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Protective Effects of Curcumin against Sodium
Arsenite-induced Ovarian Oxidative Injury in a Mouse Model

Xiao-Ning Wang, Chang-Jun Zhang, Hong-Lu Diao, Ying Zhang
Reproductive Medical Center of Renmin Hospital, Hubei University of Medicine, Shiyan, Hubei 442000, China

Background: Excessive reactive oxygen species (ROS) may lead to a number of reproductive diseases such as polycystic ovary syndrome.
This study aimed to establish an animal model of ovarian oxidative stress and to assess the protective effect of curcumin against oxidative
injury.

Methods: Ovarian oxidative stress was induced in female Kunming mice (n = 40) with intraperitoneal injection of 8§ mg/kg sodium
arsenite (As) once every other day for 16 days; meanwhile, they were, respectively, treated by intragastric administration of 0, 100,
150, or 200 mg/kg (n = 10/group) curcumin once per day for 21 days. Ten normal mice were used as control. Then, the mice were
injected intraperitoneally with BrdU and sacrificed; the right ovaries were collected for hematoxylin and eosin (HE) staining and BrdU
immunohistochemistry, and the left ovaries for enzyme-linked immunosorbent assay (ELISA) and Western blotting analyses.

Results: The ELISA results showed that ROS (11.74 + 0.65 IU/mg in 8 mg/kg AS + 0 mg/kg curcumin group vs. 10.71 = 0.91 [U/mg in
control group, P=0.021) and malondialdehyde (MDA) (0.32 + 0.02 nmol/g in 8 mg/kg AS + 0 mg/kg curcumin group vs. 0.27 + 0.02 nmol/g
in control group, P = 0.048) increased while superoxide dismutase (SOD) (3.96 + 0.36 U/mg in 8 mg/kg AS + 0 mg/kg curcumin group
vs. 4.51 £ 0.70 U/mg in control group, P=0.012) and glutathione peroxidase (17.36 = 1.63 U/g in 8 mg/kg AS + 0 mg/kg curcumin group
vs. 18.92 + 1.80 U/g in control group, P=0.045) decreased in the ovary after injection of As, indicating successful modeling of oxidative
stress. Curcumin treatment could considerably increase SOD (4.57 £0.68,4.49+0.27,and 4.56 + 0.25 U/mg in 100 mg/kg, 150 mg/kg, and
200 mg/kg curcumin group, respectively, all P<0.05) while significantly reduce ROS (10.64 +1.38,10.73 £0.71,and 10.67 = 1.38 [U/mg in
100 mg/kg, 150 mg/kg, and 200 mg/kg curcumin group, respectively, all P<0.05) and MDA (0.28 £0.02,0.25 +0.03, and 0.27 £+ 0.04 nmol/g in
100 mg/kg, 150 mg/kg, and 200 mg/kg curcumin group, respectively; both P<0.05) in the ovary. HE staining and BrdU immunohistochemistry
of the ovarian tissues indicated the increased amount of atretic follicles (5.67 +0.81, 5.84+£0.98, and 5.72 + 0.84 in 100 mg/kg, 150 mg/kg,
and 200 mg/kg curcumin group, respectively, all P < 0.05), and the inhibited proliferation of granular cells under oxidative stress would
be reversed by curcumin. Furthermore, the Western blotting of ovarian tissues showed that the p66Shc expression upregulated under
oxidative stress would be lowered by curcumin.

Conclusion: Curcumin could alleviate arsenic-induced ovarian oxidative injury to a certain extent.
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been recently reported to play an important role in the normal
functioning of the female reproductive system and in the
pathogenesis of reproductive diseases such as endometriosis,
polycystic ovary syndrome, and unexplained infertility.!

INTRODUCTION

Oxidative stress is the imbalance between antioxidants
and reactive oxygen species (ROS) (such as superoxide
anion, hydrogen peroxide, and hydroxyl radicals), because
of increased production and/or decreased detoxification.!"

Oxidative stress is present in all organs and cells. The ovary
is a metabolically active organ in which ROS are generated
during normal physiological functioning.””? Excessive ROS
production may overpower the body’s natural antioxidant
defense system, creating an environment unsuitable for
normal female physiology.l! Indeed, oxidative stress has
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The expression of various biomarkers of oxidative stress
has been demonstrated in normal human ovarian cycles.?!
Excess ROS in the follicle promotes apoptosist®! and may
damage oocytes and granulosa cells in the follicle.! There
is a delicate balance between ROS and antioxidant enzymes
in ovarian tissues. The antioxidant enzymes neutralize
ROS and protect the oocyte and embryo.! Enzymatic
antioxidants bear a metal ion core, which gives them the
ability to take on different valences as they transfer electrons
to other molecules for detoxification process.['! Thus, they
can neutralize excess ROS and prevent damage to cells.
Endogenous antioxidant enzymes include superoxide
dismutase (SOD), catalase, glutathione peroxidase (GPx),
and glutathione oxidase.!" p66Shc is a 66-kDa Src collagen
homolog (Shc) adaptor protein that is one of the three main
isoforms encoded by the SHC1 gene (p46Shc, p52She, and
p66Shc).[ The p66Shc isoform is also involved in signaling
pathways that regulate the cellular response to oxidative
stress and cell lifespan.[”? Granulosa cells closely interact
and provide support to the developing and maturing oocyte,
share the oocyte’s microenvironment, and minimize damage
caused by ROS. Granulosa cells can produce antioxidants,
which potentially protect the oocyte from ROS-induced
damage.!®

Arsenic is a drug that has double effects. It can exert toxic
effects on the female reproductive system and can be
used in anticancer therapy.”’ The mechanisms by which
arsenic exerts its toxic effects are still unclear, although
chromosomal abnormalities, oxidative stress, altered DNA
repair, altered DNA methylation patterns, and altered cell
proliferation have been proposed.!” Of these, oxidative
stress is one of the most acknowledged mechanisms. In this
experiment, arsenic was used to induce oxidative stress in
the mouse ovary.

Curcumin is a yellow-orange dye extracted from the Indian
spice turmeric. Its activity as an antioxidant and free
radical scavenger has been demonstrated by several in vitro
studies.!"! This activity comes from either the hydroxyl group
or the methylene group of the B-diketone (heptadiene-dione)
moiety.l'”? The median lethal dose of curcumin is 2 g/kg.
Clinical trials have shown that the continuous use of curcumin
for 4 months had no obvious side effects.['¥] The aim of this
study was to establish whether curcumin can protect the
mouse ovary against oxidative injury and to explore the
underlying cellular and biochemical mechanisms.

MEeTHODS

Animals

Female Kunming mouse (z = 50) (mean age of 49 + 5 days,
mean body weight of 30 + 5 g) were provided by the Hubei
Medical Experimental Animal Center (China). The animals
were housed separately under a standard cycle of 12-h
light/darkness and provided with water and food chow
ad libitum. Before the experiment, all rats were monitored
for several days to observe their health condition. All animal
experiments were conducted in accordance with the National

Institutes of Health Guidelines for the Care and Use of
Laboratory Animals.

Drugs and reagents

Curcumin (molecular weight of 368.4 Da, 94% purity)
was purchased from Sigma (St. Louis, MO, USA).
Carboxymethyl cellulose is a nontoxic, nonimmunogenic
solvent with a good absorbance; 0.5% carboxymethyl
cellulose solution was used as a solvent to make curcumin
into a suspension for absorption. Sodium carboxymethyl
cellulose solution (0.5%) was donated by the Pharmacy
of the Affiliated People’s Hospital of Hubei Medical
College, China. The mouse ROS ELISA kit, MDA ELISA
kit, SOD ELISA kit, and GPx ELISA kit were purchased
from R&D Systems (Minneapolis, MN, USA). The rabbit
anti-mouse P-She-R polyclonal antibody was purchased
from Biosynthesis Biotechnology Co., Ltd. (China).
Rabbit anti-goat IgG and Horse anti-mouse antibodies
were purchased from Jinqiao Co., Ltd. (China). An
electrochemiluminescence color kit was purchased from
Pierce Chemical (Dallas, TX, USA). Prestained protein
marker was purchased from Fermentas (Thermo Fisher
Scientific, Waltham, MA, USA).

Experimental design

Fifty Kunming mice with two regular estrus cycles without
coitus were weighed. Matured female Kunming mice, as
required by the methods of vaginal smear, were randomly
divided into five groups: control group, 0 mg/kg curcumin
group, 100 mg/kg curcumin-treated group, 150 mg/kg
curcumin-treated group, and 200 mg/kg curcumin-treated
group (n = 10/group). Sodium arsenite (As) (dissolved in
distilled water) was used to induce ovarian oxidative stress in
mice of the latter four groups (7 = 40), using intraperitoneal
injection of 8 mg/kg sodium As once every other day for
16 days.[" These mice were meanwhile treated by intragastric
administration of 0, 100, 150, or 200 mg/kg (n = 10/group)
curcumin (dissolved in 0.5% sodium carboxymethyl cellulose
solution) once per day for 21 days. Ten remaining mice
were used as control (injected with distilled water as vehicle
for sodium As and received 0.5% sodium carboxymethyl
cellulose solution as vehicle for curcumin).

Sample collection

After 21 days, all the mice were injected intraperitoneally
with 10 umol/L of BrdU at a dose of 20 ul/g and sacrificed.
Layer by layer, the abdominal cavity of each group was
opened to obtain the ovaries. After being weighed, the right
ovary was collected for hematoxylin and eosin (HE) staining
and immunohistochemistry. The left ovary was frozen
at—70°C for enzyme-linked immunosorbent assay (ELISA)
and Western blotting analyses. The rate of the weight gain
percent (the percentage of weight gain relative to the initial
weight) and the index of ovaries (percentage weight of the
ovary) were recorded.

Counting follicles after hematoxylin and eosin staining
The right ovaries were embedded in paraffin after a 12-h
fixation in 4% paraformaldehyde. They were serially
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sectioned (6 um), mounted on glass slides, and stained with
HE. Ovarian follicles were counted according to a previous
study.? In brief, every fifth ovary section was scanned under
a dot slide-digital virtual microscope. To avoid repeated
counts of the same follicle, only those with a visible oocyte
nucleus were included. Since oocyte nuclei measure between
20 and 30 um in diameter, counting every fifth section of
the ovary ensured a distance of 30 wm between sections
and thus minimizes the chance of multiple counts of the
same ovarian follicle. The number of primordial follicles,
primary follicles, secondary follicles, and atretic follicles
in all the serial sections of an ovary were counted. The
following follicle classification>!¢! was utilized: Type 1,
primordial follicle, one layer of flattened granulosa cells
surrounding the oocyte; Type 2: primary follicle, one to
fewer than two complete layers of cuboidal granulosa cells;
Type 3: secondary follicle, an oocyte surrounded by greater
than one layer of cuboidal granulosa cells, with no visible
antrum; Type 4: atretic follicle, the morphology of follicle
is irregular, granulosa cells became less or disappeared.

BrdU immunohistochemistry

The sections were dewaxed with gradient alcohol. They
were washed once with phosphate-buffered saline (PBS)
for 5 min and subjected to antigen retrieval in 0.01 mol/L
sodium citrate buffer, pH 6.0, for 20 min in a microwave.
They were allowed to cool to room temperature and washed
once with PBS for 5 min. The DNA was nicked in 2 N
HCI for 30 min at 37°C. Endogenous HRP was blocked
with 3% H,0, in methanol for 10 min, and then washed
with water and 1 x PBS for 5 min, separately. Nonspecific
staining was blocked with 10% horse serum in 1 x PBS
at 37°C for 1 h. Excess blocking reagent was removed
and replaced with mouse anti-BrdU (1:400) diluted with
blocking reagent, overnight at 4°C. The slides were each
washed three times with PBS for 5 min to remove excess
PBS buffer. The sections were incubated at 25°C with
biotinylated horse anti-rabbit IgG (1:200) antibody diluted
with 1% BSAin 1 X PBS for 30 min. Sections were washed
three times with 1 x PBS buffer for 5 min. The excess
1 x PBS buffer was removed and sections were incubated
with AB Complex/HRP for 30 min at 25°C and then washed
three times with 1 x PBS buffer for 5 min. Sections were
developed with 3,3’-diaminobenzidinetetrahydrochloride
(DAB, 0.03-0.05% DAB in 0.05 mol/L Tris-HCI
pH 7.6/0.01-0.03% H,0O,) for 5-10 min. The slides were
rinsed with water, counterstained with hematoxylin,
dehydrated, and mounted. The integrated optical density
of staining was measured by the Image-Pro Plus 6.0
software (Media Cybernetics, Inc., Rockville, MD, USA).

Enzyme-linked immunosorbent assay for reactive oxygen
species, malondialdehyde, superoxide dismutase, and
glutathione peroxidase

The ovarian tissues were homogenized with 19-fold volume
ofiice-cold 1 x PBS using a glass homogenizer at 4°C. After
10 min of centrifugation at 3000 r/min, the supernatant was
obtained. The ROS, malondialdehyde (MDA), SOD, and

GPx in the supernatant were determined with ELISA kits
for mouse ROS, MDA, SOD, and GPx according to the
manufacturer’s protocols. The optical density was detected at
450 nm with a microplate reader (Anthos Labtec Instruments,
Salzburg, Austria).

Western blotting for p66Shc

To determine the effect of different concentrations of
curcumin on the p66Shc protein in ovarian tissues, the
expression of p66Shc was measured by Western blotting.
The ovary was fully homogenized with RIPA buffer
(Sigma, St. Louis, MO, USA) at 4°C, and then centrifuged
for 5 min at 10,000 r/min. Total proteins in the homogenates
were quantified using the bicinchoninic acid protein assay
kit (Fermentas, Thermo Fisher Scientific, Waltham, MA,
USA). Total proteins in each sample were separated by
SDS-PAGE on 12% gels and transferred onto nitrocellulose
membranes (Pall Life Sciences, Ann Arbor, MI, USA).
The membranes were blocked for 1 h at room temperature
with 5% nonfat dry milk in TBS-T (50 mmol/L Tris-HCI,
150 mM NacCl, and 0.05% Tween-20). After washing three
times with TBS-T, the membranes were incubated overnight
at 4°C with the primary antibodies (P-She and o-tubulin
(Biosynthesis Biotechnology Co., Ltd., China; diluted at
1:1000 with TBS-T). The membranes were washed three
times with TBS-T. HRP-conjugated rabbit anti-goat antibody
diluted at 1:5000 with TBS-T was added and incubated for
1 h at room temperature. Chemiluminescence and imaging
were performed, and a snapshot was captured. The bands
were scanned and quantified using the Image-Pro Plus 6.0
software (Media Cybernetics, Inc., Rockville, MD, USA).

Statistical analysis

Statistical analysis was carried out using SPSS version 17.0
(IBM, Armonk, NY, USA). Normally distributed
measurement data with homogeneity of variance were
expressed as mean + standard deviation (SD). Comparisons
among multiple subgroups were performed using one-way
analysis of variance (ANOVA) with Scheffe’s test for post
hoc analysis. Statistical significance was determined as
P <0.05.

ResuLts

Oxidative stress model in mouse and effects of curcumin
on oxidation markers

During the experiment, the weight of the mice in the five
groups all increased with no obvious difference among
them [Table 1]. There was no significant difference in the
ovarian indexes among the groups either [Table 1].

As measured by ELISA [Table 2], after intraperitoneal
injection of sodium As, the levels of ROS (P = 0.021)
and MDA (P = 0.048) significantly increased while that
of the SOD (P = 0.012) and GPx (P = 0.045) significantly
reduced in the ovary, indicating successful modeling
of ovarian oxidative stress. In comparison with the
0 mg/kg curcumin group, ROS and MDA in the ovary were
significantly lower in the 100 mg/kg (P=0.038, P=0.019),
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150 mg/kg (P = 0.031, P = 0.021), and 200 mg/kg
(P = 0.035, P = 0.001) curcumin groups (all P < 0.05);
and ovarian SOD levels were significantly higher in
the 100 mg/kg (P = 0.024), 150 mg/kg (P = 0.015), and
200 mg/kg (P = 0.008) curcumin groups (all P < 0.05).
However, there were no significant differences concerning
the level of GPx when compared with the 0 mg/kg curcumin
group. In general, the results suggested that curcumin could
alleviate ovarian oxidative stress induced by arsenic.

Effects of curcumin on ovary cell proliferation under
oxidative stress

According to HE staining of slices of the right ovary, it was
found that the ovarian tissue was destroyed and there were
few structurally complete follicles and abundant atretic
follicles in the 0 mg/kg curcumin group compared to the
normal control [Figure 1; Table 3]. The number of atretic

follicles was markedly reduced by curcumin treatment [all
P <0.05, Table 3].

According to BrdU staining [Figure 2], the proliferation
of granular cells in the 0 mg/kg curcumin group

(3.51 £1.97 x 10°) was obviously inhibited compared with
normal control (9.16 £2.66 x 10%) (P=0.032). However, the
number of granular cells in the 100 mg/kg (10.53£3.52 x 105,
P=0.010) and 150 mg/kg (14.04 + 3.55 x 10°, P =0.000)
curcumin groups were significantly higher than the 0 mg/kg
curcumin group.

Taken together, the results suggested that the increased
amount of atretic follicles and the inhibited proliferation of
granular cells under arsenic-induced oxidative stress would
be reversed by curcumin.

Effects of curcumin on the expression of p66Shc in the
ovary under oxidative stress

To elucidate the mechanism of curcumin on lipid peroxidation,
the expression of p66Shc in ovaries was examined by Western
blotting [Figure 3]. The expression of the p66Shc protein
was obviously high in the 0 mg/kg group (0.28 + 0.004)
compared with the control group (0.23 +0.002) (P=0.021),
but lower in the 100 mg/kg (0.18 + 0.001) (P = 0.017),
150 mg/kg (0.24 £ 0.007) (P = 0.049), and 200 mg/kg
(0.20£0.003) (P =0.035) curcumin groups. There were no

Table 1: Comparison of the rate of weight gain and index of ovaries in the different groups (n = 10 per group)

Items Control group Curcumin group F P
0 mg/kg 100 mg/kg 150 mg/kg 200 mg/kg

Rate of weight gain (%) 16.52 +9.62 11.75+5.88 16.29 + 4.86 15.10 + 5.67 13.02 +4.19 9.62 0.614

Index of ovaries (%) 0.86 +0.19 0.85+0.15 0.96 +0.22 0.95+0.2 1.0+0.24 7.12 0.521

All data were shown as mean + SD. Comparisons among multiple subgroups were performed using one-way ANOVA. ANOVA: Analysis of variance;

SD: Standard deviation.

Table 2: Comparison of ovarian ROS, MDA, SOD, and GPx levels in different groups (n = 10 per group)

ltems Control group Curcumin group F P
0 mg/kg 100 mg/kg 150 mg/kg 200 mg/kg

ROS (IU/mg) 10.71 £0.91 11.74 +0.65* 10.64 + 1.38" 10.73 £0.711 10.67 + 1.381 2.655 0.045

MDA (nmol/g) 0.27 £ 0.02 0.32 +0.02* 0.28 £ 0.02° 0.25 £ 0.03 0.27 £ 0.041 1.254 0.032

SOD (U/mg) 451+0.70 3.96 £ 0.36* 457 +0.68 449 + 027" 456 +0.25" 2.008 0.011

GPx (U/g) 18.92 +1.80 17.36 + 1.63* 17.98 +1.86 18.01 +1.20 18.45+1.65 7.968 0.041

All data were shown as mean + SD. Comparisons among multiple subgroups were performed using one-way ANOVA. *P<0.05 versus the control
group; "P<0.05 versus the 0 mg/kg curcumin treatment group. ROS: Reactive oxygen species; MDA: Malondialdehyde; SOD: Superoxide dismutase;

GPx: Glutathione peroxidase; ANOVA: Analysis of variance.

Omg/kg Cur

Control

100mg/kg Cur

1 §_0mglkg Cur

200mg/kg Cur
o

Figure 1: Representative images of H and E staining on slices of the right ovary in the control group and 0, 100, 150, or 200 mg/kg curcumin
groups (7 = 10/group) groups (original magnification x10). a-e: Ovarian tissue to the naked eye in the five groups. f-j: Representative images
of H and E staining on slices of the right ovary in the five groups. Cur: curcumin.
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Table 3: Comparison of the number of follicles per ovary in different groups (n = 10 per group)

ltems Control group Curcumin group F P
0 mg/kg 100 mg/kg 150 mg/kg 200 mg/kg

Primordial follicles 5.96 £0.97 6.11 £0.58 6.24£0.23 6.57+1.10 5.85+£0.55 9.67 0.842

Primary follicles 3.56 +0.35 3.78 £0.25 4.05+0.38 3.25+0.58 3.09+0.37 8.32 0.912

Secondary follicles 4.71+0.85 4.25+0.88 3.99+0.94 4.92+0.94 423+0.75 16.41 1.000

Atretic follicles 5.12+0.84 6.34+0.75* 5.67+0.81 5.84 = 0.98" 5.72 £ 0.841 12.31 0.026

All data were shown as mean + SD. Comparisons among multiple subgroups were performed using one-way ANOVA. *P<0.05 versus the control
group; "P<0.05 versus the 0 mg/kg curcumin treatment group. ANOVA: Analysis of variance; SD: Standard deviation.

20%10°

16x10°

12x10°

Integral optical density(IOD)

.'.
T I

8x10°
*
4x10*
0

Control Omg/kg Cur

100mg/kg Cur 150mg/kg Cur 200mg/kg Cur

Figure 2: BrdU immunohistochemistry of cell proliferation (a-f) and the integrated optical density (g) in the five groups. The brown granules represent
the proliferating granular cells. (a) Negative control (control group without anti-BrdU antibody); (b) control group; (c) 0 mg/kg curcumin; (d)
100 mg/kg curcumin; (e) 150 mg/kg curcumin; (f) 200 mg/kg curcumin (a-f, original magnification x200). (g): integrated optical density in the
five groups. n = 10 for each group; *P < 0.05 versus the control group; P < 0.05 versus the 0 mg/kg curcumin treatment group.

obvious differences between the curcumin groups and the
control group (all P> 0.05). The results suggested that the
p66Shc expression upregulated under oxidative stress would
be lowered by curcumin.

Discussion

Oxidative stress causes damage to cellular components
including proteins, lipids, and DNA.!'7 In this study, one of

the most commonly used chemicals, arsenic sodium, caused
oxidative stress in the ovary by elevating the levels of ROS
and MDA. Thus, exposure to arsenic sodium could lead to
infertility and other adverse reproductive outcomes.

Nowadays, many drugs such as Vitamin C,!'! Vitamin E,!®
and NACI!™ have been found to be useful against oxidative
stress-related diseases. However, there is no specific
therapy for oxidative damage in the ovary, hence finding
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Figure 3: p66Shc expression in the five groups. n = 10 for each group;
*P < (.05 versus the control group; *P < 0.05 versus the 0 mg/kg
curcumin treatment group. Cur: Curcumin.

one that assures the safety of antioxidant active substance
is of great importance. Curcumin, a plant polyphenolic
compound widely used in the traditional Chinese medicine,
shows great potential as a therapeutic agent. Recently,
several pharmacological effects of curcumin including
anti-carcinogen,*”! anti-angiogenesis,?"! and antioxidant
effects®?! have been reported. In the present study, we
selected curcumin as a therapeutic intervention for ovarian
oxidative stress. After treatment with curcumin, we observed
that all mice showed no significant differences in food
consumption and normal daily life activities, which agree
with the findings of a previous study.!

Many studies have demonstrated that oxidative stress is
directly associated with the aging of ovarian follicles,
endometriosis, unexplained female infertility, and low
success rates in assisted reproductive techniques.! The
biomarkers of oxidative stress damage are determined by
the antioxidant system and the oxidative stress products.
ROS play important roles in the folliculogenesis, oocyte
maturation, luteal regression, and fertilization.** Lipid
peroxide decomposes to produce a variety of substances
such as MDA. As aresult, MDA was selected as a biomarker
of oxidative stress in addition to ROS in this study. Results
showed that curcumin could reduce the concentration of
ROS and MDA in the ovary. Cells have defense systems
that prevent injury by ROS. These include the production
of antioxidant enzymes such as SOD and GPx. SOD
participates in the dismutation of superoxide to H,0, while
GPx converts H,0, into H,0 and O,. It has been reported that
curcumin plays a key role in promoting the antioxidant effect
in tissues such as liver, heart, and kidney.!'"! In the present
study, it was also found that curcumin could increase the
levels of SOD and GPx in mouse ovaries. This indicates that

curcumin could protect the ovaries from oxidative injuries
by enhancing the concentration of antioxidant enzymes. In
addition, from the pathology biopsy results, it was shown that
curcumin could maintain the integrity of the cell morphology
as evidenced in the curcumin-treated group compared with
the 0 mg/kg curcumin group, in agreement with the results
of the oxidation markers.

p66Shce, the 66Kd She protein, is an age-related adaptor
protein that has a substantial impact on mitochondrial
metabolism through regulation of cellular response to
oxidative stress.[?! It was reported that high-level As
induces severe redox imbalance by decreasing the levels of
glutathione and increasing the levels of ROS through the
oxidative stress adaptor p66Shc, which induces apoptosis by
activating the cytochrome c-caspase.?® In the present study,
it was shown that arsenic promoted the expression of p66Shc,
which decreased after treatment with curcumin. p66Shc
is a ROS-generated enzyme. It can clear mitochondrial
membrane, react with the cytochrome C to produce H,0O,,
and open mitochondrial permeability transition pore to
release ROS to the cytoplasm. When the expression of
p66Shc is upregulated, the generation of ROS increases and
the oxidative damage to cells becomes severe,”’ meaning
that the concentration of ROS correlates positively with
the expression of p66Shc. We postulated that arsenic plays
its offensive role through the p66Shc/ROS pathway, and
curcumin could influence this pathway to play a protective
role. However, this requires further verification.

In addition, we also examined the influence of curcumin
on the proliferation of ovarian cells and found that the
proliferating cells were mainly granular cells. These
cells provide nutrition and support for ovarian follicles’
growth and development.® We found that the number of
proliferating granular cells in the curcumin-treated groups
was significantly higher than in the 0 mg/kg curcumin group.
Cell proliferation is one of the most important indicators
that can reflect the severity of cell damage, as well as offer
protection to oxidative injuries. The high proliferating
granular cells in the curcumin-treated group in this study
show that curcumin can protect the ovaries from oxidative
injuries. This protective role is played by direct reduction
of the oxidative product and elevation of the antioxidant
enzyme, which reduces damage to ovarian structure and
function and promotes the proliferation of granular cells.

Of course, the present study is not without limitations.
Animal models are never perfect. Arsenic is a harmful
clement that very probably induces systemic effects other
than ovarian oxidative stress, and these systemic effects
could participate in metabolic imbalances that could bias our
results. In addition, only a few proteins were examined, and
the mRNA expression levels were not assessed. Additional
studies using a wider panel of markers should provide more
insights into the mechanisms responsible for arsenic toxicity
to the ovaries as well as the mechanisms for the protective
effects of curcumin.
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In conclusion, curcumin can scavenge free radicals and
improve the antioxidant state in mouse ovary. Then, it
plays a key role in the generation of ROS through the
regulation of p66Shc. Moreover, curcumin could promote
the proliferation of granular cells in mouse ovaries. Thus,
curcumin, a well-established, safe, and nontoxic traditional
Chinese medicine, might have a potential application in the
treatment of ovarian oxidative stress.
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