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Abstract
Background: Oxidative stress is one of the key contributors to cellular senescence and
ovarian aging. Quercetin has a variety of physiological activities such as antioxidant. Given
that hydrogen peroxide can cause oxidative damage to cells, the present study is designed to
verify the protective effect of quercetin on human ovarian granulosa tumor cell line under
oxidative stress. Methods: Cell counting kit-8 and lactate dehydrogenase assays examined
cell viability and toxicity. Flow cytometry detected reactive oxygen species accumulation.
Glutathione level was measured to analyze the oxidation resistance. Cell apoptosis was
evaluated by Hoechst 33258 staining, acridine orange/Ethidium Bromide staining and
western blot. The mitochondrial structure was observed under a transmission electron
microscope. Mitochondrial membrane integrity was detected by JC-1 staining and western
blot. Results: Hydrogen peroxide could induce cell injury, promote reactive oxygen species
accumulation, and lead to glutathione depletion. hydrogen peroxide also resulted in
mitochondrial morphological damage and depolarization, which activate caspase3/9
subsequently. However, quercetin could mitigate these damages. Conclusions: Present
study found that hydrogen peroxide induced oxidative stress and mitochondrial apoptosis of
human ovarian granulosa tumor cell line cells, which could be attenuated by quercetin.
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Background

On account of postponing pregnancy resulted from economic and
cultural changes over the past few decades, the aging problem of the
female reproductive system and the ensuing age-related infertility
have become more and more common [1, 2]. Ovary is one of the
organs vulnerable to aging-associated dysfunction [3]. Women
typically experience a significant decline in ovarian function after the
age of 35, which mainly manifested as menstrual disorders, follicle
quality decline and hormone levels changes [4]. Ovarian aging is
irreversible and the effect of current therapeutic interventions is very
limited [5, 6]. However, there is still a lack of sufficient understanding
of ovarian aging [7, 8].
A number of theories have been put forward to explain the potential

mechanism of ovarian aging, the most classic of which is the free
radical theory, which maintains that oxidative stress caused by the
increase of intracellular reactive oxygen species (ROS) is the main
reason for mammalian cell senescence [9, 10]. In addition, many
studies have shown that oxidative stress initiates other processes that
promote ovarian aging, such as inflammation, mitochondrial
dysfunction, mitochondrial depolarization, endogenous apoptosis and
so on [11]. Based on the above theory, oxidative stress may be a
critical mechanism leading to ovarian aging, and finding effective
natural antioxidants may be a novel and safe way to prevent ovarian
aging [12, 13].
Granulosa cells (GCs) plays an important role in follicle

development, including follicle initiation, recruitment, selection,
domination, ovulation and luteinization, which determine the fate of
follicles partly [14]. GCs apoptosis can induce follicular atresia, which
is the main cause of follicle loss and is involved in ovarian aging [15,
16]. A growing number of evidences demonstrate that oxidative stress
is a key trigger of GCs apoptosis and follicles atresia [17, 18]. There
are two main pathways through which oxidative stress induce GCs
apoptosis. One is exogenous pathway, the other is endogenous
pathway, also known as mitochondrial apoptosis [19]. Oxidative
stress leads to mitochondrial depolarization, mitochondrial membrane
permeability increases, and cytochrome C is released from
mitochondria to cytoplasm. Cytochrome C activates capase-9/3
pathway, and capase-3 as effector plays a part in the executive phase
of apoptosis [20, 21].
Natural products-originated antioxidants outperform synthetic

antioxidants in the anti-oxidative stress capacity, safety and
acceptability [22]. Quercetin is a bioactive flavonoid ubiquitously
present in medicinal plants and foods. It has a variety of biological
activities, such as anti-oxidation, anti-apoptosis, promoting

mitochondrial synthesis and so on. In recent years, more and more
attention has been paid to the application of quercetin in the
treatment of ovarian aging, but there is limited research on the
relevant mechanisms [23, 24].
In the present study, the hypothesis that quercetin mitigated GC
damage induced by hydrogen peroxide (H2O2) was tested and the
relative mechanism was explored. The results confirmed that H2O2
caused mitochondrial injury and mitochondrial apoptosis.
Nevertheless, these effects of H2O2 could be partly eased by quercetin.

Materials and methods

Materials
Standard quercetin with purity > 98 (Cat No. 117-39-5) was
purchased from the National Institute for the Control of
Pharmaceutical and Biological Produces (Beijing, China). Cell
Counting Kit-8 (CCK-8) used in the experiment was manufactured by
Apexbio (Boston, MA, USA). Hoechst 33258, acridine orange
(AO)/ethidium bromide (EB) and 2’,7’-dichlorofluorescin diacetate
were obtained from Sigma Chemical Co., Ltd. (St Louis, MO, USA).
lactate dehydrogenase (LDH) assay kit, JC-1 kit and bicinchoninic acid
assay (BCA protein kit assay) were bought from Beyotime Institute of
Biotechnology (Nanjing, China). Glutathione (GSH) assay kit was
purchased from Nanjing Jiancheng Bioengineering Research Institute
(Nanjing, China). Fetal bovine serum, Dulbecco’s modified eagle
medium (DMEM) and penicillin/streptomycin were supplied by Gibco
(Carlsbad, CA, USA). All the primary antibodies were purchased from
Proteintech (Wuhan, China). Enhanced chemiluminescence and Trizol
reagents were manufactured by Thermo Fisher Scientific (Sunnyvale,
CA, USA). H2O2 was purchased from Boster (Wuhan, China).

Cell culture
Human ovarian granulosa tumor cell line (KGN) supplied by Peking
Union Medical College, and cultured in DMEM containing 10% fetal
bovine serum and 1% penicillin-streptomycin. The cells were divided
into several groups receiving different treatments. Groups includes:
control group (DMEM), model group (250 μM H2O2),
low-concentration quercetin group (250 μM H2O2 and 2 μM
quercetin), medium-concentration quercetin group (250 μM H2O2 and
5 μM quercetin) and high-concentration quercetin group (250 μM
H2O2 and 10 μM quercetin). KGN were treated with quercetin (2, 5, 10
μM) for 24 h, and then exposed to H2O2 (250 μM) for 2 h.

CCK-8 assay and LDH assay
KGN cells were seeded in a density of 50,000 cells/mL in 96-well
plates and cultured for 24 h. Then the cells were pre-treated with
quercetin for 24 h and H2O2 for 2 h successively. After that, cell
cultured supernatant were exchanged with mixture of CCK8 and
DMEM (1:9), and then placed cells in the incubator for 1 h. The
absorbance was detected by a microplate reader (Thermo) at 450 nm.
LDH can be released from the cell in case of damaged cell plasma
membranes. After the treatment of cells, the supernatant was collected
and LDH-related reagents were added, then detected the absorbance
(the wavelength is 450 nm).

Cellular level measurement for ROS
KGN cells were seeded in a density of 50,000 cells/mL in 6-well plates
and cultured for 24 h. After the treatment of cells, the cells were
stained with 10 μM 2’,7’-DCFDA. Then cells were collected and the
average fluorescence intensity of ROS in cells was measured by flow
cytometry (BD).

Measurement of intracellular reduced GSH levels
KGN cells were seeded in a density of 50,000 cells/mL in 6-well plates
and cultured for 24 h. Radio immunoprecipitation assay lysis buffer
(Beyotime Institute of Biotechnology) was added into cells treated
with H2O2 or quercetin. Supernatant was collected after
centrifugation, and then tested with a commercial kit (Nanjing
Jiancheng Bioengineering Institute).

Highlights
Increased apoptosis of granulosa cells is an important
pathological process in ovarian aging. In this study, a series of
experiments was conducted to investigate the protective effect of
quercetin on granulosa cells under oxidative stress, and it was
confirmed that this effect may be related to maintaining
mitochondrial homeostasis.

Medical history of objective
Epimedium was first recorded in the "Shennong Materia Medica
Classic" (during the Eastern Han Dynasty) and is a perennial
herbaceous plant in the Berberidaceae family. Epimedium has
important applications in the clinical treatment of
perimenopausal syndrome, premature ovarian failure, polycystic
ovary syndrome, threatened abortion, etc. Quercetin derived
from Epimedium, recent studies have found that the antioxidant
stress effect of Quercetin has unique advantages in treating
ovarian aging.
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Morphology of mitochondria observed under a transmission
electron microscope (TEM)
KGN cells were seeded in a density of 50,000 cells/mL in 6-well plates
and cultured for 24 h. After the treatment of cells, the cells were
digested with trypsin and fixed with glutaraldehyde after
centrifugation. Subsequently, the sample was dehydrated in absolute
ethanol, embedded in Epon 812 and cut into ultra-thin section.
Finally, the cells were observed under transmission electron
microscope (Hitachi HT7700).

Mitochondrial membrane potential (MMP) analysis (by JC-1
staining)
KGN cells were seeded in a density of 50,000 cells/mL in 6-well plates
and cultured for 24 h. The cells were stained with JC-1 dye after the
treatment with H2O2 or quercetin, then observe the changes of
mitochondrial membrane potential with fluorescence microscope
(Olympus).

Hoechst 33258 staining and AO/EB staining
KGN cells were seeded in a density of 50,000 cells/mL in 24-well
plates and cultured for 24 h. Then the cells were pre-treated with
quercetin for 24 h and H2O2 for 2 h successively. Cells were fixed with
4% paraformaldehyde for 10min and drilled with 0.25% triton x-100,
then added Hochest 33258 dye solution and incubated for 30 min. At
last, the cells were observed under a fluorescence microscope
(Olympus).
Mixed AO with EB in 1:1, then diluted with PBS (AO/EB: PBS =

1:20), added the diluent to the cells, leaved it at room temperature for
15 min, then observed cells under the fluorescence microscope
(Olympus).

Western blot analysis
KGN cells were pre-treated with quercetin for 24 h and H2O2 for 2 h
successively. Cells were scraped off after the treatment with drugs,
added 1 mL Lysis Buffer, 10 μl phosphatase inhibitors, 1 μL protease
inhibitors, 5 μL 100 mM Phenylmethanesulfonyl fluoride, centrifuged
at 12,000 rmp for 20 min at 4 °C, then collected the supernatant and
detected the concentration of each group. Proteins were loaded on
SDS-PAGE after the denature and then transferred to the
polyvinylidene fluoride membrane. After blocked with 5% nonfat
powdered milk, the polyvinylidene fluoride membrane was incubated
with primary antibody (caspase-3, Cat No. 19677-1-AP, dilution
1:1000; caspase-9, Cat No. 10380-1-AP, dilution 1:300; PARP, Cat No.
13371-1-AP, dilution 1:1000; bax, Cat No. 50599-2-lg, dilution
1:5000; bcl-2, Cat No. 68103-1-lg, dilution 1:5000) overnight at 4 °C
and then incubated with peroxidase-conjugated secondary antibodies
for 1 hour at room temperature. Finally, protein bands were visualized
with enhanced chemiluminescence regents and quantified with Image

J software (BIO-RAD).

Statistical analysis
Dates obtained from at least three independent experiments were
expressed as mean ± SEM. All experiments were repeated at least
three times, and fresh cell samples were used in repeated experiments.
The data were compared between groups by one-way analysis of
variance (ANOVA) and Tukey post-test. P < 0.05 indicated statistical
significance.

Results

Quercetin prevented H2O2 from injuring KGN cells
Cells were treated with quercetin (2, 5, 10 μM) for 24 h first and then
H2O2 (250 μM) for 2 h. Cell viabilities were detected by the CCK-8,
and the results are summarized in Figure 1A. It was found that H2O2
could significantly decrease the cell viability compared with the
control group (P< 0.01). However, the decline in cell viability caused
by H2O2 was dose-dependently reversed by quercetin (2, 5, 10 μM).
This finding was confirmed by the result of the cell toxicity test
(Figure 1B), in which LDH leakage was used as the biomarker.
Similarly, H2O2 markedly accelerated LDH release from human
ovarian GCs (P < 0.01), but this process was arrested by quercetin in
a dose-dependent manner. These results indicate that H2O2 can induce
cytotoxicity and decreased cell viability, but quercetin can attenuate
the effects.

Quercetin inhibited oxidative stress induced by H2O2
ROS production was assessed by DCFDA staining and flow cytometry
(Figure 2A). It can be concluded from the figure that H2O2 promoted
ROS generation while quercetin dose-dependently reduced the ROS
level (P< 0.01). As one of the main natural antioxidants in cells, GSH
can eliminate ROS in cells. As shown in Figure 2B, GSH was depleted
but quercetin reverted it (P < 0.05). This indicates that oxidative
stress induced by H2O2 can be partially arrested by quercetin.

Quercetin alleviated H2O2 induced KGN cells apoptosis via the
caspase-9/3 pathway
To further investigate the role of apoptosis in KGN cells exposed to
H2O2, cell apoptosis was detected by Hoechst 33258 staining. It was
found that blue fluorescence was uniformly distributed in the nucleus
of normal cells, while dense and hyperchromatic blue fluorescent
granules were observed in a massive number of apoptotic cells. In
Figure 3A, compared with the control group, cells treated with H2O2
had more dense and hyperchromatic blue fluorescent granules (P <
0.001). However, that difference dwindles under the effect of
quercetin (P< 0.001).
Acridine orange/ethidium bromide (AO/EB) double staining

Figure 1 Quercetin prevents H2O2 from injuring KGN cells. After treating with quercetin (2, 5, 10 μM) for 24 h, KGN cells were exposed to H2O2
(250 μM) for 2 h. (A) Cell viability relative to untreated control cells was evaluated by CCK-8 assay. (B) LDH release of cells was assessed relative to
untreated control cells. Data were presented as mean ± SEM from independent experiments performed in triplicate. Data were compared between
groups by one-way ANOVA and Tukey post-test. ##P < 0.01, ###P < 0.001, relative to control group; *P< 0.05, **P< 0.01, ***P < 0.001, relative
to H2O2 group. KGN, human ovarian granulosa tumor cell line; H2O2, hydrogen peroxide; CCK-8, cell counting kit-8; LDH, lactate dehydrogenase;
ANOVA, analysis of variance.

(A) (B)
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Figure 2 Quercetin inhibits oxidative stress induced by H2O2. KGN cells were treated with quercetin (2, 5, 10 μM) for 24 h before being exposed
to H2O2 (250 μM) for 2 h. (A) After stained with 2’,7’-DCFDA, the mean fluorescence intensity of ROS in cells was measured by flow cytometry. (B)
Intracellular GSH levels were assessed compared with untreated control cells. Data were presented as mean ± SEM from independent experiments
performed in triplicate. Data were compared between groups by one-way ANOVA and Tukey post-test. #P < 0.05, ##P < 0.01, ###P < 0.001,
relative to control group; *P < 0.05, **P < 0.01, ***P < 0.001, relative to H2O2 group. H2O2, hydrogen peroxide; KGN, human ovarian granulosa
tumor cell line; GSH, glutathione; ROS, reactive oxygen species; ANOVA, analysis of variance.

Figure 3 Quercetin alleviated H2O2 induced KGN cells apoptosis via the caspase-3/9 pathway. KGN cells were treated with quercetin (2, 5, 10
μM) for 24h before being exposed to H2O2 (250 μM) for 2 h. (A) Apoptotic cells were identified by staining with Hoechst 33258. (B) AO and EB
double staining was used to identify the apoptotic cells. (C) Western blot was used to assess the protein expression of cleaved caspase-9, caspase-3,
cleaved caspase-3, PARP and cleaved PARP. Data were presented as mean ± SEM from independent experiments performed in triplicate. Data were
compared between groups by one-way ANOVA and Tukey post-test. ##P< 0.01, ###P< 0.001, relative to control group; *P< 0.05, **P< 0.01, ***P
< 0.001, relative to H2O2 group. H2O2, hydrogen peroxide; KGN, human ovarian granulosa tumor cell line; AO, acridine orange; EB, ethidium
bromide; PARP, poly(ADP-ribose) polymerase; ANOVA, analysis of variance.

(A) (B)

https://orcid.org/0000-0002-0724-9293
https://orcid.org/0000-0002-2048-0780
https://doi.org/10.53388/TMR20230803002


ARTICLE
Traditional Medicine Research 2024;9(2):7. https://doi.org/10.53388/TMR20230803002

5Submit a manuscript: https://www.tmrjournals.com/tmr

analysis further confirmed this result. AO can penetrate the integral
cell membrane, embed into the nucleus DNA and show green
fluorescence, while EB can only penetrate the impaired cell membrane
(apoptotic cells) and display red fluorescence after binding with DNA.
It can be seen from Figure 3B that H2O2 boosted co-localization of EB
(red) and AO (green), while quercetin partly hampered this process.
Taken above, H2O2 notably accelerated KGN cells apoptosis (P <
0.001), while quercetin effectively alleviated the apoptosis (P <
0.001). In order to investigate the mechanism underlying
H2O2-induced apoptosis and the role of quercetin in this process, we
further analyzed the caspase-9/3 pathway, which played a vital part
in mitochondrial apoptosis. Western blot analysis results revealed that
H2O2 encouraged caspase-9/3 pathway and PARP to cleave in KGN
cells, while quercetin stopped the cleavage (Figure 3C). Hence,
quercetin effectively protected KGN cells from H2O2 induced apoptosis
through caspase-9/3 pathway.

Quercetin maintained mitochondrial homeostasis in the presence
of H2O2
The mitochondrial structure of KGN cells was observed under a TEM.

The results are shown in Figure 4A. It was revealed that H2O2 lead to
mitochondrial swelling, vacuolization, and fragmentation, but
quercetin deteriorated the changes. Mitochondrial depolarization is a
marker event of early apoptosis, and changes in MMP alter
mitochondrial membrane permeability, which results in the release of
cytochrome C and initiates a cascade of apoptotic enzymes. MMP is
commonly detected by JC-1 staining. In normal mitochondria, JC-1
forms a polymer in the mitochondrial matrix and emit red
fluorescence, while when MMP decreases, JC-1appears as a monomer
in the cytosol and emit green fluorescence. In Figure 4B, H2O2
promoted mitochondrial depolarization (green fluorescence), which,
however, was relieved by quercetin in a dose-dependent manner.
Bcl-2 family plays an important role in mitochondrial apoptosis,
especially in maintaining MMP and inhibiting mitochondria related
caspase apoptosis pathway. We further examined the changes of
pro-apoptotic protein Bax and anti-apoptotic protein Bcl-2, western
blot indicated that H2O2 upregulated the expression of Bax and
downregulated the expression of Bcl-2, but quercetin weakened these
effects in a dose dependent manner (Figure 4C).

Figure 4 Quercetin maintained mitochondrial homeostasis in the presence of H2O2. Human ovarian GCs were treated with quercetin (2, 5, 10
μM) for 24 h, and then exposed to H2O2 (250 μM) for 2 h. (A) The mitochondrial structure of KGN cells was observed under a TEM. (B)
Mitochondrial depolarization was tested by JC-1 staining. (C) The expression of Bax and Bcl-2 proteins was examined by western blot. Data were
presented as mean ± SEM from independent experiments performed in triplicate. Data were compared between groups by one-way ANOVA and
Tukey post-test. ##P < 0.01, ###P < 0.001, relative to control group; *P < 0.05, **P < 0.01, ***P < 0.001, relative to H2O2 group. H2O2, hydrogen
peroxide; KGN, human ovarian granulosa tumor cell line; GCs, Granulosa cells; TEM, transmission electron microscope; ANOVA, analysis of
variance.
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Discussion

Remarkably prolonged human life renders aging-related problems
more prominent [25]. Ovary tends to age earlier and faster than other
body organs, which is also considered a trigger for female aging [26].
The aging process of the ovary is complex and influenced by many

factors [27]. The free radical theory has been a classic theory in aging
research, and it is also the most influential theory [28]. H2O2 easily
diffuse through the cell membrane and cause oxidative damage to
cells, which is often be used as a strong oxidant and conduct relevant
research. As shown in Figure 2, our study demonstrated that H2O2
upregulated the ROS level and caused GSH depletion, which reflected
that H2O2 induced oxidative stress in cells. However, quercetin as a
common antioxidant could effectively curb the responses, which
suggested that quercetin might be an effective medicine for ovarian
aging.
Ovarian aging is often accompanied by an increase in granulosa

cells apoptosis, and reducing the apoptosis may delay ovarian aging
[28]. In our study, as shown in Figure 1, we first demonstrated that
H2O2 lowers the cell viability and promotes the release of LDH in KGN
cells, which could reflect that H2O2 induced cells injury, and this is
partially consistent with the other research, but quercetin could
attenuate the cells injury induced by H2O2 [29]. In order to
demonstrate the protective effect of quercetin, as shown in Figure 3A
and Figure 3B we further detected the cells apoptosis by Hoechst
33258 and AO/EB staining analysis, and the results suggested that
quercetin could effectively reduce apoptosis induced by H2O2. We also
detected the caspase9/3 pathway, and the results showed that
quercetin alleviated H2O2 induced apoptosis via the caspase-3/9
pathway (Figure 3C). These results implied that quercetin could block
granulosa cells apoptosis via the caspase-9/3 pathway, through which
quercetin might achieve protective effect on ovarian function.
Mitochondria play an essential role in ovarian follicle development

and early embryonic development. Decreased ovarian functions also
has severe adverse effects on mitochondrial homeostasis as well as the
state of oocytes and peripheral granulosa cells, and mitochondria
damage can also lead to oxidative stress and cell injury [30]. To
further explore the cellular protective mechanism of quercetin, we
first observed the mitochondrial structure of KGN cells under TEM, the
results showed that H2O2 induced mitochondrial swelling,
vacuolization, and fragmentation, but quercetin could alleviate the
damage (Figure 4A). We also observed the mitochondrial membrane
potential and found that H2O2 could lead to mitochondrial
depolarization, similar result has been seen in other study, but
quercetin could reverse it effectively (Figure 4B) [31]. The Bcl-2
family is the central regulator of mitochondrial membrane
permeability. The ratio of Bax/Bcl-2 changes mitochondrial
membrane permeability and affects the mitochondrial membrane
potential [32]. Our further study demonstrated that quercetin
markedly upregulates Bcl-2 expression and downregulates Bax
expression under the action of H2O2. These results indicated that
quercetin maintained mitochondrial homeostasis under oxidative
stress, and the cellular protective mechanism of quercetin might be
related to this.

Conclusion

Quercetin, as a bioactive flavonoid present in medicinal plants and
food, can effectively protect KGN cells from H2O2 induced apoptosis.
This protective effect may be related to maintaining mitochondrial
homeostasis and blocking mitochondrial dependent cell apoptosis, but
the specific mechanism needs further research. The findings of this
study suggest that quercetin may be a potential protective agent
against ovarian aging.

References

1. Natalia L, Christopher H. Reproductive Longevity and Aging:
Geroscience Approaches to Maintain Long-Term Ovarian

Fitness. J Gerontol A Biol Sci Med Sci 2021;76(9):1551–1560.
Available at:
https://doi.org/10.1093/gerona/glaa204

2. Smits MAJ, Janssens GE, Goddijn M, Hamer G, Houtkooper RH,
Mastenbroek S. Longevity pathways are associated with human
ovarian ageing. Hum Reprod Open 2021;2021(2):hoab020.
Available at:
http://doi.org/10.1093/hropen/hoab020

3. Shuster LT, Rhodes DJ, Gostout BS, Grossardt BR, Rocca WA.
Premature menopause or early menopause: Long-term health
consequences. Maturitas 2010;65(2):161–166. Available at:
http://doi.org/10.1016/j.maturitas.2009.08.003

4. Faubion SS, Kuhle CL, Shuster LT, Rocca WA. Long-term health
consequences of premature or early menopause and
considerations for management. Climacteric
2015;18(4):483–491. Available at:
http://doi.org/10.3109/13697137.2015.1020484

5. Zhang JJ, Liu X, Chen L, et al. Advanced maternal age alters
expression of maternal effect genes that are essential for human
oocyte quality. Aging (Albany NY) 2020;12(4):3950–3961.
Available at:
http://doi.org/10.18632/aging.102864

6. Kim KH, Kim EY, Kim GJ, et al. Human placenta-derived
mesenchymal stem cells stimulate ovarian function via miR-145
and bone morphogenetic protein signaling in aged rats. Stem
Cell Res Ther 2020;11(1):472. Available at:
http://doi.org/10.1186/s13287-020-01988-x

7. Park S U, Walsh L, Berkowitz KM. Mechanisms of ovarian aging.
Reproduction 2021;162(2):R19–R33.

8. Jaswa EG, McCulloch CE, Simbulan R, Cedars MI, Rosen MP.
Diminished ovarian reserve is associated with reduced euploid
rates via preimplantation genetic testing for aneuploidy
independently from age: evidence for concomitant reduction in
oocyte quality with quantity. Fertil Steril 2021;115(4):966–973.
Available at:
http://doi.org/10.1016/j.fertnstert.2020.10.051

9. Becatti M, Fucci R, Mannucci A, et al. A Biochemical Approach
to Detect Oxidative Stress in Infertile Women Undergoing
Assisted Reproductive Technology Procedures. Int J Mol Sci
2018;19(2):592. Available at:
http://doi.org/10.3390/ijms19020592

10. Li YJ, Han Z, Ge L, et al. C-phycocyanin protects against low
fertility by inhibiting reactive oxygen species in aging mice.
Oncotarget 2016;7(14):17393–17409. Available at:
http://doi.org/10.18632/oncotarget.8165

11. Narayanan LL, Zhuangli Y, Fang NL, et al. Clonal expansion of
mitochondrial DNA deletions is a private mechanism of aging in
long‐lived animals. Aging Cell 2018,17(5):e12814. Available at:
http://doi.org/10.1101/273326

12. Liu X, Lin X, Mi Y, Li J, Zhang C. Grape Seed Proanthocyanidin
Extract Prevents Ovarian Aging by Inhibiting Oxidative Stress in
the Hens. Oxid Med Cell Longev 2018;2018:9390810. Available
at:
http://doi.org/10.1155/2018/9390810

13. Xu Y, Nisenblat V, Lu C, et al. Pretreatment with coenzyme Q10
improves ovarian response and embryo quality in low-prognosis
young women with decreased ovarian reserve: a randomized
controlled trial. Reprod Biol Endocrinol 2018;16(1):29. Available
at:
http://doi.org/10.1186/s12958-018-0343-0

14. Yang G, Yao G, Xu Z, et al. Expression Level of ADAMTS1 in
Granulosa Cells of PCOS Patients Is Related to Granulosa Cell
Function, Oocyte Quality, and Embryo Development. Front Cell
Dev Biol 2021;9:647522. Available at:
http://doi.org/10.3389/fcell.2021.647522

15. Guo J, Zhang T, Guo Y, et al. Oocyte stage-specific effects of
MTOR determine granulosa cell fate and oocyte quality in mice.
Proc Natl Acad Sci USA 2018;115(23):E5326–E5333. Available
at:

https://orcid.org/0000-0002-0724-9293
https://orcid.org/0000-0002-2048-0780
https://doi.org/10.53388/TMR20230803002


ARTICLE
Traditional Medicine Research 2024;9(2):7. https://doi.org/10.53388/TMR20230803002

7Submit a manuscript: https://www.tmrjournals.com/tmr

http://doi.org/10.1073/pnas.1800352115
16. Fan Y, Chang Y, Wei L, et al. Apoptosis of mural granulosa cells

is increased in women with diminished ovarian reserve. J Assist
Reprod Genet 2019;36(6):1225–1235. Available at:
http://doi.org/10.1007/s10815-019-01446-5

17. Mohammed SZ, Lea L, Dessie SW, et al. Cellular and exosome
mediated molecular defense mechanism in bovine granulosa
cells exposed to oxidative stress. Plos One
2017;12(11):e0187569. Available at:
http://doi.org/10.1371/journal.pone.0187569

18. Li L, Wu J, Luo M, Sun Y, Wang G. The effect of heat stress on
gene expression, synthesis of steroids, and apoptosis in bovine
granulosa cells. Cell Stress Chaperones 2016;21(3):467–475.
Available at:
http://doi.org/10.1007/s12192-016-0673-9

19. Khadrawy O, Gebremedhn S, Salilew-Wondim D, et al.
Endogenous and Exogenous Modulation of Nrf2 Mediated
Oxidative Stress Response in Bovine Granulosa Cells: Potential
Implication for Ovarian Function. Int J Mol Sci 2019;20(7):1635.
Available at:
http://doi.org/10.3390/ijms20071635

20. Yi X, Guo W, Shi Q, et al. SIRT3-Dependent Mitochondrial
Dynamics Remodeling Contributes to Oxidative Stress-Induced
Melanocyte Degeneration in Vitiligo. Theranostics
2019;9(6):1614–1633. Available at:
http://doi.org/10.7150/thno.30398

21. Muangnoi C, Phumsuay R, Jongjitphisut N, et al. Protective
Effects of a Lutein Ester Prodrug, Lutein Diglutaric Acid, against
H2O2-Induced Oxidative Stress in Human Retinal Pigment
Epithelial Cells. Int J Mol Sci 2021;22(9):4722. Available at:
http://doi.org/10.3390/ijms22094722

22. Okamoto N, Sato Y, Kawagoe Y, Shimizu T, Kawamura K.
Short-term resveratrol treatment restored the quality of oocytes
in aging mice. Aging (Albany NY) 2022;14(14):5628–5640.
Available at:
http://doi.org/10.18632/aging.204157

23. Wang J, Qian X, Gao Q, et al. Quercetin increases the
antioxidant capacity of the ovary in menopausal rats and in
ovarian granulosa cell culture in vitro. J Ovarian Res
2018;11(1):51. Available at:

http://doi.org/10.1186/s13048-018-0421-0
24. Cao Y, Zhao H, Wang Z, et al. Quercetin promotes in vitro

maturation of oocytes from humans and aged mice. Cell Death
Dis 2020;11(11):965. Available at:
http://doi.org/10.1038/s41419-020-03183-5

25. Yang J, Huang T, Song W, et al. Discover the network
mechanisms underlying the connections between aging and
age-related diseases. Sci Rep 2016;6(1):32566. Available at:
http://doi.org/10.1038/srep32566

26. Zhang J, Chen Q, Du D, et al. Can ovarian aging be delayed by
pharmacological strategies? Aging (Albany NY) 2019 Jan 23;
11(2):817–832. Available at:
https://doi.org/10.18632/aging.101784

27. Spears N, Lopes F, Stefansdottir A, et al. Ovarian damage from
chemotherapy and current approaches to its protection. Hum
Reprod Update 2019;25(6):673–693. Available at:
http://doi.org/10.1093/humupd/dmz027

28. Lim J, Luderer U. Oxidative Damage Increases and Antioxidant
Gene Expression Decreases with Aging in the Mouse Ovary. Biol
Reprod 2010;84(4):775–782. Available at:
http://doi.org/10.1095/biolreprod.110.088583

29. Hack CT, Buck T, Bagnjuk K, et al. A Role for H2O2 and TRPM2
in the Induction of Cell Death: Studies in KGN Cells.
Antioxidants (Basel) 2019;8(11):518. Available at:
http://doi.org/10.3390/antiox8110518

30. Colella M, Cuomo D, Peluso T, et al. Ovarian Aging: Role of
Pituitary-Ovarian Axis Hormones and ncRNAs in Regulating
Ovarian Mitochondrial Activity. Front Endocrinol (Lausanne)
2021;12:791071. Available at:
http://doi.org/10.3389/fendo.2021.791071

31. MacDonald JA, Kura N, Sussman C, Woods DC. Mitochondrial
membrane depolarization enhances TRAIL-induced cell death in
adult human granulosa tumor cells, KGN, through inhibition of
BIRC5. J Ovarian Res 2018;11(1):89. Available at:
http://doi.org/10.1186/s13048-018-0463-3

32. Suraweera CD, Banjara S, Hinds MG, Kvansakul M. Metazoans
and Intrinsic Apoptosis: An Evolutionary Analysis of the Bcl-2
Family. Int J Mol Sci 2022;23(7):3691. Available at:
http://doi.org/10.3390/ijms23073691

https://orcid.org/0000-0002-0724-9293
https://orcid.org/0000-0002-2048-0780
https://doi.org/10.53388/TMR20230803002

	Background
	On account of postponing pregnancy resulted from e
	A number of theories have been put forward to expl
	Granulosa cells (GCs) plays an important role in f
	Natural products-originated antioxidants outperfor
	In the present study, the hypothesis that querceti
	Materials and methods
	Materials
	Standard quercetin with purity > 98 (Cat No. 117-3
	Cell culture
	Human ovarian granulosa tumor cell line (KGN) supp
	CCK-8 assay and LDH assay
	KGN cells were seeded in a density of 50,000 cells
	Cellular level measurement for ROS
	KGN cells were seeded in a density of 50,000 cells
	Measurement of intracellular reduced GSH levels
	KGN cells were seeded in a density of 50,000 cells
	Morphology of mitochondria observed under a transm
	KGN cells were seeded in a density of 50,000 cells
	Mitochondrial membrane potential (MMP) analysis (b
	KGN cells were seeded in a density of 50,000 cells
	Hoechst 33258 staining and AO/EB staining
	KGN cells were seeded in a density of 50,000 cells
	Mixed AO with EB in 1:1, then diluted with PBS (AO
	Western blot analysis
	KGN cells were pre-treated with quercetin for 24 h
	Statistical analysis
	Dates obtained from at least three independent exp
	Results
	Quercetin prevented H2O2 from injuring KGN cells
	Cells were treated with quercetin (2, 5, 10 μM) fo
	Quercetin inhibited oxidative stress induced by H2
	ROS production was assessed by DCFDA staining and 
	Quercetin alleviated H2O2 induced KGN cells apopto
	To further investigate the role of apoptosis in KG
	Acridine orange/ethidium bromide (AO/EB) double st
	Figure 1 Quercetin prevents H2O2 from injuring KGN
	Figure 2 Quercetin inhibits oxidative stress induc
	Figure 3 Quercetin alleviated H2O2 induced KGN cel
	analysis further confirmed this result. AO can pen
	Quercetin maintained mitochondrial homeostasis in 
	The mitochondrial structure of KGN cells was obser
	Figure 4 Quercetin maintained mitochondrial homeos
	Discussion
	Remarkably prolonged human life renders aging-rela
	The aging process of the ovary is complex and infl
	Ovarian aging is often accompanied by an increase 
	Mitochondria play an essential role in ovarian fol
	Conclusion
	Quercetin, as a bioactive flavonoid present in med
	References

