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Abstract: Objectives: To investigate the role of the Wuwei Zishen formula (WWZSF) in treating and preventing peri-
menopausal syndrome (PMS) and to understand its mechanism. Methods: Network pharmacology and molecular 
docking was used to predict active compounds, potential targets, and pathways for PMS treatment using WWZSF. 
Female Sprague-Dawley (SD) rats were induced with D-galactose (D-gal) to establish a PMS model and treated with 
Kunbao pill (KBP) and WWZSF. Estrus cycles were observed using vaginal smears. Serum sex hormones were mea-
sured using the enzyme-linked immunosorbent assay (ELISA). Histological changes in the uterus and ovaries were 
evaluated using hematoxylin-eosin staining (HE). Western blot was used to assess the protein expression levels of 
Cleaved Caspase-3, p62, BAX/Bcl-2, p-PI3K/PI3K, p-AKT/AKT, and p-mTOR/mTOR in the uterus and ovaries. Re-
sults: A total of 70 active compounds and 440 potential targets were screened out. Important targets and pathways, 
including AKT1, Bcl-2, Caspase-3, mTOR, and the PI3K/AKT/mTOR pathways, and molecular docking verified their 
high affinities to key WWZSF components. In vivo experiments showed that WWZSF can ameliorate the morphologi-
cal abnormalities of the uterus and ovaries, increase sex hormone levels and organ index, and restore the estrus 
cycles in PMS rats. Moreover, the western blot results showed decreased Cleaved Caspase-3 and BAX/Bcl-2 protein 
levels in the ovarian and uterine tissues after WWZSF therapy. Concurrently, there was an increase in the expression 
of p62 and the ratios of p-AKT/AKT, p-mTOR/mTOR, and p-PI3K/PI3K. Conclusion: The PI3K/AKT/mTOR signaling 
pathway-mediated apoptosis and autophagy pathways may be how WWZSF efficiently reduces PMS.

Keywords: Network pharmacology, molecular docking, perimenopausal syndrome, D-galactose, PI3K/AKT/mTOR 
signaling pathway

Introduction

Perimenopausal syndrome (PMS) refers to a 
collection of physiological and physical chang-
es in specific organs or tissues resulting from 
reduced levels of estrogen both before and fol-
lowing the cessation of female reproductive 
function. PMS can present symptoms such as 
hot flashes, sweating, menstrual disorders, irri-
tability, and depression. In the absence of 
prompt and efficient therapy, there can be a 
significant rise in the risk of postmenopausal 
osteoporosis, coronary heart disease, and dia-
betes [1]. The Society for International Meno- 
pause reports that Menopausal symptoms are 
estimated to impact about 1 billion individuals 

worldwide, with an annual predicted increase  
of approximately 47 million [2, 3]. Numerous 
fields, including endocrinology, psychology, and 
gerontology, are involved in PMS research, 
making it a primary global public health con- 
cern.

Rather than slowing the aging process, PMS 
treatment aims to enhance women’s health 
and quality of life by alleviating various painful 
symptoms [4]. Although hormone therapy can 
effectively improve vasomotor symptoms and 
urogenital tract atrophy, it requires a compre-
hensive assessment of the patient’s age, health 
status, and risk of complications. The risk-to-
benefit ratio of hormone therapy is still contro-
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versial [5]. Therefore, developing precise, effi-
cient, and less side-effect non-hormone the- 
rapy medications is a crucial and continuing 
research area that will support the advance-
ment of menopausal women’s health [6]. 
Hormone replacement therapy for PMS has 
been a part of Traditional Chinese Medicine 
(TCM) for thousands of years. Its benefits for 
early management, apparent long-term effica-
cy, and reduced side effects to ameliorate PMS 
have been demonstrated in numerous clinical 
practices [7-9]. Additionally, examining the 
mechanism by which TCM treats PMS unveiled 
its capacity to regulate endocrine hormone lev-
els, promote ovarian proliferation, and impede 
endometrium cell apoptosis [10, 11]. Due to 
the many prescriptions and complex compo-
nents of TCM, there is a diversity of perspec-
tives on the efficacy of TCM in disease treat-
ment. Hence, more research is needed to de- 
termine the mechanism of these drugs.

The ingredients of the Wuwei Zishen formula 
(WWZSF) were: Schisandrae Chinensis Fruc- 
tus (Wu Wei Zi), Leonuri Herba (Yi Mu Cao), 
Fructus Tritici Levis (Fu Xiao Mai), Mori Follum 
(Sang Ye), Cinnanmomi Cortex (Rou Gui), and 
Ecliptae Herba (Mo Han Lian). Pharmacological 
investigation demonstrates that Schisandrae 
Chinensis Fructus can alleviate menopausal 
symptoms, particularly hot flashes, sweating, 
and palpitations [12]. Leonuri Herba has anti-
aging and anti-inflammatory qualities [13]. 
Fructus Tritici Levis has an evident antiperspi-
rant action, which differs from wheat [14]. Mori 
Follum and Cinnanmomi Cortex can suppress 
fat, decrease blood sugar, stimulate glucose 
metabolism, and improve obesity [15, 16]. 
Ecliptae Herba’s potent ingredients can treat 
osteoporosis, strengthen bones, and suppress 
the production of osteoclasts [17]. Clinical 
research demonstrates that WWZSF, a novel 
Chinese medicine mixture, can raise hormone 
levels in PMS sufferers and alleviate hot flash-
es, as well as decrease sweating, general 
upset, follicle depletion, and other symptoms. 
However, further investigation into its mecha-
nisms of action is necessary due to its intrica- 
te composition and unknown pharmacological 
processes.

Using big data technologies, and network phar-
macology, a breakthrough paradigm in drug 
research reveals the systemic and molecular 
underpinnings of TCM, transforming the disci-

pline from experience-based to evidence-bas- 
ed medicine [18, 19]. Network pharmacology 
allows us to construct a “Herbs-Ingredients-
Targets-Disease” network in order to elucidate 
the mechanisms of action for specific drugs. 
Molecular docking techniques can study the 
interaction between small molecule ligands 
and protein receptors. The combination of the 
two can help us to design and develop new 
drugs [20].

In this work, we used network pharmacology to 
anticipate the primary targets and signal path-
ways of WWZSF and confirmed it in vivo experi-
ments, which provided a foundation for clinical 
use of WWZSF.

Material and methods

Screening the active components in WWZSF

The Traditional Chinese Medicine Systems 
Pharmacology Database and Analysis Platform 
(TCMSP) database (https://old.tcmsp-e.com/
tcmsp.php) was searched to find the active 
components of WWZSF and the related in vivo 
target proteins. The active components in the 
database were screened based on two criteria: 
drug-likeness (DL) ≥ 0.18 and oral bioavailabil-
ity (OB) ≥ 30%. Among these, the chemical 
composition of Fructus Tritici Levis was ascer-
tained by a review of the literature [14]. The 
PubChem database collected the simplified 
molecular input line entry system (SMILES) 
chemical expression of active compounds 
(https://pubchem.ncbi.nlm.nih.gov/). To predict 
the corresponding gene name of each compo-
nent, it was entered into the Swiss Target 
Prediction database (http://www.swisstarget-
prediction.ch/). The research subject was limit-
ed to “Homo sapiens” for screening, and 
remaining parameters were kept as default. 
Finally, we merged and eliminated duplicate 
targets to get the dataset.

Collection of PMS targets

The keywords “perimenopause syndrome”, 
“menopause syndrome”, “menopause”, and 
“climacteric” were used to search in the Ge- 
necards (http://www.genecards.org/), Disge- 
net (https://www.disgenet.org/) and OMIM 
(www.omim.org/) databases. When searching 
the Disgenet database for keywords, matching 
synonyms were selected. All PMS-related genes 
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were obtained in the three databases and 
exported to excel to remove duplicates.

Obtaining intersection genes

The targets of WWZSF and PMS were mapped 
in the Microbioinformatics resource (http://
www.bioinformatics.com.cn/), and a Venn dia-
gram was generated to get the intersection 
genes.

Building “Herbs-Ingredients-Targets-Disease” 
network

The “Herbs-Ingredients-Targets-Disease” net-
work diagram was designed using Cytoscape 
3.9.1 bioinformatics analysis software and ana-
lysed using the CytoNCA plug-in, which was 
loaded with the intersection targets and active 
components of WWZSF.

Building protein-protein interaction (PPI) net-
work

All intersection genes were uploaded into  
the STRING database (https://string-db.org/). 
Selected the research species as “Homo sapi-
ens” and set the confidence interval of correla-
tion ≥ 0.900. The remaining parameters were 
kept as default. For topological attribute analy-
sis, we imported the relevant tsv format files 
into Cytoscape 3.9.1 software, then used the 
CytoNCA plug-in to calculate the PPI network 
degree values and created a visual PPI network 
diagram with high degree values.

Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes Genomes (KEGG) enrichment analysis

For GO and KEGG function enrichment analy-
sis, the intersection genes were added to the 
Metascape web platform (http://metascape.
org/). “Homo sapiens” was selected as the spe-
cies. The top 20 results of KEGG and top 15 
results of GO were selected for visualization, 
and bubble diagrams were used to display the 
enrichment results.

Molecular docking

The ligand’s three-dimensional (3D) structures 
were downloaded from the PubChem databa- 
se (https://pubchem.ncbi.nlm.nih.gov/). For the 
molecular optimization procedure, SYBYL-X 2.0 
was employed. The 3D structure of the recep- 
tor was ascertained using the RCSB database 

(http://www.rcsb.org). Using the MGLTools1.5.6 
program, the receptors were fixed and pro-
cessed (i.e., water molecules and metal ions 
were removed) before being saved as a pdbqt 
file. The AutoDock Vina1.1.2 program (http://
vina.scripps.edu/) evaluates the target pro-
teins’ propensity for docking with components. 
Discovery Studio was used to finish the final 
graphical display of the molecular docking data.

Reagents and drugs

WWZSF consisted of Schisandrae Chinensis 
Fructus (21 g), Mori Follum (21 g), Fructus Tritici 
Levis (12 g), Leonuri Herba (9 g), Ecliptae Herba 
(9 g), and Cinnanmomi Cortex (2 g). The Jilin 
Academy of Traditional Chinese Medicine (Jilin, 
China) provided all the above drugs. The six 
herbs mentioned above are cooked 3 times in 
water, the first time, decocted with 10 times 
the volume of water for 1.5 hours, then another 
8 times the volume for the second and third 
times, decocted for 1.5 hours each time. 
Finally, the concentration of WWZSF solution is 
0.55 g/mL. D-galactose (D-gal) was acquired 
from Shanghai McLean Biochemical Techno- 
logy Co., Ltd. (Shanghai, China; lot: D810318). 
Kunbao pill (KBP) was purchased from Beijing 
Tong Ren Tang Co., Ltd. (Beijing, China; lot: 
Z11020185). The Nanjing Jiancheng Bioen- 
gineering Institute in Jiangsu, China, is the 
source of the enzyme-linked immunosorbent 
assay (ELISA) kits for luteinizing hormone (LH), 
follicle-stimulating hormone (FSH), and estra-
diol (E2). These antibodies were used: anti-
phospho (p)-62, anti-Cleaved Caspase-3, anti-
PI3K, anti-p-PI3K, and anti-AKT (Cell Signaling 
Technology, Danvers, USA); goat anti-rabbit  
and goat anti-mouse (Beyotime Biotechnology, 
Shanghai, China); anti-BAX, anti-Bcl-2, anti-
GAPDH, anti-p-AKT, anti-mTOR and anti-p-mTOR 
(Proteintech, Rosemont, USA).

Animal source

Twelve week old female SD rats weighing 
275±10 g (SYXK (JI) 2018-0001) were obtain- 
ed from Changchun Yisi Experimental Animal 
Technology (Jilin, China). The rats were provid-
ed access to food and water, and their housing 
was maintained at a constant temperature of 
22°C with a 12-hour light/dark cycle. This study 
was approved by the Institutional Review Board 
of the College of Basic Medical Sciences, Jilin 
University, China (No. 2022-398) before the 
experiment.
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Animal model establishment and treatment

Four groups (n = 10) consisting of forty female 
SD rats with regular estrous cycles were ran-
domly assigned: Control group, D-gal group, 
KBP group, and WWZSF group. Intraperitoneal 
injections of 0.9% saline were administered to 
the control group, and intraperitoneal injec-
tions of D-gal (450 mg/kg) were administered 
to the WWZSF, KBP, and D-gal groups. The nec-
essary medication was given via gavage start-
ing from the sixth week. To the “Equivalent 
dose ratio table converted by body surface 
area between human and animal”, the control 
and D-gal groups were gavaged with an equiva-
lent volume of normal saline (10 ml/kg), the 
rats in the KBP and WWZSF groups were admin-
istered the KBP suspension (1.0 g/kg) and 
WWZSF suspension (14.8 g/kg) respectively. 
Every group received a four-week supply of 
gavage treatments.

Estrus cycle

Daily between 9 and 10 am, a pipette gun was 
used to gently aspirate a small amount of sa- 
line (0.9% NaCl) and introduce it into the rat 
vagina for repeated blowing. A drop of suspen-
sion was then gathered on a slide, allowed to 
dry, and dyed with gentian violet [21]. An optical 
microscope was then used to assess the cell 
morphology. Cell types in vaginal exfoliated cell 
smears were used to determine the duration of 
the estrous cycle in rats. Many nucleated epi-
thelial cells and a low percentage of cornified 
epithelial cells were visible in the proestrus 
visual field. Cornified epithelial cells with uni-
form staining constituted most cell types dur-
ing the estrus phase. Among the cell types 
observed in metestrus are leukocytes, nucle-
ated epithelial cells, and cornified epithelial 
cells. Leukocytes predominated in the diestrus 
visual field, with few cornified epithelial cells 
remaining visible [22].

General condition and organ index

During the experiment, we carefully observed 
the overall characteristics of each group of 
rats, such as their body weight, the glossiness 
and softness of their fur, their degree of ac- 
tivity, and their mental condition. Twenty-four 
hours after the last dose, all rats were anesthe-

tized and then blood directly from the heart was 
collected. After that, animals were euthanized 
by carbon dioxide inhalation. Then the uterus 
and ovaries were removed and weighed (wet 
weight). Organ index (mg/g) = Organ weight 
(mg) times body weight (g) × 100%.

ELISA

ELISA assays were employed to quantify E2, 
FSH, and LH levels. The detection procedures 
were conducted per the instructions provided 
by the kit, and the test was performed.

Hematoxylin-eosin (HE) staining

The ovaries and uterus tissues were first fixed 
using a 4% paraformaldehyde solution and 
then washed with running water. Subsequently, 
the tissues were dehydrated, waxed, embed-
ded, and solidified. They were then sliced into 4 
μm thick slices, stained with hematoxylin-eosin, 
and viewed under an optical microscope.

Western blot

Proteins were extracted from the ovarian and 
uterine tissue samples using a radioimmuno-
precipitation assay (RIPA) lysis buffer. Proteins 
were separated on sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) 
(New Cell & Molecular Biotech, Jiangsu, China) 
and transferred on poly-vinylidene fluoride 
(PVDF) membranes. The PVDF membrane was 
sealed tightly for 1.5 hours at room tempera-
ture using skimmed milk powder. Subsequently, 
it was treated with secondary antibodies for 2 
hours at room temperature, following an over-
night incubation at 4°C with primary antibod-
ies. Protein bands were identified using elec- 
trochemical luminescence (ECL) reagents, and 
the bands were observed using Syngene Bio 
Imaging (Synoptics, Cambridge, UK).

Statistical analysis

All data were presented as the mean ± stan-
dard deviation. The data from the two groups 
were analyzed with one-way of variance (ANOVA) 
test and data followed a normal distribution. 
GraphPad Prism version 8.3.0 statistical soft-
ware was used to create analyses and graph-
ics. A value of P < 0.05 was considered 
significant.
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Figure 1. Venn diagram was visualized to analyze the common potential 
targets of perimenopausal syndrome (PMS) and Wuwei Zishen formula 
(WWZSF).

Results

Active ingredients and targets of action of 
WWZSF

A total of 70 active components were screen- 
ed by TCMSP database, comprising 8 from 
Schisandrae Chinensis Fructus, 29 from Mori 
Follum, 10 from Ecliptae Herba, 8 from Leonuri 
Herba, and 10 from Cinnanmomi Cortex. By 
reviewing the literature, 5 valuable components 
of Fructus Tritici Levis were identified [14]. 
Swiss Target Prediction database was used to 
convert the target names acquired from TCMSP 
into human genes. After the process of merging 
and de-duplicating, a total of 973 target genes 
were finally obtained.

Gene targets for PMS

A total of 4271, 528, and 12 PMS-related tar-
gets were obtained from three databases, 
GeneCards, OMIM, and DisGenet, respectively. 
A total of 4740 disease targets were acquired 
after eliminating duplicate targets.

Construction of Venn diagrams

The WWZSF and PMS targets were mapped to 
obtain 440 intersection targets, that is, the 

potential target for WWZSF to 
improve PMS (Figure 1).

“Herbs-Ingredients-Targets-
Disease” interaction

The “Herbs-Ingredients-Targets- 
Disease” diagram was created 
using the Cytoscape 3.9.1 pro-
gram to investigate the ph- 
armacological mechanism of 
WWZSF (Figure 2). The net-
work consists of 518 nodes 
and 4376 edges, red circular 
nodes represent WWZSF and 
PMS, green hexagonal nodes 
in the middle represent poten-
tial targets of WWZSF in treat-
ing PMS, the surrounding oc- 
tagonal and diamond nodes in 
different colors represent Mori 
Follum (Sang Ye), Schisandrae 
Chinensis Fructus (Wu Wei Zi), 
Leonuri Herba (Yi Mu Cao), 
Fructus Tritici Levis (Fu Xiao 
Mai), Cinnanmomi Cortex (Rou 

Gui), Ecliptae Herba (Mo Han Lian) and their 
potent components. The 4376 purple edges 
represent the interaction between WWZSF 
active ingredients and PMS. According to the 
CytoNCA plug-in in Cytoscape 3.9.1 software, 
the degree value of the node was obtained. A 
higher the degree value of the node indicates a 
higher number of the nodes associated with it. 
Among the most crucial components are Pra- 
tensein, Albanol, Iristectorigenin A, 5-Nonade- 
cylresorcinol, 3’-O-Methylorobol, Tetramethoxy 
luteolin, and Schizandrer B. Table 1 presents 
the findings.

PPI network

A total of 440 overlapping targets were upload-
ed to the STRING online platform to obtain  
PPI network data, which were imported into 
Cytoscape 3.9.1 to draw a PPI network dia- 
gram including 48 nodes and 1023 edges. The 
CytoNCA plug-in in Cytoscape 3.9.1 was used 
to calculate the degree value of PPI network, 
including degree value, betweenness centrality 
and closeness centrality. The degree value is re- 
flected by the size and color of the target po- 
ints (Figure 3). Among them, protein kinase B 
(AKT1), tumor protein p53 (TP53), interleukin 6 
(IL-6), tumor necrosis factor (TNF), epidermal 
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Figure 2. The “Herbs-Ingredients-Targets-Disease” network.
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Table 1. Results of degree values of Wuwei Zishen formula (WWZSF) active ingredients in the “Herbs-
Ingredients-Targets-Disease” network
Chinese name NO. Latin name Ingredient Degree
Mo Han Lian 6 Ecliptae Herba Pratensein 71
Sang Ye 4 Mori Follum Albanol 69
Sang Ye 24 Mori Follum Iristectorigenin A 69
Fu Xiao Mai 3 Fructus Tritici Levis 5-Nonadecylresorcinol 68
Mo Han Lian 5 Ecliptae Herba 3’-O-Methylorobol 67
Sang Ye 28 Mori Follum Tetramethoxyluteolin 67
Wu Wei Zi 4 Schisandrae Chinensis Fructus Schizandrer B 66
Fu Xiao Mai 4 Fructus Tritici Levis 5-Heneicosylresorcinol 66
Wu Wei Zi 2 Schisandrae Chinensis Fructus Deoxyharringtonine 65
Wu Wei Zi 6 Schisandrae Chinensis Fructus Gomisin G 64
Fu Xiao Mai 5 Fructus Tritici Levis 5-Pentacosyl-1,3-benzenediol 64
Mo Han Lian 7 Ecliptae Herba Demethylwedelolactone 64
Sang Ye 11 Mori Follum Moracin E 64
Sang Ye 17 Mori Follum Oxysanguinarine 64
Sang Ye 25 Mori Follum Icosa-11,14,17-trienoic acid methyl ester 64
Wu Wei Zi 8 Schisandrae Chinensis Fructus Wuweizisu C 63
Mo Han Lian 3 Ecliptae Herba Butin 63
Mo Han Lian 9 Ecliptae Herba Luteolin 63
Sang Ye 7 Mori Follum Isoramanone 63
Sang Ye 9 Mori Follum Moracin C 63
Sang Ye 12 Mori Follum Moracin F 63
Sang Ye 27 Mori Follum Linolenic acid ethyl ester 63
Mo Han Lian 2 Ecliptae Herba Acacetin 62
Mo Han Lian 4 Ecliptae Herba 1,3,8,9-tetrahydroxybenzofurano[3,2-c]chromen-6-one 62
Mo Han Lian 10 Ecliptae Herba Quercetin 62
Sang Ye 6 Mori Follum 26-Hydroxy-dammara-20,24-dien-3-one 62
Sang Ye 18 Mori Follum Quercetin 62
Sang Ye 20 Mori Follum Kaempferol 62
Sang Ye 26 Mori Follum Norartocarpetin 62
Yi Mu Cao 2 Leonuri Herba Kaempferol 62
Yi Mu Cao 3 Leonuri Herba Quercetin 62
Yi Mu Cao 4 Leonuri Herba Isorhamnetin 62
Sang Ye 8 Mori Follum Moracin B 61
Yi Mu Cao 8 Leonuri Herba β-Sitosterone 61
Mo Han Lian 8 Ecliptae Herba Wedelolactone 60
Sang Ye 15 Mori Follum 4-Prenylresveratrol 60
Wu Wei Zi 5 Schisandrae Chinensis Fructus Angeloylgomisin O 59
Rou Gui 7 Cinnanmomi Cortex (-)-Caryophyllene oxide 59
Sang Ye 21 Mori Follum Stigmasterol 59
Rou Gui 10 Cinnanmomi Cortex Oleic acid 58
Sang Ye 5 Mori Follum Inophyllum E 58
Wu Wei Zi 7 Schisandrae Chinensis Fructus Gomisin R 57
Mo Han Lian 1 Ecliptae Herba Linarin 57
Rou Gui 9 Cinnanmomi Cortex (-)-α-cedrene 57
Sang Ye 1 Mori Follum Poriferast-5-en-3β-ol 57
Sang Ye 19 Mori Follum β-sitosterol 57
Sang Ye 16 Mori Follum FA 56
Sang Ye 10 Mori Follum Moracin D 55
Wu Wei Zi 3 Schisandrae Chinensis Fructus Angeloylgomisin O 54
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Rou Gui 1 Cinnanmomi Cortex EIC 54
Sang Ye 2 Mori Follum Scopolin 54
Yi Mu Cao 5 Leonuri Herba Iso-preleoheterin 54
Yi Mu Cao 6 Leonuri Herba Preleoheterin 54
Fu Xiao Mai 2 Fructus Tritici Levis Allantoin 53
Sang Ye 29 Mori Follum Skimmin (8CI) 53
Sang Ye 13 Mori Follum Moracin G 51
Sang Ye 14 Mori Follum Moracin H 51
Sang Ye 22 Mori Follum Arachidonic acid 51
Sang Ye 23 Mori Follum Supraene 51
Yi Mu Cao 1 Leonuri Herba Arachidonic acid 51
Yi Mu Cao 7 Leonuri Herba Galeopsin 51
Rou Gui 8 Cinnanmomi Cortex DIBP 50
Sang Ye 3 Mori Follum Carotene 50
Rou Gui 6 Cinnanmomi Cortex ()-Ledene 49
Fu Xiao Mai 1 Fructus Tritici Levis Carotene 41
Rou Gui 3 Cinnanmomi Cortex β-carotene 25
Rou Gui 4 Cinnanmomi Cortex Junipene 21
Rou Gui 5 Cinnanmomi Cortex ()-Sativene 15
Rou Gui 2 Cinnanmomi Cortex ()-Aromadendrene 8
Wu Wei Zi 1 Schisandrae Chinensis Fructus Longikaurin A 5

Figure 3. Protein-protein interaction (PPI) network diagram.

growth factor receptor (EGRF), sarcoma gene 
(SRC), estrogen receptor 1 (ESR1), signal trans-
ducer and activator of transcription 3 (STAT3), 

B-cell lymphoma-2 (Bcl-2), and 
Caspase-3 (CASP3) of WWZSF 
acting in PMS targets had high 
degree value, suggesting that 
these target proteins may be 
crucial targets for WWZSF tre- 
atment of PMS. The parame-
ters related to the core target 
network with the top 20 degree 
values are listed in Table 2.

GO and KEGG enrichment 
analysis

GO and KEGG enrichment an- 
alyses were conducted utiliz-
ing the Metascape platform to 
investigate the critical biologi-
cal processes and signaling 
pathways involved in treating 
PMS with WWZSF. Figure 4  
displays the top 15 items for 
the GO analysis of biological 
processes (BP), cellular com-
ponents (CC), and molecular 
function (MF). These items re- 
gulate hormone levels, mem-

brane valves, protein kinase complexes, adhe-
sion spots, and protein kinase activity. More- 
over, multiple KEGG pathways, including path-
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each other from the perspective of the target. 
Tetramethoxyluteolin and 3’-O-Methylorobol 
attach to each target more effectively when 
viewed from the component perspective (Fi- 
gure 6). Therefore, our results offer theoretical 
backing for the targeting of WWZSF in manag-
ing PMS, which is linked to regulating apoptosis 
and the PI3K/AKT/mTOR signaling cascade.

WWZSF shortens the estrous cycle in PMS rats

We assessed rat vaginal exfoliated cell smears 
to illustrate further the contribution of WWZSF 
to enhancing reproductive endocrinology in 
PMS. Compared to the control group, the rats  
in the D-gal group had an irregular estrous  
cycle and a prolonged diestrus cycle during the 
last week of the study. Rats’ estrous cycles 
were restored to normal and were shortened to 
five days after receiving KBP and WWZSF treat-
ments (Figure 7).

WWZSF improves appearance, body weight, 
ovarian weight, and ovarian index in PMS rats

Rats in the D-gal intraperitoneally showed yel-
low, dry-knotted fur that was sparse, listless, as 
well as decreased activity compared to the con-
trol group (Figure 8A). Weekly weighing records 
indicated an initial decline in the rats’ weight 
after the start of modeling, that was followed by 
a gradual increase. By the end of the experi-
ment, no statistical differences in weight were 
observed between the groups (Figure 8B). 
Compared with the control group, the ovarian 
weight and ovarian index in the D-gal group 
were decreased, and the ovarian wet weight 
and ovarian index were increased after KBP 
and WWZSF intervention. There was a statisti-
cally significant difference in the KBP group 
(Figure 8C-E).

WWZSF increases hormone levels in PMS rats

Serum E2 levels were considerably lower in the 
D-gal group compared to the control group. In 
contrast, FSH and LH levels were significantly 
increased, consistent with PMS hormone alter-
ations. Following medication intervention, there 
was a noticeable decrease in FSH and LH le- 
vels and a significant increase in serum E2 lev-
els in the KBP and WWZSF groups. This sug-
gests that WWZSF can efficiently raise PMS 
rats’ hormone levels (Figure 9).

Table 2. The top 20 core targets and infor-
mation of protein-protein interaction (PPI) 
network

Target gene Degree Betweenness 
Centrality

Closeness 
Centrality

GAPDH 260 0.0610 0.712
AKT1 253 0.0420 0.704
TP53 247 0.0457 0.695
IL6 235 0.0411 0.684
TNF 228 0.0337 0.678
EGFR 204 0.0237 0.652
SRC 203 0.0544 0.648
STAT3 199 0.0145 0.645
ESR1 199 0.0354 0.647
BCL2 195 0.0145 0.642
CASP3 190 0.0131 0.637
HSP90AA1 183 0.0207 0.630
HIF1A 181 0.0113 0.629
MMP9 169 0.0138 0.615
PPARG 166 0.0207 0.617
NFKB1 165 0.0065 0.613
MAPK3 164 0.0137 0.614
ERBB2 157 0.0112 0.607
TGFB1 156 0.0103 0.604
CCND1 155 0.0076 0.603

ways in cancer, Chemical carcinogenesis-re- 
ceptor activation, PI3K/AKT signaling pathway, 
Hepatitis B, and Prostate cancer, could play 
important roles in treating PMS by WWZSF 
(Figure 5). Based on the close relationship 
between the PI3K/AKT signaling pathway and 
PMS, the PI3K/AKT signaling pathway was cho-
sen as the signaling pathway to explore its 
mechanism in this study.

Docking of molecules

Using KEGG enrichment analysis, the PI3K/AKT 
signaling pathway associated with apoptosis 
was identified. The PPI network examined 
AKT1, Bcl-2, Caspase-3, and mTOR as key pro-
teins in the pathway connected to apoptosis. 
The binding activity of significant targets and 
critical active components of WWZSF was iden-
tified using molecular docking studies (Table 
3). Better binding between the compound and 
the target is often indicated by a binding energy 
of less than -7.0 kcal/mol. AKT1, Caspase-3, 
mTOR, and PI3K are all well-combined with 
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Figure 4. Top 15 results of Biological processes (BP), cellular components (CC) and molecular function (MF) of Gene 
Ontology (GO) enrichment analysis.

WWZSF ameliorated ovarian pathology in PMS 
rats

Histopathological observations revealed fewer 
dominant follicles, corpora lutea, and fewer 
granulosa cells in the PMS group than in the 
control group. However, these histopathologi-
cal characteristics could be improved by drug 

intervention. The KBP group exhibited subopti-
mal dominant follicle development, character-
ized by fewer follicles. The development of the 
luteum was significant and distinguished by an 
increased size and densely packed granular 
cells. In the WWZSF group, mature follicles had 
a significant amount of follicular fluid, the cor-
pus luteum was of substantial size, and the 
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Figure 5. Top 20 results of Kyoto Encyclopedia of Genes and Genomes (KEGG).

Table 3. Molecular docking of targets and primary active 
components
Ingredient Bcl-2 Caspase-3 PI3K AKT1 mTOR
3’-O-Methylorobol -7.6 -7.9 -8 -9.5 -9.2
Pratensein -6.4 -7.8 -8.2 -9.3 -9.2
Iristectorigenin A -6.2 -7.8 -7.8 -9.2 -7.8
Tetramethoxyluteolin -7.3 -8 -8.1 -9.1 -8.1
Schizandrer B -6.1 -7.3 -9 -7.8 -9

granular cells were organized in multiple layers 
and exhibited tidiness (Figure 10).

WWZSF inhibits ovarian tissue apoptosis

We used the western blot technique to verify 
ovarian tissue apoptosis in order to confirm our 
theory. The expression of Cleaved Caspase-3 
protein and the ratio of BAX/Bcl-2 in the ova-
ries of D-gal rats were considerably higher than 
those of the control group. KBP and WWZSF 
treatment suppressed apoptosis of the ovaries, 
as evidenced by the downregulation of the 
Cleaved Caspase-3 protein expression and the 
BAX/Bcl-2 ratio (Figure 11).

WWZSF regulates the PI3K/AKT/
mTOR signaling pathway

The KEGG analysis and molecular 
docking results conclude that a  
key signal pathway through which 
WWZSF influences PMS is the 
PI3K/AKT/mTOR pathway. Western 
blot analysis showed that the ra- 
tio of p-PI3K/PI3K, p-AKT/AKT, and 
p-mTOR/mTOR were significantly 

downregulated in the ovarian tissue of the PMS 
rats compared with that in the control group, at 
the same time, WWZSF treatment upregulated 
the level of these ratios. This indicates that in 
PMS-induced ovarian tissues in rats, WWZSF 
can activate the PI3K/AKT/mTOR signaling 
pathway (Figure 12).

WWZSF prevents the overactivation of au-
tophagy

It was examined whether D-gal might activate 
autophagy and how WWZSF affected autopha-
gy in order to learn more about the possible 
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Figure 6. Molecular docking. A. 3’-O-Methylorobol and Bcl-2. B. Tetramethoxyluteolin and Caspase-3. C. Pratensein and PI3K. D. 3’-O-Methylorobol and AKT1. E. 
Pratensein and mTOR.
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Figure 7. The rat estrus cycle in the last week of the experiment. A. Rat vaginal exfoliated cells stained with crystal violet solution (×40). B. The estrous cycle statistics 
table.
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Figure 8. WWZSF improved the appearance, weight, apparent morphology of ovarian tissue, ovarian weight, and 
ovarian index of PMS rats. A. Shift in the appearance of the model rats. B. Body weight. C. Apparent morphology of 
ovarian tissue. D. Ovarian weight. E. Ovarian index. Data are presented as mean ± SD, n = 3. #P < 0.05 vs. D-gal.

Figure 9. Effects of WWZSF on the sex hormone levels in PMS rats. A. Estradiol (E2). B. Follicle-stimulating hormone 
(FSH). C. Luteinizing hormone (LH). Data are presented as mean ± SD, n = 3. ***P < 0.001 vs. control; #P < 0.05 vs. 
D-gal, ##P < 0.01 vs. D-gal, ###P < 0.001 vs. D-gal.

mechanism by which it reduces PMS. The 
expression of p62 protein in the ovary was 
detected by Western blot. Figure 13 demon-
strated that p62 protein expression was signifi-
cantly reduced in the D-gal group compared to 
the control group, whereas KBP and WWZSF 
can dramatically increase p62 expression.

WWZSF promoted uterus weight and uterus 
index in PMS rats

We further evaluated the uterine weight and 
index to study the therapeutic effect of WWZSF 
on the uterus. Rats in the D-gal group showed  
a substantial drop in wet weight and uterine 
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Figure 10. Effects of WWZSF on the pathological morphology of ovarian tissue observed by Hematoxylin-Eosin stain-
ing. A. Control group. B. D-gal group. C. KBP group. D. WWZSF group. Blue →: Primary follicles. Green →: Secondary 
follicles. Red →: Mature follicles. Black →: Atretic follicles. Yellow →: Corpus luteum. ★: Ovarian granular cells. Bar 
= 50 μm.

Figure 11. Expression of apoptosis-related proteins in ovaries tissues of rats in different groups. A. The protein 
bands of BAX, Bcl-2, and Cleaved Caspase-3 were detected by Western Blot. B. Quantitative analysis of expression 
levels of BAX/Bcl-2. C. Quantitative analysis of expression levels of Cleaved Caspase-3. Data are presented as mean 
± SD, n = 3. **P < 0.01 vs. control, ***P < 0.001 vs. control; #P < 0.05 vs. D-gal, ###P < 0.001 vs. D-gal.

index as compared to the control group, but the 
WWZSF group showed a significant increase in 
both metrics (Figure 14).

WWZSF ameliorated uterine pathology in PMS 
rats

HE staining results of uterine tissue showed 
that in the control group, the endometrium was 

thicker, and uterus glands were abundant. In 
the D-gal group, the endometrium was thinner, 
the number of uterus glands decreased, and 
the whole uterus was in a state of atrophy.  
After KBP intervention, there was a moderate 
improvement in the quantity of endometrium 
and glands. After WWZSF intervention, the 
endometrium of rats thickened, and the num-
ber of glands increased (Figure 15).
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Figure 12. Expression of PI3K/AKT/mTOR signaling pathway related proteins in ovaries tissues of rats in different 
groups. A. The protein bands of p-PI3K, PI3K, p-AKT, AKT, p-mTOR, and mTOR were detected by Western Blot. B. 
Quantitative analysis of expression levels of p-PI3K/PI3K. C. Quantitative analysis of expression levels of p-AKT/AKT. 
D. Quantitative analysis of expression levels of p-mTOR/mTOR. Data are presented as mean ± SD, n = 3. **P < 0.01 
vs. control, ***P < 0.001 vs. control; #P < 0.05 vs. D-gal.

Figure 13. Expression of p62 protein in ovaries tissues of rats in different groups. A. The protein band of p62 was 
detected using Western Blot. B. Quantitative analysis of expression levels of p62. Data are presented as mean ± SD, 
n = 3. ***P < 0.001 vs. control; #P < 0.05 vs. D-gal, ##P < 0.01 vs. D-gal.

WWZSF activates the PI3K/AKT/mTOR signal-
ing pathway to prevent uterine apoptosis and 
autophagy

Western blot results in uterine tissue similarly 
demonstrated that following intraperitoneal 
injection of D-gal, there was an increase in the 
expression of pro-apoptosis-related proteins 
Cleaved Caspase-3 and BAX/Bcl-2, a decre- 
ase in the ratio of p-PI3K/PI3K, p-AKT/AKT, 
p-mTOR/mTOR and a significant decrease in 

the expression of p62 protein. On the other 
hand, the WWZSF gavage treatment increased 
the expression of p62 protein, p-PI3K/PI3K, 
p-AKT/AKT, p-mTOR/mTOR ratio, and decreased 
the BAX/Bcl-2 ratio. It also suppressed the 
expression of the Cleaved Caspase-3 protein. 
The uterine results align with ovarian findings, 
suggesting that WWZSF can inhibit apoptosis 
and autophagy, counteract D-gal-induced en- 
dometrial atrophy, increase the number of uter- 
ine glands, and restore uterine function. These 
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Figure 14. WWZSF improved the apparent morphology of uterine tissue, uterine weight, and uterine index of PMS 
rats. A. Morphology of uterus. B. Uterus weight. C. Uterus index. **P < 0.01 vs. control; #P < 0.05 vs. D-gal, ##P < 
0.01 vs. D-gal.

Figure 15. Effects of WWZSF on the pathological morphology of uterine tissue observed by Hematoxylin-Eosin stain-
ing. A. Control group. B. D-gal group. C. KBP group. D. WWZSF group. Black →: Uterine gland. Bar = 50 μm.

effects appear to be mediated by the activa- 
tion of the PI3K/AKT/mTOR signaling pathway 
(Figure 16).

Discussion

The incidence rate of PMS is on the rise, with a 
younger tendency, owing to the aging process 

and the pace of life, in contrast to the general 
extension of life and the increased concern  
of the entire society for physical and mental 
health [23]. Low estrogen levels and ovarian 
function decline are closely related to the oc- 
currence of the PMS. During the perimeno-
pause era, the number of primordial follicles 
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and mature follicles decreased, the secretion 
of E2 decreased, and the level of FSH increased. 
The balance of sex hormones becomes off at 
this point. The endometrium became thinner, 
and the uterine atrophies under low estrogen 
[24, 25]. Consequently, a new line of inquiry of 
study is to examine the synergistic effects of 
TCM substances and the essential therapy pro-
cesses. In this study, we used network pharma-
cology and animal research to explore the com-
plex active components and modes of action of 
WWZSF in D-gal-induced PMS modeled rats.

Network pharmacology is a novel approach in 
TCM research that uses biological network 
information databases and computer technol-

ogy to establish and examine the relationships 
between drugs, proteins, and diseases [26].  
In this study, the main active compounds used 
by the network to treat PMS are Pratensein, 
Albanol, Iristectorigenin A, 3’-O-Methylorobol, 
Tetramethoxyluteolin, and Schizandrer B. Pre- 
vious studies indicate that these active ingredi-
ents are lignin and flavonoids, which are natu-
rally occurring anti-aging substances with anti-
inflammatory and anti-apoptotic properties th- 
at can effectively treat age-related degenera-
tive disorders [27-29]. Schizandrer B is extract-
ed from Schisandrae Chinensis Fructus, Iris- 
tectorigenin A and Tetramethoxyluteolin are 
extracted from Mori Follum, Pratensein and 
3’-O-Methylorobol are extracted from Ecliptae 

Figure 16. Expression of key proteins in uterus tissues of rats in different groups. A. The protein bands of BAX, Bcl-2, 
Cleaved Caspase-3, p-PI3K, PI3K, p-AKT, AKT, p-mTOR, mTOR, and p62 were detected by Western Blot. B. Quantita-
tive analysis of expression levels of BAX/Bcl-2. C. Quantitative analysis of expression levels of Cleaved Caspase-3. 
D. Quantitative analysis of expression levels of p-PI3K/PI3K. E. Quantitative analysis of expression levels of p-AKT/
AKT. F. Quantitative analysis of expression levels of p-mTOR/mTOR. G. Quantitative analysis of expression levels of 
p62. Data are presented as mean ± SD, n = 3. *P < 0.05 vs. control, **P < 0.01 vs. control, ***P < 0.001 vs. control; 
#P < 0.05 vs. D-gal, ##P < 0.01 vs. D-gal.
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Herba. The sovereign medicines, Schisandrae 
Chinensis Fructus and Mori Follum are used to 
nourish kidney yin. Ecliptae Herba as a minister 
medicine can nourish yin and regulate men-
struation. They are consistent with the WWZSF 
principle. This also demonstrates that the 
WWZSF treatment of PMS results from the 
combined action of numerous active ingredi-
ents. In addition, enrichment analysis on 440 
intersecting targets revealed that WWZSF was 
involved in regulating the hormone levels, re- 
sponse to protein phosphorylation, and activat-
ing protein kinases. The treatment of WWZSF 
may also influence some cell components and 
molecular functions, including membrane rafts, 
sides of the membrane, dendritic trees and 
protein binding. Enrichment analysis showed 
that the PI3K/AKT signaling pathway was evi-
dently enriched and closely related to the  
PMS. The critical target proteins AKT1, Bcl-2, 
Caspase-3, and mTOR in the PI3K/AKT/mTOR 
signaling pathway were found by PPI network 
analysis. Through molecular docking, it was 
confirmed that the core proteins of Bcl-2, Ca- 
spase-3, and PI3K/AKT/mTOR pathways had 
good binding ability with the above key com-
pounds. This suggested that WWZSF may 
improve the occurrence of PMS by regulating 
apoptosis and proliferation through the PI3K/
AKT/mTOR pathway. 

We chose D-gal, which is stable and potent, as 
it can accelerate whole body aging in order to 
better explore the pathological mechanism of 
PMS. Meanwhile, we chose rats with endocrine 
changes, reliable reproductive cycles, and bet-
ter intervention effects on aging for experimen-
tal research. Our results demonstrated that 
D-gal injection can establish the PMS model. 
WWZSF has a significant effect on PMS mod-
eled in rats, including normalizing the rat status 
and ovulation cycles, increasing the index of 
the ovary and uterus, changing the levels of sex 
hormones, and ameliorating the morphological 
abnormalities of the ovary and uterus. These 
results are consistent with previous studies 
[30].

Apoptosis is an essential mechanism for pre-
serving the stability of the biological environ-
ment, especially in ovarian aging. The decline 
of ovarian function in PMS modeled rats is 
mainly due to the increase of atresia follicles 
because of the apoptosis of ovarian granulosa 

cells. The two main proteins that influence 
apoptosis are BAX and Bcl-2, which together 
activate the mitochondrial apoptosis pathway. 
The downstream executive factor Caspase-3 is 
then activated via the caspase family cascade 
response, which eventually results in apoptosis 
[31, 32]. According to a study, the infusion of 
the herb decoction increases the expression of 
Bcl-2, a protein connected to reproduction, it 
downregulates the expression of the proteins 
BAX and Caspase-3 in the ovaries, promoting 
follicular development [33]. In line with the 
research report, our experiment demonstrated 
that WWZSF can significantly lower the expres-
sion of Cleaved Caspase-3 protein and the ratio 
of BAX/Bcl-2 in the D-gal group. It can also 
inhibit apoptosis of the uterus and ovaries to 
thicken the endometrium and restore normal 
ovulation caused by D-gal.

Based on network theory research, we hypoth-
esized that the primary pathway by which 
WWZSF improves PMS is the PI3K/AKT/mTOR 
signaling pathway. Accumulating data suggest 
that the PI3K/AKT/mTOR signaling pathway is 
involved in the physiological and pathological 
processes of PMS [34]. Shang verified in vivo 
that ovarian cells can survive longer and that 
D-gal-induced ovarian decline can be reversed 
by activating the PI3K/AKT pathway [35]. Ac- 
cording to a different study, TCM increases the 
number of follicles in PMS modeled rats by acti-
vating the PI3K/AKT/mTOR signaling pathway 
[36]. Consistent with these investigations, our 
results demonstrate that D-gal treated rats 
have reduced activity of the PI3K/AKT/mTOR 
signaling pathway, as seen by a drop in the 
p-PI3K/PI3K, p-AKT/AKT, and p-mTOR/mTOR 
ratios. WWZSF can upregulate the levels of 
p-PI3K, p-AKT, and p-mTOR, significantly acti-
vating the activity of the PI3K/AKT/mTOR 
pathway.

Furthermore, impaired autophagy is another 
sign of aging in tissues, and activation of mTOR 
can inhibit autophagy [37, 38]. Choi’s team 
demonstrated in vivo that the upstream PI3K/
AKT pathway regulates mTOR. This system can 
be inhibited to promote autophagy through 
apoptosis and induce follicular atresia [39]. 
Recent studies have emphasized that ovarian 
granulosa cells apoptosis is induced by autoph-
agy, and the aggregation of autophagosomes 
promotes ovarian apoptosis by reducing the 
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level of Bcl-2 and activating Caspase family 
[40]. When autophagosomes form, the p62 
protein binds to ubiquitinated proteins and 
fuses with lysosomes to be removed. It is one 
of the most researched autophagy substrates. 
Thus, the expression of the p62 protein was 
also detected by Western blot. The outcomes 
demonstrated that the D-gal group rat’s ovaries 
and uterus had considerably lower p62 protein 
expression levels. WWZSF could promote the 
expression of p62 protein. It is suggested th- 
at WWZSF prevents autophagy over-activation 
and reduces apoptosis in ovarian and uterine 
tissues through the PI3K/AKT/mTOR signalling 
pathway [41].

Although the relevant mechanism of WWZSF  
in treating PMS has been identified in the 
research mentioned above, there are still sev-
eral limitations in this study. First, we could not 
obtain further confirmation of the effects of dif-
ferent WWZSF concentrations through our 
investigation. The relationship between autoph-
agy and apoptosis has not been fully investi-
gated. Second, we have only used rat PMS 
models in our in vivo animal tests; future re- 
search using human ovarian granulosa cells 
may be more clinically applicable. Consequent- 
ly, we intend to conduct additional pertinent 
research to strengthen our experimental find- 
ings.

In summary, our investigation, which combined 
integrated network pharmacology with experi-
mental validation, found that WWZSF improves 
PMS by activating the PI3K/AKT/mTOR path-
way. This is manifested as a shortened estrus 
cycle, increased organ index, increased E2 hor-
mone, decreased FSH and LH hormone, and 
ameliorated uterine and ovarian tissue mor-
phology. This study provides scientific evidence 
supporting the use of WWZSF for PMS and sug-
gests a new drug for the treatment of PMS.
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