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ABSTRACT
Background: Mycotoxins are toxic secondary fungal metabolites that implicated in many adverse health effects
and economic losses. Recently, bee pollen (BP) has attracted attention as a useful preventive and therapeutic
agent referring to its antioxidant properties. Objective: This study aimed to evaluate the potential modulatory
effect of BP against aflatoxins (AFs)- induced hepato- and geno- toxicity in rats. Methodology: Twenty four
albino rats were randomly divided into four equal groups and treated for 30 days. Control group (fed basal diet);
AFs group (3 mg/kg basal diet); BP group (20 g/kg basal diet) and AFs+BP group. Results: AFs in diet induced
elevation in serum ALT and AST activities and TC, TG, LDL and VLDL levels with reduction in HDL level.
This was associated with increase in hepatic H2O2 with decrease in GSH and NO levels. Furthermore, AFsinduced DNA damage of hepatocytes. Additionally, degeneration, necrosis, and mononuclear cells infiltration
were observed in liver of AFs- intoxicated rats. BP supplementation induced a remarkable amelioration of these
toxic effects, suggesting its protective antioxidant properties. Conclusion: BP could be used as a biomedicinal
supplement in diet to protect animals and humans from hepato- and geno-toxic effects of AFs.
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supplementation could alleviate hepato- and genotoxic effects on rat fed diet containing aflatoxins.

INTRODUCTION
Mycotoxicosis is a disease caused by ingestion of
contaminated foods or feeds with mycotoxins
which are toxic secondary fungal metabolites that
induce adverse toxic effects to the exposed animals
or human [1-3]. Aflatoxins (AFs), the most
common mycotoxins, are a family of extremely
toxic mutagenic and carcinogenic compounds
produced by a large number of Aspergillus species
mainly A. flavus, and A. parasiticus [2].

MATERIALS AND METHODS
Animals: A total of 24 adult male Wistar albino
rats (120–150 g) were purchased from AL Zyade
Experimental Animals Production Center, Giza,
Egypt. All animals were kept under hygienic
condition in polypropylene cages with mesh wire
tops and in well ventilated laboratory room (2225°C, 60-65% relative humidity, natural daily
dark/light cycle). Free access to balanced diet and
tap water was allowed for 2 weeks prior to the start
of experiments for acclimatization. The animal
rearing and experimental design were ethically
approved by the International Animal Care and Use
Committee IACUC, Faculty of Veterinary
Medicine, University of Sadat City, Egypt.

Aflatoxins usually target the liver and exert
immunosuppressive, hepatotoxic, genotoxic and
carcinogenic effects to exposed human and animals
[2-5]. The generation of reactive oxygen species
(ROS) and lipid peroxidation (LPO) is the
suggested major mechanism in toxicity of AFs [4].
The mutagenic effect of AFs has been well
documented in previous in vitro and in vivo studies.
DNA adducts and breaks, gene mutations and
inhibition of DNA repair have been determined, as
well as increases in the rate of chromosomal
aberrations, micronuclei, and sister chromatid
exchanges (SCE) [6]. There is an urgent need to
new strategies to control mycotoxicosis other than
the current chemical anti-mycotoxins that have a
lot of adverse effects. Natural products always
found to be reliable and safe sources for several
ailments. Among them bee pollen is a good and
new area of research.

Aflatoxins Production: Toxigenic Aspergillus
flavus isolated from broiler feed was obtained from
the Mycology Department of the Animal Health
Research Institute, Giza, Egypt and confirmed by
sub-culture onto Malt Extract and Czapek Dox agar
and incubation for 8 day at 25°C. The A. flavus was
screened for aflatoxins (AFs) production using
Thin Layer Chromatography (TLC). Presence of
various AFs was qualitatively confirmed by the
appearance of blue fluorescence on the plate and
comparison of the spot's Retention Factor (RF)
value versus the RF of a known standard.

Bee pollen (BP) is apicultural honeybee product
composed of nutritionally valuable substances [7]
and has been applied for centuries in alternative
medicine as well as in food diets and
supplementary nutrition for human and animals due
to its nutritional and physiological properties [8]. It
is well documented that bee pollens, prepared by
bee by collecting pollens from plants, are rich in
essential amino acids, protein, unsaturated fatty
acids and also contains many vitamins, minerals
and trace elements which contribute to the health
effects [9]. In addition, pollen contains significant
amounts of polyphenolic substances, mainly
flavonoids [10].

Crushed yellow corn, obtained commercially from
Al-Ahram Company poultry rations (Giza, Egypt)
was verified as completely free from fungal or
mycotoxins contaminations by gross and TLC
examination. The corn was placed in flasks and
then autoclaved at 121 °C for 15 min on three
successive days. The corn was then treated with 10
ml spore suspension (at 107 spores/ml) and the
whole mixture fermented by incubation at 28-30°C
for 21 days. After incubation, the flask was dried in
a 60°C oven for 24 h to kill the fungus and then
grinding the sample with grinder. A representative
25 grams of sample of the upper growth culture
were extracted for AFs determination according to
the Official Methods Program (AOAC) by TLC
methods [16]. It was found that the corn cultured
with fungus contain 150 mg/kg of total AFs. The
corn was incorporated into the basal diet to provide
the desired level of 3mg of total AFs/kg diet.

Pollen and pollen products are important traditional
herbal medicine widely used in the treatment of
various diseases as it has many pharmacological
functions as it has antimicrobial and antiinflammatory effects [11,12]. Furthermore,
previous studies proved the antioxidative, hepatoprotective, nephroprotective and hypolipidemic [4,
13-15] properties of BP.

Bee pollen (BP) was purchased from apiary in
Sadat City, Egypt.

Taking into consideration the above mentioned
information about the therapeutic effect of BP, our
study aimed to evaluate if bee pollen

Diagnostic kits: Kits for assaying serum alanine
aminotransferase
(ALT),
aspartate
aminotransferase (AST), total cholesterol (TC),
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triglycerides (TG) and HDL; and hydrogen
peroxide (H2O2), nitric oxide (NO) and reduced
glutathione (GSH) in liver tissue homogenate were
purchased from the Biodiagnostic Company,
Dokki, Giza, Egypt. All the other chemicals and
reagents were of analytical grades and purchased
from Sigma and Acmatic Companies, Egypt.

Comet Assay: DNA damage of hepatocytes was
determined according to Frei et al. [27]. Out of
100 randomly selected nuclei were photographed
and scanned, for detection of tail length, DNA% in
the tail and the tail moment. DNA damage in the
cells was estimated by measuring the degree of
fluorescence or intensity of DNA migration in tail
and tail length. The tail moment was calculated as
tail length multiplied by percentage of migrated
DNA divided by100.

Treatment Schedule: The rats were randomly
divided into four equal groups, each of 6 rats.
Control group fed with free basal diet. AFs
group: fed with basal diet containing AFs 3mg/kg
[17] for 30 days. BP group: fed with basal diet
containing 20g/kg (2%) BP [18]. AFs + BP group:
fed with basal diet containing both AFs and BP.

Histopathological Examination: After fixation of
liver tissue in 10% neutral buffered formalin for 2
days, tissues were trimmed (3 mm thickness) and
washed under running water over night. The
samples were then dehydrated using ascending
grades of ethyl alcohol and cleared in xylol for 2-4
hours to remove the alcohol. The prepared tissue
specimens were then embedded in paraffin wax to
form blocks and then sectioned by Leica
microtome into thin sections of 5 µm thickness.
The tissue sections were put onto glass slides
deparaffinized and lastly stained by H&E stain and
examined by light microscope [28].

Collection and Preparation of Samples: At the end
of the experiment, all rats were fasted overnight,
anaesthetized, blood samples were collected from
median cansus of the eye and centrifuged at 3000
rpm for 15 minutes, and then serum was kept at
-20oC for further biochemical analysis. After blood
collection, rats were euthanized by cervical
dislocation for livers excision. Specimens of liver
of each rat were collected and stored at -20oC for
tissue biochemical investigations. Other Parts were
kept in phosphate buffer saline (PBS) at -20 oC for
Comet assay. Additional parts were kept in 10%
neutral buffer formalin for histopathological
examination.

Statistical Analysis: Values are presented as mean
± standard error of mean (SEM). All statistical
analyses were performed using SPSS (Statistical
package for Social Sciences) Version 16 released
on 2007, the significance between groups was
calculated using one-way analysis of variance
(ANOVA) followed by Tukey’s Test for post hoc
analysis at P ≤ 0.05.

Serum Biochemical Analysis: Serum activities of
ALT and AST were calorimetrically estimated
according to Reitman and Frankel [19]. The
levels of TC, TG and HDL-C were estimated
calorimetrically according to Allain et al. [20],
Fassati and Principe [21] and Lopez-Virella et
al. [22], respectively.
Serum LDL-C and VLDL-C levels were calculated
according to the equations of Lee and Nieman
[23] as follows:
LDL (mg/dl) = TC – HDL – TG/5
VLDL (mg/dl) = TG/5

RESULTS
Effects on Serum Biochemical Parameters: The
toxic effect of AFs and the protective effect of BP
on
serum
biochemical
parameters
were
summarized in Table 1. In comparing with control
group, AFs in diet at a level of 3 mg/kg
significantly increased serum ALT and AST
activities; TC, TG, LDL and VLDL levels. While,
AFs- induced significant reduction in serum HDL
level at P≤0.05. However, rats fed on diet
containing AFs and BP significantly improved all
the altered parameters compared to those of AFs
group. No significant changes were recorded in BP
group compared to control group.

Hepatic oxidant/antioxidant biomarkers: The
concentrations of hydrogen peroxide (H2O2),
reduced glutathione (GSH) and nitric oxide (NO) in
liver tissue homogenates were estimated according
to Montgomery and Dymock [24], Fossati et al.
[25] and Beutler et al. [26], respectively.

93

El-Borai et al., World J Pharm Sci 2018; 6(3): 91-97

Table 1: Mean values of serum biochemical parameters in the different groups.
Parameters/ Group Control
AFs
BP
a
b
ALT (U/ml)
44.80 ± 2.03
66.20 ± 3.12
43.20 ± 2.47a
a
b
AST (U/ml)
85.25 ± 3.40
107.5 ± 2.78
77.25 ± 2.75a
a
b
TC (mg/dl)
170.4 ± 3.17
205.2 ± 4.85
165.6 ± 3.69a
TG (mg/dl)
133.2 ± 1.46ab
146.8 ± 2.59c
127.4 ± 1.6a
b
a
HDL (mg/dl)
81.6± 2.22
61.8 ± 1.85
79.6 ± 2.04b
a
c
LDL (mg/dl)
62.08 ± 2.11
114.04 ± 3.56
60.52 ± 3.96a
VLDL (mg/dl)
26.64 ± 0.29ab
29.36 ± 0.52c
25.48 ± 0.32a
Values are presented as mean ±SE. n=6
Different superscripts in the same raw are significantly different at (P ≤0.05).

AFs + BP
47.20 ± 2.45a
79.25 ± 2.32a
175.2 ± 2.85a
136.4 ± 1.21b
68.8 ± 1.85a
79.12 ± 3.65b
27.28± 0.24b

improvement and to some extent returned H2O2 and
GSH values to that of control group. There were no
significant changes in hepatic NO levels among
different groups. No significant changes in hepatic
H2O2, GSH and NO levels were recorded in BP
group compared to control group.

Effects on hepatic oxidant/ antioxidant markers:
The changes in hepatic oxidant/ antioxidant levels
were summarized in Table 2. In comparison with
control group, AFs significantly increased hepatic
H2O2 and decreased GSH levels at P≤0.05.
However, rats exposed to AFs+BP showed

Table 2: Mean values of hepatic oxidant/antioxidant markers in the different groups.
Parameters/ Group
Control
AFs
BP
a
b
H2O2 (mM/g tissue)
1.47±0.03
1.75±0.02
1.45±0.03a
GSH (mg/g tissue)
112.76 ±1.21b
84.19±2.24a
111.2±1.88b
NO (μmol/g tissue)
47.12±2.72
44.05±1.71
44.49±1.28
Values are presented as mean ±SE. n=6
Different superscripts in the same raw are significantly different at (P ≤0.05).
Effects on DNA: Comet assay results were
summarized in Table 3 and Figure 1. Compared to
control group, AFs genotoxicity was confirmed by
significant increase in DNA damage%, tail length,
tail DNA%, and tail moment while BP group had

AFs + BP
1.57±0.02a
108.4±3.39b
46.1±1.3

no significant changes than those of control.
AFs+BP- exposed rats approved the genoprotective
effect of BP by decreasing the damaged DNA%,
tail length, tail DNA% and tail moment than that of
aflatoxicated rats.

Table 3: Mean values of comet assay parameters of hepatocytes in the different groups.
Parameters/ Group

Control
a

AFs
b

BP

AFs + BP
a

Damaged DNA%
21.0±1.52
31.3±1.45
16.6±1.66
Tail length (µm)
14.47±1.2a
21.03±0.48b
13.3±1.4a
a
b
Tail DNA%
1.62±0.07
2.23±0.12
1.50±0.05a
ab
c
Tail moment
0.24±0.02
0.47±0.03
0.20±0.03a
Values are presented as mean ±SE. n=6
Different superscripts in the same raw are significantly different at (P ≤0.05).

20.3±1.45a
17.8±1.6ab
1.83±0.03a
0.33±0.02b

Fig. 1. Comet assay of hepatocytes. a: Control group, b: AFs group, c: BP group, and d: AFs+ BP group
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Effects on hepatic histoarchitecture: Normal
hepatic histological structure was observed in
control (Fig. 2a) and BP (Fig.2c) groups. Liver of
AFsexposed
rats
showed
vacoulation,
degeneration and necrosis in hepatocytes. These

were with multifocal mononuclear cells infiltration
(Fig.2b). Rats of AFs+BP group showed
improvement in the hepatic histoarchitecture except
from few mononuclear cells infiltration (Fig.2d).

Fig.2. Liver photomicrographs of: (a) control group showed normal hepatic parenchyma. (b) AFs group showed
vacoulation (star), degeneration and necrosis, and mononuclear cells infiltration (arrow) in the hepatic
parenchyma.(c) BP group showed normal hepatic parenchyma. (d) AFs+BP group showed few cell infiltrations
(H&E, X20).
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DISCUSSION
attributed to the hypolipidemic, hepatoprotective
effect of BP as previously reported [13-15] that
may be due to its high phenolic and flavonoid
contents [12], indicating its antioxidant effect.
Regarding to the effect of BP, there were no
changes in the estimated parameters compared to
those of control rats except decrease of NO
production due to its potent anti-inflammatory
activity that referred to its phenolic and flavonoid
contents [11,40].

Aflatoxins, a group of mycotoxins, are one of the
most important biological pollutants that are
extremely toxic to animals and humans [2,3]. Bee
pollen is a product with added value because of its
certain health benefits such as an antioxidant, antiinflammatory and
antimicrobial
properties
[4,11,12].
In the current study, AFs significantly increased
serum ALT and AST activities which are sensitive
markers for hepatic necrosis, suggesting
degenerative changes and disturbance of liver
functions as proposed by others [3,29] that
commonly associated with hyperlipidemia and
decrease in HDL level [29-31], indicating the
impairment of liver function, particularly on lipid
metabolism.

CONCLUSION
Based on our present observations, we proved the
protective role of bee pollen against aflatoxinsinduced hepato- and geno-toxicity. Therefore,
addition of bee pollen to the diet may provide
economical and public health benefits.
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In the current study, AFs increased hepatic
concentration of H2O2 that could be attributed
firstly to the generation of ROS such as H2O2,
hydroxyl and superoxide radicals through the
oxidation of AFs to its reactive intermediate (8,9
epoxide) by hepatic cytochrome P450 [32].
Secondly, AFs decreased GSH in this study and
previous studies [33,34]. The decrease of GSH is
due to its conjugation with aflatoxin epoxide [35].
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GSH is essential for scavenging and conjugating of
free radicals and H2O2generated by toxic chemicals
[32]. Aflatoxins in this study reduced hepatic NO
level that may referred to its suppressive effect on
macrophage functions. Previously, it was suggested
that AFB1 reduces NO production from murine
peritoneal macrophages which is mediated by the
reduction of inducible nitric oxide synthase (iNOS)
activity [36].
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