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Abstract

Background & Objectives: Acrylamide (ACR) is a chemical with toxic effects on various body tissues. The present
study was conducted to investigate the antioxidant effect of N-acetylcysteine (NAC) on the level of testicular apoptosis
in acrylamide-treated adult rats.

Material & Methods: Thirty-six adult male Wistar rats were randomly divided into 6 equal groups. The intact control
group was without treatment, the positive control group (PC) received 50 mg/kg ACR by oral gavage, the negative
control group (NC) received 40 mg/kg NAC intraperitoneally, the animals in experimental groups of 1 (EXP1), 2 (EXP2)
and 3 (EXP3) received 10, 20 and 40 mg/kg NAC intraperitoneally, respectively, and then all groups received 50 mg/kg
acrylamide by oral gavage. The treatment period in all groups was 28 days. At the end of the study, FAS mRNA expression
level was measured by real-time PCR and testicular tissue was evaluated histopathologically.

Results: The PC group showed a significant increase in FAS gene expression level (p<0.05) and spermatogenic
degradation compared to the intact control and NC groups. The EXP1 and EXP2 groups showed decrease in FAS gene
expression level (p-0.05) and spermatogenesis improvement in a dose-dependent manner while the EXP3 group exhibited
a significant decrease in FAS gene expression level (p-0.05) and complete spermatogenesis recovery compared to the PC
group.

Conclusion: The findings indicate that ACR increases apoptosis and destroys spermatogenesis by increasing FAS gene
expression levels. In contrast, at the maximum dose (40 mg/kg), NAC could inhibit ACR-induced apoptosis by reducing
FAS gene expression and improves spermatogenesis in rats.
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Introduction

Acrylamide (ACR) is a carcinogenic mutagen
chemical that is produced by cooking starch at
high temperatures (120° C). At this temperature,
ACR is produced by Millard reaction between
reducing sugars and amino acids. In addition,
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it has wide applications in various industries
and laboratories such as dye synthesis, water
treatment, cosmetics and gel electrophoresis
(1-4). Skeletal muscle weakness, ataxia, and
weight loss have been reported in humans
and animals with long-term exposure to ACR
(5). Thus, it appears that ACR is a potential
hazard to human and animal health (6). ACR
is rapidly absorbed in the body and oxidizes
to Glycidamide (GA) by CYP2EI1. GA can be
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detoxified by combining with glutathione as well
as by hydrolysis in the body. It can also react
with DNA as well as protein (with the SH group)
via the Michael reaction. GA-guanine adducts
have been identified in mice and rats, which
may be associated with mutations in somatic
and germ cells (1, 7). ACR and its metabolites
can induce oxidative stress in various tissues of
the body, including the reproductive system, by
reducing glutathione and increasing peroxidation
of lipids as well as altering the expression of
apoptosis-related proteins such as Bax, Bcl2 and
Caspase3 (7-10). Spermatogenesis is a complex
and dynamic process associated with the
proliferation and apoptosis of germ cells. Germ
cell apoptosis is essential to maintain germ cell
population and appears to occur in Sertoli cells
via the paracrine apoptotic pathway called FAS/
FASL. FAS is a type | transmembrane protein
that belongs to the family of tumor necrosis
factor receptor (TNF) and neuronal growth
factor and induces apoptosis. FASL is expressed
by Sertoli cells and binds to its receptor (FAS)
expressed by germ cells and controls the germ
cell population by this mechanism. Increased
oxidative stress can be associated with increased
apoptosis in germ cells and other cells of the
reproductive system (11).

Previous studies have indicated that using
antioxidant compounds can modulate the
harmful effects of ACR on various body tissues
such as brain, liver, lung, kidney and testes.
Antioxidants protect the body cells against
harmful oxidative reactions by scavenging
free radicals and reducing oxidative stress (12).
NAC is a thiol group-containing antioxidant
used extensively as a precursor for glutathione
and antidote for acetaminophen poisoning. The
antioxidant mechanism of NAC is mediated by
maintaining the equilibrium of redox system in
cells and by increasing intracellular glutathione
levels and scavenging free radicals (13). NAC
prevents apoptosis in various tissues and is used
in the treatment of various disorders related to
oxidative stress such as chronic bronchitis and
ulcerative colitis. It is also used to control the
symptoms of diseases such as Parkinson’s,
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Alzheimer’s, HIV infection, asthma, cancer, and
heart diseases (12, 14). The studies show that
long-term use of NAC is secure even at high
doses and does not adversely affect maternal
and fetal health during pregnancy (14, 15).
Given the beneficial and therapeutic effects of
NAUC, it seems that it is able to modulate the
negative effects of ACR on various body tissues.
Since ACR plays an important role in inducing
oxidative stress and apoptosis in various tissues
of the body including the reproductive system
(7, 10), Hence, it is necessary to study the
compounds that may inhibit the toxic effects
of ACR. Therefore, this study was designed to
investigate the effect of NAC as an antioxidant
on FAS gene expression as a marker of apoptosis
and histopathological changes of testicular tissue
in ACR-treated adult rats.

Materials & methods
Animals

In this experimental study, 36 adult male
Wistar rats weighing 220+ 20 g were provided
from the animals’ house at Islamic Azad
University of Kazerun and were kept at standard
conditions at 22+ 2 © C, 12 hours of darkness/
daylight and 70% humidity in triplicate in
polycarbonate cages. Before starting the study,
the animals were kept for 2 weeks in the
above-mentioned standard conditions to adapt
to the new environmental conditions. During
the study, the animals had adequate and free
access to pelleted food and water ad libitum.
The protocol of this study was approved by the
Ethics Committee of Islamic Azad University
of Kazerun, Iran, in relation to working with
laboratory animal care.

Experimental protocol

Animals were randomly divided into 6
equal (n=6) control, positive control (PC),
negative control (NC), experimental 1 (EXP1),
experimental 2 (EXP2) and experimental 3
(EXP3) groups. The control group received no
treatment. Animals in the PC group received 50
mg/kg ACR (Merck, Germany) by oral gavage
at 5 pm every day. Animals in the NC group
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received 40 mg/kg NAC (Merck, Germany)
intraperitoneally at 9 am every day. EXP1, EXP2
and EXP3 groups received 10, 20 and 40 mg/
kg NAC intraperitoneally, respectively, every
day at 9 am and then received 50mg/kg ACR at
5 pm by oral gavage. The experimental period
was the same in all groups and it was for 28
days. The administrated doses of NAC and ACR
were determined based on the previous studies
(7, 16). At the end of the study, the animals were
anesthetized with ether (Merck, Germany), and
the abdominal cavity was opened and the left
and right testes of all rats were removed for
histopathological examination and studying FAS
expression level.

Histopathological analysis of testicular tissue

The left and right testes of all animals
were removed from the abdominal cavity and
blocked in 10% formalin buffer solution and
were molded in paraffin using the conventional
histological procedures, then some transverse
cuttings of 5-microns were provided from each
testis and were stained with hematoxylin-eosin.
Under a light microscope (Nikon, Tokyo, Japan)
and using a 40X Lattice lens, the number of
spermatogonia, spermatocyte and spermatid
cells were counted randomly in each sectioning
in five different areas in the wall of seminiferous
tubules randomly. Sertoli and Leydig cells were
then counted with the magnification of 40X.

To count sperm, testes epididymis was
removed and placed in normal saline and after
fragmentation, the sperms were counted using a
10X neobar lam. For this purpose, the samples
were diluted 40 times with 0.5% formaldehyde
and the sperms were counted in four large
squares and multiplied by 500,000.

Quantitative analysis of FAS gene expression
using real-time PCR

The removed samples were washed twice
with saline phosphate buffer and then a small
piece of testicular tissue was floated in the liquid
nitrogen for 1 to 2 minutes to extract RNA and
after complete evaporation, it was powdered
using mortar. One cc Trisol was added and
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homogenized alternately with a micro-tube
with a manual homogenizer on ice for two
minutes. After homogenization, the sample
was kept at room temperature for 5 minutes
and then 200 A chloroform was added for
dehydration. The sample was shaken vigorously
for 15 seconds to turn milky. The milky sample
was centrifuged for 15 min at 4 ° C using a
refrigerated centrifuge at 12000 RCF. Then
the RNA-containing supernatant was separated
using a sterile micro-tube.

A volume of RBI1 buffer was added to the
supernatant-containing micro-tube. The micro-
tube contents were then transferred to the column.
After 30 seconds centrifuge at room temperature
at 12000 RCF, the media below the column was
removed and 500 uL of SW1 buffer was added.
After 30 seconds centrifuge at room temperature
and 12000 RCF, the media below the column
was again removed. In the next stage, 500 uL
of RNW buffer was added to the column and
after centrifugation at room temperature and
12000 RCEF, the columns were transferred to a
new micro-tube and 50 uL nuclease-free water
was added and purified after centrifugation in
12000 RCF RNA.

In order to quantitatively evaluate the RNA
concentration, two A from the original sample
were isolated before inserting on a thermo
cycler and the concentration and efficiency
of RNA were measured using a NanoDrop
spectrophotometer. The mRNA was converted
to complementary DNA (cDNA) by reverse
transcription reaction. After reverse transcription
reaction, cDNA was made to amplify the target
fragment and quantitatively evaluate gene
expression.

RT-PCR reaction was conducted using
FAS-specific primer (Table 1) and Power SYBR
green PCR master mix (Applied Biosystems,
UK) reaction mixture and Real-time PCR system
step one plus (Applied Biosystems, UK) at a
temperature of 95 ° C for 10 minutes, 40 cycles
of denaturation at 95 ° C for 15 second, annealing
at 95 ° C for 30 second and amplification at 72

° C for 40 seconds. To evaluate the work done
at this stage, B-Actin gene was examined as
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the housekeeping gene. The mean of CTs was
calculated using 2-ACT. The sequence of primers
used in this study is given in Table 2.

Statistical analysis

Using SPSS software version 20 (SPSS Inc.,
Chicago, IL), the normal distribution of data was
confirmed by Kolmogorov-Smirnov test and
then using one-way ANOVA and LSD test, the
significance of data between the control group
and the treated groups was evaluated at P=0.05.
The results were expressed as mean + standard
deviation in the graph (GraphPad Prism 6, Inc.,
San Diego, CA, USA) and the table.

Results
FAS gene expression findings

The measurement of FAS gene expression
level using RT-PCR showed (Chart 1) that in
the PC group (50 mg/kg ACR), the level of
FAS gene expression has significantly increased
compared to the intact control group (P=0.05).
In the NC group (40 mg/kg NAC), the level
of FAS gene expression was not significantly
different from the intact control group (P=0.05).
In EXP1 (50 mg/kg ACR + 10 mg/kg NAC)
and EXP2 (50 mg/kg ACR + 20 mg/kg NAC)
groups, FAS gene expression level indicated a
dose-dependent manner decrease but it was not
significant (P=0.05). The EXP3 group (50 mg/
kg ACR + 40 mg/kg NAC) showed a significant
decrease in FAS gene expression level compared
to the intact control group (P=0.05).

Histopathologic findings

Table 2 represents the effect of ACR and
NAC on the number of spermatogenic, Sertoli
and Leydig cells in different groups. In the
PC group, the number of spermatogonia,
spermatocyte, spermatid, sperm and Leydig
cells significantly decreased (P=0.05). The
NC group showed no significant difference in
the number of spermatogonia, spermatocyte,
spermatid, sperm and Leydig cells compared
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to the intact control group (P=0.05), but there was
a significant increase in the PC group (P=0.05).
The EXP1 group showed a significant decrease
in the number of spermatogonia, spermatocyte,
spermatid, sperm and Leydig cells compared
to the intact control group (P=0.05), but only
the number of spermatogonia and spermatocyte
showed a significant increase compared to the PC
group (P=0.05). The number of spermatogonia
and spermatocytes in the EXP2 group showed
a significant decrease (P=0.05) and increase
(P=0.05) compared to the intact control and
PC groups, respectively, while the number of
spermatids, sperm and Leydig cells in this group
did not have a significant difference compared to
the intact control group (P=0.05), but there was
a significant increase compared to the PC group
(P=0.05). The EXP3 group showed a significant
increase in the number of spermatogonia,
spermatocyte, spermatid, sperm and Leydig
cells compared to the PC group (P=0.05), while
there was no significant difference compared to
the intact control group (P=0.05). There was no
significant difference in the number of Sertoli
cells in all the groups compared to the intact
control group (P=0.05).

According to the histological findings
(Figure 1), normal spermatogenesis in the
intact control group was complete and all
spermatogenic cell types and Sertoli cells were
observed in seminiferous tubes (Figure 1A
and 1B). In the PC group, reduced thickness
of the germinal epithelium, the presence of
vacuoles and apoptotic bodies were observed
in seminiferous tubes (Figure 1C and 1D). In
the NC group, spermatogenesis was similar to
that in the control group (Figure 1E and 1F).
In the EXP1 group, spermatogenesis showed
partial improvement despite vacuolar spaces in
the germinal epithelium (Figure 1G and 1H). In
the EXP2 (Figure 11 and 1J) and EXP3 (Figure
1K and 1L) groups spermatogenesis was more
similar to the intact control group in seminiferous
tubes and normal spermatogenesis was observed.
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Chart 1. The comparison of mean and standard deviation of FAS gene expression levels in different groups.

*Compared to the intact control group
T Compared to the PC group

Table 1. RT-PCR sequencing primers of B-Actin and FAS genes as housekeeping and apoptosis markers, respectively in
this study.

Gene name-Direction Primer sequence (5'-3")

B-Actin-Forward CGTGCGTGACATTAAAGAGAA

B-Actin-Reverse CGCTCATTGCCGATAGTGAT
FAS-Forward GCAATGCTTCTCTCTGTGACCACT
FAS-Reverse GCTGTTGTGCTCGATCTCATCG

journal.fums.ac.ir 3852
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Table 2. The comparison of mean and standard deviation of spermatogonia, spermatocyte, spermatid, sperm, Leydig and
Sertoli cell numbers in different groups.

Groups Spermatogonia Spermatocyte Spermatid Sperm Sertoli
Intact control 69.50+4.50 66.16+3.48 61.66+9.83 65+20.24 224+2.82 6.83+0.98
PC 36.66+£10.03*  34.33£11.16*  41.66+6.05* 45.834+3.76* 20.33+1.36 4+1.67*
NC 62.83+12.81F  58.33+£11.911  59.16+7.35f  62.50+14.057 21.33+1.96 6.50+1.047
EXP1 50.83£10.36*F  45+£13.59*% 45.83+8.01* 48.334+4.08* 20.50+1.87 4.16+1.47*
EXP2 56.66+9.33*%F  52.33+£2.25%F 55+4.47% 61.66+4.08F 20.83+1.16 5.83+1.72¢
EXP3 62.16+£2.99F 56+7.15% 55.83+5.84% 63.33+4.08F 21+1.89 6.33+£1.217

*Compared to the intact control group
1 Compared to the PC group

Figure 1.The photomicrograph of testicular tissue in rats treated with ACR and NAC in different groups.

Normal spermatogenesis is observed in the
control group (A and B). In the PC group,
decreases sperm density, presence of vacuoles
(white arrowheads) and extensive lumen (white
stars) are observed in germinal epithelium.
Spermatogenesis has destroyed (C and D). The
NC group showed normal spermatogenesis (E
and F). The EXP1 group showed only a small
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amount of spermatogenic cells, although a slight
improvement in spermatogenesis was observed
(G and H). The EXP2 (I and J) and EXP3 (K
and L) groups showed complete spermatogenic
cell lines and improved spermatogenesis. L:
Lumen; Le: Leydig; Sg: Spermatogonia; Sc:
Spermatocyte; St: Soermatid; Sp: Sperm; Se:
Sertoli. H&E staining. White bars, 100 um.
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Discussion

In the present study, the effect of ACR
and NAC on FAS gene expression level,
spermatogenic, Sertoli and Leydig cell numbers
in adult rats for 28 days was investigated. The
gene expression results in this study indicate that
following the administration of ACR at a dose of
50 mg/kg, the expression level of the FAS gene
in the testis of adult rats has increased. This result
is consistent with the findings of the previous
studies (7). It has been reported that following
ACR administration, glutathione levels decrease
and subsequently lipid peroxidation increases
(17). Decreased glutathione levels and altered
redox state of cells may result in changes in
gene expression and consequently apoptosis
(18). Apoptosis or programmed cell death is a
selective process where the balance between
proliferation and cell death is regulated and
induced by DNA damage or oxidative stress (19).
In ACR-treated rats, ACR residues have been
found in the testis, epididymis, seminal vesicle,
and prostate and this indicates that ACR could
pass through the blood-epididymis and blood-
testis barriers and damages the male reproduction
system (20). The findings indicate that ACR
can induce the caspase-3-dependent apoptosis
pathway by increasing oxidative stress, which
is involved in the cleavage of the cell nucleus
in the late stages of apoptosis in the rat testis.
The death receptor activation pathway consists
of a FAS signaling complex and procaspase-8
that activate caspase-8. Caspase-8 can directly
activate caspase-3 and thus induces apoptosis
(19).

According to our results, administration of
ACR at a dose of 50 mg/kg reduces the number
of spermatogonia, spermatocyte, spermatid and
Leydig cells, but does not influence the number
of Sertoli cells. The relationship between ACR
and increased oxidative stress in testicular tissue
has been shown in some studies (7, 12). ACR can
inhibit the activity of cytoskeletal motor proteins
such as Dynein and Kinesin. Motor proteins
play a key role in integrating cytoskeletal
elements such as microfilaments, microtubules
and intermediate filaments into functional units.

journal.fums.ac.ir

The degradation of the cytoskeleton by ACR
can influence cell-cell adhesion, cell shape,
intracellular communication, metabolism,
synthesis and bio-chemicals secretion, so this
could be an explanation that ACR can damage the
reproductive system by targeting the cytoskeletal
system. (7). Destroying the cytoskeleton by ACR
decreases cholesterol uptake by Leydig cells
resulting in reduced testosterone synthesis. In
addition, the destruction of the cytoskeleton may
be accompanied by the control or the transfer of
LH membrane receptors in Leydig cells, which
indirectly decreases testosterone levels (21, 22).
Decreased testosterone causes histopathologic
changes, such as increased apoptotic cells,
decay and decreased spermatogenic cells, and
the decreased survival of Leydig cells. Also, the
degradation of the cytoskeleton can weaken or
destroy tight junctions between Sertoli cells and
germ cells, thereby destroying spermatogenesis
(23). On the other hand, ACR can increase the
level of malondialdehyde as an indicator of lipid
peroxidation and the level of myeloperoxidase
as an endogenous lysosomal enzyme in testicular
tissue, thereby inducing oxidative stress-
dependent apoptosis in spermatogenic and
Leydig cells. (6).

In this study, the administration of
different doses of NAC in ACR-treated rats
was associated with a decrease in FAS gene
expression level, whereas at a maximum dose
we observed a significant decrease in FAS gene
expression level. It has been shown that the
administration of NAC has not increased the
FAS gene expression levels in H9c2 cells (24).
In our study, the administration of NAC in the
NC group did not change the level of FAS gene
expression compared to the control group, which
is consistent with the previous studies. NAC, as
an antioxidant and modulator of intracellular
redox reactions can exert its effects in three
ways: 1- indirectly acts as glutathione precursor
and causes the synthesis of this antioxidant; 2-
reacts directly with free radicals and eliminates
them; 3- regulating intracellular redox reactions
by disulfide breakdown and restoring Thiol
content (12, 25). The evidence suggests that
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NAC plays a role in down-regulating FAS gene
expression. NAC reduces the sensitivity of these
cells to FAS-mediated apoptosis by affecting
Jurkat and T cells. It appears that NAC is able
to modulate the activity of the enzyme responsi-
ble for FAS cleavage (26). Malondialdehyde is a
mutagenic product of lipid peroxidation that is
increased by ACR treatment. The administration
of NAC (150 mg/kg) in ACR-treated rats (40 mg/
kg) can decrease the levels of malondialdehyde
and myeloperoxidase in rat testis and increase
glutathione levels (12). It has also been shown
that the administration of NAC in a torsion-
al testis decreases Malondialdehyde levels
and increases glutathione peroxidase levels.
Therefore, it seems that NAC can counteract the
negative biochemical changes associated with
oxidative stress (27).

In the present study, the administration of differ-
ent doses of NAC in ACR-treated rats improved
the number of spermatogonia, spermatocyte,
spermatid and leydig cells compared to the PC
group. During spermatogenesis, many germ
cells die before they reach maturity during the
normal process of apoptosis. Increased oxidative
stress followed by increased free radicals such
as reactive oxygen species can increase apopto-
sis while damaging germ cells. In vitro studies
suggest that NAC reduces the levels of reactive
oxygen species in human semen and improves
semen parameters such as the count, motility,
morphology and fragmentation of sperm DNA
(28, 29). Other studies have also shown that in
mice treated with Paranonylphenol, NAC admin-
istration can improve testosterone levels and
spermatogenic indexes compared to the control
group (30). It has also been shown that in rats
treated with Titanium Dioxide, spermatogonial
and spermatocytes are more sensitive to apopto-
sis factors than Sertoli and Leydig cells, whereas
NAC administration can reduce apoptosis in
these cells and other spermatogenic cells (31).
The limitations of the present study include the
short duration of treatment, the lack of admin-
istrating higher doses of NAC and not studying
other genes associated with apoptosis such as
Caspases and Bcl-2. Therefore, to obtain better
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results, a longer duration of treatment and
administration of higher doses of NAC should
be selected in future studies. In addition, differ-
ent genes associated with apoptosis should be
evaluated.

Conclusion

The results of this study indicate that ACR can
increase apoptosis in testicular tissue of rats by
increasing the expression level of FAS gene
and disrupts spermatogenesis during 28 days.
In contrast, at the maximum dose (40 mg/kg),
NAC administration in ACR-treated male rats
can decrease FAS gene expression and improve
spermatogenesis.
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