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to explore the potential mechanisms of insect-derived traditional Chinese
medicines against atrial fibrillation (AF). We systematically screened 11 in-
sect-derived medicines from multiple databases and identified 49 active com-
pounds targeting 1038 unique genes. Cross-analysis with 645 known AF-re-
lated targets revealed 61 common targets. Key pathways involved include ar-
rhythmogenic right ventricular cardiomyopathy and atherosclerosis. Molecu-
lar docking confirmed strong binding between core compounds (e.g., ergota-
mine) and targets (e.g., CACNAI1C). Our findings suggest that these drugs ex-
ert anti-AF effects through multi-component, multi-target, and multi-path-
way mechanisms, providing novel insights into their potential clinical appli-
cations.
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1. Introduction

Atrial fibrillation (AF) is a prevalent form of rapid arrhythmia, distinguished by

disorganized atrial activation that impedes normal atrial function. Serious com-
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plications may ensue, with potential consequences including thromboembolism
and heart failure [1]. These complications can have a significant impact on pa-
tients’ physical and mental health, as well as their quality of life. Projections indi-
cate that by 2050, the number of AF patients in China will reach 52 million, while
in the United States, the number of AF patients will exceed 8 million [2] [3]. This
places a significant strain on healthcare systems. The pathogenesis of AF is asso-
ciated with various factors [4] [5], including but not limited to: smoking, alcohol
consumption, social stress, obesity, hypertension, diabetes, and coronary heart
disease. Additionally, genetic predisposition plays a significant role in the devel-
opment of AF [6]. The treatment of this condition primarily involves pharmaco-
logical interventions, such as the administration of antiarrhythmics and anticoag-
ulants, as well as non-pharmacological approaches, including radiofrequency ab-
lation and pulsed-field ablation (PFA) [4]. It is imperative to note that for elderly
patients afflicted with multiple comorbidities, the safety of antiarrhythmic medi-
cations and the judicious administration of oral anticoagulants to mitigate throm-
boembolic events and bleeding risks remain critical considerations. Although sur-
gical intervention offers the potential for a “cure”, studies indicate that traditional
ablation methods achieve approximately 50% success rates for persistent AF [7].
Although PFA has been shown to improve success rates and reduce intraoperative
complications in comparison with conventional methods, the findings of the latest
ADVANTAGE AF study [8] indicate that PFA’s primary efficacy at one year is
63.5% (lower confidence limit: 57.3%), with an asymptomatic AF rate of 85.3%. It
is important to note that these outcomes are significantly influenced by operator
skill. Consequently, the limited success rate of ablation procedures, in conjunction
with the high rate of recurrence, constitutes pressing issues that demand urgent
resolution. Consequently, the exploration of safer alternative therapeutic strate-
gies with multi-target efficacy remains crucial.

Medicines derived from insects represent a distinctive category within the frame-
work of traditional Chinese medicine. As detailed in the Lin Chuang Zhi Nan Yi
An [9]: An examination of Zhang Zhongjing’s methodologies for addressing blood
stasis resulting from overwork and injury reveals a recurrent utilization of swift-
moving insects and ants in his approach to unblocking meridians. The principle
of yin and yang asserts that movement facilitates the circulation of vital energy,
thereby preventing stagnation and promoting the flow of qi. This approach con-
trasts with methodologies that exclusively target accumulations, remove hardened
masses, or penetrate viscera. Medicinal preparations derived from insects possess
dual characteristics, exhibiting both attacking and nourishing properties, due to
their origin from living creatures. These substances have been demonstrated to
exhibit potent antibacterial properties, while concurrently augmenting the body’s
vital energy, thereby fortifying and reinforcing its fundamental structures. The
efficacy of these treatments is demonstrated by their ability to unblock and nour-
ish meridians, invigorate blood, and resolve stasis. Additionally, they have been

observed to attack toxins and disperse nodules. Historically, these treatments have
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been frequently used to address chronic conditions such as blood stasis, rheumatic
pain, and persistent numbness. Additionally, they have been widely applied in the
domain of cardiovascular diseases. For instance: The Y7 Lin Zuan Yao Tan Yuan
[10] notes that the use of whole scorpions is primarily indicated for the treatment
of various wind disorders, with additional benefits reported for the heart. Simi-
larly, Tao Hongjing’s Compendium of Famous Physicians from the Ming Y7 Bie
Lu: Ji Jiao Ben [11] notes the use of cicada molt for the treatment of palpitations.
Contemporary pharmacological research has demonstrated that pharmaceuticals
derived from insects exhibit a variety of bioactivities, including but not limited to
anticoagulant effects (e.g., hirudin), antifibrotic properties (e.g., chitinase from
centipedes [12]), and ion channel modulation (e.g., antiepileptic peptides in scor-
pion venom [13]). These properties are closely associated with the fundamental
pathophysiological mechanisms underlying atrial fibrillation. Consequently, the
development of pharmaceuticals derived from insects represents a highly promis-
ing area for the treatment of AF, demonstrating broad potential.

However, the therapeutic potential of insect-derived drugs for treating atrial
fibrillation has yet to be fully validated through rigorous scientific research. The
complexity of their chemical composition and the multi-target characteristics of
these compounds pose significant challenges to traditional reductionist approaches,
which are often insufficient for elucidating their mechanisms of action. Network
pharmacology, an emerging discipline integrating systems biology and multi-tar-
get pharmacology, provides a powerful tool for deciphering the “multi-compo-
nent, multi-target, multi-pathway” therapeutic model of traditional Chinese med-
icine [14]. By constructing compound-target and target-pathway networks, this
approach can predict potential active components and their synergistic effects
within disease-specific networks. Molecular docking simulations provide further
validation of the binding affinity and interactions between key compounds and
targets at the atomic level, thereby revealing the structural basis of pharmacolog-
ical actions [15].

The objective of this study is to establish a comprehensive framework for un-
derstanding the complex mechanisms underlying the insect-derived drug’s pre-
vention of atrial fibrillation, thereby revealing its potential as a multi-target ther-
apeutic agent. These findings provide a scientific foundation for future clinical

applications and drug development inspired by traditional Chinese medicine.

2. Materials and Methods

2.1. Data Mining

2.1.1. Source

Collect insect-derived medicinal substances from the 2020 edition of the Pharma-
copoeia of the People s Republic of China [16], the Zhong Hua Ben Cao [17], and
prescriptions by renowned traditional Chinese medicine practitioners indexed in
China National Knowledge Infrastructure (CNKI), Wanfang Data, VIP Infor-
mation, and the Chinese Biomedical Literature Service System (SinoMed/CBM).
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Focus particularly on insect-derived substances documented in the literature as

possessing anticoagulant, antifibrotic, and ion channel regulatory activities.

2.1.2. Inclusion Criteria

1) The drug origin is clearly identified as an insect species (Insecta) or its secre-
tion, and clinical or pharmacological studies confirm its cardiovascular protective
activity; 2) Possesses explicit pharmacological activity data support in either the
TCMSP (Traditional Chinese Medicine Systems Pharmacology Database and
Analysis Platform) or BATMAN-TCM (Bioinformatics Analysis Tool for Molec-
ular Mechanism of Traditional Chinese Medicine) databases; 3) The active drug
components (e.g., toxins, protein peptides, small-molecule compounds) exhibit

relatively well-defined structural characterization and mechanism studies.

2.1.3. Exclusion Criteria

1) Animal-derived drugs not sourced from insects; 2) Drugs with unclear phar-
macological mechanisms or lacking support from modern pharmacological re-
search data; 3) Drugs with only traditional usage but no evidence of anticoagulant,

antifibrotic, or ion channel-modulating activities.

2.1.4. Data Entry and Verification

The collected data were then processed using Microsoft Excel 2016 software,
where they were organized and deduplicated to identify eligible drugs. These drugs
were subsequently standardized in accordance with the Pharmacopoeia of the
People' s Republic of China and the Zhong Hua Ben Cao. The uniformity in the
documentation of drugs of the same species, irrespective of regional variations or
alternative names, is noteworthy. The collection and standardization of the data
were carried out independently by two researchers. A third researcher was tasked
with the verification of the data and the resolution of any disputes that arose, with

the objective of ensuring the accuracy of the data.

2.2. Network Pharmacology

2.2.1. Ingredient Collection and Screening

Utilizing oral bioavailability (OB) > 30% and drug-like properties (DL) > 0.18
as screening criteria, the Traditional Chinese Medicine System Pharmacology
Database and Analysis Platform (TCMSP database,
https://www.tcmsp-e.com/molecule.php?qn=12744) was employed. The analysis

of online data identified 11 traditional Chinese medicines as search terms, leading
to the detection of qualifying active components and their corresponding targets.
For drugs not identified in the TCMSP database, screening was conducted using the
BATMAN-TCM database (http://bionet.ncpsb.org.cn/batman-tcm/#/home). The
selection of BATMAN-TCM targets was guided by a stringent set of criteria, includ-
ing a minimum score threshold of 20% and an adjusted p-value of 0.05, which is a
Benjamini-Hochberg corrected p-value for multiple tests. Subsequently, genetic

data related to these targets were retrieved from the Uniprot database, and human
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genetic information concerning these targets was searched for gene annotation.

2.2.2. AF Target Acquisition
Using the GeneCards database (https://www.genecards.org) with a relevance score

>10 as the criterion, combined with the OMIM database (https://www.omim.org)
and the PharmGKB database (https://www.pharmgkb.org), potential disease tar-

get genes associated with AF were identified using “Atrial Fibrillation” as the key-

word. Then, duplicate data were removed using an Excel spreadsheet.

2.2.3. Drug-Disease Intersection Targets and Venn Diagram Mapping
Import the obtained drug active ingredient targets and disease genes into the online

Venn diagram creation tool Venn 2.1.0 (https://www.bioinformatics.com.cn). Ob-

tain the target genes representing the intersection of drug targets and disease

genes, and generate a Venn diagram.

2.2.4. Drug-Disease Protein-Protein Interaction Network
The STRING database (https://cn.string-db.org/) can be utilized to set the follow-

ing parameters. The search yielded multiple proteins, the species Homo sapiens,

a minimum required interaction score of high confidence (0.700), and network
display options that include the ability to hide disconnected nodes in the network.
It is imperative that all other parameters remain at their default settings. The fol-
lowing steps are required to create the drug-disease protein interaction network
diagram. Maintain the aforementioned settings and other parameters unchanged.
Import the intersecting target genes from the “List of Names” to obtain the drug-
disease protein interaction network diagram. Export the diagram as a TSV format
file. Using Cytoscape 3.10.2 software and the cytoNCA plugin, screen the TSV file
obtained from the STRING database for genes exhibiting protein-protein interac-
tion network topology to identify core drug-disease target genes. Subsequently,

perform molecular docking analysis on these core target genes.

2.2.5. GO Biofunction and KEGG Signaling Pathway Enrichment Analysis

The drug-disease cross-target genes that were identified in the previous step were
then imported into the DAVID database (https://davidbioinformatics.nih.gov/).
Gene Ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis were performed using the filters “OFFICIAL_GENE_
SYMBOL”, “Homo sapiens”, and “Gene List”. The top ten enriched functions with a
P-value less than 0.01, the KEGG pathways with a P-value less than 0.01, and the top

twenty enriched genes were selected for annotation. These pathways were annotated

via the Microbial Information Platform (https://www.bioinformatics.com.cn/). Vis-

ual analysis was performed by generating combined two-sided bar charts and bub-
ble charts for Biological Process (BP), Cellular Component (CC), and Molecular
Function (MF).

2.3. Molecular Docking

Perform molecular docking between the top 5 core targets ranked by Degree val-
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ues and the top 5 drug active ingredients: Download the 2D structures of core
targets via the TCMSP database and PubChem software, optimize them using
Chem3D software, convert them into 3D structures, and use them as ligands. In

the UniProt database (https://www.uniprot.org/), enter the core target name with

species source restricted to human to identify the corresponding Entry ID. Input
this ID into the PDB Protein Network (https://www.rcbs.org/) to locate the recep-
tor protein. Then, use PyMOL and AutoDockTools software to perform opera-

tions such as dehydration, residue removal, and hydrogenation on the receptor
protein before using it as the receptor. Perform molecular docking between the
receptor and ligand structures using AutoDockTools and Vinna software. Finally,

visualize the docking results using PYMOL software.

3. Results and Analysis

3.1. Screening of Insect-Derived Drugs

3.1.1. Data Collection

The 2020 edition of the Pharmacopoeia of the Peoplé s Republic of China includes
51 animal-derived medicines, while the Chinese Materia Medica lists a total of 1,047
animal species. Database searches (CNKI, Wanfang, VIP, SinoMed) employing key-
words such as “insect medicines & insect-based drugs & formulas & prescriptions &

compound preparations” yielded 11,542 initial prescription records.

3.1.2. Data Aggregation and Deduplication

The integration of drug names and prescription information from the aforemen-
tioned sources is imperative, followed by the standardization of these data ele-
ments. Following a thorough process of merging and deduplication, a total of 28
insect-derived drugs were identified (after removing duplicate literature, reviews,

and irrelevant clinical reports).

3.1.3. Data Inclusion and Exclusion

First, based on the established criteria: 1) clearly belonging to the insect class with
cardiovascular activity; 2) possessing explicit pharmacological data in TCMSP/
BATMAN-TCM; 3) having clearly identified active components as inclusion
standards, the initial screening of the aforementioned 28 insect-derived medicines
yielded 23 remaining candidates. A second screening was then conducted using
exclusion criteria: 1) Non-insect origin; 2) Unclear pharmacological mechanism;
3) Lack of evidence for anticoagulant/anti-fibrotic/ion channel regulatory activity
as exclusion criteria. This yielded 11 insect-derived medicines meeting all criteria:
Coridius chinensis, ground beetle, gallnut, mantis egg-case, blister beetle, centi-

pede, cicada slough, Bufonis venenum, leech, cordyceps sinensis, earthworm.

3.2. Network Pharmacology Analysis

3.2.1. Screening Results for Active Ingredients and Targets in
Insecticides

The screening of 11 insect-derived medicinal materials yielded 49 active compo-
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nents: the following components were utilized: two active components from the
Coridius chinensis, one active component from the ground beetle, two active
components from the gallnut, two active components from the mantis egg-case,
two active components from the blister beetle, five active components from the
centipede, three active components from the cicada slough, one active component
from Bufonis venenum, 13 active components from leeches, 12 active components
from cordyceps sinensis, and seven active components from earthworms (Correc-
tion: The initial count for cordyceps sinensis was 16; after re-checking against the
TCMSP filters (OB = 30%, DL > 0.18), four components were removed, resulting
in 12. This adjustment corrects the total from 54 to 49). The UNIPROT database
was utilized to identify all corresponding genes for these active components, yield-
ing a total of 2,084 target genes. Following the elimination of 1,046 duplicate tar-
gets, the final dataset was composed of 1,038 target genes.

3.2.2. Disease Targets for AF

A comprehensive search for “Atrial fibrillation” in the OMIM database, Gene
Cards database, and PharmGKB database yielded a total of 723 disease target
genes. Following the elimination of redundant data through the utilization of an

Excel spreadsheet, a total of 645 unique disease target genes was identified.

3.2.3. Drug-Disease Cross-Target

The 1038 effect target genes of the obtained insect-derived drugs and the 723 dis-
ease target genes of atrial fibrillation were imported into the online tool Venny
2.1.0. By setting the two datasets as the intersection, 61 overlapping target genes

were identified and visualized in the Venn diagram (Figure 1).

Disease Drug

Figure 1. Venn diagram of cross-targets between drugs and diseases. Yellow represents
drugs, blue represents diseases.

3.2.4. Constructing Drug-Disease Protein-Protein Interaction Network
Maps

The importation of 61 intersecting target genes into the STRING database was

followed by the removal of disconnected nodes from the network. A high confi-

dence threshold of 0.700 was selected for the construction of the protein-protein

interaction (PPI) network diagram (Figure 2 and Figure 3). The graph under
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Figure 2. Protein interaction network diagram.
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Figure 3. Protein interaction network diagram. The higher the degree, the darker the color.

consideration contained 61 nodes and 464 edges, with an average node degree of
15.2. The TSV file that was extracted from the STRING database was subsequently
imported into Cytoscape 3.10.2 software. The cytoNCA plugin was utilized for
core gene screening by calculating the median values of betweenness, closeness,
degree, eigenvector, and networké. The selection of core genes is accomplished by
employing node parameters that exceed the centrality median. Following two
rounds of screening, five core genes were identified: Calmodulin-2 (CALM2),
Voltage-dependent L-type calcium channel subunit alpha-1C (CACNA1C), Cal-
modulin-3 (CALM3), Sodium channel protein type 5 subunit alpha (SCN5A), and
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Ryanodine receptor 2 (RYR2). Subsequently, molecular docking was performed
on these five core genes.

3.2.5. Constructing a Visual Network Diagram of Traditional Chinese
Medicine-Active Ingredients-Interacting Genes-Disease Networks

The construction of a network diagram for the 61 intersecting genes was per-
formed using Cytoscape 3.10.0 software, thereby facilitating the mapping of rela-
tionships among traditional Chinese medicine, active components, intersecting
genes, and diseases (Figure 4). The network under consideration contains a total
of 96 nodes, including 9 traditional Chinese medicines, 25 active molecules, 61
genes, and 1 disease. The network also comprises 255 edges. The top five active mol-
ecules by degree were guanidine, crocetin, D-mannitol, canthaxanthin, and tyrosin.
The top 10 target genes by degree were RYR2, KCNH2, NPPA, CACNAI1C, KCNQ1,
KCNJ2, CALM3, SCN5A, KCND3, and KCNJ5.

Clarification regarding the number of drugs in the network visualization: All 11
screened insect-derived drugs were included in the full computational pipeline.
However, in the specific network visualization generated by Cytoscape (Figure 4),
two drugs (“gallnut” and “mantis egg-case”) were excluded because they did not
contribute active components that directly linked to the final 61 intersecting tar-
gets through the applied screening filters (OB = 30%, DL > 0.18). Their exclusion
from the final visual network is solely for the purpose of visual clarity and inter-
pretability, as disconnected nodes do not contribute to the topological analysis. It
is important to note that their inclusion in the initial pool of 11 drugs remains

essential for the comprehensiveness of our target prediction.

Figure 4. The yellow diamond on the far left represents insecticides with intersecting genes. The green square in the middle denotes
the active ingredient of the drug. The red circle on the right indicates intersecting target genes, while the blue circle in the middle
right represents the disease. The greater the number of lines in the diagram, the stronger the interactions within the network.

3.2.6. GO Biological Function and KEGG Signaling Pathway Enrichment
Analysis Results

The intersecting target genes were subsequently imported into the DAVID data-
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GO:0098915~membrane repolarization during ventricular cardiac muscle cell action potential I
GO:0060372~regulation of atrial cardiac muscle cell membrane repolarization .
GO0:0008217~regulation of blood pressure I 0
GO:0006813~potassium ion transport I
GO:0071805~potassium ion transmembrane transport .
GO:0060048~cardiac muscle contraction . s
GO:0055117~regulation of cardiac muscle contraction — 7
G0:0002027~regulation of heart rate I

base for GO and KEGG analysis. The GO molecular function enrichment analysis
yielded a total of 438 enriched results, including 323 BP, 49 CC, and 66 MF. The
P-values for all three categories were less than 0.01. The top 10 genes, as deter-
mined by functional annotation counts in the microbial information platform
analysis, were represented in the form of a trivalent bilateral bar chart for BP, CC,
and MF (Figure 5). The left axis of the figure displays the statistical value —log10(p),
while the right axis shows the number of enriched genes. Results indicate that bi-
ological processes primarily encompass regulation of heart rate by cardiac con-
duction, membrane repolarization during ventricular cardiac muscle cell action
potential, and regulation of atrial cardiac muscle cell membrane repolarization.
Cellular components mainly include the voltage-gated potassium channel com-
plex, plasma membrane, and extracellular region. Molecular functions were pri-
marily reflected in voltage-gated potassium channel activity involved in ventricu-
lar cardiac muscle cell action potential repolarization, transmembrane transporter

binding, and gated potassium channel activity.

G0:0086091~regulation of heart rate by cardiac conduction{ [ R | 5

GO:0008016~regulation of heart contraction I

G0:0008076~voltage

[
GO:0032991~prot W
GO:0034702~monoatomic ion complex — 7
G0:0030017~sarcomere . s
GO:0005615~extracellular space L
GO:1990454~L-type voltage-gated calcium channel complex - B
G0:0042383~sarcolemma .
G0:0030018~Z disc L O ologi
GO:1902282~voltage-gated potassium channel activity involved in ventricular cardiac muscle cell action potential repolarization I M Biological process
5 e : sy I Cellular component
G0:0044325~transmembrane transporter binding T 2 !
GO0:0005249~voltage-gated potassium channel activity I B Molecular function
GO:0086007~voltage-gated calcium channel activity involved in cardiac muscle cell action potential I ¢
GO:0086089~voltage-gated potassium channel activity involved in atrial cardiac muscle cell action potential repolarization | B
GO:0042802~identical protein binding B
GO:001694 1~natriuretic peptide receptor activity I
GO:0010856~adenylate cyclase activator activity I
G0:0005250~A-type (transient outward) potassium channel activity .
GO:0043539~protein serine/threonine kinase activator activity I
25 20 15 10 5 0 10 20 30 40
-log,(pvalue) Gene count

Figure 5. The figure illustrates the significant GO enrichment terms for drugs and diseases. Red indicates biological processes, blue
indicates cellular components, green indicates molecular functions, and GO denotes Gene Ontology.

In the KEGG signaling pathways, pathways with P < 0.01 and the top 20 ranked
genes were selected for analysis, and a pathway enrichment bubble plot was gen-
erated (Figure 6). The left panel of the figure illustrates the genes contained within
each pathway, while the right panel displays a standard bubble chart. The size of
each bubble corresponds to the number of genes belonging to a specific pathway,
while the color of each bubble represents the P-value. The results of this study
indicate that among the significantly enriched pathways, several are directly rele-
vant to cardiac pathophysiology, including the cAMP signaling pathway, ar-
rhythmogenic right ventricular cardiomyopathy (ARVC), and the calcium signal-
ing pathway. The enrichment of the “Malaria” pathway is likely a statistical artifact
resulting from shared genes involved in general inflammatory or endothelial dys-
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function processes (e.g., IL6, TNF), rather than indicating a direct therapeutic link
between insect-derived drugs and malaria. This is a known phenomenon in KEGG

enrichment analysis when gene sets overlap across multiple biological contexts.

hsa05144:Malaria -
hsa04720:Long—term potentiation -
hsa05412:Arrhythmogenic right ventricular cardiomyopathy 4
hsa04911:Insulin secretion -
hsa05418:Fluid shear stress and atherosclerosis -
hsa04912:GnRH signaling pathway —log;O(pvalue)
hsa05415:Diabetic cardiomyopathy . ! 6
hsa04024:cAMP signaling pathway - . =5
hsa04728:Dopaminergic synapse - 4
hsa04971:Gastric acid secretion ?1 ;
hsa04726:Serotonergic synapse 8
hsa05133:Pertussis 4 count
hsa04915:Estrogen signaling pathway
hsa04350:TGF-beta signaling pathway 4 : jg
hsa04927:Cortisol synthesis and secretion 5 ‘ 100
hsa05321:Inflammatory bowel disease -
hsa04218:Cellular senescence 4
hsa04371:Apelin signaling pathway <
hsa04970:Salivary secretion 4
hsa04916:Melanogenesis -
7 8 9 10

Figure 6. KEGG enrichment bubble plot.

3.2.7. Molecular Docking Results

The five core intersecting target genes obtained were used as protein receptors to
identify their corresponding small-molecule ligands (active components). Molec-
ular docking technology was employed to dock each core gene with the active
components individually. The docking binding energy results are presented in
Table 1. The visualization process was facilitated by the utilization of the PyMOL
software. Typically, absolute docking scores greater than 4.25 are indicative of
moderate activity, scores between 5.0 and 7.0 are indicative of good binding ac-
tivity, and scores above 7.0 are indicative of strong binding activity. To provide a
benchmark for the docking results, we included verapamil, a known L-type cal-
cium channel blocker clinically used in arrhythmia management, as a positive
control. Verapamil exhibited a binding energy of —7.2 kcal/mol with CACNA1C,
confirming the reliability of our docking protocol. In comparison, ergotamine
showed a stronger binding affinity (-8.5 kcal/mol) with the same target. The top
three lowest binding energies were: Crocetin formed hydrogen bonds with RYR2
at GLN-38 and ASP-83; bufotenidine formed hydrogen bonds with CALM2 at
ASP-372 and GLN-297 (Figure 7).
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Table 1. Results of docking between core genes and corresponding active component mol-

ecules.
Core gene Uniprot ID PDB ID Active ingredient ;Z:?Yn(i:siiilg)

CALM2 PODP24 6XXF Bufotenidine -5.3
CACNAIC Q13936 5V2Q D-Mannitol -4.7
CACNA1C Q13936 5V2Q Ergotamine -85
CACNAI1C Q13936 5V2Q Calcium Phosphate -3.0
CALM3 PODP25 6K67 Bufotenidine -4.6
SCN5A Q14524 4D]JC Guanidine -3.8
RYR2 Q92736 6Y40 Crocetin -5.5

ASP-435
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RYR2 & Crocetin

SCN5A & Guanidine
Figure 7. Molecular docking model diagram.

Note regarding Calcium Phosphate: In Table 1, “Calcium Phosphate” is listed
as an active component interacting with CACNAIC. It is important to clarify that

calcium phosphate is included here as a representative ionic ligand to model the
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binding interaction of inorganic calcium ions (Ca**) within the channel pore,
given the central role of calcium influx via CACNA1C in AF pathophysiology. Its
docking score provides a reference point for comparing the binding modes and

relative strengths of the organic compounds (e.g., ergotamine) at the same site.

4. Discussion

AF is the most prevalent arrhythmia in clinical practice and is regarded as a pro-
gressive condition [18]. The majority of patients initially experience brief episodes
of AF that terminate spontaneously. However, in the presence of appropriate trig-
gers and substrate, these episodes may progressively evolve into more persistent
and permanent forms. Consequently, AF is clinically categorized into three dis-
tinct classifications: paroxysmal AF, long-standing persistent AF, and permanent
AF [4]. The pathogenesis of this condition is complex and involves the interplay
of multiple factors, including electrophysiological disturbances, structural remod-
eling, and autonomic dysregulation [6] [19] [20]. The efficacy and safety of cur-
rent antiarrhythmic medications are limited, and surgical treatments carry a high
risk of long-term recurrence, underscoring the necessity for the exploration of
novel therapeutic strategies. Traditional Chinese medicine (TCM), particularly in
the domain of insect-derived drugs, boasts a long history and unique advantages
in the treatment of arrhythmias. This study, integrating data mining, network
pharmacology, and molecular docking techniques, systematically investigates for
the first time the multi-component, multi-target, and multi-pathway mechanisms
of 11 insect-derived drugs (Pheretima aspergillum, Eupolyphaga sinensis, Gallnut,
Cynoglossus, Mylabris phalerata, Scolopendra subspinipes, Cicada molt, toad
venom, leech, cordyceps, and earthworm) against atrial fibrillation. The findings
of this study indicate that toad venom, leech, cordyceps, nine-spice beetle, and
earthworm may offer novel therapeutic approaches for AF by synergistically reg-
ulating calcium handling, sodium channel function, and cardiac electrophysiolog-
ical processes.

In the course of our network pharmacology analysis, we constructed a visual
network diagram linking drugs, active ingredients, diseases, and targets. This
analysis yielded the identification of critical active ingredients associated with AF,
including bufotenidine, D-mannitol, ergotamine, calcium phosphate, guanidine,
and crocetin. Research [21] [22] indicates that the hyperosmolar properties of
mannitol and its effective scavenging of free radicals may exert myocardial pro-
tection by regulating ROS levels during ischemia and reperfusion. Katharina
Feige’s study [23] confirmed that mannitol activates the mitochondrial ATP-sen-
sitive potassium (mKATP) channel to exert cardioprotective effects. A notable de-
crease in the activity of mitochondrial ATP synthase in atrial tissue has been ob-
served in patients with AF, resulting in inadequate ATP production [24], as evi-
denced by the activation of the mKATP channel. The excessive opening of
mKATP channels has been demonstrated to be a primary factor in the progression

of AF dysfunction, operating through the mechanisms of shortening the action
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potential duration (APD) and promoting calcium overload [25]. Regarding D-
Mannitol, while conventionally used as an osmotic agent, its inclusion here is sup-
ported by emerging pharmacological insights. Beyond osmolarity, mannitol has
demonstrated free radical scavenging properties [21] [22] and the ability to acti-
vate mitochondrial mKATP channels [23], contributing to cardioprotection dur-
ing ischemia-reperfusion. Although its oral bioavailability is low, its potential di-
rect cardiac effects, possibly through modulation of ion channels or signaling
pathways in a localized manner, warrant further investigation. In our study, D-
mannitol showed moderate docking affinity with CACNA1C (—4.7 kcal/mol),
suggesting a possible direct interaction that complements its known indirect pro-
tective roles. Future studies should validate whether mannitol or its metabolites
can achieve sufficient concentration at cardiac targets to exert antiarrhythmic ef-
fects. Crocin, a predominant active ingredient in gardenia yellow pigment,
demonstrates hypoglycemic [26] and hypolipidemic [27] properties, along with
anti-thrombotic, anti-myocardial ischemia, antioxidant stress, and anti-apoptotic
actions [28] [29]. According to the findings of Jun Cai’s research [30], crocin has
the potential to reduce fibrosis and collagen synthesis by obstructing the MEK-
ERK1/2 signaling pathway. This suggests that crocin may offer a novel therapeutic
approach to decelerate the progression of AF. Guanidine and its derivatives or
synthetic compounds exhibit a diverse array of biological activities, including an-
titumor, antibacterial, antifungal, antipathogenic, and antiviral effects [31]. Among
these, guanidine derivatives (e.g., ME10092 [32]) have been demonstrated to dose-
dependently inhibit reperfusion-induced arrhythmias, significantly improve animal
survival rates, and reduce infarct size. The cardioprotective effects of these sub-
stances may be associated with their ability to mitigate oxidative damage. Guanidine
derivatives (e.g., KR-32568 [33]) act as sodium-hydrogen exchanger-1 (NHE-1) in-
hibitors, significantly reducing the incidence and duration of ventricular premature
beats, ventricular tachycardia, and ventricular fibrillation in rat ischemia/reperfu-
sion models. This finding suggests that the antiarrhythmic effects of these com-
pounds are achieved through the regulation of ion homeostasis.

Utilizing a combination of PPI and core target screening methodologies, we
have identified CALM2, CACNA1C, CALM3, SCN5A, and RYR2 as occupying
pivotal roles within the network architecture. These targets have demonstrated
significant enrichment in critical pathways, thereby substantiating their potential
as vital targets for the development of insect-derived therapeutic agents for the
management of AF. As core components of the calmodulin complex, CALM2 and
CALM3 dynamically regulate downstream kinases (e.g., CaMKII) and phospha-
tase activity by binding calcium ions, thereby forming calcium-dependent signal-
ing cascades [34]. In AF, disrupted calcium homeostasis is a hallmark of the
pathological condition [35]. Abnormal phosphorylation at the S2808/52814 [36]
[37] sites of RYR2 has been demonstrated to lead to diastolic calcium leakage,
which in turn triggers delayed afterdepolarizations (DADs) and action potential

initiation. Overactivation of CACNA1C has been demonstrated to increase cal-

DOI: 10.4236/jbm.2026.142009

106 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2026.142009

T.Leng et al.

cium influx, exacerbating calcium overload and activating CaMKII, thus estab-
lishing a self-perpetuating cycle [38] [39]. The SCN5A gene is responsible for en-
coding the cardiac sodium channel Navl1.5, which is responsible for action poten-
tial initiation and propagation. Abnormal sodium currents have been demon-
strated to influence intracellular calcium concentrations via the sodium-calcium
exchanger (NCX). SCN5A gain-of-function mutations (e.g., R1193Q [40]) have
been demonstrated to increase sustained inward sodium currents, which in turn
enhance calcium influx via NCX. This results in an accumulation of calcium
within the cell, leading to the initiation of activity and, consequently, the for-
mation of a substrate conducive to arrhythmias. Furthermore, aberrant calcium
signaling has been shown to promote collagen deposition by activating fibroblasts
(e.g., via the TGF-f$1/Smad3 pathway), resulting in myocardial fibrosis—a pivotal
mechanism sustaining AF [41].

GO enrichment analysis results reveal that the potential biological processes
underlying the anti-AF effects of insect-derived drugs primarily focus on cardiac
electrophysiological regulation: regulation of heart rate by cardiac conduction,
membrane repolarization during ventricular cardiac muscle cell action potential,
and regulation of atrial cardiac muscle cell membrane repolarization. These pro-
cesses are directly related to the electrophysiological mechanisms of AF, particu-
larly as abnormalities in the repolarization processes of atrial and ventricular mus-
cle cells form a crucial basis for arrhythmia occurrence. A molecular function
analysis indicates that these drugs primarily affect three processes: the activity of
voltage-gated potassium channels involved in ventricular cardiac muscle cell ac-
tion potential repolarization, transmembrane transporter binding, and gated po-
tassium channel activity. This finding suggests that drugs derived from insects
may influence action potential duration and effective refractory period by modu-
lating potassium channel function, thereby reducing reentry formation—a key
mechanism sustaining AF. It is noteworthy that while the present study concen-
trated on AF, a significant number of enriched items pertained to ventricular my-
ocytes. This observation indicates the potential for insect-derived drugs to exhibit
a comprehensive antiarrhythmic effect that extends beyond the scope of atrial ar-
rhythmias.

KEGG pathway enrichment analysis revealed a significant association between
the candidate targets and pathways such as ARVC and the cAMP signaling path-
way. ARVC is a hereditary cardiomyopathy characterized by progressive fibrofatty
infiltration of the right ventricular myocardium [42]. The pathological manifesta-
tion of this condition is characterized by the replacement of normal myocardial
tissue with fibrofatty tissue, resulting in ventricular electrophysiological disturb-
ances and contractile dysfunction. Molecular studies indicate that ARV C-associ-
ated desmin gene mutations compromise myocardial structural integrity and di-
rectly induce electrophysiological abnormalities. For instance, desmoplakin [43]
dysfunction has been demonstrated to disrupt the function and localization of

voltage-gated sodium channels (Navl.5), thereby diminishing inward sodium
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currents (/.) and markedly slowing atrial conduction velocity. This phenomenon
engenders a milieu conducive to the initiation and progression of AF. The cAMP
signaling pathway, a pivotal component of the second messenger system, exerts a
direct regulatory influence on the opening of L-type calcium channels and the
subsequent release of calcium from the sarcoplasmic reticulum. In pathological
conditions, aberrant activation of the cAMP-PKA signaling pathway results in ex-
cessive phosphorylation of RyR2, leading to diastolic calcium leakage and DADs.
These phenomena, in turn, trigger and sustain AF [44] [45]. Of particular interest
is the observation that these pathways are associated with calcium signaling regula-
tion, a finding that aligns closely with our core target analysis. Furthermore, molec-
ular docking indicates that CACNAI1C & Ergotamine, CALM2 & Bufotenidine, and
RYR2 & Crocetin exhibit strong binding affinity, suggesting effective interaction
between insect-derived drugs and specific AF-related proteins.

The present study is subject to several limitations: Firstly, the reliability of the
results is contingent upon the completeness and accuracy of the databases. Dis-
crepancies in nomenclature and delays in updates across various databases have
the potential to compromise the comprehensiveness of target predictions. Sec-
ondly, the findings of the present study are contingent upon experimental valida-
tion; at this juncture, the available evidence consists of computational biology pre-
dictions, devoid of in vitro and in vivo experimental verification. In addition, the
majority of insect-derived drugs demonstrate toxicity and possess complex chem-
ical compositions, with related research remaining limited. It is important to note
that multiple components may act on the same target, thereby producing syner-
gistic or antagonistic effects. Future studies should employ orthogonal experi-
mental designs to identify key active constituents and validate synergistic interac-
tions through optimized component combinations. The objective of this research
is to broaden the scope of the existing work, thereby establishing a foundation for
future investigations and the clinical utilization of insect-derived drugs in the

treatment of AF.

5. Conclusion

This study systematically elucidates the multi-component, multi-target, and multi-
pathway mechanisms of insect-derived drugs in treating atrial fibrillation by inte-
grating data mining, network pharmacology, and molecular docking approaches.
The findings suggest that these traditional Chinese medicines may possess anti-
atrial fibrillation properties by modulating core targets such as CALM2, CACNA1C,
CALMS3, SCN5A, and RYR2. This influence may be exerted through the regulation
of cardiac electrophysiology, calcium handling, and multiple signaling pathways.
These findings provide scientific rationale for the conventional utilization of these
medications and suggest novel avenues for the development of antiarrhythmic
pharmaceuticals. It is imperative that future experimental studies be conducted to
validate these computational predictions and to explore their potential for clinical

translation.
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Abbreviation
AF Atrial fibrillation
APD Action potential duration
ARVC Arrhythmogenic right ventricular cardiomyopathy
ATP Adenosine triphosphate
BB Biological Process
CACNAIC  Voltage-dependent L-type calcium channel subunit alpha-1C
CALM2 Calmodulin-2
CALM3 Calmodulin-3
cAMP Cyclic adenosine monophosphate
CaMKII Calcium/calmodulin-dependent protein kinase II
CC Cellular Component
DADs Delayed afterdepolarizations
L Inward sodium currents
MF Molecular Function
mKATP Mitochondrial ATP-sensitive potassium
Navl.5 Voltage-gated sodium channels
NCX Sodium-calcium exchanger
NHE-1 Sodium-hydrogen exchanger-1
PFA Pulsed-field ablation
RYR2 Ryanodine receptor 2
SCN5A Sodium channel protein type 5 subunit alpha
TCM Traditional Chinese medicine
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