative arthritis of first interphalangeal
articulation, medial digit, left hind leg. Amputation of this digit
was done 5 days before deathe Cow lost 2 quarts of blood, and there
was some slow blseding for 3 days thereafter,

DIAGNOSIS: Death was from hemopericardium; about & liter of
clotted blood in the pericardial sac. This was the result of
ropeated light traumatism of the pericardial sac by an iron wire
which had perforated the wall of the reticulum (second compartment
of stomach) and diaphragm and was penetrating the pericardial sac,
with reticulo~diaphragmatic adhesions and a granulomatous mass
surrounding the sinus tract. The pericardial sac was not perforated
nor were its contents infected. The periecardial hemorrhage was
doubtless accentuated as & result of the low clotting power secondary
to previous loss of blood (plasma), Any lipidosis present was con=
sidered due to anemaisa,

GROSS LESIONS: Hemopericardium and perforating foreign body as
explained under Diagnosis. Severe anemia; tissues and organs, pale,
especially the lungs. Cloudy swelling, necrosis and probably fatty
changes in liver and kidneys. Operative wound, progressing normally
with considerable suppuration.

MICROSCOPIC CHANGES supported the gross. Cloudy swelling of
renal convoluted tubules and probably fat in medullary rayse. Lymphoid

hyperplasia of popliteal node,
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HEMORRHAGIC ANEMIA, Bovine (Identification: 14161-20-49,) Continued

FAT STAINS: Kidney:
Glomeruli

Walls of Bovman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels
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INTERNAL HEMORRHAGE, Dog

Case Noe. 57 (Identification: 14063-179-48.) Shepherd dog, male,

1 year old. Struck by an automobile about 12 to 15 hours before
deathe A deep contusion of frontal region. Breathed with difficultye
Extremities cold,

DIAGNOSIS of death from internmal hemorrhage, shock, and cerebral
concussion based upon history, symptoms and post-mortem lesions,.

GROSS LESIONS: Skin of frontal region,contused without visible
injury of bone. Vessels of cerebral and cerebellar pia-arachnoid,
decidedly congested with considerable diffuse sub-pial hemorrhagee.
Severs contusion of whole pelvic region of body with fracture of
left wing of sacrum and of both sacrc-iliac articulations. Very
extensive subperitoneal hemorrhage in whole pelvic region. Extensive
traumatic hemorrhage into lumen of ileum. Extensive subepicardial
hemorrhages (asphyxiative death). Acute congestion of lungs and
liver. Congestion and lipidosis of kidney.

MICROSCOPIC LESIONS supported the grosss. The renal fatty change
was in the medullary rayss

FAT STAINS: Kidneys

Glomeruli

Walls of Bowman's capsules

Proximal convoluted tubulses

Distal convoluted tubules
Ascending loops in medullary rays ++++ - extreme; every tubule
Ascending loops in medulla is involved.
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels
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HELMINTHIASIS, Sheep

case No. 58 (Identification: Sple #3. Diage Labe, 13 August 1948.)

Sheep 6 months olde Anemie, edema, weakness.

DIAGNOSIS of very severe parasitism with various species of tricho-
strongyles in stomach and small intestine based on post-mortem demonstra-
tion of the parasites, as well as clinical symptomse

GROSS LESIONS: Anemic appearance. Edeme of submaxillary region
end to a slight extent in substernal regione Iarge numbers of Hemonchus
contortus and other small trichostrongyles in stomach (abomasum) and
upper small intestine.

MICROSCOPIC LESIONS: Not determined.

FAT STAINS: Kidney s

Glomeruli o)

Walls of Bowman's capsules 0

Proximal convoluted tubules trace

Distal convoluted tubules 0

Ascending loops in medullary rays slight trace
Ascending loops in medulla slight trace

Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Tialls of blood vessels

This kidney preac-
tically negative
but not quitee
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ANCYLOSTOMIASIS, Dog

case Nos 59 (Identifications 14033-145-48.) Coon Hound, male, 10

months olde. Presented in moribund condition and died before treatmente.
Ancylostomiasis and anemia diagnosed clinically.

DIAGNOSIS of ancylostomiasis based upon clinical and post-mortem
findings.

GROSS LESIONS: Very severe anemiae. Meny hookworms and much fresh,
partly clotted blood in intestine, also 3 ascarid wormse

MICROSCOPIC LESIONS: Miecroscopic sections were discarded when the
kidney was found to contain no fat.

FAT STAINS: Kidney: Entirely negative for fate.
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CONGESTIVE HEART DISEASE, Dog

Case No. 60 (Identification: 220-48.) Cocker Spaniel, male, 18

months olde Suffered from canine distemper and has shown dyspnea and

polypnea for six weeks., Trichuriasis (Trichuris vulpis) diagnosed by

fecal examination.

DIAGNOSIS of chronic valvular endocarditis and insufficiency with
congestive heart disease, probably a sequel of canine distemper, based
upon history, symptoms and poste-mortem lesionse.

GROSS LESIONS: Recent chronic mitral valvular endocarditis with
e considerable portion of the mitral cusps covered by a thin, rough
layer of young, red fibrous tissue, end considerable insufficiency and
distortion of the valvess Chronic dilatation and mild hypertrophy of
both ventricles. Chronic passive congestion of lungs. Acute hyperemia
of nasal mucosae. Localized areas of chroniec cetarrhal enteritise.
Liver, pale with distinct lobular architecture. Kidney thought to
contain fat in medullary rayse

MICROSCOPIC LESIONS: Sections were unsatisfactory owing to a
technological errore.

FAT STAINS: Kidney:
Glomeruli

Walls of Bowman'!s capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

ILumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

= scattereds
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VALVULAR HEART DISEASE, Dog

Case No. 61 (Tdentification: 14132-254-48.) Aged dog, Pointer-
Terrier mixed breeding, male. A stray presented for euthanasia,
which was performed by electrocutione.

DIAGNOSIS of valvular endocarditis with insufficiency and chronie
pessive congestion of lungs based upon post-mortem lesionse

GROSS LESIONSs Severe old, healed valvular endocarditis invol=-
ving both auriculo=ventricular valves. ifoderate insufficiencye
chronic passive congestion of lungs, and, to a lesser degree, of
livere. Narrow zone of renal lipidosis at inner ends of medullary
raySe

MICROSCOPIC LESIONS supported the grosse Myxomatous thickening
of heart valvess Cloudy swelling and early necrosis (pyknosis) of
epithelium of proximal convoluted tubulese

FAT STAINS: Kidney:

Glomeruli +4+++

Walls of Bowman's capsules +

Proximal convoluted tubules +

Distal convoluted tubules 0

Ascending loops in medullary rays ++++

Ascending loops in medulla ++++ - at zone of cortico=-

Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue
Walls of blood vessels

medullary junction
only .
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ENDOCARDITIS, Dog

Case No. 62 (Identification: 14100-229-48.) Fox Terrier, female,

———

said by owner to be 9 years old, but appearing to be older. Bad
breath and anorexia noted 6 months ago. Some teeth were extracted at
that time. Continued to lose strength since then. Became unable to
use hind limbs, apparently because of abdominal pain. This appeared
quite severe when ventral pelvic region was pressed. The back was
kept arched. Blood and free fat in fecess

DIAGNOSIS of active chronic mitral wvalwvular endocarditis with
insufficiency and generalized chronic passive congestion based upon
post-mortem lesions. (onsiderable toxicity also believed to existe.

GROSS LESIONS: Chronic¢ mitral valvular endocarditis, still
active as svidenced by red, fibrous plaques on valve. Moderate
congestion of liver and spleen. Moderately large, pale kidneys with
extensive lipidosis of medullary rays. Severe acute catarrhal
cystitis. Mild catarrhal enteritis with some eroded and hemorrhagic
areas. Cord, brain, vertebral and pelvic bones, apparently normal,

MICROSCOPIC LESIONS supported the gross. Liver shows Degenerative
fatty infiltration and congestion of the liver. Slight lymphocytie
infiltration in gall bladder. Congested vessels and apparently some

petechial hemorrhages in corde.
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ENDOCARDITIS, Dog (Identification: 14100-229-48.) Continued

FAT STAINS: Kidney:

Glomerull +
Walls of Bowman's capsules o
Proximal convoluted tubules trace
Distal convoluted tubules 0
Ascending loops in medullary rays +++
Ascending loops in medulla ++

Descending loops of Henle +
gollecting tubules 0
Lumina of tubules (lower) 0
Pelvic epithelium 0
Interstitial tissue 0
Walls of blood vessels 0

Liver: ++ -« from hematoxylin-eosin

preparation onlye
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STREPTOCOCCIC ENDOCARDITIS, Cow
case No. 63 (Identification: 14073-197-48.) Holstein cow, 10
years old. An obscure illness of 11 weeks duration, Emaciation and
weakness. Heart sounds were confused. Red blood cell ccunt:
2,460,000 (one-third normal), White cells: 19,400 (twice normal).
Hemoglobin: 2,6 gm. per 100 cc. (One~-fifth normal)e. Blood urea:
8 mg. per 100 cce. (Normal). Urine: mnegative., Cultures from udder:
negative.

DIAGNOSIS of chronic streptococcic endocarditis based upon poste=
mortem lesions and bacteriologic findings.

GROSS IESIONS: Very extemsive chronic vegetative tricuspid valvu-
lar endocarditis; less advanced mitral valvular endocarditis. Severe
hypertrophy and dilatation of both sides of heart. Subepicardial
petechiae and ecchymoses. Passive congestion of lungs, liver and
spleen. Spleen, thick, meaty and apparently coagulated - en infarction
of the whols organ (7). Metastatic infectious nephritis, with cortical
foci, not sharply demarcated, up to 3 mm. in diameter, consisting of
a yellow, tough material. This lesion involved one lobe of one kidney
only; the remaining parts showed nothing more than toxic changes.

MICROSCOPIC LESIONS supported the gross. The heart valves were

thi ckened with dense commective tissue, supsrficially infiltrated with

lymphooytes, and covered with a thick layer of dense fibrin and dead
cocci. Spleen, completely infarcted, filled with blood and in &

state of coagulative necrosis. Kidney sections showed one acute abscess;
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STREPTOCOCCIC ENDOCARDITIS, Cow (Identification: 14073-197-48.) Cont.

the remainder of the cortex was largely destroyed, infiltrated with
lymphocytes and fibrous tissue, the tubules being absent or in a state
of necrosis, with considerable calcification,

BACTERIOLOGIC FINDINGS: Streptococcus zoo-spidemicus isolated

from heart valves and kidney lesion.
FAT STAINS: Kidney: mnegative for fat., The fat stains were

made from the relatively normal parts, not the one infected lobes
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MITRAL INSUFFICIENCY, Dog

case No. €4 (Identification: 14062-176-48,) Terrier, (spayed)

— em—

female, 7 years old. Anorexis, weakness, difficulty in rising and
walking, occasiocnal vomiting, for several weeks,

DIAGNOSIS of chronic mitral insuffieiency from old healed
valvular endocarditis based upon post-mortem lesions,

GROSS LESIONS: Mitral insufficiency. 01ld healed valvuler
ondocarditis. Severe chronic passive congestion of liver and lungs.
Severe renal lipidosis. An asphyxiative death,

MICROSCOPIC LESICNS: Supported gross lesions. Kidney was also
congestede.

FAT STAINS: Kidney:

Glomeruli +

Walls of Bowman's capsules 0

Proximal convoluted tubules 0

Distal convoluted tubulss +++

Ascending lcops in medullary rays ++++ - extreme-

Ascending loops in medullsa trace = scattered, in pyramidse

Descending loops of Henle 0
Collecting tubules 0
Lumens of tubules (lower) 0
Pelvic epithelium 0
Interstitial tissue 0
Walls of blood vessels )
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PULMONARY CONGESTION, Dog
Case No. 65 (Identification: 14102-232-48.) Cocker Spaniel, female
(ovariectomized), 18 months old. Was struck by & car in the evening;
hospitalized next morning with symptoms suggesting shocke Died the
following night,

DIAGNOSIS of acute pulmonary congestion based upon post-mortem
findings. The part played by a condition of shock was uncertaine,

GROSS LESIONS: Acute pulmonary congestion, uniform and very
severe; prcbably a pre-pneumcnic stage. Lung sank in water. Early
astive mitral valvular endocarditis; the valve was red, "fuzy" and
thickened. Congestion and lipidosis of kidneys. Persistent hyper-
plastic thymus. ¥No evidence of trauma. Brain normals

MICROSCOPIC LESIONS: Mucoid proliferation on heart valves. Very
severe pulmonary congestion and hemorrhagic exudation. The section
resambled an infarcted area but this was excluded by the fact that the
whole of the lungs were affected. Congestion, marked cloudy swelling
and very early fatty change in liver. Congesticn of kidneys with small
hemorrhages; probable fat in medullary rays and medulla. Congestion 6f
persistent thymus, which was characterized by very small lymphocytese

FAT STAINS: Kidney:

Glomeruli 0
Walls of Bowman's capsules 0
Proximal econvoluted tubules + - in zons of cortico~
Distal convoluted tubules 0 medullary junction

Ascending loops in medullary rays ++++ chisfly.
Ascending loops in medulla
Descending loops of Henle 0
Collscting tubules 0]
Lumina of tubules (lower) 0
Pelvic epithelium e
¢
0]
+

Interstitial tissue
Walls of blood vessels
Liver: - from hematoxylin-sosin

preparation only.



=CXiiw

DIAPHRAGMATIC HERNIA, Dog

Case No. 66 (Identification: 14134-265-48.) Chesapsake dog,

female, 13 years old. Owned by one of our Clinic veterinarians, the
dog first showed signs of illness while hunting 4 days before deathe.

DIAGNOSIS of diaphragmatic hernia with compression of lungs by
prolapsed intestine and probable embarrassment of heart, all resulting
in partial asphyxia, based upon post=mortem lesions.

GROSS LESIONS: A small, smooth-walled opening through the
diaphragm near its costal attachment had permitted practically the
whole intestinal tube to pass into the thoracic cavity. The entering
and emerging intestinal segments were found tightly constricted in
this opening. Severse hemorrhagic and fibrinous enteritis in the in-
carcerated part of the jntestine only, without necrosis. Stomach and
first few inches of intestine, down 1o the obstructing incarceration,
were distended with mucus, water and bile. Marked compression of lungs
by the intestinal mass. Pulmonary and general venous congestion.
Anoxia. No petechiame. BEarly cystic endomsetritis (& condition encoun=
tered occasionally in dogs) and nodular vaginitise

MICROSCOPIC LESIONS supported the grosse Cloudy swelling of
proximal convoluted tubules end congestion of kidney, with much fat
in medullary rays and probably in medulla. Congestion of gastric
mucosa with subepithelial hemorrhages and desguamation of chief cellse
Nodules in vaginal mucosa consisted of subepithelial masses of whorled,

fibrous tissusee
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DIAPHRAGMATIC HERNIA, Dog (1dentification: 14134=-265-48.) Continued

FAT STAINS:  Kidney:

Flomeruli +
Tialls of Bowman's capsules ++
Proximal convoluted tubules ++
pistal convoluted tubules 0

Ascending loops in medullary rays +++
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

¥%alls of blood vessels

= in lower part of pyramids
onlye

QOO0 O0OO0C O +




-cXiv=

SUDDEN ASPHYXIATIVE DEATH, Dog
£E£3‘§2:.§Z (Identification: 14030-139-48,) Greyhound, female,
between 1 and 2 years old. Brought to hospital dead. Was in good health
when mcved tc & new kennel 1 hour before deaths

DIAGNOSIS of probable poisoning, kind unknown, on basis of history
and post-mortem findings and of asphyxiative death on basis of post-
mortem findingse.

GROSS LESIONS: Severe generalized venous congestion. Numerous
petechiae on epicardium eand pericardium; very extensive subendocardial
hemorrhages, especially in left ventricle. A few small hemorrhages
in gastric mucosa. Gastric contents consisted of mucus and straw;
intestines were approximately normal. Nost lymph nodes cf body wsre
deep red, hemorrhagic throughout. Conspicuous lipidosis of medullary
rays.

MICROSCOPIC LESIONS: Very severe congestion of liver and kidney.
Cloudy swelling of proxirmal convoluted tubules. Probable fat in
nedullary rays, Post-mortem changes.

FAT STAINS: Kidney:

Glomeruli 0
Wells of Rowman's capsules 0
Proximal convoluted tubules ++

Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumina of tubules (lcwer)

Pelvic epithelium

Interstitial tissue

Walls of blood vessels

+
+
+

OCO0OQOOO0O +0
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SUFFOCATION, Sheep

Case Los 68 (Identification: Special Hoe 4s) Sheep, young adult.

PR

Two sheep, suffering from a diarrhea which proved to be due to coccid=-
josis, were put in the rear trunk of an automobile by their owner, and
transported to the Diagnostic Laboratory. The trip required about two
hours. Upon arrival both were dead. Examination of the sheep and the
trunk in which they had been confined furnished convincing evidence
that they had suffocatede

DIAGNOSIS of suffocation in a period of two hours or less was
based upon history given above. Diagnosis cf coccidiosis was based
upon demonstration of numerous parasites in the feces and the mucosa
of the rectume. Anoxia, a possible cause of renal lipidosis, secondary
to the lack of aire

GROSS LESIONS: Extensive venous congestiones (Necropsy was not
performed by the writere

MICROSCOPIC LESIONS: ©No sections other than fat stainse

FAT STAINS: Kidney:

Glomeruli

Walls of Bowman's (Capsules

Proximal convoluted tubules

Distal convoluted tubules

Ascending loops in medullary rays

Ascending loops in medulla

Descending loops of Henle

Collecting tubules

Lumina of tubules (lower)

Pelvic epithelium

Interstitial tissue
Walls of blood vessels

o NasNoNoNoNoNeoNoNe I JONS
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UREMIA, NEPHRITIS, Dog

case No. 69 (Identification: 14152-10-48.) Mixed Terrier dog, mals,

——— et

10 years old, weighing approximately 16 kgze. (35 pounds). Dog started
vomiting 5 days ente-mortem, became stiff in legs and body and at the
last refused to eat or to stand. Blood urea, 120 mg. per 100 cc.

DIAGNOSIS of senile uremia based vper clinical and post-mortem
findingse

GROSS IESIONS: Secondarily contracted kidneys, severes, with loss
of twc=thirds of cortex. Numercus cysts up to 2 mm. in diameter, at
cortico-medullary juncticn. Probably pyelonsphritis; the cysts were
possibly retention cysts or the result of a previous polycystic disease.
Moderate renal fibrosis. Narked hyperplasie cf prostate, which
maasured 4 x 4.7 x 6 cm., with one hemorrhagic lobule, 8 mm. in disa-
meter. Water flowed by gravity through the prostatic {(and remainder
of the) urethra, indieating no obstruction. Active chronic mitral
valvular endocarditis; tips of the cusps are thickened and white;
their sides bear recsntly formed hemorrhagic, fibrinous areas.
Secondary acute catarrhal or early hemorrhegic colitis, involving the
longitudinal ridges. Severe submucous gastric hemorrhagse. Mild
chronic catarrhal enteritise

MICROSCOPIC LESIONS: Widespread destruction of tubules in all
parts by mononuclear and lymphocytic infiltrations and fibrosis. Calei-
fication of some convoluted tubules. Dense, hyaline connective tissue
along the zone of the cortico-medullary junction. Below this the

medulle consisted chisfly of large cysts and cystic tubules whose
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UREMIA, NEPHRITIS, Dog (Identification: 14152-10-49.) Continued

epithelium was hyperplastice Probably a chronic infectious nephritise
Epithelial glandular hyperplasia of prostate, in places cystice. Mucoid
proliferation on heart valve.

FAT STAINS: Kidney:

Glomeruli ++4

Tialls of Bowman's capsules + = also fat in glomerular
Proximal convoluted tubules 0 filtrate in capsule.
Distal convoluted tubules trace

Ascending loops in medullary rays O

Ascending loops in medulle trace

Descending loops of Henle o

Collecting tubules 0

Lumina of tubules (lower) 0

Pelvic epithelium 0

Interstitial tissue +++

Talls of blood vessels +++ - all these fatty changes

appear related to the
local inflammatory and
destructive changess
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METASTATIC PYELONEPHRITIS, Bovine

case No. 70 (Identification: 14145-287-48.) Brown Swiss cow, 10
years old. Clinical Diagnosis: metallic foreipn body.

DIAGNOSIS of peritonitis with renal metastases, from perforating
foreign body based upon clinical and post-mortem findingse

GROSS LESIONS: Localized purulent peritonitis with adhesions of
reticulum and abomasum to diaphragm and omentum, end with & abscesses.
Several pisces of metallic hardware in reticulum; the perforating
object had disappsared (rusted out), leaving & tract healed with
granulation tissuee. Kidneys, heavily seeded with large numbers of
metastatic miliary abscesses in cortex. Liver, pale and yellow,
probably fatty. §light rleural adhesions. Full term fetus.

MICROSCOPIC LESIONS: Very severe acute purulent pyelonephritis.
Cortex, full of small, unencapsulated abscesses, with polymorpho=-
nuelear neutrophiles in center and lymplocytes at a distance., Tubules,
necrotic or absent in these areas. Merked hyperemiam. Very active and
destructive process. Very severe fatty change in liver, small droplets
evenly distributed through cytoplasm in extreme periphery cf lobules,
large droplets practically eliminating cytoplasm in other parts of
lobule. Sarcosporidiosis of hearte.

BACTERIOLOGIC TINDINGS: Escherichia coli in pure culture from

lkidneye
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METASTATIC PYELONEPHRITIS, Bovine (Identification: 14145-287=48,)

FAT STAINS: Kidney:
Glomeruli

Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending lcops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

Liver:

Continued

ol oNoRoNoNe)

+
+
+
+

- based on hematoxylin-
eosin preparations,
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PYELONEPHRITIS, Dog

case No.'zi (Identification: 14051~166=48.) English Shepherd, male,

ORE— ——

3 years olde. Refused food for last 12 days. Tenderness on palpation
of abdomen. Nasal exudate.
DIAGHOSIS of infectious pyelonephritis with terminal acute gastric
hemorrhage based upon poste-mortem findingse
GROSS LESIONS: Severe subacute pyelonephritis with numerous
abscess-like necrotic foei, partly calcified. Sulfathiazole crystals
in tubules. Severe hemorrhage from an inflemed gastric mucoss, probably
uremic in origin. Reticulo=-endothelial hyperplasie of spleene.
KICROSCOPIC LESIONS: As indicated in the grosse

FAT STAINS: Kidney:

Glomeruli 0
Walls of Bowman's capsules 0
Proximal convoluted tubules 0
Distal convoluted tubules + - all fat chiefly in close
Ascending loops in medullary rays ++ proximity to the necrotic
Ascending loops in medulla ++ foei and in necrotic tissuee.
Descending loops of Henle 0
Collecting tubules o
Lumina of tubules (lower) 0
Pelvic epithelium 0
Interstitial tissue 0
Walls of blood vessels ++




-cxXxi~

NEPHRITIS, Dog

case No. 72 (Tdentification: 14109-247-48,) Terrier of mixed

breeding, female, 11 years old. Vomiting and anorexia of 2 weeks
duratione. Blood urea, 400 mg. per 100 cc. Euthanasia by nembutal.

DIAGNCOSIS of chronic infectious nephritis, or pyelonephritis,
based upon clinical, laboratory and post-mortem findings.

GROSS IESIONS: Chronic nephritis, secondarily contracted kidney;
changes well marked but not far-advanced. 013, healed mitral valwvular
endocarditis, mild in degree. Localized hemorrhagic-degenerative
areas and at least one regenerative enlargement in liver. XNumerous
soft, gray spots, 1 to 3 mm. in diameter, in pancreas. Mild
caterrhal cystitis. Pulmonary anthracosis. Teniasis, Dipylidium

caninume

MICROSCOPIC IESIONS: Chronic pyelonephritis characterized by
localized areas which showed loss of tubules, lymphocytic and mono-
nuelear infiltration and fibrosis. Narked dilatation of tubules in
surrounding aereas with ocecasional albuminous casts., Marked congestion
of liver, moderate quantitative atrophy of hepatic cells, with small,
irregularly scattered areas of fatty change (large droplets), and a
few infiltrations of mononuclear cells, some of which had phagocytosed
8 greenish brown pigment. The spots seen on the pancreas were areas
of necrosis.

BACTERICIOGIC FINDINGS: BEscherichia coli was isoleted in pure

culture from both kidney and pancreas. Its significance is uncertaine

\
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XBPERITIS, Dog (Identification: 14109=247-48.) Continued

FAT STAIXS: Kidney:

Glomeruli ++ - patches within the glomer=-
Tralls of Bowman's capsules 0 uluse

Proximal convoluted tubules 0

Distsl convoluted tubules ¢

Ascending loops in medullary rays O

Ascending loops in medulla +++ - in atrophic, disintegrating
Descending loops of Henle o) tubuless.

Collecting tubules 0

Lumina of tubules (lower) 0

Pelvic epithelium 0

Intarstitial tissuse +++
7alls of blood vessels 0
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NEPHRITIS, Dog

Case No. 73 (Identification: 13995=112-48.) Scottie dog, castrated
male, 9 years old. Uremia was diagnosed clinically on basis of usual
symptoms (depression, snorexia, foul breath, vomiting, buccal ulcers)
and blood urea of 120 mge per 100 cc. Euthanasia after symptoms had
lasted 3 weekse

DIAGNOSIS of nephritis, probably toxie, based upon clinical and
postqmortem findingse

GROSS LESIONS: Secondarily (?) contracted kidneys, white,
finely grenular surface, tough on section, each dimension one=half
normele Uremic ulcers in mouth and tongue. Chronic enlargement of
lymph nodes of head and necke 0ld healed valvular endocarditise
Catarrhal colitise

MICROSCOPIC LESIOKS: Chronic nephritis, heavy infiltrations of
lymphocytes, slight fibrosis, calcification of tubules in both cortex
and medullee The condition, not well understcod, is common in old dogse

FAT STAINS: Kidney:

Glomeruli ++++ = injured areas onlye
Walls of Bowman's capsules 0

Proximal convoluted tubules +++ = injured areas onlye
Distal convoluted tubules ? = indistinguishable because
Ascending loops in medullary rays + of damagee

Ascending loops in medulla ++ - injured areas onlye
Descending loops of Henle ? - indistinguishable because
Collecting tubules 0 of damagee

Lumina of tubules (lower) +++ = lipuriae.

Polvic epithelium +

Interstitial tissue +++ - paralleling medullary rayse
Walls of blood vessels ++++ = sclerotic arteriolese

The sbove lipids, with the exception of those in lumine and in the pel=~
vic epithelium, were in the areas showing nephrosclerotic changese
They were believed to be definitely related to the inflammatory, necro=

tic, or atrophic changese
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NEPHRITIS, Dog

case Noe 74 (Identification: 13938-73-48.) Chesapeake, male, 10 years
old. Hospitalized for severe teniasis end for suspicion of foreign body
in throat. Teak in right hind lege. Dyspnea.

DIAGNOSIS of pyelonephritis superimposed upon polycystic disease
based upon post-mortem lesions. (Confirmed by Army Institute of Pathologye)

GROSS LESIONS: Purulent pneumoniae. Ulecerative laryngitis. Suspected
prostatic carcinoma with metastatic nodule in spleen (erroneous). Chronic
nephritis, contracted kidney with many cysts. Chronic cystitis. Chronie
right coxo=femoral arthritis. cardiac dilatation. Heavy tartar coat on

teeth; loose molars. Many Tenias pisiformise

WTCROSCOPIC LESIONS: Chronic nephritis, probably pyelonephritis
although there was some injury of glomeruli, complicated by large numbers
of small cysts, which were mostly located in outer medulle just inside
the cortico-medullary junctione. Probebly a congenital (?) polycystic
kidney with superimposed nephritise. The condition was bilateral. Hyper=
plasia of prostate. (ms nodule (1 cm. in diameter) of malignant lymphoma
or related lymphoid change, in spleen. TUlcers of larynx, probably uremice
Terminal acute pneumoniae

FAT STAINS:  Kidney:

Glomeruli +++
Talls of Bowman's capsules 0
Proximal convoluted tubules ++
Distal convoluted tubules o
Ascending loops in medullary rays ++
Ascending loops in medulla ++

Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvie epithelium
Interstitial tissue

walls of blood vessels

sNoNoRoRe RS




NEPHRITIS, Dog (Identification: 139538«73-48,) Continued

The above lipids were limited to areas of fibrotiec or hephrosclerotic

changes or of compression adjacent to the cystse.
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NEPERITIS, Pig

Case ¥o, 75 (Identification: 13977. Diag. Lab., April 1, 1948.;

Pig, several months old, probably 7 or 8 months, slaughtered for food.
Tre animal had suffereé from menge or dermetitis but was considered in
good general hrealib.

DIAGKOSIS of infecticus nephritis, probably blood-torne, based on
post mortem findingse

GROSS IESIOES: "“Large, pale kidneys™ were found by the meat
inspector. They were suspected of representing diffuse infiltration
by & lymphoid neoplasm. Some petechiee on kicneys. ¥ost lymph nodes
were greatly enlargeds

YICECSCOPIC LESIONS: Acute diffuse purulent nephritis: pyelo=
nephritis, probably descending or hematogenous, with pyuria. Marked
hyperplasia of lymph nodess

FAT STAIKS: Kicney:

Glomeruli

Walls of Bowman's capsules

Proximel convoluted tubules

Distal convoluted tubules

Ascending loops in medullary rays

Ascending lcops in medulls

Descending loops of Henle

Collectirg tubules

Lumina of tubules (lower)

Pelvic epithelium

Interstitial tissue
WwWalls of blood vessels

OOOOOOOOOIOO
*
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PYOSYDROLEPEROSIS, Dog

case XNoe 70 (Identification: 13858-98 8.) Dechshund, female, 10

yvears old. Cystic urolithotomy was terformed April lé. Hospitalized
day 14 with enorexia, vomiting, polydipsis, somnolences. Elood urea
164 ms. per 100 cc. Buthanasia, Xay 28

CIAGNCSIS of ola hydronepnrotic atrophy of left kidney and recent
pyelonepnritis and hydronephrosis of hypertrophied right kidney with
urolitniasis, based upon post=-mortem findingse

GROSS LESIONS: Left kidney was reduced to an empty "shell”
2.5 cme long. Right kidney ned undergone COmMpPensacory nypertrophy %o
& ome in length, its pelvis was dilsted to 4 x 3 x 3 cm. and its ureteral
orifice completely plugred BTy = arolith S mm. in diameter. Chronic
cystitis with sdnesions of bladaer %o ventral abdominal wall; about
20 ee. of uroliths from 1 %o 5 pme in diameter in bladder. Kumerous
abscesses up to 2 mxe 1n diameter in spleen. Several abscesses, 1 mme
in diameter, in liver. Pulmonary congestion and edema. Cnronic
valvular endocarditise Chronic catarrhal enteritise

31 CROSCOPIC LESIOKS: Left Kidney: late pyohydronephrotic
atrophy; practically nothing remained of the parenchyms except

lomeruli, unchanged in a fibrous strome. =Right kidney: severe

(1]

pyelonepnritis, probably hematogenous as & part of a generalized

pyemic process, in spite of the fact that obstruction by calculi may
have occurreds Very severe diffuse purulent infiltration with early
abscess formatione Hany cortical tubules nad disappeared; those
remaining were dilated, with a heavy cellular infiltration between

theme
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PYCHYDRONEPHROSIS, Dog (Identification: 13958=06=48.) Continued

BACTERIOLOGIC FIKNDINGS: Staphylococcus aureus cultured from

pelvis and parenchyme of right kidney.

FAT STAINS: Kidney (right):

Glomeruli ++
We.lls of Bovman's capsules 0
Proximal convoluted tubules +++
Distal convoluted tubules o)
Ascending loops in medullary rays +
Ascending loops in medulla +++
Descending loops of Henle 0
Collecting tubules 0
Lumina of tubules (lower) o]
Pelvic epithelium 0
Interstitial tissue, in

phagocytic cells +++
Walls of blood vessels +

Lipuria in Bowman's capsules +
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PNEUNMONIA, RENAL ABSCESSES, Dog

Case No. 77 (Identification: 14068-185-48.) Boston Terrier,

female, 17 months olde. Ill a week, staggering, weakness. Ome
convulsion at onset. (linical signs of pneumoniae.

DIAGNOSIS of pneumonia and metastatic abscesses in kidneys
based upon clinical and post=-mortem findingse

GROSS LESIONS: Late red hepatization involving both diaphrag-
matic pulmonary lobes and spreeding anteriorly, a very atypical
locatione Multiple metastatic abscesses, 2 mme in diameter, in

both renal corticese. Several whipworms, Trichuris wvulpis, in cecum.

YICROSCOPIC LESIONS: Red hepatization; some areas of lung,
hemorrhagic. Congestion of liver; hepatic cells had pale foamy
cytoplasm which was not fate. Sections of kidney failed to include
the abscesses.

BACTERIOLOGIC FINDINGS: Cultures were unsatisfactorye

FAT STAINS: Kicdney:
Glomeruli
Walls of Bowmen's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules
Lumina of tubules (lower)
Pelvie epithelium
Interstitial tissue
Walls of blood vessels
Liver:

++ - and in a few convoluted
tubules immediately
adjacent (segments of
Schachowe? )

OCO0OQOO0OO0OQO0O+000O0

- except for fat in
epithelium of bile
ductse
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PNEUMONIA, RENAL METASTASES, Dog
Case No. 78 (Identification: 14090-226=48.) Beagle Hound,
female, young adult. Hospitalized 11 days with diagnosis of canine
distemper although dog had supposedly been lmmunized.

GROSS LESIONS: Widespread lobular pneumonie in stage of gray
hepetization. Recent hemorrhage had filled left diaphragmatic lobe
with blood, and death was from a terminal hemorrhage via trachea and
mouthe Numerous minute abscesses or purulent foeci in kidney, 1 mm.
in diameter, compressed in shape to conform to renal structural
elementse.

MICROSCOPIC LESIONS: Acute broncho=pneumonia with a reaction
which was principally purulente Areas of hemorrhage at the edge of
the region of gray hepatizatione Possibly some fat in medullary
rays but kidneys showed little change except the white nodules.
These were poorly portrayed but one consisted of chronie inflamme-
tory proliferatione.

BACTERIOLOGIC FINDINGS: Cultures of lung yielded a Streptococcus,

Aerobacter aerogenes and Escherichia colie

FAT STAINS: Kidney:
Glomeruli

Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

O0O0OQOQO0O0O+ 0000
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RENAL AMYLOIDOSIS, PYOMETRA, Dog

Case No. 79 (Tdentification: 14059-172-48.) Scottie dog, female,

11 yeers old. Anorexies, vomiting, polydipsia, for 5 days before deathe.

DIAGROSIS of pyometra based upon symptoms and gross lesions; of
renal amyloidosis and uremia, based on microscopic lesionse.

GROSS LESIONS: Pyometra: much viscid, yellowish=-gresn pus. dne
cystic ovary with 2 cysts up to 1 em. in diameter and 3 old corporsa
lutea; cther ovary, atrophic with 2 smell corpora lutea. Chronic
nephritis, infectious (?), toxic (?). The kidneys were very pale with
streaks of fibrous tissue radiating through cortex, outer surface was
moderately shrunken. Lipids in medullary rayse. Severe toxic hepatitis
with appearance of red atrophy.

HICROSCOPIC LESIQNS: Severe amyloidosis of kidney involving and
partially destroying nearly &all glomeruli and infiltreting around many
capillaries and tubules of medulla. Most of the tubules of the cortex
remained but there was considerable fatty and other degenerative change,
also infarct=like areas of fibrosis and lymphocytic infiltratione. Sub=
acute cystitis. Pyometra: +the glands were dilated and filled with
puse Severe congestion of liver and marked central atrophy of the hepa=-
tis cordse

FAT STAINS: Kidney:

Glomeruli +++ = fat in glomerular fil-
Walls of Bowman's capsules 0 trate.

Proximal conveoluted tubules ++

Distal convoluted tubules +

Ascending loops in medullary rays ++++

Ascending loops in medulla +++

Descenadaing loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

OO0OCO0OO +
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HYDRONEPHROSIS, UNILATERAL, Dog

Case Noe 80 (Identification: 14035-147-48,) 1iixed Terrier,

female, 1 year old. Died during operation of ovariectomy under
ether anesthesiae.

DIAGLOSIS of unilateral hydronephrosis based upon post=-mortem
findingse Renal insufficiency was presumably the cause of succumbe
ing to ethere.

GROSS LESIONS: Unilateral hydronephrosis has reduced one kidney
to a fluid=filled capsule & x 6 x 5 cme and 2 mm. thicke Occlusion
at entrance to ureter, which appeared normale Qpposite kidney was
moderately or slightly hypertrophic, congested and had fat in
medullary reyse There was a cellophane sausage wrapper in the
stomache Acute catarrhal enteritis.

MICROSCOPIC LESIONS: The hydronephrotic kidney was reduced to

a thick, fibrous band containing some atrophic glomeruli and some

spaces that may have been tubules. Cther kidney, as described

grosslye
FAT STAIKS: The non-hydronephrotic kidney:
Glomeruli 0
Walls of Bowmen's capsules ¢}
Proximal convoluted tubules 0o
Distal conveoluted tubules 0

Ascending loops in medullery rays ++++ = a2ll in a narrow zone
Ascending loops in medulla of innermost cortex
Descending loops of Ienle and outermost medullee
Collecting tubules
Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue
Walls of blood vessels

COO0O0OO0O0
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HYDRONEFHROTIC ATROPHY, Dog

Case No. 81 (Identification: 14096-211-48.) Spitzbergen dog,

female, 5 years ola. I11 10 days, with post=prandial vomiting,
inappetence, depression. gaid %o have spells of unconsciousness. At
start of illness temperature reached 104 degrees Fo.; later 1t remained
normale Plood exemination: ReBeCe, 2,860,000; WeBeCs, 26,740; hemo=
globin, 5.22 gme per 100 cce; “"stab" polymorphonuclear neutrophiles,
49 per cent; segmented polymorphonuclesr neutrophiles, 31 per cent;
lymphocytes, 20 per cent; numerous nucleated red cellse. OCbesitye.

DIACNOSIS was believed to be some unknown infection producing
hemolytic enemis and toxic hepatitis, all supervening on a pre-existing
hydronephrotie atrophy of the left kidney. Lipidosis of the medullary
rays was present in both kidneys and hence quite plausibly due to the
unknown infection. With this exception the lipicosis was limited %o
the hydronephrotic kidney and was believed related primarily to the
local hydronephrotic changess

GROSS LESIONS: Hemolytic (1) anemia of unknown causee Toxic
(or infectious?) hepatitis; liver, light mahogany brown with very
large lobules, probably regenereting. Severe jcterus (hemolytic?)
Passive congestion of lungs. Marked swelling of spleen, probably
hypertrophy of pulpe ¥arked hyperplasia of bone marrow. Marked
hydronephrotic atrophy of left kidney with extensive destruction and
fibrous replacement, especially in two large areas in mid-portion of
kidney, end with a hard, smooth stone, 15 mm. in dismeter, filling the

dileted renal pelvis. Dilatation end thickening of wall of left ureters.
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HYDRONEPHROTIC ATROPHY, Dog (Identification: 14095-211-48.) Conte
Compensatory hypertrophy of right kidney with lipidosis of medullary
rayse

MICROSCOPIC LESIONS: Severe pulmonary edeme and early purulent
pneumonia without red hepatization, really a sero=-purulent inflemmatione
Very severe congestion of liver, quantitative atrophy of all hepatic
cells, degenerative fatty infiltration and necrosis in centers of
lobuless Marked reticulo=endothelial hyperplasia of spleene. Marked
cloudy swelling of convoluted tubules, degenerative fatty infiltration
of medullary reys, and one area of fibrosis in right kidneye Exten=-
sive intertubular fibrosis (at least in the areas designated grossly)
and partial or complete destruction of meny glomeruli, in left kidneye.
The capillary tufts were greatly atrophied or entirely absent, the
capsular space being filled with fluid (which often contained dissolved
fat)e In some glomerull the parietal epithelial lining was widely
separated from its basement membrane and stroma, the intervening space
being filled with similar fluide Slight lymphoecytic infiltrationse

FAT STAINS: Kidney, left:

Glomeruli ++ - glso in glomerular fluide
¥ialls of PRowmen's capsules +

Proximal convoluted tubules ++

Distel convoluted tubules ++

Ascending loops in medullary rays ++++

Ascending loops in medulla ++4++

Descending loops of Hemnle +
collecting tubules 0
Lumine of tubules (lower) 0
Pelvic epithelium 0
Interstitiasl tissue +
wells of blood vessels 0

- 8lso basement membranes
of convoluted tubulese
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HYDRONEPHROTIC ATROPHY, Dog (Identification: 14095-211=48.) Conte

FAT STAINS: Kidney, right:
Glomeruli

wWalls of Bowment's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays +++
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

(e NeRoNe/

OO0OCO0O0
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URINARY OBSTRUCTION, Rovine

Cese No. €2 (Identification: 14052-1€7-48.) Hereford steer,

18 months old. Continued dribbling of urine for a month. Edema of
ventral body wall and onse hind leg. Ate and felt well, Euthanasisa
by electrocution.

DIAGNOSIS of incomplete urinary obstruction from urethral
stricture probably resulting from a previous calculus, with
hydronephrosis and pyelonephritis, based upon history, symptoms
and post-mortem findings,.

GROSS LESIONS: Stricture about 25 cm. from urethral meatus.
Deformity of bladder, probably from heeling of a partial rupture.
Ureters dilated to 1 cm. diemeter; renal pelves moderately dilated;
perenchyma atrophied and, in some places, pale. Large amount of
ascitic fluid. Edema. Mucoid atrophy of coronary fat of heart.

MICRCSCOPIC LESIONS: Hydronephrosis with mila subacute pyelo=
nephritis; dilatation of all tubules; hydropic degeneration of
tubular epithelium; one fibrosed infarct. Mucoid atrophy and
myxomatous degeneration of coronary fat; edema and myxomatous
rhange in one heart valve. Sercosporidiosis of heart muscle.

FAT STAINS: Kidney: mnegetive for fat,
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URINARY LITHIASIS, Bovine

Case No. 83 (Identification: 14107-245~48,) Angus steer, 1 year
cld. Urinary obstruction of about 6 days duration, part of the time
incomplete. Blood ures 384 mge. per 100 ce. Urethrotomy 2 deys before
death. Also bloody diarrhea.

DIAGNOSIS of scute obstructive urinary lithiasis based upon symptoms,
leboratory end post-mortem findingse.

GROSS LESIOFS: Urethrotomy wound at ischial arch. EBladder
greatly distended but not markedly inflemed. A stricture of the
urethrse at the ischiel arch, sbout £ cm. above the operative wound,
was responsible for urinary restertion in spite of the urethrotcmy.
A "gravelly" calculus in urethra about 1& em. from meatus. Severe
urethritis between the stricture (where there doubtless had previously
been & calculus) and the present calculus. Localized lobular pneumonie
in right apical lobe, some lobules in stage of gray hepatization.
Hemorrhagic proctitis, probably due to coccidiosiss

MICROSCOPIC LESIONS: Diffuse fibrous atrophy of kidneys. No
enlargement of renal pelvis,

FAT STAINS: Kidney: Negative for fate
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STRICTURE OF ESOFHAGUS, Dog

Case No. 84 (Identification: 189-48.) Cocker Spaniel, female,

Z months olde Inability to eat solid foods without vomiting.

DIAGIOSIS of stricture and diverticulum of esophagus based
upon post-mortem lesionse.

GROSS LESIONS: Above the stricture the esophagus was dilated
although empty; its walls appeared weak and too easily expansible
throughout its lengthe. Perhaps atony of the esophagus would have
been & better diegnosise.

MICROSCOPIC LESIONS: No microscopic examinatione

FAT STAINS: Kidney:
Glomeruli

Walls of Bowman's cepsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays +++ = in a narrow zone of
Ascending loops in medulla + inner cortexe.
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

walls of blood vessels

= scatterede

O OO+

QOO O0OCO +
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INTESTIYAL OBSTRUCIIOK, GANGREXE, Dog

Case ko« &5 (Identification: 168=48.) Collie dog, male, young

adulte Owner saicé dog beceame sick at Z:00 P.¥Y. and died at 4:15

Pelie

o

DIAGHCSIS of obstruction and gangrene of intestine based upon

GROSS LEZISIONS: Gangrene of nearly the whole intestinal tract,
with hemorrhage and hemoperitoneum, due to impaction of colon with
corn and fragments of corn-cobse Colon was distended to a diameter
of 5 to 7 cme Impacting mass termirnated suddenly at a point 10 cm.
abtove the anuse

YICROSCOPIC findings supported the gross observationse.

FAT STAIXRS: Kidney:

Glomeruli and walls of Bowmant's capsules
Proximal convoluted tubules
Distel convoluted tubules
Ascending loops in medullary reys
Ascending loops in medullsa
Descending loops of Henle
Colleecting tubules

Lumine of tubules (lower)

Pelvic epithelium

Interstitiasl tissue

Valls of blood vessels

+++

COO0OO0OO0O00C + 00O




GANGRENE CF INTESTINE, Dog

case No. 86 (Identification: 14074=-198-48,) Cocker Spaniel male,

8 months old, Struck by an asutomobile. A coxo-femoral luxation was
reduced the same day. Died 3 days latere

DIAGNCSIS of traumatic gangrene of jejunum, late perforation,
and termiral peritonitis based upon post-mortem findingse

GROSS LESIONS: Gangrene of about 8 cm. of the jJjejunum with
consequent perforation., Extensive recent peritonitis. Extensive
traumatic hemorrhage in abdominal end chest walls, Minimal abnor-
mality of the injured Jjoint.

MICRPOSCOPIC LESIONS supported the gross, Congestion of liver
and kidney. Atrophy, lymphoid bhyperplassie ard lymphoid exhaustion
of spleen.

FAT STAINS: Kidney: mnegative for fate.
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Case Noe 87 (Identification: 14081-174-48.) =lack "Shortneir",

female, 9 months olde Ovariectomy about one month ago. "Eas been

coing down hill" since then: anorexie, occasional vomiting, occa=

>

(/]

ionel conwvulgionse.

DIAGOSIS of enteritis of unknown nature based upon symptoms

GROSS LESIONS: <Very severe chronic catarrnal entero=colitis

startins atruptly 2 cm. below pylorus, and tecoring hermorrhagic in

many parts of small intestire. ¥ild toxic hepatitis. Toxic nepari-
is with liridosise. o parasitese.

WICROSCOFIC LESIONS: Severe subacute catarrhnal enteritis.
scus about 1 mm. in dizmeter, surrounded by
acute inflemmatory zone. Cloudy swelling of renal epithelium; fet

in medullary rayss.

FAT STAIXS: Xianey:

Glomerulil 0
7alls of Bowman's caepsules 0
Proximal convoluted tubules ]
Distal conveoluted tutules 0
Ascending loops in medullary rays ++++

Ascendirg loops in medulle
Descending loops of Henle
Collecting tuvbules

Lumine of tubules (lower)
Felvic epitnelium
Interstitial tissue

7alls of blood vessels

\d
Q
o

=

OOOC’)OOS‘
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HEPATITIS, Cat
Case No. 88 (Identificetion: 14058-171-48.) Domestic cat, male,
1 year old. He was castrated 4 days before death; began to vomit
24 hours before deathe.

DIAGHOSIS of acute hepatitis of unknown nature, based upon
symptoms end post-mortem findingse. (There is no known viral hepa-
L£itis in cets so it must be presumed to be of toxie origin.) Origin
may have been elsewhere.

GROSS LESIONS: Severe icteruse. Liver, enlarged and very
yellow, with the lobular arcihitecture distinet. Spleen, greatly
enlarged, red, firm, with prominent corpuscles. Intestinal contents,
yellow from much biles

VICROSCOPIC LESIONS: Severe toxic hepatitis, lobules showed
severe central coaguletive necrosis, mid-zonal degenerative fatty
infiltration, and peripheral cloudy swelling. Degenerative fatty
infiltretion in proximal tubules of kidney with severe cloudy swelling.
Severe congestion of spleen. Edema of lungs. Distortion of lymph
node architecturse, probably a hyperplasia. Much phagocytosis of
erythrocytes in lymph sinuses. 1Its reticulo=endothelial cells con=-
tain minute, poorly staining granules which might possibly be
organismse

BACTERIOLOGIC FINDIKGS: Cultures of spleen negativee




=-cxliii-

HEPATITIS, Cat (Identifications 14058-171-48. ) Continued

FAT STAINS: Kidney:
Glomeruli

Tfalls of Dowman'!s capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Wwalls of blood vessels

+
+
+

- extreme. Small and
medium droplets at
base of celle

OCO000QO0O0OO0+ 00

Liver: +++ - fine droplets. Mid=
zonal and central
where central cells
have not disappeareds
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FOCAL NECROTIZING HsPATITIS, Cow

Case lo. 89 (Identification: 14007-122-48.) Shorthorn cow, female,

i —

2 years olde Dystocia. A dead calf delivered after incomplete spontaneous
abortion. Clinician felt some other disorder was also present. Hospital-
ized and died 5 days laters

DIAGNOSIS of infectious foeal necrotizing hepatitis based on post-
mortem findingss

GROSS LESIONS: Numerous brilliantly demarcated areas of liver tissus
in a state of coagulative or slightly caseous necrosise. The areas were
irregular in shape, usually 2 to 6 cm. in greatest diameter, sharply
demarcated, and sometimes slightly depressed. Those necrotic areas which
resched the surface commonly presented an ulcerated depression end
sadhesions to any adjacent structure, such as diaphragm. Acute sero-
fibrinous perihepatitis and peritonitis. Many petechial hemorrhages on
pericardium and epicardium. Acute splenic swelling. Normal involution
of uterus. Stomechs well filled, normal.

MICROSCOPIC LESIONS: The foel in the liver showed coagulative
necrosis with an encircling inflammatory reaction. Acute, localized,
necrotizing cholecystitise. ifarked hyperemia of kidneyse

BACTERIOLOGIC FINDINGS: ©No cultures on this cases Similar cases
have shown Streptococcie A probably related condition which sometimes

develops true abscesses regularly yields Spheerophilus necrophorus in

culturese
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FOCAL NECROTIZING HEPATITIS, Cow

FAT STAINS: Kidney:
Glomeruli

Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules

Ascending loops in medullary rays

Ascending loops in medullsa
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue

Wealls of blood vessels

Liver:

(Identification: 14007-122-48.)
Continued

race

+ O OO0 O

OCOCO0OO0O0O+

+++ = peripheral in the
lobule. The same in
both living and necro=-
tic srease
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CIRRHOSIS, Sheep

Case Noe 90 (Identification: 14099-228-48.) Hampshire lamb,
female, 5 months olde This lamb had been doing poorly for some timee
Then examined its temperature was 104 degrees Fahrenheite

DIAGNOSIS of cirrhosis, toxic jaundiee, and beginning terminal
pneumonia based upon post-mortem lesions. Provable chronic plant
ooisoninge

GROSS LESIONS: Cirrhosis, well advanced with some regeneratione.
iarked icterus. Much sand in all compartments of stomache (Pastures
were dry. In addition to accounting for the sand this fact increased
the probability of plant poisonings.) Anemia, due to a rather heavy

infestation with Hemonchus contortus, Nematodirus spathiger,and several

other species of strongyle stomach wormse. Enteritis; punctate hemorre-

hages in intestines. Pulmonary congestion and limited areas of early

red hepatizatione

WICROSCOPIC LESIONS supported the grosse Moderately early
cirrhosis in islands of Glisson, the connective tissue having a ten=
dency to be perivasculare Early smell foei of necrosis in the hepatic
lobules. Xidney appeared to have fat droplets in the convoluted
tubules; in the ascending loops of Henle the cells were very clear,

probably because of fate

FAT STAINS: Kidney:

Glomeruli

talls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays

Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumine of tubules (lower)
Pelvie epithelium
Interstitial tissue

ells of blood vessels

Liver:

- scatterede.

+
+
+

- agxtreme.

+ OO0O0O0OC+ 00 + OO0

++ « smell and medium drop-
letse.
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FEMANGIOMA of LIVER, Hen

case No. 91 (1dentification: 14029, Diag. Lab., 18 August 1948.)
Adult hen, mixed domsstic breed. Killed for diagnosise

DIAGNOSIS of hemangioma of liver based upon post-mortem lesions.

GROSS LESIONS: The liver showed new growth about 3 cm. in greatest
diameter, red, firm, and releasing considerable blood upon section.
Kidneys contain numerous clear cysts from 1 to 2 mm. in diameters

MICROSCOPIC IESIONS: The tumor proved to be a hemangioma con-
sisting of fibrous, thick-walled vessels. The cysts in the kidney had
very thin walls and fitted irregularly triangular spaces among the
tubules, usually subcapsular, without compressing any surrounding
structures.

FAT STAIFS: Kidney: negative for fat,

IEMANGIOMA, LIVER, Chicken

Case No. 92 (Identification: 14075« Disg. Lab., & October 1948.)

—— a—

Adult hen, Rhode Island Red breed.

DIAGNOSIS of hemangioma of liver and cysts of kidneys based upon
post-mortem findings.

GROSS LESIONS: A large red, blood-filled mass, intimately attached
to the liver. A number of cleer cysts up to 2 cm. in diameter could
be seen in the kidneys, mostly just beneath the capsule.

MICROSCOPIC IESIONS: The tumor on the liver had the structure of
a hemangioma with thick-walled vessels. The renal cysts seemed to have
no influence on the parenchyma, Chronic inflammation of the ureteral

ductsse

FAT STAINS: Kidney: negative for fat,
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SUSPECTED PLANT POISONING, Pig

Case No. 93 (Identification: 14028. Diseg. lab., August 3, 1948.)

Pig, 4 months old.

DIAGNOSIS of suspected plant poisoning based upon history and

general post-mortem findingse
GROSS LESIONS: Acute nephritis, kidneys very pale with extensive

hemorrhages which had filled the renal capsules and distended them with

bloode.
MICROSCOPIC LESIONS: Kidney: Toxic changess

FAT STAINS: Kidney: Entirely negetive for fate
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SOY-BEAN OIL DIET, Calf

Case No. 94 (Identification: Spl. §2. Diag. Lab., August 3, 1948.)

calf, 2 to 3 months old., Raised by the Iowa State College Dairy Depte.,
on an srtificisl diet containing a large amount of soy-bean oil re-
plecing the natural fat in "reccnstructed™ skim milk. These calves
develop a severe diarrhea and several have died of pneumonia.

DIAGNOSIS: Experimental diet of soy-bean oil.

GROSS LESIONS: Liver, light brown. Pale kidney. Intestinal
contents very oily and & brillisnt yellow throughout the whole tracte
Terminel pneumonie.

MICROSCOPIC LESIONS not determined.

FAT STAINS: Kidney: entirely negative for fate.




KORXAL XUSKRAT

Cese lo. 5 (Identification: £200=4E.) A muskrat, adult male,

————. £

which strayed into my office, apparerntly having entered the
building through an unscreened basement window. It was killed by
e blow on the head.

DIAGHCSIS: nmnormale.

CR0SS LTSIQLS: nonee.

1T CROSCCFIC LESiIOLS: none.

}

FAT STAILS: Kidney:
Glomeruli

Talls of Bowmen's cepsules
Proxiral convoluted tubules
Tistal convoluted tubules
Ascending loops in medullary rays
Ascendinz loops in medullsa
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epithelium
Interstitiel tissue

Talls of blood vessels

N R
®» P
o 0
(4] o

O0OO0OO0OQOCOct Ot OO
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APPENDIX C. PROTOCOLS OF ANIMAL EXPERIMENTS
Phosphorus Poisoning

Experiment No. l.- (Identification: 13965-48.) Dog, brown,
shorthaired mongrel, female, about 1 year old (estimated), weighing
approximately 10 Kg. (22 pounds). Eight days éreceding the phosphorus
experiment this dog was given 5 co. of carbon tetrachloride. It vomited
s short time afterward. There were no ill effects. Since further
study led to the convietion that carbon tetrechloride would not be
fruitful in the production of lipidosis in the kidney, this procedure
was abandonede.

PROCEDURE: On what will be referred to as "]1st day™ the dog was
given O.1 cc. of a 50 per cent solution of phosphorus in carbon disulfide
in a 5 cc. gelatin capsule filled with milk. The dog drank other milk
immediately afterward. It may have vomited. There were no visible
effects for 3 days, after which the following was recorded:

4th day: Much depressed and refuses food. Lies down most of time

but rises to greet visitors. In afternoon vomited yellowish material.

Temperature, 101.6 Fe
5th day: Much the same but does not rise,
6th day: The same. Polydipsia and polyuria.
7th day: The same.

8th day: Considerably more lively than before. Willing to walk

around; recoveringe
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Experiment 1, continued.

24th day: Given 0.5 cc. of the same 50 per cent solution of phos=
phorus in carbon disulfide in a liberal amount of milk. Vomited
shortly afterward.

31st day: A dose of phosphorus dissolved in mineral oil equivalent
to 0.2 cc. of the previously used solution was administered in a cap-
sule. The dog drank only part of the pint of milk given him afterward,
apparently being nauseated as the capsule broke in the process of
administration. Vomited mucus and milk about 1 hour later. (The
phosphorus in oil proved too jnflammable to handle and was not used
again. )

43rd day: Given 0.3 cce of the 50 per cent solution of phosphorus
in carbon disulfide in a capsuls, followed by milke

44th day: Depressed and unwilling to move. No appetite.

45th day. Depressed in spirit and facial expression. Does not care
to rise from sternal recumbent position.

46th day: Dead this morning; apparently died some nours sarliers

GROSS LESIONS: Considerable post-mortem imbibition and slight gas-

formation in the liver. Tonsils large and hyperemic, about 4 x 11 ram.
Slight catarrhal gastritis: mucos& Was red on ridges, elsewhere
possibly atrophice Intestine normal except an increasing anpount of
yellow chyle in lower small intestine and a small amount of yellow fecal
material in colon, and except for a well marked proliferation of 1ymph
nodules, as blackish spots 4 to 5 mme. in diameter, in cecum and lower

colon. Marked icterus. Liver very yellow except outer surface wes
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Experiment 1, continued.

stained with green in places. Kidneys moderately large, pale, with
typical radial streaks of 1lipid in medullary rays. Bladder emptye
Spleen small and atrophic. Three fetuses about four-fifths term.
Noticeable hydrothorax and hydropericardium. Diffuse hemorrhagic
mottling of diaphragmatic lobes of lungs. Heart flabby. No changes
in central nervous systems

MICROSCOPTC LESIONS: Advenced post-mortem changes; saprophytic
bacteria in spleen and gastric mucosa. Slight hyperemia of tonsil,
Severs atrophy of splsnic pulp with foei of necrosis and much hemosiderine
Liver showed necrosis and degenerative fatty infiltration. The fat is
often in large droplets tending to fill the cell. Kidney showed early
necrosis or cytoplasmic disintegration in proximal convoluted tubules;
the cells probably contain fat, More severe irregular vacuclization or
disintegration of cytoplasm in medullary rays; these cells probably
contain fat. Post-mortem desquamation of epithelium in ascending loops
in medulla.

FAT STAINS: Kidney:

Glomeruli 0
Walls of Bowman's capsules 0
Proximal convoluted tubules trace
Distal convoluted tubules +
Ascending loops in medullary rays b
Ascending loops in medulla +t

Descending loops of Henle
Collecting tubules
Lumina of tubules (lower)
Pelvic epithelium
Interstitial tissue
Walls of blood vessels

OO0 OO0+

liver: ++++
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Phosphorus Poisoning

Experiment ¥o. 2. (Identification: 13942-48.) Dog, mixed Germen
Police-type, adult, male, weighing approximately 18 Kge (40 pounds),
in a poor state of nutrition. A stray presented for euthanasia. After
being kept under observation for 8 days and being adjudged normal, the
animal was treated as follows:

PROCEDURE: 1st day: Given O.1 cc. of a 50 per cent solution of
phosphorus in carbon disulfide, in a capsuls followed by milk in the
same menner &8s in the case of Experiment l. pDid not vomit. No ill
effectse

5th day: Given 0.4 cc. of the same 50 per cent solution of phosphnorus
in the same manner.

6th day: Appears normal or somewhat gloomye

7th day: Little change ncticed.

8th day: Dead this morning. Has been drinking much water and
voiding much urinee.

GROSS LESIONS: Mild pulmonary edemsa. Moderately severe hydro-
thorax, the opened cavity being one-third full. A few subepicardial
retechiae and subendocardial ecchymoses. }Moderats catarrhal gastritis
in the fundus only. Slight catarrhal enteritis with an occasional
flake of clotted blood. Well marked catarrhal colitis, the longitudinal
ridges being eroded and red. Liver was ysllow and flabby (partly post-
mortem change) with slight cloudy swelling and probably fat., Renal
cortex was rather irregularly streaked with gray as if there was fat

in the labyrinths. Slight catarrhel cystitis; spleen dry and smalle
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Experiment 2, continued

MICROSCOPIC LESIONS: Liver: Widespread fatty change with droplets
of medium size. Central necrosis with larger droplets there. Advanced
post-mortem change, which must have been unusually rapid. Kidney:
Necrosis of cortical tubules was widespread but confused with post-
mortem change. Many tubules of the medulla had disappeared. Marked
hyperemia of medulla and medullary rays. Albumin in tubules. Some
lymphocytic infiltrations.

FAT STAINS: Kidney:
Glomeruli

Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulls
Descending loops of Henle
Collecting tubules

Lumina of tubules {(lower)
Pelvic epithelium
Interstitial tissue

walls of blood vessels

- except one glomerulus in
a damaged, infarcte-like area.
- except in same damaged
area, where there was con-
siderable lipidosis.

CODOCO $00000O
+

tivers:

+
+
+
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Prniosphorus FPolsoning
Experiment LOe Je (Identification: 13943-48.) English Pointer dog,
adult female, weighing an estimated 16 Kge. (35 Pounds), in & rather
poor state of nutrition. Presented for euthanasiae.

PROCEDURZ: 1st day: Given O«l cce of & 50 per cent solution of
phosyhorus in carbon disulfide in a capsule, followed by milk in the
same manner as in the case of EZxperiment le o ill effectse.

S5th day: Given Oe4 cce of the same solution of pnospnorus in carbon
disulfide, with a very liberal amount (nearly a cuart) of milk afterwarde

6th day: Appears normal.

7th day: Deprsssed; losing weighte

8%th day: ¥orning: Greatly depressed. Lame in one hind leg. This
probably is part of a generalizea stiffness and soreness wnlch appears
to existe Polydipsia and polyuriae.

3.00 Po le: Still more emaciated. Dog is now voiding
bloody urine and has vomited bloody material. When allowed to run
around she passed urine twice in 10 minutes, about a tablespoonfﬁl,
which was practically pure blood, thick or semiclotted in consistencye

Tuthanasia was performed by electrocution at 3:30 Pe

- @ L d

GROSS LESION: lucosae and intermal tissues are anemic and icterice
Stomecnh contains a small amount of blood whicn has come up from the
intestine. GSevere nemorrhegic enteritis with the escape of much blocd,
involving upper small intestine, diminishing lover dovn to cabtarrhal

enteritis, and disappearing in the ileume. Very severe hemorriagic
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Experiment 3, continued
colitis and cecitis, commencing zbruptly at the ilec-cecal orificee
There was much free ovlood in the larze intestine but its exit was
blocked by hard feces in tne rectume. Liver was irregularly pale with
prominent lobular outlines. A very severe hemorrhatic cholecystitis
had transformed the gall bladder into a dark red mass and fillea it
with blood, whose escape was apparently prevsented by swellinz of the
duct. Kidneys were rather light in coler (enemia?) and contained white
streaks, the fatty medullary rays, which radiated into the cortex for
a considerable distance. Very severe hemorriagic cystitisz: the bladder,
inside and outside, was a dark red mass, containing possibly 10 cc. of

bloode. Blood=-filled blebs elevated the mucosa from the underlying

lamina propria. Splsen contracted and empty of blood; splenic corpuscles

3

-

somewhat enlarged. All mesenteric lympn nodes were -reatly enlarged,

4

two of them being red and hemorrnagics Lamnary glands and adjacent
subcutis were edematous and considerable watery fluid ran from cut
surfaces. In the tissue of the area there were numerous shiny, transe-
lucent cylindriecal plugs, 1 to 2 mme in diameter, and 4 to 7 mme in
length, which must be thrombili from lympn vesselse

11TCROSCOPIC LESIOKS: Acute catarrhal jejunitis with numerous
goblet cells and markedly hyperemic capillaries at tips of villi, which
viere swollen by extremely heavy lympnocytic infiltratione Liucous
jleitiss. Severe fatty change in all parts of liver, mostly small
droplets. Severe muco-hemorrhagic cholecystitis: blood snd mucus in
jumen; blood and neutropniles distended all layers of walle. <Cloudy
swelling of convoluted tubules of kidney; severe fatty cnange in medullary

rays; congestion. EBExtremely severe hemorrhagic cystitis and hemorrhaze



-¢lviii-

Experiment &, continued
into lamina propria, submucossa, and betwsen bundles of muscularis of
bladder. Lymphoid nyperplasia of nodes Atrozshy of splenic pulp with

-

hyoerplasia of rebticulo=endotheliums Ifyocardium probably contained

fate Cystic diletation oi ducts of mammary slana, witn a dense

albuminous materials.

FAT STAILS: Kidney:

Glomeruli 0
Tialls of Bowman's capsules 0
Proximal conveclnutsd tubules 0
Distzl cornvoluted tubules o]

Ascexnding loops in medullary rays ++++ large snd small droplsts.
Ascending loops 1n medulla ++ - fine droplsts, not at
nescending loops of Henle trace base oi' cell.

Collecting tubules 0

Lumina of tubules (lower) 0

Pelvic epithelium 0

Interstitial tissue 0

vialls of blood vessels 0]

Livers: ++++ = large anc small droplets,
Epithelium of in al1ll zones and all
Lile ducts + lobtules.
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Cthloroform Anestnesis

(BN

Sxperiment 1/o. % (Identification: 4=42.) Dou, Zerman=-Shepneri-

Terrier cross, male, about 4 years old (estimated), weighing 1

(03]

s
>

(40 pounds)e Preliminary observation period of € cays. Doz nad a

N

purul=ant urethral

o
[N
wn
¢
s
D
il

—~~
=1
e
’ J
@]
o]
-
m

a corrmon condition, usually of
little importance).

ROCED RS: Given echloroform (Sguibb's "for anesthesia") by
innalatione Iull anestrnesia vias maintained for 1 hour, 25 minutes
when 407

AROSS LESIDIS: larked hyperemis of traecheal mucosa. Luncs had
nyperenia or possluly nemorriags. Severe
catarrnal entsero-colitise. Zeavw infestation with the tapeworm,

Dipvlidium caninum (Teals cucumerina)e Liver was li
e . —.

"friable", probably contsining fate. Kidneys were large, rounded, and
srobably swollen; cortex was lishlly sbtreaked with cray radiating
lines, whish mppeared to be fat in medullary ravs. Spleen moderasely
empty of blood.

UICROSCOFIC LiSIOkS: Sections add nobhing Lo the zrosse.

FAT STATNS: Kidney:
3lomaruli 0

Wealls oi Fowman's capsules
Proximel convoluted tubules
Dista. convoluted tubules
Ascendinz loops in medullary rass
ascendinz loops in medulla
Descenzins loops of Zenle
gollecting tubules

Lurina o: tubules (lowsr)

Pelvic epithelium

<O

sNeolNoNeoNoNoNoONe

Interstitial tissue
tfalls of blood vessels
Liver: 0 - except in spithelium of
bils ductsa
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Prolonged Chiloroform Anesthesla

Experiment Ioe Se (Tdentification: 13996-116=48.) Doy, ¥hite collie

breed, male, approxzimetely 1 year old, weizhing 2leH Kge (47 pounds ).

Owner desired euthanasis by chloroform.

PROCiTuro: The dog was kept under complete chiloroiorm anesthesia,

I

with corneal reflexes abolished, for & nours,

5 minutes. It was then
killed by increasing tne rate of inhalation of chloroflorm for atouat

5 minutese

AROSS LESIONS: Slizht hyperemia of ftracheal mucosa. Syperemia

(ective congestion) and edema of corsal portions of diaphragmatic lobes

of lungse. Eoth ventricles of heart eppeared dilateds. Stomach contained

sonsiderable excess of mucus, also a ball of haire. /ild chronlic

catarrnal enteritis. Four tapeworms, Tenia pisiformiss Considerable

bile in intestine. Iarked congestion of liver. larked cloudy swelling
of kidnewvs; cut surfsce bul:ed, snd was finely granular, witnou® radial

streakse Spleen esumpty of Tlood; corpuscles hynervlastics rerebrel pla=-

r

arachnoid conrested. 10 eXcess spinal fluide
TTCR0SCOPIC LESINIS: Lymphold hyperplasia of folliclss ol tonsil,

also of splesen. Salivary rland contalned excess mucus in alvecl

je

-
Large areas ol severe hemorrhagze into pulmonary alveoli withowu® cilata=-

tion of capillaries and without nflarmmation. This was called coOn’e8<

o
b

tion grossly. Hyperemisa of ¥idney; possibly increasea cellula

zlcmeruli. Acidophiles were excesslve 1n pituitarys
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FAT STAT!S: Kidney

tialls oi Zowmen's capsul
Proximal convolutea tuku
Distal convoluted tubu
Asceraing loops in e ry rays
Ascending loops in me
Descenq‘ng loops of He:
Collecting tubules
Lumina of tubules (lower)
Pelvic epitheliunm
Tnherctitial tissue
viells of tlood vessels
Liver:
Epithelium of
bile ducts ++4+
Zeart: +++
Adrenal cortex heavi-

17 laden with fat

-

+FOODOO0O0O0OCOC0 4+ OOCO

o




rosming the streels and was 1y pather poor nubtritional condltione

PROCITTIA:  On Asugsust 24 was placed unaer deep chlecroform anes-=
L8NS

3
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20
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frer adminisbration ceased, crand @
slsen, exnausted. Alter about AL hour e arose and dsvoured a large

bowel dischnarze wihlich lie had passed Lovo luntarily wrnils "comings out

fror the arestnebice. Vies placed in a cage and fed. Tnree days later,
on August 27, receivad deen caloroform anestnesis for £ rnours and 29

minutes. Tias returned to cags. Animalts health appeared perfact

during the intervals telfore and after thise. Om Aurust 20 was killed
=7 electrocution waile in periscti nealthe

~ =~ el ain [ R N VN et o . NP K S b} P N P

75083 LISICLS: Liver gulte zale with well derlnsa lotular

medullary rayse. Reltner sevVere achtive chronic catarrnal enteritlise

Very neavy infestabion with tapeworms, Tenla pisiformis and Tenia

hydati;

0
.

5291

=]

or liver, central and miazonal; some 4arog lsts larce. Proximal con-

[
AU a2
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FAT STAILS: Kidney:
Glomeruli

walls of Towmai's capsules
Proximzl convoluted tuvules
NDistal convoluted tubules
Ascendingz loops in medullary
Ascendins loops in medulla
Descending loops of Iienle
collecting tubules

Lumina of tubtulss

Pelvic epithelium
Interstitial tissue

ralls of blood vessels

Liver:
RBile ducts

continued

reys

+ O O
+

OO OO O0C0O0O0O0O +

+o b
+4 4

- distinetion between
proximal end distal
uncertaine.

ifine droplets, cen-
tral and midzonal,
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chlorofori Polsoning

[¢]]
A
(¢a]
L]
-
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Experiment loe 7. (*dentificatlon: 1367 Dofy simall, spobtted,

short=hzired Terrier, f[emal®s about & years old (estimated), weighing
3 Kgo (18 pounds)e A svralf presented for cutnanaslse preliminary
observation in hospital for © aayse Hed nursed pupse

PROCLD Hu:  Chloroform (Sguiburs !for enesthesia) given by

the do

£,

édied in

('w)

. : ethesia W ~roduced bul
inhalatione Completée snestiesia Was prodiced out

less than 5 minutes, srobably from an excessive amont g4 the onsetes

(Student anestihebistsSe)

(25T awg: Loderste hyperemia of tracheal Mucosa., Anterior

GRrOS

98]

) JRNR ; L erie Wl e .
odiastinun was extensive and thickened, un to £ cme with what appeared
Lo be persistent thymic tissues This tissue w2s Stdded with numerous
large petechime. RIZHT senkricle was sonmewnat dilated, Toderabely

— ~ ~ - = “

-

sovere catarrial enteritis (wileh is & wvery comnon Dinding in dogs)e
o parasites. Congestion of liver. =2aiial streaiing of reaal cortex
Jue to fat in medullary I&ySse vile ecatarrnal cysiitis,  spleen con-
trected snd empty o3 bloode Several recent corpora lutea.

--aRn3 0PI C LESIONS: Persistent hyperplastic thymus with hyper=

e e e }
omia or congestion, &nd with pebechial hemorriages. (Do cogs nave &

. : T ~r a e 3 A 3
thymico=lymphatic oonstltutlon?) rrany aereas ol thyroid had lost
their colloid and epithelium was Gesguamatecs (Tnree nours betw-en

B

hemol- sig of

o

s . e et A e R TS s oL D
death and fixetiona ) Congestlon of liver with unous

blood. Hepestic cytoplasm showed what was believel to be severe fathy

ehance. Severe hyperemia O conestion of xidnegr ¥ith fat-contalning

medullary rays cons picuously vecuolateds




=clxv-
Lxperiment 7, continued

FAT STAILS: ¥idney s

Glomeruli 0
Timlls of Zowman's capsules 0
Proximal convoluied Luvules 0
Distal convoluted tubules 0
Ascenaing loops in medullary rays ++++
Ascending loops in meuull
Descenuinyg loops of Zenle 0]
gollecting tubulss 9]
Luniina of tubules (lower) 0
Pelvic epitnelium 0
Interstitisl Tissue o]
walls of clood vessels 0

Liver: 0 - ner. except for fat
in epitnslium of
certain bile ductse
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Poisoning oy Alphe=-ilapnihyl =Thio=Urea
Experiment 1ioe Ze (Identification: 298%-110=43.) Doz, Collie=
Snepnerd Cross, male, approximately 1 year olu, weizhing 1Ze3 Kge
(26 pounds)e
PROCEDURL: At ©:45 Ae e the dog received aTU (alpha=-nephthyl=
thio=urea) per orem at tne rate of 125 me. per Kpe of live weirnte
The drug had been puriiied by recrvstallization fromw aleoholic solution

o

(by Dres L. 7. Jones, veterinary pasrmacology). At 11:45 A. 17« dOc Was

o

- — -

active and normale AT 5445 Pe 17e D& WAS deace

—

GROSS LuSIOnS: (Time between deatn and fixation of tissue vas

ebout 1 hour at 7O dezrees re plus € nours in refrigerator.) Severe

acute inflarmation of tonsilse. Hypsrenih of trachnea. Severe nydro=

thorex; Lhe thoracic cavii, was £511 of clesar fluldi. GSevere edera
of lungs with diffuse nemorrnagic areas producling & mottled appearances
Vena cava moderately Cistended witn elotsted ©hloode Stomaci: full and

elso distended with ras. The morningts meal, eaten just before the

acministration of the AXTU, wWas larrely undi-ested; the chunks of meatb
2 ) .) —

YTy

in wnich tne ANIU was placed were still intacte Slight hyperemia of
castric mucosas. Severe enteritis (reddening), most marked in auodenwun
end ileums Some bila in intestine but tne gall bledder remained fulle
Severe cabarrhal or nemorrhazic colitis, most rarked on thne lonzitud-
inel ridgese. Liver was irre

arly pale, with tne lobular architecture

clearly visibles Congestion oi kidneys mexed them a cdull, desp, homo=

wa

seneous rec; 2 c+i11 redder zome stood out clsarliy alon,~ the cortien<

medullary junctilon. Bladder empty; sli perexnia and rou hening of

mucosa. Prostats unusuallp emalie Snleen small, empty ol blooc, pine
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Bxperiment 3, continued
TICROSCOPIC LuSICiS: Very severe edema of lunr. Desguamation of
nearly all gastric epitheliwm except the paristal cells, wnich per-

sisted. Ineiplent necrosles of indl ivicuzl scatterec liver cellss

}_u
®

Severe nyperemia ol «idney; no apparent fat. Atropnic spleen, empty

of blood. GSevere hyperemlz ol zona reticularis of adrenal. Iar:zed

nyperemis of pampiniform olexus of testiclee.

FAT STATLE: Kidney:
3lomeruli

t/alls of Zownman's capsules
Proximel convoluted tubules

Distal convoluted tubules

Ascencings loops in medullary rays

Ascending loops in meaulla

Descending loops oi renle

~olleciin, tubules

Lurinz of tubules (lower)
gpithellunm

5ial tissue

s of hlood vessels

OO0 DOO0 + O00OOCO

—

O

Tiver:
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Poisoning By Alpha-Naphthyl-Thio-Uree
Experiment No. Z. (Identification: 14012-129-48.) Dog, mixed
Terrier, male, 10 months olde.

PECCEDURE: In cooperation with the Veterinary Pharmacology Depart=-
ment the dog was given a]pha-naphthyl~thio-urea per orem at the rate of
130 mge per Kge. of body weight. The dog dised in 14 hours with typical
symptoms.e

GROSS LESIONS: Well marked hydrothorex; the thoracic cevity was
one-half full of eclear fluid when spread open. S8Vere pulmonary edema
with areas of congestion and hemorrhage on and in the lungs. Much mucus
in stomach, with mild hyperemis. Acute cclitis with reddening and
erosions of the longitudinal ridges. Several tapeworms: Dipylidium

caninum and Tenia pisiformise liver was pale. Milad congestion of
—_—

ridneys with white streaks of fat in medullary rays, alsc cloudy swel=
ling. Acute catarrhal cystitis.

MICRCSCOPIC LESICHS support grosse. very severe edema of lungs,
really & serous inflammatory exudate, with much precipitated aloumin
end fibrin. Alveoler emphysema. Fxtensive fatty changes gnd necrnsis
in liver. Xidnsy showed congestion of capillaries, cloudy swelling and
neerosis of convoluted tubules, fatty degenerative jnfiltration of

medullary rays.
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Experiment ¢, continued

FAT STAINS:
Glomeruli
®alls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)

Pelvic epithelium

Interstitial tissue

walls of blood vessels

Kidney:

Livers

0

0

+ - marked in individual

C tubules but very scattered.
++++

trace - marked but very scattered.
0

0

0

0

0

0

0
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Poisoning by Alpha-Naphthyl-Thio-Urea
Experiment No. 10. (Identification: 14013-130-48,.) Dog, white,
spotted Terrier, female, 8 months old.

PROCEDURE: In cooperation with the Veterinary Pharmasology Depart-
ment the dog was given alpha=-naphthyl-thio=-urea (ANTU) per orem at the rate
of 100 mg. per kg. of body weight. The dog died in 18 hours with typiceal
symptcms e

GROSS LESIONS: Well marked hydrothorax (thoracic cavity one-half
full when spread open). Severe pulmonary odema with some spots of conges-
tion ( or hyperemia?) and hemorrhage. Slight changes in gastro-intestinal
tract. Liwver pale. Kidney was black or very dark red because of conges-

+ion. Several tapeworms: Tenia pisiformis.

MICROSCOPIC LESICNS: Very severe pulmonary edema, which was really
e serous inflammatory exudate, with much fibrin and precipitated protein.
Emphysema. Liver was necrotic; complete absence of nuclei. Kidney
showed very severe lipidosis of medullary rays, very severe cloudy swelling
of proximal convoluted tubules, and extreme hyperemia in all zones. Uterus
showed mild poste-mortem desquamatione

AT STAINS: Kidney:
Glomeruli 0
talls of Bowman's capsules 0
Proximal convoluted tubules + - marked in individual tubules
Distal convoluted tubules 0 but very scattered.
Ascending loops in medullary rays ++++ = axtreme, Large granules.
Ascending loops in medulle
Descending loops of Ienle
Collecting tubulss

Lumina of tubules (lower)
Pelvie epithelium
Interstitial tissue

walls of blood vessels

Liver:
walls of bile ducts

+ 0O 0OO0O0CQCOOO0O
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Asphyxiation

Bxperimsal Los. lle (Identification: 14032~-144-48.) Greyhound pup,
male, 4 weeks olde Fracture of the left tibia had healed with de-
formity and euthanasia was ordered by the owners

PROCEDURE: The pup was placed under full chloroform anestheslia
end tnen respiration was impeded by manual compression of the cheste
This was continued for 46 minutes, the anesthesia being renewed tnree
times during the first half of the period. After this no more chloro=
form was needed to maintain unconsciousnesse Partial asphyxia was
shown by the dog opening the mouta %o breathe, gasping respirations
and development of a bluish=gray tinge in the mucosas. Terminally
there were violent respiratory efforts at infrsquent intervals, the
mouth being opened widely, fibrillation of tre vo1tral muscles of
the tongue and involuntary defecatione Twice the animel was left
for dead but revived upon cessation of the pressures Death came after
48 minutes, during the last 30 of whilch there were definite si;
aspnyxiae

GROSS LESIOHS: light. Congestion of several vznules of the
heart and a few other areas, decided congestion of the vossels of the
cranial pia=arachnoid. Some venules on the surface of the kidneys
were rather conspicuous as they approached the hilus. ILiver, =2
little pales

MICROSCOPIC LESIONS: Mucous gastro-snteritiss. considerable

fatty change in liver. Kidneys showed minimal changes
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Bxperiment 11, continued

FAT STAINS Kidney:
Glomeruli

Walls of Bowmant's capsule
Proximal convoluted tubules
Distal convoluted tubules
Ascending loops in medullary rays
Ascending loops in medulla
Descending loops of Henle
Collecting tubules

Lumine of tubules (lower)
Pelvic epithelium
Interstitial tissue

Walls of blood vessels

Liver:

¢ OO OO0

race

QOOOO0CO0O

++ - from hematoxylinecosin
preparation onlye.
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Aspnyxiation

Experiment 12. (Identification: 14071-195-48.) English Bull, male,
3 years old, weighing 45 pounds. He bit a man and was presented for
euthanasiae

PROCETURE: The animal was placed under complete anesthesia by
the administration of nembutal intravenously at the rate of 1 cce (of
solution which contains 1 grain of the drug per cce) per 5 pounds of
body welignte. He was then placed in an air=tight compartment to produce
asphyxia and was dead in approximately one and one=half hourse

GROSS LESIONS: Widespread venous congestion, including congestion
of lungs, liver, kidneys and spleen. Spleen was filled with dark blood
(which could have been caused by the nembutal) and a "hematoma™ pro=
duced great enlargement of one hole. No hemorrhnages. Chronic catarrhal
enteritise (The diet was kmown %o have been good. Dog was treated for

hookworms one monti previouslye.) Two tapewormns, Dipylidium caninume

MICROSCOPIC LESIOHS: Congestion as noted grossly. Kidnsy showed
severe congestion and moderate cloudy swelling. Subacute catarrhal

enteritis consisting principally of lymphocytic infiltration of mucosaes

FAT STAINS: Kidney negative for fat.
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Asphyxiation
Experiment No. 13. (Identificetion: 14034-146-48.) Black, mongrel
dog, male, 3 years old (estimated), weighing 37 poundse. Presented for
euthanasia by Police.

FROCEDURE: Placed under complete anesthesia by nembutal, 1 grain
per 5 pounds. Was placed in a practically air-tight compartment to
produce asphyxise After 45 minutes dog was taken out, showlng no
respiration and apparently dead, but heart wes beating fast and vigor=
ously. Artificial respiration was applied and normal respiration was
resumed in 5 minutes. After an additional 5 minutes he was replaced
in the compartment. Examined after 30 minutes, and after 60 minutes,
respiration was rapid and deeps At the end of 90 minutes breathing
was rapid, deep and gaspinge. At the end of 120 minutes from the
second incarceration and 2 hours, 55 minutes from the beginning of
the experiment the dog was dead.

GROSS LESIONS: ExXtreme venous congestion, the renal veins, for
example, being some 8 mme in dismeter and the vena cava well over 1 cms
Extreme congestion of heart, lungs, liver, kidneys. Hemorrhagic areas
on lungse. DMNo petechlae anywheree. Catarrhal enteritis. Medullary
rays were believed to contain fat.

MICROSCOPIC LESIQNS: Very severe congestion of various organs a8
noted grosslye

FAT STAINS: Kidney: Kegative for fat (two trials)e

Heart: Negative for fate.

Liver: [Negative for fate
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Asphyxiation

Experiment No. 1l4e (Identification: 14037=149-48.) ¥Mixed Collie
dog, female, about 1 year old (estimated), weighing 25 pounds in lean
condition. Was a donor of 75 cce of blood immediately before this
experiment. A stray, unclaimed, received from Polices

PROCEDURE: Completely anestnetized by nembutal intravsnously at
rate of 1 grain per & poundse Then was placed in a practically air=
4ight 20=gallon metal can, with the dog's body occupying one=fourth
of the space. The dog was observed at the end of 1, 2, and 3 hours,
and found to exhibit fast, deep and labored breathing. At the end of
5 hours animal showed signs of returning consclousness and was killed
by electrocution. It was believed that the asphyxiative process had
progressed nearly to a fatal terminatione

GROSS LESIOLS: (Cadaver was refrigerated 36 hours before Necropsys )
Marked venous congestion, the vena cava and renal veins being especially
distended. Congestion of all organs including liver, kidney, sud
vessels of cranial pia-arachnoide Kidneys hed a well demarcated zone
along cortico-medullary junction which was even deeper red than the
rest of those organs. Apparently some fat in medullary rayse NO
petechiae anywhere. Lungs only mildly congested. Ioderate dilatation

of right ventricls. Stomach contained an undizested meal eaten 12

hours before deathe.
MICROSCOPIC LESIONS: Congestion as noted grossly. Lipidosis of

medullary rayse Little or no fai in livere
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Zxperiment 14, continued

FAT STAIXS: Kidney:
Glomeruli

Walls of Bowman's capsules
Proximal convoluted tubules
Distal convoluted tubulses
Ascencing loops in medullary rays
Ascending loops in medulle
Descending loops of Henle
Collecting tubules

Lumina of tubules (lower)
Pelvic epitnelium
Interstitial tissue

Wells of blood vessels
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Asphyxiation
Experiment No. 1l5. (Identification: 222-48.) Dog, mixed brown
Terrier, male, about 8 months old (estimated), weighing 8 kg. (172
pounds), slightly obese.

PROCEDURE: TUnder complete anestnesia produced by the usual dose
of nembutal ( 1 grain per 5 pounds, intravenously) the dog was placed
in a practically air-tight container of about 10 times his own volume
(a 20=-gallon can)e In about 2 hours he had regained consciousness, SO
was removed and returned htc his guarterse

Two days later the process was repeated with & slightly larger
dose of nembutal and a container one=half as large as previously but
not as nearly air-tight. After 2 hours the dog was still in deep
nercosis but showing no shortage of aire. The container was then filled
loosely with chaff and fine straw in order to exclude most of the air,
the dog being covered to a deptn of a foot. Two hours later he was
alive and breathing violently. He died about 1 hour after that, 5
nours after the start of the experiment.

GROSS LESIONS: Through an oversight there was a lapse of 20
hours between death and necropsy, &t a temperature of 70 degrees Fe
generalized congestion. Severe congesiion of lungs with edema and
diffuse nemorrhazes. Severe congestion of tonsils, pharynx and tracheas
Congestion or actlve hyperemia of myocardiume Appearance of fat in
medullary rayse Severe ascariasis; no enteritise. Slight obesitye.

Y IC20SCOPIC LiSIONS: Tissues were discarded when it was seen that
the kidney was devoid of fate

FAT STAILS: Kidney: Entirely negative for fat.
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Asphyxiation

Experiment Ho. 1S (Identification: 207=48.) Dog, mixed spotted
Terrier, male, ebout & months of age (estimated), weighing 7 kg
(18 pounds)e The dog was “lanky" in build and had little or no
surplus fate

PROCEDURE: Dog was placed under complete anesthesia with nembutal
administered intravenously at the rate of 1 grain per each 5 pounds of
body weighte It was then placed in a practically air=tight container
of about 4 times its volume. Four and one=half hours later it was
alive but breathing fest and deeplye At approximately five and one=

1

nalf hours (from the be

'_I
5
[
o]
o2}
o}

f the experiment) it was deade

GROSS LESIONS: Widespread passive congestion, especially of
brain, lungs, liver, and kidneyse HNumercus large petechise in thymus,
which is believed to be abnormally persistent. Feirly distinct appear=
ance of lipidosis in medullary rajyse loderately severe catarrhal
enseritise Two ascarid wWormss

YICROSCOPIC LESIURS: Tissues wWers iiscarded wnen it was dis-
covered that there was no fat in the kidneye

FAT STAIES: Kidney: Entirely negzative for fate
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Asphyxiation

Experiment Noe. 17. (Identification: 14036=148 48.) Black, short=
haeired and short-legged mongrel, female, young adulte. Presented for
euthanasiae

PROCEDURE: Placed under complete anesthesia by nembutal intra-
venously at the usual rate of 1 grain per 5 pounds of body weighte Put
in & nearly air=tight contained and observed after %, 1%) 2%; % and 4%
hourse Respiration was fast and deep. The dog's body temperature rose
about 3 degrees due to the confined body heat in the containere At 5%
hours the animal was still living and was destroyed with ome whiff of
chloroform, far less than the requirement for & normal doge

GROSS LESIONS: (Cedaver was refrigerated 36 hours before necropsys)
17011 marked generalized venous congestion including liver and kidneyse.
Lungs slightly congested. Lo petechiae anywheree. Probably 2 little
fat in medullary rayse

MI CROSCOPIC LESIQONS: Congestion as noted grosslye Slight appear-
ance of cloudy swelling in kidney is probably post-mortem change. Ton-=
sil and anterior cervical lymph node showed lymphoid hyperplasia and
lymphoid exhaustione

FAT STAINS: Kidney:

Glomeruli

walls of Bowman's capsules

Proximal convoluted tubules

Distal convoluted tubules

Ascending loops in medullary rays

Ascending loops in medulla

Descending loops of Henle

Collecting tubules

Lumine of tubules (lower)

Pelvic epithelium

Interstitial tissue
Wells of blood vessels

- in same zone of kidney as
the fat in ascending loo0pSe
+ - large dropletse

+ O+ 0O

0000 QOQO
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DESCRIFTICY CI PLATES
lLongitudinal seection of a deg's kidney showing the rediatirg

white streaks produced by heavy lipidosis of the medullary

H

ays. Approximately natural size. From a Yodachrome rhotoe-
graphs reproduction by Eastman ¥Xodak (o,

A heavy deposit of fat in the proximal ronveluted tubules with
elight amounts in the distal convoluted tubules. From a case
of human valwvular and rheumatic myocardial disease. {(The black,

linear bady in one tubule is a erystalline artefect.) X 450,

-

A dilated cross-section of an aszending limb of Henle; fat in

the epithrelial lining, in phagocytes in its lumer, aad srall

Arcoplets free in the lumern, X 450,

Fat in & markedly injured glom-rulus. Trom s cace of glomervnlo-

tubvlar nepynritis, atherocselerosis and urenisa, X 4L0,

Fat in the wall of Bowman's carsule; in this instance it is in

the proliferatsd epithelium of an "erithelial crescent™. From
e

e case of hypertensicn, artericsclerotic pephrepathy, and

stherosclercsis. X 110,
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calcifiention, 273 DDT, see Dichlorc-diphenyl-
tricrloroethane.
Cercinoma, 20, lx»xxvi, 1x¥xviioe Legeneratlivs fatty inilltration,
5, 28, 28, 36, 70
Sarillo, 12, Dermatitis, viil.
serebral hLemnrrhags, Vi Deuteriwe, 2.
ceretrs? infarction, vil. Developmental aznowaliss, il
Cerebral ischemia, Vil Niabetes, 1%, 20, 14, 101, wviii.
shemistry of lipids, 20, 97, Tibls and Hay, &, 10, 12, 17, 1lUe
~hloroforn, 13, 1%, 21, 2r, Bl, 192,51c“1uro-d%phean—trichlormethane,
93, clix, c<lx, clxii, 50, 38, lxxxl.
nlxive nifferentiation cf lipids, 4&.
Chlcrnphyll, 46,
Liohtherlie, Z, l4.
Cholecystitie, vile
Distemier, 53-50, 1i-1ii3, lxxi,
cholesterol, 14, 22, 23, 24, 20, Ko
31, 24, 40, 47. sysentery, 13
Choline, 3G.
Zolurrzia,  1%.
chromatlon, L7 o
viama, 21, 2%, viil.
Cirrnogis, XiXe
Emac.ation, 7<¢, 29, 120, See
Clos+tridiuwa, 1xxv, 1viile Sharvation.
Tmbolism, fatty, 72, viii.
Coceinel red, 44,
Tpdgeariitis, 20, TU, 57, Civ,
Joclklo-tur, &o, 88, Jwxvi, lxyviilk. ev, =2vi, °oviil, °X,
exi, cxxi, cxxvil.
Colitis, 11X tnteritis, 13, %8, ix, lxxi, exli,
exlvi, =lxil, clxxilil,
conclusions, @90 clxxive
Srysipelas, humer, 13, 1iXe
Congestion, 2l.
wrysipelas, swine, "L, Ul, x1ii,
congestion of lungs, 86, 101, cv, x1iii, ®nlive
eviii, cx, cxi,
cxxvii, cxlvie Zrysicelotnrix rhusiopathlinrae, *xlii-
Conn, 4%. ¥1ive
Tsohericnia, 1XWXV, cvwiil, oxXi,
Corynebactarium, 1xv, XXX .
Tther, 13
Cystitis, vii, clvii, cxlviil.
Txsanguination, 1Xe
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Fats, neutral, 31 et seq.
absorption, 33
catebolism, o7
fixation, 4le

Goiter, 13

Foormarntipn, 1de

jdentification, ZZ. Graves constitution, Xe
jntravital steining, 40

metsbolism, 05 dadjioloff, 45

oxidation, 37.

staining, 4%2Ze Heart disease, 13, 21, 857, 69,

trensportation, 34 72

Fetty; degeneration, Se€6 Degenerntiva Heart, lioids in, 64, 71, 38

’ 4
fatty iafiltration. 100
Fatty infiltration, 5, 36 Helmintniasis, <295, 28, cili, Cllle
wabby metanorphosis, ©, Zla Yeman-ioma, S8, cxlvii.
Teces, fat in, 35 Tomorrisgt, Cle
perrari, 25. Jepatitis, 88, x1i, lxi, exxxl,
exxxiii, oxlii, cxlive
rilariasis, 25 ffepler and Sironds, 11, 1;, 13,
19, =
wiscnler, 4Ge dermann (et ale.), 20
Fistulons witaers, td, 1ve lernia, <€, xili, oxiie
Fixatives, 4l. Herxheimer, Y4e
wluoresaence Microscopy, 5C. evmann and Clark, ©3e
toote and aralilin, 11, 15 uistolory of tubule 17, 959

vracture, <0, P4, 1xiv, cle Histoplasmosis, o4, 1xixe

. - 1% E .
miller, 10, 13, 17 Hydrocepnalus, 59, XCVe

runctions of lipids, 25, 26. dydronephrosis, 87, xviii, cxxvii,
exxxill, CXXXVie
gensrene, 84, 28, 1x, 1xxv, Jydrojuinone, 20
CXxXXLK, ©CXle
Yyperbension, 22

gastritis, 1Xe

Hyvoprotalnenia, 21-23
Momerall, 13, < sl
56, 87, %0, 9B Lypotnyroialsm, 34

Glomuruloneghr iypovitaminosis, xiv.




exlii, exlvi, cliie

Imrie, 7T«
numoer,
Interstitial tissue,

17,
Tzzo and Marenzi
3

lipids
91, Y.
11, 1o.

in,
Jaundice, see Icteruse

Juxta=zlomerular apparatus, 14.
Larsnar, coe

¥etosis, &G,

each

Leptospiresis, &1, C0, xxxii,
XXXIv=xrKix, Xlle
illie, 47.
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Lipemia, 14, 21,
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O, Lir, Dbk

Lipids, analyses in Ulood,

1ifferentiation, 40,
funetions, 25, 26
nosition of ~ranulss, 68, 92
Sze also ratse.

Tipidosis, defined, Ze
theorizss of, bie

Livocaic, 36

Tipoidosis, =Ze

Lipuria, 22, 295, z0e

Lithiasis, &8, cxxxvi, CHKXAVile

100, xiXe

Locsal damage or injury, 68
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78, 87, 90, ¢1, 10z, 1C3&.
Locsation, histoloriczl, of lipids,
g, 73, 86, 87, 8%, Y2
Tamina of tubules, lipids in, 783.

Lunv, alseases, XiXe

Lympnoid nyperplasia, clxxixe

Iyrmphoma, lxxxiii, lxxxv, exxive

vaciiider, 15, 158, 1%, 23.

ialicnant hypsriteasion, XiXe
wastitis, B4, 1xia

felanoma, 1xxXile

veninegitis, XiXe

fereury, 11, 13, 14, 19, <3, 28.
Metritis, 1lxxii, lxxiiie.

Mink, 54, 1xxve.

"itocnondria, e

i'ndell, 11, 15, 17, <6.

fouell and Travell, 11, 12, Z7e
Foore, <le

ottram, 5, 11, 57

tuskrat, 88, cle

Takamura, 15

serobseillosis, 1xv, 2xlive
Nscropnorus, c¢xlive

Yeoplasms, 13, &5, ©“0, XX
“ephrectomy, <Z4e

4, 76,



Nepuritis, 13, 34, &8, &7, 90,

xviii, xlix, liv, cxvi,

axviili, cxx=cxxlv,
cxxvi, cxlviii.
vepnrosclerosis, 14, 20, &7, €9,
7%, 101l.
nephrosis, 14, 21, & L, 24
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yervous sysbem, GOe
ile blue, 46Ge.

Obesity, 17, 71, €%, 100, xxii,
3

Adipositye
Nbstruction, &0, cxXXiXe

Noilvie, Zle

nil red, 44.
Dperatinn, 20, xxiie
Nsmium, 42.

Ditis, xXiiie

Oxalic acia, <cle

Pancreabitls, 20

Panleucopenia, 4, lxxi.
e

) . e e aes
Parzlysis, L=, 00, Xaill, 1V,

1xxxix, xc, Xcile

Dosteurella, &4, xlvi, xlix, 1li.
Tasteurellosis, &4, lixe
Pellapgra, <be
Pelvie epithelium, lipids ia,

51, b<e
Pempliipus, xxilile
Deriarteritis nodoss, xXlile
Peritonitis, 13, =0, 87, 70, &4,

101, xxiii, 1xiii, cxvill,Ssaponifleation numter,

cxle

Phanerosis, 5, 53
Dhosnonolipids, 30, 24, ICe

Fros:horus, =21, &, 102, cli

2
cliv, clvi.
Pitultary, xxXive
Drewnonia 13, 20, 67, &3, <21
E E L] ’ » 3

xxiv, xlwv, 1li,

lxviii, 1xxiii, ecxxiv,
exxix, 2xxx, CXXX1V,
nXXXViie

Foisonins, 20, 101, 103, xxvi,
cxlvi, exliii, cli,
cliv, clvi, elxiv,
clxvi, clxviii,
clxXe

Polarization microscopy, “0e

Poliomyelitis, xxXvil.
Polveyvihiemia, Xxvile

Popjﬁk, Ea

{9

Pobassium Jiehromate, 13, 19,
22, 4z, &7,

Orepaburity, xXxviie.
Prostabitlis, xxvila

Peeuudnonas, L1Xe
Perpura, 1.

Tyelonepnritis, &€&, 101, xvili,
cxviii, exx, cxxi,
cxxiv, CXXVie

Pyohydronephrosis, cxxvii, CHXXXVLe

’.Jn

Pyonetra, £4, €0, ©l, 1xxi
1xxiil, cixoxxie
Rsicnert=-eissl number, 3Z.
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Rice and Jackson, 11, 12, 105

Rosenfella, Co

Secarlet fever, 13
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Scarlet rea, 44. Sudan, 44, 44, 40.

Schoecnowa, serment of, §, 1Z, gufiocation, See Anoxisa.
21, 60

Scharlach, R, 44. Syphilis, 20, 25, xxviii.

Sehoenheimer, 6G. Theories on renal lipidosis, 52,

Schultz, 47. Thrombosis, xxviiie

Sclerodernma, XXVile Thymico=lymphatic constitution,
Xxviiia
Seuderi, 10, 13, 1o, £6e Taymus, persistent, 67, €4, xxix,
exi, elxiv, clxxviii.
Sebrell, 206 Toxemia, 20, 21, 53.
Sepsis, 13, <0 Trouma, 0, XX1Xe
Sevticemin, 2Ue Tricninosis, XXiXe
Septlcopyemia, xxvilie Tuberculosis, 13, 20, 21, 25, 67,
HX X o
Simonds and Lange, 13, 1D Tumors, 1%, ©5, 90, xX.
Smith, Ce, 12, 15, 27. Typhoid fever, 13, 20
Smitii, Le, 4Cs Ureniwm, 11, 13, 14, 13, 12, £3,
27, 28
Suske venom, 1% Uremia, 67, 70, 87, xox, cxvi,
cxxiil, exxiv, cxxxi,
Sodium salicylate, 0. CcxXXXViie

Urinary lithiasis, 88, cxxxvi,
Soluabvilities, Ole. exxxvii
' Virchow, ODe
Soy-bean, 86, cxlixe
Volhard and Fahr, 1.
Spondylitis, &4, 1vie
Yellow fever, 20
Staining, 4Ze.
Zimmermani, 1l
staphylococcus, 1%, 84, 1xvi,
CXXViiie swenmer anc wobbtom, 10, 13, 206
servation, 17, 25, 3G, TZ. Gee
also Tmaciatlione.
Strangles, &4, 1live

treptococcus, 14, 84, x»1ix, 1lvii,
1xi, cix, cxxx, oxlive

Stricture, 68, 91,cxxxviil.

Succinic acid, 37




