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Background and Aims: Acrylamide (ACR) adverse effects have been 

expressed in various tissues. Vitamin C protects the tissue from oxidative 

damage. The goal of this study was to examine the protective effects of 

vitamin C on histopathological changes induced by ACR on rat ovaries. 

Materials and Methods: In this experimental study, 28 adult female 

Wistar rats were used. The animals (n=7) were divided into 4 groups (1) 

Control group, (2) ACR (10 mg/kg) group, (3) vitamin C (200 mg/kg), (4) 

ACR [10 mg/kg) + vitamin C (200 mg/kg) daily for 35 days. After the last 

oral dose, the ovaries were removed placed in the tissue processor, and 

molded. To determine the volume of the ovary and the number of follicles, 

we used the Cavalieri principle and the physical dissector, respectively.  

Results: The results showed ACR increased the volume of the ovary (p ≤ 

0.05), the volume of the medulla (p ≤ 0.01), and the decrease in the 

volume of the cortex (p ≤ 0.01) in comparison with the control group. 

These parameters were improved in the ACR + vitamin C group. The total 

number of primordial, primary, secondary, and graafian follicles showed a 

significant reduction in the ACR group compared to the other groups. The 

total number of follicles was increased in the ACR + vitamin C group.  

Conclusion: Based on this study, we concluded that vitamin C can 

improve histopathological changes of the ovary in ACR-exposed rats. 
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Introduction 

Fertility and reproduction is one of the major 

events in every person's life. According to a 

report published by the World Health 

Organization, 10 to 30 percent of people are 

infertile in every society. 31% of cases were 

attributed to both women and men [1]. 

considering the importance of this issue, it is 

better to investigate the factors that cause 

disorders in related organs and prevent people 

from facing these factors. Acrylamide (ACR) is 

an unsaturated amide with the chemical formula 

(CH2=CH-CONH2) [2]. ACR is used in two 

forms of monomer and polymer in various 

industries such as textile, glue, paper, and in the 

laboratory [3]. This substance is one of the 

constituents of cigarette smoke, and ACR is 

Composed in foods fried at high temperatures 

[4]. In biochemical analysis, polyacrylamides are 

widely used for chromatography and 

electrophoresis, also ACR is widely used as an 

industrial product for the separation and 

purification of proteins and in the synthesis of 

polyacrylamide. This substance was obtained by 

combining water with acrylonitrile, it is also 

released into the environment during the 

production and use of polyacrylamide [5]. 

Recent research has shown that ACR is formed 

under physiological conditions (27 °C and pH = 

7.4) when asparagine is formed in the presence 

of hydrogen peroxide. Due to its low molecular 

weight and high solubility of ACR in water, this 

substance can pass through the cell membrane. 

The chemical structure of ACR and its metabolic 

conversion ability make it able to react with 

various cells. Various studies of the effects of 

ACR on various tissues such as the testis, liver, 

kidney, and brain have been investigated and it 

has been observed that It has led to changes in 

the tissues of the organs [6-8]. ACR affects 

especially the enzymatic and endocrine function 

of the testis [9] ACR causes cystic changes in the 

ovary and structural changes in the granulosa 

layer of the follicles. It also reduces the number 

of follicles increases the number of atretic 

follicles, and causes atrophy of the overall 

ovarian tissue [10]. 

Vitamin C also known as Ascorbic acid is an 

antioxidant compound that protects the tissue 

from oxidative damage. It seems necessary in 

many biological functions of the body, including 

growth, collagen biosynthesis, and the normal 

functioning of organs. It also has cell protection 

effects that prevent the cell from death in some 

tissues [11]. Ascorbic acid is the most powerful 

antioxidant to prevent oxidative damage in 

biological systems and to organize the first line 

of defense in different oxidation conditions [11, 

12]. It is an essential compound in the 

physiology of the gonads and it is considered a 

basic biochemical factor in the reproduction 

process and a potentially important factor in 

human fertility [13]. Stereology is one of the 

branches of applied mathematics that makes it 

possible to perform three-dimensional 

calculations according to two-dimensional 

studies obtained from microscopic sections, and 

with its help, it is possible to cut the tissue or a 

member of their geometric properties such as 

volume, and volume density. get the shape and 

spatial position, tissue area, length, and number 
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of components in the tissue [14]. In stereology, a 

test system such as test points or test lines is used 

on a specific frame or test area. This science 

deals with voids to measure volume, one-

dimensional lines and lengths (L) to measure 

area, two-dimensional areas to measure length, 

and three-dimensional volume (V) to estimate 

number. Sometimes it is considered a reference 

point for measurement [15]. The goal of this 

study was to examine the protective effects of 

vitamin C on histopathological changes induced 

by ACR on rat ovaries by the Cavalieri principle 

and the physical dissector. 

Materials and Methods 

In this experimental study, 28 adult female 

Wistar rats (200-250 grams) were used. Rats 

were kept at controlled room temperature (22±2 

°C), 12 hours of light, and 12 hours of darkness. 

All the experiments were performed according to 

the guidelines for working with animals 

approved by the ethics committee of Shahid 

Sadoughi University of Medical Sciences, Yazd, 

Iran. The animals (n = 7) were divided into 4 

groups as follows: 1- control group, do not 

undergo any intervention. 2- ACR is administered 

daily for five weeks with a dose of 10 mg/kg 

soluble in water. 3- vitamin C is administered 

soluble in water at a dose of 200 mg/kg daily for 

five weeks. 4- in addition to ACR 10 mg/kg, 

vitamin C with a dose of 200 mg/kg is 

administered soluble in water daily for five weeks. 

After the last oral dose for five weeks, the ovaries 

were removed weighed, and fixed.  

Histopathological examinations 

The ovaries were fixed in 10% formalin and 

placed in the tissue processor for tissue 

preparation and molded. Serial sections with a 

thickness of 5 and 20 microns were prepared 

from ovaries and after Hematoxylin-Eosin 

staining (H&E) staining using the Cavalieri 

technique, the total volume of the ovary, the 

volume of the medulla and cortex was 

calculated. The physical dissector technique was 

used to calculate the count of follicles [14, 16].  

H & E staining 

First, the slides were placed in two xylene 

containers for 10 minutes to deparaffinize. In the 

following, rehydration in 96%, 80%, 70%, and 

50% ethanol (each one for 2 min). After that, the 

slides were stained with hematoxylin (sigma) for 

5 minutes. and then washed in running water. 

After that, the slides were stained with eosin 

(sigma) for 5 minutes and then dehydrated in 

50%, 70%, 80%, and 96% ethanol for 4 min and 

mounted in Entellan (Merck).  

The volume of the ovary (mm3) sections were 

evaluated by light microscopy to evaluate 

histopathological changes. The total ovaries area 

was observed on a light microscope at a 

magnification of 40X with the image projected 

on a computer monitor. Volume calculations 

were performed using Cavalieri's principle. A 

point grid with a 100 μ distance between two 

points was overlaid on the images. Hitting points 

on the ovary were calculated and then the 

volumes were calculated using the following 

formula: 

V= t × a (p) × Σ P/M2 

V refers to the volume component, t is the 

section thickness, a (p) is the area of one point 

(1000 μ), ΣP is the total number of points 

counted in the component, and M is the linear 
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magnification [19]. The total number of 

primordial, primary, secondary Graafian, and 

atresian follicles was estimated using the 

physical dissector counting method. A director is 

a 3D probe that consists of two parallel plates to 

count the number of follicles. The first selected 

sample is considered as the reference part and 

the next part is the search part. The distances 

between the selected slices will be 20 μ. In this 

study, twenty-five consecutive pairs of 

dissections from each sample were used for 

analysis. [22]. Objects that do not exist in the 

search area and do not touch the prohibited lines 

are counted. 80-100 microscopic fields were 

selected in each ovary. Finally, the number of 

types of follicles was obtained using the 

following formula: 

Nv=∑p/∑p.a/f.h  

N total =Nv × Vovary 

∑Q is the total number of the counted follicles, h 

is the tissue thickness (10 μ), a/f is the frame area 

in the true tissue scale, and ∑p is the total 

number of the points superimposed on the 

selected fields (Fig 1 A and B).  

Statistical analysis 

The data obtained from this study were analyzed 

using SPSS version 18 software and P < 0.05 was 

considered significant. Normally distributed data 

were analyzed with one-way ANOVA followed by 

the post hoc Tukey test. The experimental data are 

represented as mean ± SEM.  

Results 

The mean ovary weight (mg) and total 

volume (mm3) in different groups 

ACR increased the ovary weight of the ACR 

group compared to control and vitamin C groups 

but it was not significant. A reduction was 

observed in the ovary weight of the 

ACR+Vitamin C group but it was not significant 

(Fig. 2A). A significant increase was detected in 

the mean volume of the ovary (mm3) of ACR-

treated and ACR+Vitamin C groups compared to 

the control group (p ≤ 0.05) (Fig. 2B).  

The mean cortex and medullary volume 

(mm3) of the ovary in different groups 

There was a significant decrease in the mean 

cortex volume (mm3) in the ACR group 

compared to the control group (p ≤ 0.01). The 

mean cortex volume of the ovary (mm3) in the 

ACR+Vitamin C group decreased compared to 

the control group (p ≤ 0.05), but the mean cortex 

volume of the ovary (mm3) in vitamin C treated 

group increased compared to the control group 

(p ≤ 0.05) (Fig. 3A). 

There was a significant increase in the mean 

medullary volume of the ovary (mm3) in the 

ACR-treated group compared to the control 

group (p ≤ 0.01). The mean medullary volume of 

the ovary (mm3) in the ACR+Vitamin C group 

decreased compared to the ACR group (p ≤ 0.05) 

(Fig. 3B). 

The mean number of primordial follicles in 

different group 

The mean count of primordial follicles 

significantly decreased in the ACR-treated group 

compared to the control group (p ≤ 0.01). The 

mean count of primordial follicles increased in the 

ACR+Vitamin C group compared to the ACR 

group (p ≤ 0.05) (Fig. 4). 

The mean number of primary follicles in 

four groups 

The mean count of primary follicles decreased 

in the ACR group compared to the control 
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group (p ≤ 0.05). This parameter increased in 

the ACR+Vitamin C group compared to the 

ACR group (p ≤ 0.05) (Fig. 5). 

The mean number of secondary and 

Graafian follicles in different groups 

The mean count of secondary follicles decreased 

in the ACR- group compared to the control 

group (p ≤ 0.01). This parameter increased in the 

ACR+Vitamin C group compared to the ACR 

group (p ≤ 0.05) (Fig. 6A). The mean number of 

Graafian follicles decreased in the ACR group 

compared to the control group (p ≤ 0.001). This 

parameter increased in the ACR+Vitamin C 

group compared to the ACR group (p ≤ 0.01) 

(Fig. 6B). 

The mean number of follicular atresia in 

different groups 

The mean count of follicular atresia increased 

significantly in the ACR group compared to 

the control group (p ≤ 0.01). This parameter 

decreased significantly in the ACR+Vitamin C 

group compared to the ACR-treated group (p ≤ 

0.05) (Fig. 7). 

The mean number of corpus luteum in 

different groups 

The mean count of the corpus luteum decreased in 

the ACR group compared to the control group (p 

≤ 0.05). This parameter increased in the 

ACR+Vitamin C group compared to the ACR 

group (p ≤ 0.05) (Fig. 8).  

 

 

 

 

 

 

A                                          B  

Fig. 1. Grid counting point for ovary volume (A) and physical dissector grid for 

counting the number of ovarian follicles (B) 
 

 

 

 

 

 

 

 

 

A                                                        B  

Fig. 2. Mean ovary weight (A), and volume (B) in four groups. p ≤ 0.05 is indicated 

by *. (a) Control group (b) Vitamin C (Vit C) group compared to other groups, (c) 

Acrylamide (ACR) group compared to other groups, and (d) ACR+Vit C group 

compared to other groups.  
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A                                                        B  

Fig. 3. Mean cortex (A) and medullary (B) volume of the ovary (mm3) in four 

groups.p ≤ 0.05 is indicated by *. (a) Control group compared to other groups, (b) 

Vitamin C (Vit C) group compared to other groups, (c) Acrylamide (ACR) group 

compared to other groups, and (d) ACR+Vit C group compared to other groups.  

 

 

 

 

 

 

 

 

 

Fig. 4. The mean number of primordial follicles in four groups. p ≤ 0.05 is indicated 

by *. (a) Control group compared to other groups, (b) Vitamin C (Vit C) group 

compared to other groups, (c) Acrylamide (ACR) group compared to other groups, 

and (d) ACR+Vit C group compared to other groups.  

 

 

 

 

 

 

 

 

 

 

Fig. 5. The mean number of primary follicles in different groups. p ≤ 0.05 is 

indicated by *. (a) Control group compared to other groups, (b) Vitamin C (Vit C) 

group compared to other groups, (c) Acrylamide (ACR) group compared to other 

groups, and (d) ACR+Vit C group compared to other groups.  
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A                                                        B  

Fig. 6. The mean number of secondary follicles (A) and Graafian follicles (B) in 

four groups. p ≤0.05 is indicated by * and p ≤ 0.01 is indicated by **. (a) Control 

group compared to other groups, (b) Vitamin C (Vit C) group compared to other 

groups, (c) Acrylamide (ACR) group compared to other groups, and (d) ACR+Vit C 

group compared to other groups.  

 

 

 

 

 

 

 

 

A                                                        B  

Fig. 7. The mean number of secondary follicles (A) and Graafian follicles (B) in 

four groups. p ≤0.05 is indicated by * and p ≤ 0.01 is indicated by **. (a) Control 

group compared to other groups, (b) Vitamin C (Vit C) group compared to other 

groups, (c) Acrylamide (ACR) group compared to other groups, and (d) ACR+Vit C 

group compared to other groups.  

 

 

 

 

 

 

 

 

A                                                        B  

Fig. 8. The mean number of secondary follicles (A) and Graafian follicles (B) in 

four groups. p ≤0.05 is indicated by * and p ≤ 0.01 is indicated by **. (a) Control 

group compared to other groups, (b) Vitamin C (Vit C) group compared to other 

groups, (c) Acrylamide (ACR) group compared to other groups, and (d) ACR+Vit C 

group compared to other groups.  
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Discussion 

In this study, the impact of ACR and vitamin 

C on tissue and stereological indicators of rat 

ovaries were investigated. In this study, the 

volume of the ovary increased noticeably in 

the ACR and ACR + Vitamin C groups 

compared to the control group. There was no 

significant change in ovarian volume in the 

vitamin C group compared to the control 

group. There was a significant decrease in the 

volume of the cortex in the ACR group 

compared to the control group. In the ACR + 

vitamin C group, compared to the control 

group, there was also a noticeable decrease in 

the volume of the cortex, but there was an 

increase compared to the ACR group only. 

In the ovary, the antioxidant system consists of 

non-enzymatic antioxidants such as vitamins 

E, C, and A, and enzymatic antioxidants such 

as glutathione catalase, dismutase, superoxide, 

and peroxidase [17, 18]. According to the 

study of Abdollahifar and co-workers, the 

volume of the cortex increased in the ascorbic 

acid group compared to the control group, this 

increase is probably due to the increase of 

growing follicles [17]. The volume of the 

medulla was also noticeably increased in the 

ACR group compared to the control group. 

Perhaps the increase in volume is due to the 

edema that occurred in the medulla tissue in 

the ACR group. On the other hand, vitamin C 

with its antioxidant properties has reduced the 

volume of the medulla and total ovary by 

reducing the edema of the interstitial tissue. In 

line with our study, in a study, female rats 

were exposed to different doses of ACR, found 

that ACR causes a significant decrease in 

ovarian weight. This study also stated the 

possible reproductive toxic effects of ACR in 

female mice [19]. Petersson and colleagues 

stated the following effects of a diet containing 

ACR. Ovary weight was decreased in the ACR 

group [20]. ACR increased oxidative stress 

and apoptosis in the early stages of oocyte 

maturation. DNA methylation levels were 

decreased in oocytes treated with ACR. 

Histone methylation levels were also altered, 

as the levels of H3K9me2, H3K9me3, 

H3K4me2, and H3K27me3 decreased after 

ACR treatment. The results indicated that 

ACR may affect oocyte quality by affecting 

cytoskeletal integrity, reactive oxygen species 

production, induction of apoptosis, and 

epigenetic changes. and it was graphed and 

maybe this reduction can be explained based 

on the mechanism of this study [21]. 

In our study, an increase in the count of 

primary, secondary, and graft follicles, was 

observed in the vitamin C group compared to 

the ACR group and also in the ACR + Vitamin 

C group compared to the ACR group. 

Abdollahifar and co-workers stated in 2019 

that ascorbic acid increased the count of 

follicles, but unlike our study, the number of 

graft follicles did not change significantly in 

their study [17]. In a study investigating the 

reduction of The number of ovarian follicles in 

newborn guinea pig offspring of mothers 

exposed to ACR concluded that the use of 

ACR before birth led to a decrease in the 

average number of primordial ovarian follicles 
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in the newborns. In the study that Mehranjani 

et al. conducted for the stereological 

investigation of the effect of ascorbic acid in 

averting the adverse effects of bisphenol A on 

the ovaries of rats, the expression of ascorbic 

acid improves the adversarial properties of the 

bisphenol A on the follicles [22]. 

Conclusion 

ACR causes oxidative stress affecting ovarian 

tissue, particularly the decreased ovulation, 

growing follicles, maturation of follicles, also 

edema of the medulla region, On the other 

hand, Vitamin C as an antioxidant reduces the 

harmful effects of ACR on ovarian tissue and 

follicles. 
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