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Abstract. It is established that the physiological effects 
of insulin are primarily mediated by the insulin signaling 
pathway. However, a defective insulin signaling is closely 
associated with the clinical manifestations of polycystic 
ovary syndrome (PCOS), which include excess androgen 
levels, insulin resistance and anovulation, and is involved 
in the pathophysiology of PCOS at the molecular level. 
Dimethyldiguanide (DMBG) has been widely employed to 
alleviate reproduction dysfunction in women with PCOS, 
however, the exact mechanism of this effect remains unclear. 
The objective of the present study was to investigate the 
effects of DMBG on the expression of the insulin signaling 
pathway in the ovaries of rats with PCOS, and to identify the 
potential underlying molecular mechanisms of these effects 
in PCOS. In the present study, a PCOS rat model was induced 
by letrozole, and successful establishment of the model was 
confirmed by examining ovarian histology and determining 
serum testosterone levels, by hematoxylin and eosin staining 
and ELISA, respectively. Subsequently, the expression of two 
key elements of insulin signaling, insulin receptor substrate 
(IRS)‑2 and phosphatidylinositol 3‑kinase (PI3K), was deter-
mined by immunohistochemistry and western blot analysis. 
The results demonstrated that IRS‑2 and PI3K expression was 
markedly decreased in PCOS ovaries, which was rescued by 

DMBG treatment. These results indicate that IRS‑2/PI3K 
signaling may be involved in the development of PCOS and 
the therapeutic effects of DMBG on PCOS. To further confirm 
the effects of DMBG on insulin signaling expression during 
this process, the expression of an additional two downstream 
proteins, phosphoinositide‑dependent kinase‑1 (PDK‑1) and 
the mammalian target of rapamycin (mTOR), was also inves-
tigated in the present study, and the results demonstrated that 
the expression of PDK‑1 and mTOR was significantly reduced 
in PCOS ovaries and increased following DMBG treatment, 
further indicating that altered insulin signaling may have an 
important role in the development and treatment of PCOS. In 
conclusion, the results of the present study indicate that the 
reduced expression of proteins involved in insulin signaling 
may contribute to the development of the clinical features of 
PCOS, and DMBG reverses reduced expression of insulin 
signaling components, by a mechanism that is yet to be 
determined, to attenuate certain symptoms of PCOS, such as 
obesity. To the best of our knowledge, the present study is the 
first to provide data regarding the detailed changes of insulin 
signaling during the development and treatment of PCOS, 
and may provide an important reference for clinical PCOS 
treatment.

Introduction

Polycystic ovary syndrome (PCOS) is one of the most 
common reproductive endocrine diseases among women of 
childbearing age; PCOS is affected by various factors and 
there are no unique diagnostic criteria in different regions, due 
to the heterogeneity of clinical manifestations and endocrine 
system changes of PCOS (1,2). Therefore, the precise patho-
physiology of PCOS remains to be determined. An increasing 
number of studies have demonstrated that the insulin signaling 
pathway has an important role in the pathophysiology of 
PCOS, including phosphatidylinositol 3‑kinase (PI3K) and 
protein kinase B/Akt signaling, which is critically implicated 
in insulin resistance, androgen secretion, obesity and follicular 
development (3‑10).
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PCOS manifests as defective ovarian steroid biosynthesis 
and hyperandrogenemia, and 50‑70% of women with PCOS 
exhibit insulin resistance and are hyperinsulinemic (9‑11), 
indicating that insulin resistance and hyperinsulinism may 
have an important role in the pathophysiology of PCOS. 
Hyperinsulinemia is reported to be associated with excessive 
androgens levels and anovulation (9‑11). Insulin exerts effects 
on the ovary via its own receptor and interacts with gonado-
trophins to regulate steroidogenesis. Furthermore, numerous 
studies have demonstrated that selective insulin resistance 
may develop, where the metabolic response to insulin action 
is impaired, such as the PI3K pathway, while other func-
tions are not only retained but may be enhanced, such as the 
mitogen‑activated protein kinase (MAPK) pathway, in classic 
insulin target tissues and in the ovary (3‑5). Selective ovary 
resistance is considered to be a selective defect in insulin 
action in the PCOS ovary, which affects the metabolic, and not 
the mitogenic, actions of insulin (12‑14).

Insulin resistance and excessive androgen levels are 
associated with a defective PI3K pathway and not the MAPK 
cascade (3‑5). Inhibition of PI3K in the ovary leads to reduced 
activation of its downstream signaling, which affects the 
positive actions of insulin‑induced glucose uptake  (15). It 
is established that the physiological role of insulin occurs 
primarily via the insulin signaling pathway. Insulin binds to 
its receptor and activates insulin receptor substrate (IRS) via 
the phosphorylation of tyrosine residues. PI3K subsequently 
interacts with the phosphorylated tyrosine residues on IRS 
molecules, which leads to the phosphorylation of phosphatidyl 
inositol‑4,5‑diphosphate (PIP2) to produce phosphatidyl 
inositol‑3,4,5‑triphosphate (PIP3) as a secondary messenger, 
and subsequently activates phosphoinositide‑dependent 
kinase 1 (PDK‑1) (6‑10). Upon activation of the PI3K pathway, 
signaling may be propagated to a diverse array of substrates, 
such as mammalian target of rapamycin (mTOR) (3‑5,14‑16).

Dimethyldiguanide (DMBG), a common insulin‑sensi-
tizing agent for the control of glycemia in type 2 diabetes, is 
also reported to alleviate the clinical symptoms of women with 
PCOS (17‑23). DMBG administration is beneficial for lowering 
hyperinsulinemia and hyperandrogenemia, and restoring ovula-
tion in certain cases by enhancing glucose uptake, thus leading 
to reduced synthesis/secretion of insulin (9‑11). An increasing 
number of studies have demonstrated that DMBG modulates 
the insulin sensitivity and glucose metabolism of its target 
tissues in women with PCOS (24,25). DMBG is also reported 
to increase the levels of molecules that regulate the expres-
sion of the insulin‑dependent glucose transporter GLUT4 in 
the endometria of hyperinsulinemic patients with PCOS (25). 
Therefore, the present study determined the expression levels 
of insulin signaling molecules in the ovaries of rats with PCOS 
with and without DMBG treatment, to demonstrate defective 
insulin signaling in the ovaries during PCOS and the protective 
effects of DMBG. The present study may provide novel insight 
for further investigation of the regulatory mechanism during 
the development and treatment of PCOS.

Materials and methods

Animals. Sprague‑Dawley rats were purchased from Wushi 
Experimental Animal Supply Co., Ltd. (Fuzhou, China). The 

animals were maintained at 23‑26˚C and 50‑70% relative 
humidity under a 14 h light/10 h dark schedule with a contin-
uous supply of chow and water. The experimental protocol was 
approved by the Institutional Animal Care and Use Committee 
and Research Ethics Committee of Fujian Normal University 
(Fuzhou, China).

Experimental design. Female 6‑week‑old rats (n=40; mean 
body weight, 157±10 g) with two consecutive 4‑day estrous 
cycles were randomly divided into four groups, including 
blank control, vehicle control, PCOS model and DMBG treat-
ment groups. The rats in PCOS model and DMBG groups 
were induced by intragastric administration of 1 mg/kg/day 
letrozole dissolved in 1% carboxymethyl cellulose (CMC; 
2 ml/kg) for 21 days, while the vehicle control was adminis-
tered with an equal amount of CMC. Following the treatment 
with letrozole for 21 days, rats in the DMBG group received 
300  mg/kg DMBG (Sangon Biotech Co., Ltd., Shanghai, 
China) by intragastric infusion for 4 weeks. The body weight 
was recorded throughout the experimental period. Following 
treatments, all rats were sacrificed and the ovaries were 
removed. The left ovary of the experimental animals was fixed 
in 4% paraformaldehyde for 2 days at room temperature and 
used for ovarian histological examination and immunohisto-
chemistry; the right ovary was frozen at ‑80˚C and used for 
detecting the expression of functional proteins. Blood samples 
(3 ml) were collected from the heart and allowed to stand for 
30 min at room temperature, and then centrifuged at 1,000 x g 
for 10 min at 4˚C. The prepared serum was stored at ‑80˚C 
for examination of testosterone levels. The experiment was 
repeated two times.

Determination of serum testosterone levels. The concentra-
tion of serum testosterone was examined by an ELISA kit 
(cat. no. hj‑462; Xiamen Huijia Biotechnology Co., Xiamen, 
China), according to the manufacturer's protocol.

Hematoxylin and eosin staining for ovarian histology. The 
left ovary of rats was fixed in 4% paraformaldehyde and 
embedded in paraffin. Subsequently, 5  µm sections were 
cut and mounted on slides. The sections were stained using 
a hematoxylin and eosin staining kit (Beyotime Institute of 
Biotechnology, Haimen, China) and performed according to 
the manufacturer's protocol. The images were obtained using a 
light microscope (BX51; Olympus Corporation, Tokyo, Japan).

Immunohistochemistry of IRS‑2 and PI3K. Paraformaldehyde‑ 
fixed paraffin‑embedded left ovary sections (5 µm) were also 
processed by immunohistochemical analysis with IRS‑2 (cat. 
no. bs‑0173R; 1:200) and PI3K (cat. no. bs‑0128R; 1:200; both 
from BIOSS, Beijing, China) primary antibodies. The sections 
were deparaffinized at room temperature in 100% dimethyl-
benzene for 2x10 min and rehydrated in descending alcohol 
series (100, 90, 80, 70, 50, 30 and 0%) for 5 min each. Antigen 
retrieval was performed using sodium citrate buffer (pH 6.0) 
by microwave heating at 95˚C for 5 min. The sections were 
allowed to cool to room temperature, washed for 3x2 min in 
PBS and incubated at room temperature for 15 min with 3% 
hydrogen peroxide to block the endogenous peroxidase. Protein 
block was performed with 10% bovine serum albumin (BSA; 
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Beyotime Institute of Biotechnology) at room temperature for 
30 min. Sections were incubated at 4˚C overnight with primary 
antibodies, and the primary antibody immunoreactivity was 
visualized using an Elite ABC kit (cat. no. PK‑6101; BioGenex, 
San  Ramon, CA, USA) according to the manufacturer's 
instructions. Briefly, the sections were washed for 3x2 min in 
PBS, incubated for 25 min at room temperature with diluted 
biotinylated secondary antibody, then incubated for 30 min at 
room temperature with a mixture of reagent A and reagent B. 
The negative control was examined using 1% BSA instead of 
primary antibody. Sections were subsequently counterstained 
with hematoxylin at room temperature for 4 min and mounted 
with coverslips to determine the structure and types of cells in 
the rat ovary under the BX51 light microscope.

Western blot analysis of IRS‑2, PI3K, PDK‑1 and mTOR 
protein expression. The right ovaries of the rats were lysed 
on ice using radioimmunoprecipitation assay lysis buffer 
(cat. no. P0013B) with phenylmethanesulfonyl fluoride (cat. 
no. ST506; both from Beyotime Institute of Biotechnology) for 
15 min, and the lysate was centrifuged at 13,000 x g at 4˚C for 
10 min. Protein concentration was determined by a BCA assay 
kit (Beyotime Institute of Biotechnology). Protein samples 
(20 µg) were subjected to 8% SDS‑PAGE and electrophoreti-
cally transferred onto a polyvinylidene fluoride membrane. The 
membrane was blocked at room temperature with 5% nonfat 
milk for 45 min, and then washed and probed with IRS‑2 
antibody (cat. no. bs‑0173R, 1:500; BIOSS) overnight at 4˚C. 
After washing, the membrane was incubated with horseradish 
peroxidase‑labeled goat anti‑rabbit IgG (cat. no.  A0208; 
1:2,000; Beyotime Institute of Biotechnology) for 60 min at 
room temperature, and the membrane was developed using a 
BeyoECL Plus kit (P0018; Beyotime Institute of Biotechnology). 
The membrane was subsequently incubated with stripping 
buffer (cat. no. P0025; Beyotime Institute of Biotechnology) 
at room temperature for 2 min, washed with distilled water 
for 5 min, blocked as aforementioned and reprobed overnight 
at 4˚C using the following antibodies: Anti‑PI3K p85a (cat. 
no. bs‑0128R; 1:500; BIOSS); anti‑PDK‑1 (cat. no. 18262‑1‑AP; 
1:1,000; Wuhan Sanying Biotechnology, Wuhan, China); 
anti‑mTOR (cat. no. 20657‑I‑AP; 1:1,000; Wuhan Sanying 
Biotechnology); anti‑β‑actin (cat. no. sc‑130656; 1:5,000; Santa 
Cruz Biotechnology, Inc., Dallas, TX, USA). The densitometry 
of each band was analyzed using Image Pro Plus 6.0 (Media 
Cybernetics, Inc., Rockville, MD, USA).

Statistical analysis. Experiments were repeated six times 
and data were presented as the mean +  standard error of 
the mean. The significance of differences between the mean 
values among and between multiple groups was evaluated 
using one‑way analysis of variance followed by a Tukey's 
multiple comparisons test. Analyses were performed using 
SPSS version 19.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Alterations in body weight and serum testosterone levels. 
PCOS was identified by examining the differences in body 
weight and serum testosterone levels. The results demonstrated 

that the body weight of PCOS rats was markedly higher 
compared with the blank and vehicle control groups (Fig. 1A), 
while DMBG treatment reduced this increase of body weight 
in PCOS rats (Fig. 1A). The results also indicated a signifi-
cant increase in the serum testosterone levels of PCOS rats 
compared with blank control rats (Fig. 1B), which was consis-
tent with previous reports (19,22,23). Notably, DMBG also 
decreased the levels of serum testosterone in rats with PCOS 
(Fig. 1B). These results indicate that the PCOS model was 
developed successfully and that DMBG may alleviate certain 
symptoms of PCOS, including weight gain and excessive 
androgen levels.

Protective effects of DMBG on the follicular development in 
PCOS ovaries as determined by histological examination. To 
further confirm PCOS model establishment and the effects 
of DMBG, the present study examined histological changes 
in ovaries by hematoxylin and eosin staining. The results 
demonstrated that healthy structures of follicles in different 
development stages and the corpus luteum were observed in the 
blank control (Fig. 2A) and vehicle control (Fig. 2B) groups. 
Compared with the two control groups, the majority of follicles 
in PCOS rats were expanding cystic follicles with degrading 
granulosa cell layers (Fig. 2C), while the number of expanding 
cystic follicles was decreased in DMBG‑treated rats compared 
with the PCOS group, and the presence of a number of healthy 
follicles and corpus luteum was observed (Fig. 2D). Higher 
magnification images for blank control, vehicle control, PCOS 
and DMBG groups are provided in Fig. 2E‑H.

Effects of DMBG on the expression of IRS‑2 and PI3K 
protein in the ovaries by immunohistochemical examination. 
It is established that IRS‑2 has an important role in insulin 
signaling transduction during the initial stage. The present 
study therefore determined the protein expression of IRS‑2 in 
ovaries from each group by immunohistochemistry (Fig. 3). 

Figure 1. Differences in body weight and serum testosterone levels. 
(A) Differences in body weight among groups were examined at the end of 
experiments (B) Serum testosterone concentrations were detected by ELISA 
in each group. Data are presented as the mean ± standard error of the mean. 
*P<0.05 vs. blank control group; #P<0.05 vs. PCOS group. PCOS, polycystic 
ovary syndrome; DMBG, dimethyldiguanide; T, testosterone.
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The results demonstrated that IRS‑2 was expressed in all types 
of ovarian cells and its expression level was decreased in the 
granulosa cells of PCOS rats compared with the two controls. 
Notably, DMBG rescued IRS‑2 expression and follicular 
development in the ovaries of PCOS rats (Fig. 3). Upon activa-
tion, IRS‑2 binds to the SH2 domain of the p85 regulatory 
subunit of PI3K (8). To further understand the effects of insulin 
signaling, the present study also determined the expression of 
the PI3K regulator subunit in the ovaries of each group by 
immunohistochemistry (Fig. 4). The results demonstrated that 
PI3K expression was also decreased in PCOS rats, similar to 
the results for IRS‑2 expression. In addition, DMBG rescued 

this reduction of PI3K expression in DMBG‑treated PCOS 
rats (Fig. 4). These results indicate that IRS‑2/PI3K signaling 
may be involved in the development and treatment of PCOS.

DMBG reverses alterations in the protein expression of IRS‑2 
and PI3K in the ovaries, as determined by western blotting. To 
further confirm the immunohistochemical results, the protein 
expression of IRS‑2 and PI3K were also examined by western 
blot analysis. The results demonstrated a marked decrease 
in IRS‑2 and PI3K expression in PCOS rats compared with 
the blank and vehicle control groups (Fig. 5). Furthermore, 
DMBG partially reversed these decreases in IRS‑2 and PI3K 

Figure 3. Immunohistochemical examination of IRS‑2 expression in the ovaries of each group. Negative control staining with serum instead of IRS‑2 primary 
antibody in (A) blank control, (B) vehicle control, (C) PCOS and (D) DMBG groups. IRS‑2 immunohistochemical signals appear brown and the counter-
staining background appears blue in (E) blank control, (F) vehicle control, (G) PCOS and (H) DMBG groups. Higher magnification images of IRS‑2 staining 
are presented for (I) blank control, (J) vehicle control, (K) PCOS and (L) DMBG groups. Scale bar, 100 µm. IRS, insulin receptor substrate; PCOS, polycystic 
ovary syndrome; DMBG, dimethyldiguanide; GC, granulosa cell; Oo, oocyte.

Figure 2. Ovarian histological examination. Histological sections were stained with hematoxylin and eosin. Follicles developed normally in the (A) blank 
control and (B) vehicle control groups (C) Numerous follicular cysts were present in PCOS ovaries with degrading granulosa cells in the thin layer of granulosa 
cells. (D) DMBG treatment rescued follicular development. Higher magnification images are presented for (E) blank control, (F) vehicle control, (G) PCOS 
and (H) DMBG groups. Scale bar, 100 µm. PCOS, polycystic ovary syndrome; DMBG, dimethyldiguanide; GC, granulosa cell, Oo, oocyte, CL, corpus luteum.
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expression (Fig. 5), indicating defective IRS‑2/PI3K signaling 
and potential protective effects of DMBG in PCOS.

PDK‑1 and mTOR protein expression is reduced in PCOS 
ovaries and reversed by DMBG treatment, as determined 

by western blotting. As PDK‑1 and mTOR are downstream 
proteins of IRS‑2/PI3K signaling, the present study also 
performed western blot analysis to determine the protein 
expression of PDK‑1 and mTOR in the ovaries from each 
group (Fig. 6). Notably, the expression of PDK‑1 and mTOR 

Figure 4. Immunohistochemical examination of PI3K expression in the ovaries of each group. Negative control staining with serum instead of PI3K primary 
antibody in (A) blank control, (B) vehicle control, (C) PCOS and (D) DMBG groups. PI3K immunohistochemical signals appear brown and the counterstaining 
background appears blue in (E) blank control, (F) vehicle control (G) PCOS and (H) DMBG groups. Higher magnification images of PI3K staining are 
presented for (I) blank control, (J) vehicle control, (K) PCOS and (L) DMBG groups. Scale bar, 100 µm. PI3K, phosphatidylinositol 3‑kinase; PCOS, polycystic 
ovary syndrome; DMBG, dimethyldiguanide; GC, granulosa cell; Oo, oocyte.

Figure 6. Western blot analysis of PDK‑1 and mTOR protein expressions in 
the ovaries of each group. (A) Representative western blot demonstrating 
the protein expression of PDK‑1 and mTOR. Quantified levels of (B) PDK‑1 
and (C) mTOR protein normalized to the blank control. Data are presented 
as the mean ± standard error of the mean, n=6. *P<0.05 vs. blank control 
group; #P<0.05 vs. PCOS group. PDK‑1, phosphoinositide‑dependent kinase‑1; 
mTOR, mammalian target of rapamycin; PCOS, polycystic ovary syndrome; 
DMBG, dimethyldiguanide.

Figure 5. Western blot analysis of IRS‑2 and PI3K protein expression in the 
ovaries of each group. (A) Representative western blot demonstrating the protein 
expression of IRS‑2 and PI3K. Quantified levels of (B) IRS‑2 and (C) PI3K 
protein normalized to the blank control. Data are presented as the mean ± stan-
dard error of the mean, n=6. *P<0.05 vs. blank control group; #P<0.05 vs. PCOS 
group. IRS, insulin receptor substrate; PI3K, phosphatidylinositol 3‑kinase; 
PCOS, polycystic ovary syndrome; DMBG, dimethyldiguanide.
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was significantly decreased in PCOS rats compared with 
the blank control rats (Fig. 6), while DMBG significantly 
reversed these decreases (Fig. 6). These results demonstrated 
that PDK‑1 and mTOR may be implicated in PCOS, further 
indicating the involvement of defective insulin signaling and 
the protective effects of DMBG during the development and 
treatment of PCOS.

Discussion

The present study employed letrozole‑induced rats that 
manifested PCOS morphology, androgen excess and obesity, 
which meets the Rotterdam diagnostic criteria  (1,2), and 
demonstrated that the expression of insulin‑mediated PI3K 
signaling molecules were inhibited in PCOS ovaries, and that 
DMBG rescued this pathway to a certain degree. These results 
indicated that the decreased expression of insulin signaling 
molecules may contribute to the defective PI3K pathway in 
PCOS ovaries and the protective effects of DMBG on PCOS.

Our previous study detected related PCOS endocrine 
hormones in serum (23), such as luteinizing hormone, follicle 
stimulating hormone and estradiol, which indicated hypothal-
amus‑pituitary‑gonadal axis dysfunction (23). Therefore, the 
PCOS model was confirmed by histology and endocrinology 
in the present study, and the results indicated the presence of 
numerous follicular cysts in the ovaries and increased testos-
terone concentrations in the serum of PCOS rats, which was 
consistent with previous reports (21‑23). Hyperandrogenism 
or androgen excess is the most common endocrine feature of 
PCOS. Increases in the levels of circulating androgens from 
the ovary and adrenal gland are not only affected by gonado-
tropic hormones, but are also affected by insulin and the 
insulin growth factor system (21‑23). Androgen excess may be 
caused by the degradation of granulosa cells in the follicular 
cysts of PCOS rats, thus leading to anovulation.

Insulin exerts its effects via the insulin receptor and 
mediates responses to insulin through phosphorylation of the 
tyrosine residues of various cellular substrates, particularly 
IRS proteins. IRS proteins are involved in the regulation of a 
variety of biological responses as they bind and activate various 
enzymes and adapter molecules, including IRS‑1, IRS‑2, IRS‑3, 
IRS‑4, GBR2‑associated binding protein 1 and p62  (26). 
IRS‑1 and IRS‑2 are widely distributed in various mamma-
lian tissues, and commonly included in studies concerning 
insulin resistance (24‑26). However, one study reported that 
IRS‑1 knockout (KO) mice exhibited slower growth and mild 
resistance to insulin, while disruption of IRS‑2 impaired 
peripheral insulin signaling and pancreatic β‑cell function, 
and led to the progressive deterioration of glucose homeostasis 
due to insulin resistance and a lack of β‑cell compensation for 
insulin resistance (26‑28). Furthermore, IRS‑2 KO mice were 
reported to have small, anovulatory ovaries with a reduced 
numbers of follicles, which led to female infertility (28). In the 
present study, the protein expression of IRS‑2 in the ovaries of 
PCOS rats was significantly decreased compared with blank 
control rats, which is consistent with the results of previous 
studies (27‑29). These results further confirm that decreased 
IRS‑2 expression may contribute to insulin resistance in PCOS.

However, changes in the levels of IRS‑2 may lead to down-
stream alterations in insulin signaling (30). The activation of 

IRS‑2 allows it to bind to the SH2 domain of the p85 regula-
tory subunit of PI3K. The inhibition and activation of PI3K 
in various tissues has led to differential outcomes (15,31). 
Decreased PI3K activity was observed in the adipose tissue, 
which may lead to insulin resistance  (11‑15). p85α has an 
essential role in the activation of PI3K and is an important 
component in insulin signaling transduction. Furthermore, 
Wang et al (32) reported that PI3K p85α was significantly 
decreased in ovaries from PCOS rats at the mRNA and 
protein level, and that DMBG enhanced PI3K expression. The 
results of the present study were consistent with these previous 
studies. Therefore, the reduced expression of PI3K p85α may 
lead to reduced PI3K activity, which subsequently blocks the 
majority of the metabolic functions of insulin.

PI3K acts as a molecular switch to modulate the activity 
of a number of serine/threonine‑specific kinase cascades 
that are important in regulating the effects of insulin (15,31). 
However, upon activation of PI3K, a downstream series of 
events is induced, which results in the phosphorylation and 
activation of PDK‑1 and mTOR. PDK‑1 is a 63 kDa protein 
kinase that consists of an N‑terminal kinase domain and a 
C‑terminal pleckstrin homology domain. It binds to the PI3K 
products PIP3 and PIP2, which target PDK‑1 to the plasma 
membrane  (33,34). mTOR is an evolutionarily conserved 
serine/threonine kinase that exists as two distinct protein 
complexes that differ with regards to structure and function, 
which are termed mTOR complex 1 (mTORC1) and mTORC2. 
mTOR, as a master integrator, is thought to have a role in 
ovarian biology. mTOR was reported to regulate the expres-
sion of granulosa cell genes in follicles, and mTOR activity 
may function in follicular growth and ovulation. Furthermore, 
when was inhibited in preovulatory follicles, human chorionic 
gonadotropin‑induced ovulation was affected (35). To the best 
of our knowledge, the present study is the first to determine the 
expression of PDK‑1and mTOR in the ovaries of PCOS rats by 
western blot analysis, and to demonstrate that their expression 
patterns were similar to those of IRS‑2 and PI3K p85a, which 
indicates that PDK‑1 and mTOR expression may be associated 
with anovulation and insulin resistance in PCOS.

DMBG is normally employed clinically to alleviate PCOS 
symptoms and to reduce high levels of luteinizing hormone 
and hyperandrogenism  (17‑23). However, the underlying 
mechanism of the effects of DMBG in PCOS remains to be 
determined. In the present study, the results demonstrated that 
DMBG partially reversed the expression of IRS‑2 and PI3K 
p85a in PCOS rats. Notably, further analysis of alterations in 
the protein expression of proteins downstream of PI3K, PDK‑1 
and mTOR, demonstrated that DMBG partially reversed 
PCOS‑induced decreases in the expression of these two 
proteins in PCOS ovaries, which may provide a novel research 
direction to further investigate the molecular mechanisms 
underlying the regulation of PCOS development and treatment.

In conclusion, the present study demonstrated that defec-
tive insulin signaling may occur in PCOS rats, and the 
protective effects of DMBG on the levels of IRS‑2, PI3K, 
PDK‑1 and mTOR in the ovaries of letrozole‑induced PCOS 
rats were reported. Therefore, the results of the present study 
allows an improved understanding of the potential molecule 
mechanisms involved in the regulation of the pathophysiology 
of PCOS, such as the defective insulin‑mediated PI3K/mTOR 
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signaling, and may provide a theoretical basis for the clinical 
treatment of PCOS.
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