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INTRODUCTION 

Atherosclerosis is a progressive inflammatory disease 

affecting arterial blood vessels and represents the major 

underlying cause of myocardial infarction, ischemic 

stroke, and coronary artery disease. The pathogenesis of 

atherosclerosis involves endothelial dysfunction, lipid 
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ABSTRACT 

Background: Atherosclerosis is a chronic inflammatory vascular disorder characterized by endothelial 

dysfunction, lipid accumulation, oxidative stress, and immune dysregulation. Traditional Siddha formulations 

containing medicinal herbs with anti-inflammatory and antioxidant properties may offer multi-target therapeutic 

benefits in cardiovascular disorders. Sikkanchar Manapagu, prepared using Zingiber officinale, Mentha arvensis, 

and Citrus limon, contains bioactive phytochemicals with potential cardioprotective activity. Objective: To 

investigate the miRNA-mediated molecular mechanisms underlying the anti-atherosclerotic potential of Sikkanchar 

Manapagu using integrated network pharmacology and bioinformatics analysis. Methods: Major phytoconstituents 

of Sikkanchar Manapagu were identified from published literature and phytochemical databases. Compound-

associated targets were predicted using SwissTargetPrediction. Atherosclerosis-associated genes were retrieved 

from GeneCards and DisGeNET. Overlapping targets were subjected to protein–protein interaction analysis using 

STRING and Cytoscape. Hub genes were identified based on degree centrality. miRNA–target interactions were 

analyzed using miRNet and miRTarBase. Functional enrichment analysis was performed through Gene Ontology 

and KEGG pathway analysis. Results: Key phytoconstituents including gingerol, shogaol, menthol, rosmarinic 

acid, hesperidin, limonene, and naringenin demonstrated interaction with multiple atherosclerosis-related targets. 

Core hub genes identified included TNF, IL6, AKT1, VEGFA, MAPK1, STAT3, ICAM1, and VCAM1. miRNA 

interaction analysis revealed regulatory association with miR-21, miR-146a, miR-155, miR-126, and miR-33, 

which are implicated in endothelial inflammation, lipid metabolism, macrophage activation, and vascular 

remodeling. Enrichment analysis indicated significant involvement of PI3K-Akt, NF-κB, MAPK, TNF, and lipid-

atherosclerosis signaling pathways. Conclusion: The findings suggest that Sikkanchar Manapagu exerts potential 

anti-atherosclerotic activity through multi-component and multi-target modulation of inflammatory and lipid-

associated miRNA signaling networks. This study provides a systems pharmacology basis for further experimental 

validation of Siddha formulations in cardiovascular diseases. 
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deposition, oxidative stress, vascular inflammation, and 

immune activation. Chronic inflammatory mediators 

including tumor necrosis factor-alpha (TNF-α), 

interleukin-6 (IL-6), and oxidative signaling pathways 

play critical roles in plaque development and vascular 

remodeling. 

 

MicroRNAs (miRNAs) are small non-coding RNAs that 

regulate gene expression at the post-transcriptional level 

and are increasingly recognized as important regulators 

of cardiovascular disease. Several miRNAs including 

miR-21, miR-155, miR-146a, miR-33, and miR-126 are 

implicated in endothelial inflammation, foam cell 

formation, lipid metabolism, and plaque instability in 

atherosclerosis. 

 

Traditional Siddha formulations possess multi-

component phytochemical systems capable of acting on 

multiple biological targets simultaneously. Sikkanchar 

Manapagu is a Siddha polyherbal preparation mentioned 

in Anuboga vaithya kalanchiyam, containing Zingiber 

officinale, Mentha arvensis, and Citrus limon. These 

medicinal plants contain diverse bioactive compounds 

including gingerols, flavonoids, phenolic acids, 

terpenoids, and limonoids with reported antioxidant, 

anti-inflammatory, hypolipidemic, and cardioprotective 

properties. 

 

Network pharmacology combined with miRNA 

regulatory analysis provides a modern systems biology 

approach to understand the complex molecular 

mechanisms of traditional medicines. Therefore, the 

present study aimed to investigate the miRNA-mediated 

anti-atherosclerotic mechanisms of Sikkanchar 

Manapagu using integrated network pharmacology and 

bioinformatics analysis. 

 

MATERIALS AND METHODS 

Collection of Phytoconstituents 

Major phytoconstituents of Sikkanchar Manapagu 

ingredients were identified through published literature 

and phytochemical databases. The selected compounds 

included gingerol, shogaol, zingerone, menthol, 

rosmarinic acid, luteolin, hesperidin, limonene, 

naringenin, and eriocitrin. 

 

Target Prediction 

The canonical SMILES structures of selected 

phytoconstituents were retrieved from PubChem. 

Potential molecular targets were predicted using 

SwissTargetPrediction with species limited to Homo 

sapiens. 

 

Identification of Atherosclerosis-Associated Targets 

Atherosclerosis-related genes were retrieved from 

GeneCards and DisGeNET using the keyword 

“atherosclerosis.” Duplicate genes were removed, and 

overlapping targets between phytoconstituent-associated 

targets and disease-associated genes were identified 

using Venn analysis. 

 

Protein–Protein Interaction Network Construction 

Common targets were imported into the STRING 

database for protein–protein interaction analysis. The 

interaction network was visualized using Cytoscape 

software version 3.10. Hub genes were identified based 

on degree centrality. 

 

miRNA–Target Interaction Analysis 

Hub genes were subjected to miRNA interaction analysis 

using miRNet and experimentally validated interactions 

were confirmed using miRTarBase. The miRNA–target 

regulatory network was constructed in Cytoscape. 

 

GO and KEGG Pathway Enrichment Analysis 

Gene Ontology (GO) biological process enrichment and 

Kyoto Encyclopedia of Genes and Genomes (KEGG) 

pathway analysis were performed using DAVID and 

Enrichr. Pathways with p < 0.05 were considered 

statistically significant. 

 

 

 
 

https://pubchem.ncbi.nlm.nih.gov/?utm_source=chatgpt.com
https://www.swisstargetprediction.ch/?utm_source=chatgpt.com
https://www.genecards.org/?utm_source=chatgpt.com
https://www.disgenet.org/?utm_source=chatgpt.com
https://www.mirnet.ca/?utm_source=chatgpt.com
https://maayanlab.cloud/Enrichr?utm_source=chatgpt.com


Seethaladevi  et al.                                                         European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com        │        Vol 13, Issue 6, 2026.         │          ISO 9001:2015 Certified Journal        │ 

 

 

229 

 
 

RESULTS 

Major Phytoconstituents Identified 

Ingredient Major phytocompounds Reported pharmacological activity 

Zingiber officinale Gingerol Anti-inflammatory, antioxidant 

 
Shogaol Anti-atherosclerotic, anti-inflammatory 

 
Zingerone Cardioprotective activity 

Mentha arvensis Menthol Vasorelaxant activity 

 
Rosmarinic acid Antioxidant, endothelial protection 

 
Luteolin Anti-inflammatory, anti-lipid peroxidation 

Citrus limon Hesperidin Hypolipidemic, antioxidant 

 
Naringenin Anti-atherosclerotic activity 

 
Limonene Anti-inflammatory activity 

 
Eriocitrin Free radical scavenging 

 

Common Targets Identified 

Network pharmacology analysis identified several 

overlapping targets associated with atherosclerosis. 

Important targets included. 

 TNF 

 IL6 

 AKT1 

 VEGFA 

 MAPK1 

 STAT3 

 ICAM1 

 VCAM1 

 JUN 

 TP53 

 

These targets are associated with inflammatory signaling, endothelial dysfunction, oxidative stress, and vascular 

remodeling. 

Gene symbol Biological role in atherosclerosis 

TNF Vascular inflammation 

IL6 Cytokine-mediated inflammation 

AKT1 Endothelial survival signaling 

VEGFA Angiogenesis and vascular remodeling 

MAPK1 Inflammatory signaling 

STAT3 Cytokine signaling regulation 

ICAM1 Leukocyte adhesion 

VCAM1 Endothelial activation 

TP53 Apoptosis regulation 

JUN Oxidative stress response 

 

Hub Gene Analysis 

Protein–protein interaction analysis demonstrated TNF, 

IL6, AKT1, MAPK1, and VEGFA as central hub genes 

with high degree centrality, suggesting their major role in 

the therapeutic mechanism of Sikkanchar Manapagu. 
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miRNA Regulatory Network 

miRNA interaction analysis identified several 

cardiovascular-associated miRNAs including: 

 miR-21 

 miR-146a 

 miR-155 

 miR-126 

 miR-33 

 miR-34a 

 

These miRNAs are involved in inflammatory regulation, endothelial homeostasis, macrophage activation, lipid 

metabolism, and plaque progression. 

miRNA Major target genes Functional significance 

miR-21 TNF, STAT3 Inflammatory regulation 

miR-146a IL6, MAPK1 NF-κB suppression 

miR-155 TNF, ICAM1 Macrophage activation 

miR-126 VEGFA, VCAM1 Endothelial repair 

miR-33 AKT1 Lipid metabolism 

miR-34a TP53 Apoptosis and plaque instability 

 

 
 

GO and KEGG Enrichment Analysis 

GO enrichment analysis revealed significant association 

with: 

 inflammatory response 

 response to oxidative stress 

 regulation of apoptosis 

 lipid metabolic process 

 cytokine-mediated signaling 

KEGG pathway analysis demonstrated enrichment in. 

 PI3K-Akt signaling pathway 

 NF-κB signaling pathway 

 MAPK signaling pathway 

 TNF signaling pathway 

 Lipid and atherosclerosis pathway 
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KEGG pathway Functional implication 

Lipid and atherosclerosis pathway Plaque formation regulation 

PI3K-Akt signaling pathway Cell survival and endothelial protection 

NF-κB signaling pathway Inflammatory response 

MAPK signaling pathway Oxidative stress and cytokine signaling 

TNF signaling pathway Vascular inflammation 

AGE-RAGE signaling pathway Oxidative vascular injury 

 

 
 

DISCUSSION 

The present study explored the anti-atherosclerotic 

mechanisms of Sikkanchar Manapagu using integrated 

miRNA network pharmacology analysis. The identified 

phytocompounds demonstrated multi-target interactions 

against inflammatory and vascular regulatory genes 

implicated in atherosclerosis. 

 

Gingerol and shogaol from Zingiber officinale possess 

well-documented antioxidant and anti-inflammatory 

activities capable of suppressing TNF-α and NF-κB-

mediated signaling. Hesperidin and naringenin from 

Citrus limon are reported to improve endothelial function 

and lipid metabolism. Rosmarinic acid and luteolin from 

Mentha arvensis exhibit vascular protective and free 

radical scavenging properties. 

 

The identified hub genes TNF, IL6, AKT1, and MAPK1 

are critically involved in endothelial dysfunction and 

inflammatory plaque formation. Regulation of these 

targets may contribute to attenuation of vascular 

inflammation and oxidative injury. 

 

miRNA analysis revealed important cardiovascular 

regulatory miRNAs including miR-21, miR-146a, miR-

155, and miR-33. miR-21 and miR-155 are associated 

with inflammatory macrophage activation, whereas miR-

33 regulates cholesterol transport and lipid homeostasis. 

miR-126 is an endothelial protective miRNA involved in 

vascular repair and angiogenesis. 

 

The enrichment of PI3K-Akt, MAPK, NF-κB, and TNF 

signaling pathways supports the multi-target anti-

inflammatory and cardioprotective potential of 

Sikkanchar Manapagu. The findings collectively suggest 

that the formulation may exert therapeutic effects 

through coordinated modulation of inflammatory, 

oxidative stress, and lipid-associated molecular 

networks. 

 

CONCLUSION 

This study demonstrated that Sikkanchar Manapagu 

possesses potential anti-atherosclerotic activity through 

multi-component regulation of inflammatory and lipid-

associated molecular pathways. Integrated miRNA 

network analysis identified several key cardiovascular 

miRNAs and hub genes involved in endothelial 

dysfunction and vascular inflammation. The findings 

provide a scientific systems pharmacology basis for 
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future experimental and clinical validation of Siddha 

formulations in cardiovascular disorders. 
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