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Ginsenoside Rgl improves pathological damages by activating
the p21-pS3-STK pathway in ovary and Bax-Bcl2 in the uterus
in premature ovarian insufficiency mouse models
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Abstract. The aim of the present study was to investigate the
effects of the ginsenoside Rgl on D-galactose (D-gal)-induced
mouse models of premature ovarian insufficiency (POI) and
the related mechanisms. C57BL/6 female mice were randomly
grouped into the following: i) D-gal [subcutaneously (s.c.)
200 mg/kg/d D-gal for 42 days]; ii) Rgl [intraperitoneally (i.p.)
20 mg/kg/d Rgl for 28 days]; iii) D-gal + Rgl (s.c. 200 mg/kg/d
D-gal for 42 days followed by i.p. 20 mg/kg/d Rgl for 28 days);
and iv) saline groups (equivalent volume of saline s.c. and i.p.).
Hematoxylin and eosin staining and electron microscopy were
used to analyze uterine and ovarian morphology. Expression
levels of senescence factors (p21, p53 and serine/threonine
kinase), secretion of pro-inflammatory cytokines [interleukin
(IL)-6, tumor necrosis factor (TNF)-o and IL-18] and the
activities of oxidation biomarkers [superoxide dismutase
(T-SOD), malondialdehyde (MDA) and glutathione peroxidase
(GSH-px)] were analyzed. The results showed that mice in
the Rgl + D-gal group had significantly higher uterine and
ovarian weight compared with those in the D-gal group. Uterus
morphology was also improved, based on the comparison
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between the D-gal group and the Rgl + D-gal group. In addi-
tion, the Rgl treatment after D-gal administration significantly
decreased the expression of senescence-associated factors,
enhanced the activities of anti-oxidant enzymes total T-SOD
and GSH-px in addition to reducing TNF-a, IL-18, MDA
and IL-6 (based on the comparison between the D-gal group
and the Rgl + D-gal group). In conclusion, the present study
suggested that the ginsenoside Rgl improved pathological
damages in the ovary and uterus by increasing anti-oxidant
and anti-inflammatory abilities whilst reducing the expression
of senescence signaling pathways in POI mouse models.

Introduction

In recent years, due to the environmental pollution, as well
as increasing living and working pressure, premature ovarian
insufficiency (POI) and female infertility have become a
global issue (1,2). POI is defined as the cessation of ovarian
function, which usually occurs before the age of 40 and is
characterized by reduced estrogen levels and elevated gonad-
otropin levels (3). It has been previously reported that the
incidence of POI in females <40 years of age is ~1% whereas
incidence for females aged <30 years is 1 (4,5). In addition,
among female patients with POI, 10-28% would experience
primary amenorrhea whilst 4-18% would exhibit secondary
amenorrhea (4,5).

The pathogenesis of POI remains poorly understood (6).
At present, follicle donation and hormone replacement
therapy (HRT) are the primary treatment methods for POI (7).
In particular HRT can also relieve the symptoms of POI.
However, the clinical application of HRT is limited due to the
increased risk of endometrial cancer, breast cancer, vaginal
bleeding, liver and kidney function impairment and vascular
embolism (8). Therefore, it would be of great value to identify
novel agents that confer little to no side effects but can signifi-
cantly improve the symptoms in a similar manner to HRT.
The ginsenoside Rgl is a natural estrogen that has various
reported pharmacological anti-oxidation and anti-aging
effects (9,10). Previous studies (11-13) demonstrated that
unlike synthetic estrogen, Rgl would not increase the risk of
breast cancer and endometrial cancer (14-16). Mitochondrial
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oxidative stress can be treated by enhancing endogenous
antioxidants (17,18). However, it remains unknown whether
senescence of the reproductive system can be delayed by Rgl
by enhancing the anti-oxidation pathway in a D-galactose
(D-gal)-induced rodent aging model.

D-gal is an agent that has been widely recognized to
induce aging and has been previously used for the establish-
ment of animal models of aging in various organs (19,20). To
date, ~400 articles have been reported using this model. It has
also been reported that female individuals (fish, fruit flies,
rats and mice) with galactosemia would eventually develop
POI (21). The mechanisms underlying POI would likely be
revealed by investigating individuals with galactosemia (22).
Continuous injection of D-gal elevates galactose levels, leading
to the further accumulation of free radicals and subsequent
oxidative damage, resulting in the acceleration of the aging
process of cells (20). The mechanism of this type of aging
process is similar to that of natural aging (23). Additionally, a
D-gal-induced aging model is easy to establish (24). Therefore,
aD-gal-induced aging model can be regarded to be an adequate
model for the investigation into the mechanisms underlying
ovary aging.

The p53-p21-serine/threonine kinase (STK) pathway is an
important signal transduction pathway involved in the aging
process (25). This signaling pathway is associated with the
p53-mediated DNA stress damage and repairing (26). The P53
gene is atumor suppressor gene thatencodes the p53 protein and
serves a decisive role in repairing stress-induced DNA damage
and the maintenance of gene and genome stability (27). P53
expression is low in normal cells, but can be activated when
cells are under stress in conditions such as DNA repair and
apoptosis (28). In turn, the p53-encoded product can regulate
Bax expression, which may mediate pS3-dependent apoptosis.
In addition, p53 can indirectly induce apoptosis by downregu-
lating Bcl2 expression (29). Therefore, apoptosis and aging are
processes that are mutually associated. The detection of STK,
p21, p53, Bcl2 and Bax of the apoptosis signaling pathway
may be useful in understanding the possible mechanisms of
D-gal-induced uterine aging.

In the present study, an aging model was established in
mice by D-gal treatment, following which the effects of Rgl
on the histopathology of the ovary and uterus were investi-
gated. The weights of the uterus and ovary, and the expression
of oxidative stress and inflammatory biomarkers in the uterus
and ovary were then measured and analyzed.

Materials and methods

Study animals. In total, 100 C57BL/6 female mice (SPF grade),
6-8-weeks old, weighing 20+2 g (ranging from 18 to 20 g)
were obtained from the Medical and Laboratory Animal
Center of Chongqing (Chongqing, China). These animals were
housed in standard conditions, in a 12/12 h dark/light cycle, at
18-20°C, with free access to food and water. All animal experi-
mental procedures were approved by the Institutional Animal
Care and Use Committee of Chongqing Medical University.
All surgeries were performed under sodium pentobarbital
anesthesia. Reduced heart rate and decreased respiration rate
were used as the main humane endpoints to determine when
animals should be euthanized. ‘Guidelines for euthanasia of

experimental animals’ were followed to minimize suffering
and distress of animals (30).

The mice were subsequently divided into the following four
groups randomly (n=25 mice per group): (i) The D-gal group,
where the mice were subcutaneously (s.c.) injected with D-gal
(200 mg/kg/d for 42 days) and intraperitoneally (i.p.) injected
with an equivalent volume (2 ml) of saline (daily from day 15
onwards for 28 days); ii) the Rgl group, where the mice were
first s.c. injected with an equivalent volume (2 ml) of saline
(daily for 14 days), followed by an i.p. injection of 20 mg/kg/d
ginsenoside Rgl daily for 28 days (cat. no. RSZD-121106;
purity, 98.3%; dissolved in ddH,O; Xi'an Haoxuan Biological
Technology Co., Ltd.); iii) the Rgl + D-gal group, where the
mice were first s.c. injected with only D-gal (200 mg/kg/d
daily for 42 days), followed by a combination treatment with
i.p. Rgl injection (20 mg/kg/d, daily), for another 28 days);
and iv) the saline group (negative control), where the mice
received equivalent volume of saline (s.c. and i.p.) at the same
time points.

After 42 days of injection, the mice were anaesthetized
with 2-3% isoflurane in a specialized chamber (31,32). When
the limbs of the mice were paralyzed and their breathing
slowed down, they were taken out of the inducing chamber.
The corneal and pain reflexes of mice were then examined.
If both corneal and pain reflexes were absent, the mice were
considered to be under full anesthesia. Once anaesthetized,
their eyeballs were quickly removed and whole blood samples
were collected, following which the mice were sacrificed by
hemorrhagic shock. Animal death was confirmed by observing
cardiac and respiratory arrest for 3-5 min before the ovaries
and uterus tissues were removed and weighed.

Microscopy preparation. For light microscopy, specimens
were fixed in 10% neutral formalin (at room temperature
for 24 h) and embedded with paraffin. The specimens were
sectioned (3-4 ym), which were then subjected to hematoxylin
and eosin (H&E), Gomori's trichrome and van Gieson elastic
staining.

For electron microscopy, specimens were promptly fixed
in 4% glutaraldehyde with 0.1 M cacodylate buffer (at 4°C for
>2 h) and fixed in 1.0% osmium tetroxide (at 4°C for 1 h). After
dehydration using an ascending ethanol gradient followed by
propylene oxide, the specimens were embedded in Epon 812
(Beijing XinWangWeiTuo Technology Co., Ltd.). After
sectioning, the specimens were cut into ultra-thin sections
using a Porter-Blum MT-2 ultramicrotome and stained with
uranyl acetate and lead citrate (at 60°C for 24 h). These sections
were observed under a Hitachi HU-11D electron scanning
microscope.

H&E staining. On the last day of drug administration (day 42),
animals were sacrificed under anesthesia and the uterus and
ovary tissues were removed from each animal. The tissues
were fixed with 4% paraformaldehyde at 4°C overnight, dehy-
drated using an ascending ethanol gradient followed by xylene
and embedded in paraffin. The embedded tissues were then
cut into 5-um thick continuous sections, which were stained
with H&E (at 4°C for 24 h). The number of ovarian follicles
was analyzed with a light microscope using the Image-Pro
Plus 6.0 software (Media Cybernetics, Inc.).
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Figure 1. Effects of Rgl treatment on the weight of ovary and uterus tissues. Effects of Rgl on (A) ovary and (B) uterus weights were evaluated. ‘P<0.05 vs.

D-gal. Rgl, ginsenoside Rgl; D-gal, D-galactose.

Chemical colorimetric analysis. On day 42, ovary and uterus
tissues were collected and lysed with RIPA lysis buffer
(cat.no.P0013B; Beyotime Institute of Biotechnology) for 30 min
on ice. After centrifugation at 10,000 x g at 4°C for 10 min, the
supernatant was collected. The activities or contents of oxida-
tion-associated biomarkers superoxide dismutase (T-SOD;
cat. no. A0O1-3), malondialdehyde (MDA; cat. no. A003-1)
and glutathione peroxidase (GSH-px; cat. no. A0O05) were
measured using corresponding chemical colorimetric assay
kits (Nanjing Jiancheng Bioengineering Institute).

ELISA. The levels of interleukin (IL)-6 (cat. no. EK0411),
tumor necrosis factor (TNF)-a (cat. no. EK0527) and IL-1p
(cat. no. EK0394; all purchased from Wuhan Boster Biological
Technology, Ltd.) in tissue lysates of the ovary and uterus
were measured using corresponding ELISA kits in accordance
with the manufacturer's protocols. In addition, the contents of
estradiol 2 (E2; cat. no. EK7003), follicle-stimulating hormone
(FSH; cat. no. EK0302) and anti-mullerian hormone (AMH,;
cat. no. EK1037) were also detected using the corresponding
kits (Wuhan Boster Biological Technology, Ltd.) according to
the manufacturer's protocols.

Reverse transcription-quantitative PCR (RT-qPCR). Ovary
and uterus tissues were first harvested before total RNA was
extracted using the TRIzol® reagent (Biolab Biotechnology
Co., Ltd.). ReverTra Ace-a™ first strand cDNA synthesis
kit (Toyobo Life Science) was used for reverse transcription
(denaturation at 94°C and annealing at 55°C). qPCR was
subsequently performed using the CFX96 Real-Time PCR
detection kit (Biolab Biotechnology Co., Ltd.) was used
with the following conditions: Initial denaturation at 94°C
for 5 min, followed by 35 cycles of denaturation at 94°C for
20 sec, annealing at 55°C for 30 sec, and extension at 72°C for
30 sec. The primer sequences were as follows: p21 forward,
5-AGTGTGCCGTTGTCTCTTCG-3' and reverse, 5'-ACA
CCAGAGTGCAAGACAGC-3'" p53 forward, 5'-AGAGAC
CGCCGTACAGAAGA-3' and reverse, 5-CTGTAGCAT
GGGCATCCTTT-3" STK forward, 5'-GTCGCAGGTTCT
TGGTCACT-3' and reverse, 5'-CGAATCTGCACCGTAGTT
GA-3'; Bax forward, 5~AAACTGGTGCTCAAGGCCCT-3'
and reverse, 5~ AGCAGCCGCTCACGGAG-3"; Bcl-2 forward,
5'-AGCGACGAGAGAAGTCATCC-3' and reverse, 5-CTG

TAGCATGGGCATCCTTT-3'; and GAPDH forward, 5'-GCA
AAGTGGAGATTGTTGCC-3' and reverse, 5-CCGTATTCA
TTGTCATACCA-3'. The 224% method was used to calculate
relative expression levels of target genes (33).

Statistical analysis. Data were presented as the mean + SD.
Statistical analysis was performed with SPSS 17.0 software
(SPSS, Inc.). One-way ANOVA was performed for group
comparisons followed by Tukey's test. P<0.05 was considered
to indicate a statistically significant difference.

Results

Rgl increases the weight coefficient of ovary and uterus. To
investigate the effects of Rgl on the mouse POI model, the
weights of ovary and uterus were analyzed after D-gal and/or
Rgl administration. D-gal treatment significantly reduced the
ovary and uterus weight compared with that in the saline
group (Fig. 1). In addition, the weights of these two organs
in the Rgl + D-gal group exhibited increases compared with
those in the D-gal group, suggesting that the inhibitory effects
of D-gal were reversed by the injection of Rgl. However, no
significant difference was found between the Rgl and saline
groups (Fig. 1). Therefore, these data suggest that Rgl can
improve the general condition of POI model mice.

Rgl improves pathological damages in the ovary and uterus.
Pathological changes in the ovary and uterus were evalu-
ated by the H&E staining (Fig. 2) and electron microscopy
(Fig. 3). As shown in Fig. 2A, the pathological changes in
uterine muscles induced by D-gal were improved by Rgl
treatment. Statistically, the endometrial thickness of the Rgl
group was significantly higher than the D-gal group (P<0.05;
Fig. 2B). Electron microscopy showed that large quantities of
myeloid bodies could be observed in the granule cells with
nuclear brittle fissure, nuclear dissolution and nucleation in the
granule cells in uterus tissues from the D-gal group (Fig. 3).
Additionally, there was necrotic tissue in the ovarian stroma in
the D-gal group. However, none were observed in tissues from
the Rgl, Rgl + D-gal or saline groups. There were also large
numbers of myeloid bodies and fibrosis in the uterine muscle
from the D-gal group, which were found to be improved in that
of Rgl, Rgl + D-gal and saline groups. These results suggest
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Figure 2. Rgl treatment reduces reproductive uterus injuries in POI mice. (A) H&E staining was used to assess pathological changes in the uterus, which were
improved in the uterine muscle from mice in the Rgl, Rgl + D-gal and saline groups. Red arrows indicate the location of the endometrium. Scale bar, 100 pm.
(B) Statistical analysis of H&E staining results (n=3). "P<0.05 vs. D-gal. POI, premature ovarian insufficiency; Rgl, ginsenoside Rgl; D-gal, D-galactose.
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Figure 3. Pathological changes in the uterus and ovary as evaluated using electron microscopy. (A) In the uterus, the endometrial glands were found in the
Rgl + D-gal group as indicated by arrow 1 and 2 shows the myeloid bodies in the granule cells. (B) There were also large amounts of myeloid bodies in the
granule cells of the ovary, as indicated by red arrow 3. (C) In the granule cells of the D-gal group, arrow 4 indicates nuclear brittle fissure, arrow 5 shows
nuclear dissolution and arrow 6 indicates nucleation. However, none of these features could be observed in the Rgl, Rgl + D-gal or saline groups. Furthermore,
there were large numbers of myeloid bodies and larger extent of fibrosis in the uterine muscle in the D-gal group, as indicated by arrow 7, which were improved
in the uterine muscle of Rgl, Rgl + D-gal and saline groups. Magnification, x4. Rgl, ginsenoside Rgl; D-gal, D-galactose.

that Rgl can alleviate pathological damage in the ovary and
uterus of mice following D-gal induced POI.

Rgl treatment upregulates the levels of E2, FSH and AMH in
serum. Hormone levels after Rgl treatment in the POI models
were next investigated. On day 42 of administration, there were
significantly lower AMH and E2 levels and significantly higher
FSH levels in the D-gal group compared with those in the other
three groups (Fig. 4). By contrast, Rgl + D-gal group exhibited
comparable levels of these hormones compared with those in

the saline and Rgl groups (Fig. 4). This observation suggests
that Rgl serves an anti-aging role in this D-gal-induced POI
mouse model.

Rgl improves the ovarian damage induced by D-gal. The
role of Rgl on ovarian follicle maturation was examined
further using H&E staining. The numbers of primary,
secondary, sinus follicles and corpus luteum (CL) in the
Rgl + D-gal group were higher compared with those in the
D-gal group (Fig. 5). At day 42 after D-gal administration,
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Figure 4. ELISA analysis of E2, FSH and AMH. On day 42, serum levels of (A) E2, (B) FSH and (C) AMH were measured using ELISA. "P<0.05 vs. D-gal.
Rgl, ginsenoside Rgl; D-gal, D-galactose; E2, estradiol 2; FSH, follicle-stimulating hormone; AMH, anti-mullerian hormone.
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Figure 5. H&E staining of ovarian follicles. On day 42, ovaries were harvested and subjected to the H&E staining. (A) Representative H&E images (magnifica-
tion, x4). Arrow 1 indicates the primary follicle, arrow 2 indicates the secondary follicle, arrow 3 indicates the sinus follicle and arrow 4 indicates the location
of corpus luteum. (B) Follicle numbers were then counted. "P<0.05 vs. D-gal. Rg1, ginsenoside Rgl; D-gal, D-galactose.

Rgl, Rgl + D-gal and saline groups exhibited follicles of
different stages and CL. However, a distinct ovary architec-
ture was observed in the D-gal group, where the ovary mass
was reduced and there were no small follicles, CL or antral
follicles (Fig. 5A). In addition, ovaries from the D-gal + Rgl
group exhibited significantly more CL, antral follicles and
growing follicles compared with those in the D-gal group
(Fig. 5B). Ovaries from the saline, Rgl and Rgl + D-gal
groups also demonstrated similar follicle numbers without
significant differences among each other (Fig. 5B). These
results suggest that Rgl can improve the ovarian damages
induced by D-gal treatment in POI mice.

Anti-oxidative effects of Rgl on ovary and uterus of POI
mice. The anti-oxidative effects of Rgl were next evaluated by
measuring GSH-Px activity, MDA content and T-SOD activity

in the ovary and uterus. Compared with those in the saline
group, tissues from the D-gal group had significantly reduced
GSH-Px and T-SOD activities, but significantly increased
MDA content (Fig. 6). However, these effects aforementioned
were found to be significantly reversed by Rgl (Fig. 6). These
results suggest that Rgl exerts anti-oxidative effects by
enhancing the activities of endogenous anti-oxidative defense
enzymes.

Rgl decreases pro-inflammatory cytokines levels in POI
mice. Chronic inflammation in the ovary and uterus is associ-
ated with POI (4). Therefore, TNF-a, IL-6 and IL-1f levels
in the ovary and uterus tissues were subsequently measured
using ELISA. Tissues from the D-gal + Rgl group exhibited
significantly reduced TNF-a, IL-6 and IL-1f levels compared
with those in the D-gal group (Fig. 7). This suggests that Rgl
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treatment alleviates inflammation in D-gal-induced aging in
the ovary and uterus.

Rgl affects aging-related signaling pathways in ovary and
uterus. To determine whether Rgl could affect the signaling
pathways related to aging in the uterus (Bax-Bcl-2) and ovary
(p53-p21-STK) (34,35), RT-qPCR was performed. The relative
mRNA expression levels of Bax in the uterus, and p53, p21 and
STK in the ovary tissues of the D-gal group were significantly
higher compared with those in the Rgl group (Fig. 8). By
contrast, the relative mRNA expression levels of Bcl-2 in the
uterus of the D-gal group were significantly lower compared
with those in the Rgl group (Fig. 8). These results suggest that
Rgl can reverse the changes in the relative mRNA expression
of Bax, p53, p21, STK and Bcl-2 induced by D-gal in POI
mouse models.

Discussion

Aging is the phenomenon of degenerative changes in the
structure and function of human cells and tissues, which is an
inevitable biological process (36). The main manifestations of
this process include organ weight loss, cell atrophy, cytoplasmic
pigmentation, reduced functional metabolism, weakened adap-
tive capacity and low disease resistance (37). Investigation on
aging has become a research hotspot (38). POI represents a
spectrum of disorders in the female reproductive system that
leads to ovarian dysfunction (39). Its clinical criteria primarily
include: i) Secondary amenorrhea for =4 consecutive months;
ii) elevated FSH level (FSH >25 U/1, for two times, with the
time interval >4 weeks); and iii) low estradiol levels before
the age of 40 years (40). POI can result in senile dementia,
osteoporosis and climacteric syndrome in female individuals,
seriously affecting their health (41). It eventually develops into
premature ovarian failure (FSH >40 U/l) and the decreased
estrogen levels, which is accompanied by varying degrees of
perimenopausal symptoms and represents the end stage of
POI (42). However, its pathogenesis remains unclear.
Ginsenoside Rgl can be isolated from Panax ginseng and
has been used in traditional Chinese medicine for >2,000 years.

Rgl has been documented to confer a range of effects on aging
rats and mice, including increasing mass index of uterus and
ovary, amelioration of perimenopausal syndromes, recovery
of estrous cycle, and promotion of hormone secretion (43,44).
In addition, Rgl also exhibits antioxidant and prolifera-
tion-promoting activities (43). Except for ovary and uterus,
D-gal administration has been previously demonstrated to
cause inflammatory damage to the liver, lungs and spleen (43).
D-gal aging model was previously established (45). In the
present study, this model was used to investigate the potential
anti-aging effects of Rg-1 on POI. Following treatment with
D-gal, high quantities of myeloid bodies, nuclear brittle fissure,
nuclear dissolution and nucleation were observed in the granule
cells. This was also coupled with the observation of necrotic
tissue in the ovarian stroma. In addition, myeloid bodies and
fibrosis were observed in the uterine muscle of the D-gal group
after administration of D-gal for 42 days, which was attenu-
ated by Rgl treatment. By contrast, D-gal treatment induced
serious and persistent damage in the ovaries. Additionally,
D-gal significantly decreased the secretion of sex hormones
and the numbers of ovarian follicles. These results suggest that
D-gal treatment induced ovary failure and reduced ovary func-
tion in female mice. However, Rgl administration increased
the weights of ovary and uterus in D-gal-treated mice, demon-
strating potential functional recovery in the ovary and uterus
caused by Rgl. Rgl was also found to delay ovary granular
cell senescence (Fig. 3) and prevented endometrium destruc-
tion by mediating anti-oxidant and anti-inflammatory effects.
AMH can be used as one of the biomarkers for assessing ovary
function (46), whereas follicle counts can be applied to reflect
ovary reservation (47). In addition, endocrine function can be
reflected mainly by measuring hormone levels, including FSH,
LH and E2 48).

Based on the provocative tests, dysfunctional gonads may
be observed in 75-96% of patients with galactosemia, which
may result in hypergonadotropic hypogonadism (43). This
can be explained by previous findings that galactose can
attenuate FSH bioactivity and exert direct toxic effects (49). In
addition, FSH can be used to indirectly reflect hypothalamic
response and ovary function (50). AMH is secreted by primary
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granulosa cells through the preovulatory follicles during the
late preantral stage (51) that can be used to reflect ovary
function during classic galactosemia (52). It was found in the
present study that in mice treated with D-gal, serum FSH
levels were significantly increased, whilst the serum AMH and
E2 levels were significantly reduced in a manner that could be
reversed by Rgl. Therefore, this suggests that Rgl can delay
senescence induced by D-gal.

Macroscopic ovary morphology parallels that of FSH
levels (53). Qin et al (54) previously demonstrated that the
number of oocytes was significantly decreased in female rats
after exposure to high levels of galactose during gestation.
Thakur ez al (55) demonstrated that galactitol levels may affect
follicular maturation and ovulation. In the present study, D-gal
treatment decreased follicle numbers, which was reversed by
Rgl. Serum FSH levels tend to be higher during follicle devel-
opment failure in patients with POI patients, suggesting that
FSH receptor function may be either attenuated or impaired
on granule cells, causing insensitivity to FSH stimulation and
resulting in inhibition of follicle growth (56).

Although the mechanism of aging is complex, the free
oxygen radical theory has gained increasing attention (57).
Under physiological conditions, oxygen free radicals produced
in the body are in maintained in balance by the free radical
scavenging system (58). When this balance is broken, the activi-
ties of antioxidant enzymes (SOD) is reduced (59). Excessive
generation of oxygen free radicals would result in oxidative
stress damage, leading to the increased production of the
lipid peroxide MDA and eventually cell membrane damage,
decreased tissue and organ function and subsequent aging
of the body (60). Therefore, eliminating excess oxygen free
radicals may serve to be an important strategy to delay aging.
Accumulation of galactitol during galactosemia impairs free
radical scavenging activities by interfering with glutathione
reductase (23). Therefore, antioxidant therapy may minimize
ovary and uterus damage in patients with galactosemia. In the
present study, Rgl treatment increased T-SOD and GSH-Px
activities whilst decreasing MDA content. This suggests that
Rgl can protect the ovary against D-gal-induced oxidative
stress, possibly by savaging free radicals and activating anti-
oxidant enzymes. Notably, T-SOD activities were found to be
increased in the mice treated only with Rgl compared with
the D-gal group, in line with previous studies (61-63), further
confirming the antioxidative effects of Rgl. Oocyte apoptosis
can be promoted by a number of factors, including Fas ligands,
pro-inflammatory cytokines, gonadal GnRH-like proteins and
androgens (64). In the present study, Rgl treatment inhibited
the expression of pro-inflammatory cytokines TNF-a, IL-6
and IL-1P, suggesting that it exerted anti-inflammatory and
oocyte-promoting effects.

p53 regulates p21 by modulating the expression of the
downstream gene P21/, which is a cyclin-dependent kinase
inhibitor (24). The p21 protein can in turn bind to the Cyclin-cdk
complex, thereby inhibiting its protein kinase activity towards
the retinoblastoma protein (65). Dephosphorylated Rb remains
bound to the transcriptional regulator E2F, preventing it from
activation, causing G, arrest and cell senescence (66). A
previous study has shown that the intrinsic death pathway medi-
ated by p53 can induce follicular atresia (67), where p21 could
be transcriptionally activated by this accumulation of the p53

protein (68,69). The present study found that D-gal increased
STK, p21 and p53 levels in a manner that was reversed by Rgl,
suggesting that Rgl can delay ovary aging by downregulating
the expression of senescence markers. The pro-apoptotic
protein Bax and anti-apoptotic protein Bcl-2 are common
markers of apoptosis (70). Hussein et al (71) previously found
that the Bcl-2 family member-mediated intrinsic pathway was
the main mechanism underlying uterine cellular apoptosis.
Bcl2-Bax operates antagonistically, which work by forming
homodimers or heterodimers (72). When this balance in their
expression is disrupted, they can form Bcl2-Bcl2, Bax-Bax
homodimers or even Bcl2-Bax heterodimers. If Bax levels are
high, the levels of Bax-Bax homodimers are increased, whilst
Bcl2 activity would be decreased to accelerate apoptosis (73).
By contrast, high levels of Bcl2 would lead to the formation of
Bcl2-Bax heterodimers, which are more stable compared with
homodimers and can inhibit apoptosis (74). The Bcl2/Bax
ratio serves key roles in ovarian granulocyte apoptosis (75).
The present study revealed that D-gal increased Bax expres-
sion whilst decreasing that of Bcl-2 to promote apoptosis but
Rgl treatment inhibited apoptosis by upregulating Bax and
whilst downregulating Bcl-2, which delayed ovarian aging
caused by D-gal.

In conclusion, Rgl was found to improve ovary and uterus
pathological damage in POI mouse models by promoting their
antioxidant and anti-inflammatory capacities. The underlying
molecular mechanism(s) may be associated with the activa-
tion of the p21-p53-STK signaling pathway in the ovary and
Bax-bcl2 in the uterus.
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