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Corilagin decreases insulin resistance in polycystic ovary
syndrome rat model through regulating AMPK/GSK3p pathway
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Background: This study aims to explore the effects of Corilagin on insulin resistance (IR) of polycystic
ovary syndrome (PCOS) and the underlying mechanisms.

Methods: The PCOS rat model was established by subcutaneously injected with dehydroepiandrosterone
(DHEA) of 6 mg/kg/day. Body weight and ovary weight were recorded. Serum glucose and insulin
concentration were analyzed with commercial kits. The expression of adenosine monophosphate-activated
protein kinase (AMPK) and glycogen synthase kinase 3p (GSK3p) was detected by Western blot.

Results: The results showed that DHEA could induce ovarian dysfunction of rats and Corilagin alleviated
DHEA-induced ovarian dysfunction. Corilagin reduced DHEA-induced increase of serum glucose and
insulin concentration. Corilagin increased the expression level of p-AMPK/AMPK and p-GSK3p/GSK3p of
rat ovarian induced by DHEA.

Conclusions: The present research reported the protective effects of Corilagin on PCOS, and
demonstrated the protection effect was related to decreasing IR through regulating AMPK/GSK3p pathway.
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Introduction treatment strategy to reduce IR remains a huge challenge

for PCOS research.

Polycystic ovary syndrome (PCOS) is a common ) ) o
Adenosine monophosphate-activated protein kinase

gynecological endocrine disease affecting 9-21% of

. L . AMPK) is a cellular energy sensor and participates in a
women of reproductive age, which is characterized by ( ) 8y p p

hyperandrogenism and oligo-anovulation accompany with variety of physiopathological processes including food

several comorbidities including dyslipidemia, obesity, intake, fatty acid and glucose uptake, insulin secretion,
hypertension, metabolic syndrome (MS), etc. (1). More
recently, PCOS has been recognized as an important
metabolic aberration, and 50-60% of PCOS patients suffer

from insulin resistance (IR) (2). IR characterized by a

and hepatic gluconeogenesis. Previous studies have shown
that transient reduction of cellular ATP can lead to AMPK
activation. AMPK activation inhibits phosphorylation of
insulin receptor substrate 1 (Ser636/639) and activates

decreased respond to insulin signaling, plays a major role in
the pathogenesis of most metabolic complications of PCOS
(3,4). In most patients with PCOS, IR is independent of
obesity but aggravated by obesity (5). Therefore, a proper
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the PI3K/Akt signaling pathway. Under physiological
conditions, insulin inhibits hepatic glycolysis by promoting
a protein kinase-dependent glycogen synthase kinase 38
(GSK3B) phosphorylation. Therefore, AMPK may be an

Transl Cancer Res 2020;9(5):3242-3248 | http://dx.doi.org/10.21037/tcr.2020.04.27


https://crossmark.crossref.org/dialog/?doi=10.21037/tcr.2020.04.27

Translational Cancer Research, Vol 9, No 5 May 2020

important target for the prevention and treatment of IR and
PCOS.

Corilagin, a gallotannin first isolated in 1951 by Schmidt
et al. (6), is the major active component of many herbs such
as Phyllantbus niruri L. and Phyllantbus urinaria L. Previous
studies indicated that Corilagin exhibits anti-tumor, anti-
inflammatory and hepato-protective activities, etc. (7).
For example, Li et /. found that Corilagin can inhibit the
production of pro-inflammatory cytokines and ameliorates
the extreme inflammatory status in sepsis through TLR4
signaling pathway (8). In streptozotocin-induced diabetic
rats, Corilagin could reduce hyperglycemia, hyperlipidemia
and oxidative stress (7). In addition, Corilagin could also
interfere AMPK/GSK3p signaling pathway to alleviate
acetaminophen-induced hepatotoxicity. However, it is
still unclear whether Corilagin can regulate the IR of
PCOS through the AMPK pathway. This study aimed to
explore the effects of Corilagin on PCOS and the detail

mechanisms.

Methods
Animals and treatment

Sprague-Dawley rats (female, SPF grade, age 21 days) were
purchased from the Vitalriver (Beijing, China) and housed at
a constant temperature of 25 °C with free access to drinking
water and food. The rats were randomly divided into two
groups: PCOS model and normal control. The PCOS rats
were subcutaneously injected with dehydroepiandrosterone
(DHEA, dissolved in soybean oil) of 6 mg/kg/day, while
the control rats were injected with the same volume of
soybean oil. Corilagin (20 or 50 mg/kg/day) were orally
administered simultaneously to control or PCOS rats.
Body weight and each ovary weight were recorded. All the
animal experiments were performed in strict accordance
with Guide for the Care and Use of Laboratory Animals
(National Research Council) (9) and approved by the Ethics
Committee of Obstetrics and Gynecology Hospital, Fudan
University (Approval no. 2018-26).

Identification of estrous cycle stage

Stages of the estrous cycle (diestrus, proestrus, estrus and
metestrus) were monitored by daily vaginal smears collected
between 9:00 a.m. according to a standard protocol (10).
Briefly, vaginal secretion was collected with a plastic
pipette filled with 10 pL of saline. The glass slides were
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coated with collected vaginal fluid. Unstained material
was observed under a light microscope with objective
lenses. Three types of cells were found in microscope
field: epithelial cells (round and nucleated), cornified cells
(irregular ones without nucleus), leukocytes (little and
round). The proportion of each type of cells was used for
the determination of the estrous cycle phases.

Biochemical assessments

Serum glucose was analyzed by Hitachi 7020 automatic
biochemical analyzer (Hitachi, Tokyo, Japan) with
commercial kit. Fasting serum insulin concentration
was assessed with chemiluminescent immunoassay kits
according to the manufactory’s suggestion.

Western blot

Protein collection and Western blot procedure were
performed as described previously (11). Briefly, proteins
were separated by SDS-polyacrylamide gels and transferred
onto a PVDF membrane and incubated with the respective
antibodies. The primary antibodies were diluted at 1:1,000,
which include anti-AMPKa (#ab32047), anti-phospho-
AMPKa Thr172 & Thr 183 (#ab23875), anti-phospho-
GSK3p (#ab93926), anti-phospho-GSK3p Ser9 (#ab75814),
anti-B-actin (#ab8226) antibodies and all the antibodies
were purchased from Abcam (Cambridge, MA, USA). The
secondary antibodies were diluted at 1:10000, including
goat anti-rabbit (#7074) and goat anti-mouse (#7076)
secondary antibodies purchased from Cell Signaling

Technology (Beverly, MA, USA).

Statistical analysis

Data are expressed as mean = standard deviation (SD).
Statistical analyses were evaluated using the unpaired two-
tailed z-test between two groups and one-way ANOVA
among more than two groups by SPSS. Differences were
considered significant at P<0.05.

Results
DHEA induced ovarian dysfunction in rats

To confirm the successful establishment of DHEA-induced
PCOS model, mean body weight, ovary weight and estrus
cycle were monitored. The body weight of PCOS rats
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Figure 1 DHEA induced ovarian dysfunction in rats. (A) The body weights of each group after DHEA treatment; (B) the ovaries quotiety

of each group after DHEA treatment. DHEA, dehydroepiandrosterone.

Table 1 The recovery rate of Corilagin intervention

Group Total number  Recovery number  Recovery rate
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Figure 2 Corilagin alleviated DHEA-induced ovarian dysfunction
of rats. (A) The body weights of each group after DHEA and
Corilagin (20 and 50 mg/kg) treatment; (B) the ovaries quotiety
of each group after DHEA and Corilagin (20 and 50 mg/kg)

treatment. DHEA, dehydroepiandrosterone.
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was significantly increased compared with control group
(P<0.0001) (Figure 1A). The tendency of ovaries quotiety
was similar with body weight (Figure 1B). In addition,
the estrus cycle of control group was regular (with 100%
recovery rate), while, estrous cycle of the DHEA model
group was disordered (with only 16.67% recovery rate)
(Table 1), which indicated that the DHEA treated rats was
often in the diestrus. These results indicated that DHEA
induced the ovarian dysfunction in rats.

Corilagin alleviated DHEA-induced ovarian dysfunction
of rats

The effects of Corilagin on DHEA-induced ovarian
dysfunction were explored and the results were shown in
Figure 2 and Tuble 2. Corilagin alone (20 or 50 mg/kg/day)
didn’t change the body weight and ovarian function of
normal rats (control group). While in DHEA treated
rats, Corilagin significantly inhibited the increase in body
weight (Figure 2A4) and ovaries quotiety (Figure 2B) in a
dose-dependent manner. Furthermore, the recovery rate
of estrous cycle of DHEA treated rats were also increased
after Corilagin treatment, 41.67% for 20 mg/kg/day and
66.67% for 50 mg/kg/day respectively (1able 2). To sum
up, Corilagin could alleviate DHEA-induced ovarian
dysfunction.

Corilagin reduced DHEA-induced islet injury of rats

To investigate the changes of islet injury after Corilagin
treatment, the levels of blood glucose and plasma insulin
were monitored. DHEA induced the increase in blood
glucose and the glucose concentration peaked at 30 minutes
after DHEA treatment (P<0.0001) (Figure 34). Corilagin
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Group Total number Recovery number Recovery rate
Control 12 12 100%
Control + Corilagin (20 mg/kg) 12 12 100%
Control + Corilagin (50 mg/kg) 12 12 100%
DHEA 12 1 8.33%
DHEA + Corilagin (20 mg/kg) 12 5 41.67%
DHEA + Corilagin (50 mg/kg) 12 8 66.67%
DHEA, dehydroepiandrosterone.
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Figure 3 Corilagin reduced DHEA-induced islet injury of rats. (A) The blood glucose of each group at different time points after DHEA
and Corilagin (50 mg/kg) treatment; (B) the plasma insulin of each group after DHEA and Corilagin (50 mg/kg) treatment. DHEA,

dehydroepiandrosterone.

could significantly inhibited the glucose increase induced
by DHEA (P<0.0001), while Corilagin alone could not
decrease the blood glucose in normal rats. The plasma
insulin increased about 3-fold after DHEA treatment
compared with control group (P<0.0001), Corilagin could
significantly inhibited the DHEA-induced insulin increase
(Figure 3B) (P<0.0001).

Corilagin regulated AMPK/GSK3p signaling pathway of

rat ovarian

As AMPK/GSK3p plays an important role in the IR
and the PCOS, we investigate the regulatory effects of
Corilagin on AMPK/GSK3 signaling pathway. As shown
in Figure 4, the expression of p-AMPK and p-GSK3p and
the ratio of p-AMPK to AMPK and p-GSK3p to GSK38
were significantly decreased after DHEA treatment of
ovarian tissue (P<0.0001). Corilagin inhibited the decreased
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expression of p-AMPK and p-GSK3B (P<0.001). These
results indicated that Corilagin could inhibit DHEA-
induced activation of AMPK/GSK3p signaling pathway.

Discussion

PCOS is a complex reproductive endocrine disease, which
is related to many metabolic symptoms including IR. IR is a
hallmark and one of the significant aberrations of PCOS (12).
Previous study demonstrated that insulin sensitizers (e.g.,
metformin), could not only reduce IR but also several other
symptoms of PCOS (e.g., reproductive dysfunctions). Tao
et al. found the protective effects of AMPKo and SIRT1
on IR of PCOS rats, and both metformin and exenatide
can improve the reproductive and endocrine functions of
PCOS rats through AMPKa-SIRT1 pathway (13). Our
study showed that rats with PCOS lost regular estrous
cycle, which suggested the ovulatory disorders in PCOS.
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Figure 4 Corilagin regulated the expression of p-AMPK, AMPK and p-GSK3B, GSK3p of rat ovarian. DHEA, dehydroepiandrosterone;

AMPK, monophosphate-activated protein kinase.

In addition, the body weight, serum insulin and glucose in
PCOS group were significantly higher than normal rats,
suggesting the IR status and the obesity of PCOS rats.
These results were in accordance with previous reports.
Corilagin, a gallotannin, has been identified in 53 plants
and was reported to have many pharmacological effects for
various diseases, including type II diabetes, cardiovascular
diseases, PCOS, etc. (7). For example, researchers
demonstrated that Corilagin has a potential to regulate
diabetes through regulating hyperglycemia, hyperlipidemia
and oxidative stress in streptozotocin-induced diabetic
rats (14). Corilagin also exerts anti-inflammatory effects
i vivo and in vitro. In a rat model of acute cholestasis,
Corilagin intervention notably decreased the levels of
myeloperoxidase, malondialdehyde and translocation
of NF-kB, which indicated that Corilagin could relieve
cholestasis through inflammation-related and oxidation-
related pathway (15). In this study, the protective effect of
Corilagin on PCOS was discovered for the first time, and the
molecular mechanism was related to the regulation of IR.
AMPK is a key energy sensor for cellular metabolism
and is activated when the cellular AMP/ATP ratio is high,
including neurodegeneration, inflammation, and oxidative
stress (16). AMPK could regulate glucose uptake and
insulin receptor substrate-1 phosphorylation through
PI3K/Akt signaling pathway. Also, AMPK activation leads
to the phosphorylation of GSK3p, which participates in
the process of insulin inhibited glycogenolysis (17,18).
Li et al. found that hepatic activation of AMPK could
attenuate hepatic steatosis and atherosclerosis in diet-
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induced insulin-resistant mice (19). Previous reports
indicated that AMPK/GSK3p was important in the IR,
which was confirmed in our results. In DHEA-induced
PCOS model, the expression of p-AMPK and p-GSK3p
was significantly decreased in ovarian tissue. In addition,
Corilagin could inhibit the decreased expression of p-AMPK
and p-GSK3p, as well as the increase of blood glucose
and insulin of PCOS rats. Moreover, previous research
has demonstrated that Corilagin could affect on AMPK/
GSK3p signaling pathway to attenuate oxidative stress. In
acetaminophen overdose-induced acute liver failure model,
Corilagin efficiently decreased acetaminophen-induced
production of reactive oxygen species (ROS) and several
antioxidant enzymes production and cell death of HepG2
cells via the up-regulation of the AMPK/GSK3p-Nrf2
signaling pathway (20). Therefore, combining previous
research and our findings, we further speculate that, as the
role of GSK3p in the oxidative stress, the AMPK/GSK-3p-
Nrf2 (an important transcription factor to protect against
oxidative stress) pathway may be a underlying mechanism of
the effects of Corilagin on IR. On the other hand, Corilagin
induced an increase in the phosphorylation of AMPK and
GSK3p, may be even activation of acetyl CoA carboxylase,
which can reduce lipid accumulation.

In summary, the present research reported the protective
effects of Corilagin on PCOS, and demonstrated that this
effect was related to reduced IR. Corilagin could inhibit
IR in DHEA-induced PCOS through regulating AMPK/
GSK3p pathway. These findings suggested that Corilagin
could be a promising candidate for PCOS treatment, and
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AMPK/GSK3p signaling pathway could be an important
target for attenuating IR and PCOS.
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