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Abstract. The present study aimed to explore the thera-
peutic effects of the Tiaogeng Yijing decoction on patients 
with poor ovarian response (POR) undergoing in  vitro 
fertilization‑embryo transfer (IVF‑ET), in addition to the 
underlying molecular mechanisms of these effects. A total 
of 40 patients were randomly and equally assigned to the 
treatment or control group. Patients in the treatment group 
received the Tiaogeng Yijing decoction continuously for 
three menstrual cycles in addition to microstimulation, while 
patients in the control group underwent microstimulation only. 
The following molecules were measured following treatment: 
Serum levels of sex hormones, including follicle‑stimulating 
hormone (FSH), luteinizing hormone (LH), estradiol (E2) 
and anti‑mullerian hormone (AMH); follicular fluid levels of 
cytokines, including growth differentiation factor (GDF)‑9, 
transforming growth factor (TGF)‑β1, leukemia inhibitory 
factor (LIF), granulocyte‑colony stimulating factor (G‑CSF) 
and vascular endothelial growth factor (VEGF); and endo-
metrial levels of cytokines, including integrin αVβ3, TGF‑β1, 
LIF, G‑CSF and VEGF. In addition, the antral follicle count 
(AFC), mean ovarian diameter (MOD) and pregnancy 
outcomes were measured. The results revealed that the Tiao-
geng Yijing decoction significantly decreased serum levels of 
FSH and E2, and significantly increased serum AMH levels, 
the AFC, follicular fluid levels of GDF‑9, TGF‑β1 and VEGF, 
and endometrial levels of integrin αVβ3, TGF‑β1 and VEGF, 
in addition to pregnancy outcomes (all P<0.05 vs. the control 

group). However, no significant differences were found in 
the MOD or levels of LH, LIF and G‑CSF. In conclusion, the 
present study demonstrated that the Tiaogeng Yijing decoction 
promotes pregnancy outcomes in patients with POR under-
going IVF‑ET, and that this effect may be associated with the 
upregulation of TGF‑β1 and VEGF in the follicular fluid and 
endometrium.

Introduction

Poor ovarian response (POR) is characterized by a decreased 
production of follicles/oocytes after controlled ovarian hyper-
stimulation (COH) in vitro fertilization (IVF) treatment (1,2). 
POR is one of the most difficult and challenging problems in 
the field of IVF, with a prevalence of 5.6‑35.1% (3). Compared 
with normal responders, patients with POR exhibit decreased 
fertilization rates and lower embryo quality (4). In addition, 
POR is associated with high IVF cycle cancellation rates and 
diminished pregnancy rates, reducing the overall success 
rate of IVF and decreasing cost‑effectiveness (5). Methods 
to improve endometrial receptivity and retrieve high quality 
oocytes are required to increase pregnancy rates following 
IVF‑embryo transfer (ET) in patients with POR.

Traditional Chinese medicine (TCM), including acupunc-
ture and herbal medicine, has received attention for the 
treatment of reproductive system diseases in Asian coun-
tries (6‑12). The Yijing decoction, documented in Fu Qingzhu 
Nüke (13), has been reported to possess significant therapeutic 
effects. For example, Wang et al (14) reported that the Yijing 
decoction could improve sperm motility and vitality, in 
addition to sperm count. The Yijing decoction has also been 
demonstrated to improve asthenozoospermia (15). Addition-
ally, the administration of a modified Yijing decoction has 
been revealed to improve ovarian reserves and regulate sex 
hormone levels (16). Furthermore, the Bushen Yijing decoc-
tion has been reported to decrease myosin heavy chain α 
and β gene expression with aging (17). The Tiaogeng Yijing 
decoction is a modified form of the Yijing decoction, which 
contains 15 Chinese herbal medicines (14). However, little 
information is available regarding the effects of the Tiaogeng 
Yijing decoction on POR.
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The present study aimed to investigate the therapeutic 
effects of the Tiaogeng Yijing decoction on patients with POR 
undergoing IVF‑ET, in addition to the underlying molecular 
mechanisms of these effects. The results of the present study 
provide novel insights into potential adjuvant therapies to 
improve POR in patients undergoing IVF‑ET.

Materials and methods

Patients. A total of 40 female patients with POR preparing 
to receive IVF‑ET treatment at the Reproductive Medicine 
Center of Yantai Yuhuangding Hospital (Yantai, China) and 
The Affiliated Qingdao Hiser Hospital of Qingdao University 
(Qingdao, China) between July 2015 and December 2015 were 
included in the present study. Patients were randomly assigned 
to the treatment group or the control group. POR was diagnosed 
according to the European Society of Human Reproduction 
and Embryology consensus (18) and the American Society for 
Reproductive Medicine guidelines (19). The inclusion criteria 
of the present study were that patients with POR underwent 
microstimulation to promote ovulation, but for whom ET had 
failed at least once. The exclusion criteria were as follows: 
i) The partner of the patient had oligoasthenozoospermia; ii) 
patients with immunological infertility; iii) patients with malig-
nant or benign tumors of the reproductive system requiring 
surgery; iv) patients who had received sexual hormone therapy 
in the past 3 months; v) patients with heart, liver, kidney or 
hematopoietic disease, mental illness or other serious diseases; 
vi) patients with previous poor compliance; and vii) patients 
with incomplete clinical data. The present study was approved 
by the Ethics Committee of Yantai Yuhuangding Hospital and 
all patients provided written informed consent.

Formula of the Tiaogeng Yijing decoction. The formula 
of the Tiaogeng Yijing decoction was as follows: Radix 
Rehmanniae Preparata, 15 g; Radix Morindae Officinalis, 
12  g; stir‑baked Rhizoma  Dioscoreae, 18  g; stir‑baked 
Cortex  Eucommiae with salt solution, 12  g; alcohol 
processed Radix Angelica Sinensis, 15 g; stir‑baked Radix 
Paeoniae  Alba, 15  g; Jiu Salvia Miltiorrhiza Bge., 15  g; 
Caulis Spatholobi, 15 g; Bupleurum Chinense, 9 g; Cyathula, 
15 g; prepared Rhizoma Cyperi with vinegar, 12 g; Cuscuta 
chinensis Lam., 18 g; alcohol processed Rhizoma Polygonat, 
12 g; Radix Codonopsis, 12 g; and Rhizoma Atractylodis 
Macrocephalae stir‑fried with wheat bran, 12 g. The Tiaogeng 
Yijing decoction was provided by The Affiliated Qingdao 
Hiser Hospital of Qingdao University.

Treatment. Patients in the treatment group were orally 
administered the Tiaogeng Yijing decoction twice a day for 
2 weeks with boiling water (decoction of 200 ml), starting on 
the seventh day of their menstrual cycle. After three cycles 
of this treatment, the patients underwent microstimulation, as 
described below, to promote ovulation. By contrast, patients 
in the control group underwent microstimulation without any 
prior treatment.

Microstimulation of ovulation. Clomiphene (50 mg; Beijing 
Double‑Crane Pharmaceutical Co., Ltd., Beijing, China) was 
administered orally once daily to the patients from the second 

day of their menstrual cycle for 5 days. This was followed 
by a low‑dose gonadotropin (Gn) (Livzon Pharmaceutical 
Group, Inc., Zhuhai, China), such as human menopausal Gn 
or Gn releasing hormone agonist. The initial dosage of Gn 
was quantitatively determined according to the patient's age, 
height, weight and ovarian reserve function (20). The concen-
trations of Gn ranged from 100‑150 IU per day starting on 
cycle day 8. During the COH, ovarian follicle development and 
endometrial thickness were monitored by transvaginal ultra-
sound (TVU). In addition, the levels of serum estradiol (E2), 
luteinizing hormone (LH) and progesterone were measured as 
described below. The dosage of Gn was adjusted according 
to these results. If the diameter of the dominant follicle in the 
ovaries reached >18 mm, Gn was stopped and human chori-
onic gonadotropin (HCG) (5,000‑10,000 IU per day) (Livzon 
Pharmaceutical Group, Inc.) was administered starting on 
cycle day 10. After 36 h of administration of HCG, patients 
underwent ultrasound‑guided transvaginal oocyte retrieval 
(TVOR).

IVF‑ET. After TVOR, the oocyte corona cumulus complex 
obtained was placed in a culture dish containing 2 ml medium 
199 supplemented with 20% fetal bovine serum (both Invit-
rogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), 
10 IU/ml pregnant mare serum Gn (Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany) and 10  IU/ml HCG in an 
incubator at 37˚C with 5% CO2 for 48 h. Thereafter, oocytes 
were denuded with 0.1% hyaluronidase solution for 1 min at 
room temperature and their maturity was determined under a 
phase‑contrast microscope. The matured oocytes were insem-
inated by intracytoplasmic sperm injection. Fertilization was 
evaluated by assessing oocytes 12‑14 h after injection for the 
presence of distinct pronuclei and two polar bodies. At 24 h 
after insemination, the ratio of embryo cleavage was assessed 
under a phase‑contrast microscope. All embryos were frozen at 
‑196˚C using an automatic freezer (TK 3000, Uberaba, Brazil) 
and then ET was performed on the next menstrual cycle.

Pregnancy outcomes. The pregnancy outcomes were 
compared between the two groups including the number of 
oocytes retrieved following ovarian stimulation, the percentage 
of high‑quality oocytes, the percentage of high‑quality 
embryos and the pregnancy rate. These oocytes and embryos 
were examined by phase‑contrast microscopy. High quality 
oocytes were chosen according to the cumulus investment 
and morphology for IVF. High‑quality embryos were selected 
based on the following characteristics: Embryos had 4 blasto-
meres and 8‑10 blastomeres on days 2 and 3 of development, 
respectively; the embryos had <15% fragmentation, and 
symmetric and mononucleated blastomeres.

Measurements of hormone and follicular fluid cytokines. 
Serum (5 ml) and follicular fluid (5 ml) were obtained from 
the patients prior to and following treatment with the Tiaogeng 
Yijing decoction. Follicular fluid was acquired by trans‑vaginal 
ultrasound‑guided puncture and aspiration of >18 mm diam-
eter follicles. The serum was frozen in aliquots and stored at 
‑20˚C until required. Serum anti‑mullerian hormone (AMH) 
was assessed using the AMH/mullerian‑inhibiting substance 
ELISA kit (CSB‑E12756h; Cusabio Biotech Co., Ltd., Wuhan, 
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China) according to the manufacturer's protocol. Addition-
ally, expression levels of the follicular fluid cytokines growth 
differentiation factor 9 (GDF)‑9 (CSB‑E12925h), transforming 
growth factor (TGF)‑β1 (CSB‑E04725h), leukemia inhibitory 
factor (LIF) (CSB‑E04651h), vascular endothelial growth factor 
(VEGF) (CSB‑E04760h), and granulocyte‑colony stimulating 
factor (G‑CSF) (CSB‑E04563h) were measured using ELISA 
kits (Cusabio Biotech Co., Ltd.) according to the manufac-
turer's protocol. Serum levels of follicle‑stimulating hormone 
(FSH), LH and E2 were determined by electrochemilumi-
nescence immunoassay using the Elecsys 2010 Immunoassay 
Analyzer (Roche Diagnostics, Indianapolis, IN, USA) as 
previously described (21). Progesterone was determined by a 
chemiluminescent immunoassay (Immulite 2000 Progesterone 
assay; Siemens Healthcare GmbH, Erlangen, Germany) using a 
specific monoclonal antibody against progesterone, according 
to the manufacturer's protocol. The antral follicle count (AFC) 
and mean ovarian diameter (MOD) were measured by TVU.

Western blotting. Endometrial samples were obtained from 
the patients in the two groups after microstimulation of ovula-
tion with a suction curette from the corpus of the uteri. Total 
protein was extracted from the endometrium of patients in 
the two groups using radioimmunoprecipitation assay lysis 
buffer (Beyotime Institute of Biotechnology, Haimen, China). 
The amount of protein was quantified using a BCA Protein 
assay kit (Beyotime Institute of Biotechnology). The protein 
samples (20 µg per lane) were separated on a 10‑12% gel using 
SDS‑PAGE and then transferred to nitrocellulose membranes 
(Merck KGaA). The membranes were then blocked with 5% 
nonfat milk in Tris‑buffered saline with Tween 20 for 1 h at 
room temperature. Subsequently, the membranes were treated 
overnight at 4˚C with primary antibodies directed against the 
following proteins: Integrin αVβ3 (cat. no. ab78289; 1:1,000 
dilution), TGF‑β1 (cat. no. ab92486; 1:1,000 dilution), LIF (cat. 
no. ab34427; 1:1,000 dilution), G‑CSF (cat. no. ab9691; 1:1,000 
dilution) and VEGF antibody (cat. no. ab69479; 1:1,000 dilu-
tion) (all Abcam, Cambridge, UK). GAPDH (cat. no. ab8245; 
1:1,000 dilution; Abcam) was used as a loading control and 
incubated overnight at 4˚C. The membranes were then washed 
and incubated with horseradish peroxidase‑conjugated 
anti‑mouse secondary antibody (ab131368; 1:2,000 dilution; 
Abcam) or anti‑rabbit antibody (ab191866; 1:2,000 dilution; 
Abcam) for 2 h at room temperature. Protein bands were 
visualized with Enhanced Chemiluminescence Western Blot-
ting Substrate (Merck KGaA) and quantified using ImageJ 

software (version 1.46; National Institutes of Health, Bethesda, 
MD, USA).

Statistical analysis. All data are expressed as the 
mean  ±  standard deviation, or as percentages. Statistical 
analyses were conducted using SPSS software (version 19.0; 
IBM Corp., Armonk, NY, USA). Comparisons between groups 
were analyzed using a paired t‑test or the χ2 test. P<0.05 was 
determined to indicate a statistically significant difference.

Results

Characteristics of the patients. The general characteristics 
of the patients are presented in Table I. The mean age of the 
patients was 35.10±7.39 and 34.80±7.53 years in the treatment 
and control groups, respectively. There was no significant 
difference in the age of patients between the treatment and 
control groups (P=0.083). In addition, no significant differ-
ences were observed between the treatment and control 
groups, respectively, in infertility duration (4.85±1.22 
vs. 4.90±1.59 years; P=0.878) and body mass index (22.97±1.68 
vs. 23.47±1.58 kg/m2; P=0.353). The factors indicate that the 
results of the two groups were comparable.

Tiaogeng Yijing regulates serum sex hormones levels and 
increases the AFC of patients with POR. To explore the 
therapeutic effects of the Tiaogeng Yijing decoction on 
the pregnancy outcomes of patients with POR undergoing 
IVF‑ET, the levels of sex hormones, and the AFC and MOD, 
in the treatment group (before and after treatment) and in the 
control group (after treatment) were compared. As shown in 
Table II, the results demonstrated that the levels of FSH and 
E2, and the ratio of FSH/LH, were significantly decreased 
after treatment with the Tiaogeng Yijing decoction compared 
with the levels before treatment (all P<0.05), while the AMH 
level and the AFC were significantly increased (both P<0.05 
vs. before treatment). However, no significant differences were 
identified in LH and the MOD before and after treatment with 
the Tiaogeng Yijing decoction. Furthermore, compared with 
the control group, the levels of FSH, E2 and FSH/LH were 
significantly reduced after treatment with Tiaogeng Yijing 
decoction (all P<0.05). By contrast, the AMH level and the 
AFC were significantly increased after treatment compared 
with the control group (both P<0.05). There were no signifi-
cant differences in LH and the MOD after treatment compared 
with the control group. These results indicate that the Tiaogeng 

Table I. Characteristic of patients with poor ovarian response included in the present study.

	 Group
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter	 Control (n=20)	 Treatment (n=20)	 t‑value	 P‑value

Ages (years)	 34.80±7.53	 35.10±7.39	 1.831	 0.083
Infertility duration (years)	 4.90±1.59	 4.85±1.22	 ‑0.156	 0.878
BMI (kg/m2)	 23.47±1.58	 22.97±1.68	 ‑0.952	 0.353 

Parameters were compared using a paired t‑test. BMI, body mass index.
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Yijing decoction regulates sex hormones levels and increases 
the AFC.

Tiaogeng Yijing increases the follicular fluid levels of GDF‑9, 
TGF‑β1 and VEGF in patients with POR. The levels of 
GDF‑9, TGF‑β1, LIF, G‑CSF and VEGF in the follicular fluid 
of patients in the treatment and control groups were compared. 
The results of this analysis are shown in Table III. The results 
revealed that the levels of GDF‑9 (P<0.001), TGF‑β1 (P=0.004) 
and VEGF (P=0.005) were significantly increased in the treat-
ment group compared with the control group. However, there 
were no significant differences in expression levels of LIF 
(P=0.329) and G‑CSF (P=0.172) between the treatment and 
control groups. These results suggest that the Tiaogeng Yijing 
decoction increases follicular fluid levels of GDF‑9, TGF‑β1 
and VEGF.

Tiaogeng Yijing increases endometrial levels of integrin 
αVβ3, TGF‑β1 and VEGF in patients with POR. Next, the 
levels of endometrial cytokines between the two groups 
were compared. As shown in Fig. 1, the results of western 

blotting analysis revealed that the protein expression levels 
of integrin αVβ3, TGF‑β1 and VEGF were significantly 
increased in the treatment group compared with the control 
group (all P<0.05). However, there were no significant differ-
ences in the protein levels of LIF and G‑CSF between the 
two groups. These results suggest that the Tiaogeng Yijing 
decoction increases endometrial levels of integrin αVβ3, 
TGF‑β1 and VEGF.

Tiaogeng Yijing improves pregnancy outcomes in patients 
with POR. At 3  months after ET, pregnancy outcomes 
between the treatment and control groups were compared. 
The pregnancy outcomes measured included the number of 
oocytes retrieved, the percentage of high‑quality oocytes, 
the percentage of high‑quality embryos and the pregnancy 
rate. As shown in Table IV, the results demonstrated that the 
number of retrieved oocytes (P=0.002), high‑quality oocytes 
(P=0.004) and clinical pregnancy rate (P=0.024) were signifi-
cantly increased in the treatment group compared with the 
control group. However, there was no significant difference 
in the percentage of high quality embryos between the two 

Table II. Comparison of serum sex hormones levels, and the AFC and MOD, between the control and treatment groups.

	 Group
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Treatment (n=20)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter	 Control (n=20)	 Before treatment	 After treatment

FSH (mIU/ml)	 12.81±1.43	 12.63±1.36b	 8.89±1.56d

LH (mIU/ml)	 5.05±0.60	 5.01±0.71	 4.98±0.21
FSH/LH	 2.56±0.40	 2.58±0.41b	 1.77±0.33d

E2 (pg/ml)	 81.25±0.35	 80.2±0.35a	 73.2±1.35c

AMH (ng/ml)	 0.96±0.28	 0.95±0.22b	 1.03±0.21d

AFC (number)	 4.61±0.35	 4.64±0.42a	 5.28±0.29c

MOD (cm3)	 2.21±0.87	 2.15±0.89	 2.29±1.34 

Parameters were compared using a paired t‑test. aP<0.05, bP<0.01 vs. after treatment; cP<0.05, dP<0.01 vs. the control group. FSH, follicle‑stim-
ulating hormone; LH, luteinizing hormone; E2, estradiol; AMH, anti‑mullerian hormone; AFC, antral follicle count; MOD, mean ovarian 
diameter.

Table III. Comparison of follicular fluid cytokine levels between the control and treatment groups.

	 Group
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Cytokine (pg/ml)	 Treatment (n=20)	 Control (n=20)	 P‑value

GDF‑9	 397.00±212.85	 208.40±124.26	 <0.001
TGF‑β	 0.24±0.2541	 0.108±0.0987	 0.004
LIF	 18.86±9.74	 13.75±9.93	 0.329
G‑CSF	 0.4179±1.38	 0.3919±0.41	 0.172
VEGF	 1171±624.19	 533.2±417.90	 0.005

Cytokine levels were compared using a paired t‑test. GDF, growth differentiation factor; TGF, transforming growth factor; LIF, leukemia 
inhibitory factor; G‑CSF, granulocyte‑colony stimulating factor; VEGF, vascular endothelial growth factor.
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groups (P=0.801). These results indicate that the Tiaogeng 
Yijing decoction improves pregnancy outcomes.

Discussion

The present study explored the therapeutic effects of the 
Tiaogeng Yijing decoction on patients with POR undergoing 
IVF‑ET, in addition to the underlying mechanisms of these 
effects. The results revealed that oral administration of the 

Tiaogeng Yijing decoction significantly lowered serum levels 
of FSH and E2, and significantly increased serum AMH 
levels, the AFC, follicular fluid levels of GDF‑9, TGF‑β1 and 
VEGF, and endometrial levels of integrin αVβ3, TGF‑β1 and 
VEGF. In addition, the Tiaogeng Yijing decoction significantly 
increased the number of oocytes retrieved, the percentage of 
high quality oocytes and the pregnancy rate of patients with 
POR in the present study.

According to the TCM theory, POR belongs to the 
categories of ‘infertility’, ‘hypomenorrhea’, ‘amenorrhea’ 
and ‘blood depletion’ (22). In TCM, POR is associated with 
kidney qi deficiency and deficiency of kidney essence (23). 
Fu Qingzhu Nüke, a famous book published during the Qing 
dynasty, states that the basic physiological processes of females 
are associated with the kidneys (13). In addition, stagnation of 
liver qi is thought to be responsible for POR (13). Therefore, 
improving the physical condition of the liver and kidneys may 
improve POR. The present study investigated the effect of 
the Tiaogeng Yijing decoction on POR. The Tiaogeng Yijing 
decoction is derived from the Yijing decoction and includes 
15 types of Chinese herbal medicines. In TCM, this mixture 
is thought to tonify the kidney, invigorate the circulation of 
blood, smooth the liver and invigorate the spleen. Therefore, it 
was hypothesized that the Tiaogeng Yijing decoction may be 
beneficial for patients with POR.

A total of 40 patients with POR preparing to undergo 
IVF‑ET were included in the present study. The patients were 
randomly assigned to the treatment group (Tiaogeng Yijing 
decoction treatment in addition to microstimulation) or the 
control group (microstimulation only). At 3  months after 
ET, the serum levels of sex hormones, follicular fluid growth 
factors and endometrial cytokines, in addition to pregnancy 
outcomes, were measured. FSH and LH are required for normal 
reproductive function in mammals. It is well known that FSH 
stimulates ovarian follicle development and that the FSH/LH 
ratio is a useful marker of ovarian reserves (24). Serum AMH 
levels serve an important role in predicting ovarian response; 
this is reflected in the size of the primordial follicle pool and 
the quality of the oocytes produced  (25). AMH has been 
reported to be a more sensitive marker of ovarian function 
compared with AFC on day 3 of the menstrual cycle (26). In the 
present study, FSH, FSH/LH and E2 levels were significantly 
decreased following Tiaogeng Yijing decoction treatment, and 
AMH and the AFC were significantly increased, indicating an 

Table IV. Comparison of pregnancy outcomes between the control and treatment groups.

	 Group
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Pregnancy outcome	 Treatment (n=20)	 Control (n=20)	 t‑value or χ2	 P‑value

Number of retrieved oocytes	 2.89±1.04	 2.05±0.97	 3.618	 0.002
High‑quality oocytes (%)	 68.07±19.05	 36.40±31.33	 3.274	 0.004
High‑quality embryos (%)	 57.01±23.78	 50.50±21.39	 1.791	 0.801
Clinical pregnancy rate (%)	 25	 0	 5.714	 0.024 

Number of retrieved oocytes, quality of oocytes and quality of embryos were compared using a paired t‑test. Clinical pregnancy rate was 
compared using a χ2 test.

Figure 1. Tiaogeng Yijing increases endometrial levels of integrin αVβ3, 
TGF‑β1 and VEGF in patients with poor ovarian response. Endometrial 
protein expression levels of integrin αVβ3, TGF‑β1, LIF, G‑CSF and VEGF 
were measured via western blot analysis in the control and treatment groups. 
(A)  Western blot and (B)  western blot quantification revealed that the 
Tiaogeng Yijing decoction significantly increased the levels of integrin αVβ3, 
TGF‑β1 and VEGF, but not LIF and G‑CSF, compared with the control group. 

Data are expressed as the mean ± standard deviation and were compared 
by paired t‑test. *P<0.05, **P<0.01 vs. the control group. TGF, transforming 
growth factor; LIF, leukemia inhibitory factor; G‑CSF, granulocyte‑colony 
stimulating factor; VEGF, vascular endothelial growth factor.
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increase in ovarian reserve function. However, the Tiaogeng 
Yijing decoction had no effect on LH levels or the MOD.

Follicular fluid provides the microenvironment for oocyte 
development, which is formed by ultrafiltration of the plasma 
through the blood‑follicle barrier, and the secretion of granule 
cells and membrane cells. Therefore, numerous molecules in 
the follicular fluid are thought to reflect the status of the metabo-
lism and development of oocytes, and steroid synthesis (27). It 
has been reported that the expression and secretion of several 
cytokines is altered in the follicular fluid during COH (28). 
Endometrial receptivity is a limiting step in the success of 
IVF (29). Improved endometrial receptivity is responsible 
for increased pregnancy rates and reduced early pregnancy 
failure (30,31). Cytokines and growth factors are associated 
with endometrial receptivity and implantation (32,33). Thus, 
the present study measured the levels of GDF‑9, integrin 
αVβ3, TGF‑β1, LIF, G‑CSF and VEGF in the follicular fluid 
and endometria of patients with POR. It was observed that the 
levels of TGF‑β1 and VEGF were significantly increased in 
the follicular fluid and endometrium following the administra-
tion of the Tiaogeng Yijing decoction.

TGF‑β1 is a multifunctional cytokine, which can regulate 
cell growth and differentiation, promote the formation of the 
extracellular matrix, and enhance angiogenesis and immune 
function. TGF‑β1 released by granulosa and theca cells 
reduces steroid α‑hydroxylase activity and mitochondrial 
cholesterol content, inhibiting the production of androgens, 
in addition to inhibiting the TGF‑α‑induced proliferation 
of theca cells  (34). In addition, TGF‑β1 can enhance the 
sensitivity of granulosa cells to FSH stimulation, increasing 
sex hormone production  (35). TGF‑β1, together with sex 
hormones, regulates the growth of follicles and maturation 
of oocytes, thus serving an important role in fertilization 
and early embryonic development (35,36). VEGF is a potent 
vascular endothelial cell‑specific mitogen that serves an essen-
tial role in angiogenesis. In humans VEGF is highly expressed 
during preimplantation embryonic development, allowing the 
implanting embryo to immediately induce angiogenesis at the 
implantation site (37). VEGF has also been reported to be 
associated with the regulation of intrafollicular oxygen levels, 
and patients with low levels of VEGF have been demonstrated 
to have lower fertilization and pregnancy rates after ET (38). 
TGF‑β1 may be an upstream cytokine of VEGF, thus regu-
lating the function of VEGF in angiogenesis.

In conclusion, the results of the present study suggest 
that the Tiaogeng Yijing decoction improves the pregnancy 
outcomes of patients with POR undergoing IVF‑ET. These 
effects may be associated with the upregulation of TGF‑β1 
and VEGF in the follicular fluid and endometrium. However, 
further studies are required to confirm these results.
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