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Abstract

To explore the molecular mechanism of Erzhi Pill (EZP) in the treatment of premature ovarian insufficiency (POI) by network 
pharmacology. Methods. the main chemical components and their targets of EZP were obtained through the Traditional Chinese 
Medicine Systems Pharmacology Database and Analysis Platform (TCMSP), and the main active components were screened ac-
cording to ADME. GeneCard, OMIM, DisGeNET, DrugBank, and PharmGkb were used to establish target databases for POI. The 
visualization network diagram of “EZP active ingredient -Target- POI” was constructed by using Cytoscape software. The STRING 
database was used to construct the protein interaction network and Cytoscape software was used to screen out the key targets. Gene 
Ontology (GO) biological function analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis 
for key targets were performed. Finally, Discovery Studio software was used to verify the molecular docking of active ingredients and 
key targets. Results: 17 active components of EZP were screened, including 117 common targets. EZP can increase the number of 
follicles in patients with POI through PI3K / Akt signaling pathway, p53 signaling pathway, apoptosis, and MAPK signaling pathway, 
and can prevent long-term complications including osteoporosis and cardiovascular issues. The molecular docking results showed 
that the active components of EZP had a good match with the targets of AKT1, TP53, MAPK1, JUN, RB1, TNF , and MYC. Conclu-
sion. EZP has the characteristics of multisystem, multicomponent, and multitarget in the treatment of POI. Its possible mechanisms 
include anti-apoptosis, inhibition of oxidative stress, and inflammatory response to control the occurrence and development of POI. 
Quercetin, luteolin, and kaempferol may be the material basis of EZP in the treatment of POI.
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Introduction

 Primary ovarian insufficiency refers to the severe de-
cline of ovarian function in women before the age of 40, with 
menstrual disorders, infertility, raised gonadotrophins, and 
low estradiol as the main clinical manifestations[1]. It was once 
called premature ovarian failure (POF). The ovarian function of 
patients with POF has declined seriously, and some of them have 
cardiovascular diseases [2] and osteoporosis[3]. Therefore, POF 
should be changed to POI, FSH>40 U/L should be reduced to 
FSH>25 U/L, to achieve the purpose of early diagnosis and early 
treatment to reduce complications.

 The prevalence of POI is on the rise, and it is younger. 
At present, the global prevalence of POI is 3.7% [4], and the low-
er development status is closely associated with increased risk 
for POI [5]. Although dormant follicles in vitro activation (IVA) 
[6,7] and stem cell therapy[8] have been used in the treatment of 
POI, it is controversial because of its high technical level, high 
treatment cost, and unclear clinical efficacy and safety. At pres-
ent, hormone replacement therapy (HRT) is still the main treat-
ment. Considering that HRT increases the risk of malignant tu-
mors including cervical cancer and breast cancer, some patients 
have poor compliance.

 Chinese herbal medicine (CHMs) have certain ad-
vantages in the treatment of POI, which can improve the 
ovarian function of patients with POI without increasing the 
risk of malignant tumor [9].

 EZP first appeared in Wu Minji’s “Fu Shou Jing Fang” 
in the Ming Dynasty. It is composed of two kinds of medicine, 
Ligustri Lucidi Fructus (LLF) and Ecliptae Herba (EH). Because 
LLF is best picked on the winter solstice and EH is best picked 
on the summer solstice, it is named EZP. It is widely used in 
the field of female reproductive endocrine. Due to its simple 
formula, EZP is often used as a basic drug in clinical practice. 
For example, EZP combined with Er Xian Decoction can signifi-
cantly reduce the serum FSH level, increase the serum E2 level, 
and improve the ovarian function of POF compared with HRT 
[10]. It also can combine with Dingjing Decoction to improve 
the menstruation of POF [11]. Modified EZP can improve the 
E2 level of perimenopausal women, improve perimenopausal 
symptoms and female sexual dysfunction [12]. Although clinical 
studies have confirmed that EZP can improve the clinical symp-
toms of POI, its molecular mechanism is not clear.

 LLF is the mature fruit of Ligustrum lucidum. Modern 
pharmacological studies have found that the chemical constit-
uents of LLF include triterpenoids, flavonoids, phenylethanoid 
glycosides, polysaccharides, volatile components, etc, and the 
main compounds include salidroside, oleanolic acid, hydroxy-
tyrosol, ursolic acid, teligustrin, ligustrin G13, ligustrin, etc [13]. 
It was found that the aqueous extract of LLF could inhibit ox-
idative stress in ovariectomized rats by the Nox4-ROS-NF-κB 
pathway [14]. Salidroside and hydroxytyrosol can play the role 
of anti-oxidation and anti-aging by scavenging free radicals and 
reducing intracellular peroxide [15]. Salidroside can not only re-
duce the levels of fatty acids, cholesterol, and triglycerides in the 
serum and liver of atherosclerotic mice by inhibiting the expres-
sion of srebf1 and srebf2, but also promote the degradation of 
fatty acids and cholesterol metabolism in vivo in atherosclerotic 
mice, to alleviate atherosclerosis in mice [16]. Besides, LLF can 
also regulate the diversity of intestinal flora, reduce the level of 
trimethylamine-N-oxide (TMAO), and increase the level of sir-
tuin 6, to maintain the bone content of aged mice [17]. 

 EH is the whole plant of ophiocephalus Argus Compositae. 
Traditional Chinese medicine (TCM) thinks that the main function 
of EH is to nourish the liver and kidneys, cool blood, and stanch 
bleeding, so it is often used to treat tooth loosening, dizziness, tin-
nitus, whitening of hair, bleeding, and other related diseases. EH 
contains a variety of chemical constituents, including triterpenoids, 
flavonoids, thiophenes, coumarins, lipids, sterols, and so on [18]. Its 
extract has anti-aging, hypolipidemic, anti osteoporosis, and hepa-
toprotective effects[19]. The results showed that EH extract could 
enhance the antioxidant capacity of D-galactose-induced aging in 
rats by increasing the levels of da, NE, and 5-HT and reducing the 
levels of iNOS and NO, thus improving the spatial learning and 
memory impairment of aging rats [20]. The aqueous extract of EH 
can inhibit bone loss and increase the bone mass of ovariectomized 
rats by downregulating RANKL, which proves that EH can be used 
to treat postmenopausal osteoporosis [21]. Besides, EH has hypolip-
idemic effects, the ethanol extract of EH can improve the blood lipid 
level of hyperlipidemic hamsters by increasing the mRNA expres-
sion of low-density lipoprotein receptor (LDLR), lecithin-cholester-
ol transferase (LCAT), peroxisome proliferator-activated receptor 
α (PPARα), and scavenger receptor class B type I receptor (SR-BI), 
and reducing the mRNA expression of 3-hydroxy-3-methyl-glu-
taryl-CoA reductase (HMGR) in the liver [22].

 Network pharmacology is the integration of med-
icine, biology, computer science, and other disciplines to 
study the interaction of “disease-gene-target-drug”, which 
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is used to reflect the intervention mechanism of drugs on 
the disease network [23]. Our research is based on the net-
work pharmacology research method to clarify the key tar-
get and molecular signal transduction pathway of EZP in 
the treatment of POI. A flowchart of this study is depicted 
in Figure 1.

Figure 1: Whole framework based on network pharmacology

Materials and Methods

 Screening of Gene Targets of Chemical Components 
of EZP. TCMSP database [24] (http://tcmspw.com) was used to 
find the chemical components of LLF and EH, and then the ac-
tive components and potential protein targets were screened out 
according to ADME (oral bioavailability (OB)≥30% and drug−
likeness (DL)≥0.18), and the target was supplemented with rel-
evant literature. Finally, the UniProt database (https://www.uni-
prot.org) was used to standardize the screened protein targets. 

 Query and Prediction of POI-Related Targets. 
“Primary Ovarian Insufficient” and “Premature Ovarian Fail-
ure” were used as keywords to search the GeneCards database 
(https://www.genecards.org), DrugBank database [25] (https://
www.drugbank.ca), DisGeNET database (https://www.disgen-
et.org), PharmGkb database (https://www.pharmgkb.org), and 

OMIM database (http://www.omim.org). After merging the five 
disease database targets, the duplicate value was deleted to get 
all targets of POI. In Genecards database, the target with a score 
greater than the median is set as the potential target of POI.

 Obtain the Common Target of EZP and POI 
and Construct the Network. The intersection of the active 
components of EZP and the retrieval results of POI-related 
targets is determined by R software and the Venn diagrams 
are drawn, and the common target is the potential target 
of EZP in the treatment of POI. The active components of 
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EZP and the potential target were imported into Cytoscape 
3.7.1 software[26], and the network of active components and 
POI target network of EZP was constructed for network visual-
ization.

 Protein-Protein Interaction (PPI) Network 
Construction and Core Gene Screening. The potential 
targets of EZP in the treatment of POI were imported into 
STRING database[27](https://string-db.org), the organ-
ism was set as “Homo sapiens”, the minimum interaction 
threshold were set to “highest confidence” (> 0.9), and the 
free nodes were hidden. Download the TSV format file, use 
the CytoNCA plug-in in Cytoscape 3.7.1 to analyze the to-
pological properties of the PPI network. The targets above 
the median of “ degree centrality (DC)”, “betweenness cen-
trality (BC)”, “closeness centrality (CC)”, “eigenvector cen-
trality (EC)”, “network centrality (NC)” and “local average 
connectivity (LAC)” were selected as the main targets, and 
the hub gene was obtained after twice screening. 

richment and the top 30 terms of KEGG enrichment were 
shown in the bar chart.

 Molecular Docking. In this study, Discovery Studio 
2016 3.0 software was used to verify all hub genes and the main 
active ingredients of EZP. If the molecules successfully dock to 
the target protein, the LibDock score will be generated, and the 
higher the LibDock score, the higher the predicted target bind-
ing activity will be. 

 Firstly, the mol2 structure of the pharmaceutical 
active ingredient of EZP was obtained from the Chemical 
Book database (https://www.chemicalbook.com/). Then 
the protein crystal structure of POI-related target proteins 
was obtained from the RCSB PDB Database (https://www.
rcsb.org). Finally, the above results were imported into 
Discovery Studio software for analysis.

Figure 2: Active Ingredients of EZP: orange represents LLF, pink represents EH, 
and red represents the same active ingredients

 GO and KEGG enrichment analysis. First of all, 
the potential target of EZP in the treatment of POI was 
transformed into Enter Z ID, and the data were analyzed 
by GO database (http://geneontology.org) and KEGG da-
tabase (https://www.kegg.jp). The enrichment analysis of 
go function included three aspects including molecular 
function (MF), biological process (BP), and cellular com-
ponents (CC), setting, a p value cutoff of 0.05, and a q value 
cutoff of 0.05, the top 10 terms with the highest GO en-

Result

 Screening the Active Ingredients and Targets of 
EZP. Through the TCMSP database, we initially obtained 
119 chemical components of LLF and 48 chemical com-
ponents of EH. 13 active components of LLF and 10 active 
components of EH were screened by ADME, and 17 active 
components of EZP were obtained by combining them and 
deleting duplicate values (Figure 2). Besides, 179 targets 
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Figure 4: the common targets of EZP and POI

Figure 5: Drug active ingredients and disease target network

were obtained from LLF, 165 targets were obtained from 
EH, and 187 targets were obtained from EZP by deleting 
duplicate values after data combination.

 Identification of Targets Related to POI. There 
were 1137 targets from the GeneCard database, 147 targets 
from the PharmGkb database, 299 targets from the Dis-
GeNET database, 53 targets from the DrugBank database, 
and 456 targets from OMIM. Finally, 1737 POI targets were 
obtained by combining 5 databases and a literature search, 
among which ESR1 and ESR2 were common targets (Fig-
ure 3). ESR1 is the gene code of estrogen receptor - α (ER 
- α) in the hypothalamus–hypophysis–ovarian (HPO) axis, 
which is involved in follicle formation; ESR2 is the gene 
code of estrogen receptor - β (ER - β) in the ovary, which is 
involved in follicle growth[28, 29].

Figure 3: POI gene prediction analysis

 Construction of Drug Active Ingredient and 
Disease Target Network. The 187 targets of EZP and 1737 
targets of POI were intersected by R software, and the Venn 
diagrams were drawn (Figure 4). A total of 117 common 
targets of EZP and POI were obtained, which are therapeu-
tic targets of EZP in the treatment of POI. We introduced 
117 therapeutic targets and corresponding active compo-
nents of EZP into Cytoscape to construct the network (Fig-
ure 5). There are 131 nodes and 253 edges, among which 
the triangle node represents the active component of EZP 
and the circle node represents the therapeutic target. The 
size and color of the points reflect the degree of freedom. 
The greater the degree of freedom, the more biological 
functions they participate in.

 Protein-protein interaction (PPI) network con-
struction and topological analysis. We introduced 117 com-
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mon genes into the STRING database to construct the PPI 
network to obtain their interactions, and the network consists 
of 109 nodes and 439 edges (Figure 6). We download the TSV 
file from the STRING database and analyze the network to-
pology by using the CytoNCA plug-in in Cytoscape 3.7.1. In 
the first screening, there were 33 nodes and 175 edges were 
obtained (BC > 41.39939932, CC > 0.151472651, DC > 7, EC 

Figure 7: Process of topological screening for the PPI network

Figure 6: Protein-Protein interaction network

> 0.046951622, LAC > 2.285714286 and NC > 3), in the sec-
ond screening, there were 12 nodes and 46 edges were ob-
tained (BC > 16.10041024, CC > 0.571428571, DC > 9, EC > 
0.128233254, LAC > 5.5 and NC > 6.436868687). The results 
suggest that TP53, JUN, MAPK14, MAPK1, AKT1, ESR1, 
MYC, TNF, RELA, CCND1, CDKN1A, and RB1 are the core 
targets of EZP in the treatment of POI (Figure 7).
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Go enrichment analysis and KEGG pathway analysis. GO en-
richment analysis: ClusterProfiler was used to analyze GO, and 
the 2012 biological process, 57 cell components, and 47 molec-
ular functions were obtained. We used P < 0:05 as the thresh-
old to screen the top 10 analysis results of each item (Figure 8). 
KEGG pathway analysis: we also used ClusterProfiler to analyze 

the KEGG pathway of EZP in the treatment of POI. A total of 150 
pathways were enriched, and the top 30 pathways are shown in 
Figure 9. POI is a disease of the early decline of human function, 
and these pathways are closely related to aging, indicating that 
EZP can improve the ovarian function of patients with POI in a 
variety of ways.

Figure 8: GO enrichment of EZP active components in the treatment of common targets of POI

Figure 9: Enriched KEGG pathways of potential targets for treating POI from 
the main active ingredients of EZP
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Figure 10: Molecular docking of compounds with core targets. (a) Docking process of quercetin with AKT1; (b) 
Docking process of quercetin with TP53; (c) Docking process of quercetin with MAPK1; (d) Docking process 
of quercetin with TNF; (e) Docking process of quercetin with JUN; (f) Docking process of quercetin with RB1; 
(g) Docking process of quercetin with MYC

Molecular Docking Analysis. The molecular docking results 
show that the active ingredients of EZP match well with the hub 
genes. EZP targeted regulation of AKT1, TP53, MAPK1, TNF, 
JUN, RB1, and MYC is part of its mechanism in the treatment 
of POI (Figure 10). This indicates that the results of molecular 
docking are consistent with the screening results of network 
pharmacology, and molecular docking verifies the reliability of 
network pharmacology.

Discussion 

 It is described in Fu Shou Jing Fang written by Wu Min 
in Ming Dynasty that EZP can “turn the white hair into black-
ness, strengthen the waist and knees, and strengthen Yin”. The 
study found that EZP extract can regulate the reproductive - en-
docrine - immune network by stimulating the secretion of E2 
by ovarian granulosa cells of female mice and promoting the 

expression of Er α in splenic cells, to improve the symptoms of 
low estrogen in the perimenopausal period [30]. EZP can reduce 
the content of D-Glucose 6-phosphate in aging renal cells of rats 
induced by D-galactose, and play an anti-aging role [31]. It was 
found that EZP could significantly induce the expression of lu-
ciferase driven by estrogen sensitive elements in the expression 
vector of pERE-Luc, which confirmed that EZP is an effective 
and safe estrogenic herbal extract [32]. This study aims to reveal 

the molecular mechanism of EZP in the treatment of POI and 
to provide ideas for further experiments and drug research and 
development.

 We used the network pharmacology to analyze the 
“Component - Target - Pathway - Disease” of EZP. We found 
that EZP mainly contained 17 compounds, such as quercetin, 
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luteolin, and kaempferol, among which quercetin had the high-
est correlation. Quercetin can improve the AMH level and the 
number of primordial follicles of POF mice induced by cyclo-
phosphamide and restore the ovarian function of POF mice [33]. 
Quercetin combined with vitamin E can increase the trabecular 
bone volume, bone cells, osteoblasts, and bone weight of ovariec-
tomized mice and prevent osteoporosis after ovariectomy [34]. 
Quercetin can also inhibit oxidative stress and inflammation 
through AMPK/SIRT1/NF-κ B signaling pathway, and improve 
carotid atherosclerosis in diabetic rats [35]. In conclusion, quer-
cetin can not only improve the ovarian function of POI patients 
but also alleviate the long-term complications such as osteopo-
rosis and cardiovascular disease caused by low estrogen. Luteolin 
is a flavonoid with estrogen like effect [36], which can promote 
the secretion of estradiol by rat ovarian granulosa cells [37]. Kae-
mpferol has a therapeutic effect on primary osteoporosis in ova-
riectomized rats by regulating the balance of Ca2 + metabolism, 
promoting the generation of bone collagen, and reducing the 
loss of bone trabecula [38]. In addition, kaempferol can inhibit 
the apoptosis induced by Brefeldin A by inhibiting the activity of 
caspase [39].

 The occurrence of POI mainly involves two mech-
anisms: (1) abnormal activation of primordial follicles; (2) in-
creased rates of apoptosis of oocytes [40]. The primordial follicle 
is the only form of female oocyte reserve, which is the key to 
maintain ovarian function. If the primordial follicle reserve in 
the ovary is insufficient or depleted prematurely, it will lead to 
the premature decline of female ovarian function. Most primor-
dial follicles exist in the primordial follicle pool in the form of 
resting follicles, only a few follicles are activated and enter the 
growing follicle pool to mature or degenerate. If the maintenance 
and activation of the resting state of primordial follicles are out of 
balance, it will lead to excessive consumption of primordial fol-
licles, which is regulated by many signaling pathways [41], such 
as the PI3K signaling pathway [42]. The lack of PTEN, a negative 
regulator of PI3K in mouse oocytes, will lead to the activation 
of the whole primordial follicle pool and premature depletion of 
primordial follicles, leading to premature ovarian failure [43]. 

 Threonine kinase (Akt) is an important downstream target 
kinase of the PI3K signaling pathway, PI3K/Akt signaling pathway 
can regulate the growth and apoptosis of ovarian granulosa cells, 
participate in follicular growth and development, and affect female 
ovarian function[44, 45]. Although no experiment has confirmed 
that EZP can improve the ovarian function of patients with POI 

through PI3K/Akt signaling pathway, it has been confirmed that 
EZP can reduce the production of proinflammatory cytokines and 
transforming growth factor-β1, inhibit hepatocyte apoptosis and re-
store liver function by inhibiting PI3K/Akt/Raptor/Rictor signaling 
pathway [46]. KEGG enrichment analysis showed that EZP had 28 
active components enriched in PI3K/Akt signaling pathway, such as 
AKT1, CDKN1A, CCND1, MAPK1, TP53, RELA, and MYC.

 Apoptosis is a programmed cell death, and premature 
apoptosis of ovarian granulosa cells and oocytes leads to accelerated 
follicular atresia. The P53 signaling pathway is an important path-
way of apoptosis, which is closely related to the occurrence of POI 
[47]. Activation of caspase family proteins can induce DNA deg-
radation, mediate DNA damage, and eventually lead to apoptosis 
[48], and P53 is the upstream regulator of caspase family proteins. 
17 active components in EZP, such as TP53, CDKN1A, and CCND1, 
participate in the P53 signaling pathway.

 ESR1 is closely related to menarche age[49], menopause 
age[50], and osteoporosis in women. Studies have found that 
PvuII and XbaI polymorphisms in the ESR1 gene increase the 
risk of idiopathic POF in Chinese women [51]. MAPK signaling 
pathway is involved in cell proliferation, apoptosis, and inflam-
mation [52-54]. Resveratrol has antioxidative stress and anti-in-
flammatory effects and is commonly used in the treatment of 
POI to improve ovarian function [55]. In addition, resveratrol 
can play an antioxidant role through the MAPK signaling path-
way [56]. We found that 26 active components in EZP, such as 
RELA, TP53, MAPK14, MAPK1, TNF, JUN, and MYC, were 
enriched in the MAPK signaling pathway. Therefore, EZP can 
also improve ovarian function in patients with POI through the 
MAPK signaling pathway.

 Through GO enrichment analysis, KEGG pathway 
analysis, and related literature search, we found that EZP Treat-
ment of POI signal pathway mainly includes PI3K/Akt signal 
pathway, P53 signal pathway, apoptosis, cell aging, and MAPK 
signal pathway.

Conclusion

 The results show that the same compound of EZP can 
treat POI in different ways, and the same target can interfere with 
different biological processes and signal pathways of POI. It is 
confirmed that EZP can improve the ovarian function of patients 
with POI through multiple pathways and targets, which provides 
evidence support for the clinical application of EZP in the treat-
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ment of POI and provides new ideas for drug research on the 
treatment of POI. Due to the limitations of network pharmacolo-
gy, this study only provides a preliminary prediction, and further 
experimental verification is needed in the future.

Data Availability

 The datasets used and/or analyzed during the current 
study are available from the corresponding author upon reason-
able request.

Disclosure

 The funders had no role in the study design, data col-
lection and analysis, decision to publish, or preparation of the 
manuscript.

Conflict of Interest

 All authors declare there are no competing interests.

Authors’ Contributions

 HHX designed the research and wrote the manuscript. 
Experimental work and data collection were conducted by HHX 
and SXQ.WRX searched the database.XGC and TY provided 
critical comments and revised the manuscript. 

Funding Acknowledgments

 This present study was supported by National Natural 
Science Foundation of China (grant no. 81873333) and Jiangsu 
Provincial Health Planning Commission Science, Education, 
and Health Strengthening Project: Jiangsu Provincial Clinical 
Medical Center of Gynecology of Traditional Chinese Medicine 
(YXZXB2016006).



J Pharmacol Drug Metab 2021 | Vol 4: 103  JScholar Publishers                  

 
11

References

1.  Webber L, Davies M, Anderson R (2016) ESHRE 
Guideline: management of women with premature ovarian in-
sufficiency[J]. Hum Reprod 31: 926-37.

2.  Gunning MN, Meun C, van Rijn B B (2020) The cardio-
vascular risk profile of middle age women previously diagnosed 
with premature ovarian insufficiency: A case-control study[J]. 
PLoS One 15: e229576.

3.  de Souza MP, Rocha TN, Fernandes S (2021) Possible 
association of early menopause with worse physical function: a 
systematic review[J]. Menopause publish Ahead of Print.

4.  Golezar S, Ramezani TF, Khazaei S (2019) The global 
prevalence of primary ovarian insufficiency and early meno-
pause: a meta-analysis[J]. Climacteric 22: 403-411.

5.  Lim YM, Jeong K, Lee SR (2019) Association between 
premature ovarian insufficiency, early menopause, socioeco-
nomic status in a nationally representative sample from Korea[J]. 
Maturitas 121: 22-27.

6.  Suzuki N, Yoshioka N, Takae S (2015) Successful fertil-
ity preservation following ovarian tissue vitrification in patients 
with primary ovarian insufficiency[J]. Hum Reprod 30: 608-15.

7.  Mahmoud K, Elloumi H, Khrouf M (2019) Interest 
Of The Use Auto-Transplantation Of The Ovarian Cortex Af-
ter Dormant Follicles In Vitro Activation (Iva) In Patients With 
Premature Ovarian Insufficiency (Poi).[J]. Fertility And Sterility 
112: E386.

8.  Yan L, Wu Y, Li L (2020) Clinical analysis of human 
umbilical cord mesenchymal stem cell allotransplantation in 
patients with premature ovarian insufficiency[J]. Cell Prolif 53: 
e12938.

9.  Xiao YL, Qin J (2020) Advances in Traditional Chinese 
and Western Medicine Treatment of Premature Ovarian Fail-
ure[J]. Advances in Clinical Med 10.

10.  Cui Q, Ji Z Q (2017) Influence of Er Xian Tang Er Zhi 
Wan He Fang on serum hormone in patients with premature 
ovarian failure[J]. Chinese Community Doctors 33: 78-80.

11.  Zhu RC (2013) Clinical observation of Dingjingtang and 
Erzhiwan in treating female menstruation with liver and kidney de-
ficiency syndrome[D]. Guangzhou University of Chinese Medicine.

12.  Zhou J (2014) Clinical Study of Sexual Dysfunction in 
climacteric women by Gai Liang Er Zhi Wan[D]. NanJing Uni-
versity of Chinese Medicine.

13.  Chen B, Wang L, Li L (2017) Fructus Ligustri Lucidi 
in Osteoporosis: A Review of its Pharmacology, Phytochemistry, 
Pharmacokinetics and Safety[J]. Molecules 22.

14.  Wang L, Ma R, Guo Y (2017) Antioxidant Effect of 
Fructus Ligustri Lucidi Aqueous Extract in Ovariectomized Rats 
Is Mediated through Nox4-ROS-NF-kappaB Pathway[J]. Front 
Pharmacol 8: 266.

15.  Ju HY, Chen SC, Wu KJ (2012) Antioxidant phenolic 
profile from ethyl acetate fraction of Fructus Ligustri Lucidi with 
protection against hydrogen peroxide-induced oxidative damage 
in SH-SY5Y cells[J]. Food Chem Toxicol 50: 492-502.

16.  Song T, Wang P, Li C (2020) Salidroside simulta-
neously reduces de novo lipogenesis and cholesterol bio-
synthesis to attenuate atherosclerosis in mice[J]. Biomed 
Pharmacother 134: 111137.

17.  Li L, Chen B, Zhu R (2019) Fructus Ligustri Lucidi pre-
serves bone quality through the regulation of gut microbiota di-
versity, oxidative stress, TMAO and Sirt6 levels in aging mice[J]. 
Aging (Albany NY), 11: 9348-68.

18.  Chung IM, Rajakumar G, Lee JH (2017) Ethnophar-
macological uses, phytochemistry, biological activities, and bio-
technological applications of Eclipta prostrata[J]. Appl Microbiol 
Biotechnol 101: 5247-57.

19.  Feng L, Zhai YY, Xu J (2019) A review on traditional 
uses, phytochemistry and pharmacology of Eclipta prostrata (L.) 
L[J]. J Ethnopharmacol 245: 112109.

20.  Xia X, Yu R, Wang X (2019) Role of Eclipta prostrata ex-
tract in improving spatial learning and memory deficits in D-galac-
tose-induced aging in rats[J]. J Tradit Chin Med 39: 649-57.



J Pharmacol Drug Metab 2021 | Vol 4: 103  JScholar Publishers                  

 
12

21.  Zhang ZG, Bai D, Liu MJ (2013) Therapeutic effect of 
aqueous extract from Ecliptae herba on bone metabolism of ova-
riectomized rats[J]. Menopause 20: 232-40.

22.  Zhao Y, Peng L, Lu W (2015) Effect of Eclipta prostrata 
on lipid metabolism in hyperlipidemic animals[J]. Exp Gerontol 
62: 37-44.

23.  Yu-feng L, Ni A, Anthony K (2015) Network Pharma-
cology for Traditional Chinese Medicine Research: Methodolo-
gies and Applications[J]. Chinese Herbal medicine 7: 18-26.

24.  Ru J, Li P, Wang J (2014) TCMSP: a database of systems 
pharmacology for drug discovery from herbal medicines[J]. J 
Cheminform 6: 13.

25.  Wishart DS, Feunang YD, Guo AC (2018) DrugBank 
5.0: a major update to the DrugBank database for 2018[J]. Nu-
cleic Acids Res 46: D1074-D1082.

26.  Cline MS, Smoot M, Cerami E (2007) Integration of bi-
ological networks and gene expression data using Cytoscape[J]. 
Nat Protoc 2: 2366-82.

27.  Szklarczyk D, Gable AL, Lyon D (2019) STRING v11: 
protein-protein association networks with increased coverage, 
supporting functional discovery in genome-wide experimental 
datasets[J]. Nucleic Acids Res 47: D607-D613.

28.  Molvarec A, Ver A, Fekete A (2007) Association be-
tween estrogen receptor alpha (ESR1) gene polymorphisms and 
severe  preeclampsia[J]. Hypertens Res 30: 205-11.

29.  Kolibianakis EM, Papanikolaou EG, Fatemi HM 
(2005) Estrogen and folliculogenesis: is one necessary for 
the other?[J]. Curr Opin Obstet Gynecol 17: 249-53.

30.  Zhang WW, Chen YL, Song WT (2019) Effects 
of water and alcohol extracts of Erzhi Pills on splenic and 
ovarian cells in mice[J]. Shanghai Journal of Traditional 
Chinese Medicine 53: 80-5.

31.  Liu QN (2018) The Protective Function and Cell Me-
tabolomics Study of Erzhiwan on Ageing Kidney Cells [D]. Nan-
Jing University of Chinese Medicine.

32.  Xu H, Su ZR, Huang W (2012) Er Zhi Wan, an ancient 
herbal decoction for woman menopausal syndrome, activates 
the estrogenic response in cultured MCF-7 cells: an evaluation of 
compatibility in defining the optimized preparation method[J]. J 
Ethnopharmacol 143: 109-15.

33.  Elkady MA, Shalaby S, Fathi F (2019) Effects of querce-
tin and rosuvastatin each alone or in combination on cyclophos-
phamide-induced premature ovarian failure in female albino 
mice[J]. Hum Exp Toxicol 38: 1283-95.

34.  Vakili S, Zal F, Mostafavi-Pour Z (2020) Quercetin and 
vitamin E alleviate ovariectomy-induced osteoporosis by modu-
lating autophagy and apoptosis in rat bone cells[J]. J Cell Physiol.

35.  Zhang F, Feng J, Zhang J (2020) Quercetin modulates 
AMPK/SIRT1/NF-kappaB signaling to inhibit inflammatory/
oxidative stress responses in diabetic high fat diet-induced ath-
erosclerosis in the rat carotid artery[J]. Exp Ther Med 20: 280.

36.  Hiremath SP, Badami S, Hunasagatta SK (2000) Anti-
fertility and hormonal properties of flavones of Striga orobanchi-
oides[J]. Eur J Pharmacol, 2000,39: 193-7.

37.  Tang XJ (2015) Effect and mechanism of Lobetyolin and 
Luteolin on hormone secretion of ovarian granulosa cells[D]. 
MINZU UNIVERSITY OF CHINA, 2015.

38.  Wang XF, Yang S, Cao LX (2020) Protective effects of kaemp-
ferol on bone collagen production and trabecular bone loss in ovariecto-
mized rats[J]. The Chinese Journal of Clinical Pharmacology 36: 1302-5.

39.  Abdullah A, Ravanan P (2018) Kaempferol mitigates 
Endoplasmic Reticulum Stress Induced Cell Death by targeting 
caspase 3/7[J]. Sci Rep 8: 2189.

40.  Sullivan SD, Castrillon DH (2011) Insights into prima-
ry ovarian insufficiency through genetically engineered mouse  
models[J]. Semin Reprod Med 29: 283-98.

41.  Kerr JB, Myers M, Anderson RA (2013) The dynamics of 
the primordial follicle reserve[J]. Reproduction 146: R205-R215.

42.  Adhikari D, Risal S, Liu K (2013) Pharmacological inhibi-
tion of mTORC1 prevents over-activation of the primordial follicle 
pool in response to elevated PI3K signaling[J]. PLoS One 8: e53810.



J Pharmacol Drug Metab 2021 | Vol 4: 103  JScholar Publishers                  

 
13

43.  Reddy P, Liu L, Adhikari D (2008) Oocyte-specific dele-
tion of Pten causes premature activation of the primordial follicle 
pool[J]. Sci 319: 611-3.

44.  Hu CL, Cowan RG, Harman RM (2004) Cell cycle pro-
gression and activation of Akt kinase are required for insulin-like 
growth factor I-mediated suppression of apoptosis in granulosa 
cells[J]. Mol Endocrinol 18: 326-38.

45.  John GB, Shidler MJ, Besmer P (2009) Kit signaling via 
PI3K promotes ovarian follicle maturation but is dispensable for 
primordial follicle activation[J]. Dev Biol 331: 292-9.

46.  Zhao HM, Zhang XY, Lu XY, Erzhi Pill((R)) Protected 
Experimental Liver Injury Against Apoptosis via the PI3K/Akt/
Raptor/Rictor Pathway[J]. Front Pharmacol 9: 283.

47.  Liu TE, Zhang L, Wang S (2015) Tripterygium gly-
cosides induce premature ovarian failure in rats by promoting 
p53 phosphorylation and activating the serine/threonine kinase 
11-p53-p21 signaling pathway[J]. Exp Ther Med 10: 12-8.

48.  Liu J, Qin C, Lv W (2013) OSU-03012, a non-cox in-
hibiting celecoxib derivative, induces apoptosis of human 
esophageal carcinoma cells through a p53/Bax/cytochrome c/
caspase-9-dependent pathway[J]. Anti-Cancer Drugs 24: 690-8.

49.  Stavrou I, Zois C, Ioannidis JP (2002) Association of 
polymorphisms of the oestrogen receptor alpha gene with the 
age of menarche[J]. Hum Reprod 17: 1101-5.

50.  Weel AE, Uitterlinden AG, Westendorp IC (1999) Es-
trogen receptor polymorphism predicts the onset of natural and 
surgical menopause[J]. J Clin Endocrinol Metab 84: 3146-50.

51.  Liu L, Tan R, Cui Y (2013) Estrogen receptor alpha gene 
(ESR1) polymorphisms associated with idiopathic premature 
ovarian failure in Chinese women[J]. Gynecol Endocrinol 29: 
182-5.

52.  Shi Q, Lang W, Wang S (2021) Echinacea polysaccha-
ride attenuates lipopolysaccharideinduced acute kidney injury 
via inhibiting inflammation, oxidative stress and the MAPK sig-
naling pathway[J]. Int J Mol Med 47: 243-55.

53.  Kim EK, Choi EJ (2015) Compromised MAPK signal-
ing in human diseases: an update[J]. Arch Toxicol 89: 867-82.

54.  Arthur JS, Ley SC (2013) Mitogen-activated protein ki-
nases in innate immunity[J]. Nat Rev Immunol, 13: 679-92.

55.  Jiang Y, Zhang Z, Cha L (2019) Resveratrol Plays 
a Protective Role against Premature Ovarian Failure and 
Prompts Female Germline Stem Cell Survival[J]. Int J Mol 
Sci 2019: 20.

56.  Santos MA, Franco FN, Caldeira CA (2021) Antioxi-
dant effect of Resveratrol: Change in MAPK cell signaling pathway 
during the aging process[J]. Arch Gerontol Geriatr 92: 104266.



J Pharmacol Drug Metab 2021 | Vol 4: 103  JScholar Publishers                  

 
14

Submit your manuscript at 
http://www.jscholaronline.org/submit-manuscript.php

Submit your manuscript to a JScholar journal 
and benefit from:

 ¶ Convenient online submission
 ¶ Rigorous peer review
 ¶ Immediate publication on acceptance
 ¶ Open access: articles freely available online
 ¶ High visibility within the field
 ¶ Better discount for your subsequent articles


