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Background: The Qilin pill (QLP) is a traditional Chinese compound prescription comprising 
15 herbs that has demonstrated significant therapeutic effects on premature ovarian insuffi-
ciency (POI) in recent years. However, a pharmacological evaluation of QLP on ovarian 
function remains to be conducted, and the key mechanism of QLP treatment on POI is unclear.
Methods: Premature ovarian insufficiency rats were established by bilateral partial ovar-
iectomy. The model rats were administrated with low (QLP-L), medium (QLP-M) and high 
(QLP-H) doses of QLP for 4 weeks to evaluate the ovarian function in terms of estrous cycle, 
hormone level, and follicle count. The mechanism of QLP in the treatment of POI was 
systematically explored by network pharmacology, and expression levels of the MAPK and 
PI3K-AKT signaling pathways were verified by Western blotting and molecular docking.
Results: The rat model of resection-induced POI was successfully established, and QLP 
could significantly recover the estrous cycle, decrease serum FSH levels, and decelerate 
follicle depletion after 4 weeks of administration. The optimal dose of QLP in the experiment 
was preliminarily determined to be 0.9 g/kg. Based on the network pharmacology methods, 
we constructed the compound-target network and protein protein interaction (PPI) network of 
QLP for the treatment of POI. The experimental verification of the enrichment analysis 
showed that QLP inhibited the MAPK and PI3K-AKT signaling pathways, and the key 
compounds and key targets involved were verified by molecular docking.
Conclusion: QLP exerted significant therapeutic effects on resection-induced POI rats, and 
this was achieved by the inhibition of the MAPK and PI3K-AKT signaling pathways. This 
study is the first to systematically investigate the effects and mechanism of QLP on POI rats, 
which will provide valuable guidance in clinic.
Keywords: Qilin pill, premature ovarian insufficiency, network pharmacology, MAPK 
signaling pathway, PI3K-AKT signaling pathway

Introduction
Premature ovarian insufficiency (POI) is a condition with ovarian dysfunction before 
the age of 40 in women.1 The diagnostic criteria for POI are oligo/amenorrhea for at 
least 4 months and an elevated FSH level >25 IU/L observed on two occasions at an 
interval of 4 weeks.2 Common causes of POI include genetic factors, iatrogenic factors, 
immune factors, and environmental factors.3 Additionally, the etiology of over half of 
POI cases remains unknown, and this type of POI is called idiopathic POI.4 Although 
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POI exhibits the characteristics of strong heterogeneity, this 
occurs ultimately due to insufficient primordial follicle 
reserve, increased follicle exhaustion, and follicular unre-
sponsiveness to gonadotropin stimulation.5

Hormone replacement therapy (HRT) is the most com-
mon clinical approach used to treat POI. However, the effect 
of the HRT is limited, and long-term HRT treatment may 
cause side effects. So, it is imperative to explore and establish 
effective treatment options for patients with this disease. In 
recent years, new strategies for POI treatment have attracted 
people’s attention, such as stem cell therapy,6,7 platelet-rich 
plasma (PRP) treatment,8,9 and in vitro activation (IVA).10,11 

Additionally, some ethnic drugs have been emphasized due 
to good curative effect in clinic.12,13 In this study, we focused 
on the Qilin pill (QLP), a traditional Chinese medicine, and 
its performance on POI.

Qilin pill (QLP) is used for the clinical treatment of 
infertility in men and women. It is composed of 15 herbs, 
including cuscutae semen, lycii fructus, rubi fructus, cyno-
morii herba, epimedii folium, polygoni multiflori radix pre-
parata, paeoniae radix alba, mori fructus, ecliptae herba, 
codonopsis radix, astragali radix, dioscoreae rhizoma, citri 
reticulatae pericarpium viride, salviae miltiorrhizae radix et 
rhizoma, and curcumae radix. Although several clinical stu-
dies have highlighted the exertion of its favorable therapeutic 
effect on POI patients in recent years,14–16 there is a lack of 
availability of relevant animal experimental studies and sys-
tematic exploration of its pharmacological mechanism. 
Network pharmacology is based on the interaction network 
of “disease-target-drug” and can be used to systematically 
investigate the relationship and interactions between multiple 
drugs and disease targets, which coincides with the multi- 
component, multi-pathway, and multi-target theory of tradi-
tional Chinese medicine compounds.17

In this study, we established a rat model of POI via the 
surgical resection of bilateral 3/4 ovaries to simulate ovarian 
surgery-caused POI in clinic and comprehensively explored 
the effect of QLP on ovarian function. Combined with the 
results reported by previous studies on the components of 
QLP,18 the compound-target network of QLP in the treatment 
of POI was constructed using network pharmacology meth-
ods to explore the active compounds and potential targets 
involved and clarify the relationship between drug com-
pounds, targets and the disease. According to the enrichment 
analysis conducted, the results were further verified. The 
Western blot analysis showed that QLP inhibited the exces-
sive activation of the MAPK and PI3K-AKT signaling path-
ways, and the active compounds of QLP were proved to have 

good binding activity to the key targets enriched in the 
signaling pathways by molecular docking. This article is 
a comprehensive and systematic non-clinical study of QLP 
in treating of POI, which providing an insight into the effect 
of QLP on ovarian function and the key mechanism involved 
for the first time. Thus, it provided a meaningful reference to 
find potential strategies for the treatment of POI.

Materials and Methods
Animals and Reagents
A total of 90 specific-pathogen-free female Sprague-Dawley 
(SD) rats aged 6 months were obtained from Shanghai Super- 
B&K Laboratory Animal Corp., Ltd. (Shanghai, China). Qi- 
Lin pills (lot no. B20180307) were provided by Guangdong 
Tai’antang Pharmaceutical Co., Ltd. (Guangdong, China). 
CMC-Na was obtained from Shanghai Aladdin Bio-Chem 
Technology Co., Ltd. (Shanghai, China). Pentobarbital 
sodium was obtained from Merck (Darmstadt, Germany). 
Rat estradiol (E2) and follicle-stimulating hormone (FSH) 
ELISA kits were purchased from Shanghai Yifang 
Biotechnology Co., Ltd. (Shanghai, China). Primary antibo-
dies against phospho-p44/42 MAPK (p-Erk1/2, #4370), 
phospho-SAPK/JNK (#4668), phospho-p38 MAPK 
(#4511), phospho-Akt (Ser473, #4060), p44/42 MAPK 
(Erk1/2, #4695), SAPK/JNK (#9252), p38 MAPK (#8690), 
and Akt (#4691) were purchased from Cell Signaling 
Technology (Boston, MA, USA). RIPA lysis buffer, BCA 
protein assay kit, horseradish peroxidase (HRP)-conjugated 
rabbit anti-mouse secondary antibody, and anti-GAPDH pri-
mary antibody were provided by Shanghai Weiao 
Biotechnology Co., Ltd (Shanghai, China). All experimental 
procedures were approved by the Institutional Animal Care 
and Use Committee of the Shanghai Institute for Biomedical 
and Pharmaceutical Technologies, and followed the Guide 
for the Care and Use of Laboratory Animals.19

Establishment of the Rat Model with 
Resection-Induced POI
Ninety female rats were randomly divided into a sham group 
(n=18) and an operating group (n=72) according to body 
weight. After intraperitoneal injection of 3% pentobarbital 
sodium for anesthesia, a straight incision was performed 
from the middle of the lower abdomen to gain entry into 
the abdominal cavity to expose the ovaries. Next, 3/4th 
portion of the bilateral ovaries was removed from the rats 
in the operating group, while no surgery was performed on 
the rats in the sham group (Figure 1). Partial ovariectomy 
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was performed by the same experimenter throughout the 
experiment. After surgery, the changes of rat estrous cycle 
were observed by daily vaginal smears for one week to 
evaluate whether the model was successfully established.

Experimental Groups and Administration
After the successful establishment of the disease model, 
the operating group animals were randomly and equally 
divided into four groups (n=18 per group): the model, low- 
dose of QLP (QLP-L), medium-dose of QLP (QLP-M) 
and high-dose of QLP (QLP-H) groups.

The clinical use of QLP is 0.24–0.36 g/kg/day, and we took 
the average dose of 0.30 g/kg/day in this study. According to 
the equivalent dose of rats is approximately six times that of 
human, the equivalent dose of QLP in rats is 1.8 g/kg.20 

Combining the equivalent dose in rats and the results of pre- 
experiments in our laboratory, 0.225, 0.9, and 1.8 g/kg were 
used as the doses in the QLP-L, QLP-M and QLP-H groups, 
respectively. Due to the poor solubility of QLP, 0.5% carbox-
ymethylcellulose sodium (CMC-Na) solution was used as the 
solvent to obtain homogeneous suspension. Since QLP is 
administered orally in clinic, the rats were administered once 
a day by gavage. After four weeks of administration, the rats 
were sacrificed to collect blood samples and ovaries 
(Figure 1). After dissection, the ovaries of six animals in 
each group were immediately stored in liquid nitrogen, and 

the remaining samples from twelve animals were fixed in 10% 
formalin solution.

Pharmacological Evaluation
The animals were observed 1–2 times a day, and their 
body weight were monitored twice each week. 
Pharmacological evaluation is mainly based on the estrous 
cycle, serum hormone level, and follicle count.21,22

Estrous Cycle Monitoring
Daily vaginal smears were performed during administra-
tion, and the changes of estrous cycle were evaluated by 
observing the vaginal epithelial cells. The dropper is 
slightly inserted into the rat vagina and then the saline 
flushed into the vagina and back out to collect vaginal 
epithelial cells. According to the principle of a previous 
report, the four estrous cycle phases (diestrus, proestrus, 
estrus, and metestrus) were defined.23

Serum E2 and FSH Assay 
Rat blood samples were collected from the abdominal 
aorta when sacrificed. After centrifugation at 3000 rpm 
for 15 minutes at 4°C, the serum was obtained. 
According to the instructions of rat estradiol (E2) and 
follicle stimulating hormone (FSH) ELISA kit, the serum 
levels of E2 and FSH were measured.

Figure 1 Graphical summary of the model establishment, grouping, and treatment.
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Follicle Count 
After 48 h of fixation with 10% formalin solution, the rat 
ovarian tissues were embedded in paraffin blocks, cut into 
4-μm thick sections, and stained with hematoxylin-eosin 
(HE). Based on previous studies, the follicles were classi-
fied as primordial follicles, primary follicles, secondary 
follicles, and mature follicles.24,25 The number of follicles 
at different stages in the whole sections was counted using 
a microscope to visually evaluate the ovarian reserve.

Network Pharmacology of QLP in 
Treating of POI
Chemical Constituents in QLP
In this study, we obtained the components of QLP by citing 
the results of the literature on the identification of the chemi-
cal constituents of QLP in rat bio-samples after oral admin-
istration by ultra-high performance liquid chromatography 
with quadrupole time-of-flight mass spectrometry (UPLC/ 
Q-TOF-MS).18 The structure of each chemical constituent 
was illustrated by ChemDraw 19.0 and saved as an SDF 
format file.

Screening of QLP Targets and POI Targets
The prediction of QLP targets was based on the results 
given by the SwissTargetPrediction database (http://www. 
swisstargetprediction.ch/) and Traditional Chinese 
Medicine Systems Pharmacology Database and Analysis 
Platform (TCMSP) (https://tcmspw.com/tcmsp.php). The 
SDF format file of each chemical constituent structure 
was loaded into the SwissTargetPrediction database to 
predict the targets. Meanwhile, the CAS number or 
English name of each component was used to search for 
targets in the TCMSP. Combined with the results of the 
two databases, the targets of QLP were obtained.

The prediction of POI disease targets was based on the 
DrugBank database (https://go.drugbank.com/), 
DisGeNET database (https://www.disgenet.org/), and 
GeneCards database (https://www.genecards.org/).

Additionally, the UniProt database (https://www.uniprot. 
org/) was used to convert the protein names to Gene Symbol.

The Construction of a Compound-Common Target 
Network
The common targets can be obtained through the intersection 
of QLP targets and POI targets. The relationship between the 
compounds of QLP and the common targets was imported 
into the Cytoscape 3.7.2 software to visualize the network.

Protein Protein Interaction Network and Enrichment 
Analysis
The STRING database (https://string-db.org/) was used to 
construct the protein protein interaction (PPI) network of 
common targets. The minimum required interaction score 
was set to the highest confidence level of 0.900, and the 
disconnected nodes in the network were hidden. The data 
file of the PPI network was imported into Cytoscape 3.7.2 
for further analysis. The results of GO enrichment analysis 
and KEGG pathway enrichment analysis for common tar-
gets were also obtained from the analysis module of the 
STRING database.

Western Blot Analysis
Based on the findings of enrichment analysis, the most 
relevant signaling pathways of the therapeutic mechanism 
were verified by Western blotting.

RIPA lysis buffer containing protease and phosphatase 
inhibitors was added at a ratio of 100 μL of lysis buffer per 
20 mg of ovarian tissue. After centrifugation at 12000 rpm 
for 5 min, the supernatant was collected. The total protein 
concentration of the supernatant was calculated using the 
standard curve generated, according to the instructions of 
the BCA protein assay kit, and the protein concentration of 
each group was adjusted to the same. The supernatant 
obtained from each group which was mixed with the same 
volume of 5× loading buffer was used as the loading solution. 
Each loading sample was electrophoretically separated using 
10% SDS polyacrylamide gels and transferred onto polyvi-
nylidene fluoride membranes. The membranes were incu-
bated with primary antibodies at 4°C overnight and then 
incubated with secondary antibodies at room temperature 
for 2 h on a decolorizing orbital shaker. Protein bands were 
detected by performing an electrochemiluminescence 
method, and the average optical density (IOD) of each band 
was calculated using Image Pro Plus 6.0.

Molecular Docking
For the pathways verified by Western blotting, the com-
pound-target-pathway network was constructed using 
Cytoscape 3.7.2, and the key compound and key targets in 
the network were selected according to the degree, between-
ness centrality, and closeness centrality. Data on the 3D 
structures of the compounds were downloaded from the 
PubChem database (https://pubchem.ncbi.nlm.nih.gov/), 
and data on the target protein structures were downloaded 
from the PDB database (http://www.rcsb.org/). The Mgltools 
1.5.6 software was used for pre-processing of the data on the 
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target proteins and ligands,26 and the Autodock Vina 1.1.2 
software was used to perform the docking process using the 
processed data on proteins and ligands.27

Statistical Analysis
The results are presented as mean ± standard error (SE). 
Statistical analysis was performed using SPSS 25.0. The 
Student’s t-test (two groups) or one-way ANOVA (multiple 
groups) was used for data analysis when data showed a normal 
distribution and the homogeneity of variance. Otherwise, the 
Mann–Whitney U-test (two groups) or Kruskal–Wallis test 
(multiple groups) was adopted. The LSD method was used 
as a post-hoc test after one-way ANOVA, and the Bonferroni 
method was used after performing the Kruskal–Wallis test. 
Statistical significance was set at P<0.05.

Results
Bilateral Partial Ovariectomy Causes POI
One week after surgery, the diestrus of the operating group 
was significantly prolonged (Figure 2A; P<0.01). More 
importantly, the number of estrus cycles was significantly 
decreased (Figure 2B; P<0.01). These results indicated that 
the estrus cycle of the operating group was disordered by 
bilateral partial ovariectomy, and the POI rat model was 
successfully established.

Therapeutic Effects of QLP on 
Resection-Induced POI Rats
General Condition and Body Weight
During the period of administration, the animals in each 
group demonstrated normal physiological activities and no 

evident changes occurred in their general condition. As 
shown in Figure 3A, at each point in time, there was no 
significant difference in body weight (P>0.05), indicating 
that QLP exerted no significant effects on the general 
condition and body weight of rats.

Estrous Cycle
During 4 weeks of administration, the number of estrous 
cycles in the QLP-M and QLP-H groups increased 
obviously compared with the model group, and the QLP- 
M group showed the achievement of statistical signifi-
cance (Figure 3C; P<0.05). The number of days in each 
phase of the estrous cycle in the QLP-M and QLP-H 
groups was also closer to that in the sham group 
(Figure 3B), indicating that QLP exerted a positive regu-
latory effect on the recovery of the estrous cycle in rats.

Serum FSH and E2 Levels
As shown in Figure 3D, the serum FSH levels of the QLP- 
M and QLP-H groups were lower than those of the sham 
and model groups. Compared with the sham group, the 
serum FSH level in the QLP-M group decreased signifi-
cantly (P<0.05). Significant differences were observed in 
FSH levels in the QLP-H group compared with the sham 
and model groups (P<0.05).

ELISA showed that the serum E2 level in each group 
decreased after bilateral partial ovariectomy, and the serum 
E2 levels in the QLP-M group recovered to a certain 
extent, but the difference was not significant (Figure 3E).

Follicle Count
As shown in Figure 3G and H, compared with the sham 
group, the number of primordial follicles and total follicles 

Figure 2 Effects of a bilateral partial ovariectomy on the estrous cycle in female rats. (A) Average observed days of four estrous cycle phases in one week after surgery. (B) 
Average observed estrus cycles in one week after surgery. **P<0.01, compared with sham group. N=18 in the sham group, N=72 in the model group.
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in the model group was significantly decreased (P<0.01). 
After 4 weeks of administration of QLP, the primordial 
follicles and total follicles were increased compared with 
the model group, reaching statistically significant levels in 
the QLP-L and QLP-M groups (P<0.05). The follicles in the 
sham group were more abundant, reflecting the integrity of 
the ovarian reserve in the group. Figure 3F shows the per-
centages of follicles at different stages. Compared with the 
model group, the proportion of primordial follicles increased 
after treatment, especially in the QLP-M group.

Network Pharmacology Analysis
Compound-Common Target Network Analysis
Based on the identified chemical constituents of QLP 
in rat bio-samples in the existing literature,18 a total of 
66 compounds were obtained (Supplementary Table 1), 
excluding isomers and compounds whose structures 
could not be verified. A total of 474 targets were 
considered as QLP targets according to the 
SwissTargetPrediction database and the TCMSP 
(Supplementary Table 2).

Figure 3 Effects of QLP exerted on resection-induced POI rats after 4 weeks of administration. In each group: (A) body weight changes of rats during 4 weeks of 
administration; (B) average observed days of four estrous cycle phases during administration; (C) average observed estrus cycles during administration; serum FSH (D) and E2 

(E) levels; percentage (F) and number (G) of follicles at different stages; total follicles (H). *P<0.05, **P<0.01, compared with the sham group; #P<0.05, ##P<0.01, compared 
with the model group, N=18 in each group in body weight measurement, estrous cycle monitoring, and serum hormone assay; N=12 in each group in follicle count.
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Meanwhile, data on 679 POI targets were collected from 
the DrugBank, DisGeNET, and GeneCards databases 
(Supplementary Table 3). A total of 100 common targets 
were obtained as therapeutic targets (Supplementary 
Table 4). The compound-common target network, which con-
sists of 165 nodes and 671 edges, was constructed using 
Cytoscape 3.7.2 (Figure 4).

PPI Network Analysis
The PPI network consisted of 88 nodes and 442 edges 
after the disconnected nodes were hidden. As shown in 
Figure 5A, the closely related nodes in the PPI network are 
STAT3, SRC, MAPK3, MAPK1, and PIK3R1.

GO Enrichment Analysis and KEGG Pathway 
Enrichment Analysis
GO enrichment analysis aided the identification of 1671 
biological process (BP) terms, 112 cellular component 
(CC) terms, and 183 molecular function (MF) terms. The 
BP terms mainly included the response to organic sub-
stances, cellular responses to chemical stimuli, responses 
to drugs, and regulation of cell population proliferation. 
The most enriched CC items mainly included membrane- 
bounded organelles, cytoplasmic parts, and endomem-
brane systems. The most relevant MF terms mainly 
included protein binding, signaling receptor binding, and 
phosphotransferase activity. Based on the p-value, the top 
10 BP, CC, and MF terms are shown in Figure 5B.

A total of 172 signaling pathways were obtained by 
KEGG enrichment analysis. The most enriched pathways 
mainly included pathways in cancer, proteoglycans in 
cancer, MAPK signaling pathway, PI3K-AKT signaling 
pathway, Kaposi’s sarcoma-associated herpesvirus infec-
tion, hepatitis B, and endocrine resistance. The top 20 
pathways with the most significant P-values are shown in 
the enrichment bubble diagram (Figure 5C).

To further investigate the common targets involved in 
the top 20 pathways, the target-pathway network was 
constructed using Cytoscape 3.7.2 (Figure 5D). The net-
work clearly shows that the top 20 pathways involved 
a total of 66 common targets, most of which were enriched 
in different pathways.

Validation of the MAPK and PI3K-AKT 
Signaling Pathways
Based on the results of enrichment analysis and findings 
reported by previous studies,28 it was inferred that QLP 
most likely exerted therapeutic effects via the MAPK and 
PI3K-AKT signaling pathways. As shown in Figure 6A 
and B, the common targets enriched in the MAPK and 
PI3K-AKT signaling pathways are indicated in red in the 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
database (https://www.kegg.jp/) using KEGG Mapper ana-
lysis tools.

Figure 4 Compound-common target network. The green-colored nodes in the network represent the common targets, the red arrow-shaped nodes indicate the herb 
medicines of QLP, and the light red- and light yellow-colored nodes represent the compounds of QLP. The light yellow-colored nodes refer specifically to compounds shared 
by more than one herb. The size of the nodes in the network are determined by the degree value. The greater the degree value, the larger the nodes.
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Western Blotting
The expression of p-ERK (dilution ratio 1:2000), ERK 
(1:2000), p-JNK (1:1000), JNK (1:1500), p-p38 (1:1000), 
and p38 (1:1000) were determined by Western blotting to 
investigate the changes in the MAPK signaling pathway. 
Meanwhile, the levels of p-AKT (1:2000) and AKT 
(1:3000) were determined to verify the PI3K-AKT signaling 
pathway. GAPDH (1:2000) was used as an internal control, 
and the results have been illustrated in Figure 7A.

The results of the statistical analysis showed that there 
was no statistically significant difference in the expression 
of ERK, JNK, p38, and AKT between the groups 
(Figure 7B; P>0.05), indicating that the administration of 
QLP exerted no significant effect on the total amount of 
proteins. After treatment, the levels of p-ERK/ERK, 
p-JNK/JNK, p-p38/p38, and p-AKT/AKT declined. 
Compared with the model control group, the expression 
levels of p-ERK/ERK, p-p38/p38, and p-AKT/AKT in the 

Figure 5 PPI network analysis and enrichment analysis. (A) The PPI network. The size and color changes of the nodes are determined by the degree value. The degree value 
presented in a descending order (large to small) corresponds to the size in a descending order (large to small) and the color spectrum ranging from bright to dark intensity. 
The changes of the edge width and color are determined by the combined score, which follow the same principle as the nodes. (B) GO enrichment. The X-axis represents 
the description of the items and the Y-axis represents the enrichment score (the negative logarithm of the p-value). (C) KEGG pathway enrichment. The size of the bubble in 
the graph indicates the number of common targets enriched in the pathway and the p-value in a descending order (large to small) corresponds to the bubble color spectrum 
ranging from blue to red. The X-axis represents the gene ratio and the Y-axis represents the description of the pathways. (D) The target-pathway network. The green- 
colored nodes in the figure represent the targets and the blue-colored nodes represent the pathways.
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QLP-M and QLP-H groups demonstrated the achievement 
of statistical significance (Figure 7B; P<0.01, P<0.05). 
These results indicated that QLP reduced the phosphoryla-
tion level of proteins and inhibited the excessive activation 
of the MAPK and PI3K-AKT signaling pathways.

Molecular Docking
For the MAPK and PI3K-AKT pathways, a compound- 
target-pathway network was constructed using Cytoscape 
3.7.2 consisting of 77 nodes and 243 edges (Figure 8). 
Based on the network, it can be inferred that 37 QLP 
components and 38 common targets are involved in the 
two pathways.

Based on the degree value, betweenness centrality, and 
closeness centrality of the network nodes, malonyl ursolic 
acid hermiester, emodin, icaritin, tangeretin, and sinensetin 
were selected as key compounds, and KDR, EGFR, 
PIK3CG, AKT1, and VEGFA were identified as key tar-
gets (Table 1). According to the findings reported by pre-
vious research, sorafenib,29 erlotinib,30 duvelisib,31 

resveratrol,32 and minocycline33 were used as positive 
controls for the ligands of KDR, EGFR, PIK3CG, 
AKT1, and VEGFA, respectively.

Based on the relationship between the components and 
the corresponding predicted targets, 15 combinations of 
key compounds and targets were obtained. Molecular 
docking results showed that all combinations presented 
with appreciable binding results (Table 2). Therefore, the 
selected compounds were found to bind better to the 
targets enriched in the MAPK and PI3K-AKT signaling 
pathways, thereby enhancing their regulatory role.

Discussion
Many causes of POI development have been reported. In 
this study, we established a rat model of POI by conduct-
ing bilateral partial ovariectomy. Ovarian surgery, such as 
oophorectomy and oophorocystectomy, may lead to the 
occurrence of POI.34–38 It has been shown that ovariect-
omy exerts less effect on the general condition of animals, 
while POI symptoms are significant, which has been con-
ducive to subsequent studies.39 Therefore, we used bilat-
eral partial ovariectomy to remove 3/4th portion of the 
bilateral ovaries from experimental rats to construct 
a POI model. Post-operation, the estrous cycle of the rats 
was found to be disordered, exhibiting a decreased number 
of complete cycles, indicating the successful establishment 
of the POI model.

We explored the pharmacological effects of QLP on ovar-
ian function from the perspectives of the estrous cycle, hor-
mone levels, and follicle count. The results showed that, after 
completion of 4 weeks of administration of QLP, the number 
of estrus cycles in the QLP-M and QLP-H groups increased, 
indicating the recovery of the rat estrus cycle. Regarding 
hormone levels, no statistical difference was observed in E2 

levels between the different groups; however, the FSH levels 
of the QLP-M and QLP-H groups were found to be signifi-
cantly reduced. Additionally, the number of primordial folli-
cles and total follicles was significantly decreased in the model 
group, which might be due to the accelerated depletion of 
follicles caused by ovarian surgery. In contrast, administration 
with QLP significantly decelerated follicle depletion to 
enhance the ovarian reserve. Kawamura reported that the 
fragmentation of ovaries disrupted the Hippo signaling 

Figure 6 Common targets (highlighted in red) that enriched in the MAPK and PI3K-AKT signaling pathways. (A) MAPK signaling pathway in KEGG database. (B) PI3K-AKT 
signaling pathway in KEGG database.
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pathway, leading to the promotion of follicle growth and the 
generation of mature oocytes.10,40 Therefore, the balance in 
follicular development may be disrupted after bilateral partial 
ovariectomy, resulting in excessive follicular activation and 
accelerated depletion.

In the present study, three dosage groups of QLP were 
evaluated, namely low, medium, and high. The results 
showed that all dosage groups exhibited improvement in 
ovarian function, and the QLP-M group demonstrated the 
best therapeutic effect in the treatment of POI rats.

Since QLP is a Chinese medicine compound composed 
of 15 herbs, if all the compounds contained in each herb 

were included, the network would not have emphasized 
the key points in the subsequent study conducted on the 
therapeutic mechanism. Furthermore, consideration of all 
compounds would increase the probability of deviation 
from the actual effects. Therefore, we directly considered 
the conclusions of the literature reported by Tang et al.18 

They orally administrated QLP to rats to comprehensive 
investigate the chemical constituents of QLP in vivo using 
a method based on UPLC/Q-TOF-MS. As a result, a total 
of 76 prototype components of QLP in rat bio-samples, 
including 22 in plasma, 47 in urine, 27 in bile and 51 in 
feces were identified or tentatively characterized. 

Figure 7 Western blot analysis. (A) Expression levels of p-ERK, ERK, p-JNK, JNK, p-p38, p38, p-AKT, and AKT in the rat ovaries deduced by Western blot analysis. (B) 
Statistical results of p-ERK/ERK, ERK, p-JNK/JNK, JNK, p-p38/p38, p38, p-AKT/AKT, and AKT. *P<0.05, **P<0.01, compared with the sham group; #P<0.05, ##P<0.01, 
compared with the model group; four animals in each group were determined.
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Additionally, the compounds of QLP in this study were 
identified from rat bio-samples, so the prediction of the 
pharmacokinetics of each compound was unnecessary.

We combined the SwissTargetPrediction database and 
TCMSP when screening QLP targets. 
Swisstargetprediction database predicts the target of com-
pounds based on the similarity of two or three-dimensional 
chemical structures of known compounds, and provides 
a correlation score for each predicted target.41 The 
TCMSP is a classical database for systematic study of 
traditional Chinese medicine components and targets.42 

The DrugBank database, DisGeNET database, and 
GeneCards database contain a large amount of disease 
target information that has been reported or has been 
clinically applied. After obtaining the data on the drug 
and disease targets, we constructed a compound-common 
target network. Based on the analysis of the network, 49 
components of QLP were found to be related to the treat-
ment of POI, of which eight were shared by more than one 
herb. Majority of the components were flavonoids, pheno-
lic acids, triterpenoids, and monoterpenes, with flavonoids 
being the predominant compounds.

Figure 8 Compound-target-MAPK and the PI3K-AKT pathway network. The green-colored nodes in the network represent the common targets, the blue-colored nodes 
represent the MAPK and PI3K-AKT pathways, and the light red-colored nodes represent the compounds of QLP. The size of the nodes in the network are determined by 
the degree value.

Table 1 The Attribute Value of Key Compounds and Key Targets

Name Degree Betweenness Centrality Closeness Centrality

Compound Malonyl ursolic acid hemiester 15 0.06078 0.3850
Emodin 13 0.05087 0.4053

Icaritin 11 0.01059 0.3738
Tangeretin 10 0.01251 0.3775

Sinensetin 9 0.004627 0.3702

Target KDR 17 0.09683 0.4812

EGFR 16 0.07036 0.4753
PIK3CG 14 0.06804 0.4425

AKT1 13 0.03286 0.4583

VEGFA 11 0.07319 0.4477
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Previous studies have shown that flavonoids have 
potential therapeutic effects on POIs. For example, icariin 
can attenuate ovarian injury by promoting DNA damage 
repair to exert a protective effect against d-galactose- 
induced premature ovarian failure,43 and chrysin amelio-
rates radiation-induced POI by downregulating the TGF-β/ 
MAPK signaling pathways.44 These results were consis-
tent with our findings, which showed that flavonoids in 
QLP played an important role in the treatment of POI. 
Furthermore, it can be implied from the network that the 
key herbs included citri reticulatae pericarpium viride, 
paeoniae radix alba, epimedii folium, salviae miltiorrhizae 
radix et rhizoma, cynomorii herba and mori fructus. These 
results provide a basic chemical foundation for elucidating 
the mechanism of QLP in the treatment of POI.

To further investigate the interaction relationships of 
common targets and the biological processes involved, PPI 
network and enrichment analysis were performed using 
the STRING database. As a result, STAT3, SRC, 
MAPK1, and MAPK3 were found to be critical to the 
PPI network. The transcriptional regulator STAT3 plays 
key roles in inflammation and immunity, where either the 
hyperactivation or inactivation of STAT3 results in the 
development of human diseases.45 SRC is a regulatory 
protein that plays roles in cell differentiation, motility, 
proliferation, and survival.46 MAPK1/ERK2 and 
MAPK3/ERK1 are the two MAPKs in the MAPK/ERK 
cascade that mediate diverse biological functions, includ-
ing cell growth, adhesion, survival, and differentiation.

Based on the results of the KEGG enrichment analy-
sis, we validated the roles of the MAPK and PI3K-AKT 
signaling pathways. The MAPK signaling pathway is 
involved in the regulation of cell proliferation, differen-
tiation, and apoptosis, and the activation of MAPKs has 
recently been found to be associated with POI 
development.44,47 The PI3K-AKT signaling pathway 
has a wide range of functions, and plays an important 
role in the regulation of follicle activation and the devel-
opment of POI.48–51 The hyperactivation of the PI3K- 
AKT signaling pathway will rapidly deplete the number 
of primordial follicles and result in POI.48,52 The results 
showed that there were no significant differences in the 
expression of ERK, JNK, p38, and AKT between the 
groups. However, the levels of p-ERK/ERK, p-JNK/ 
JNK, p-p38/p38, and p-AKT/AKT were decreased, indi-
cating that QLP inhibited the excessive activation of 
MAPK and PI3K-AKT signaling pathways to alleviate 
the depletion of follicles. Notably, a key consensus in the 
understanding of the depletion of the ovarian reserve is 
that primordial follicles cannot be regenerated or 
replaced;53 therefore, a reasonable explanation is that 
QLP decelerated the process of follicular depletion rather 
than increasing the number of primordial follicles.

Finally, to further confirm the effect of QLP on the 
MAPK and PI3K-AKT signaling pathways from another 
perspective, we validated the key compounds of QLP and 
the key targets enriched in the two signaling pathways in 
the compound-target-pathway network by molecular 

Table 2 Docking Results of the Key Compounds with the Key Targets

Target PDB ID Compound Affinity (kcal/mol) Positive Control Affinity of Positive Control (kcal/mol)

KDR 2XIR Emodin −7.4 Sorafenib −8.0
KDR 2XIR Icaritin −7.8 Sorafenib −8.0

KDR 2XIR Sinensetin −7.3 Sorafenib −8.0

KDR 2XIR Tangeretin −7.1 Sorafenib −8.0
EGFR 5YU9 Emodin −8.5 Erlotinib −8.1

EGFR 5YU9 Icaritin −8.3 Erlotinib −8.1

EGFR 5YU9 Sinensetin −7.4 Erlotinib −8.1
EGFR 5YU9 Tangeretin −7.5 Erlotinib −8.1

PIK3CG 2CHX Emodin −8.5 Duvelisib −9.4
PIK3CG 2CHX Icaritin −9.1 Duvelisib −9.4

PIK3CG 2CHX Sinensetin −8.1 Duvelisib −9.4

PIK3CG 2CHX Tangeretin −7.8 Duvelisib −9.4
AKT1 1UNQ Icaritin −6.2 Resveratrol −6.0

AKT1 1UNQ Sinensetin −5.9 Resveratrol −6.0

VEGFA 3QTK Malonyl ursolic acid hemiester −8.2 Minocycline −8.4
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docking. We concluded that malonyl ursolic acid hemie-
ster, emodin, icaritin, tangeretin, and sinensetin were the 
key compounds, while KDR, EGFR, PIK3CG, AKT1, and 
VEGFA were the key targets. Malonyl ursolic acid hemie-
ster is a triterpenoid derived from cynomorii herba, while 
emodin is an anthraquinone derived from polygoni multi-
flori radix preparata. Icaritin, tangeretin, and sinensetin 
are flavonoids. Icaritin is derived from epimedii folium, 
while tangeretin and sinensetin are derived from citri 
reticulatae pericarpium viride. In this study, positive con-
trols were used to assess the binding ability, while some 
previous studies have used an empirical threshold of −5 
kcal/mol.54–56 Regardless of the evaluation standard used, 
it was concluded that the key compounds of QLP demon-
strated good binding ability with the key targets, further 
illustrating the existence of regulation of the MAPK and 
PI3K-AKT signaling pathways.

Conclusion
In this study, we investigated the therapeutic effects of QLP 
exerted on resection-induced POI in rats and systematically 
explored the key mechanisms involved. The results showed 
that QLP could significantly improve ovarian function by 
promoting the recovery of the estrus cycle, by regulating the 
FSH levels, and by enhancing ovarian reserves. The optimal 
dose of QLP in the experiment was found to be 0.9 g/kg.

Based on the network pharmacology method pre-
scribed for traditional Chinese medicine compounds com-
bined with validation, we investigated the pharmacological 
mechanism of QLP in the treatment of POI to elucidate the 
chemical constituents and biological processes involved. 
Experimental verification and molecular docking showed 
that QLP inhibited the excessive activation of the MAPK 
and PI3K-AKT signaling pathways to exert its therapeutic 
effects. These findings provide novel insights into QLP for 
application in the clinical treatment of POI.
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