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SUMMARY

Chronic exposure to aflatoxins (AFTs) below the LDs, can result in reduced weight gain, hepatocellular
necrosis and bile duct cell proliferation. Here, we report whether dietary zinc (Zn?*) protects against both
aflatoxicosis and precancer in male weanling hamsters fed either 14.6 mg/kg AFTs, 3000 mg/kg zinc car-
bonate, or both for 17 weeks. The AFTs (either alone or with Zn?*) reduced weight gains but not feed
consumntion. Whereas controls possessed 172.7 + 21.7 mg/100 ml plasma glucose, the AFTs and Zn?*
groups had 132.1 + 19.5 and 122.7 mg/100 ml, respectively. For plasma cholesterol, the AFTs plus Zn2*
group’s was 26.5 + 4.3 compared to 32.3 £ 3.0, 31.5 + 4.8 and 36.0 £+ 2.1 mg/100 ml for control, Zn?*
and AFTs groups, respectively. The latter exhibited bile duct cell hyperplasia, focal liver necrosis and hem-
orrhage but the AFTs plus Zn** group’s livers had less damage. Meglahepatocytes indicated precancerous
changes. These data suggest a trend toward Zn?*-induced reduction for AFTs-promoted liver damage.

INTRODUCTION

Chronic exposure to aflatoxin (AFT) levels be-
low the LD s has been shown to reduce weight gain
and cause hepatocellular necrosis together with bile
ductule cell proliferation [4,14,32]. Various dietary
supplements have been investigated for protective,
additive, or synergistic actions. Amongst these, the
trace elements have received some attention. For
example, Newberne and Conner [25] reported a
slightly protective action for rats with increased
levels of dietary selenium oxide. There was a dim-
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inution in both the extent of necrosis and the de-
velopment of bile ductule cell hyperplasia. Reduc-
tions in aflatoxin-induced necrosis and cellular de-
generation for gerbils fed increased sodium selenite
were reported by Lalor and Lleweilyn [13] also.
The possible protective action of supplemental
dietary copper (250 mg/kg) to toxin-induced liver
damage was investigated by Barber et al. [2] who
did not observe a reduction in hepatocyte damage
in swine. There was an improvement in aflatoxin-
promoted loss of weight gain which was associated
with increased feed efficiency. Llewellyn ct al. [18]



reported a suppression in hepatic damage for ham-
sters which had been fed a diet supplemented with
5000 mg/kg copper acetate together with aflatoxin
B; (AFB,;). This finding had been reported earlier
for hamsters fed a diet containing 7500 mg/kg cop-
per acetate [30].

Neathery et al. [24] fed young dairy calves diets
containing either 40 or 640 mg/kg Zn?" together
with either 0 or 5 mg/kg AFTs for 3 weeks. The
AFT calves exhibited reduced feed intake and
weight gain. Upon autopsy, gross abnormalities in
either the liver or other organs were not observed.
The AFTs-induced toxicity was not suppressed by
the addition of 600 ppm Zn?* to diets. In contrast,
Liewellyn et al. [17], using 5000 ppm zinc carbonate
as a dietary supplement demonstrated a decrease in
both liver congestion and hemorrhage in gerbils
which had been fed aflatoxin. There was no change
in either the number of pyknotic nuclei or in the
degree of focal necrosis compared to those animals
which had been fed aflatoxin alone. Dietary zinc
can protect against both damage and subsequent
tumor induction caused by DMBA (9,10-dime-
thyl-1,2-benzanthracene) [7,27]. The Zn%"-pro-
moted depressions in AFT-induced hepatic damage
in Mongolian gerbils reported by Llewellyn et al.
[17] indicate that zinc may be a protectant of AFB;.
The literature concerning the role of trace elements
as a possible protective agent in AFB; — induced
damage has been reviewed by Llewellyn and co-
workers [19,21].

Here, we report whether dietary Zn?* at a con-
centration other than that reported by Llewellyn
etal. [17] can protect against both aflatoxins and pre-
cancer in male weanling hamsters fed 14.6 mg/kg
AFTs, 2000 mg/kg zinc carbonate or both for 17
weeks.

MATERIALS AND METHODS

Rearing and maintenance of hamsters

Weanling male golden hamsters, Mesocricetus
auratus, were housed individually within polystyr-
ene cages (22 x 50 x 10 cm) containing ‘Betta
chips’ bedding and fitted with plastic tops. The

room containing the hamsters was maintained at 70
+ 4°F with a constant photoperiod of 12 h light
and 12 h dark provided by fluorescent light.

Preparation of mixed aflatoxins

Mixed aflatoxins (AFTs) were produced upon a
coconut substrate (Bakers Angel Flake) by growth
of Aspergillus parasiticus NRRL 2999. Shredded
coconut (20 g) was placed into 50 400-ml flasks fit-
ted with cotton. Following addition of 10 m! dis-
tilled H,O, the flasks were autoclaved for 20 min
at 15 Ib/in? and 121°C. Autoclaved coconut was
cooled to room temperature and then innoculated
with A. parasiticus spores from an active culture
maintained upon rice. Flasks were incubated at 22
+ 5°C in a dark chamber. 8 days after initiation,
sporulation was noted whereupon the cultures were
extracted with 50 m! chloroform followed by 30 min
mixing on a rotary shaker. Mixed coconut was
placed into a vegetable press and squeezed into a
Buchner funnel for filtration (Whatman No. 4 filter
paper) under suction. A second filtering was per-
formed using Whatman No. 2 filter paper. Aflatox-
in contaminated chloroform was stored in sealed
amber containers and aliquots were subjected to
thin-layer chromatography and a visual dilution
technique sensitive to 2 ppb [1]. Separate extracts
were from several groups of cultures and the solu-
tion contained total AFTs ranging from 416 to 605

pg/ml.

Aflatoxin administration

Juvenile male Syrian hamsters were fed experi-
mental diets for 17 weeks. The control diet was Pur-
ina Laboratory Chow (57 ppm Zn?*) [1]. A high
zinc (HZn) diet was prepared through addition of
zinc carbonate to powdered chow which resulited in
a zinc concentration of 3000 mg/kg. An aflatoxin
diet was produced by spraying mixed AFTs in chlo-
roform onto the powdered chow followed by exten-
sive shaking within sealed bags to insure uniform
AFTs distribution. This AFTs combination con-
tains a high proportion of AFG, which ranks
second to AFB; in toxicity. No toxins were present
in the control diets. The AFTs were extracted from
the contaminated diets with chloroform and water



and then concentrations within the chow were ver-
ified (AFTs AFB; = 0.1 mg/kg, AFG; = 14,0
mg/kg, and AFG, = 0.5 mg/kg) by thin-layer chro-
matography and a visual dilution technique sensi-
tive to 2 mg/kg. A double-insult diet (HZn plus
AFTs) containing both dietary supplements was
constructed also. The total number of animals used
was 24 and thus the results are preliminary in
nature. Distilled water was supplied ad libitum.
Both weekly water and feed consumptions as well
as changes in body weight were recorded.

Assays

Animals were killed under diethyl ether anes-
thesia and the thoracic cavity was opened. A blood
sample was removed from the left ventricle with a
syringe which had been pre-treated with heparin.
Organs were excised, inspected for gross damage,
cleaned and weighed. For histopathology, sections
of the median lobe of the liver, left kidney,and the
testes were placed into 10% neutral formalin to-
gether with a cleaned section of the large intestine
(see below). To obtain plasma, blood samples were
centrifuged (1000 x 20 min). A glucose oxidase
analysis was used to determine plasma glucose con-
centration [6]. Cholesterol was quantified color-
metrically using the Liebermann-Burchard reagent
with changes in absorbance being determined at
540 nm. Levels of pancreatic zinc were determined
by Central Biological Laboratories (Richmond,
VA) using atomic absorption spectroscopy [1]. The
pancreas was utilized because of its capacity to
store zinc-containing insulin.

Histopathology

Sections were fixed for 1.0-4.5 h at 25 + 2°Cin
5% formaldehyde saturated with CaCOj5. The sec-
tions were dehydrated through a graded alcohol
series and progressively embedded in xylene with
final embedment in paraplast. Five 10-um sections
were affixed to pre-cleaned slides. The sections were
stained with hematoxylin and eosin [10] prior to
viewing.

Statistical analyses
Means and standard deviations were calculated

for six animals from each treatment group. For use
of Duncan’s Multiple Range Test [3], the degrees
of freedom and the mean sum of the squares were
determined using linear regressions. The statistical
analyses were performed with an IBM 370/140
computer. All statistical data analyses were based
on P < 0.05. Treated and control groups with dif-
fering superscripts within the Tables are signifi-
cantly different.

RESULTS

Weekly data

Significant decreases in body weight gain from
the second to the seventeenth week occurred within
both the AFTs and the HZn plus AFTs groups
(Fig. 1). A HZn diet did not alter the response.
Week 6 showed the greatest reduction in weight
(control = 102.3 + 13.0 gand AFTs = 63.8 +£ 7.4
g). By the 17th week, the AFTs animals weighed
110.9 4+ 14.9 and the controls 144.5 + 21.1 g. The
weights of both the AFTs and the HZn plus AFTs
groups were not significantly different throughout
the 17th week. Neither were the weights of both the
control and HZn groups. There were no significant
differences in feed consumption between the groups
that could account for reduction in body weight,
e.g., total feed consumption during the 17th week
for the AFTs and HZn plus AFTs groups were both
40g/week.
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Fig. 1. Time-dependent changes in mean body weight for ham-
sters fed AFTs diets with and without supplemental Zn?*.



Data on killing

Organ weights. An analysis of organ weights did
not reveal changes in the relative weights of the liv-
er, kidneys, lungs, heart or spleen. There were re-
ductions in the weights of the testes in both the
AFTs and HZn groups compared to the weights of
the control group. Both groups displayed a dimi-
nution of approximately 50%, while the HZn plus
AFTs group showed a 25% reduction (Table 1).
Whereas the former were statistically different from
the control, the latter was not.

Blood analyses. Plasma glucose concentrations
were reduced 25 and 30% from that of the control
in the AFTs and HZn plus AFTs groups, respec-
tively, (Table 1). Whereas the reductions were sta-
tistically significant, there was no significant differ-
ence between the two groups receiving the AFTs,
Plasma cholesterol levels were significantly de-
creased in the HZn plus AFTs group (Table 1). The
control (32.3 £+ 3.0) and the AFTs (36.0 = 2.1)
groups were not significantly different from each
other but the reduction in the HZn plus AFTs
group was.

Zinc determinations. Pancreatic zinc concentra-

tions in the HZn plus AFTs group were signifi-
cantly elevated compared to the control group

Table 1

(Table 1). Both the HZn and AFTs groups dis-
played a slight increase in zinc retention that was
not significantly different from the control group.

Histopathology. The kidneys, testes and the large
intestine did not exhibit signs of either lesions or
toxic reactions. Neither did the liver of the hamsters
fed a control diet (Fig. 2A). However, lesions and
neoplastic changes developed in the AFTs group
(Fig. 2B) and to a lesser extent in the HZn plus
AFTs (Fig. 2C) group. There were extensive bile
ductule cell proliferations and focal areas of necro-
sis in four of the AFTs animals. The two other ham-
ster livers in this group possessed only slight pro-
liferation and were without necrosis. Slight ceflular
infiltration (either neutrophils or polymorphs) and
evidence of hemosiderin occurrence were observed
in those livers which were damaged maximally. The
HZn plus AFTs group contained only two livers
with damage as severe as that seen within the AFTs
group. Four developed a precancerous liver lacking
hyperplasia but contained occasional cells which
possessed enlarged nuclei with cytoplasmic inclu-
sions (Fig. 2C). There was no histopathological evi-
dence of liver damage within the HZn group (Fig.
2D). These results are summarized as a numerical
ranking of hepatic cellular damage (Table 2).

Mean testes weight, plasma glucose, plasma cholesterol and pancreatic zinc concentration of hamsters fed 14.6 ppm mixed aflatoxins,

3000 ppm zinc carbonate, or both for 17 weeks

Group Testes weight Plasma glucose Plasma cholesterol Pancreatic zinc
(g (mg/100 ml) (mg/100 ml) (mg/kg)

Control 1.26 =+ 0.32° 172.67 + 21.72% 32.25 + 3.02° 2525 + 6.89°

HZn 0.60 + 0.53° 175.88 + 22.56* 31.45 + 4.77%® 39.02 £ 8.836*°

HZn + AFTs 0.93 £+ 22.00%° 122.67 + 22.64° 26.50 + 4.31* 50.01 + 15.23°

AFTs 0.63 + 043*° 132.08 = 19.47° 3595 + 2.07* 36.59 + 19.87*°

abc For each parameter, means with same superscript are not significantly different (P < 0.05).
9 Influences due to body weight are factored out using linear regressions. Values are means and S.D.



Fig. 2A-D. Photomicrographs of hematoxylin and eosin-stained sections of (A) a liver from an animal in the control group (note
normal-sized hepatocytes and nuclei); (B) a liver from an animal in the AFTs group (note extensive bile ductule cell proliferation and
focal necrosis); (C) a liver from an animal in the HZn plus AFTs group (evident are an increased number of meglahepatocytes, slight
biliary duct cell proliferation and hemosiderin accumulation); (D) a liver from an animal in the HZn group (normal-sized hepatocytes
and nuclei are apparent).



Table 2

Histopathological evaluation of liver damage in male hamsters
receiving four types of diets for 17 weeks

A. Number of animals and their rating for each treatment group

No of Control HZn HZn + AFT AFT
animals

0 5 6 -— -

1 — — _

2 — — 4 1

3 — — — 1

4 — — 2 4

X 0.17° o° 2.67* 3.50°
S.D. + 041 0 + 1.03 + 0.84

2% Fach treatment group with same superscript was not signifi-
cantly different (P < 0.05).

B. Scale for numerical ranking of hepatic cellular damage in
male hamster

Numerical Hepatic cells

value

0 Normal hepatocytes

1 Basically normal cells; signs of slight damage (not

precancerous) and/or slight fatty infiltration; bac-
terial toxins suspect

2 Occasional enlarged nuclei (some with nuclear in-
clusions); mild reaction with no hyperplasia;
slight fatty metamorphosis

3 Mild hyperplasia; enlarged nuclei more preva-
lent; inclusions of nucleus more pronounced
4 Mild to severe hyperplasia; slight cellular infiltra-

tion (neutrophils or polymorphs); focal areas of
necrosis; some macrophages; evidence of hemo-
siderin occurrence

DISCUSSION

Body and organ weights

There were toxicity symptoms present within
both the AFTs and HZn plus AFTs groups that are
typical of toxic reactions produced by AFTs. For
example, both groups displayed reductions in body
weight gain without altering their feed consump-
tion, a characteristic of AFB-treated rats [33]. Be-

cause only the testes exhibited changes in weight,
the decline in body weight could not be attributed
to alterations in organ weights. Both the AFTs and
HZn groups were characterized by reduced testes
weight (Table 1) but this was not of sufficient mag-
nitude to account for all of the body weight loss.
An AFTs-promoted diminution in testes’ weights
has also been observed for Syrian hamsters [18].
These reductions in testes weight have been the re-
sult of hormonal imbalances resulting from afla-
toxin-induced stress [23]. Furthermore, the reduc-
tion in the HZn group is typical of animals which
have received elevated dietary zinc [31]. There was
no apparent change in the HZn plus AFTs group’s
testes weight. In contrast, Llewellyn et al. [18], using
gerbils, reported decreased testes’ weight in animals
which had received both aflatoxin and elevated
zing.

Zinc retention

The zinc accumulation within the pancreas
(Table 1) suggests that increased dietary zinc may
cause a slight enhancement in pancreatic Zn*™ re-
tention. Whereas a slight rise in pancreatic zinc was
noted in both the HZn and AFTs groups, the HZn
plus AFTs pancreatic zinc was significantly elevat-
ed. However, the increases in pancreatic zinc due
to AFTs ingestion and that due to elevated dietary
zinc may be unrelated. But, when both AFTs and
zinc were administered simultaneously, there ap-
peared to be an additive effect. Therefore, it is con-
ceiveable that AFTs could promote increased up-
take of either dietary zinc or mobilization of the
element within the body; two alternatives which
could be tested experimentally.

Plasma glucose levels

Plasma body weights (Fig. 1) appeared to co-
incide with AFTs-promoted reductions in the glu-
cose plasma levels (Table 1). Both the AFTs and
HZn plus AFTs groups experienced suppressions
in both body weight gain and serum glucose levels.
A reduced availability of glucose for cellular ATP
synthesis via combined glycolysis and Krebs’ cycle
would lower the metabolic capabilities of the cells
and possibly inhibit both mitosis and growth. In



addition, with depressed glucose levels, pancreatic
zinc levels should be elevated, since the release of
insulin is dependent upon blood glucose levels.

Serum cholesterol levels

Serum cholesterol levels were reduced in the
double-insult group, HZn plus AFTs (Table 1) but
there was a slight but not significant increase in the
AFTs group. In this connection, aflatoxin has been
reported to increase plasma cholesterol {22]. Cho-
lesterol levels do not appear to be altered by either
decreases or increases in dietary zinc concentrations
[28,29]. It is conceiveable that alterations in zinc
levels could cause copper to affect either cholesterol
synthesis or transportation, since Petering et al. [26]
reported that zinc interfered with copper metab-
olism.

Histopathology

Table 2 indicates that there was less liver damage
in the double insult group, suggesting that the zinc
supplementation contributed to this notable but
not significant difference. Basically, 2/3 of the
AFTs-treated animals possessed severe liver dam-
age, including bile ductule cell proliferation, more
enlarged nuclei and more nuclear inclusions, re-
sponses which are typical for hamsters receiving
AFT [12,30].

With the addition of the zinc, these liver lesions
were reversed and only 1/3 of the animals had the
severe level of damage. These changes have been
found for gerbils [11] fed zinc acetate (2000 mg/kg)
but not in calves [24] fed zinc (640 mg/kg), sug-
gesting organized differences in zinc utilization. As
for the mechanisms by which Zn%* could alter
AFT-induced liver damage, it is known that sub-
stantial amounts of zinc can accumulate within the
liver and that the accumulated zinc could either
compete for sites on membranes with nucleic acids
or could alter the metabolism of the AFTs via an
action on the cytochrome P-450 series [13].

Limitations

The present paper represents a preliminary re-
port since the n number was only six per group and
since zinc levels within the liver were not quantified.

An increase in n number would be useful in en-
hancing the numerical ranking of histopathology in
order to more extensively assess a possible statisti-
cally-significant Zn?*-promoted reversal of afla-
toxin-induced liver pathology. Determination of
both the plasma and liver zinc levels should be ac-
complished serially, since Doyle et al. [9] noted that
AFB; can alter the distribution of trace elements in
rat tissues. In addition, quantification of copper in
both blood and tissues is required, since it is known
that there is a close interaction in responses of lab-
oratory animals between zinc and copper [13] and
that copper may afford protection against aflatox-
icosis [21]. Lastly, this investigation utilized AFTs
high in AFG; and should be repeated with only
AFB;, also as a time-course study. Also, the pos-
sible protective action afforded by Zn?* should be
explored in organisms other than rodents. e.g.,
Avian species which are markedly sensitive to AFTs
[5,8].

In conclusion, the influence of the zinc to reduce
either the pathology or possibly provide for more
rapid recovery is present, but both the mode and
site of action are yet to be explained.
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