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Abstract: This study aims to investigate the molecular mechanism of Wenxin Keli (WXKL) in the
treatment of Ventricular Premature Beats (VPB) using network pharmacology and molecular docking
methods. The main active ingredients, related targets, and target genes of WXKL were obtained from
the Traditional Chinese Medicine Systems Pharmacology (TCMSP) database and Uniprot. The target
genes of VPB were retrieved from GeneCards and OMIM databases. The intersection of target genes
was analyzed using Cytoscape to construct a drug-target network. A protein-protein interaction
network (PPI) was built using the STRING database, and a "WXKL-active ingredients-key
targets-significant pathways-disease” network was constructed. Further gene ontology (GO), Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis were analyzed, and
molecular docking were conducted. A total of 41 compounds targeting 277 genes in WXKL. There were
671 genes associated with VPB, and WXKL shared 88 target genes with VPB, forming 1950 edges.
Potential core targets for treatment were identified as STAT3, JUN, MAPK1, AKT1, TNF, MAPK14, IL6,
and CAV1. The results of molecular docking showed that the core active components of WXKL were
well combined with the core targets of ventricular premature beat.This study revealed the
multi-component, multi-target, and multi-pathway characteristics of WXKL in treating VPB, providing
a theoretical basis for further research on the mechanism of WXKL in treating VPB.
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1. Introduction

Ventricular premature beats (VPB), refer to the premature depolarization of the ventricular
myocardium originating from an ectopic pacemaker below the atrioventricular (AV) node, before the
impulse from the sinus node reaches the ventriclest!,PVBs are a common ECG finding in the general
population and are recorded in up to 75% of healthy individuals undergoing 24-h ambulatory ECG
monitoring, with an age-related increase in prevalencel>, and the incidence increases with age. In
children younger than 11 years, the incidence is less than 1%, while in individuals older than 75, it can
be as high as 69%PLVPB can lead to malignant ventricular arrhythmias such as polymorphic
ventricular tachycardia or ventricular fibrillation, which can result in severe consequences, including
impaired ventricular contractile function, reduced cardiac function, arrhythmogenic cardiomyopathy(],
and even syncope or sudden cardiac death. The treatment of VPB primarily focuses on relieving
symptoms and improving left ventricular function. Underlying factors such as hypertension, sleep
apnea, hyperlipidemia, and electrolyte imbalances should also be actively managed. Currently, the
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clinical management of VPB includes pharmacological treatment with antiarrhythmic drugs such as
class | (mexiletine), class Il (beta-blockers), and class Il (non-dihydropyridine calcium channel
blockers) agents. Non-pharmacological approaches, mainly catheter ablation, are also used. However,
the effectiveness of drugs like mexiletine and beta-blockers are limited, and they often come with
significant side effectsl®], Moreover, some of these drugs can themselves induce arrhythmias. Catheter
ablationl™, while effectivly, is an invasive procedure with associated costs and complexities, limiting its.
Traditional Chinese medicine (TCM) has a long history of treating VPB, and recent randomized,
double-blind, multicenter clinical studies have shown that WXKL and Ginseng Renshen Capsules can
significantly reduce VPB and alleviategg clinical symptoms when compared to mexiletine or placebol®
91, WXKL is the first approved traditional Chinese medicine for the treatment of arrhythmias in China.
It has been shown to lower heart rate, reduce arrhythmias (VPB, ventricular tachycardia, ventricular
fibrillation), and improve cardiac function when used in combination with Western medicinel*l. It is
composed of five herbal ingredients: Codonopsis Radix (Dang Shen), Polygonati Rhizoma (HuangJing),
Notoginseng Radix Et Rhizoma (San Qi), Ambrum (Hu Po), and Nardostachyos Radix Et Rhizoma
(Gan Song). Animal studies have also demonstrated that WXKL can improve microcirculation and
enhance myocardial contractility. The exact mechanisms of action of the main active components of
WXKL and their interactions with target genes remain unclear. Therefore, this study aims to use
network pharmacology techniques and comprehensive data platforms to explore potential target
proteins for WXKL in the treatment of VPB and investigate the cellular signal pathways and
mechanisms it affects.

2. Methods
2.1 Selection of Active Ingredients in WXKL and Target Genes for Active Ingredients

Active ingredients in WXKL were predicted based on their absorption, distribution, metabolism,
and excretion (ADME) properties using the TCMSP database(https://tcmsp-e.com/tcmsp.php).
Compounds with oral bioavailability (OB) >30% and drug-likeness (DL) >0.18 were selected. Human
genes encoding these compounds were searched on the Uniprot database. The target genes for the
active ingredients were retrieved from the TCMSP database. For compounds without target information
in the TCMSP database, target prediction was performed using the PharmMapper
database(http://www.lilab-ecust.cn/pharmmapper/). Target proteins were merged, and duplicate targets
were removed. Standardized protein target and corresponding gene information were obtained from the
Uniprot database (https: // www. uniprot. org/) . Target genes related to VPB were searched using the
keywords "Ventricular premature beats" in the Genecards(https://www.genecards.org) and OMIM
databases (https://omim.org/).

2.2 Construction of the Protein-Protein Interaction (PPI) Network and Selection of Core Targets

The intersection targets related to VPB were uploaded to the STRING database with species
specified as "Homo sapiens" and a high confidence score threshold of 0.9. Independent targets were
removed, and the resulting PPI network was analyzed using Cytoscape 3.9.1 software. Core targets
were selected based on degree, betweenness centrality, and closeness centrality values.

2.3 GO and KEGG Pathway Enrichment Analysis of WXKL in Treating VPB

The intersection targets of WXKL and VVPB were uploaded to the DAVID bioinformatics database,
with "official gene symbol" selected as the identifier and "Homo sapiens™ as the background database.
GO and KEGG pathway enrichment analyses were performed with a significance threshold of P < 0.05.
The top 10 enriched terms for each category (biological process, cellular component, molecular
function) in GO analysis and the top 20 enriched pathways in KEGG analysis were visualized.

2.4 Construction of the "TCM-Active Ingredients-Key Targets-Significant Pathways-Biological
Processes'" Network

Combining the analysis results from Sections 1.4, 1.1, and 1.2, the PPI data for active ingredients in
WXKL, potential target genes, and WXKL were imported into Cytoscape software to construct an
interactive network diagram. Network Analyzer functionality was used to analyze the main active
ingredients in the drug and identify core network molecular functional modules.
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2.5 Molecular Docking Verification

Molecular docking was conducted using Sybyl-X2.1.1 software to assess the binding affinity
between the active compounds in WXKL and the top three ranked core target proteins. The 2D
molecular structure of WXKL was extracted from the PubChem database, and the protein structures of
the top three core targets were obtained from the PDB (Protein Data Bank). Docking scores were used
as an indicator to evaluate the binding capability between molecules. The binding modes were
visualized using Discovery Studio 4.5 software.

3. Results
3.1 Selection of Active Ingredients in WXKL and Target Prediction

Based on the criteria of oral bioavailability (OB) >30% and drug-likeness (DL) >0.18, the main
active ingredients of WXKL were obtained from the TCMSP database: 21 compounds from
Codonopsis Radix (Dangshen), 12 from Ophiopogon japonicus (Maidong), 5 from Notoginseng Radix
et Rhizoma (Sangi), and 3 from Succinum (Hupo). Ambergris was excluded as it did not meet the
selection criteria. After merging and removing duplicate compounds, a total of 41 active compounds
were obtained, corresponding to 277 target genes.

3.2 Prediction of Target Genes for Active Ingredients in WXKL and Intersection with VPB-Related
Target Genes

A total of 277 target genes were predicted for the active ingredients in WXKL. Additionally, 671
target genes were associated with VVPB. The intersection of target genes between WXKL and VPB
resulted in 88 potential target genes. After removing target nodes with no interaction relationships, the
PPI network consisted of 115 nodes and 1950 edges, with an average degree value of 33.9. The PPI
data were optimized and imported into Cytoscape 3.7.2 software(Figure 1). Based on this, it can be
inferred that STAT3, JUN, MAPK1, AKT1, TNF, MAPK14, IL6, CAV1, and other target genes are
potential core targets of WXKL for the treatment of VVPB.

3.3 Construction of Drug-Ingredient-Target-Disease Network

The active ingredients and 88 potential target genes were input into the Cytoscape software to
create the network, as shown in Figure 2. The network consists of 134 nodes, 437 edges, the nodes are
sorted by degree values, and it is observed that among the 41 active components interacting with
potential target genes, molecules like quercetin (MOLO000098), luteolin (MOLO000006),
Chrysanthemaxanthin (MOL004492), 7-Methoxy-2-methyl isoflavone (MOL003896), among others,
are connected to more than 10 target genes, suggesting they may be the main active ingredients.
Additionally, targets such as PTGS2, PTGS1, AR, PGR, ADRB2, PPARG, CASP3, and ESR1 are
connected to more than 10 components, indicating they might be the major target proteins involved in
the action of WXKL.

Figure 1: PPI network at the intersection of WXKL and PVB (Left)

Figure 2: Network of Components-Target-Pathways for Intersection Targets of WXKL in the Treatment
of VPB (Right)
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3.4 Enrichment Analysis

Using the DAVID database, GO and KEGG enrichment analyses were performed on the shared
target genes between WXKL and VPB.Biological Processes (BP) with 527 entries, including positive
regulation of gene expression, transcriptional positive regulation by RNA polymerase 11 promoter,
positive regulation of DNA templated transcription, signal transduction, and more.For each category,
the top 10 enriched results were selected for visualization analysis (Figure3). KEGG enrichment
analysis identified a total of 145 related pathways, including the AGE-RAGE signaling pathway in
diabetic complications, extracellular matrix-receptor interaction, fluid shear stress and atherosclerosis,
lipid and atherosclerosis, MAPK signaling pathway, PI3K-AKT signaling pathway, tumor necrosis
factor signaling pathway, relaxation pathway, HIF-1 signaling pathway, IL-17 signaling pathway, and
more. This suggests that WXKL may have a multifaceted impact on processes such as cell apoptosis
regulation, inhibition of inflammatory responses, and immune regulation in the treatment of VPB. The
top 20 enriched pathways were selected for visualization analysis, resulting in the KEGG enrichment

bubble plot( Figure 4).
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Figure 3: GO enrichment analyses of potential targets of the main active ingredients of WXKL
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Figure 4: KEGG pathway enrichment analyses of potential targets of the main active ingredients of
WXKL.

3.5 Molecular Docking

Table 1 displays the results of molecular docking between WXKL and various core target proteins,
with docking scores all above 4.3. Among them, the binding affinity with MAPK1 is the highest,
indicating that WXKL has a strong binding capability with core target proteins. The molecular docking
mode between WXKL and core target proteins(Figure5). The small molecule ligand (WXKL) is shown
in blue sticks, and the interactions between the ligand and the amino acids in the target protein are
represented by green dashed lines. The results suggest that WXKL forms conventional hydrogen bonds,
hydrophobic interactions, and van der Waals forces with the target proteins. Specifically, MOL000098
(quercetin) interacts with STAT3, MAPK1, and JUN; MOLO000006 (luteolin) interacts with STAT3,
MAPKZ1, and JUN; and MOL004492 (Chrysanthemaxanthin) interacts with STAT3, MAPK1, and JUN.
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Table 1: Molecular docking score table

STAT3 JUN MAPK1
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MOL000098 5.62 6.02 7.18
MOL000006 5.06 6.16 7.32
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Figure 5: The binding mode diagram of Wenxin Granules with core target proteins in molecular
docking.

4, Discussion

Patients with anxiety and nervousness should be actively treatedl. From the perspective of
traditional Chinese medicine, VPB fall into the category of “palpitations"(*!l, Traditional Chinese
medicine like WXKL is a complex multi-component drug with various components that act on different
targets related to VPB"®. The common medications can achieve some therapeutic effects in the
treatment of VPB, they often have limitations due to their single-target nature and significant adverse
reactions. It is often initiated at low doses and gradually titrated upward based on individual patient
responses until the desired therapeutic effect is achieved. Metoprolol tartrate has a strong
tissue-penetrating ability and a very short half-life, which can lead to central nervous system side
effects such as headaches, dizziness, and insomnial®®l.  Codonopsis can enhance cardiac output, resist
platelet aggregation, protect myocardial cells, and improve myocardial energy metabolism. However, it
is an invasive treatment with high costs, and poor patient compliance limits its widespread use in
clinical practice.

Compared to Western medicines with relatively single components, WXKL are complex, and their
various components may target different aspects of ventricular arrhythmias. It has been reported that
WXKL exert anti-arrhythmic effects by selectively inhibiting sodium currents (I_Na)[*3l. The latest
pharmacological research indicates that Codonopsis can enhance cardiac output, resist platelet
aggregation, protect myocardial cells, and improve myocardial energy metabolism. These herbs are
integral components of traditional Chinese medicine and have been used for various health purposes.
However, it's essential to approach herbal remedies with caution and consult a qualified healthcare
practitioner, especially when using them to address specific health concerns. Additionally, scientific
research and clinical studies are continuously being conducted to better understand the mechanisms and
potential therapeutic applications of these herbs!*®l. Sangi can modulate cellular signaling pathways
involving cyclic adenosine monophosphate (CAMP) and protein kinase A (PKA), inhibiting calcium ion
channels and preventing rapid arrhythmias® 1, Total saponins R1 from Sangi have been found to
improve myocardial damage in rats with coronary heart disease, inhibit myocardial cell apoptosis,
oxidative stress, and inflammatory reactions.l!™. These drugs complement each other, promoting blood
circulation and eliminating blood stasis. In this study, a network pharmacology approach was used to
predict the effective components and drug target proteins of WXKL in the treatment of VPB. Among
the 7 main proteins, STAT3, JUN, MAPK1, AKT1, TNF, MAPK14, and IL6 are all closely related to
VPB. Research has shown that STAT3 plays a key role in inflammation and can protect against
myocardial ischemia-reperfusion injury by regulating the JAK2/STAT3 signaling pathway™®l. MAPK is
a crucial signal transducer that conveys signals from the cell surface to the cell nucleus. It can induce
pro-inflammatory effects on cells and regulate the cell cycle. Research has confirmed that
AKT/mTORC1 is a significant regulatory pathway for de novo fatty acid synthesis. AKT, a
downstream key regulator in the PI3K (Phosphoinositide 3-kinase) pathway, is involved in various life
processes such as cell survival, insulin signaling, lipid metabolism reprogramming, angiogenesis, and
tumorigenesis™®. Recent research suggests that WXKL may potentially work by modulating

Published by Francis Academic Press, UK
-5-



Frontiers in Medical Science Research

ISSN 2618-1584 \ol. 6, Issue 6: 1-7, DOI: 10.25236/FMSR.2024.060601

inflammation-related TGFB-p38/JNK and MAPK signaling pathways. This modulation can lead to a
reduction in extracellular matrix (ECM) collagen deposition. As a result, it can alter the structural
characteristics of myocardial tissue and scars, thereby inhibiting myocardial tissue structural damage
caused by myocardial ischemic injury and improving heart function?’l. Based on a literature review, it
is known that WXKL play a crucial role in the treatment of arrhythmias: such as inflammation,
immunity, ion transport, cell proliferation, and estrogen metabolism!?!l, In KEGG pathway enrichment
analysis, it was found that WXKL exert their effects in treating VPB by participating in pathways
related to complications of diabetes like the AGE-RAGE signaling pathway, extracellular space, fluid
shear stress, and atherosclerosis signaling pathways, lipid and atherosclerosis signaling pathways, as
well as the MAPK and PI3K-AKT signaling pathways. Therefore, it is believed that WXKL mainly
achieve their effects in treating VVPB by regulating multiple processes such as cell apoptosis, inhibition
of inflammatory responses, and immune regulation. Using network pharmacology, it shifts the
traditional single-target, single-pathway research perspective towards a multi-component, multi-target,
and multi-pathway approach, allowing for a systematic analysis.

5. Conclusion

In this study, a network pharmacology analysis was conducted to systematically identify the
effective components and mechanisms of action of WXKL in the treatment of VPB. This study
provides a foundation for the clinical application of WXKL.
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