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Abstract: Liver tissues from 126 captive cheetah were evaluated by light microscopy and
histochemistry; eight animals were evaluated by electron microscopy. The main hepatic lesion. a
vascular lesion resembling veno-occlusive disease (VOD) of the liver and characterized by
subendothelial fibrosis and proliferation of smooth muscle-like cells in the central veins, was seen
in 60% of the sexually mature cheetah. Although this hepatic vascular lesion was seen in cheetah
as young as 1 year of age, the most severe lesions; usually associated with liver failure, were
found in cheetah between the ages of 6 and 11. There was no sex predisposition, and in
approximately 40% of the VOD cases; liver disease was not suspected clinically or at necropsy.
VOD was found in other felidae, especially in the snow leopard. High levels of vitamin A in livers,
as well as in diets of the cheetah could be a contributing factor in the development of VOD in
some groups of cheetah.
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Abstract.

Liver tissues from 126 captive cheetah were evaluated by light microscopy and histochemistry;

eight animals were evaluated by electron microscopy. The main hepatic lesion, a vascular lesion resembling
veno-occlusive disease (VOD) of the liver and characterized by subendothelial fibrosis and proliferation of
smooth muscle-like cells in the central veins, was seen in 60% of the sexually mature cheetah. Although this
hepatic vascular lesion was seen in cheetah as voung as 1 year of age, the most severe lesions, usually associated
with liver failure, were found in cheetah between the ages of 6 and 11. There was no sex predisposition, and
in approximately 40% of the VOD cases, liver disease was not suspected clinically or at necropsy. VOD was
found in other felidae, especially in the snow leopard. High levels of vitamin A in livers, as well as in diels of
the cheetah, could be a contributing factor in the development of VOD in some groups of cheetah.

Liver diseases of undefined nature have been re-
ported as one of the major causes of death in captive
cheetah since the late 1960°s."" An attempt to identify
hepatitis B-like virus as a potential cause of liver dis-
ease found that only 3.7% of the cheetah sera tested
had reactive antibodies against the virus surface an-
tigen.** The nature of the histologic changes is also
poorly defined; separate studies, carried out in 1970
and in 1981, described veno-occlusive disease (VOD)
of the liver in a limited number of captive cheetah.54°
Clinical and biochemical evidence of liver damage usu-
ally appeared in the late stage of the discase.® Clinical
signs included ascites, anorexia, lethargy, and occa-
sionally, icterus. Elevation of liver cnzymes was not
proportional to the severity of the hepatic lesions. There
has been no report in the literature of cheetah in the
wild with VOD.

Dietary factors can be suspected in the etiology of a
non-infectious disease with high incidence in groups
of animals from a wide geographical range and across
felid species boundaries.®2+2%.324041 Chectah in the wild
prey mostly on small antelope.® while those kept in
North American zoos are fed commercially prepared
feline diets, sometimes supplemented with raw liver,
or zoo prepared diets. These diets are usually based on
the nutrient requirements of the domestic cat, which
may or may not be adequate for the cheetah.** This
study characterizes, by light and clectron microscopy,
the main hepatic lesions in the cheetah kept in captiv-
ity. Livers from other exotic cats were evaluated in
order to verify if thesc hepatic lesions are seen exclu-
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sively in the cheetah, which may indicate a possible
genetic basis for the disease. There is also an attempt
to identify dietary factors which may play a role in the
pathogenesis of these liver lesions.

Materials and Methods

Liver tissue from 126 captive chectah that died between
1945 and 1986 were evaluated by light microscopy. Diseases
that most probably contributed to their death ranged from
liver disease, which was the most often diagnosed. to renal
failure. salmonellosis, pneumonia, neoplasia, feline infec-
tious peritonitis, seplicemia, diabetes mellilus, pancreatitis,
anesthesia, surgery, blastomycosis, toxoplasmosis, tubercu-
losis, and unknown. Most animals were from North Amer-
ican zoos (22 zoos in the United States and Canada); five
were from Great Britain, and four were from Australia. Ten
liver biopsies taken from eight of the [26 cheetah were also
evaluated by electron microscopy. There were 104 sexually
mature cheetah, ranging from 3 to 16 years of age; 22 were
Juvenile cheetah, aged 1 day to 13 months. Cheetah livers
were compared with livers from 42 other exotic cats with or
withoult clinical signs of liver disease. They represented 16
of the 37 species of [elidae and included the black-looted cat,
clouded leopard, cougar, desert cat, European wildcat, flat-
headed cat, jaguar, jungle cat, leopard (African and Persian),
lynx, marguay, ocelot, rusty-spotted cat, sand cat, snow leop-
ard, and tiger (Bengal and Siberian).

Liver sections from all animals were stained with hema-
toxylin and cosin (HE) and Masson trichrome, Silver stain
for Type IT1 coltagen and reticulin fibers (reticulin fibers con-
sist of Type HI collagen, fibronectin, and at least one addi-
tional non-collagenous glycoproiein),”* congo red for amy-
loid fibers, phosphotungstic acid-hematoxylin for fibrin, and
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Fig. 1.

Liver section from 6.5-vear-old female cheetah with VOD. Lesion characterized by partial occlusion of central

vein (CV), perivenular fibrosis {(arrow), and bridging (arrowheads) of adjacent central veins. Parenchyma surrounding portal

triad (P) appears normal. Masson trichrome.
Fig. 2.

Liver section from 6-year-old male cheetah with VOD. Lumen of central vein (CV) partly occluded by fibrous

connective tissue. Focal hemorrhage (H) and collateral (CO) vessel adjacent to central vein. Masson trichrome, Inset: Intima
of central vein thickened (arrow); also spindle-shaped cells with elongated nuclel. Normal-appearing endothelial cells line

the iumen, HE.

periodic acid-Schiff-alcian blue for mucopolysaccharides were
used on selected tissue sections.

Sections (1-2 mm thick) of liver tissue (eight animals}
collected at necropsy or al laparoscopy, were immediately
fixed in 4% glutaraldehyde and 4% paraformaldehyde in 0.1
M sodium cacodylate or 3% glutaraldehyde in the same buff-
er. At a later time, 0.5 mm cubes were trimmed, washed
twice in cacodylate buffer, and post-fixed in 1.33% osmium
tetroxide in 0.2 M S-collidine at pH 7.4. Tissues were de-
hydrated through ascending concentrations of ethyl alcohol,
transferred to propylene oxide, and embedded in epon. Semi-
thin sections (2 um) were cut, stained with 1% toluidine blue,
and evaluated for suitable areas for electron microscopy.
Thin sections were cut at 60 to 80 nm, stained with uranyl
acctate and lead citrate, and cxamined with a Jeol 100 CX-
11 transmission electron microscope.

Three diets from three different food manufacturers and
nine cheetah livers were analyzed for vitamin A levels. Diets
A (main ingredients inciude frozen horsemeat with horse-
meat by-products, bone meal, liver, fish meal, soya meal,
vitamins, and minerals) and B (main ingredients include fro-
zen beel with bone, chicken, beef by-products, vitamins, and
minerals) are commercially prepared diets for exotic carni-
vores, while diet C (canned product with liver as the primary
component), is not specifically formulated for exotic cats but
has been used to stimulate the appetite of anorexic felids.
Vitamin A analyses of liver and diet samples were done by

high performance liquid chromatography at the Animal
Health Diagnostic Laboratory, Michigan State University.*

Results
Histopathological evaluation

The main hepatic lesion, a vascular lesion resem-
bling veno-occlusive disease of the liver (VOD), was
found in 62 out of 104 sexually mature cheetah. The
detailed description of this lesion was based on 14
animals exclusively with VOD, and was characterized
by intimal thickening and partial or total occlusion of
a few to the majority of the central veins, with loosely
arranged to dense fibrous connective tissue {(Figs. 1, 2).
There was shight to severe perivenular and sinuseidal
fibrosis, with occasional bridging of adjacent central
veins (Fig. 1). The surrounding sinusoids were usually
congested, and occasionally there was extensive central
hemorrhagic congestion. Recanalization of the occlud-
ed veins and formation of collaterals were noted in
the more severe cases (Fig. 2). The parenchymal lesion
varied from necrosis of individual hepatocytes to focal
areas of degeneration and necrosis. Inflammatory cells
{(polymorphonuclear cells to, in most cases, macro-
phages with some lymphocytes and plasma cells) were
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Fig.3. Liver section from 10-year-old male cheetah with
VOD. Large fibrin deposit (F) in sinusoid. Intimal thickening
(arrow) in one part of central vein, Masson trichrome.

present, usually in responsc to the necrotic tissue. Vac-
.uclization of individual cells or mild to severe diffuse
vacuolization of cells in the centrilobular region was
frequently associated with VOD, The majority of these
cells, at least in cheetah livers evaluated by electron
microscopy, were positively identified as hypertrophic
and hyperplastic Ito cells, fat-storing cells within the
space of Disse. The capsule of the liver was occasion-
ally thickened, due to the proliferation of fibrous con-
nective tissue and/or to the accumulation of several
layers of fibrin. Very small to large fibrin deposits were
occasionally seen free in the sinusoids or they were
admixed with degenerate/necrotic liver cells in focal
areas at the proximity of the central veins (Fig. 3). Bile
stasis was noted in several sexually mature cheetah
with VOD.

Proportionally, there were as many male as female
cheetah with VOD. The earliest observation of this
lesion was in a 1-year-old cheetah and was the only
case found in the juvenile group (22 chectah). The
lesions in cheetah between ! and 5 years of age were
not severe enough to be the primary cause of death,
while in cheetah aged 6 to 11, death could be attributed
in most cases to liver failure (Fig. 4). Between 12 and
16 vears of age, renal failure was the most frequent
debilitating syndrome, followed by liver failure. VOD
was seen 1n other exotic cats, including snow leopard,
Siberian tiger, African leopard, jungle cat, ocelot, and
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Fig. 4. Prevalence of veno-occlusive disease (VOD) of
the liver in captive cheetah. O, total number of cheetah per
age group evaluated by light microscopy. B, number of chee-
tah with VOD.

rusty-spotted cat. The lesions were not as severe as
those described in the cheetah, except in the snow leop-
ard and the rusty-spotted cat.

Clinical history and pathological reports were avail-
able in 52 out of 62 animals with VOD. Clinical signs
characterized by ascites, icterus, anorexia, weight loss,
vomiting, and lethargy were based on 14 animals ex-
clusively with VOD. An additional 17 animals with
VOD, as well as other diseases (excluding cases of feline
infectious peritonitis, hepatic amyvloidosis, cholan-
giohepatitis, and bile duct carcinoma), had ascites and/
oricterus. In the remaining animals with VOD, clinical
signs, and, in some cases, gross findings associated with
YOD, may have been obscured by concurrent, more
life-threatening, conditions (tuberculosis, feline infec-
tious peritonitis, septicemia, renal failure, etc.) or the
hepatic lesions were too mild to be diagnosed clinically
or even at necropsy. The course of the disease varied
from a few vears to sudden death.

Perisinusoidal fibrosis, usually radiating from the
central veins, and often associated with sinusoidal cell
vacuolization (Tto cells), was present in an additional
21 cheetah that did not have VOD (Fig. 5). Other
hepatic lesions in the livers of sexually mature cheetah
with or without VOD, were peliosis hepatis (11 out of
104), amyloidosis (ten out of 104}, and cholangiohep-
atitis (two out of 104). Inflammation of the hepatic
parenchyma was usually secondary to fungal (Blasio-
myces), protozoal (Toxoplasma), viral {feline infec-
tious peritonitis), or bacterial {especially salmonella)
infections. By light microscopy, less than ten sexually
mature cheetah had normal-appearing livers.

Ultrastructural evaluation

On semi-thin sections, six out of eight cheetah livers
collected for electron microscopic evaluation had
marked hypertrophy and hyperplasia of Ito cells {Fig.
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Fig. 5. Liver section from 10-year-old female cheetah with perisinusoidal fibrosis {(arrows). Masson trichrome.
Fig. 6. Semi-thin section of liver from cheetah A-7, hypertrophy and hyperplasia of Ito cells (arrows), Toluidine blue.

6). Four of these eight cheetah were diagnosed with
hepatic VOD, while perisinuscidal fibrosis was found
in three, and amyloid deposits in one (Table 1),

By electron microscopy, the wall of the central vein
was thickened, due to the presence of spindle-shaped
cells widely dispersed between bundles of microfibers
and mature collagen fibers (Fig. 7). The subendothelial
proliferation of these cells with matrix deposition
eventually led to the occlusion of the vascular lumen.
Only a few endothelial cells were degenerated. Spindle-
shaped cells were considered to be smooth muscle-like
cells because their cytoplasm contained microfilaments
and dense plaques, and a basal lamina surrounded their
periphery. In the area adjacent to the central vein, there
was disruption of the normal structure of the hepatic
cord due to the excessive accumulation of large bundles
of microfibers and mature collagen fibers. Hepatocytes
in the area were atrophic, some of them undergoing
degeneration and necrosis. The space of Disse was
markedly dilated and filled with individual or bundles
of microfibers (diameter: 13 to 17 nm) that could rep-
resent Type 11 collagen (A. Martinez-Hernandez, per-
sonal communication), granular or floccular material,
and occasional bundles of mature collagen fibers (Fig.
8). These microfibers were forming basement mem-
brane or were included within the mature collagen fi-
bers. By light microscopy, the material present in the
space of Disse was positive for mature collagen fibers
with Masson trichrome, and for Type TII collagen or
reticulin fibers with silver stain, but was negative for

amyloid fibers with congo red or Masson trichrome
{with Masson trichrome, amyloid has a purple, waxy
appearance). Thickened basement membrane-like ma-
terial, entrapped red blood cells, and hypertrophic Ito
cells would often contribute to the dilatation of the
space of Disse (Fig. 9). Endothelial cells had widened
fenestrae with cccasional cytoplasmic blebs, and the
sinusoidal border of the hepatocytes had lost their mi-
crovilli,

Ultrastructural changes in the liver of two chectah
with perisinusoidal fibrosis were limited to the space
of Disse and had the same characteristics as those al-
ready described for VOD. The hepatic lesions of chee-
tah A-7, fed a diet formulated for anorexic animals
and rich in liver, differed from the other two cases with
perisinusoidal fibrosis. Large bundles of mature col-
lagen fibers were present in the space of Disse instead
of the abundance of microfibers (Fig. 10} This was
again associated with enlarged fenestrae, loss of mi-
crovilli on the sinusoidal surface of neighboring he-
patocytes, and hypertrophic Ho cells, some of which
protruded into the sinusoidal lumen. In all three chee-
tah livers with perisinusoidal fibrosis, Ito cell prolif-
eration was associated with the production of a thin
basement membrane-like material between the villi of
the hepatic cells.

In the group of cheetah evaluated by electron mi-
croscopy (Table 1), obvious liver function abnormal-
ities and clinical signs of liver failure were seen in three
out of four cheetah with VOD. The animal with hepatic
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Table 1. Clinical summary and hepatic histology of cheetah chosen for electron microscopy evaluation.
_ _ Clinical Signst Serum Chemistry Liver Histology
Animal ~ Diet* —————— " Albumin  Bilirubin AST ALT Veng-  Perisi- Ito Cell
Ascites  Icterus (@/dl) (mg/dl) (Urliter) (Urliter) ocqlu51ve m}smdgl Pro!lf-
Disease Fibrosis eration
A-1 A, Li + + ND 0.4 123 153 5 4 5
A-2 A, Li + + 2.1 0.6 287 226 5 3 5
A-3 A, Li - - 4.0 0.1 74 %90 4 4 5
A-4 A, Li - — 3.2 0.3 39 83 - 2 4
A-5 A, Ll - - 4,1 0.1 23 56 — 1 5
A-6 A — + 2.6 6.3 311 492 5 4 1
A-T C - - 34 0.1 34 63 — 2 4
A-8% A - - 4.4 0.5 98 157 — 1 2
Domestic cat$ 2.5-4.2 0-0.9 14-46 11-37

* Commercial diets A and C contained 38,550 and 95,820 IU of vitamin A/kg on a dry basis, respectively; Li, diet A replaced by raw

beef liver (+545,000 IU of vitamin A/kg, dry weight) | day/wk.
+ Clinical signs present (—) or absent (—).

% This animal had amyloid deposits {positive with congo red) in the periportal region; no tissue from this area was available for electron

microscopic evaluation.
§ Normal ranges for domestic cat.
AST = aspartate aminotransferase.
ALT = alanine aminotransferasc.

Severity code for liver pathology: 1 = very mild; 2 = mild; 3 = modcrate; 4 = moderate to severe; 3 = severe.

ND = not determined.

amyloidosis {A-8) and the remaining animal with VOD
had seme increase in liver enzymes, while cheetah with
perisinusoidal fibrosis had a slight, questionable ele-
vation of one liver enzyme, alanine aminotransferase.

Vitamin A levelé in commercially prepared
diets and cheetah livers

Cheetah livers and their diets were analyzed for vi-
tamin A content because there was a significant pro-
liferation of Tto cells, a vitamin A-storing cell, in the
livers of several cheetah evaluated in this study. The
vitamin A concentrations in the commercial diets were:
Diet A—38,550 IU/kg, dry weight or 15,882 TU/kg,
wet weight; diet B— 10,950 TU/kg, dry weight or 3,438
1U/kg, wet weight, and diet C—95,820 IU/kg, dry
weight or 30,758 TU/kg, wet weight. Diets A and C
were dramatically higher, while diet B was slightly
higher, than the recommended vitamin A allowance
for the domestic cat (10,000 IU/kg, dry weight).?* Diet
D (primarily frozen horsemeat and horsemeat by-
products) (Table 2) was a commercially prepared diet
for exotic carnivores and was unavailable for vitamin
A analysis because it has not been commercially avail-
able for a few years.

Seven out of nine cheetah livers had vitamin A levels
five to 19 times higher than the upper limit of the
normal range for vitamin A level in the liver of the
domestic cat (Table 2). By light microscopy, high he-
patic vitamin A concentration was associated, in all
seven cheetah, with obvious proliferation of Ito cells
and some fibrosis of the space of Disse. VOD was seen

in the three cheetah with the highest vitamin A levels.
Every week, these three animals were fed diet A (38,550
IU of vitamin A/kg, dry weight) for 5 days, followed
by a day of fast, and the next day their dict consisted
exclusively of raw beef liver {(+3435,000 IU of vitamin
Askg, dry weight). Cheetah B-5 was given diet B (10,950
IU of vitamin A/kg, dry weight) four times a week. On
the other 2 days, this animal received entire carcasses
from small animals, such as chicken and rabbit, or a
portion of the animal carcass (excluding viscera), such
as goat or calf. This cheetah was fasted for 1 day. The
vitamin A concentration in the liver of this animal was
3.5 times higher than the upper limit of the normal
range for vitamin A concentration in the liver of the
domestic cat (2,000-4,000 1U of vitamin A/kg, dry
weight), and it was not associated with significant
swelling or proliferation of Ito cells. In the domestic
cat, signs of toxicity, such as deforming cervical spon-
dylosis and Ito cell changes, are noted with hepatic
vitamin A concentrations of 15,442 ug/g, dry weight
and above.?> Cheetah B-5 did not have signs of toxicity,
possibly because the animal was relatively young or
because the vitamin A concentration was normal for
cheetah. Cheetah B-4, a juvenile, was the only animal
with a vitamin A level within the range seen in do-
mestic cats.

In the 104 sexually mature cheetah that were sur-
veyed, the increase in number and size of Ito cells was
noticeable in 68, It was usually associated with peri-
sinusoidal fibrosis, and 44 out of 68 of these animals
had VOD. There was a good correlation between the
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(arrowhead), and cytoplasmic extensions containing dense plagques (d) within a matrix of mature collagen fibers (C) and
bundles of microfibers (arrow). Normal endothelial cells (E) line lumen (L) of central vein.

Fig. 8. Space of Disse from cheetah with hepatic VOD (A-3), widened and filled with abundant microfibers, some
arranged in bundles (arrowheads), some attempting lo form a basement membrane (arrow), and others mixed within a
bundle of mature collagen fibers (C). Portions of an endothelial cell (E), hepatocytes (HC), and sinusoidal lumen (SL). Bar =
1 um,



54

J‘:AA “),
BY -}

Gasselin et al.

Fig. 9. Space of Disse from cheetah with hepatic VOD (A-1). Thick layer of basement membrane-like material (arrow-
head), several individual mature collagen fibers (arrow), an Ito cell with large lipid droplets (L), and a trapped red blood
cell (R). Portions of endothelium (E), a hepatocyte (HC) and sinusoidal lumen (SL) also apparent.

Fig. 10. Liver of cheetah with perisinusoidal fibrosis (A-7). Space of Disse widened with bundles of mature collagen
fibers (C) causing loss of microvilli (arrow) on neighboring hepatocytes (HC). Endothelial cell cytoplasm (E) and sinusoidal

lumen (SL).

increase in the number of Ito cells and the severity of
VOD in 16 out of 62 cheetah with VOD. However, 1§
out of 62 cheetah with VOD did not have significant
Tto cell proliferation, even though more than half of
them had severe liver lesions.

Discussion

Veno-occlusive disease (VOD) of the liver was di-
agnosed, by light microscopy, in 60% of the captive
adult cheetah population evaluated in this study and
was considered a major cause of liver disease in this
endangered species. The earliest vascular lesion was
an intimal thickening of the central vein due to the
proliferation of smooth muscle-like cells and the pres-
ence of excessive amounts of fine fibers, which pro-
gressed eventually to partial or total occlusion of the
lumen. This lesion could result from a direct injury to
the endothelial cells lining the central vein; however,
no significant iesion was consistently apparent ultra-
structurally. Alternatively, it could be a compensatory
reaction to a decrease in blood inflow from the sinusoid
due to perisinusoidal fibrosis. Budd-Chiari syndrome,
generally the result of thrombosis of the large hepatic
veins,* cannot be excluded, since in most cheetah, the
large hepatic veins were not evaluated at necropsy;
however, no recent or organized thrombi could be found

in the lumen of the central veins by light microscopy.
Changes in the space of Disse were consistent with an
increased sinusoidal pressure following blood outtlow
impairment and subsequent fibrosis (A, Martinez-Her-
nandez, persenal communication). The abundance of
immature collagen in that space or in the wall of the
central vein, could also indicate active fibroplasia,!?
possibly resulting from the continuous presence of one
or more injurious agents within the liver. The loss of
microvilli on the sinusoidal border of hepatocytes, and,
in some cases, the formation ofa thick baserment mem-
brane-like material, could interfere with the normal
absorption of nutrients and diffusion of oxygen from
the sinusoid.?® This could lead to liver function im-
pairment and, eventually, to cellular degeneration and
necrosis, as was noted in some of the animals. A dim-
inution of the sinusoidal diameter, caused by widening
of the space of Disse, could also result in an increase
in portal pressure and ascites.”

Chronic vitamin A ingestion in humans has been
associated with hepatic lesions, characterized by an
increase in number and size of Ito cells and by peri-
sinusecidal fibrosis.®'s Central vein fibrosis, fibrosis of
porial areas, and progression to cirrhosis have been
mentioned in later stages of the lesion.!”** Storage of
toxic doses of vitamin A in Ito cells, which are thought
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to be facultative fibroblasts, could stimulate them to
form collagen, leading to fibrosis of the space of Disse
and the central vein.®19-1517.20.3% In the nine cheetah
evaluated for liver vitamin A content, an increase in
severity of hepatic lesions paralleled the increase in
concentration of vitamin A, suggesting that vitamin A
excess could play an important role in the development
of VOD in cheetah. When the entire adult population
surveyed was considered, the ectiopathogenesis of
VOD became more complex. Because of discrepancies
between the increase in the number of [to cells and the
severity of the hepatic lesions, vitamin A excess, as a
possible contributing factor in the pathogencsis of
VOD, could account for only 26% of the VOD cases.
In addition, in approximately 30% of the cheetah with
VOD, there was no Ito cell proliferation associated
with the lesion, eliminating vitamin A excess as a po-
tential cause in this particular group. It is evident that
other factors besides vitamin A excess play a role in
the pathogenesis of VOD in cheetah.

Although VOD is a distinctive lesion, it does not
suggest any specific etiologic mechanism. The best
known cause of VOD 15 pyrrolizidine alkaloid poison-
ing. It has caused economically important livestock
losses in pasture areas containing & high density of
pyrrolizidine-alkaloid containing plants such as Se-
necio or Crotalaria;'® it has also caused [atal liver dis-
gase in humans ingesting food contaminated with the
alkaloids.®*%3537 Megalocytosis, a common feature in
pyrrolizidine toxicity, was not present in any of the
cheetah livers evaluated in this study, nor could any
source of pyrrolizidine atkaloids be identified in their
diet or environment. Aflatoxicosis has occasionally
been associated with occlusion of the central veins;
however, this mycotoxicosis is primarily characterized
by biliary proliferation and marked variation in the
size of liver cell nuclei, neither of which were noted in
the liver of these cheetah. Tumors originating from the
liver should be expected after long-term exposure, since
aflatoxin is a potent carcinogen in several animal
species.” However, only one cholangiocetlular carci-
noma was diagnosed in this study. Other well-estab-
lished causes of VOD are irradiation and antineoplas-
tic or immunosuppressive drugs.’’* Based on their
clinical history, none of the cheetah received any of
these treatments.

A lack of genetic variation, already demonstrated in
the wild and captive cheetah population,?” could have
explained the high prevalence of YOD seen in this
study. However, VOD is not confined to the cheetah.
It has been described in other felidae, 524324 especially
in the snow leopard, where the prevalence and severity
are as high as in the cheetah,? suggesting that VOD in
cheetah was probably not the result of a genetic dis-
order. The most obvious common denominator be-

Table 2. Comparison of vitamin A levels and patholog-
ical changes in the livers of cheetah on different diets.

Ite  Veno-
. Age . Liver Vit A Cell  occlu-
Animal g DM o dry weight) Prolif-  sive
eration Discase
B-1 6.0 A, Li 57,580 5 5
B-2 6.5 ALl 45,258 5 5
B-3 13.0 A, Li 74,026 5 4
B-4 1.1 D 2,149 — —
B-5 4.5 B 14,034 — -
B-6 10.0 A 20,257 3 —
B-7 7.0 C 39,190 4 —
B-8 12.0 A 28.039 4 —
B-9 10.0 A 28,669 4 —
Domestic cat? 2000-4000

* Commercial diets: diet A contained 38,550 IU of vitamin A/kg,
dry weight; diet B contained 10,950 IU of vitamin A/kg, dry weight;
diet C contained 95.820 TU of vitamin A/kg, dry weight; diet D,
vitamin A level unknown; Li, diet A replaced by raw beef liver
(+545,000 IU of vitamin A/kg, dry weight) 1 day/wk.

+ Normal range for vitamin A in the liver of domestic cat at the
Animal Health Diagnostic Laboratory, Michigan State University.

Severity code for liver pathology: 1 = very mild; 2 = mild; 3 =
moderate; 4 = moderate 1o severe; 3 = severe.

tween different species of felidae and groups of cheetah
from a wide geographical range is the diet. Animals
could have been exposed to different toxic compounds
from the diet, or ingredients fed to captive animals
could have changed in quality, quantity, and sources.
As an example, fish meal was used in the early 1970°s
in the commercially prepared exotic feline diet.”* How-
ever, because of difficulties in the availability of the
product, sovbean products partly or completely re-
placed fish meal as one of the constituents in the com-
mercial diets fed to exotic carnivores. Fish meal has
been associated with nitrosamine intoxication, result-
ing in vascular lesions resembling VOD of the liv-
er.?%33 Another example is the non-steroidal plant
estrogens found in high concentrations in a commer-
cially prepared feline diet that has been fed to cheetah
in several American zoos.* The source of these bio-
logically active plant estrogens was soybean products
added to the diet. Ingestion of these plant estrogens by
cheetah was associated with a state of hypercoagula-
tion, one of the suggested causes of hepatic vascular
lesion following thrombosis of the large hepatic vein
in women using oral contraceptives.?”'¥ As with other
estrogens,’''121¢ plant estrogens could also have a di-
rect effect on the endothelium by forming gaps in the
endothelial lining, resulting in increased vascular per-
meability and leakage of plasma into the subendothe-
linm. Subsequent stimulation and proliferation of mes-
cnchymal cells, particularly the smooth muscle cells,
could lead to intimal thickening of the vessels, 216
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The specific cause for VOD in each individual an-
imal cannot be identified. However, based on corre-
lations between morphologic findings and dietary anal-
yses, it is suggested that at least ong dietary factor may,
at the present time, play a role in the pathogenesis of
hepatic vascular lesions. Hypervitaminosis A may be
responsible mainly for Ito cell proliferation and peri-
sinusoidal fibrosis, which could progress to central vein
sclerosis, as has already been demonstrated experi-
mentally in the rat.>® Vitamin A excess in cheetah could
also increase the severity of the lesion and accelerate
the clinical manifestation of VOD from other causes.
By simple manipulation of the diet, this factor can be
corrected, allowing future opportunity to identify other
possible factors that are not obvious at this time.
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