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ABSTRACT

Objective: The purpose of this study was to evaluate the protective effect of N-acetylcystein (NAC) on ovarian tissue and 
serum levels of follicle stimulating hormone (FSH), luteinizing hormone (LH), estradiol, and progesterone in Acrylamide (AA)-
treated adult rats.

Materials and Methods: Forty-two adult female Wistar rats were randomly assigned into 7 groups of 6 including: a control 
group without treatment, a placebo group received distilled water intraperitoneally, an AA group received 50 mg/kg by oral 
gavage, a NAC group received 40 mg/kg intraperitoneally, an AA+NAC10, AA+NAC20 and an AA+NAC40 groups received 
10, 20 and 40 mg/kg of NAC intraperitoneally, respectively and then also received 50 mg/kg AA by oral gavage for 28 days. 
Serum levels of FSH, LH, estradiol and progesterone were measured by radioimmunoassay method and ovarian tissue was 
evaluated histopathologically. 

Results: Administrating AA alone decreased the number of ovarian follicles, corpus luteum and the levels of FSH, estradiol 
and progesterone, while increased the number of atretic follicles and LH level compared to the control, placebo and NAC 
groups (p<0.05). The administration of NAC alone had no effect on the number of ovarian follicles, corpus luteum and the level 
of hormones compared to the control and placebo groups (p>0.05). Following AA+NAC20 and AA+NAC40 administration 
and not AA+NAC10, the number of ovarian follicles, corpus luteum and also the levels of FSH, estradiol and progesterone 
increased, while the number of atretic follicles and LH level decreased (p<0.05), which was in a dose-dependent manner 
compared to the AA group. 

Conclusion: NAC could recover the AA female rat reproductive toxicity in a dose-dependent manner, and improved 
folliculogenesis.

Keywords: Acrylamide, n-acetylcystein, ovary, estradiol, rat

https://orcid.org/0000-0003-0014-9924
https://orcid.org/0000-0001-7360-0208
https://orcid.org/0000-0003-4557-1336
https://orcid.org/0000-0002-7936-1145


76 77

Eur J Biol 2019; 78(2): 75-81
Naimi et al. NAC against AA-Induced Female Reprotoxicity

INTRODUCTION

Acrylamide (AA) also known as acrylic acid amide or 
propanamide is an unsaturated amide with the chemical 
formula CH2=CH-CONH2, which exists in two mono- and 
polymeric forms (1). The monomeric AA is mutagenic and 
tumorigenic in human and laboratory animals, but the toxic 
effects of its polymeric form have not yet been recognized 
(2). AA is produced in a large amount in starchy foods cooked 
at high-temperature (120°C) such as potato, corn, and 
wheat, which is due to the presence of asparagine amino 
acid (150-4000 μg/kg) and in foods containing protein in 
an average amount (5-50 μg/kg) and it has raised a general 
concern in societies that consume a large amount of AA-rich 
foods (3,4). AA is rapidly metabolized in the body, and its 
metabolites are normally excreted by urine (1). In humans 
and rodents, AA is oxidized by CYP450 2E1 and converts into 
glycidamide (GA) which is an epoxide derivative. Studies 
show that both in vivo and in vitro, GA has genotoxicity 
features (5). Glutathione S-transferase (GST) is a metabolic 
enzyme that plays an important role in reducing oxidative 
stress and eliminating free radicals. The conjugation of AA 
or its metabolite, i.e. GA with GST enzyme, disrupts cellular 
function and causes cell death. Studies have also indicated 
that the destructive effects of AA or GA are by influencing 
sulfhydryl groups of proteins (6,7). Due to AA poisoning, 
the level of glutathione decreases and the body’s defense 
system against free radicals weakens (8). Free radicals 
combine with cell membrane and unsaturated fatty acids, 
producing radical lipids with oxygen molecule and as a result, 
phospholipids in the endoplasmic reticulum decompose 
and release enzymes, which ultimately lead to cell death (9). 
Some studies represent that AA has destructive effects on 
the reproductive system of both male and female (10-13). 
AA-treated rats have low-weight ovaries and low-quality or 
undeveloped oocytes due to increased oxidative stress and 
this can lead to a significant reduction in the fertilization 
rate or low-quality embryos and consequently subfertility 
or infertility (12).

N-acetylcystein (NAC) is a kind of acetylated L-amino acid, 
used as an antidote for acetaminophen poisoning, as well 
as for treating various disorders associated with oxidative 
stress (14). Studies have shown that during oxidative 
stress that decreases glutathione levels, NAC can act as 
an antioxidant by increasing glutathione and naturally 
neutralizes the effects of intracellular damage of free 
radicals by repairing oxidative damage or collecting oxygen 
reactive species (15). In previous studies, severe side effects 
associated with NAC consumption have not been reported 
so that its consumption at high doses for one year was 
uncomplicated (16). Therefore, in the current study, the 
protective effect of NAC on ovarian tissue and serum levels 
of follicle stimulating hormone (FSH), luteinizing hormone 
(LH), estradiol, and progesterone in AA-treated adult rats 
were studied.

MATERIALS AND METHODS 

Animals
In the present experimental study, 42 adult female Wistar rats 
weighing 220±20 g and 8 weeks old were provided from the 
animals’ house at the Islamic Azad University of Kazerun. All 
animals were maintained on a 12 h/12 h light-dark cycle at 
22±2°C and 70% relative humidity in polycarbonate cages and 
they had free access to sufficient water and food ad libitum. 
Before any experimental manipulation, the animals were kept 
together for two weeks to adapt to the laboratory conditions. 
The current study was approved by the Ethics Committee of the 
Islamic Azad University of Kazerun, Iran, regarding to work with 
laboratory animal care (Ethical No: IR.Kiau 16330525651006). 

Experimental Design
Animals were randomly divided into 7 groups of 6 control, 
placebo, AA, NAC, AA+NAC10, AA+NAC20 and AA+NAC40 
groups. The control group did not receive any treatment. 
Because the medications’ solvent in this study was distilled 
water, animals in the placebo group received distilled water 
intraperitoneally. The animals in AA group received 50 mg/kg 
AA (Merck, Germany) by oral gavage. In NAC group, the animals 
received 40 mg/kg NAC (Merck, Germany) intraperitoneally. The 
rats in AA+NAC10, AA+NAC20 and AA+NAC40 groups received 
10, 20 and 40 mg/kg NAC intraperitoneally, respectively at 9 
o’clock in the morning and then received 50 mg/kg AA by oral 
gavage at 5 o’clock in the afternoon. All groups were treated 
over a period of 28 days. The basis for selecting the dose of AA 
and NAC was based on the previous studies (10,17). Regarding 
the above mentioned protocol, after receiving the last dose 
of AA, the animals were anesthetized using ether and blood 
sampling was carried out directly from the heart. Then, for 
histological evaluations, the left and right ovaries of all rats 
were removed from the abdominal cavity. 

Before starting the treatment, vaginal smear was prepared to 
ensure that all rats were at one stage of the estrus cycle. For 
this purpose, 100 μg of estradiol valerate (Aboreyhan, Iran), 
dissolved in 0.2 ml of olive oil, was injected intramuscularly 
using an insulin syringe. After 42 hours, 50 μg of progesterone 
(Aboreyhan, Iran) was injected intramuscularly. Six hours after 
the injection of progesterone, the vaginal smear was prepared 
and examined by light microscope. The previous method was 
used to determine the stages of estrous cycle. In this method, 
each stage of the estrus cycle is detected based on the ratio 
between three types of cell population (epithelial cells, 
keratinized cells and leukocytes) observed in vaginal smear 
(18). Microscopic observations showed that all the rats were 
synchronized in the estrous phase. 

Hormonal Analysis
Using a 5ml syringe, blood sampling was done directly from 
the heart. After agglutination process in the laboratory, the 
blood samples were centrifuged for 5 minutes at 3000 rpm to 
discrete the serum. The serums were stored at -20°C prior to 
FSH, LH, estradiol, and progesterone measurement. The serum 
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levels of FSH, LH, estradiol and progesterone were measured 
using radioimmunoassay (RIA) kits (FSH and LH: BT Lab, China; 
Estradiol and Progesterone: IBL, Germany) according to the 
manufacturer’s instructions.

Based on the RIA kits, 125 μl of the standard solution was 
decanted into NSB tube and then 25 μl of the serum was 
added. 500 μl of the labeled solution was added and 100 μl 
of antiserum was added at the last step and incubated for 60 
minutes at 37°C. Then, the amount of 1000 μl of the secondary 
antibody was added and incubated for 15 minutes at 20 to 
35°C. At the final stage, the mixture was centrifuged at 2000 
rpm for 20 minutes, and after separating the supernatant, the 
levels of hormones were counted using a gamma counter 
(Kentron, Switzerland). 

Histopathologic Analysis of Ovarian Tissue
After blood sampling, the left and right ovaries of all animals 
were removed and once the surrounding adipose tissue was 
removed, they were fixed in a 10% buffered formalin solution. 
After standard histological processing, the samples were 
blocked in paraffin and then, using a microtome (Aisan, China), 
midsagittal and longitudinal serial sections of 5 µm thickness 
were prepared and stained with hematoxylin-eosin (Merck, 
Germany). Under the light microscope (Nikon, Tokyo, Japan), 
the number of primary follicles, secondary follicles, graafian 
follicles, atretic follicles and corpus luteum were counted in 
each section. Counting the follicles and corpus luteum were 
performed in a spiral way from a point at the cortex in clockwise 
direction toward the medulla. 

Statistical Analysis
Data were analyzed using SPSS version 20 software (SPSS Inc., 
Chicago, IL, USA). The normal distribution of the resulting 
data was confirmed by non-parametric Kolmogorov-Smirnov 
test. Then, all data were analyzed applying one way ANOVA 
by bonferroni test at a significance level of p<0.05. The data 
were described as mean ± standard error (SE) in the graphs . 
GraphPad Prism version 6 (GraphPad Prism, Inc., San Diego, CA, 
USA) was used to represent the graphs. 

RESULTS

Hormonal Findings
Based on the hormonal findings, there was no significant 
difference in the serum levels of FSH, LH, estradiol and 
progesterone among the control, placebo, NAC and 
AA+NAC40 groups (p>0.05) (Figures 1A-1D). The serum Levels 
of FSH, estradiol and progesterone in the AA and AA+NAC10 
groups were decreased significantly compared to the control, 
placebo, NAC and AA+NAC40 groups (p<0.05) (Figures 1A, 
1C and 1D), but the level of LH increased significantly in both 
groups compared to the control, placebo, NAC and AA+NAC40 
groups (p<0.05) (Figure 1B). The serum levels of FSH, estradiol 
and progesterone in AA+NAC10, AA+NAC20 and AA+NAC40 
groups were increased in a dose-dependent manner 
compared to the AA group, and were significantly different in 
AA+NAC20 and AA+NAC40 groups. Conversely, the level of LH 
was decreased compared to AA group in a dose-dependent 
manner, and was significantly different in AA+NAC40 group 
(p<0.05) (Figure 1B).

Figure 1. A-D. Comparison of mean and standard error of the serum levels of FSH, LH, estradiol and progesterone in control, placebo, 
AA-treated rats in AA group, NAC-treated rats in NAC group and AA+NAC-treated rats in AA+NAC10, AA+NAC20 and AA+NAC40 groups. 
a: compared to control group; b: compared to placebo group; c: compared to AA group; d: compared to NAC group; e: compared to 
AA+NAC10 group; f: compared to AA+NAC20 group (a, b, c, d, e and f= p<0.05).
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Histopathologic Findings
Figure 2 compares the mean and the standard error of the 
number of primary follicles, secondary follicles, graafian 
follicles and corpus luteum. There was no significant 
difference in the number of primary follicles, secondary 
follicles, graafian follicles and corpus luteum among the 
control, placebo, NAC, AA+NAC20 and AA+NAC40 groups 
(p>0.05) (Figures 2A-2D). Also, there was no significant 
difference in the number of graafian follicles among the 
control, placebo, NAC and AA+NAC10 groups (p>0.05) (Figure 
2C). The number of primary follicles, secondary follicles and 
corpus luteum in the AA group was significantly decreased 
compared to the control, placebo, NAC, AA+NAC20 and 
AA+NAC40 groups (p<0.05) (Figures 2A, 2B and 2D). 
Furthermore , the number of graafian follicles in the AA 
group was significantly decreased compared to the control, 
placebo, NAC, AA+NAC10, AA+NAC20 and AA+NAC40 
groups (p<0.05) (Figure 2C). The number of primary follicles, 
secondary follicles and corpus luteum increased in a dose-
dependent manner in the AA+NAC10, AA+NAC20 and 
AA+NAC40 groups in comparison to the AA group, and this 
increase was significant in the AA+NAC20 and AA+NAC40 
groups (p<0.05) (Figures 2A, 2B and 2D). Also, the number 
of graafian follicles in the AA+NAC10, AA+NAC20 and 
AA+NAC40 groups was significantly increased in comparison 
with the AA group (p<0.05) (Figure 2C). 

Figure 3 compares the mean and standard error of the number 
of atretic follicles. There was no significant difference in the 
number of atretic follicles among the control, placebo, NAC, 
AA+NAC20 and AA+NAC40 groups (p>0.05), but the number 
of atretic follicles increased significantly in AA and AA+NAC10 
groups compared to the control, placebo, NAC, AA+NAC20 and 
AA+NAC40 groups (p<0.05).

Figure 2. A-D. Comparison of mean and standard error of the number of primary follicles, secondary follicles, graafian follicles and 
corpus luteum in control, placebo, AA-treated rats in AA group, NAC-treated rats in NAC group and AA+NAC-treated rats in AA+NAC10, 
AA+NAC20 and AA+NAC40 groups.  a: compared to control group; b: compared to placebo group; c: compared to AA group; d: compared 
to NAC group; e: compared to AA+NAC10 group (a, b, c, d and e= p<0.05).

Figure 3. Comparison of mean and standard error of atretic 
follicles in control, placebo, AA-treated rats in AA group, 
NAC-treated rats in NAC group and AA+NAC-treated rats in 
AA+NAC10, AA+NAC20 and AA+NAC40 groups. a: compared to 
control group; b: compared to placebo group; c: compared to AA 
group; d: compared to NAC group; e: compared to AA+NAC10 
group (a, b, c, d and e= p<0.05).
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Figure 4 represents the morphology of ovarian tissue in 
different groups. The histological sections of the ovaries in the 
control, placebo, NAC, AA+NAC20 and AA+NAC40 groups show 
normal folliculogenesis with all types of follicles, including 
graafian follicles with a thick layer of granulosa cells and corpus 
luteum (Figures 4A, 4B, 4D, 4F and 4G). In AA and AA+NAC10 
groups, atretic follicles with a very thin granulosa layer, which is 
characterized by cystic follicles and few corpus luteum indicating 
ovulation decrease, were observed (Figures 4C and 4E). 

DISCUSSION

In the present study, the effect of NAC administration on the 
changes of ovarian tissue and the serum levels of FSH, LH, 
estradiol and progesterone was evaluated in AA-treated rats. Our 
results showed that the number of primary follicles, secondary 
follicles, graafian follicles and corpus luteum decreased 
significantly while the number of atretic follicles increased 
significantly by administering 50 mg/kg AA in AA group 

Figure 4. A-G. Photomicrograph of ovarian tissue in rats treated with AA, NAC and AA+NAC in different groups. In control (A) and 
placebo (B) groups, types of ovarian follicles and normal folliculogenesis are observed. In the AA group (C) the reduction of ovarian 
follicles and elevation of atretic follicles can be observed. In the NAC group (D) graafian follicles along with a thick layer of granulosa 
are observed. In AA+NAC10 group (E) a large number of atretic follicles are observed. In the AA+NAC20 (F) and AA+NAC40 (G) groups 
different ovarian follicles are seen. Folliculogenesis has been improved. PF: Primary follicle; SF: Secondary follicle; GF: Graafian follicle; CL: 
Corpus luteum; AT: Atretic follicle. H & E staining. The photos are with 10X magnification. Black bars: 50 μm.
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compared to the control, placebo and NAC groups. Although 
toxic effects of AA on male reproductive system have been 
investigated in several studies, few quantitative studies have 
been done on the female reproductive system. It was suggested 
that administering different amounts of AA (20 and 40 mg/kg) 
in rats decreases the number of primordial follicles and corpus 
luteum, while the increase in the number of primary and antral 
follicles was observed in a dose-dependent manner (10). 

The results of this study as well as our study suggest that 
AA can affect follicular growth, development and atresia in 
different stages and prevent the formation of corpus luteum 
as a normal ovarian function index. It was indicated that the 
low dose-administration of AA in rats, infertility can occur due 
to the reduction of mature follicles and cystic changes in the 
ovary (11). In this study, the administration of AA decreased 
FSH, estradiol and progesterone levels and increased LH level. 
It has been indicated that AA can decrease the FSH level in a 
dose-dependent manner, and also affect the proliferation and 
survival of granulose cells, therefore, it seems that the reduction 
in estradiol level may be due to decreased level of FSH and 
the degradation of granulosa cells function (10,19). The main 
function of the corpus luteum is secreting progesterone, so 
reduced level of progesterone can be due to the reduction of 
the corpus luteum following AA administration (19). An elevated 
level of LH with a reduced level of estradiol and progesterone 
suggest that the pituitary-gonad axis can provide a suitable 
negative feedback after reducing estradiol and progesterone 
levels as a result of AA administration.

NAC is a low molecular weight thiol derived from cysteine amino 
acid and due to antioxidant, anti-aging and anti-inflammatory 
activities, it has an important role in reducing oxidative stress, 
eliminating ROS and improving nitric oxide activity (20,21). 
Some studies confirm the protective and positive effects of 
NAC on various tissues of the body, including the liver, kidney, 
intestine and ovary (22-25). In patients with polycystic ovarian 
syndrome, NAC can decrease and increase insulin level and 
peripheral insulin sensitivity, respectively, nevertheless, co-
administer ing of NAC and assisted reproductive technology 
medications does not significantly increase the number of 
ovarian follicles in these patients (26). It was demonstrated 
that the NAC administration in AA-treated rats can decrease 
the level of Malondialdehyde and increase glutathione level 
and GST activity in the liver and intestine (27). The results of 
this study showed that administering NAC at a dose of 40 mg/
kg in the NAC group does not influence the level of FSH, LH, 
estradiol and progesterone and also the number of ovarian 
follicles and corpus luteum compared to control and placebo 
groups. In confirmation of our results, it has been shown that 
in NAC-treated pregnant rats, the progesterone level and the 
number of corpus luteum did not change in comparison with 
the control group (28). What’s more , It was revealed that the 
administration of 100 mg/kg of NAC in male rats did not affect 
the serum levels of FSH, LH and testosterone compared to the 
control group (13). It seems that administering NAC alone in 
this study does not affect the level of the pituitary-gonadal 

axis hormones as well as the number of ovarian follicles and 
the corpus luteum. However, it has been shown that proper 
treatment with NAC delayed the rate of apoptosis and death of 
healthy follicles during the aging process of the ovary and since 
oocytes and follicles can be exposed to oxidative stress in the 
body, so the ovary can be a proper place for NAC activity (29).

Based on our observations in the current study, administer ing 
NAC at 20 and 40 mg/kg in AA-treated rats was significantly 
increased the number of primary follicles, secondary follicles, 
graafian follicles and corpus luteum, but the number of atretic 
follicles was significantly increased compared to AA groups; 
while there was no significant difference between control, 
placebo and NAC groups. Also, our study represented that 
the levels of FSH, LH, estradiol and progesterone after NAC 
administration at 40 mg/kg in AA-treated rats did not differ 
significantly with control, placebo and NAC groups. Follicular 
atresia is a natural process dependent on the developmental 
stage and apoptosis plays an important role in this process. 
AA has been shown to increase follicular atresia in primordial 
and primary follicles. It has been suggested that AA can induce 
caspase enzymes in oocytes and causes proteolysis of vimentin 
intermediate filament, which results in apoptosis promotion 
(30). Nitric oxide plays an important role in modulating 
oxidative stress, and its excessive increase can be cytotoxic 
by reacting with reactive oxygen and nitrogen species that 
impairs mitochondrial function (28). It has also been indicated 
that nitric oxide (NO) plays an important role in folliculogenesis, 
follicular atresia, oocyte development, ovulation, luteolysis, 
and steroidogenesis. NO is synthesized by nitric oxide synthase 
(NOS) and AA can exert its toxic effects through NOS pathway 
on the female reproductive system (10). Nevertheless, it appears 
that NAC can modulate the toxic effects of AA on the ovary by 
affecting the NOS activity (21,28).

CONCLUSION

Our study shows that AA has toxic effects on ovaries and could 
impair the folliculogenesis as well as the level of pituitary-
gonadal axis hormones in the rats. The administration of NAC 
in healthy female rats did not influence the folliculogenesis 
and pituitary-gonadal hormones levels. Administering NAC at 
different doses in AA-treated rats doesn’t have a similar effect on 
follicular development and atresia as well as pituitary-ovarian 
axis hormones. The lowest effect of NAC was observed at 10 mg/
kg, while 20 and 40 mg/kg NAC had the highest effect on the 
folliculogenesis and levels of pituitary-ovarian axis hormones 
in AA-treated rats, respectively. Therefore, administering NAC 
in AA-treated rats could improve folliculogenesis and serum 
levels of pituitary-ovarian axis hormones in a dose-dependent 
manner. Therefore, NAC supplementation may be beneficial 
when there is a risk of AA female reprotoxicity.

Ethics Committee Approval: The current study was approved 
by the Ethics Committee of the Islamic Azad University of 
Kazerun, Iran, regarding to work with laboratory animal care 
(No: IR.Kiau 16330525651006).
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