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Curcumin Ameliorates Acrylamide Induced Ovarian Toxicity in Albino Female
Rats: A Biochemical and Histological Study
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Abstract

Acrylamide (AA), an industrial compound, causes reproductive toxicity in female rats due to oxidative stress. In the present
study, we investigated the protective effects of Curcumin (Cur) against acrylamide-induced ovarian toxicity in female rats.
The animals utilized in this study were divided into 4 groups: Gl- Control group received a daily oral administration of 0.5ml
DMSO (1%) saline (9%), Gll- Acrylamide (AA) group received acrylamide (20 mg/kg b.w.) for 21days, GllI- Acrylamide +
Curcumin (AA + Cur) group treated with Curcumin (100 mg/kg b.w.) after acrylamide intoxication for 21 days, GIV-
Curcumin (Cur) group that received only Curcumin (100 mg/kg b.w.). In our study, we observed acrylamide intoxication to be
associated with a significant (P<0.05) increase in the serum levels of estradiol, luteinizing hormone (LH), testosterone (T),
and tumor marker CA125 and CEA. The mean values of serum progesterone (P4), follicle-stimulating hormone (FSH), and
total antioxidant capacity (TAC) significantly decreased in the AA- treated group as compared to the control. Histological
investigations revealed that AA treatment results in an apparent regression of ovarian follicles, cyst formation, and corpus
luteum degeneration. Treatment with curcumin restored altered ovarian histology and serological indices concomitantly to
normal
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1. Introduction are exposed to acrylamide in daily life via

Exposure to different xenobiotics leads to ovarian
toxicity, resulting in alterations at physiological,
cellular, and molecular levels, which ultimately leads
to disruptions in follicle growth, follicle recruitment,
sex steroid hormone synthesis, and oocyte quality,
among others[1-2]. Over the past few decades,
increasing instances of the impairment of the female
reproductive functions in humans have raised major
concerns about food products and chemicals present
in our environment [3]. Acrylamide is a vinyl
monomer (Figurel), which exists in the form of a
white crystalline powder [4]. Acrylamide can be
easily detected in the starchy foods products that have
been treated at high temperatures (120°C). Humans

consumption of processed food, drinking water, or
industrial and laboratory use. Therefore, the normal
population is exposed to acrylamide through their
dietary intake and other sources [5-8]. Acrylamide is
neurotoxic to experimental animals and humans [9-
10], Various studies on different experimental animal
models have shown that acrylamide exposure results
in reproductive toxicity [11-13], hepatic toxicity [14-
15], skeletal muscle weakness, ataxia, and hind-limb
foot splay [16], and development of cancer [17].
Hence, the potential harm of acrylamide on human
health should not be underestimated. Acrylamide
exposure results in oxidative stress at both cellular
and tissue level. Additionally, cytochrome P450 2E1
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(CYP2E1L) leads to oxidative biotransformation of
acrylamide into a more potent metabolite,
glycidamide, which in turn is more is more reactive
toward proteins, including hemoglobin and DNA, in
comparison with acrylamide [18]. Recent studies
have reported the promising therapeutic potential of
alternative medicines (Herbs) for the treatment of
diseases or amelioration of adverse effects of
chemotherapy and other toxicants [19] . Among
medicinal herbs, Curcuma longa is an important
herbaceous plant species that yields curcumin, which
in turn has been used as a natural antioxidant [20].
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Figure 1: (A) Chemical structure of acrylamide (B) Acrylamide
source in food products

Curcumin (diferuloylmethane) (Cur), a famous
flavonoid, with the chemical formula of 1,7-bis(4-
hydroxy-3 methoxyphenyl)-1,6-hepta-diene-3,5-
dione (Figure 2), is extracted from the ground
rhizome of the Curcuma species, and it has been used
for centuries for culinary and food  coloring
purposes, and as a key ingredient of many medicinal
preparations  [21-22].  Curcumin  has  been
scientifically demonstrated to function as an
antioxidant [23], anti-inflammatory [24-25], anti-
bacterial substance [26] along with anticarcinogenic
activities [27-28]. Several studies that have reported
curcumin used as protective reagent such as the
hepatoprotective and nephroprotective [29-30], and
myocardial infarction a protective role [31], in
various animal models [32] and human studies [33].
Also, many studies have reported that curcumin
directly reduces proliferation and increases apoptosis
in ovarian cancer cells [33-36] , protects against the
negative effects of ovarian insufficiency [37-38] and
oxidative stress on ovarian function [39]. Some
studies have also demonstrated that curcumin
promotes ovarian growth, follicullogenesis and
steroidogenesis [37]. Recently, it has been reported
that curcumin was used as a supplement in the
treatment of COVID-19 patients, and possible mode
of action was reported [40].

Considering the toxic effects of acrylamide and
properties of curcumin and that no study has ever
evaluated the effects of curcumin on the acrylamide-
induced ovarian toxicity, the current study was
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performed to assess the ameliorating effect of
curcumin on the acrylamide-induced ovarian toxicity
via the study of some reproductive parameters,
histological alteration, and possibility ovarian cancer
induction.
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Figure 2: (A) Chemical structure of Curcumin (B) Curcumin
(Curcuma longa)

2. Material and Methods

2.1. Chemicals

Acrylamide, > 98.0 % (GC), CAS: 79-06-1, MW:
71.08 g / mol, mp: 81-87 °C and P Code: 101601204.
Curcumin from curcuma longa (Turmeric), powder >
65.0 % , CAS: 458-37-7, CzH20s, MW: 368.38
g/mol, and P Code: 1002542750. Acrylamide and
curcumin  were obtained from SIGMA-ALDRICH
Chemical Co.

2.2. Animals

The experiment was upon forty healthy female albino
rats, (120-150 gm). Animals were provided by an
animal house in Sohag  University, faculty of
Science. Rats were kept in the experimental room
two weeks before starting the experiment for
acclimateization. They were kept in metal cages
under hygienic conditions, Animals were fed on a
commercial pellet diet and kept under a normal
light/dark cycle. This work was carried out following
the guidelines of Sohag University for animal use and
approved by Ethics and Animal Care Committee
(approval number: Sohag-2-2-2021-03).

2.3. Experimental design

Rats were kept in the experimental room two weeks
before starting the experiment for acclimatization.
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They were kept in metal cages under hygienic
conditions with free access to standard rat diet .The
animals were sorted into 4 groups, (N = 10), GI:
control group (received a daily oral administration of
0.5ml DMSO (5%) saline(9%); GII: (AA) group
(received a daily oral administration with freshly
prepared of AA , 20 mg/kg body weight) for 21days
which is less than lethal dose the LDso of acrylamide
in rats (150 mg /kg/ BW) [41]; GlII:AA+Curcumin
group (recei-ved a daily oral administration of Cur,
100 mg/kg body weight) after acrylamide
intoxication for 21 day and GIV: Curcumin group
(received a daily oral administration of Cur only, 100
mg/kg body weight) for 21 consecutive days [42].

2.4.Sample collection

Animals were first deeply ether anesthetized and
blood samples were taken from the heart.
Subsequently, serum was separated from the blood
samples in plain tubes and centrifuged at 5000 rpm
for 10 min, and the samples were stored at -20°C till
further analysis. After blood collection, rats were
euthanized, the abdomen was opened, and the whole
ovaries were dissected. The ovaries were then washed
with isotonic saline, and fixed in 10% neutral
formalin for further histopathological investigations.

2.5. Biochemical study
2.5.1. Hormonal assay

ELISA procedure was used for the quantitative
determination of serum female reproductive
hormones (Progesterone (P4) [43] (PG362S),
Estradiol (E2) [44] (ES150S-100), follicle-stimulating
hormone (FSH) [45] (FS232F), luteinizing hormone
(LH) [46] (LH231F), Testosterone [47] (TE187S)
Kits were purchased from CALBIOTECH, an
Egyptian company.

2.5.2. Ovarian tumor markers assay

Enzyme-linked immunosorbent assay (ELISA) was
used for the quantitative determination of ovarian
tumor markers (CA125) [48] (CA239T), and carci-
noembryonic antigen (CEA)[49] (CE236T) using
specialized CALBIOTECH kits obtained from
Calbiotch, an Egyptian company.

2.5.3. Assay of total antioxidant capacity TAC

To measure total antioxidant capacity, the sample
was mixed with a predetermined amount of
exogenously delivered hydrogen peroxide to
determine the total antioxidant in  serum
quantitatively using a colorimetric approach utilizing
a kit obtained from Biodiagnostic, an Egyptian firm
(H202). The antioxidants in the sample help to
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remove some of the H»O, that is present. An
enzymatic reaction involving the conversion of 3,5,
dichloro-2-hydroxy-benzenesulphonate into a colored
product was used to quantify the remaining H,O;
using calorimetry: TAC (TA 2513) kit obtained from
bio diagnostic company, Egypt [50].

2.6. Histopathology study

Preparation of ovary Section and Histopathological
Examination

The ovaries were collected and fixed in a 10%
formalin solution. Subsequently, the samples were
then routinely processed and 4-5 mm thickness
sections were prepared. The tissue sections thus
obtained were mounted on a glass slide, depara-
ffinized and the sections were then stained with
Hematoxylin,and Eosin stain  (Thermo  Fisher
Scientific, USA) by following standard procedure.
The sections were then examined and observed under
a light microscope at 100X and 400X magnifications
(Leica, Germany)[51].

2.7. Statistical Analyses

Graph Pad Prism 5 software (San Diego, CA. USA)
was used to perform statistical analyses. One way
analysis of variables (ANOVA) was used in the
analyses as posted by Newman-keuls test. The results
are presented as mean + SD and the level of
significance between groups is denoted as  *p <
0.05, **p < 0.01, ***p < 0.001 [52].

3. Results
3.1. Biochemical study

3.1.1. Ovarian hormones
3.1.1.1. Progesterone (P4) (ng/mL)

In comparison to the control group GI, a highly
significant drop (P<0.001) in the progesterone levels
was observed in response to acrylamide treatment
given for 21 days as shown in Table 1. The mean
values of serum P4 in the GIII (AA + Cur) group
were found to increase significantly (P<0.001) when
compared to a control (GI) and non-treated group
(GII). Curcumin-treated rats showed a highly
significant (P<0.001) increase in the progesterone
levels as compared to control (GI) rats.

3.1.1.2. Estradiol Level (E2) (ng/mL)

In our experiments, the levels of estradiol in the
serum were found to be significantly higher
(P<0.001) after acrylamide treatment (GII) compared
to the control group (GI). A highly significant
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difference (P<0.001) in the mean values of E2 was
observed in the GIII (AA + Cur) and GIV (Curcumin
alone) groups compared to the control group (Gl).
However, when comparing GllI to Gll (AA), the
level of E2 was found to be significantly lower as
indicated in Table 1.

3.1.1.3. Testosterone (T) (ng/mL)

The data presented in Table 1 show that the mean
values of serum testosterone (T) (ng/mL) in the GlI
group were significantly higher (P<0.001) in
comparison with the control group (GI), and that the
mean values of serum testosterone in the GIII (AA+
Cur)) group increased significantly (P<0.001) when
compared to the control group (GI), and there was
also a significant decrease compared to the non-
treated GII group (AA). In addition, there was no
significant difference (P > 0.05) in the mean values of
testosterone in the Cur group (GIV) as compared to
the control group (GI).

3.1.2. Pituitary hormones
3.1.2.1. FSH (mIU/mL)

As shown in the data presented in Table 1, the mean
values of serum FSH (mIU/mL) level were found to
significantly decrease (P<0.001) in AA group GlII
(AA) as compared to the control GI. The FSH level
was found to significantly increase (P<0.01) in the
group Gl (AA+Cur) compared to GIl (AA) and
also, there was a significant decrease in FSH level
compared to the control GI. However, there was a
non-significant change (P > 0.05) in the mean values
of FSH in GIV (Cur) group as compared to the
control GI.

3.1.2.2. LH (mIU/mL)

The data in Tablel shows that the mean values of
serum LH (mlU/mL) showed a highly significant
increase (P<0.001) in the acrylamide group (GllI) as
compared with the control group. The LH level was
significantly decreased (P<0.001) in GlII compared
to GIl (AA). Also, there was a significant increase
(P<0.001) in the mean values of serum LH in GllI
(AA + Cur) observed as compared to the control
group (GI). On the other hand, there was a non-
significant change (P > 0.05) in the mean values of T
in Cur group GIV as compared with control Gl.

3.1.3. Total antioxidant Capacity TAC level.
TAC concentration (mmol/L) of the serum in both the

treated and control group are shown in Table 2,
which revealed that the TAC concentration showed a
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highly significant decrease (P<0.001) in the GII (AA)
compared to the control GI. TAC levels in GllI
(AA+Cur) group showed a non-significant difference
compared to the control Gl and a highly significant
increase when compared to the non-treated group
GII. In the GIV (Cur alone) group, TAC levels were
found to be significantly increased when compared to
the control GI.

3.1.3. Ovarian tumor markers
3.1.3.1. CA125 (U/L) level

The oral administration of acrylamide for three weeks
led to a highly significant increase (P<0.001) in the
mean values of serum CA125 (U/L) in the AA group
(GIl) as compared to the control (GI). The level of
CA125 in the GIII (AA+Cur) group was significantly
low in comparison to the non-treated GIl (AA). Also,
the level of CA125 in the GIII group was still high in
comparison with the control GI group. On the other
hand, there was a non-significant change (P<0.01) in
the mean values of CA125 in Curcumin group (G1V)
as compared to the control as illustrated in Table 3.

3.1.3.2. CEA (ng/mL) level

The data is presented in Table 3, clearly shows
highly significant increase in CEA (ng/mL) in the
mean values (P<0.001) in the GII (AA) group. The
level of CEA in GIII (AA+Cur) group was
significantly lower as compared to the non- treated
GllI group (AA). The level of CEA in the GllII group
was still high in comparison with the control Gl
group. Oral administration of Curcumin (G1V) for
21 days revealed that the change in the mean values
of CEA were not significant (P<0.01) when
compared with the control.

3.2.Histological study

To support our biochemical results, we performed
a histological study to provide further evidence
regarding the protective role of curcumin. Control
ovary (Figure 6 -GI) showed the normal texture of
ovarian follicles with intact ova, normal corpus
luteum and normal interstitial cells; no alterations in
normal ovarian histological features were observed in
the group that received curcumin (Cur) alone (Figure
6-GIl). On the other hand, administration of
acrylamide (AA) (Figure 6-Gl11) for 21days resulted
in the formation of the atretic follicle, the cyst
transformation with an attenuated layer of granulosa
cells. Marked degeneration of corpus luteum cells
(shrunken cytoplasm and dark nuclei) were also
observed. In the AA+Cur group (Figure 6-GIV),
ovarian tissue showed potential protection with the
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preservation of growing follicles. Residual cysts are
still present with a prominence of interstitial cells
(white arrow).

5. Discussion

The ovary is a complex, heterogeneous organ
essential for the reproductive and overall health of
females. The ovary releases female sex hormones
such as estrogen and progesterone, as well as the
female gamete, ova (also known as "eggs"). The
follicle and corpus luteum (CLs) are the two
temporary endocrine glands found in the ovary. An
oocyte is found in each mature follicle, which in turn
is covered by multiple layers of hormone-secreting
cells (granulosa cells). The two most common
hormones secreted by these cells are estradiol and
testosterone [53]. A follicle ovulates when it reaches
its full maturity, and the oocyte is then discharged
into the oviduct. As a result, surviving cells undergo
physical and chemical modification, resulting in the
formation of corpus lutea (CLs). The principal job of
CL is to secrete progesterone, which helps regulate
preghancy maintenance. Subsequently, if the egg is
not fertilized and preghancy does not occur, the
corpus lutea regresses, and follicle maturation and
ovulation start again [53]. In the hypothalamic—
pituitary—gonadal axis, the hormones released by
follicles and CLs work in complex feedback loops
with gonadotropins and hypothalamic hormones [54].
The ovary's structural diversity and unique
biochemical processes make it a potential target for
chemical toxicants such as pharmaceutical drugs,
occupational ~ chemicals, and  environmental
pollutants, all of which can cause ovarian toxicity.
Acrylamide (AA) is a dietary contaminant that can be
found in a wide variety of commonly consumed
foods, making human exposure to this toxicant
unavoidable [55].

The study of acrylamide in female rats has been
focused on its effect on ovarian function, cancer
markers, total antioxidant, histological, and the
possible effective role of curcumin as a treatment
Data collected in the present study show that P4
levels were significantly lower in the experimental
group Gl (AA), and the estradiol E2 (ng/ml) and
testosterone T levels (ng/ml) were significantly
enhanced (P<0.001) post acrylamide treatment as
compared to the control group (GI). These results are
similar to that reported by Janssen et al., (2004) in the
polycystic ovarian syndrome which is characterized
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by low progesterone, normal to high estradiol, and
high testosterone levels [56].

Also, the present results are in partial agreement with
Mannaa et al., where it was reported that acrylamide
induced a significant decrease in the levels of
estrogen and progesterone in rats [57]. The lower
levels of progesterone and higher levels of estradiol
in the AA-treated group could imply that acrylamide
directly or indirectly affects ovarian follicles by
reducing pituitary gland release of FSH, which is
responsible for increasing the follicle growth and
regulating androstenedione to estradiol conversion
[58]. The decline in the value of progesterone
indicated a decrease in the number or function of
corpus lutea. In the acrylamide treated group (GllI),
an increase in the testosterone levels can be explained
by the inhibitory activity of acrylamide inhibitor
activity on aromatase cytochrome P-450, which is an
enzyme necessary that is essential to convert
androgens into estradiol. Estradiol is secreted by the
ovarian follicles [59]. In contradiction with the
present result, Nagata et al, 2013 reported that in non-
pregnant women, a lower level of estradiol was
associated with higher acrylamide intake via food
sources.

The significant decrease in Follicle-Stimulating
Hormone (FSH) (mIU/L) levels reported in the
current study after exposure to acrylamide can be
explained because of the increase of estradiol levels
due to feedback inhibition of FSH release by the
anterior pituitary [60-61]. A significant increase in
the luteinizing hormone LH level was observed as
compared to the control group (GI). The observed
increase in the LH (mIU/L) levels over the normal
physiological limits could be because of the low
progesterone levels as observed in the present study.
In contradiction with the present results, Nagata et al.
(2014) observed that an increase in FSH level is
associated with high acrylamide intake, and they
reported hypothesized that it could be a result of
negative feedback triggered by low levels of estrogen
[60]. Curcumin is a well- known antioxidant that can
mitigate or prevent the harmful action of environ-
mental contaminants. Curcumin positively impacts
many physiological processes, including the female
reproductive system (ovarian follicular development,
puberty, reproductive aging) [41,62-63]. Curcumin
affects the female reproductive system by modulating
the release of pituitary, and ovarian hormones, as
well as growth factors and cytokines[64].
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Table 1: Effect of acrylamide (20 mg/kg b.w.) and curcumin (100 mg/kg b.w.) on female reproductive hormones.

Parameter Gl Gll Gl GlvV

P4 (ng/mL) 11.49+0.74 4.7951+ 0.368™ 19.12+0.56 &b~ 25.16 +0.64 &

E2 (ng/mL) 13.61+0.21 128+2. 7™ 16.29 +0.83 &b 19.24+0.27%™

T (ng/mL) 1.46+0.34 4.57+0.57 * 2.23+0.50 ab*** 1.67+0.14 aNs
FSH (mU/mL) 11.48+ 0.47 10.37+0.03%™" 10.76+0.26 &b 11.30+0.142Ns
LH (mU/mL) 2.6+0.22 7.25+0.78 4.30+0.51 &b 2.84+0.12aNS

P4: Progesterone, E2: Estradiol, T: Testosterone, LH: Luteinizing hormone, FSH: Follicle-stimulating hormone Data are expressed as mean +
SD, Significant change in comparison between groups: *p<0.05;**p<0.01; ***p<0.001, N.S Nonsignificant (P > 0.05)

2 Significant change in comparison between Gl & GlI; Gl1& GllI; GI& GIV

b Significant change in comparison between Gl1& G"

Where rats received orally Gl: control kept on a balanced diet and 0.5 mL 1% DMSO saline(9%), ; GlI: Acrylamide group received
acrylamide in drinking water (20 mg/kg b.w.) for 21 days. Glll:Treated with curcumin (100 mg/kg b.w.) after acrylamide intoxication for 21
days; GIV; curcumin only as control

Table 2: Effect of acrylamide (20 mg/kg b.w) and curcumin (100 mg/kg b.w) on total antioxidant capacity.

Parameter Gl Gll Glll GIV

TAC mM/L | 0.50+0.05 0.16+0.08%™" 0.54+ 0.072bNS 0.68+0.04%™" |
TAC: Total antioxidant capacity
Significant differences in comparison between groups are represented as mean + SD. *p<0.05;**p<0.01; ***p<0.001, N.S Nonsignificant
(P> 0.05), 2 Significant change in comparison between Gl & GlI; GI& GlII; GI& GIV, ° Significant change in comparison between GII& GllI
Table 3: Effect of acrylamide (20 mg/kg b.w) and curcumin (100 mg/kg b.w) on tumor markers.

Parameter Gl Gll Glll GlV

CA125U/mL | 66.10£2.3 130.90+2.4™"  77.02+1.89™"P™™  66.95+ 2,155
CEAng/mL | 33.38+1.8 133.60+2.4™" 43.16+0.39 &P 31.26+0.172NS

CA 125: Cancer antigen 125, CEA: Carcinoembryonic antigen.
Significant differences in comparison between groups are represented as meant SD. *p<0.05;**p<0.01; ***p<0.001, N.S Non significant
(P > 0.05) 2 Significant change in comparison between Gl & GlI; GI& GllI; GI& GIV. ? Significant change in comparison between GII& GllI

- T e i .
R s Ay ; ~ A 3 &
G 5
—
>
N3 1
OB\

AA

Glll

GIV:AA+CUR

Figure 6: Photomicrography of Paraffin sections of rat ovary stained by H&E show: GI: NC- Normal control with normal follicles
(arrows) and corpora lutea (CL). GlI: Cur treated. No marked alteration in the normal structure of the ovary. Glil: AA acrylamide group:
showed degenerative cystic changes of mature follicles (white stars) and few corpora. GIV): AA+CUR treated group: showed degenerative
cystic changes of mature follicles (white stars) and few corpora. GIV): AA+CUR treated group showing potential preservation of ovarian
structure with intact growing follicles (arrows) and many corpora (CL)
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The improvement in the release of all sex hormones
(P4, E2, FSH, LH and testosterone) as a result of
curcumin administration corroborated with the
results presented by Mohammadi et al (2017), who
they reported increased levels of FSH and decreased
LH and testosterone levels post curcumin treatment
in a PCOS model, and these results are in agreement
with the findings of our study [65]. These effects
may probably be due to the improvement in
ovulation and corpus luteum development as a result
of curcumin treatment [65]. These results clearly
indicate that curcumin has the potential to ameliorate
the reproductive endocrine function and induce
follicular maturation. Studies performed by Azami
SH, et. al and Melekoglu R, etal. have also
demonstrated the ability of curcumin to decrease the
concentrations of gonadotropins FSH (follicle-
stimulating hormone) and LH (luteinizing hormone)
[39, 66].

Sirotkin et.al, (2018) reported that rabbits who were
fed curcumin showed an increased progesterone
production and also a simultaneous reduction in
testosterone production by ovaries . Additionally,
curcumin treatment also resulted in an altered
response of ovarian cells to the luteinizing hormone
in rabbits [67]. Not surprisingly, similar observations
were also observed in the in vitro experiments
performed in the porcine granulosa cells, where
curcumin treatment was shown to stimulate
progesterone and testosterone release upon curcumin
treatment [68]. In conclusion, curcumin treatment
enhances the release of gonadotropins by pituitary
cells, the release of hormones by ovarian cells, and
the response of ovarian cells to gonadotropins.
Analysis of TAC concentration showed a highly
significant decrease in TAC concentration post
acrylamide treatment. A low level of total
antioxidants in serum in GIl (AA) might be
attributed to oxidative stress. Oral administration of
curcumin after acrylamide intoxication for 21 days
showed a highly significant increase in TAC
concentration as compared to the non- treated G Il
(AA) group. Curcumin may function by activating
the detoxification enzymes, which in turn detoxify
reactive oxygen species (ROS) produced in the cells
after the toxicants have been administered [69].
Acrylamide has been established as a potent is a
carcinogen in the animal studies, and acrylamide has
also been classified by the International Agency for
Research on Cancer (IARC) as a probable human
carcinogen [70]. Glycidamide, an epoxide metabolite
generated by cytochrome P4502E1 (CYP2E1)
activity on acrylamide, and acrylamide are
clastogenic, and glycidamide is also known to form
DNA adducts. Acrylamide has been reported to react
with glutathione, thereby influencing the redox status
of cells and also altering the gene transcription
profile of the impacted cells, or it may hinder the
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DNA repair process or hormonal balance; all these
changes constitute non-genotoxic pathways that are
impacted by acrylamide treatment [12]. In the
present study, a 20 mg/kg/day acrylamide dose
was administered to the female rats and the
carcinogenicity of acrylamide and the interaction
between acrylamide and hormonal disorders in the
female rats were studied in detail. Elevated levels of
CEA, which is a well-known cell surface
glycoprotein, have been reported in patients with
different cancers, and the stage and extent of the
tumor directly correlate with the elevated plasma
levels of CEA [71]. The analyses of ovarian tumor
marker CA125 and CEA showed that the mean value
of the two parameters in GIlI (AA) significantly
increased than the control group, but in Glil
(AA+Cur) it was highly significantly decreased than
Gll, Also in GIV was non-significant than the
control group. These findings demonstrated that
acrylamide induces oxidative DNA damage, which
could contribute to its carcinogenic potential [72],
and these results were consistent with acrylamide
(AA) being a gene mutagen in rats via the
metabolism of glycidamide.

In this study, an evaluation of the protective effect of
curcumin against ovarian damage and histological
changes induced by acrylamide in rats was done.
Female rats who received acrylamide for 21 days
showed the formation of many cystic cells. The
ovarian cortex exhibited the presence of an atretic
follicle, and the corpus luteum showed degenerated
cells and massive degeneration of follicles. Similar
results have been recorded by Wei Q., et al., Amin,
K., et al., and Duan X., et al., reported that rats
exposed to oral acrylamide showed a noticeable
reduction in the number of follicles and the atrophy
of the ovary and atretic follicles [41,73-74].
However, these results do not agree with Rawi et al.,
who reported that acrylamide does not affect the
ovary significantly with mature follicles and corpus
luteum in ovarian sections after 28-day treatment
with acrylamide [75]. Histological studies supported
our findings and validated that low serum levels of
FSH and increased estradiol levels in the acrylamide
treated group treated resulted in  reduced
folliculogenesis. Treatment with curcumin reduces
ovarian structural deterioration and follicular
maturation alterations. The increased
folliculogenesis in the curcumin-treated group also
avoided decreased ovarian steroidogenesis and
impacted the hypothalamic-hypophysial-ovarian
axis, presumably by reducing oxidative stress and
increasing antioxidant levels [47]. The current work
reveals that curcumin's antioxidant activities protect
against the development of acrylamide-induced
ovarian toxicity.

5.Conclusion
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In conclusion, our results showed that curcumin
protecte the ovary against the development ovarian
toxicity induced by AA exposure in female rats via
its antioxidant properties. Therefore, it is a safe and
an effective component in the diet, it could be
applied as a potential strategy for the intervention of
AA toxicity.
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