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ABSTRACT
The potential toxicity of acrylamide in humans had arisen with the finding of acrylamide formation in some processed foods. This
-1
study was designed to evaluate the ability of acrylamide at the dose levels of 5, 10 and 15 mg kg b.w. to induce oxidative stress,
testicular dysfunction and alterations in the expression of testicular and immune response genes in rats. Eighty adult male albino
rats are enrolled in the present study. From which thirty rats were orally administered with acrylamide daily for four weeks. The
other thirty rats were orally administered with acrylamide daily for 12 weeks. The last twenty rats were served as control. Blood,
testis and liver samples were collected at the end of the experimental period. The present results clearly demonstrate, plasma total
antioxidant capacity, total testosterone and free testosterone levels were decreased while, plasma malondialdehyde (MDA) level
was increased in acrylamide–intoxicated group in a dose and time dependant manner. DNA damage and micronucleus formation
were increased in acrylamide groups compared with control rats. mRNA analysis revealed that genes related to testicular hormones
were down-regulated, however, immune response related genes were up-regulated more obviously in acrylamide –intoxicated rats
for 12 weeks than those intoxicated for four weeks. Thus, it could be concluded that, acrylamide induces imbalance in the oxidant
/antioxidant status, impairment in the testicular function and perturbations in the immune response genes in rats.
Keywords: Acrylamide, genes expression, antioxidant, genotoxicity, immune response, testicular hormones.

INTRODUCTION

M

any types of food processing techniques have
been employed throughout human history,
mainly to ensure microbiological and chemical
safety of foods and to improve palatability. Growing
consumer demand for healthy nutritious and convenient
food is a key driver for improvements and new
developments in food processing. New processes or
newly recognized compounds, often identified due to
improved analytical capabilities, require careful
evaluation of potential human health impact. As
examples for processing-related contaminants, the risk
assessments for 3-monochloropropanediol (3-MCPD) and
acrylamide are discussed1.
Since the finding that, acrylamide is formed in food during
heat processing and preparation of food, much effort has
been (and still is being) put into to understand
mechanism of its formation, on developing analytical
methods and determination of levels in food, and on
evaluation of its toxicity and potential human health
consequences. Although, several exposure estimations
have been proposed, a systematic review of key
information relevant to exposure assessment is currently
lacking2.
Acrylamide has been found in various heated
carbohydrate-rich food and is now classified as a
suspected human carcinogen by the International Agency
for Research on Cancer3. Since, international
organizations such as World Health Organization, Food

and Agriculture Organization of the United Nations and
Joint Institute for Food Safety and Applied
Nutrition/National Center for Food Safety and
Technology4 have found acrylamide in various foodstuffs.
Acrylamide is a heat-induced contaminant naturally
formed during home cooking and industrial processing of
many foods consumed daily around the world. French
fries, potato crisps, bread, cookies, and coffee exert the
highest contribution to dietary exposure of acrylamide to
humans5. Acrylamide is formed during frying, roasting,
and baking and is not typically found in boiled or
microwaved foods. The highest acrylamide levels have
been found in fried potato products, bread and bakery
wares, and coffee. It is also an industrial chemical used in
polyacrylamide production6. Scientists demonstrated that
acrylamide (AA, 2-propenamide, CAS RN 79-06-1), was
produced when starchy foods (e.g., potatoes) were
cooked at high temperatures7. The presence of
acrylamide in the human diet and other sources, including
industrial polyacrylamide production, generated concern
worldwide about possible risks to human health8,9. The
daily intakes of dietary acrylamide for the general
population and high consumers (including children) are
estimated to be on average 1 and 4 mg/kg body wt,
respectively. Children eat more acrylamide than adults
probably because of their higher caloric intake relative to
body weight as well as their higher consumption of
certain acrylamide-rich foods, such as French fries and
10
potato crisps .
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Furthermore, food safety international bodies and
industrial sectors are very active for implementing
strategies to minimize its formation during roasting,
baking, frying, toasting, etc. Given the prevalence of
acrylamide in the human diet and its toxicological effects,
it is a general public health concern to determine the risk
of dietary intake of acrylamide. However, associations
between dietary acrylamide exposure and increase risk of
different cancers are somewhat controversial and do not
have a direct extrapolation to the global population
.Accordingly, further long-term studies with a general
view are ongoing to clarify the risk scenario and to
improve the methodology to detect small increases in
cancer incidence11.
Shortly after its discovery in foods, it has been clearly
established that the major pathway for acrylamide
formation in foods is Maillard (MR) reaction with free
12
asparagine as main precursor . 3-aminopropionamide is
an intermediate in MR, can also form by enzymatic
decarboxylation of free asparagine and yield acrylamide
upon heating even in the absence of a carbonyl source13.
Asparagine can thermally decompose by deamination and
decarboxylation but when a carbonyl source is present
the yield of acrylamide from asparagine is much higher
explaining the high concentration of acrylamide detected
in foods rich in reducing sugars and free asparagine such
as fried potatoes and bakery products14. Other minor
reaction routes for acrylamide formation in foods have
been postulated, from acrolein, acrylic acid and wheat
gluten15. Finally, acrylamide can be generated by
deamination of 3-aminopropionamide (3-APA) 13. A simple
and cost-effective method using high-performance liquid
chromatography coupled with a diode array detector has
been applied for determination of acrylamide in baked
and deep-fried Chinese foods16. The metabolism of
acrylamide is important for the safety evaluation, and
has been studied extensively, and glycidamide (its
metabolite) has been shown to be a major reactive
metabolite having a major role in acrylamide
17
carcinogenicity in rodents .
Oxidative stress and mitochondrial dysfunctions have
been demonstrated to be key mechanisms in many
chemical-induced cell injuries and neurodegenerative
diseases. Oxidative stress refers to enhanced generation
of reactive oxygen species/reactive nitrogen species
and/or depletion of antioxidant defense system, causing
an imbalance between pro-oxidants and antioxidants
leading to apoptosis11.
The early clinical symptoms following exposure to
acrylamide include paraesthesia, muscle weakness,
absence of tendon reflex, ataxic gait, foot drop, and
muscular atrophy. Furthermore, increased body burden
of acrylamide has been shown to retard the recovery
18
from neurotrauma .
Sub-chronic exposure to acrylamide could affect the
normal development of sperm, cause changes of the
activity of some enzymes in the testis and significantly
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influence hind limb motor coordination . Acrylamide
directly damages leyding cells and affects the endocrine
function of the testis19. In fact it is believed that
acrylamide is clearly genotoxic both in somatic and germ
18
cells .
Acrylamide has been tested for its effects on reproductive
parameters, including decreased sperm count and
increased abnormal sperm morphology18. Song et al19.,
observed that sub-chronic exposure to acrylamide could
affect the normal development of spermatozoa,
especially decreased sperm vitality, and increased the
percentage of abnormal sperm. It has toxic effects on
seminiferous tubules and it decreases the production of
sperm in male rats18. The results of Yang et al. 20 indicated
that acrylamide induces histopathological lesions such as
formation of multinucleated giant cells, vacuolation and
production of high numbers of apoptotic cells in the
seminiferous tubules of the rat. They also observed the
dose-dependent effect of acrylamide on reducing serum
testosterone level and Leydig cell viability, which resulted
in diminished spermatogenesis; and the high doses of
acrylamide can reduce the body weight, testis weight and
epididymides weight18. Plasma membrane function
activity is one of the most important aspects of sperm
biology, involving metabolic exchanges with the
surrounding medium which play an important role in
several events during fertilization (e.g. capacitation,
acrosome reaction and sperm-oocyte fusion) 18. The
present study is planned to explore, the toxicological
effects of acrylamide on the oxidant /antioxidant status
as well as testicular function of adult male rats .In
addition to, we hypothesized that the differential
expression of the genes involved in testicular function
could contribute to the reproductive toxicity associated
with acrylamide exposure. To the best of our knowledge,
the toxicological effects of acrylamide on immune
response genes expression profile in rat have not been
reported in the literatures .Therefore ,using on liver and
testis isolated from acrylamide intoxicated rats ,we
examined the relation between potential reproductive
toxicity and immune response differential gene
expression profile in rats through RT-PCR analysis which
has two key advantages ; high detection sensitivity with
wide dynamic range and quantitative data generation
with good reproductively.
MATERIALS AND METHODS
Chemicals and kits
Acrylamide
Acrylamide was purchased from Merck-Schuchardt
Chemical Co. (Hohenbrunn ,Germany) with a molecular
formula NH2-C=O-CH-CH2 ,the purity was about 99%.
Kits
Colorimetric kits for the determination of plasma
malondialdehyde and total antioxidant capacity were
purchased from Biodiagnostic Co. (Egypt). Enzyme Linked
Immuno –Sorbent assay (ELISA) kit for the determination
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of plasma testosterone was purchased from ADALTIS Co.
(Italy) and for determination of plasma free testosterone
was purchased from DiaMetra Co. (Italy).
Experimental Animals
Eighty adult albino male rats weighing 140-160 g were
obtained from the Animal House Colony of the National
Research Centre, Cairo, Egypt. The animals were kept
individually in wire bottomed cages at room temperature
(25 ± 2ᵒC) under 12 h dark-light cycles. They were
maintained on standard laboratory diet and water ad
libitum. The animals were allowed to acclimatize their
new conditions for one week before commencing
experiment, and then they were allocated into eight
groups (10 rats / group). All animals received human care
in compliance with the guidelines of the Ethical
Committee of Medical Research, National Research
Centre, Egypt.
Experimental design
The doses of acrylamide and the route of administration
were selected based on their citation in the literature.
After an acclimatization period of one week, the animals
were classified into the following groups: group (1)
untreated control group (CONT1) for 4 weeks treatment
period ; group (2) orally treated with acrylamide dissolved
in water (5 mg kg-1 b.w.) for 4 weeks20; group (3) orally
treated with acrylamide dissolved in water (10 mg kg-1
b.w) for 4 weeks21; group (4) orally treated with
acrylamide dissolved in water (15 mg kg-1 b.w) for 4
weeks22; group (5) untreated control group (CONT2) for
12 weeks treatment period; group (6) orally treated with
acrylamide dissolved in water (5 mg kg-1 b.w) for 12
weeks; group (7) orally treated with acrylamide dissolved
in water (10 mg kg-1 b.w) for 12 weeks; group (8) orally
treated with acrylamide dissolved in water (15 mg kg-1
b.w) for 12 weeks.
At the end of the experimental period, either 4 weeks or
12 weeks, fasting blood samples were withdrawn from
the retro-orbital venous plexus under diethyl ether
anesthesia. Blood samples were received in EDTAcontaining tubes and centrifuged at 1800 xg for 10
minutes at 4ᵒC where plasma was separated and stored
at -20ᵒC for biochemical analyses.
After blood collection, the animals were rapidly sacrificed
and both the liver and testes of each animal were
dissected, thoroughly washed with isotonic saline, dried
on filter paper and weighed. Immediately, each individual
liver and testis were stored in liquid nitrogen and stored
at -80 0C for gene expression analysis of genes related to
testicular-functions and immune response.
Biochemical analysis
Plasma
malondialdehyde
(MDA)
was
assayed
colorimetrically according to the method described by
23
Satoh . Plasma total antioxidant capacity was
determined colorimetrically according to the method of
24
Koracevic et al. Quantitative measurements of plasma
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total testosterone and free testosterone were performed
by enzyme linked immunosorbent assay (ELIZA)
procedure according to the methods of Granoff and
25
26
Abraham and Rydberg et al.
Genetic analysis
a) Comet assay for DNA strand break determination
Isolated hepatic cells of all groups of rats were subjected
to the modified single-cell gel electrophoresis or comet
assay27,28. To obtain the cells, a small piece of the liver
was washed with an excess of ice-cold Hank's balanced
salt solution (HBSS) and minced quickly into
approximately 1 mm3 pieces while immersed in HBSS,
with a pair of stainless steel scissors. After several
washings with cold phosphate-buffered saline (to remove
red blood cells), the minced liver was dispersed into
single cells using a pipette. In brief, the protocol for
electrophoresis involved embedding of the isolated cells
in agarose gel on microscopic slides and lysing them with
detergent at high salt concentrations overnight (in the
cold). The cells were treated with alkali for 20 min to
denature the DNA and electrophoresis under alkaline
conditions (30 min) at 300 mA, 25 V. The slides were
stained with ethidium bromide and examined using a
fluorescence microscope (Olympus BX60 F-3) with a green
filter at × 40 magnifications. For each experimental
condition, about 100 cells (about 25 cells per fish) were
examined to determine the percentage of cells with DNA
damage that appear like comets. The non -overlapping
cells were randomly selected and were visually assigned a
score on an arbitrary scale of 0–3 (i.e., class 0 = no
detectable DNA damage and no tail; class 1 = tail with a
length less than the diameter of the nucleus; class 2 = tail
with length between 1× and 2× the nuclear diameter; and
class 3 = tail longer than 2× the diameter of the nucleus)
based on perceived comet tail length migration and
relative proportion of DNA in the nucleus29. A total
damage score for each slide was derived by multiplying
the number of cells assigned to each class of damage by
the numeric value of the class and summing up the
values. Slides were analyzed by one observer to minimize
the scoring variability.
b) Micronucleus test
The bone marrow cells of rats re-suspended in a small
volume of fetal calf serum on a glass slide were used for
smear preparation. The smear of bone marrow cells was
prepared from each rat. After air-drying, the slide was
fixed in methyl alcohol for 10 min and stained with 5%
Giemsa stain for 10 min. Three slides were prepared for
each animal and were coded before observation and one
was selected for scoring. From each coded slide, 2,000
polychromatic erythrocytes (PCEs) were scored for the
presence or micronuclei under oil immersion at high
power magnification. In addition, the percentage of
micronucleated polychromatic erythrocytes (%MnPCEs)
was calculated on the basis of the ratio of MnPCEs to
30
PCEs .
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c) Semi-quantitative RT-PCR
RNA extraction
Total RNA was isolated from 100 mg of tissue samples by
the standard TRIzol extraction method (Invitrogen,
Paisley, UK) and recovered in 100 µl molecular biology
grade water. In order to remove any possible genomic
DNA contamination, the total RNA samples were pretreated using DNA-free™ DNase removal reagents kit
(Ambion, Austin, TX, USA) following the manufacturer's
protocol.
Reverse transcription
The complete Poly(A)+RNA samples were reverse
transcribed into cDNA in a total volume of 20 µl using 1 µl
oligo(dT) primer. The composition of the reaction
mixture, termed as master mix (MM), consisted of 50 mM
MgCl2, 10x reverse transcription (RT) buffer (50 mM KCl;
10 mM Tris-HCl; pH 8.3; Perkin-Elmer), 10 mM of each
dNTP (Amersham, Brunswick, Germany), and 50 µM of
oligo (dT) primer. The RT reaction was carried out at 25°C

ISSN 0976 – 044X

for 10 min, followed by 1 h at 42°C, and finished with
denaturation step at 99°C for 5 min. Afterwards the
reaction tubes containing RT preparations were flashcooled in an ice chamber until being used for DNA
amplification through polymerase chain reaction (PCR).
Polymerase chain reaction (PCR)
The first strand cDNA from different samples was used as
templates for RT-PCR with a pair of specific. The
sequences of specific primer and product sizes are listed
in Table 1. β-Actin was used as a housekeeping gene for
normalizing mRNA levels of the target genes. The reaction
mixture for RT-PCR was consisted of 10 mM dNTP’s, 50
mM MgCl2, 10x PCR buffer (50 mM KCl; 20 mM Tris-HCl;
pH 8.3; Gibco BRL, Eggenstein, Germany), and autoclaved
water. The PCR cycling parameters were one cycle of 94C
for 3 min, 35 cycles of 94 C for 30 s, 42 C to 58 C for 30
s, 72 C for 90 s, and a final cycle of 72 C for 7 min. The
PCR products were then loaded onto 2.0% agarose gel,
with PCR products derived from β-actin of the different
samples.

Table 1: Primers and reaction parameters in RT-PCR
Target cDNA Primer name Primer sequence (5’–3’)
-Actin
CAG
SIMP
GARP

Annealing temperature (°C) PCR product size (bp)

Act-F

CCCCATCGAGCACGGTATTG

Act-R

ATGGCGGGGGTGTTGAAGGTC

CAG-F

GTG CGC GAA GTG ATC CAG A

CAG-R

GTT TCC TCA TCC AGG ACC AGGTA

SIMP-F

ACCCCAGTCCCAGCGTAGTG

SIMP-R

ATGTCGTCGCCTGAGTATCCAATC

GARP-F

CCTTCACGGCAACAACATCC

GARP-R

ATCACGCTAATCCACAACAC

57

189

57

178

58

331

54

1,656

Table 2: Plasma MDA level in the different studied groups
Treatment duration Groups

Malondialdehyde (MAD) mM/mL P values

Control

19.06 + 0.583

-1

4 Weeks

5mg kg AA

21.80 + 0.406

< 0.0001

-1

22.26 + 0.19

0.32*

-1

15mg kg AA

22.88 + 0.49

0.072**

Control

19.55 + 0.30

10mg kg AA

-1

12 Weeks

5mg kg AA

22.16 + 0.191

< 0.0001

-1

22.50 + 0.19

0.342*

-1

23.43 + 0.211

0.064**

10mg kg AA
15mg kg AA

-1

P < 0.05 is considered significant, P > 0.05 is considered insignificant; P values control P* versus 5 mg/kg AA group, P** versus 10 mg/kg .

Statistical analysis

RESULTS

Data are presented as mean ± standard error and were
'
31
analyzed statistically by student s t-test with a preset
probability level of p <0.05 that was considered to be
statistically significant and p <0.01 which was considered
to be highly significant.

Biochemical data
The results presented in Table 2 illustrated the effect of
different treatment with AA for four and 12 weeks on
plasma lipid peroxidation level represented by MDA.
Significant increase in plasma MDA level was detected in
AA treated group as compared to the corresponding
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control group in a dose dependant manner and with slight
increase in MDA level was noticed goes from 4 to 12
weeks.
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plasma total and free testosterone levels. Significant
decrease in total testosterone level was demonstrated in
AA treated animals as compared to the corresponding
control rats in a dose dependant manner with slight
decrease in plasma testosterone goes from 4 to 12 weeks.
In addition, free testosterone level showed significant
decline in AA treated animals as compared to the
corresponding control rats in a dose dependent manner
with slight decrease in plasma testosterone level goes
from 4 to 12 weeks.

The total antioxidant capacity decreased significantly in
animals treated with AA at different doses for 4 and 12
weeks compared with the corresponding control animals
in a dose dependant manner, with slight decrease in the
total antioxidant capacity goes from 4 to 12 weeks (Table
3).
The results depicted in Table 4 showed the effect of
different treatments with AA for 4 and 12 weeks on

Table 3: Plasma total antioxidant capacity in the different studied groups
Treatment duration Groups
Control
-1
5mg kg AA
4 Weeks
-1
10mg kg AA

Total antioxidant mM/L P values
3.50 + 0.20
3.24 + 0.20
<0.156
2.90 + 0.26
0.305*

-1

12 Weeks

15mg kg AA
Control
-1
5mg kg AA
-1
10mg kg AA
-1
15mg kg AA

2.71 + 0.15
3.59 + 0.16
2.98 + 0. 15
2.68 + 0.15
2.50 + 0.17

0.446**
0.0149
0.212*
0.454**
-1

P < 0.05 is considered significant, P > 0.05 is considered insignificant; P values control P* versus 5 mg/kg AA group, P** versus 10 mg/kg .

Table 4: Plasma total and free testosterone level in the different studied groups.
Treatment duration

4 Weeks

12 Weeks

Groups
Control
-1
5mg kg AA
-1

10mg kg AA
-1
15mg kg AA
Control
-1
5mg kg AA
-1
10mg kg AA
-1

15mg kg AA

Total testosterone (ng/mL) P values Free testosterone (ng/mL)
3.50 + 0.30
30.90+ 2.28
1.34 + 0.18
<0.0001
10.50 + 0.28
1.15 + 0.10
0.90 + 0.14
3.60 + 0.29
1.10 + 0.07
0.90 + 0.08
0.70 + 0.07

0.397*
0.186**

P values
<0.0001

< 0.0001
0.237*

7.97 + 0.30
6.80 + 0.26
31.00 + 2.09
10.06 + 0.95
7.00 + 0.91

0.012*
0.216**
< 0.0001
0.0.0039*

0.147**

6.10 + 0.32

0.1052**
-1

P < 0.05 is considered significant, P > 0.05 is considered insignificant; P values control P* versus 5 mg/kg AA group, P** versus 10 mg/kg .

Table 5: Visual score of DNA damage in male rats treated with different doses of acrylamide for different time intervals
Treatment
duration
4 weeks

12 weeks

Groups
Control
-1
5mg kg AA
-1
10mg kg AA
-1
15mg kg AA
Control
-1

5mg kg AA
-1
10mg kg AA
-1
15mg kg AA

No. of cells
Analyzed
Comet

*

0

Class
1
2

3

DNA damaged
cells (% mean)

100
100
100
100
100

4
12
18
26
5

96
88
82
74
95

4
9
10
5
4

0
2
5
9
1

0
1
3
12
0

4
*
12
**
19
***
26
5

100
100
100

16
23
35

84
77
65

9
12
8

4
5
13

3
6
14

16
**
23
***
35

*

*

: Class 0= no tail; 1= tail length < diameter of nucleus; 2= tail length between 1X and 2X the diameter of nucleus; and 3= tail length > 2X the diameter of
nucleus. Data are presented as mean ± SEM. Values marked with an asterisk (*) are significantly different (P < 0.05), (**) are significantly different (P <
0.01), and (***) are significantly different (P <0.001).

DNA strand break determination using comet assay
Results of the comet assay for DNA strand break in
individual liver cells of male rats exposed to several doses
of acrylamide for different time intervals are summarized

in Table 5. The results showed that considerable DNA
damage was observed in a dose-dependent manner.
These results showed that in comparison to control rats
DNA damaged cells were significantly higher in rats
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exposed to low, medium and high doses of acrylamide (P
<0.5, P<0.01, P<0.001, respectively). These effects of
acrylamide induced DNA damage were showed at the
both time intervals, however, the effect of acrylamide
was higher in the period of 12 weeks than for 4 weeks of
the exposure.
Additionally, the DNA damaged cells categorized in class 3
defined with long tail of damage were also higher in rats
exposed to high dose of acrylamide than low or medium
doses of acrylamide groups. Moreover, rats treated for 12
weeks showed more damage in the DNA categorized in
class 3 than those treated with 4 weeks of acrylamide
(Table 5).
MnPCEs formation
The effect of different doses of acrylamide for different
time intervals (4 and 12 weeks) on MnPCEs formation in
the bone marrow cells of male rats is summarized in
Figure 1). The results revealed that formation of MnPCEs
in the bone marrow cells increased in a dose-dependent
manner. MnPCEs formation induced by acrylamide was
lower in the 4 week treatment than in the 12 weeks
treatment (Fig. 1a &1b). Moreover, at the 4 weeks
treatment, exposure of the male rats with low dose of
acrylamide did not increase significantly the MnPCEs
formation compared with control group (Fig. 1a).
However, this increase in the MnPCEs formation with the
low dose of acrylamide was significantly at the 12 weeks
treatment (Fig. 1b). Additionally, the MnPCEs formation
increased significantly in the male rats treated with
medium and high doses of acrylamide compared with
control group either in the 4 or 12 weeks treatment (Fig.
1a&1b).
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acrylamide (AA) for 4 (a) or 12 weeks (b). Values marked
with an asterisk (*) are significantly different (P < 0.05),
(**) are significantly different (P < 0.01), and (***) are
significantly different (P <0.001).
Semi-quantitative RT-PCR
The effect of different doses of acrylamide on the gene
expression profile of several genes related to
reproduction; cytochrome aromatase gene (CAG) and
immune system response such as: glycoprotein A
repetitions predominant (GARP) and immune-dominant
MHC-associated peptides (SIMP) was investigated. RTPCR assay was conducted to perform the expression of
these genes in the liver and testis tissues of male rats
treated with different concentrations (5, 10 and 15 mgkg-1
b.w) of AA for 4 and 12 weeks.
The expression of CAG gene in liver and testis tissues of
control and treated group with low dose (5 mg kg-1 b.w.)
of AA for 4 weeks was up-regulated (Fig. 2). However,
treatment of male rats with medium and high doses of
acrylamide for 4 weeks down-regulated the expression of
of CAG gene in liver and testis tissues. Moreover, CAG
gene expression within liver and testis tissue samples of
rats treated with all doses of AA for 12 weeks was downregulated (Fig. 3).
On the other hand, SIMP and GARP genes expression
were up-regulated in liver and testis samples isolated
from rats treated only with 10 and 15 mg kg-1 b.w. of AA
at 4 weeks (Fig.2). While, at 12 weeks treatment the
expression of SIM and GARP genes in liver and testis
tissues collected from rats treated with low, medium and
high doses of AA was highly up-regulated (Fig. 3).
DISCUSSION

a. 30

**

MnPCEs / 3000 PCEs

25

*

20
15
10
5
0
Control

5mg kg-1 AA

10mg kg-1 AA 15mg kg-1 AA

Treatment

b.

***

MnPCEs / 3000 PCEs

30
25

In the present study, we have found that acrylamide
induced DNA damage and increased the micronucleus
formation especially with the high dose and for long term
treatment.

**

20

*

15
10
5
0
Control

5mg kg-1 AA

10mg kg-1 AA

In the current study, the level of lipid peroxidation
product (MDA), in the plasma of rats treated with 5, 10
and 15mg kg-1 day of acrylamide increased from 4 to 12
weeks than control. In contrast, the levels of total
antioxidant capacity in the plasma of rats treated with 5,
10 and 15 mg kg-1 day-1 of acrylamide decreased from 4 to
12 weeks than control. These findings could be attributed
to the metabolism of acrylamide in the body causing the
generation of reactive oxygen species (ROS), which play a
pivotal role in the oxidative stress of acrylamide causing
oxidative DNA damag11, 32.

15mg kg-1 AA

Treatment

Figure 1: Micronucleated polychromatic erythrocytes
(MnPCEs) of male rats treated with different doses of

It has been reported that acrylamide is a weak clastogen
which acts through protein binding rather than DNA
33
binding . However, data in the in vivo micronucleus test
estimated that acrylamide induces micronucleus
33
formation starting from a dose of 4 mg/kg/day . In
agreement with these finding our data reported that
acrylamide began to induce significantly DNA damage the
micronucleus formation starting from the dose of 5 mg/kg
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and increased continuously with the higher doses. To
explain the mechanism of acrylamide inducing
genotoxicity, it has been reported that most sensitive
endpoints of genetic toxicity for acrylamide are kinesin
34
35
inhibition and oxidative stress . These enzymes centre
and then segregate the chromosomes and then
depolymerise the mitotic spindles. Inhibition of kinesin is
consistent with the mitotic inhibition and the aneuploidy
observed in vitro in fibrosarcoma cells34.
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Figure 2: RT-PCR confirmation of one reproductive gene
(CAG) and two different expressed immune genes (SIMP
and GARP) in male rats treated with acrylamide (5 mg kg-1
-1
-1
in lanes 3&8; 10 mg kg in lanes 4&9; 15 mg kg b.w. in
lanes 5&10) for 4 weeks. Control (lanes 2 & 7) and treated
samples were normalized on the bases of β–actin
expression (lanes 6 &11).

Acrylamide has toxic effect on seminiferous tubules and it
decreases the production of sperm in male rats36. Also,
acrylamide has been found to induce histopathological
lesions in testes such as formation of multinucleated giant
cells and vacuolation as well as apoptosis in the cells of
the seminiferous tubules18. cDNA microarray analysis
revealed that genes related to testicular-functions,
apoptosis, cellular redox, cell growth, cell cycle, and
nucleic acid-binding are up/down-regulated in testes due
to acrylamide treatment which affects motor proteins
and therefore, sperm function, while the dominant lethal
mutations resulted from interaction of the metabolite
19,20
glycidamide with chromatin, leading to clastogenesis .
Additionally, acute and sub-chronic acrylamide
intoxication caused a major depletion in plasma level of
testosterone which resulted from the elevation in the
levels of beta-endorphin and substance P in the
hypothalamus and met-encephalin levels in the frontal
cortex37.

Figure 3: RT-PCR confirmation of one reproductive gene
(CAG) and two different expressed immune genes (SIMP
and GARP) in male rats treated with acrylamide (5 mg kg-1
-1
-1
in lanes 3&8; 10 mg kg in lanes 4&9; 15 mg kg b.w. in
lanes 5 & 10) for 12 weeks. Control (lanes 2&7) and
treated samples were normalized on the bases of β–actin
expression (lanes 6 & 11).
The present study indicate that testis considered to be a
target organ of acrylamide action as it caused significant
decrease in plasma free and total testosterone in a dose
dependant manner and these findings are in agreement
with Adler et al. 30 and Yang et al.20 concluded that, the
dominant lethal effects resulted from a different
mechanism in spermatids of male mice than the other
parameters due to acrylamide toxicity. One mechanism
suggested, transcriptional profiling of 542 mitochondria –
related genes indicated a significant down- regulation of
genes associated with the 3-beta hydroxyl steroid
38
dehydrogenase family in acrylamide treated rats . In
addition, acrylamide significantly induced expression
levels of genes associated with lipid metabolism and
oxidative phosphorylation in particular ATP synthase,
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which correlated with elevated ATP levels, indicating an
increased energy demand in liver during acrylamide
exposure39.
The findings of the current study are consistent with
previous findings. In this study, an attempt was made to
evaluate the relationship between toxicological effects of
AA and differential gene expression profiles in acrylamide
treated rats. The toxic influence of AA on the
reproductive and immune response genes was conducted
in testis and liver of male rats. The results of the present
study indicated that expression of CAG gene, which plays
an important role in rodent reproductive performance,
was down-regulated in testis tissues of all of samples
exposed to AA for 12 weeks. In agreement with these
findings, Yang et al.20 found reduction in sperm
concentration in cauda epididymis, as well as increase in
morphological abnormalities of sperm of acrylamidetreated rats.
Tyl and Friedman40 summarized the mechanisms of AA
toxicity in which AA binding to motor proteins (e.g.
kinesin and dynein) causes distal axonopathy, and affects
sperm motility. In addition, up-regulation of dyneinassociated protein RKM23 gene was observed in testes
isolated from the AA treated rats20. This protein is closely
associated with dynein heavy chains and may directly
regulate motor functions41. The potential function of
dynein-associated protein RKM23 gene in spermatid
transportation in Sertoli cells41 suggested that its
differential expression could contribute to the
reproductive toxicity associated with AA exposure. On the
basis of the previous findings, we can suggest that AA
could inhibit the reproductive activity of male rats
through decrease the expression of the CAG gene at 12
week treatment.
According to the gene expression of some immune
response genes, the results of the present study indicated
that GARP and SIM genes were up-regulated in testis and
liver samples treated with medium and high doses of AA
at 4 weeks treatment and were more highly up-regulated
with all doses of AA at 12 weeks treatment. To our
knowledge, the toxicological effects of AA on immune
response genes expression profile in rat have not been
reported in the literature.
Assessment of health hazards arising from occupational
exposure to chemicals is based on the estimation of levels
of known toxic chemicals in the environment. It is
expected that pollution including toxic chemicals in
animals would evoke an immune response. In the present
study, exposure to AA stimulated the immune response in
male rats. Our previous study indicated that immune
response genes (GARP and SIMP) were up-regulated due
to different stress agents such as environmental pollution
in Solea aegyptiaca and stannous chloride treatment in
42, 43
44
mouse dams and fetuses
. Chang et al. found a few
protein components of acute-phase response (APR) in
grass carp in response to parasite infection as part of the
innate immune defense. APR was usually characterized
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with the change of plasma proteins which are referred to
as acute-phase proteins (APPs), and also characterized
with the secretion of some other innate defense
45
45
molecules . Bayne et al. also, identified most of these
components in the up-regulated libraries from infected
livers.
We could also suggest that the up-regulated expression of
GARP and SIMP genes in male rats may also indicate that
APPs are expressed and capable of up-regulation during
the AA treatment. In addition, the identification of known
or novel genes involved in the pollution provides the
foundation for further study on the immunological
interaction between the animal and toxic chemicals, and
it appears possible that construction of subtractive library
may be useful for studying immune mechanisms to toxic
chemicals.
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