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Abstract: Objective: To explore the mechanism of Thunberg Fritillaria in treating endometriosis (EMs) based on 
network pharmacology and the effect of Peiminine on the MEK/ERK pathway. Methods: We applied Chinese medi-
cine system pharmacology analysis platform (TCMSP) database and literature search to screen the main chemical 
components of Fritillaria thunbergii Miq and created a Vanny map from the databases of TCMSP, GENECARDS, 
Online Mendelian Inheritance in Man (OMIM), and some others. The STRING database was used to construct the 
protein interaction network of Fritillaria thunbergii Miq and EMs. The overlapping targets and enriched pathways 
were discovered using the cells of the innate immune annotation database (DAVID) and the Gene Ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses. To test the mechanism of 
Peiminine, the active ingredients of Fritillaria thunbergii, in the therapy of EMs, we designed cell assays and ani-
mal research. EMs mouse models were treated with several therapies, including fibrosis inhibitor in Peiminine by 
utilizing Hematoxylin-eosin staining (HE staining), MASSON staining, Immunohistochemistry, Immunofluorescence, 
quantitative real-time PCR (qRT-PCR) experiment, and Western blotting test. We evaluated the anti-endometriotic 
effects of Peiminine using 12Z human endometriotic cells. Cell Counting Kit 8 was used to assess the vitality of 
12z cells (CCK8). We evaluated the migration ability of 12z cells by cell scratch test. Results: The effective active 
ingredients of Fritillaria thunbergii Miq in the treatment of EMs are Pelargonidin, Beta-sitosterol syringaresinol, Pei-
misine Pelargonidin-3, 5-diglucoside Ziebeimine Zhebeiresinol Verticine Solatubin OSI-2040 Chaksine Peiminine 
Peiminoside Peiminoside_qt, and 6-Methoxyl-2-acetyl-3-methyl-1, 4-naphthoquinone-8-O-beta-D-glucopyranoside. 
The critical targets for Fritillaria thunbergii Miq treating EMs are NOS2/PTGS1/AR/PPARG/PTGS2/NCOA2/RXRA/
PGR/NR3C1/NCOA1/SLC6A4/OPRM1/BCL2 and ESR1. The results of GO function and KEGG enrichment analysis 
showed that the role pathway was estrogen-related signaling and thyroid hormone-related signaling. The expression 
of E-cadherin was decreased in EMs while MEK1/2, P-ERK, N-cadherin and vimentin were all increased in MASSON, 
immunofluorescence, Real-time PCR and Western blotting. In epithelial 12Z cells, high concentrations of Peiminine 
can block cell activity and migration, which is directly related to blocking cell fibrosis. Conclusion: Overall, this study 
partially verified the network pharmacological prediction that Peiminine regulates the MAPK pathway in inhibiting 
12Z cell proliferation and migration, and finally protects against EMs.
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Introduction

Endometriosis (EMs), affecting 6-10% of re- 
productive-age women [1], is defined as aber-
rant endometrial tissue development at ecto- 
pic places, most commonly the pelvis, and 
causes discomfort, dyspareunia, and infertility 

[2]. According to traditional Chinese medicine 
(TCM), the cause of Ems is Phlegm-blood Stasis 
Syndrome, and the ectopic endometrial tissue 
is regarded as the blood that has left the chan-
nels [3]. The blood leaving the meridians ga- 
thers into blood stasis, making Thoroughfare 
Vessel and Conception Vessel not work. Long-
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term blood stagnation can lead to disease. 
Doctors of TCM consider that the body fluid and 
blood are of the exact origin, so blood stasis 
can cause body fluid to condense into phlegm 
[4]. Over time, phlegm and blood stasis will  
mix, and finally, Phlegm-blood Stasis Syndrome 
is formed. Phlegm and blood stasis syndrome 
is a common syndrome type of EMs. The treat-
ment of TCM is resolving phlegm and dispers-
ing nodules. Doctors often use Fritillaria thun-
bergii Miq to treat EMs with phlegm and blood 
stasis [5]. Fritillaria thunbergii Miq, according  
to TCM theory, has the action of clearing away 
heat, resolving phlegm, alleviating cough, de- 
toxifying, dispersing knots, and eradicating car-
buncle [6].

Material and methods

Identification of candidate components and 
screening of active components in Fritillaria 
thunbergii Miq

The chemical components of Fritillaria thunber-
gii Miq were collected from the TCM systems 
pharmacology (TCMSP) database, and the 
practical active components were screened 
with drug-like (DL) as the limiting conditions [7]. 
Then, we obtained the targets of active compo-
nents with DL greater than 0.18 from TCMSP 
database.

In the long-term clinical practice, TCM is usually 
made into decoction, powder, pill, and so on in 
an oral dosage form. Drug likeness (DL) is one 
of the essential parameters in pharmacokinet-
ics. It is helpful for rapid screening of active 
ingredients in TCMSP database [8]. We scr- 
eened for active ingredients of Fritillaria thun-
bergii Miq by conducting DL>0.18.

Prediction of drug targets for Fritillaria thun-
bergii Miq

The targets of Fritillaria thunbergii Miq’s active 
component were transformed into the gene 
names by the database of UniProt (https://
www.uniprot.org). The Swiss Target Prediction 
database (http://www.swisstargetprediction.
ch) was utilized to provide target information.

Screening targets of EMs

The EMs therapeutic targets were collected 
from the Gene Cards database (https://www.

GeneCards.org/), which many researchers 
have used in the study of network pharma- 
cology [9]. From the EMs-related genes and 
Fritillaria thunbergii Miq target genes, we 
screened out the overlapping genes of Fritilla- 
ria thunbergii Miq active ingredients interact- 
ing with EMs (Figure 1).

Construction of networks and analysis

The compound-target, target-pathway, and tar-
get-disease networks were built using Cyto- 
scape 3.7.1 software to better investigate the 
molecular mechanism of Fritillaria thunbergii 
Miq in the treatment of EMs [10]. We were able 
to thoroughly comprehend the link between 
latent targets and effective compounds by ana-
lyzing the key effective components of Fritillaria 
thunbergii Miq. The nodes in the network re- 
present genes, molecules, or proteins. Edge 
connects nodes representing the interaction 
between these active ingredients and mole-
cules, genes and diseases.

Protein-protein interaction (PPI) networks 
construction

The intersection gene of the active ingredient 
and illness was incorporated into the string 
database (STRING, Version 11.0, https://str- 
ing-db.org/) to develop the protein interaction 
network of Fritillaria thunbergii Miq in treating 
EMs. We input the 14 overlapping targets into 
the STRING database for retrieval with a mini-
mum needed interaction score of 0.4 [11]. The 
PPI network was then obtained and fed into 
Cytoscape software to be viewed.

GO and pathway enrichment analysis for EMs-
related targets of Fritillaria thunbergii Miq

The GO can describe the function of genes, and 
it is widely used in the field of DAVID online  
tool (http://david.abcc.ncifcrf.gov/). The GO 
function enrichment study was performed, and 
the results were evaluated and visualized us- 
ing the R programming language (Version 
3.6.0). The “cluster profiler” package was then 
installed, and the ID was entered into it. It then 
did the functional enrichment analysis of GO 
and KEGG using P<0.05 and Q<0.05, respec-
tively, and outputted the findings through bar-
plot and dotplot.
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Figure 1. Pharmacologic analysis of Thunberg Fritillary bulb by TCM network. A: Venn diagrams: Targets matching 
each other of Fritillaria thunbergii Miq and Endometriosis; B: Bioactive compounds and corresponding and corre-
sponding targets network of Fritillaria thunbergii Miq in treatment of endometriosis; C: The STRING-generated PPI 
network of targets. Proteins are represented by nodes. The edges indicate the PPIs; D: Analysis of the enrichment 
histogram of GO in the treatment of Endometriosis by Fritillaria thunbergii Miq; E: Analysis of the enrichment bubble 
diagram of the KEGG pathway in the treatment of Endometriosis by Fritillaria thunbergii Miq; F: KEGG pathway 
enrichment analysis showed that the significantly enriched pathways of Fritillaria thunbergii in the treatment of 
Endometriosis were estrogen-related pathway.
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paraformaldehyde. Then the endometrium tis-
sue was embedded in paraffin and cut into 4 
µm-thick slices before being stained with he- 
matoxylin and eosin (HE) and Masson staining 
kits (Sigma, USA).

Immunohistochemistry

The endometriotic tissue was removed and 
soaked in 10% formalin, embedded in para- 
ffin, cut into an appropriate size and analyzed 
by Immunohistochemistry. The paraffin tissue 
slices were first dewaxed, and then dehydrated 
using a graded ethanol series. To inhibit endog-
enous peroxidase activity, slides were treated 
in 3 percent H2O2 for 10 min at room tempera-
ture. Antigen repair was accomplished by boil-
ing for 10 min in a 0.01 M citrate buffer solu-
tion in a pressure cooker set to 120°C. The 
samples were treated with primary antibodies 
at 4°C overnight. After washing with PBS, the 
slides were treated with horseradish peroxi-
dase (HRP) - coupled secondary antibodies 
(1:1000, Invitrogen, Carlsbad, CA, USA) for 30 
minutes at room temperature. The sections 
were then stained with diaminobenzidine (DAB) 
according to the manufacturer’s technique, 
photographed under a microscope, and the 
expression levels were determined.

Immunofluorescence staining

The ectopic endometrium of mice was sliced to 
a thickness of about 8-10 μm with a frozen 
microtome. The expression of vimentin protein 
was detected by immunofluorescence after 30 
min at room temperature. After 1 h of block- 
ing with 2% BSA at room temperature, the pri-
mary antibody was incubated overnight at  
4°C. Then, the sections were washed three 
times with a 0.1 mol/L phosphate buffer salt 
solution for 3-5 min each time. The second 
antibody was incubated for 1 h at room tem-
perature in dark. After washing with 0.1 mol/L 
phosphate buffer salt solution for 3 times, 3-5 
min each time, the sections were subjected to 
DAPI staining, then washed again with 0.1 
mmol/L phosphate buffer solution for 3 times, 
each time for 3-5 min. Thereafter, anti-quen- 
ching agent was added dropwise, and the film 
was sealed. Finally, the samples were exam-
ined and assessed using a confocal microsco- 
pe (TCS SP2; Leica Microsystems, Germany).

Establishment of the mouse EMs model and 
treatments

Sixty female 8-week-old C57/6 mice from 
Shanghai Laboratory Animal Center, Co., Ltd. 
were used to construct mouse models of EMs. 
The mice were housed in a temperature-con-
trolled environment of 25±2°C and alternate 
darkness for 12 hours and light for 12 hours at 
a humidity of 55±15%.

To construct a mouse model of EMs: each 
mouse was intramuscularly injected with estra-
diol benzoate (0.1 mg/kg/d) for 7 days before 
surgery. Firstly, mice were injected intraperito-
neally with 30 mg/mL sodium pentobarbital, 
and skin preparation was conducted. Secondly, 
we made a vertical incision of about 2 cm in the 
lower abdomen at a distance of 1 cm from the 
urethra and cut the muscle and peritoneum to 
expose the uterus. Thirdly, we dissociated the 
right uterus, ligated the proximal end 1 cm 
away from the right uterine horn, ligated the 
distal end 2 cm away from the ovary, ligated the 
mesenteric vessels at both ends, cut off the 
uterus segment about 1 cm long and placed it 
in saline solution. Fourthly, in the petri dish, the 
excess adipose tissue was removed, and the 
uterine segment was dissected along the lon- 
gitudinal axis with ophthalmic scissors. The 
endometrial surface of the endometrial tissue 
was close to the abdominal wall peritoneum, 
and the serosa surface faced the abdominal 
cavity. The No. 7 thread was used for fixing  
the rich blood vessels in the inner wall of the 
abdominal cavity, the No. 1 thread for suturing 
and closing the abdominal cavity, and the skin 
was sutured. Postoperatively, penicillin sodium 
80,000 U/d was given for three consecutive 
days for preventive anti-infection. After 21 days 
of modeling, the mice were randomly separat- 
ed into six groups of 10 mice each, including 
Blank group (for normal saline), Model group, 
Peiminine low dose group (Pei-LD for Peiminine 
2 mg/kg/d), Peiminine medium dose group 
(Pei-MD for Peiminine 4 mg/kg/d), Peiminine 
high dose group (Pei-HD for Peiminine 8 mg/
kg/d) and Dienogest group (2 mg/day, gavage, 
positive control). Mice were given intragastric 
administration for 28 days after modeling.

Histology staining

After the sacrifice of the mice, the eutopic and 
ectopic endometrium tissue was fixed with 4% 



Mechanism of Thunberg Fritillaria in treating endometriosis

6200 Am J Transl Res 2022;14(9):6196-6209

Table 1. List of primers used in this study
Forward primer 5’→3’ Reverse primer 5’→3’

MEK1/2 CCTCTTGGTGGTCACGTCC CCAGGTCCACTCCGAACACT
ERK TCCAACCTCCTGCTGAACAC CCAACGTGTGGCTACGTACT
E-cadherin GAAGGCTTGAGCACAACAGC CCCTGATACGTGCTTGGGTT
N-cadherin AGCCAACCTAACTGTCACGG TCCTGTAGGGTCTCCACCAC
Vimentin GCAGTATGAAAGCGTGGCTG ACCTGTCTCCGGTACTCGTT
ACTIN ACCCTAAGGCCAACCGTGAAA ATGGCGTGAGGGAGAGCATA

RNA extraction and RT-qPCR

Trizol extraction kit was used to extract RNA 
from eutopic and ectopic endometrium. The is- 
olated RNA is retrotranscribed to cDNA using 
the GoScriptTM Reverse Transcription System 
kit (Promega Corporation). The SYBR-Green 
PCR master mix platform provided by Thermo 
Fisher Scientific, Inc. was used for amplifica-
tion. The following thermal cycler settings we- 
re used: activation at 50°C, denaturation at  
95°C (30 s), 40 amplification cycles (95°C,  
5 s), and termination at 60°C (30 s). Table 1 
contains the primer sequences employed in  
the reaction mixture.

Western blot test

Proteins were extracted from the samples 
using RIPA reagent prior to the Western blot 
assay (cat. no. ab7937; Abcam). Centrifuged 
protein-containing lysates were submitted to 
BCA (Bicinchoninic Acid Assay) reagent quan- 
tification (cat. no. 23227; Thermo Fisher Sci- 
entific, Inc.). Next, 50 µg of protein was elec- 
trophoretically separated on 12% SDS-PAGE 
(polyacrylamide gel electrophoresis), followed 
by loading onto Polyvinylidene fluoride mem-
branes and 120 min of incubation in 25% skim 
milk. The membranes were placed in contact 
with primary antibody solutions directed ag- 
ainst the identified proteins. MEK1/2 mono- 
clonal antibody (1:1000, cat no: ab178876). 
Proteintech E-cadherin antibody (1:1000, cat 
no. 20874-1-AP), Proteintech N-cadherin mono-
clonal antibody (1:1000, cat no. 66219-1-Ig), 
Proteintech’s vimentin antibody (1:2000, cat 
no: 10366-1-AP), Cell Signaling Technology’s 
ERK Monoclonal Antibody (1E5; 1:2000; 4695), 
and Cell Signaling Technology’s Phospho- 
p44/42 MAPK (Erk1/2; Thr202/Tyr204) anti-
body #9101 (1:1000) from ABCAM were uti-
lized. Following incubation, the membranes 

were washed three times with Tris-
Buffered Saline and Tween (TBST) 
and incubated for 60 min at 25°C 
with HRP linked secondary anti-
body solutions (1:5000; cat. no. 
ab7097; Abcam). The electroche-
miluminescence (ECL) reagent was 
used to reveal the signals corre-
sponding to the immunological 
complexes (cat. no. WBKLS0050; 
EMD Millipore). Finally, densitomet-

ric analysis of the bands was performed using 
Image J software (National Institutes of Health, 
Bethesda, MD). The Image J results were then 
used to calculate the relative expression of the 
proteins with reference to the Actin protein.

Cell proliferation assay

A Cell Counting Kit-8 (CCK-8) test was used to 
examine cell proliferation (Vazyme, China). The 
12Z cells (12Z cells derived from epithelial cells 
of peritoneal EMs) were seeded in three 96-well 
plates with 8×103 cells per well. Each plate was 
used to analyze the cell proliferation by adding 
10 μL of CCK-8 solution and 90 μL of DMEM 
per well at an interval of 12 h, up to 48 h. A 
microplate reader was used to measure the 
optical density (OD) at 450 nm in each well.

Wound healing assay

A wound healing assay was used to test the 
capacity of cell migration. Cells were seeded on 
six-well plates and incubated to almost full con-
fluence following treatment, as previously stat-
ed. With a 200-L plastic pipette tip, scratching 
was conducted. The 12z cells was cultured with 
serum-free DMEM andtreated in fresh medium 
with Peiminine for 6 and 24 hours. The wound 
closure was photographed and analyzed at 0, 6 
and 24 hours. The gap area of the wound was 
measured by Image J software.

Statistical analysis

Data were shown as mean ± standard devia-
tion (

_
x  ± sd). Statistical comparisons between 

the two groups were processed by student’ 
t-test. The one-way ANOVA test was used for 
data involving more than two groups. GraphPad 
Prism version 9 statistical software was used 
to create analyses and graphics (GraphPad 
Software, Inc.). A value of P<0.05 was consid-
ered significant.
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Table 2. Active Fritillaria thunbergii components
Mol ID Molecule Name DL
MOL001004 pelargonidin 0.21
MOL000358 beta-sitosterol 0.75
MOL000365 syringaresinol 0.72
MOL004440 Peimisine 0.81
MOL004442 Pelargonidin-3, 5-diglucoside 0.76
MOL004443 Zhebeiresinol 0.19
MOL004444 Ziebeimine 0.70
MOL004445 Verticine 0.67
MOL004446 6-Methoxyl-2-acetyl-3-methyl-1, 4-naphthoquinone-8-O-beta-D-glucopyranoside 0.57
MOL004448 Solatubin 0.76
MOL004449 OSI-2040 0.61
MOL004450 Chaksine 0.66
MOL004451 Peiminine 0.67
MOL004452 Peiminoside 0.21
MOL004453 Peiminoside_qt 0.67

Results

Network pharmacology-based analysis

Components and targets of herbs in fritillaria 
thunbergii Miq: In the TCMSP database, we 
obtain fifteen active components of Fritillaria 
thunbergii Miq (Table 2) and 110 targets of 
Fritillaria thunbergii Miq. Active components 
include pelargonidin, beta-sitosterol, syringar-
esinol, Peimisine, Pelargonidin-3, 5-diglucosi- 
de, Zhebeiresinol, Ziebeimine, Verticine, 6-Me- 
thoxyl-2-acetyl-3-methyl-1, 4-naphthoquinone-
8-O-beta-D-glucopyranoside, Solatubin, OSI-
2040, Chaksine, Peiminine, Peiminoside and 
Peiminoside_qt.

Prediction of drug targets for Fritillaria thunber-
gii Miq: From the GeneCards database, 1724 
therapeutic targets of EMs were acquired. 
Through the Venny analysis of Fritillaria thun-
bergii Miq targets and EMs targets, we obtain- 
ed 14 overlapping targets (Figure 1A).

Screening targets of EMs: Through the online 
Venn diagram tool, the target genes of the 
active ingredients and the genes related to 
EMs were intersected, and 14 related targets 
were obtained for the nine active ingredients of 
Fritillaria thunbergii in the treatment of EMs 
(Figure 1B). To clarify the potential mechanism 
of Fritillaria thunbergii Miq on EMs, Cytoscape 
software created a Drug-Compounds-Genes-
Disease network (Figure 1B).

Construction of networks and analysis: The tar-
get genes were input into the STRING database 
for PPI network analysis, and the network dia-
gram of PPI was obtained (Figure 1C). There are 
14 nodes as target genes, which play an essen-
tial role in treating EMs. There are 38 edges as 
the connecting lines of each protein node, rep-
resenting the interaction mode between each 
node protein.

GO and pathway enrichment analysis for EMs-
related targets of Fritillaria thunbergii Miq:  
To investigate the biological properties of Fri- 
tillaria thunbergii Miq targets on EMs, DAVID 
Bioinformatics Resources 6.7’s functional an- 
notation tool was used to undertake GO func-
tion and KEGG pathway enrichment investiga-
tions on the identified targets. The GO analysis 
diagram revealed that Fritillaria thunbergii Miq 
therapy of EMs mostly involved DNA-binding 
transcription factor binding, nuclear receptor 
activity, ligand-activated transcription factor 
activity, steroid hormone receptor activity, nu- 
clear receptor binding, nuclear hormone recep-
tor binding and other biological processes 
(Figure 1D). According to these findings, Fri- 
tillaria thunbergii Miq may play a part in the 
treatment of EMs by altering the activity of tran-
scription factors, the binding of nuclear recep-
tors, and the activity of steroid hormone recep-
tors. The highly enriched pathways of Fritillaria 
thunbergii in the treatment of EMs, according 
to KEGG pathway enrichment study, were es- 
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trogen-related pathways in the Estrogen signal-
ing pathway, Thyroid-related pathway and small 
cell lung cancer-related pathway (Figure 1E).

Peiminine inhibits EMs by regulating fibrosis in 
pathological studies

In order to further study the therapeutic mecha-
nism of Peiminine in EMs, we carried out ani-
mal experiments in vivo. We performed HE 
staining on the normal endometrium in the 
sham group, the eutopic endometrium and 
ectopic endometrium in the model group and 
treatment groups. The treatment groups inclu- 
ded Peiminine (low dose group, medium dose 
and high dose) groups and dinogestrin group. 
The experimental results showed that func- 
tional ectopic endometrial glands and stroma 
(Figure 2A) were found in the sham group, fun- 
ctional ectopic endometrial glands grew in the 
ectopic endometrium in the model group (Fi- 
gure 2A). In Peiminine groups showed at- 
rophied endometrial glands, increased cysts 
(Figure 2A), and there was also fibrosis tissue 
in the EMs mice. Expression of α-Smooth mus-
cle actin (α-SMA), a marker protein of fibrosis,  
is a hallmark of mature myofibroblasts. The 
results of immunohistochemical detection sh- 
owed that α-SMA expression was found in both 
eutopic endometrium and ectopic endometri-
um (Figure 2B) in mice, and the expression of 
α-SMA was higher in endometrial glands and 
stroma. The expression of α-SMA was weakly 
positive in the epithelial layer, stromal layer  
and glandular epithelial layer, mainly in myome-
trial cells. We tested the degree of fibrosis by 
Masson staining (Figure 2C, 2D), and found 
that the fiber staining area ratio of ectopic 
lesions at high and medium dosages of Pei- 
minine was dramatically decreased when com-
pared to the model control group.

Peiminine inhibits fibrosis in EMs

EMs is thought to be caused by epithelial-mes-
enchymal transition (EMT). When the menstru-
al blood flows counter to the outside of the  
uterine cavity, the microenvironment of the pel-
vic and abdominal cavity is unbalanced, which 
stimulates the secretion of cytokines and acti-
vates the molecular signal pathway to cause 
EMT, resulting in fibrosis. We measured the ex- 
pression vimentin of a mesenchymal marker. 

The immunofluorescence findings revealed th- 
at the expression of vimentin fluorescence was 
greater in the model group’s ectopic endome-
trium than in the sham group’s eutopic en- 
dometrium (Figure 3A, 3B). Dienogest and 
Peiminine could inhibit vimentin fluorescence 
expression, and Peiminine inhibited vimentin 
fluorescence expression in a dose-dependent 
manner (Figure 3A, 3B).

Peiminine inhibits EMT of EMs through the 
MAPK/ERK signaling pathway

Estrogen-related MAPK signal pathway was se- 
lected from KEGG signal pathway enrichment 
analysis for verification. The expression levels 
of RNA and proteins associated to the EMT and 
MAPK signal pathway were investigated using 
Real-time PCR and Western blotting (Figure 4A, 
4B). According to the results, there was no sta-
tistically significant difference between endo-
metrial and ectopic endometrium in terms of 
ERK (Figure 4B). The expression of P-ERK, 
MEK, N-cadherin and vimentin proteins in ecto-
pic endometrium of EMs mice were higher th- 
an that in eutopic endometrium, and Peiminine 
could reduce these proteins in ectopic endo-
metrium in dose-dependent manner. The con-
tent of E-cadherin showed the opposite trend 
(Figure 4A, 4B).

Peiminine inhibits the migration and prolifera-
tion of 12Z Cells

By using wound healing assay, Peiminine (200 
μmol/mL) significantly reduced the migrations 
rates of 12Z Cells (Figure 5A, 5B). Peiminine 
inhibited the proliferation of 12Z cells. Fritillaria 
thunbergii Miq contains Peiminine, which is  
one of its active ingredients. The cell prolifera-
tion test revealed that Peiminine could sup-
press the proliferation of 12z cells, with the 
inhibitory impact proportional to the concentra-
tion (Figure 5C, 5D).

Discussion

EMs is a condition that endometrial tissue 
(glands and stroma) develops outside of the 
uterine cavity. It is more common in women in 
childbearing age. Pregnancy is a predominant 
factor. EMs has diverse etiology and symp- 
toms, is easy to relapse and difficult to cure, 
and impacts on patients’ physical and mental 
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Figure 2. Peiminine inhibits endometriosis by regulating fibrosis in pathological studies. A: Representative images of hematoxylin and eosin (HE) staining for detec-
tion of normal, eutopic and ectopic endometrium. a: the glandular epithelium of the endometrium, b: the stroma of the endometrium, c: the area of fibrosis; B: Im-
munohistochemistry (IHC) detect α-SMA protein of ectopic endometrium from different groups; C: Representative pictures of Masson staining of normal, eutopic and 
ectopic endometrium from different groups. (40×, Scale bar =100 um; 200×, Scale bar =50 um). D: The fibrosis area ratio in different treatment groups. *P<0.05, 
compared to Sham, **P<0.01, compared to Sham; #P<0.05 compared to Model, ##P<0.01 compared to Model; $P<0.05 compared to Dienogest, $$P<0.01 compared 
to Dienogest; &P<0.05 compared to Pei-HD, &&P<0.01 compared to Pei-HD.
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Figure 3. Peiminine inhibits fibrosis in endometriosis. A: Representative flu-
orescent photomicrographs for uterus staining with Vimentin after different 
treatment. Picture shows Vimentin and merge images; B: Numerical data of 
the positive expression of Vimentin. *P<0.05, compared to Sham, **P<0.01, 
compared to Sham; #P<0.05 compared to Model, ##P<0.01 compared to 
Model; $P<0.05 compared to Dienogest, $$P<0.01 compared to Dienogest; 
&P<0.05 compared to Pei-HD, &&P<0.01 compared to Pei-HD.
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Figure 4. Peiminine inhibits epithelial mesenchymal transformation (EMT) of endometriosis through MAPK/ERK signaling pathway. A: mRNA expression level of 
MEK1/2, ERK, E-cadherin, N-cadherin, Vimentin were analyzed by RT-qPCR; B: Protein blotting images and numeric quantification of protein expression level of 
MEK1/2, ERK, p-ERK, E-cadherin, N-cadherin, Vimentin as detected by western blotting. *P<0.05, compared to Sham, **P<0.01, compared to Sham; #P<0.05 
compared to Model, ##P<0.01 compared to Model; $P<0.05 compared to Dienogest, $$P<0.01 compared to Dienogest; &P<0.05 compared to Pei-HD, &&P<0.01 
compared to Pei-HD.
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Figure 5. Peiminine inhibits the Migration 
and proliferation of 12Z Cells. A: The mi-
gration image of 12Z cells were tested by 
wound scratch assay; B: Relative area of 
migration in different treatment; C: 12Z cell 
activity were tested by CCK8 after peiminine 
treatment in 48 H; D: Cell viability was de-
termined by Cell Counting Kit-8 after treated 
with Peiminine on 12Z cell for 12 h, 24 h 
and 48 h. **P<0.01, compared to Control.

health as well as their economic well-being 
[12]. At present, there is no ideal conservative 
treatment plan for EMs in clinical practice. The 
treatment is simply relying on surgery. This 
makes finding an effective and safe treatment 
plan to improve patient’s pain and infertility 
become the goal of reproductive endocrine  
disease researchers. EMs is characterized by 
plant growth, invasion and distant metastasis. 
When the ectopic endometrial “seed” encoun-
ters suitable conditions, it will stay in the pelvic 
cavity and pass-through “adhesion” [13]. The 
three steps of “invasion” and “angiogenesis” 
take root and sprout [14]. Once ectopic lesions 
are formed in the body, just like the eutopic 
endometrium, they will be cyclically regulated 
by endocrine hormones, resulting in a series of 
changes such as proliferation, secretion, shed-
ding and bleeding. The difference is that the 
blood of ectopic lesions has no drainage chan-
nel and accumulates locally, causing surround-
ing tissue hyperplasia, adhesion and fibrosis. 
Histologically, the ectopic endometrial glands 
and stroma of the ovary are surrounded by 
dense fibrosis [15]. The pathological evolution 
of fibrosis is an inflammatory reaction phase,  
a fibrosis formation phase, a scar formation 
phase, and finally, the end phase. In addition, 
these excess fibrous tissues can cause chro- 

nic pain and affect the function of the oviduct 
to pick up eggs. Besides, the ovarian cortical 
area may also be surrounded by fibrous tissue 
resulting in reduced follicular reserve [16].

Fritillaria thunbergii is an herbaceous plant of 
Liliaceae. It grows in Xiangshan County, Zhe- 
jiang Province, China. It is a famous medicinal 
material in Zhejiang Province. Fritillaria thun-
bergii Miq is bitter in taste and cold in nature. It 
has the ability to remove heat, dissolve phlegm 
and relieve cough by softening hard, dispersing 
knots and eliminating carbuncle and purulent 
purulence. It is very useful in the treatment of 
EMs with phlegm and blood stasis. Experimen- 
tal results showed that Fritillaria thunbergii 
could relieve pain and had effects in anti-in- 
flammation, anti-oxidation and anti-tumor [17-
21]. Professor Luo created Luo’s Neiyi prescrip-
tion, which contains Fritillaria thunbergii. Ma 
Kun and others believe that the long-term blood 
stasis syndrome can form cysts, and Fritillaria 
thunbergii Miq with oyster, litchi, forsythia and 
orange can promote the disappearance of 
cysts [22].

In this work, fifteen active components of Fri- 
tillaria thunbergii Miq were obtained under 
screening conditions of DL>0.18, and there 
were 110 corresponding targets. There are 14 
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overlapping genes in Fritillaria thunbergii Miq 
and EMs. Other studies showed that pelargoni-
din could activate Nrf2/ARE signaling pathway, 
thereby reducing the inflammatory response 
[23, 24]. Beta-Sitosterol is one of the phytoster-
ols which widely exists in plants and drugs. It 
can reduce oxidative stress and cholesterol, 
and have effects of anti-inflammation, immune 
regulation and anti-tumor. It works by trans-
forming the growth factor-β/Snail signaling pa- 
thway to inhibit EMT and to alleviate pulmonary 
fibrosis [25]. Peimisine has a good anti-inflam-
matory effect [26]. At the same time, it  
is one of the components of Sanjie Zhentong 
Capsule, which has been frequently utilized in 
clinical EMs therapy [27].

According to the PPI network diagram analysis, 
the core targets of Fritillaria thunbergii Miq for 
EMs treatment are as follows: NOS2, rxra, PGR, 
AR, PTGS2, PPARG, ncoa2, NCOA1, ESR1 and 
NR3C1. These targets are mostly concerned 
with oxidative stress, hormone dysregulation, 
and so on. Research indicated that nuclear  
steroid receptors were essential regulators of 
EMT and tumor growth [28, 29]. EMs is an 
estrogen-dependent illness, according to sev-
eral research [29, 30].

As for the pathogenesis of EMs, steroid hor-
mone imbalance accounts for a part of the rea-
sons, and the pathogenesis is also closely 
related to thyroid hormone. In patients with 
EMs, almost all symptoms are usually associ-
ated with hypothyroidism [31]. Fibrosis is indi-
cated by EMT, which has the characteristics  
of cell migration and invasion [32]. There is 
mounting evidence that EMT plays a signifi- 
cant role in the pathological process of EMs. 
EMT is often characterized by increased Vi- 
mentin and N-cadherin expression and reduc- 
ed E-cadherin expression [33-35]. At the same 
time, EMT endows cells with the characteris- 
tics of migration and invasion [36]. This study 
used network pharmacology to predict that 
estrogen-related pathway MER/ERK signal pa- 
thway regulates the occurrence and develop-
ment of EMs, and that the active ingredient of 
Fritillaria thunbergii has the potential to treat 
EMs, which was verified by experiments. First, 
in vitro cell experiments verified that Peiminine 
could inhibit the metastasis and invasion of 
immortalized human EMs epithelial cells and 

inhibit the proliferation of 12z cells. Second, 
Peiminine could inhibit the progression of EMs 
fibrosis by regulating MEK/ERK signaling pa- 
thway.

Nonetheless, the study has some limitations. 
First, how to develop the EMT model of 12z 
cells was not investigated. These cells might 
have several main flaws. As a result, in future 
research about EMs, a more convincing immor-
talized EMs cell line is required. Furthermore, 
based on the network pharmacology experi-
mental approach, this study anticipated that 
the treatment of EMs with Peiminine was as- 
sociated with estrogen-related pathways. Only 
MEK, ERK, and pERK were investigated in this 
experiment, but estrogen and estrogen recep-
tor (ER) were not. More research is needed to 
confirm the intricate interaction between ER, 
MEK, MEK, and pERK and to explain the molec-
ular mechanism.

To sum up, the study investigated the mecha-
nism of Peiminine on EMs. Our findings suggest 
that blocking this mechanism, which is a re- 
gulator of the MEK/ERK pathway involves in 
numerous pathological processes, may medi-
ate Peiminine’s therapeutic or protective ef- 
fects. This work sheds novel insight on the 
pathophysiology of EMs and gives hope in the 
quest for medicinal agents to treat EMs. This 
study provides ideas and directions for further 
experimental research and clinical application 
of Fritillaria thunbergii Miq and a reference and 
theoretical basis for further investigation.
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