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To observe the effect of Bushen Zhuyun Decoction (BSZYD) on rat pituitary cells (RFC), and to 
investigate the mechanism of BSZYD in treating infertility due to luteal phase defect (LPD), a GnRH-
receptor (GnRHR) antagonized model of pituitary cells was established by using the blocking agent of 
Cetrorelix. The cells were treated with BSZYD-containing cerebrospinal fluid (CSF). Thus, a total of five 
groups of cells, including blank (+) group, Cetrorelix (+) group, CSF with BSZY (+) group, model-treated 
(+) group and corresponding blocker-treated group were established. Secretion levels of related hormone 
and their mRNAs were detected in the supernatant of each group. The mRNA and protein levels of 
GnRHR, the hub genes and key transcription factors in the downstream cAMP-PKA signaling pathways 
in RPC cells were also detected. The secretion and transcription levels of FSH and LH in Cetrorelix group 
were significantly decreased, while the expression of GnRHR was significantly increased compared to 
the blank group (p<0.05). Use of CSF with BSZYD alone showed no significant effect on the secretion 
of RPC, and the expressions of GnRHR and related hub genes in cAMP-PKA pathway. However, it 
exerted an effect on the model-treated group. Further, no significant difference was found in the content 
of cAMP and the levels of mRNA and protein of PKA in the supernatant between model-treated group 
and Cetrorelix group, while there was significant difference in the expression of CREB and Egr-1 between 
the two groups (p<0.05). Pituitary is one of the effective targets of BSZYD. BSZYD, by interacting with 
the GnRHR of pituitary gland, can activate cAMP-PKA signal transduction pathway, and in turn affect 
the downstream factors CREB and Egr-1 to regulate the secretion and transcription of FSH and LH. This 
pharmacological mechanism can redress luteal function and improve endometrial receptivity, and thus 
increase the clinical pregnancy rate.

INTRODUCTION

The incidence of infertility is increasing year by year. 
Dysfunction of female reproductive axis caused by 

multiple factors is the main mechanism of infertility. 
Although in vitro fertilization and embryo transfer 
technology in modern medicine has obtained great 
development, the clinical pregnancy rate is less than 50%, 
accompany by a high price and considerable side effects. 
Not only is it difficult for patients to accept psychologically, 
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but it is also controversial whether the health of the 
offspring is affected or not (Poel, 2012; Cui, 2010).

Bushen Zhuyun Decotion (BSZYD), the original 
name Fuyun-1, the Auxiliary Pregnancy Decotion 
(Zhuyun Tang) or mixture (Zhuyun Heji), was Xia Lao’s 
empirical formula based on the theory of “heart, kidney 
and uterus axis”. The formula was screened and refined by 
professor Huifang Zhou, who was in charge of the project. 
The prescription is composed of eight herbs, and clinical 
research showed that BSZYD can effectively improve 
kidney deficiency and partial Yang, and luteal dysfunction 
infertility with liver depression (Zhou, 2001).

The previous results of in vivo and in vitro experiments 
in our project suggested that BSZYD can improve the 
endometrial receptivity and the secretory function of 
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ovarian cells, and thus promote embryo implantation 
effectively (Wang and Zhou, 2013; Zhou et al., 2009a, b; 
Sun et al., 2014). Animal experiments showed that BSZYD 
can effectively regulate the expression of pituitary GnRH 
receptor and key transduction factors and transcription 
molecules in its downstream signaling pathway in the LPD 
rat model, improve the levels of FSH and LH in serum, 
and promote the changes of serum GnRH level (Zhou et 
al., 2017a, b; Jiang et al., 2018). CAMP-PKA signaling 
pathway is an important pathway downstream of GnRH 
receptor (Thompson et al., 2016; Maggi et al., 2016).

Based on our animal experiments, a rat pituitary cell 
(RPC) model was established in our study, the GnRH 
receptors of which were antagonized by Cetrorelix. The 
purpose is to observe the effect of BSZYD on pituitary 
gonadotropin secretion, and the responses of GnRH receptor 
and cAMP (cyclic adenosine monophosphate) signal 
pathway. Additionally, we also explore the interaction sites 
between the BSZYD and RPC preliminarily.

MATERIALS AND METHODS

Cells and main culture reagents
RPC, nerve cell growth stock (NGS), penicillin and 

streptomycin solution (P/S Solution) were all purchased 
from Sciencell, USA. Fetal bovine serum (FBS) was 
purchased from Gibco.

Animals for preparation of BSZYD-containing CSF
Female SPF SD rats (50) with 8-week old and the 

weight of 200±20 g were provided by the Experimental 
Animal Center of Nanjing University of Traditional 
Chinese Medicine (SYXK(Su) 2013-0003) and the 
certificate number of the experimental animals was 
201708062. The animals are bred in the experimental 
animal center of Nanjing University of Chinese Medicine 
Laboratory with SPF grade environment.

All animal experiments were approved by the 
Experimental Animal Center of Nanjing University of 
Traditional Chinese Medicine and performed according to 
animal ethical guidelines of the Chinese National Health 
and Medical Research Council.

Experimental reagents
Gonadotropin-releasing hormone (GnRH) was 

purchased from Sigma, USA. Cetrorelix was purchased 
from Baxter Oncology GmbH, Germany. BSZYD is 
composed of eight kinds of traditional Chinese medicines, 
including Huai Yam 15g, Cornus officinalis 10g, Fried 
Paeonia lactiflora 10g, Vinegar Fried Bupleurum 6g, 
Cuscuta chinensis 15g, Lujiao Tablet 10g, etc. Chinese 

medicine slices were purchased from Bai Cao Tang, 
Nanjing University of Traditional Chinese Medicine.

RPC cell culture
RPC cells were cultured in high glucose DMEM 

medium containing 1% NGS growth medium, 10% fetal 
bovine serum and 1% P/S solution in an incubator at 37°C, 
5% CO2 and saturated humidity. The cells in logarithmic 
growth phase were harvested and seeded in 12-well plate 
with a cell density of 1×106/mL and cultured for another 
24 h before the further experiment.

Construction of pituitary cell model with GnRHR 
antagonism

RPC cells were cultured with a density of 1×106/mL 
on a 24-well plate (Wang et al., 2010), the specific dosing 
method and grouping information were shown in Table I. 
Cells and culture supernatant were collected and stored at 
-70°C for use.

Table I.- Cell grouping and dosing method.

Drug
Grouping

SQ22536
(100 

μmol/L)

CSF with 
BSZYD 
(10%)

Cetrorelix
(10-6 

mol/L)

GnRH
(20 

nmol/L)

Blank(-) - - - 6h

Cetrorelix(-) - - 6h 6h

Model-treated(-) - 18h 6h 6h

CF with BSZYD(-) - 24h - 6h

Blank(+) 72h - - 6h

Cetrorelix(+) 72h - 6h 6h

Model therapy(+) 72h 18h 6h 6h

CF with BSZYD(+) 72h 24h - 6h

CSF cerebrospinal fluid, BSZYD Bushen Zhuyun Decoction.

Determination of the levels of FSH, LH and cAMP in 
culture supernatant

The concentrations of FSH and LH in RPC cells 
were determined by ELISA double sandwich method. The 
ELISA kit was purchased from Wuhan Ellerite Biological 
Technology Co., Ltd.. Multifunctional microplate reader 
system was used to detect and collect analyzed data.

Detection of the mRNA levels of related molecules in RPC 
by qPCR

The transcription levels of FSHβ, LHβ, GnRHR, 
CREB, Egr-1 and PKA in RPC were determined by qPCR. 
The sequence of mRNA was obtained via the NCBI 
database (Table II).

B. Liu et al.
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Table II.- Primer sequences.

Gene Upstream primer sequence (5`-3`) Downstream primer sequence (5`-3`) Product (bp)
FSHβ GGACCCAGCTAGACCAAACA ACAGTGGCATTCAGTGGCTA 133
LHβ CTGAGCCCAAGTGTGGTGT ATGCTGGTGGTGAAGGTGAT 122
GnRHR GTGGTGATTAGCCTGGATCG ATAACTGTGGTCCCGCAAAG 130
Egr-1 AACACTTTGTGGCCTGAACC AGGCAGAGGAAGACGATGAA 118
CREB GATTCTAGTGCCCAGCAACC GGAGGACGCCATAACAACTC 118
PKA TACCTCCATTCCCTCGACCT CCTTGACTCTCTTGGCGAAC 112

Table III.- FSH, LH and cAMP levels in pituitary cell 
supernatants (x̅+ s).

Group n FSH 
(mIU/ml)

LH 
(mIU/ml)

cAMP
(pmol/ml)

Blank(+) 6 3.91±0.36 8.94±0.57 18.58±1.92
Cetrorelix(+) 6 2.26±0.22* 3.35±0.59** 10.94±3.37*

CF with BSZYD(+) 6 4.40±0.31# 12.79±0.60*## 18.8±4.84#

Model-treated(+) 6 3.95±0.28# 8.66±1.07## 17.18±2.11#

Blank(-) 6 3.56±0.27 6.72±0.37 10.14±2.58
Cetrorelix(-) 6 2.39±0.35& 2.48±0.45&& 5.62±1.23@

CF with BSZYD(-) 6 4.21±0.36@ 7.44±1.23@@ 7.24±3.76
Model-treated(-) 6 3.43±0.32@ 3.43±0.67 6.61±2.58

* P<0.05, ** P<0.01 compared to the blank(+) group. # P<0.05, # 
P<0.01 compared to the Cetrorelix(+) group. &P<0.05, &&P<0.01 
compared to the blank(-) group.@P<0.05, @@P<0.01 compared to the 
blank(-) group.

Detection of protein expression in RPC by western blot
The expression levels of RPC-related proteins 

were determined by western blot. Protein contents were 
determined according to the instruction of the BCA Protein 
Assay Kit. The protein concentrations were balanced and 
denatured at 100°C. ImageLab, Photoshop and other 
software were used for processing images and obtaining 
optical density data.

Statistical methods
Normally distributed data were shown as x̅±SD, 

while non-normally distributed data were shown as M 
(IQR). Comparison of normally distributed data between 
two groups were determined via t-test, while One-Way 
analysis of variance was used to compare among groups. 
All p values were considered statistically significant if p 
< 0.05.

RESULTS

Effect of BSZYD on secretion of FSH, LH and cAMP in 
pituitary cells

The results were shown in Table III. The levels of 
FSH, LH and cAMP in the cell supernatant in Cetrorelix(-) 

group were significantly decreased compared to the 
blank(-) group (p<0.05), while the LH level in the CSF(-) 
group was significantly increased (p<0.05). Compared to 
the Cetrorelix(-) group, the levels of FSH, LH and cAMP 
in the culture supernatants in the CSF(-) group and the 
model-treated(-) group were all significantly increased 
(p<0.05). 

The levels of FSH, LH and cAMP in the supernatant 
in the Cetrorelix(+) group were significantly decreased 
while the LH level in the supernatant in the CSF(+) group 
increased significantly (p<0.05) when compared with the 
blank(+) group. The levels of FSH and LH in the CSF(+) 
group and that of FSH in model-treated(+) group were all 
significantly higher than those in the Cetrorelix(+) group 
(p<0.05). No significantly difference in the levels of LH 
and cAMP was shown between the model-treated(+) group 
and the Cetrorelix group (p>0.05).

Table IV.- The levels of sex hormones and their 
receptors in pituitary cells of rats [(x̅±s) /IQR].

Group n FSHβ mRNA LHβ mRNA 
Blank(+) 6 0.93±0.13 0.96±0.25
Cetrorelix(+) 6 0.56±0.16** 0.29±0.17**

CF with BSZYD(+) 6 1.25±0.29## 1.29±0.21##

Model-treated(+) 6 0.87±0.27# 1.03±0.26#

Blank(-) 6 0.71±0.26 0.57±0.18
Cetrorelix(-) 6 0.42±0.13&& 0.24±0.11&&

CF with BSZYD(-) 6 1.07±0.34@@ 0.78±0.32@@

Model-treated(-) 6 0.69±0.16@ 0.38±0.17
*P<0.05, ** P<0.01 compared to the blank(+) group. # P<0.05, #P<0.01 
compared to the Cetrorelix(+) group. @P<0.05, @@P<0.01 compared to 
the blank(-) group. @P<0.05, @@P<0.01 compared to the blank(-) group.

Effect of BSZYD-containing CSF on mRNAs levels of FSH 
and LH in pituitary cells

The results are shown in Table IV. The expression 
of mRNAs in FSH and LH were consistent with those 
secretions when no specific blocker was given. Compared 
with the blank(-) group, the mRNA levels of FSH and LH 
in the Cetrorelix(-) group were significantly decreased 
(p<0.01). The mRNA level of FSH in the model-

Mechanisms of BSZYD Treating Infertility due to LPD 669



670                                                                                        

treated(-) group was significantly increased compared to 
the Cetrorelix(-) group (p<0.05), while not significantly 
difference was shown in the mRNA level of LH between 
the two groups (p> 0.05).

Fig. 1. Comparison of mRNA and protein levels of GnRHR 
in RPC cells. A, mRNA levels of GnRHR in RPC cells; B, 
protein levels of GnRHR in RPC cells. *p<0.05 conpared 
to the blank group, #p<0.05 compared to the model-treated 
group.

Transcription and translation levels of GnRHR in RPC 
cells

The results were shown in Figure 1. The mRNA and 
protein levels of GnRHR in blank group, CSF group and 
model-treated group were all significantly higher than 
those in the Cetrorelix group (p<0.05).

The transcription and translation levels of PKA in RPC 
cells

The results were shown in Figure 2. The mRNA 
and protein levels of PKA in the Cetrorelix(-) group 
were both significantly down-regulated compared to the 
blank(-) group (*p<0.05). The levels of mRNA and protein 
of PKA were significantly up-regulated in the model-
treated(-) group and the CSF(-) group compared with the 
Cetrorelix(-) group (*p<0.05). No significant difference 
was found in the levels of mRNA and protein of PKA 
among the three groups of Cetrorelix(+) group, the model-
treated(+) group and the CSF(+) group after treated with a 
blocker (##p>0.05). 

Transcription and translation levels of CREB and  Egr-1 
in RPC cells

The results were shown in Figure 3. The mRNA and 
protein levels of CREB and Egr-1 in the Cetrorelix(-) 
group were both significantly down-regulated compared to 
the blank(-) group (*p<0.05), while the model-treated(-) 
group and the CSF(-) group could significantly up-regulate 
the mRNA and protein levels of CREB and Egr-1 compared 
to the Cetrorelix(-) group (*p<0.05). 

Compared to the blank(+) group, the mRNA and 
protein levels of CREB and Egr-1 in the Cetrorelix(+) 
group were significantly down-regulated (&p<0.05), 
while those of CREB and Egr-1 in the model-treated(+) 
group and CSF(+) group were significantly up-regulated 
compared to the Cetrorelix(+) group (##p < 0.05).

Fig. 2. Comparison of mRNA and protein levels of PKA in RPC cells. *p<0.05 compared to the blank(-) group, #p<0.05,*p>0.05 
compared to the Cetrorelix(-) group. &p<0.05 compared to the blank(+) group, ##p>0.05 compared to the Cetrorelix(+) group.

B. Liu et al.
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Fig. 3. Comparison of mRNA and protein levels of CREB and Egr-1 in RPC cells. *p<0.05 compared to the blank(-) group, 
#p<0.05, *p>0.05 compared to the Cetrorelix (-) group. &p<0.05 compared to the blank(+) group,##p>0.05 compared to the 
Cetrorelix (+) group.

DISCUSSION

Cetrorelix is a third-generation GnRH antagonist 
(GnRHA). As a decapeptide hormone like GnRH, the first, 
second, third, 6th and 10th amino acid of Cetrorelix is 
different from the structure of GnRH. The mechanism by 
which Cetrorelix works is the substitution of amino acids at 
different sites, which can inhibit pituitary gland axis directly 
and rapidly by blocking GnRH receptor competitively. The 
serum levels of FSH and LH decreased significantly within 
a few hours after Cetrorelix administration. No pituitary 
stimulation was shown at the initial stage of administration 
due to the lack of GnRH-like effect (Sun and Wu, 2013; 
Zeinalzadeh et al., 2014; Seghatoleslam et al., 2014; Lai 
et al., 2014). The results from our study demonstrated that 
Cetrorelix inhibited the expression of pituitary GnRHR 
from both the transcriptional and translational levels. Since 
Cetrorelix has no function of GnRH, the transcription 
of FSH and LH cannot be activated through the signal 
transduction mechanism when it binds to the GnRHR. 
Thus, the function of GTH secretion by the pituitary gland 
is inhibited. Our results also showed that the CSF with 
BSZYD could significantly rescue the effect of Cetrorelix 
on GnRHR on RPC cells and increase the expression of 
FSH and LH. Additionally, intervention by the CSF alone 
indicated that the relevant indicators of normal cells were 

not influenced.
In our study, CSF with BSZYD could regulate the 

abnormal secretion and mRNA expression levels of FSH 
and LH induced by Cetrorelix in RPC cells. The CSF 
can improve the abnormal secretion and transcription of 
FSH in RPC cells after adding the blocker. However, no 
significant improvement was observed for the secretion and 
transcription of LH. The review of literature indicates that 
the GnRHR on the pituitary GTH cell membrane activates 
G protein when binding to GnRH, and in turn activates 
the downstream effectors of proteins. The Ga family of 
mammalian genomes includes 4 subfamily members 
of Gas, Gaq/11, Ga12/13 and Gai/o. Of which, Gas can 
activate adenylate cyclase to catalyze the production of 
cAMP, and activate the cAMP-PKA signaling pathway 
(Takemori and Okamoto, 2008; Ciccone et al., 2010; 
Thompson et al., 2013). Several studies have found that 
both Gaq and Gas play an auxiliary role in the regulation 
of LHβ expression by GnRHR (Choi et al., 2012; Naor 
and Huhtaniemi, 2013; Tsutsumi et al., 2010). The induced 
expression of FSHβ gene mainly depends on Gaq/11, while 
the expression of LHβ gene depends on Gas (Sun and Wu, 
2013; Perrett and Mcardle, 2013). Therefore, BSZYD may 
affect the secretion and expression levels of LH through 
Gas-activated cAMP-PKA signaling pathway.

The pathway of cAMP-PKA is a signal transduction 



672                                                                                        B. Liu et al.

pathway downstream of the GnRH and functions 
by activating the PKA system. cAMP facilitates the 
conformation change of PKA and dissociate its catalytic 
subunit into nucleus, which in turn phosphorylate the 
serine/threonine residues in substrate proteins. CREB is 
the key transcription factor of the substrate proteins, and 
performs transcriptional regulation to the downstream 
genes through inducing expression (Taylor et al., 2012; 
Son et al., 2012; Kasper et al., 2014; Kida and Serita, 
2014; Song et al., 2013). In our research, both the mRNA 
and protein levels of PKA in the RPC cells and the content 
of cAMP in the supernatant were significantly lower than 
those in the blank group (p<0.05), while the CSF with 
BSZYD could regulate the abnormal expression pattern 
positively.

Both the cAMP content and the transcription and 
translation levels of PKA in the supernatant showed no 
statistically difference between the CSF group and the 
Cetrorelix group after giving the blocker treatment, which 
indicated that BSZYD could regulate the secretion of 
cAMP and the transcription and translation of PKA by 
acting on the GnRHR.

The mRNA and protein levels of CREB and Egr-1 
in RPC cells were significantly lower than those in the 
blank group (p<0.05) under the influence of Cetrorelix, 
while the CSF with BSZYD could redress the abnormal 
expression. Even with the addition of the blocker, the CSF 
still improve the decrease in transcription and translation 
of CREB, Egr-1 in RPC cells induced by Cetrorelix. The 
review of literature also indicates that PKC-MAPK and 
CAM-Ca2+ signal transduction systems were involved in 
regulating the synthesis and secretion of GTH after GnRH 
binds to the receptor in addition to through the cAMP-
PKA pathway.

CREB can also be activated by JNK pathway-a branch 
of MAPKs pathway, and Egr-1 can be activated by both 
PKC-MAPK and cAMP-PKA pathways (Ma et al., 2005; 
Thompson and Kaiser, 2014; Luisa and Tatiana, 2013). 
These suggest that BSZYD may regulate the expression 
of CREB and Egr-1 and the secretion of GTH through 
interacting with GnRHR and activation of cAMP-PKA 
and two other pathways.

CONCLUSION

Conclusively, pituitary is one of the effective targets of 
BSZYD. BSZYD can affect the GnRHR in pituitary gland, 
and intervene with the transcriptional and translational 
levels of GnRHR. By regulating the GnRHR, BSZYD 
activates the downstream signal transduction pathway 
of cAMP-PKA and affects downstream transcription 
factors, and thus improves secretion of FSH and LH and 

luteal function. These changes ultimately promote the 
improvement of endometrial receptivity and enhancement 
of clinical pregnancy rate.
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