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IntroDuctIon

Aflatoxin B1 is a metabolite produced by the fungi,  As-
pergillus flavus and Aspergillus parasiticus, which are 

contaminants of human and animal grain foods. Corn is 
probably the most important source of AFB1 for both hu-
man and animal consumption (Wood, 1989). AFB1 has 
been reported to cause acute hepatotoxicity and liver car-
cinomas in people and laboratory animals (Roebuck and 
Maxuitenko, 1994). They are metabolized to a highly reac-
tive 8, 9-epoxide that binds to cellular macromolecules, pri-
marily in the periportal region of the liver. AFB1-induced 
liver injury manifests itself as periportal parenchymal cell 
necrosis, hemorrhage, and injury to intrahepatic bile ducts. 

The liver lesions along with loss of appetite and lethargy in 
exposed animals are collectively referred to as aflatoxicosis.

Garlic is an important medicinal herb and is known to pos-
sess scientifically proven medicinal properties. Garlic ranks 
highly among herbs that help to prevent diseases largely 
due to its high content of organosulphur compounds and 
its antioxidant activity. Aged garlic (well ripened garlic 
stored at room temperature (37°C) for 20 months) extract 
is a richer source of antioxidants than fresh garlic (Biren et 
al., 2006). Tadi et al. (1991) reported that the AGE pro-
tected liver against toxicity induced by benzopyrene and 
AFB1, two potent free radical producing environmental 
carcinogens. It is believed that aged garlic extract exerts 
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hepatoprotective effects through its antioxidant property. 
Keeping these in view, the present study was undertaken 
to study the pathomorphological changes in aflatoxin B1 
induced liver damage in rats.

MAtErIAlS AnD MEthoDS

The present study was conducted at the Department 
of Veterinary Pathology, Veterinary College, Banga-
lore-560024.

aniMaLS
Wistar albino rats weighing between 150 to 300 g were 
used for the present study. The animals were obtained from 
the Central Animal Facility, Indian institute of Sciences, 
Bangalore 560 012. The study was approved by the Insti-
tutional Animal Ethics Committee (IAEC). The animals 
were fed with standard commercial rat feed obtained 
from M/S Godrej Agrovet Ltd. Mumbai – 400079.

afLatoxin B1
To induce hepatotoxicity in rats, single dose of commer-
cially available AFB1 preparation (Sigma-Aldrich Chem-
icals Ltd.) was used in the present study, which was given 
intraperitoneally at the dose rate of 4 mg/kg body weight 
on day 12 of experimental period.

aged garLic extract 
Obtained from M/S Vet Care Pvt. Ltd, Yelahanka, Banga-
lore, and was administered daily at a dose rate of 200 mg/
kg body weight, orally through orogastric tube for 28 days.

experiMentaL deSign
In the present study the experimental animals were divided 
into 4 groups with 6 animals in each group. Group I served 
as normal control used for studying baseline values of the 
parameters. Group II (vehicle control) received DMSO 
(0.3 ml/animal) on day 12 of experimental period. Rats 
in Groups III and IV were injected with a single dose 
of AFB1 intraperitoneally after fasting overnight at the 
dose of 4mg/kg body weight, in 3 per cent DMSO on 
day 12 of the experimental period. The rats belonging to 
Group IV were administered AGE suspended in distilled 
water, orally through orogastric tube at the dose rate of 
200 mg/kg body weight from day one to twenty eight of 
the experimental period. The volume of administered AGE 
was 1ml for each animal. 

SaMpLe coLLection
Two animals from each group were sacrificed humanely 
under anaesthesia on day 14, 21 and 28 of experimental 
period and a detailed postmortem examination was con-
ducted. Gross lesions were recorded. The tissue samples 
from all the internal organs were collected on day 14, 21 

and 28 of experimental study for recording of weights and 
histopathological studies. The organs were separated and 
washed in saline and small pieces were fixed in 10 per 
cent neutral buffered formalin and processed by routine 
paraffin embedding. 4-5 µm sections were stained with 
Haematoxylin and Eosin and examined under microscope. 
The organ weights were converted into relative organ 
weights and expressed in percentage as mentioned below:

StatiSticaL anaLySiS 
The data generated from the experimental study were 
subjected to two way analysis of variance (ANOVA) test 
using Graph Pad Prism version 5 for windows.

rESultS

A detailed and systematic post mortem examination of the 
sacrificed animals revealed no appreciable gross changes 
in liver, kidney, heart, intestines and other organs (Fig-
ure 1). All the organs appeared normal except for spleno-
megaly (Figure 2) which was consistently observed among 
AFB1 treated animals during each sacrifice.

Figure 1: Liver, spleen, kidney, heart, lung, stomach, intestine and 
pancreas from AFB1+AGE treated rat with normal size, shape 
and colour on Day 28 of the study

table 1: Percent relative liver weight of various treatment 
groups at different time intervals
Group Days of experimental study

Day 14 Day 21 Day 28
I 3.52±0.01b (n=2) 3.41±0.08b (n=2) 3.44±0.01b (n=2)
II 3.45±0.04b (n=2) 3.50±0.02b (n=2) 3.54±0.01b (n=2)
III 3.22±0.04a (n=2) 3.11±0.06a (n=2) 3.06±0.01a (n=2)
IV 3.50±0.19b (n=2) 3.61±0.04b (n=2) 3.51±0.00b (n=2)

Means bearing common superscript do not differ significantly 
at (P≤0.05)
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Figure 2: Spleen of AFB1 treated rat showing splenomegaly 
with rounded border on Day 14 of the study

The mean relative liver weights in AFB1 Group on day 14, 
21 and 28 were significantly (P<0.05) lower compared to 
control Group whereas significantly (P<0.05) higher val-
ues were found in DMSO and AFB1+AGE Groups com-
pared to AFB1 Group as shown in Table 1. No significant 
difference was observed in the relative kidney weight, be-
tween treated and control group as shown in Table 2. The 
mean relative spleen weights in AFB1 Group on day 14, 
21 and 28 were significantly (P<0.05) higher compared to 
control and treatment groups as shown in Table 3.

table 2: Percent relative kidney weight of various treatment 
groups at different time intervals
Group Days of experimental study

Day 14 Day 21 Day 28
I 0.32±0.01 (n=2) 0.33±0.01 (n=2) 0.33±0.01 (n=2)
II 0.31±0.02 (n=2) 0.32±0.01 (n=2) 0.32±0.00 (n=2)
III 0.31±0.00 (n=2) 0.33±0.01 (n=2) 0.32±0.01 (n=2)
IV 0.32±0.01 (n=2) 0.31±0.01 (n=2) 0.31±0.01 (n=2)

Means bearing common superscript do not differ significantly 
at (P≤0.05)

table 3: Percent relative spleen weight of various treatment 
groups at different time intervals
Group Days of experimental study

Day 14 Day 21 Day 28
I 0.52±0.03b (n=2) 0.55±0.02b (n=2) 0.54±0.02b (n=2)
II 0.51±0.02b (n=2) 0.52±0.01b (n=2) 0.53±0.01b (n=2)
III 0.61±0.03a (n=2) 0.60±0.01a (n=2) 0.60±0.01a (n=2)
IV 0.55±0.01b (n=2) 0.54±0.01b (n=2) 0.55±0.01b (n=2)

Means bearing common superscript do not differ significantly 
at (P≤0.05)

Histologically, the sections of liver on day 14, 21 and 28 
showed the normal appearance of hepatic and biliary com-
ponents among control (Figure 3) and DMSO animals 

whereas AFB1 treated animals showed swollen, granular 
appearance of hepatocytes with reduced sinusoidal spaces. 
In few cases sinusoidal congestion was also observed. The 
hepatocytes showed degenerative changes ranging from 
hydropic to fatty change pushing the nucleus to a side. In 
focal areas fatty changes were very extensive occupying the 
entire hepatocytes. The hepatic parenchyma showed focal 
to diffuse areas of necrosis (Figure 4). In addition individ-
ual hepatocytes also showed necrosis. The hepatic necrosis 
was observed both in the portal and periportal area. 
Centrilobular necrosis was observed prominently in all 
the cases and in few cases the necrotic area also showed 
mild heterophilic infiltration. The other changes included 
increased kupffer cell activity, bile duct epithelial hyperpla-
sia, proliferation of oval and spindle cell in portal tract, nu-
clear disintegration and chromatolysis.

Figure 3: Section of liver from control rat on day 14 showing 
normal appearance of hepatic parenchyma in the portal area 
H&E X 100

Figure 4: Section of liver from AFB1 treated rat on day 14 
showing swollen, granular and vacuolated appearance of 
cytoplasm of hepatocytes, severe fatty change, periportal and 
single cell necrosis, bile duct epithelial hyperplasia, nuclear 
disintegration and Kupffer cell proliferation H&E X 200
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Figure 5: Section of liver from AFB1+AGE treated rat on day 
14 showing swollen and granular appearance of hepatocytes 
around the portal tract H&E X 200

Histologically, the sections of liver from AFB1+AGE 
treated group showed the mild to moderate lesions viz.; 
swollen, granular appearance of hepatocytes with reduced 
sinusoidal spaces (Figure 5), congestion and occasional 
histiocytic proliferation. Occasional areas showed presence 
of large and regenerating hepatocytes (Figure 6).

Figure 6: Section of liver from AFB1+AGE treated rat on day 
28 showing improved architecture of hepatic parenchyma which 
includes only mild degree of granularity of hepatocytes and 
sinusoidal congestion and Kupffer cell hyperplasia H&E X 200

Histologically, the sections of kidney showed the normal 
appearance of tubular and glomerular structures among 
control and DMSO fed groups on days 14, 21 and 28 of 
the experimental period whereas AFB1 treated animals 
showed swelling, vacuolations, congestion, haemorrhage 

along with desquamation of tubular and glomerular epi-
thelium (Figure 7). The histological lesions were milder 
in AFB1+AGE treated group (Figure 8) compared to 
lesions noticed in AFB1 treated Group.

Figure 7: Section of kidney from AFB1 treated rat on day 14 
showing swollen and vacuolated appearance of tubular and 
glomerular epithelium with congestion, haemorrhages, and 
desquamation of tubular epithelium into the lumen forming 
hyaline cast H&E X 200

Figure 8: Section of kidney from AFB1+AGE treated rat on day 
14 showing slight swollen tubular and glomerular epithelium 
with congestion H&E X 200

Histologically, the sections of spleen showed the normal 
distribution of red and white pulp areas among control 
and DMSO fed animals on day 14, 21 and 28 of 
the experimental period whereas AFB1 treated animals 
showed massive congestion (Figure 9), extensive haemor-
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rhagic areas disrupting the white pulp, presence of hae-
mosiderin particles, lymphocytolytic activity and occa-
sional histiocytic activity. In addition, a relative reduction 
in the white pulp due to massive congestion was noticed 
among AFB1 Group. Histologicaliy, the sections from 
AFB1+AGE treated group showed secondary lymphoid 
follicle formation with mild lymphocytic activity, mild 
congestion, haemorrhage and occasional histiocytic activ-
ity compared to severe lesions noticed in AFB1 Control 
group (Figure 10). Histologically other organs such as 
heart, lung, stomach, intestine and pancreas appeared 
normal in all the groups on different days of observations.

Figure 9: Section of spleen from AFB1 treated rat on day 14 
showing massive congestion, extensive haemorrhagic areas 
disrupting the white pulp and occasional histiocytic activity. 
Also note relative reduction in the white pulp due to massive 
congestion H&E X 200

Figure 10: Section of spleen from AFB1+AGE treated rat on 
day 21 showing secondary lymphoid follicle formation with 
mild lymphoid necrosis and occasional histiocytic activity 
H&E X 200

DIScuSSIon

In the present study liver damage was induced in rats by 
administering single dose of AFB1 4 mg/kg body weight 
by intraperitoneal route on day 12 of the experiment, 
which was in agreement with Barton et al. (2000) who ob-
served that with a single dose of 4 mg AFB1/kg produced 
histological changes after 24-48 hrs characterized by pro-
nounced periportal lesions accompanied by hemorrhage 
that appeared to radiate into the midzonal regions in 
some rats and also observed swollen parenchymal cells 
with pyknotic nuclei characteristic of oncotic necrosis. The 
portal interstitium was separated from parenchyma, sug-
gesting portal edema and biliary epithelial cells appeared 
to be swollen and undergoing oncotic necrosis.

In the present study, the dose of AGE administered to rats 
was 200 mg/kg body weight orally for 28 days according 
to earlier reports of Ezeala et al. (2009) who conducted the 
study on hepatoprotective effect of fresh garlic extract in 
acetaminophen induced hepatotoxicity in mice using dose 
ranging from 250, 500 and 750 mg/kg body weight for five 
days. AGE is more potent than the fresh garlic extract. In 
the present study AGE, being more potent than fresh 
garlic extract was utilized at a dose of 200 mg/kg body 
weight as the duration of experiment was 28 days.

Significant decrease observed in the relative liver weight 
in AFB1 treated rats could be attributed to protein 
derangement, vacuolar degeneration and necrosis of 
hepatocytes caused by AFB1 administration. This obser-
vation was in accordance with that of Manoharan et al. 
(2008), who recorded significant decrease in the relative 
liver weight of Wistar rats upon AFB1 administration. The 
absence of relative decrease in liver weight in AGE 
treated rats that received AFB1 may be attributed to 
the fact that AGE protected liver damage is induced 
by AFB1 by its antioxidant and anti-lipid peroxidative 
property.

No significant difference was observed in the relative kid-
ney weight between treated and control groups. This was 
supported by mild to moderate histopathological changes 
in the kidneys of rats that received aflatoxin B1.

There was a significant increase in the relative spleen 
weight in the rats after aflatoxin B1 administration, which 
might be due to passive venous congestion as a result of 
acute toxicity of aflatoxin B1. This was supported by gross 
and histopathological changes observed in the present 
study viz., splenomegaly, massive congestion and extensive 
haemorrhagic areas.

Histopathological lesions observed in AFB1 treated rats at 
14, 21 and 28 day of experimental study are in accordance 
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with the research findings of Barton et al. (2000) and 
Preetha et al. (2006) who also found similar lesions upon 
AFB1 administration to rats in AFB1 toxicity studies.

Conversion of AFB1 to its highly reactive 8,9-epoxide by 
the action of the mixed function mono-oxygenase enzyme 
systems (cytochrome P450-dependent) in the tissues (in 
particular, the liver) of the affected animal might lead to 
hepatic damage observed in AFB1 toxicity. This epoxide is 
highly reactive and can form derivatives with several cel-
lular macromolecules, including DNA, RNA and protein 
(Mclean and Dutton, 1995).

The histological examination of AFB1+AGE treated liv-
er on day 14, 21 and 28 showed very mild lesions, also 
supported grossly by normal size, shape and color of liver 
and other organs. Our results are in line with the findings 
of Tadi et al. (1991) who also found mild lesions in AF-
B1+garlic extract treated liver compared to severe lesions 
in AFB1 treated liver. Srikanth et al. (2013) reported mild 
lesions in Acetaminophen +AGE treated liver compared 
to severe lesions noticed in acetaminophen treated liver 
suggesting that AGE treatment protected the liver damage 
induced by AFB1.

The hepatoprotective effect could be attributed to antiox-
idant and anti-lipid peroxidative effects of garlic. Garlic 
contains several organosulfur compounds such as allicin, 
diallyl sulfide, and diallyl disulfide which are valuable pre-
cursors for glutathione biosynthesis (Tadi and Lau, 1990). 
It is possible that garlic prevented glutathione depletion 
induced by AFB1 by up regulating its biosynthesis in the 
liver.

The histopathological changes observed in the kidney of 
AFB1 treated Group on day 14, 21 and 28 of the exper-
iment could be attributed to inflammatory response to 
AFB1 induced injury. The histopathological changes on 
day 14, 21 and 28 of the experiment were milder compared 
to lesions noticed in AFB1 control group, could be due 
to antioxidant and anti-lipid peroxidative effects of AGE 
(Takefumi et al., 2006).

The histopathological changes observed in the spleen of 
AFB1 treated Group on day 14, 21 and 28 of the experi-
ment could be due to inflammatory response to AFB1 in-
duced injury. The severe lymphocytolytic activity observed 
in the present study could be attributed to immunosup-
pressant activity of AFB1. The milder histopathological 
changes observed in spleen of AFB1+AGE treated group 
on day 14, 21 and 28 of the experiment could be attributed 
to anti-inflammatory effects of AGE, the decreased lym-
phocytolytic activity could be due to immunoprotective 
effect of AGE (Wang et al., 1998).

concluSIon

It was concluded that hepatic damage can be experimental-
ly induced in rats by administration of AFB1 at the dose 
rate of 4 mg/kg B.W by intraperitoneal route. Hepatic 
damage observed in AFB1 toxicity could be attributed to 
the conversion of AFB1 to highly reactive 8, 9-epoxide by 
the action of mixed function mono-oxygenase enzyme sys-
tems (cytochrome P450-dependent) in liver. Administra-
tion of AGE orally through orogastric tube, for 28 days 
had significant hepatoprotective effect in AFB1 induced 
liver damage in rats. Hepatoprotective effect could be at-
tributed to antioxidant, detoxifying enzyme systems and 
anti-lipid peroxidative effects of AGE.
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