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ABSTRACT: We evaluated the response of white-tailed deer (WTD) (Odocoileus virginianus) to
dietary aflatoxin. Fourteen 4-to-5-mo-old WTD were used in this 8-wk study, conducted between
November 1993 and January 1994. Seven animals received a ration containing 800 parts per
billion (ppb) total aflatoxin (AF). Seven control animals received the same ration without AF. At
0. 1, 3, 6 and 8 wk, feed consumption, feed conversion, liver enzymes, bile acid levels, and
immune function via lymphocyte proliferation assays and delayed type hypersensitivity reactions
were determined. At the conclusion of the 8-wk feeding trial, deer were euthanized and necrop-
sied. Clinical illness was not evident in any of the animals, but by the end of the study, AF-fed
deer had reduced feed consumption and body weight as compared to control deer; the differences
were not statistically significant. The AF-exposed group had a significant increase (P = 0.03) in
serum bile acid concentration as compared to control deer. Two AF-exposed deer had gross and
histologic hepatic lesions indicative of a mild degenerative hepatopathy. Residues of an aflatoxin
metabolite, aflatoxin M|, were found in the livers of all treated animals. No differences in immune
function were detected between the two groups. We conclude that consumption of 800 ppb AF

in the diet of young WTD over an 8-wk period can produce subclinical hepatic injury.

Key words:
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INTRODUCTION

Aflatoxins are a family of secondary me-
tabolites of Aspergillus flavus and Asper-
gillus parasiticus produced in moldy grains
or seeds, such as corn (Zea maize), and
various types of nuts under favorable en-
vironmental conditions of high moisture
and warm environmental temperatures
(Beasley et al., 1990). The toxic effects of
aflatoxin ingestion in domestic livestock
and fowl are well-known and include de-
creased feed consumption, decreased
weight gains and feed efficiency, liver
damage, immunosuppression, carcinogen-
esis, and in extreme cases, death (Cheeke
and Shull, 1985). The U.S. Food and Drug
Administration has established a maximum
level of 20 ppb aflatoxin (AF) for various
classes of animal feeds (Food and Drug
Administration, 1989). Occasionally, grain
that cannot be marketed because of excess
aflatoxin has been diverted as feed for
wildlife, particularly in states such as
North and South Carolina (USA) where
hunting white-tailed deer (Odocoileus vir-

Aflatoxin, white-tailed deer, Odocoileus virginianus, liver, hepatotoxin, feeding

ginianus) (WTD) over bait is allowed (Fi-
scher et al., 1995). Aflatoxin levels up to
750 ppb have been found in corn taken
from bait piles in these states (Fischer et
al., 1995). Although adult domestic rumi-
nants are more resistant than monogastric
species to aflatoxins (Cheeke and Shull,
1985, Harvey et al., 1988), the response of
non-domestic ruminants, including WTD,
to dietary aflatoxin is virtually unknown.

Our objective was to determine the re-
sponse of young WTD to a diet containing
800 ppb AF by monitoring feed consump-
tion, feed conversion, and liver and im-
mune function.

MATERIALS AND METHODS

Fourteen WTD fawns were used in this 8-wk
study conducted from November 1993 to Jan-
uary 1994. The fawns, which ranged in age
from 16 to 22 wk of age, were obtained from
a local private herd (Athens, Georgia USA) and
divided into two groups with approximately
equivalent total body weight in each group.
Deer were housed in groups of two or three
animals per pen.

Half of the fawns were fed a complete deer
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ration (Purina Deer and Game Checkers; St.
Louis, Missouri, USA) containing 800 ppb total
AF: the remaining fawns were fed the same
ration without the added AF. Feed and water
were available ad libitum.

The aflatoxin used in this study was prepared
by growing Aspergillus parasiticus NRRL 2999
on moistened polished rice according to the
method of West et al. (1973). The resulting
moldy rice was dried and ground to a fine pow-
der and analyzed for aflatoxins by high perfor-
mance liquid chromatography (HPLC) accord-
ing to the method of Colley and Neal (1979).
The rice powder had an aflatoxin content of
1.04 mg aflatoxin/g of rice powder. The ratio of
the individual aflatoxins were as follows: By =
74.1%. G, = 21.6%, B, = 4.0%, and G, =
0.3%. A weighed amount of the rice powder
was added to the basal feed ration to attain the
desired concentration of the dietary aflatoxin.
Immediately prior to the addition of the afla-
toxin rice powder, 1% food grade corn oil was
added to the basal ration to minimize the dust-
iness of the feed. The additions were made
while continually mixing the basal feed ration
to insure homogeneity of the final ration. The
same concentration of corn oil also was added
to the control diet.

The concentration of AF in the final ration
was confirmed on each batch of ration pre-
pared. This analysis was performed with the Af-
latest P affinity column procedure (Vicam, Wa-
tertown, Massachusetts, USA). The initial com-
mercial deer diet was changed after the first 3
wk of the study in favor of a second product
(F-R-M Deer Pellets; Flint River Mills, Bain-
bridge. Georgia) when it was determined the
initial ration contained bentonite, an additive
routinely used in feed manufacturing as a flow
agent. This flow agent reduces the bioavailabil-
ity of the added AF (R. Wyatt, pers. comm.).
The substituted ration contained no flow
agents. The binding of the aflatoxin by the ben-
tonite in the initial ration resulted in a 20%
reduction in target concentration of available
AF. After the ration was switched, all batches
of feed were analyzed and were within 5% of
the desired concentration of aflatoxin.

Feed consumed by each pen of animals was
measured daily. Animals were reweighed at 1,
3, 6, and 8 wk to allow determination of feed
conversion on a per-pen basis. Animals were
bled via jugular vein puncture at 0, 1, 3, 6, and
8 wk to obtain serum for serum chemistry pro-
files that included sorbitol dehydrogenase
(SDH). gamma glutamyltransferase (GGT), as-
partate aminotransferase (AST), total protein,
creatine kinase, albumin, bilirubin, alkaline
phosphatase, and bile acids. Serum analyses
were performed on an Abbott Spectrum Series

II analyzer (Abbott Laboratories, Dallas, Texas,
USA). Bile acid levels were determined using
a commercially available kit (EnzableR, Ny-
comed Pharma AS, Oslo, Norway).

To assess humoral immune function, serolog-
ic response to tetanus toxoid vaccine was eval-
uated. All WTD were vaccinated intramuscu-
larly with 1 ml tetanus toxoid vaccine (Tetmune
with DuoPhase, SmithKline Beecham Corpo-
ration, West Chester, Pennsylvania, USA) 6 wk
into the study. Serologic conversion was eval-
uated by comparison of pre-vaccination tetanus
toxoid antibody titers to antibody titers detect-
ed at 8 wk. Antibody titers were measured us-
ing both a passive hemagglutination inhibition
assay and an enzyme-linked immunosorbent as-
say (ELISA). The passive hemagglutination as-
say was performed according to the techniques
of Boydon (1951). In the ELISA test, 96-well
culture plates were coated with 50 pl/well of a
1:40 dilution of non-alum precipitated tetanus
toxoid (Burroughs-Welcome Company, Re-
search Triangle Park, North Carolina, USA).
Plates were incubated for 30 min at 37 C, then
held overnight at 4 C. The plates then were
blocked with 0.5% non-fat dry milk in phos-
phate-buffered saline (PBS) for 30 min at 37
C, and rinsed. All deer sera were heat-inacti-
vated in a 56 C water bath for 30 min and used
at dilutions beginning at 1:5. Tetanus antitoxin
(Fort Dodge Laboratories, Inc., Fort Dodge,
Iowa, USA) was used as a positive control at a
dilution of 1:2,400. Conjugates used were rab-
bit anti-horse IgG-horseradish peroxidase
(HRP; Sigma Chemical Company, St. Louis,
Missouri) for the positive control, and rabbit
anti-deer IgG-HRP (Kirkegaard and Perry
Laboratories, Inc., Gaithersburg, Maryland,
USA) for the deer sera. Prior to being read on
an ELISA reader, conjugates were incubated
for 30 min at 37 C, then treated with O-phenol
diamine substrate (Eastman Kodak Company,
Rochester, New York USA) and incubated for
30 min at 25 C.

Cell-mediated immunity was assessed by
lymphocyte proliferation assays and delayed
type hypersensitivity response tests. Lympho-
cyte proliferation assays were performed at 0,
1, 3, 6, and 8 wk. The assay, based on the tech-
nique of Ghalib et al. (1985), was previously
adapted for WTD lymphocytes. Briefly, 9 ml of
blood collected in sodium citrate was centri-
fuged at 250 X G for 10 min and the plasma
was removed. The concentrated blood cells
were resuspended in Dulbecco’s PBS (DPBS,
Sigma Chemical Company) layered over 5 ml
Histopaque 1077 (Sigma Chemical Company),
and centrifuged at 400 X G for 30 min. The
separated cell layer was examined microscopi-
cally and determined to be >95% lymphocytes,
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which were washed three times with DPBS.
Cell viability was routinely >95% as deter-
mined by exclusion of trypan blue dye (Flow
Laboratories, Flow General Company, Mc-
Lean, Virginia, USA). Mononuclear cells were
placed in 96-well microtiter plates at a concen-
tration of approximately 2 X 10° cells/well in
culture media consisting of Minimal Essential
Media (MEM) with 5% fetal bovine serum, 200
mM/ L-glutamine, 1 X 10° U/l penicillin, and
10 mg/l dihydrostreptomycin (Sigma Chemical
Company). Previously established optimal con-
centrations of two mitogens, concanavalin A
(Con A; Sigma Chemical Company) at 5 and
10 pg/ml and phytohemagglutinin (PHA; Sig-
ma Chemical Company) at 5 and 10 pg/ml,
were added to the wells. Each concentration as
well as control wells were tested in triplicate.
Plates were incubated for approximately 3.5
days in 5% COs at 37 C. Cultures then were
incubated for 18 hr with 0.1 microCuries/well
of tritiated thymidine (Dupont NEN Research
Products, Boston, Massachusetts). Cells were
harvested onto glass fiber filters using a semi-
automated cell harvester (Skatron 11029, Ska-
tron Instruments, Inc., Sterling, Virginia) and
suspended in biodegradable scintillation fluid
(Scintiverse-BD, Fisher Scientific Company,
Pittsburgh, Pennsylvania, USA). Radioactivity
was counted in a liquid scintillation counter
(Beckman LS 3801, Beckman Instruments,
Fullerton, California, USA). Results were ex-
pressed as the average counts per minute
(CPM) of mitogen-stimulated wells minus the
baseline CPM of control wells.

Delayed type hypersensitivity response was
measured on all deer at 0, 6, and 8 wk. Phy-
tohemagglutinin was used as a non-specific in
vivo mitogen to test the effector arm of the hy-
persensitivity response as described by Smith
and DeShazo (1992). An area approximately 10
cm? in size was clipped on the necks of the
deer and two approximately 2 X 2 cm squares
were drawn with an indelible marker. The ini-
tial skin-fold thickness of each site was mea-
sured using Vernier calipers. The amount of in-
tradermal mitogen had been previously titrated
in normal deer to determine optimal concen-
tration and response time. Deer were intrad-
ermally inoculated at one site with 100 pl phy-
tohemagglutinin diluted to 1 mg/ml in DPBS;
100 pl of DPBS was injected in the adjacent
location to serve as a control site. Skin-fold
thickness at each site was remeasured 48 hr
after injection. The response to the mitogen
was determined by subtraction of initial skin
thickness measurements from 48 hour post-in-
jection measurements.

At the end of the 8-wk study, deer were
weighed, euthanized with intravenous pento-

barbital (2.0 ml/kg; Butler Company, Colum-
bus, Ohio USA) and age was determined ac-
cording to the method of Severinghaus (1949).
Gross necropsy examinations were performed
on all organ systems. Weights were obtained on
liver, spleen, kidneys, and thymus. Fifty-gram
samples of liver and skeletal muscle were snap
frozen in liquid nitrogen and stored at —70 C,
pending residue analysis. Tissues collected for
histologic examination included lymph node,
reticulum, rumen, abomasum, small and large
intestine, lung, liver, and kidney. Sections of liv-
er were sampled from the same location of the
right and left liver lobe in all animals. Tissues
were fixed in 10% buffered formalin, embed-
ded in paraffin, sectioned at 4 pm, and stained
with hematoxylin and eosin (H&E). Both liver
sections were stained with H&E; sections from
the left liver lobe were stained with a reticulum
and a Masson’s trichrome stain (Luna, 1968).

To assess histopathologic changes, these sec-
tions of the right and left liver lobes from all
animals were blindly evaluated by three pa-
thologists (EWH, JRF, DMM). A scoring key
(Table 1) was developed based on previous
studies with swine (Miller et al., 1981). After
the pathologists initially determined that sec-
tions from the right and left liver lobe had sim-
ilar histologic features, final analysis was per-
formed on the left liver lobe section from all
animals. Twenty high power fields (450X) from
sections of the left liver lobe were examined
and a final score was derived for each animal
by summation of scores in each category as as-
sessed by all pathologists (Table 2).

Aflatoxin B) and M levels in samples of liver
and skeletal muscle of AF-exposed WTD were
measured at the National Veterinary Services
Laboratory in Ames, Iowa, via thin layer chro-
matography using Association of Official Ana-
lytic Chemists’ techniques (Helrich, 1990). The
results were reported as falling within various
detectable ranges.

The feed consumption and feed conversion
data were analyzed using a two-factor analysis
of variance, with group and time as variables.
The serum chemistry data was analyzed using
a three-factor analysis of variance (Zar, 1974).
The factors analyzed included AF-exposure as
a group, values of each individual animal, and
week of sample collection. If a significant dif-
ference was found in any factor, a subsequent
analysis was performed using a Tukey multiple
comparison test (Zar, 1974). Scores from the
pathologists were analyzed using a three-factor
analysis comparing scores from each patholo-
gist, AF-exposure of the group, and scores for
each individual deer. Statistical correlations in
remaining observations were determined by
comparison of the AF-exposed group to the
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TABLE 1. Key used for histopathological scoring of liver lesions seen in control and aflatoxin-exposed white-
tailed deer.

Karyomegaly: nuclear diameters greater than approximately 11 pm (mean hepatocyvte nuclear diameter 7.1 pum)
0 = No lesions present

Less than 10 cells with karvomegaly/40 high power fields (HPF)

Greater than 10 cells with karyomegaly/40 HPF fields

O -
]

Hepatocellular degeneration: swelling, increased eosinophilia, granularity and vacuolation of hepatocytes
0 = No lesions present
1 = Mild hepatocellular degeneration
2 = Marked hepatocellular degeneration

Binucleate cells

0 = <1 binucleate cells per field (average of 20 HPF)

1 = from 1 to 2 binucleate cells per field (average of 20 HPF)
2 = from 2 to 3 binucleate cells per field (average of 20 HPF)
3 = 3 or more binucleate cells per field (average of 20 HPF)

Bile duct proliferation

0 = No bile duct proliferation
1 = Mild bile duct proliferation
2 = Marked bile duct proliferation

Periportal fibrosis
0 = No fibrosis
= Mild periportal fibrosis
2 = Moderate periportal fibrosis
Marked periportal fibrosis

—
I

W
1

[llﬂ&llllllli!ﬁ()ll

0 = No significant inflammation

1 = Mild inflammation confined to portal regions
2 = Moderate inflammation confined to portal regions
3 = Inflammation expanding beyond portal regions

control group using the Student’s t-test. Signif-
icance level used was P < 0.05.

TABLE 2. Mean (= SD) histopathology score per

category of lesions in livers from white-tailed deer fed RESULTS
800 ppb aflatoxin. The mean score in each category o . .
was calculated by summation of the pathologists’ Overt clinical illness attributable to af-

scores for all deer in each category, then dividing by latoxicosis was not observed. One AF-ex-

the number of deer evaluated in each group (n = 6). WT . -
The total score was calculated by adding the scores p()sed D died SUddenly from an acute

from all the pathologists in all categories then divid- Strept()coccal meningitis 10 d‘clyS into the
ing by the number of deer in each group (n = 6). study. The death of this deer did not ap-
pear to be related to the AF exposure. Un-
til the day of its death, this animal had not

:\";m)xiu-vxp( sed

Lesion category deer Control deer
= - appeared clinically ill, nor had it obviously

Karyomegaly 375+ 236 167 * 0.52 decreased its feed consumption until the
Hepatocellular d: fits deatl

degeneration 333+273 183 * 116 ay ol 1s death.
Binucleate cells 275 = 1.60  2.50 = 1.05 By the end of the study, the mean
Bile duct (xSD) feed consumption of the AF-ex-
proliferation 1.67 = 0.82 1.67 = 1.21 posed deer (0.41 * 0.14 kg of f(‘.‘(“(‘/(lily)
f':"’s's y i:; f ?;f '3;(2)2 f 8 ég was lower than that of the control WTD
nHiammation o s (0.50 £ 0.28 kg of feed/day); initial feed
Total score 16.0 * 2.57 13.0 * 1.15 ‘

consumption had been virtually identical
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Blood chemistry values of control and aflatoxin-exposed (AF) white-tailed deer over the 8 wk study

period. Only values in which statistically significant alterations in levels at some time point within the study

are shown.

Week

Clinical parameter 0 1 3 6 8
Aspartate amino-

transferase

AF deer: 436 * 4554 177 = 62 124 = 32 131 * 36 133 + 41

Control deer: 226 * 140 142 * 66 182 + 113 113 + 28 100 = 22
Bile acids

AF deer: 10.6 = 6.4 145 * 10.5 16.5 * 16.2 34.1 * 438 355 * 45.1

Control deer: 11.1 = 3.8 140 = 8.0 16.6 = 7.3 125 = 7.1 9.0 + 3.3
Creatine kinase

AF deer: 4,338 * 6,628 252 * 64 222 + 127 248 + 73 226 * 77

Control deer: 1,434 * 969 209 * 84 200 * 89 298 * 161 224 * 85
Total bilirubin

AF deer: 0.23 = 0.14 0.31 = 0.09 0.48 * 0.20 0.38 = 0.26 0.30 * 0.25

Control deer: 0.30 * 0.18 0.24 * 0.05 0.30 * 0.08 0.21 * 0.04 0.20 * 0.05

4 Mean = SD.

betweens the groups (AF-exposed at 0.818
kg of feed/deer/day versus the control deer
at 0.823 kg of feed/deer/day). This slight
difference in mean feed consumption of
the AF-exposed group corresponded to a
slightly lower mean body weight of AF-
-exposed deer by the end of the study.
Mean (£SD) deer body weight at the be-
ginning of the study was 19.86 * 4.84 kg
for the AF-exposed group and 19.77 *
5.10 kg for the control group. By the end
of the study, the mean (£SD) body weight
of the AF-exposed deer was 20.60 * 4.14
kg compared to 21.56 = 3.60 kg for the
control deer. Feed conversion for the AF-
-exposed deer as a group was 0.92 kg feed/
kg gain compared to 0.87 kg feed/kg of
gain for the control deer group. The dif-
ferences in body weights or feed con-
sumption were not statistically significant.

Although mild increases were seen in
liver-specific enzymes during the middle
of the study, only bile acid levels, which
reflect liver function, were persistently and
statistically increased in AF-exposed deer
(Table 3). Overall, the mean (*SD) bile
acid concentration of AF-exposed deer
(22.4 = 3.14 umol/) was significantly (P =
0.03) greater than the mean of the control

deer (12.6 = 2.90 pmol/l). The differences
were attributable to increased bile acid
levels in four of the six surviving AF-ex-
posed animals; two animals had little vari-
ation in bile acid levels during the study.
One animal had a mean (+SD) bile acid
concentration (63.6 * 7.68 pmol/l) during
the course of the study that was signifi-
cantly higher (P < 0.01) than any other
deer. At necropsy, dental eruption patterns
combined with lower initial weights were
evidence that the fawns with increased bile
acid concentrations were among the youn-
gest of the AF-exposed animals.

Mean (=SD) total serum bilirubin con-
centrations of the AF-exposed deer (0.35
* 0.025 mg/dl) were significantly (P =
0.008) increased over the mean of control
deer (0.25 = 0.023 mg/dl). Levels began
increasing by wk 1, peaked at wk 3, then
decreased by wk 8 (Table 3). The degree
of increase was slight and icterus was not
detected clinically. Average levels of en-
zymes associated with hepatocellular dam-
age (SDH, GGT, or alkaline phosphatase)
also increased slightly by 3 wk into the
study, then decreased. However, these el-
evations were not statistically significant
when compared to control deer. Aspartate
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FIGURE 1. Photomicrograph of liver section from
an aflatoxin-exposed whitetailed deer wherein wide-
spread hepatocellular degeneration and necrosis re-
sulted in partial collapse of lobular architecture.
H&E. Bar = 65 pm.

aminotransferase (AST) activities were sig-
nificantly (P < 0.01) increased in deer of
both groups at the initial sample point (wk
0). However, AST activity in all deer de-
creased steadily over the course of the
study; thus initial increases were probably
associated with increased muscle enzyme
activity socondar_\-’ to capture and transfer
of the animals to the research facility. The
initial increases in creatine kinase levels
which also are indicative of muscle dam-
age support that assessment. The greater
increases seen in both AST and CK in the
AF-exposed group are primarily due to ex-
treme increases seen in the serum from
one individual, and are not indicative of
any meaningful differences between the
two groups at this time point.

Only two of six AF-cxposed WTD had
grossly detectable liver lesions; these two
animals also had the highest average bile
acid levels. The livers of these two deer
were pale, firm, and had slightly rounded
borders. No other treatment-related gross
lesions were seen in any of the animals.

The mean weights of liver, kidney and
spleen in AF-exposed WTD were slightly
greater than those of control deer, and thy-

117

FIGURE 2.

Photomicrograph of liver section from
an aflatoxin-exposed whitetailed deer. Solid arrows in-
dicate variation in nuclear size of hepatocytes. Open
arrows indicate increased eosinophilia and nuclear
pyknosis of hepatocytes. H&E. Bar = 50 pm.

mic mass was slightly less than controls
(data not shown); however, the differences
in organ weights between the AF-exposed
WTD and control WTD were small and
not statistically significant.

Based on pathologists’ scores, histologi-
cal lesions detected in AF-exposed WTD
were primarily in two of the six categories,
hepatocellular degeneration and karyome-
galy (Table 2). Histologic lesions were de-
tected in the livers of the two fawns with
grossly detectable liver lesions (Figs. 1, 2).
Similar degenerative liver changes were
present in both fawns, but were more
marked in one animal. Multifocal to con-
fluent degeneration of hepatocytes, which
was particularly evident surrounding cen-
trilobular veins, was apparent throughout
sections from the right and left hepatice
lobe. Degenerate hepatocytes had in-
creased cytoplasmic eosinophilia and oc-
casional vacuolar degeneration. Cell nuclei
varied in size with occasional megakary-
ocytosis (cell nuclei > 11 pm). Nuclear
pyknosis was common. Stains of reticulum
fibers on liver sections from these deer
confirmed the loss of normal hepatocellu-
lar architecture and disarray in plates of
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degenerate hepatocytes with little increase
in the supporting connective tissue net-
work. Liver sections of remaining AF-ex-
posed animals could not be differentiated
from those of control deer. Bile duct pro-
liferation and periportal fibrosis were not
found in any WTD. Lesions were not de-
tected in kidneys, lungs, lymph nodes, ru-
men, reticulum, or large or small intestinal
tract.

No trends or statistically significant dif-
ferences were noted between the re-
sponses of control and AF-exposed groups
in humoral or cell-mediated immune func-
tion tests. Serologic conversion after the
single tetanus toxoid vaccine was evident
in two of seven control deer (both had ti-
ters of 1:80) and four of seven AF-exposed
deer (titers ranged from 1:20 to 1:80) as
measured by ELISA, which proved more
sensitive than the hemagglutination inhi-
bition assay (highest titer seen was 1:20).
Had time allowed, a booster vaccine may
been beneficial in evaluation of the hu-
moral immune response. By 8 wk, the
mean * SD in vitro proliferative response
of lymphocytes to both Con A and PHA
remained similar between aflatoxin-ex-
posed deer (89,227 * 50,821 net cpm) and
control deer (87,170 * 33,847 net cpm).
Similarly, the in vivo response (X * SD)
to intradermal PHA in delayed type hy-
persensitivity responses was not signifi-
cantly different between AF-exposed deer
(7.58 = 2.4 mm) and control deer (7.78 *
2.9). One of the deer that had increased
bile acid levels had a decreased in vitro but
not in vivo lymphocytic proliferation to
PHA, but as one control deer had a similar
response, no trends could be identified.

There were no detectable AF B, resi-
dues in liver and skeletal muscle from AF-
-exposed WTD. Low levels of AF M; (1
to 2 ppb), a metabolite of AF Bj, were
found in the liver of five of six AF-exposed
fawns. The liver of one fawn contained >2
ppb AF Mj; the small sample volume pre-
cluded reanalysis to determine the precise
level of AF M. Residues of 0.5 to 1.0 ppb

AF M, were found in skeletal muscle of
one of six AF-exposed WTD.

DISCUSSION

Aflatoxins are more toxic to young than
adult animals (Pier, 1992). Here, fawns
with the most pronounced liver lesions
were among the smallest of the AF-expo-
sed group and appeared to be among the
youngest deer used in the study, though
the fawns used in the study probably var-
ied in age by only a few weeks. Nonethe-
less, the youngest deer may be at greatest
risk from the effects of AF.

In sheep and cattle, increased serum
bile acid concentration is the most sensi-
tive indicator of hepatic dysfunction. In
diffuse hepatic diseases, increased bile
acid concentration often precedes an in-
crease in liver-specific enzymes, such as
SDH and GGT, or bilirubin (West et al.,
1987; West, 1991). Furthermore, in-
creased bile acid concentration is the most
sensitive indicator of widespread hepatic
necrosis (West et al., 1987). Increased bile
acids have been reported in steers exper-
imentally fed aflatoxin for 15 wk with only
early transient elevations in SDH (Richard
et al., 1983). Similarly in our trial, WTD
that had significant serum bile acid level
increases had only mild increases in bili-
rubin early in the study. Richard et al.
(1983) theorized that an early elevation of
SDH levels seen in cattle from their study,
though transient, may have indicated some
early hepatocellular injury that eventually
repaired and tolerated further injury.

Hepatic biotransformation enzymes of
the P-450 mixed-function oxidase system
can be induced by a toxin, enabling more
rapid transformation of that toxin, or sup-
pressed by a toxin, which can allow in-
creased tolerance of certain compounds
(Kelly, 1993) such as aflatoxins, in which
the metabolic products also are toxic
(Cheeke and Shull, 1985). The initial low-
er dose of the AF fed these deer may have
cause some hepatic damage as evidenced
by the slight elevation in bilirubin levels,
but enabled biotransformation systems, re-
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sulting in hepatic recovery and relative tol-
erance to further damage. It is probable
that only the most susceptible animals lat-
er developed sufficient functional hepatic
injury to result in increase of bile acid lev-
els.

Histopathologically, the WTD with sig-
nificant serum bile acid increases had le-
sions compatible with early hepatocellular
damage similar to those seen in other spe-
cies with mild chronic aflatoxicosis (Chee-
ke and Shull, 1985). Histologic changes in-
dicative of early hepatocellular degenera-
tion include increased cellular eosinophil-
ia, piecemeal necrosis with nuclear
pyknosis, and rare vacuolization (Ruebner
and Montgomery, 1982). The classic le-
sions associated with severe chronic afla-
toxicosis, severe periportal fibrosis and bil-
iary duct hyperplasia (Cheeke and Shull,
1985), were not seen in our study animals.
Chronic lesions attributable to aflatoxicosis
have been seen in deer (W. R. Davidson,
pers. comm.). Severe periportal fibrosis
and biliary duct hyperplasia was seen in a
wild WTD that had access to a large pile
of moldy corn; it was diagnosed as chronic
aflatoxicosis. The season of the year and
feeding habits of WTD precluded includ-
ing Crotalaria sp-» the most common pyr-
rolizidine alkaloid plant found in the area,
as a likely cause of the hepatic lesion.

By the end of the study, feed consump-
tion was decreased in AF-exposed WTD
and there was a minimal increase in feed
conversion, which corresponds to findings
in cattle (Helferich et al., 1986) and pigs
(Harvey et al., 1988). In ruminants, re-
duced feed consumption was an early
event that preceded decreased rates of
gain or weight loss (Cheek and Shull,
1985). Harvey et al. (1988) suggested that
the reduced feed intake associated with
lower doses of AF is offset by an improve-
ment in feed utilization. The feed con-
sumption data of the AF-exposed group
was not affected by the loss of the single
AF-exposed fawn that succumbed to
streptococcal meningitis early in the study
as that fawn died prior to any noted dif-
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ferences in feed consumption between the
groups.

Aflatoxins selectively impair cell-medi-
ated immunity while sparing humoral im-
mune responses unless very high levels of
aflatoxin are fed (Cheek and Shull, 1985;
Pier, 1992). Thus, the lack of significant
differences in serological conversion to the
single vaccination of tetanus toxoid was not
unexpected. The failure to detect differ-
ences in the cell-mediated immune re-
sponse here is likely due to the duration
of exposure, the inherent variability in
lymphocyte proliferative responses from
outbred animals, and what apparently is a
relatively low AF dose for this species. Al-
though use of PHA in the delayed type
hypersensitivity test correlates with other
measures of immune function (Menden-
hall et al., 1989), the use of a specific an-
tigen such as tuberculin PPD in this test
might have proved a more sensitive indi-
cator of immune function. Higher or more
prolonged exposure of WTD to AF may
be required for significant immune alter-
ations to be detected.

Aflatoxin residues found in AF-treated
WTD in this study were similar to those
documented in similar studies in cattle
(Richard et al., 1983: Helferich et al.,
1986). Here, as in those studies, aflatoxin
M; was the primary metabolite found,
with liver containing the highest amounts.
Aflatoxin By is rapidly metabolized into af-
latoxin M; and other metabolites by the
cytochrome P-450 linked mixed function
oxidase system of the liver (Cheek and
Shull, 1985). In sequential sampling stud-
ies using AF-fed steers, there were no de-
tectable levels of AF in liver samples col-
lected 14 days after withdrawal from feed
contaminated with 600 ppb AF (Helferich
et al., 1986). It is likely that the residues
found in deer also would disappear rapidly.

From these data, we propose that the
dosage of 800 ppb AF for 8 wk may be the
threshold level in regard to clinical signif-
icance to WTD. Based on these relatively
small groups, few significant differences
were detected between the groups of ex-

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 20 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



120  JOURNAL OF WILDLIFE DISEASES, VOL. 33, NO. 1, JANUARY 1997

posed and control deer; however, clinico-
pathological and pathological findings in
individual deer were compatible with mild
aflatoxicosis. We contend that consump-
tion of 800 ppb AF in the diet of WTD
fawns can result in subclinical hepatic in-
jury. It is possible that adult deer (>1 yr)
would be more tolerant of aflatoxins.
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