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signaling pathway for treating endometriosis via network pharmacology
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Abstract Objective To predict the potential targets and signaling pathways of Guizhi Fuling Pills in the treatment of endometriosis
(EMS) based on network pharmacology, and to verify the mechanism through molecular docking and animal experiments. Methods
The active components and their targets of Guizhi Fuling Pills (Cinnamomi Ramulus, Poria, Moutan Cortex, Persicae Semen, and
Paceoniae Alba Radix) were screened using the TCMSP and SwissTargetPrediction databases. The disease targets of EMS were obtained
from the GeneCards, OMIM, PharmGkb, TTD, and DrugBank databases. The common targets of Guizhi Fuling Pills and EMS were
obtained by taking the intersection (visualized by R language). The “active component-target” regulatory network and STRING protein-

protein interaction (PPI) network were constructed. The CytoNCA was used for PPI network topological analysis to screen the core
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targets. The core targets were subjected to Gene Ontology (GO) functional annotation and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis. Molecular docking was performed to verify the key active components and core targets in the
“component-target” network. A rat model of autologous transplantation of EMS was established. Forty rats with successful modeling
were randomly divided into the model group, low-, medium-, and high-dose Guizhi Fuling Pills treatment groups, and another 10 rats
were set as the control group (normal rats). The levels of serum IL-6, IL-1f, and TNF-a were detected by ELISA; The pathological
changes of endometrial tissue were observed by HE staining; And the expressions of PTEN, PI3K, and Akt proteins in ectopic
endometrial lesions were detected by immunohistochemistry and Western blotting. Results A total of 82 active components and 962
predicted targets of Guizhi Fuling Pills were screened; 2 492 disease targets of EMS were obtained; And 246 common targets of Guizhi
Fuling Pills and EMS were identified. The core PPI network screened out 164 key targets and 21 core proteins. GO analysis showed
that the common targets were mainly enriched in biological processes such as chemical reactions, molecular function regulation, and
signal receptor binding. KEGG enrichment analysis suggested that the key pathways included TNF, PI3K/Akt, and MAPK signaling
pathways. Molecular docking indicated that the key active components (55) had good binding activity with the core targets (341, with
an intersection of 164 key targets). Animal experiments: Compared with the sham operation group, the levels of serum IL-6, IL-1p,
and TNF-a in the model group were significantly increased (P < 0.01), and the endometrial tissue showed obvious inflammatory
infiltration, with significantly upregulated expressions of PTEN, PI3K, and Akt proteins. Compared with the model group, the levels
of inflammatory factors in the serum of rats in each dose Guizhi Fuling Pills treatment group were significantly decreased (P < 0.01),
the endometrial inflammatory damage was significantly alleviated, and the expressions of PTEN, PI3K, and Akt proteins were
significantly downregulated (P <0.01). Conclusion GUIZHI FULING PILLS may exert anti-EMS effects by regulating inflammatory
responses, cell signal transduction, and angiogenesis, and its mechanism may be related to the inhibition of abnormal activation of the
PTEN/PI3K/Akt signaling pathway.
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Fig.1 EMS disease-related targets (A) and key target prediction of Guizhi Fuling Pills for EMS treatment (B)
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Blue represented derived from Cinnamomi Ramulus; Red represented derived from Poria; Green represented derived from Moutan Cortex; Brown

represented derived from Persicae Semen; Pink represented comes from Paeoniae Alba Radix.
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Fig. 2 Potential active ingredient-target regulatory network model of Guizhi Fuling Pills in treatment of EMS
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Fig. 3 Topological analysis of key targets of Guizhi Fuling Pills in treatment of EMS
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Fig. 4 Analysis of GO (A) and KEGG pathway (B) of key targets of Guizhi Fuling Pills in treatment of EMS
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Table 1 Partial core target proteins have lowest binding energy with potential active ingredients in Guizhi Fuling Pills

i W0 PDB ID tE £E46E/(kT-mol ™)
1 AKTI 7nh5 IIES —41.481
2 ILIB 6y8i iRz 3% -28.911
3 EGFR Sgty S N —38.548
4 TP53 82i LiEES —32.682

AKTL1- 111251 IL1B-Hi Bz &

El6 oL RSERREAPBEFBERS I FERR
Fig. 6 Schematic diagram of molecular docking mode between core targets and potential active ingredients in Guizhi Fuling Pills
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Table 2 Comparison of inflammatory cytokine levels in endometrial tissues of rats in each group ( X *s, n=10)

A5 7/ (g'kg™) IL-1B/(pg ML) IL-6/(pg mL™1) TNF-o/(pg mL™")
g 10.66+1.22 8.33+1.18 18.77+2.10
R 39.88+4.51% 22.60+3.02% 40.22£4.05%
HERRZ H 0.62 18.55+2.88" 12.29+1.05™ 22.661+2.89"
1.24 25.88+3.15™ 15.88+1.29* 26.98+3.01
2.17 27.61+3.10* 17.10£1.14" 28.85+2.29"

EXIRALLE: #P<0.01; SHAAHLLE: "P<0.01.
#P <0.01 vs control group; “"P < 0.01 vs model group.
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Fig. 7 HE staining of endometrial tissues in each group of rats (x200)
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Fig. 8 Immunohistochemical detection images (A) and semi-quantitative analysis results (B) of endometrial tissues in each
group of rats (x400, X *+s, n=6)
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Fig. 9 Western blotting detection band diagrams (A) and quantitative analysis results (B) of related proteins in each group
ofrats ( X £s, n=6)
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