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Objective: To study the effects of Guizhi Fuling Pill combined with metformin on insulin
resistance-related inflammatory response and oxidative stress response in patients with
polycystic ovary syndrome (PCOS). Methods: PCOS patients who received therapy in
Panzhihua Maternal and Child Care Service Centre between June 2013 and February 2013
were selected and randomly divided into two groups, combined therapy group received Guizhi
Fuling Pill combined with metformin therapy for two months, and metformin group received
metformin therapy for continuous two months. After serum pickup, the follicular fluid was
collected to determine the expression of insulin signaling pathway molecules as well as the
protein levels of inflammatory response indexes and oxidative stress response indexes. Results:
Serum IRS-1, IRS-2, PI3K, AKT and GLUT4 mRNA expression of combined therapy group
were greatly higher than those of metformin group whereas GSK-3β mRNA expression was
significantly lower than that of metformin group; serum NF-kB, TNF-α, IL-6, IL-18, MCP-1,
ROS, MDA and 8-OHdG protein levels of combined therapy group were greatly below those of
metformin group and negatively correlated with IRS-1 and IRS-2 mRNA expression whereas
TAC and SOD levels were higher than those of metformin group and positively correlated with
IRS-1 and IRS-2 mRNA expression. Conclusion: Guizhi Fuling Pill combined with metformin
can reduce the inflammatory response and oxidative stress response to improve the insulin
resistance and increase the insulin sensitivity in patients with PCOS.
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etc. At present, the mechanism of insulin resistance in patients

1. Introduction

with PCOS is still not completely clear, but the relationship of
chronic inflammation and oxidative stress response with insulin

Polycystic ovary syndrome (PCOS) is a common endocrine

resistance has been confirmed by several studies[1-3]. Metformin is

disorder in adolescent girls and women of childbearing age, which

a drug with insulin sensitization effect, which is widely used in the

is mainly characterized by oligomenorrhea, hypertrichosis, acne

treatment of PCOS, can effectively increase insulin sensitivity[4,5],

and obesity. Insulin resistance is a prominent pathological feature

but has no significant regulatory effect on the insulin biological

of PCOS. There is a significant hyperinsulinemia, which can

signal transduction as well as the inflammation and oxidative

lead to abnormal lipid metabolism and increase the risk of type

stress reaction that cause insulin resistance. Guizhi Fuling Pill is a

2 diabetes mellitus, cardiovascular and cerebrovascular diseases,

Chinese patent drug for PCOS, and it has the functions of activating
blood circulation to remove stasis and regulating endocrine balance.
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In the following studies, we specifically analyzed the effects of
Guizhi Fuling Pill combined with metformin on insulin resistanceassociated inflammatory response and oxidative stress in PCOS
patients.
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2.4 Protein level detection

2. General information and research methods
2.1 General case information
PCOS patients who received therapy in Panzhihua Maternal and
Child Care Service Centre between June 2013 and February 2013
were selected as the research subjects, all the patients conformed
to the diagnostic criteria for PCOS, and the patients combined with
adrenal gland, thyroid gland, pituitary gland and other endocrine
gland dysfunction were ruled out. A total of 70 patients were
enrolled and divided into two groups by random number table, 35
cases in each group. The combined therapy group was 32-41 years

After 2 months of treatment, peripheral blood was collected,
enzyme-linked immunosorbent assay kit was used to determine
the contents of NF-kB, TNF-α, IL-6, IL-18 and MCP-1, and
radioimmunoprecipitation kit was used to detect the contents of
ROS, MDA, 8-OHdG, TAC and SOD.

2.5 Statistical methods
SPSS 20.0 software was used for the t test of the differences in data
between two groups as well as the Pearson test of the correlation
between two data, and P＜0.05 meant statistical significance in
differences in test results.

old, the infertility course was 2-7 years, and the BMI was (25.2±3.6)
kg/m2; metformin group were 33-40 years old, the infertility course
was 2-8 years, and the BMI was (25.8±3.3) kg/m2. There was no
statistically significant difference in general information between the
two groups (P>0.05).

2.2 Therapy
Metformin group received metformin hydrochloride tablets, and
the method was as follows: metformin hydrochloride tablets 0.5 g,
taken orally, 3 times/d. Combined therapy group received Guizhi
Fuling Pill combined with metformin hydrochloride tablets therapy,
which was as follows: Guizhi Fuling Pill 6 g, taken orally, 2 times/d;
metformin hydrochloride tablets 0.5 g, taken orally, 3 times/d. Both
groups were treated for two consecutive months.

2.3 mRNA expression detection
After 2 months of treatment, peripheral blood was collected, the
kits were used to extract RNA and synthesize it into cDNA by
reverse transcription, the specific primers for IRS-1, IRS-2, PI3K,
AKT, GLUT4 and GSK-3β gene were designed, the primers and
fluorescence quantitative PCR kit were used for reaction, and the
corresponding gene mRNA expression was determined.

3. Results
3.1 Serum insulin signaling pathway molecule expression
After 2 months of treatment, analysis of serum insulin signaling
pathway molecules IRS-1, IRS-2, PI3K, AKT, GLUT4 and GSK3β expression between two groups of patients was as follows:
serum IRS-1, IRS-2, PI3K, AKT and GLUT4 mRNA expression of
combined therapy group were greatly higher than those of metformin
group whereas GSK-3β mRNA expression was significantly lower
than that of metformin group.

3.2 Serum inflammatory response index levels and their
correlation with IRS-1 and IRS-2
After 2 months of treatment, analysis of serum inflammatory
response indexes NF-kB (ng/mL), TNF-α (ng/mL), IL-6 (ng/mL),
IL-18 (pg/mL) and MCP-1 (pg/mL) levels between two groups of
patients was as follows: serum NF-kB, TNF-α, IL-6, IL-18 and
MCP-1 protein levels of combined therapy group were greatly below
those of metformin group. Pearson test showed that serum NF-kB,
TNF-α, IL-6, IL-18 and MCP-1 protein levels of combined therapy
group were negatively correlated with IRS-1 and IRS-2 mRNA
expression.

Table 1.
Comparison of serum insulin signaling pathway molecules.
Groups
Combined therapy group
Metformin group
t
P

n
35
35

IRS-1
2.62±0.39
1.03±0.17
17.498
＜0.05

IRS-2
2.33±0.37
1.01±0.15
12.586
＜0.05

PI3K
1.93±0.26
1.04±0.19
9.395
＜0.05

AKT
2.92±0.46
0.97±0.14
22.109
＜0.05

GLUT4
2.42±0.39
0.99±0.11
15.689
＜0.05

GSK-3β
0.35±0.08
1.05±0.17
19.39482
＜0.05

Table 2.
Comparison of serum inflammatory response indexes.
Groups
Combined therapy group
Metformin group
t
P

n
35
35

NF-kB
4.95±0.78
10.27±1.42
13.294
＜0.05

TNF-α
2.03±0.35
5.61±0.78
15.219
＜0.05

IL-6
1.87±0.25
4.21±0.59
12.697
＜0.05

IL-18
231.92±33.58
573.94±64.95
14.622
＜0.05

MCP-1
189.31±22.48
428.97±72.39
11.958
＜0.05
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Table 3.
Comparison of serum oxidative stress response indexes.
Groups
Combined therapy group
Metformin group
t
P

n
35
35

ROS
1.02±0.16
1.88±0.27
8.498
＜0.05

MDA
2.03±0.36
5.69±0.78
14.282
＜0.05

3.3 Serum oxidative stress response index levels and their
correlation with IRS-1 and IRS-2
After 2 months of treatment, analysis of serum oxidative stress
response indexes ROS (U/mL), MDA (nmol/mL), 8-OHdG (ng/mL),
TAC (nmol/mL) and SOD (U/mL) between two groups of patients
was as follows: serum ROS, MDA and 8-OHdG levels of combined
therapy group were greatly below those of metformin group whereas
TAC and SOD levels were higher than those of metformin group.
Pearson test showed that serum ROS, MDA and 8-OHdG levels
of combined therapy group were negatively correlated with IRS-1
and IRS-2 mRNA expression whereas TAC and SOD levels were
positively correlated with IRS-1 and IRS-2 mRNA expression.

4. Discussion
Insulin resistance and hyperinsulinemia are the important features
of PCOS patients, insulin sensitizer metformin is a common drug
for PCOS, and it can effectively relieve insulin resistance and
increase insulin sensitivity[6,7]. Guizhi Fuling Pill is a Chinese
patent medicine that has been used in the treatment of PCOS in
recent years, which contains Chinese herbs such as cassia twig,
Poria cocos, cortex moutan and peach seed, and can promote blood
circulation to remove blood stasis and balance Yin and Yang. IRS-1
and IRS-2 are the phosphorylated proteins involved in insulin
biosignal transduction. The decrease of IRS-1 and IRS-2 expression
in vivo is the important cause of insulin resistance in patients
with PCOS[8]. Under physiological conditions, the combination
between insulin and receptors on cell membrane can cause the
tyrosine phosphorylation of receptors themselves, and then the
IRS-1 and IRS-2 are combined with the intracellular fragments
of insulin receptor and phosphorylated, activating downstream
cascade signal transduction process[9,10]. PI3K/AKT pathway is an
important downstream signaling pathway of IRS-1 and IRS-2, and
its activation can on the one hand, increase GLUT-4 expression and
promote peripheral tissue to take in glucose, and on the other hand,
cause the GSK-3β phosphorylation inactivation and promote the
synthesis of glycogen[11,12]. The changes in above insulin signaling
pathway molecule expression in serum were analyzed in the study
to reflect the degree of insulin resistance, and the results showed that
serum IRS-1, IRS-2, PI3K, AKT and GLUT4 mRNA expression of
combined therapy group were greatly higher than those of metformin
group while GSK-3β mRNA expression was significantly lower
than that of metformin group. It means that Guizhi Fuling Pill
combined with metformin therapy is more effective than metformin
monotherapy to activate the insulin signaling pathway mediated by

8-OHdG
10.25±1.35
28.69±3.86
17.039
＜0.05

TAC
70.32±9.35
31.25±4.58
11.938
＜0.05

SOD
98.41±10.25
39.61±4.96
13.458
＜0.05

IRS-1 and IRS-2, then increase the insulin sensitivity and reduce the
insulin resistance in patients with PCOS.
During the occurrence of insulin resistance, the continuous
activation of chronic inflammatory response and the continuous
secretion of inflammatory mediators are the important pathological
links that affect insulin sensitivity. The activation of inflammatory
response and the secretion of inflammatory mediators can directly
affect the phosphorylation activation process of IRS-1 and IRS-2
to impede the insulin biological signal transduction and cause
insulin resistance. NF-kB is a key transcription factor regulating
inflammatory response, and the activated NF-kB can dissociate with
inhibitor IkB and enter the nucleus to initiate the transcription of
various inflammatory factors[13,14]. TNF-α is an inflammatory factor
secreted by mononuclear macrophages, IL-6 is a multifunctional
cytokine secreted by monocytes and lymphocytes, and both can
inhibit the phosphorylation of IRS-1 and IRS-2; IL-18 is a cytokine
with pro-inflammatory activity[15,16], which can activate multiple
inflammatory cells; MCP-1 is a cytokine with chemotaxis effect and
can enable multiple inflammatory factors to infiltrate in the local
lesion, and the two can influence the transduction of insulin signaling
pathway by amplifying inflammatory response[17,18]. Analysis of
the differences in inflammatory response indicators in the serum of
the two groups showed that serum NF-kB, TNF-α, IL-6, IL-18 and
MCP-1 protein levels of combined therapy group were greatly lower
than those of metformin group. This indicates that the Guizhi Fuling
Pill combined with metformin therapy can be more effective than
metformin therapy alone to inhibit the inflammatory response in
PCOS patients. The correlation of inflammatory response with IRS-1
and IRS-2 expression was further analyzed, and the results showed
that serum NF-kB, TNF-α, IL-6, IL-18 and MCP-1 protein levels
of combined therapy group were negatively correlated with IRS-1
and IRS-2 mRNA expression. This means that the inhibition of
inflammation in patients with PCOS is associated with the increase
of IRS-1 and IRS-22 expression, and Guizhi Fuling Pill combined
with metformin therapy can inhibit inflammatory reaction to increase
the IRS-1 and IRS-22 expression as well as insulin sensitivity.
The insulin resistance in patients with PCOS is not only associated
with inflammatory reaction activation, but also closely related
to oxidative stress response. Increased formation of ROS is an
important characteristic of oxidative stress response activation, and
hyperinsulinemia has stimulating effects on ROS generation in the
local tissue and cells, which can promote the oxidative stress reaction
activation[19,20]. MDA and 8-OHdG are the reaction products of lipid
and nucleic acid in local tissues and cells with ROS respectively,
which can reflect the production of ROS and the degree of oxidative
stress response. In the process of constant ROS production, the
antioxidase SOD in vivo will be constantly consumed, which
leads to the reduction of TAC[21,22]. Analysis of the differences in
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serum oxidative stress indicators between two groups of patients
showed that serum ROS, MDA and 8-OHdG levels of combined
therapy group were greatly below those of metformin group while
TAC and SOD levels were higher than those of metformin group.
This indicates that Guizhi Fuling Pill combined with metformin
therapy can more effectively inhibit the oxidative stress response
in PCOS patients than metformin monotherapy. Further analysis of
the correlation of oxidative stress reaction with IRS-1 and IRS-22
expression showed that serum ROS, MDA and 8-OHdG levels of
combined therapy group were negatively correlated with IRS-1 and
IRS-2 mRNA expression while TAC and SOD levels were positively
correlated with IRS-1 and IRS-2 mRNA expression. This means that
the inhibition of oxidative stress responses in patients with PCOS is
associated with the increase of IRS-1 and IRS-22 expression, and
Guizhi Fuling Pill combined with metformin therapy can inhibit
oxidative stress reaction to increase the IRS-1 and IRS-22 expression
as well as insulin sensitivity.
The above analysis of insulin signal transduction as well as related
inflammation and oxidative stress shows that Guizhi Fuling Pill
combined with metformin is more effective than metformin alone to
increase the insulin sensitivity of patients with PCOS, and reducing
inflammation and oxidative stress reaction is the possible mechanism
for combined therapy to improve insulin resistance and increase
insulin sensitivity.
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