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Abstract: Objective: To explore the molecular mechanism and action pathways of Wumei Pill in the treatment of
autoimmune hepatitis (AIH) using network pharmacology and molecular docking methods. Methods: The active
components and targets of Wumei Pill, as well as AlH-related disease targets, were screened through the TCMSP,
GeneCards, OMIM, and Disgenet databases. Cytoscape 3.9.1 was used to construct a series of topological networks,
followed by Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis and Gene Ontology
(GO) enrichment analysis. Molecular docking and visualization were performed using AutoDockTools 1.5.7 and PyMOL
2.4.0. Results: A total of 124 active components of Wumei Pill, 877 drug targets, 1130 disease targets, and 64 overlapping
targets were obtained. GO enrichment analysis yielded 82 biological processes, 4 cellular components, and 19 molecular
functions. KEGG pathway enrichment analysis identified 21 signaling pathways. Conclusion: Wumei Pill can act on targets
such as Tumor Necrosis Factor (TNF), Caspase 3 (CASP3), C-X-C Motif Chemokine Ligand 8 (CXCLS), Nuclear Factor
Kappa B Subunit 1 (NFKB1), and Transforming Growth Factor Beta 1 (TGFB1) through active components including
girinimbine and (R)-tetrahydroberberine. It further regulates inflammation and apoptosis-related pathways such as tumor-
related signaling pathways and Th17 cell differentiation pathway to treat AIH. This study provides a theoretical basis for

in-depth research on the mechanism of Wumei Pill in the treatment of AIH and the development of therapeutic drugs.
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1. Introduction

Autoimmune hepatitis (AIH) is a chronic inflammatory liver disease caused by immune abnormalities. Clinical

manifestations vary among patients of different severity, mainly characterized by interface hepatitis in liver
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histopathological examination, elevated serum gamma-glutamyl transpeptidase (GGT), immunoglobulin G (IgG),
and positive autoantibodies such as antinuclear antibody (ANA) and anti-smooth muscle antibody (ASMA) ',
Currently, the incidence of AIH is increasing year by year. Due to its strong concealment, it is difficult for patients
to detect in the early stage, and it can easily progress to cirrhosis and liver failure if left untreated . Therefore,
strengthening early detection, timely medical intervention, and reducing inflammation levels are crucial to prevent
disease deterioration.

After receiving AIH patients, Western medicine usually adopts the traditional treatment plan of combining
glucocorticoids with immunosuppressants. This plan takes a long time, causes various adverse reactions during
medication, and is prone to recurrence after drug withdrawal ™. The therapeutic effect of this plan on AIH patients
is not ideal, and long-term medication requires substantial financial resources, bringing a heavy economic burden
to patients’ families. Thus, exploring more effective, economical, and safe treatment plans is imperative .

Traditional Chinese medicine (TCM) is an important part of traditional medicine. Guided by the principles
of holistic view and syndrome differentiation and treatment in clinical application, it has the advantages of fewer
adverse reactions and cost-effectiveness, and has shown good efficacy in the treatment of liver diseases, providing
conditions for improving AIH treatment outcomes. Wumei Pill is a TCM preparation derived from Zhang
Zhongjing’s Shanghan Lun (Treatise on Febrile Diseases). Its main components include 10 medicines such as
Mume Fructus, Asari Radix et Rhizoma, Zingiberis Rhizoma, Cinnamomi Ramulus, Ginseng Radix et Rhizoma,
Angelicae Sinensis Radix, Phellodendri Chinensis Cortex, Coptis Chinensis Rhizoma, and Aconiti Radix Lateralis
Preparata. It has the main effects of warming the viscera to calm roundworms, soothing the liver and regulating
the middle energizer, clearing heat from the upper and warming the lower, balancing pathogenic factors and
healthy Qi, and treating both cold and heat syndromes. It is widely used in the treatment of multisystem diseases
such as gastroenteritis and hepatorenal syndrome " *. Pharmacological evidence-based research has shown that
Wumei Pill can inhibit Th17 cell differentiation and regulate the NLRP3 inflammasome to improve inflammatory
responses ',

Network pharmacology and molecular docking technology adopt an interdisciplinary research approach,
combining bioinformatics and computer technology to mine relevant network data around research topics and
generate drug-disease mapping relationship networks, providing support for further analyzing the therapeutic
effects of TCM on diseases. Using network pharmacology and molecular docking technology to explore the
mechanism of Wumei Pill in the treatment of AIH helps enrich clinical diagnosis and treatment methods and

improve the cure rate of this disease.

2. Materials and methods

2.1. Screening of active components, targets of Wumei Pill, and construction of overlapping
targets with diseases

The names and 2D structures of components of Wumei Pill (Mume Fructus, Asari Radix et Rhizoma, Zingiberis
Rhizoma, Cinnamomi Ramulus, Ginseng Radix et Rhizoma, Angelicae Sinensis Radix, Phellodendri Chinensis
Cortex, Coptis Chinensis Rhizoma, Aconiti Radix Lateralis Preparata) were obtained from the TCMSP database.
Active components with oral bioavailability (OB) > 40% and drug-likeness (DL) > 0.18 were screened. The Swiss
Target Prediction database was used to predict the targets of active components, and drug component genes were

obtained. AlH-related disease targets were retrieved from the GeneCards, OMIM, and Disgenet databases using
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“Autoimmune hepatitis” as the index. The overlapping targets between disease genes and drug component targets
were obtained using Venny 2.1.0.

2.2. Construction of protein-protein interaction (PPI) network

The overlapping targets were input into the STRING 12.0 database, with the species set to “Homo sapiens” and
confidence > 0.40. The potential targets were screened and imported into Cytoscape 3.9.1 software. CentiScaPe 2.2
was used to select parameters including Degree, Closeness, and Betweenness to obtain core targets and construct
the PPI network diagram.

2.3. Construction of topological networks of TCM component-target and pathway-target

Information on drugs, active components, common targets, pathways, and targets was imported into Cytoscape 3.9.1
for network structure visualization. Node colors were set as follows: TCM component-target network: drugs—
purple, active components—green, common targets—orange; pathway-target topological network: targets—green,
pathways-red. Node sizes were set based on node degree (from small to large with increasing degree), resulting in
the drug-component-target network diagram and pathway-target topological network diagram.

2.4. Kyoto encyclopedia of genes and genomes (KEGG) and gene ontology (GO)
enrichment analysis

The common drug-disease targets were imported into the DAVID platform, and enrichment analysis was
performed by selecting “OFFICIAL-GENE-SYMBOL”, Homo sapiens, and Gene List. Enriched biological
processes (BP), cellular components (CC), and molecular functions (MF) were obtained (screened with p < 0.05).
Microbioinformatics online mapping tools were used to draw bubble charts and bar charts for visualization of
results.

2.5. Molecular docking

Based on the component-target network diagram, the top 10 active components with the highest degree values
were selected, and their Mol2 structures were downloaded. Preprocessing was performed using PyMOL
2.4.0, and the pdbqt format was saved. Based on the PPI network, the top 5 targets with the highest degree
values were selected as macromolecular receptor experimental objects. Crystal structures obtained by X-ray
crystallography from “Homo sapiens” were selected from the PDB database. The crystal structures in pdb format
were downloaded, and the proteins were preprocessed (e.g., water removal) using PyMOL 2.4.0, followed by
hydrogenation in AutoDockTools 1.5.7 and saving in pdbqt format. Molecular docking was performed using
AutoDockTools 1.5.7, and visualization was achieved using PyMOL 2.4.0.

3. Results

3.1. Screening of active components, targets, and overlapping targets

A total of 124 active components of Wumei Pill were screened from the TCMSP database. A total of 877 targets
of active components of Wumei Pill were predicted through the Swiss Target Prediction website, with 51 active
components obtained after screening and deduplication. AIH targets screened from the GeneCards, OMIM, and

Disgenet databases were 808, 142, and 190, respectively. After data collation and deduplication, 1130 disease targets
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were obtained. A total of 64 overlapping targets between Wumei Pill and AIH were obtained using Venny 2.1.0.

3.2. Core targets of PPI network

CentiScaPe 2.2 was used to screen 12 key targets with Degree > 5.388, Closeness > 0.008, and Betweenness >
89.469, resulting in 12 nodes and 33 edges. The greater the importance, the larger and brighter the circle; the
higher the degree of connection, the thicker and darker the line. The results showed that the core targets included
Tumor Necrosis Factor (TNF), Cytochrome P450 27B1 (CYP27B1), Transforming Growth Factor Beta 1 (TGFB1),
etc. (Figure 1).

PTPRC CYP2C19

PTPRC --- TGFB1 CYP3A4

CYP3A4 n CYP1A2

closeness>0.008
degree>5.388

Betweenness>89.469 Visual analysis

STAT3 RORC

CYP1A2---CYP2C19--- CYP2D6
1Do1 NRaC1

CYR2DE

Figure 1. Protein-protein interaction (PPI) network diagram of overlapping targets between core targets of Wumei Pill and
core targets of AIH.

3.3. Topological networks of drug-component-target and pathway-target

Cytoscape 3.9.1 was used for network structure visualization to obtain the drug-component-target network diagram
(Figure 2) and pathway-target topological network diagram (Figure 3). The higher the degree value, the larger the node.

Figure 2. Drug-component-target network diagram.

316 Volume 9; Issue 12



hsa05321 Inflammatory bowel disease hsa05140:
Schizosaccharomyces pombe disefise hsa05145 Toxoplasmosis

\ A

hsa00140: Steroid hormone biosynthesis hsa05207: Chemical carcinogenesis - receptor activation

hsa05204: Chemical
Carcinogenesis - DNA Adducts

hsa00980: Metabolism of Exogenous
Substances by Cytochrome P450

hsa05205: The Role of Proteins in Cancer hsa00830 Retinol Metabolism

f#""

hsa00591 Linoleic acid
metabolism hsa00380

hsa04659: Th17 cell differentiation hsa05161: Hepatitis B

hsa05144: Malaria

hsa05143. African Trypanosomiasis

hsa00982: Drug Metabolism -

hsa05212: Pancreatic Cancer Cytochrome P450

hsa04920: Fat CIl Factor Signaling Pathway

W
hsa04933:AGE-RAGE

The role in the complications of diabetes mellitus

hsa05152: Tuberculosis

Figure 3. Pathway-target topological network diagram.

3.4. GO and KEGG enrichment analysis of core targets

GO enrichment analysis of 12 key target genes using the David database yielded 105 GO terms, including 82
biological processes (mainly involved in inflammatory response, positive regulation of transcription by RNA
polymerase II, positive regulation of DNA-templated transcription, etc.), 4 cellular components (cytoplasm,
intracellular membrane-bounded organelle, endoplasmic reticulum membrane, cell surface), and 19 molecular
functions (involving genes related to African trypanosomiasis, chemical carcinogenesis-receptor activation,
proteoglycans in cancer, etc.). KEGG enrichment analysis identified 20 signaling pathways, including linoleic acid
metabolism, Th17 cell differentiation, drug metabolism-cytochrome P450, etc.

3.5. Molecular docking results

The top 5 targets (TNF, CASP3, CXCL8, NFKB1, TGFB1) with the highest degree values in the PPI network
were selected for molecular docking simulation with the main components (girinimbine, calyachine, (R)-
tetrahydroberberine, cavidine, (-)-isocorydine) (Table 1). The binding strength between compounds and ligands
was judged based on binding energy. The lower the binding energy, the tighter the binding between the compound
and the ligand. The results showed that all binding energies were less than 0 kcal/mol, indicating that the core
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active components of Wumei Pill had good binding activity with AIH-related targets and high potential biological
activity. Combinations with good binding ability and hydrogen bonds were selected for visualization analysis
(Figure 4).

Table 1. Molecular docking binding energies

Target Girinimbine Calyachine (R)-Tetrahydroberberine Cavidine (-)-Isocorydine
CASP3 -5.17 -4.73 -6.04 -4.52 -3.75
TNF -6.11 -5.68 -5.47 -5.1 -3.84
NFKBI -6.64 -5.1 -5.04 -53 -5.21
TGFBI1 -5.04 -4.75 -4.37 -4.72 -3.73
CXCLS -5.0 -5.0 -4.41 -5.36 -3.69
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Figure 4. Molecular docking results 6A: a: TNF-Girinimbine; b: TNF—Calyachine; ¢: TNF—(R)-Tetrahydroberberine;6B:
a: CASP3—Girinimbine; b: CASP3—Calyachine; c: CASP3—(R)-Tetrahydroberberine;6C: a: CXCL8-Girinimbine; b:
CXCL8-Calyachine; c: CXCL8—Cavidine;6D: a: NFKB1—(R)-Tetrahydroberberine; b: NFKB1-Cavidine; c: NFKB1—
(-)-Isocorydine;6E: a: TGFB1-Girinimbine; b: TGFB1-Calyachine; ¢: TGFB1-Cavidine.

4. Discussion

Autoimmune hepatitis is mainly caused by factors such as living environment, drug use, and viral invasion. During
the immune system response, antibodies produced by hepatocytes and T cell-mediated immune responses lead
to inflammatory reactions in the liver ", Since AIH was introduced in the clinical field, treatment methods have
been relatively limited, and the main treatment goals are to slow down liver fibrosis and relieve liver inflammation
121 Studies have found that Wumei Pill has the effects of reducing inflammation and enhancing immune function
in the treatment of this disease .
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In this study, a total of 124 main active components of Wumei Pill, corresponding to 877 targets, and 64
overlapping targets involved in the treatment of AIH were obtained. The main components such as girinimbine,
calyachine, (R)-tetrahydroberberine, cavidine, and (-)-isocorydine were obtained by constructing the component-
target network diagram. The top 5 core targets were screened through the PPI network, and it was concluded that
the mechanism of Wumei Pill on AIH is mainly related to TNF, CASP3, CXCLS8, NFKBI1, and TGFB1. Molecular
docking of the top 5 main active components with the 5 core targets showed that the core active components of
Wumei Pill had good binding activity with AIH-related targets and high potential biological activity.

TNF is secreted by macrophages and T cells, and its main function is to regulate inflammatory immune
responses. High doses of TNF can stimulate MAPK and NF-«xB signaling pathways, activate local inflammatory
genes and mediate cell life activities, leading to inflammatory reactions "'*'). TNF plays an important role in
multiple cellular functions such as immune regulation and inflammation. Relevant studies have shown that under
the induction of TNF-a blockers, the human body is prone to drug-induced autoimmune hepatitis "'*'”, CASP3
is a protease that can cause DNA cleavage and promote cell apoptosis. Based on bioinformatics and proteomic
identification, CASP3 is one of the main types of liver-protective target proteins '*. In addition, studies have
found that berberine hydrochloride can inhibit the CASP3 signaling pathway to alleviate liver injury caused
by acute hypoxia exposure, and CASP3 can also participate in liver regeneration ", further confirming that
CASP3 is related to liver injury diseases. During inflammation mediation, CXCLS has the function of promoting
the formation of Mallory-Denk bodies in the liver. Abnormal regulation of its receptors is related to many
inflammation-mediated diseases, and its expression is significantly upregulated in various inflammatory liver
diseases *'"!. NF-kB subunits regulate innate and adaptive immunity, cell proliferation, stress response, and cell
apoptosis. After the deletion of p105 and p50 of NFKBI, organ damage and inflammatory reactions will be
aggravated . Studies have suggested that NFKBI is related to rheumatoid arthritis, and TGF-B1 is related to
systemic lupus erythematosus, indicating that they may be related to autoimmune diseases ***,

KEGG enrichment results indicated that the process of Wumei Pill in the treatment of AIH may be related
to pathways such as inflammatory bowel disease, drug metabolism-cytochrome P450, linoleic acid metabolism,
proteoglycans in cancer, and Th17 cell differentiation. Core targets are highly enriched in the above pathways,
mainly related to processes such as inflammatory response, positive regulation of transcription by RNA polymerase
11, and positive regulation of DNA-templated transcription. According to investigation and analysis, AIH has the
risk of developing into hepatocellular carcinoma **. Both drug metabolism-cytochrome P450 and proteoglycan-
related pathways are closely related to hepatocellular carcinoma “**”. According to the KEGG analysis of
therapeutic targets, the number of targets enriched in drug metabolism-cytochrome P450 and proteoglycan-related
signaling pathways is relatively high. Cell surface proteoglycans are important regulatory factors in inflammatory
reactions and serve as attractive pharmacological targets in cancer for cancer immunotherapy, reflecting that
the use of Wumei Pill is related to the clinical remission of AIH transformation to hepatocellular carcinoma **.
Linoleic acid is a major positive regulator of CD8+ T cell activity, enhancing anti-tumor ability by improving
metabolic adaptability, so linoleic acid can be used as an enhancer for adoptive cell therapy in tumor treatment ).
In addition, linoleic acid can reduce apoptosis through NF-kB "% As a key mediator of inflammatory reactions,
the transcription factor NF-kB can regulate multiple aspects of immune function. Loss-of-function mutations in
negative regulators of the NF-kB pathway are also the cause of autoimmune or inflammatory diseases "' The
NF-«B signaling pathway can not only promote hepatocyte survival in the liver but also control the expression
of a series of growth factors and cytokines, participating in liver inflammatory reactions "*'. Therefore, it can be
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inferred that linoleic acid plays an important role in the treatment of AIH by regulating NF-xB. Th17 cells are
related to many inflammatory reactions and autoimmune diseases, and the increased differentiation of pathogenic
T helper 17 cells plays an important role in the occurrence and development of ATH ™*. Regulating Th17 cell
balance provides a feasible treatment method for ATH patients ****).

Analysis of molecular docking results showed that the main active components of Wumei Pill had good
docking effects with key targets of autoimmune hepatitis, and all binding energies were < 0 kJ/mol, indicating that
there is a stable interaction between them. Based on this finding, we have reason to speculate that Wumei Pill may

have potential efficacy in the treatment of AIH.

5. Conclusion

In summary, this study predicted the active components and targets of Wumei Pill using network pharmacology
methods, analyzed the protein PPI network interaction, cellular components, signaling pathways, and biological
processes of the targets of Wumei Pill in the treatment of AIH, and initially clarified the mechanism of Wumei Pill
in the treatment of AIH. Molecular docking technology was used to construct a docking model of the interaction
between active components in Wumei Pill and key targets for the treatment of AIH, further verifying the results
of network pharmacology analysis, providing a reference basis for subsequent experimental research and clinical
application.
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