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Abstract
Hypertension is a severe chronic cardiovascular condition characterized by oxidative stress, inflammation, endothelial dysfunction, and vascular remodeling. Natural phytochemicals have sparked widespread interest due to their multitarget therapeutic potential and attractive pharmacological characteristics. The current study used an integrated network pharmacology and molecular docking technique to evaluate the antihypertensive mechanisms of Carvacrol and Paeonol. SwissTargetPrediction and PubChem were used to identify potential phytochemical targets, while the GeneCards database was searched for hypertension-associated genes. Venn analysis was used to identify common targets, which were then used to create protein-protein interaction networks with STRING and Cytoscape. Gene Ontology and KEGG pathway enrichment analysis demonstrated a substantial role for calcium signaling pathways in hypertension control. Key overlapping targets were ALB, GSK3B, EP300, MAOB, MAOA, ACHE, SLC6A3, CA9, HDAC6, and PRKCA. Molecular docking analysis revealed that Carvacrol and Paeonol have good binding affinities for hypertension-associated target proteins 4N0F and 4J1R. Docking values for Carvacrol were -4.3 and -5.0 kcal/mol, whereas Paeonol had scores of -4.0 and -4.8 kcal/mol. These data indicate that both phytochemicals have prospective antihypertensive properties via multitarget interactions and pathway modification
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1. Introduction

Hypertension is a medical condition characterized by increased blood pressure caused by blood pushing against the walls of the arteries. Long-term high blood pressure can cause cardiovascular disease and nephritis. Systemic arterial hypertension is caused by a variety of variables, including genetics, environment, and inheritance. It is the biggest risk factor for cardiovascular disease, including coronary heart disease, left ventricular hypertrophy, and arrhythmia, the leading cause of mortality worldwide. Hypertension is a significant public health issue, impacting 1.28 billion individuals globally. The frequency of hypertension is rising Antihypertensive drugs are currently classified into several groups, including beta-blockers, diuretics, angiotensinconverting enzyme (ACE) inhibitors, angiotensin receptor blockers, and calcium channel blockers. However, their effectiveness to lower the frequency of problems is limited. Certain medications adverse effects might also affect metabolism, and blood pressure must be controlled while simultaneously ensuring the target organ's safety. Despite numerous therapeutic interventions, understanding the complex molecular mechanisms that underpin hypertension and developing effective treatments are ongoing goals. Therefore, creating safer and more diversified antihypertensive medications is critical [1-3].

Investigating the potential of natural compounds using a reverse pharmacology method while considering safety profiles may be a reasonable technique for treating hypertension. In this perspective, medicinal plants continue to be extremely important to humanity since they contribute to the creation of contemporary medications in the healthcare industry [4-8]. Carvacrol, a bioactive chemical found in oregano and thyme, has antioxidant, antiinflammatory, vasodilator, and cardioprotective properties [9-12]. Similarly, Paeonol, obtained mostly from Paeonia suffruticosa, has potent antioxidant, anti-inflammatory, endothelial protection, and vascular regulation capabilities. Previous study has demonstrated that these phytochemicals impact signaling pathways associated to oxidative stress, inflammation, apoptosis, and vascular dysfunction, which are all crucial to the development of hypertension [13-15]. Network Pharmacology have enabled a thorough knowledge of the multitarget interactions between phytochemicals, proteins, genes, and signaling pathways involved in complicated illnesses. Molecular Docking is a useful computational tool for assessing ligand-target binding interactions and estimating molecular affinity for diseaseassociated proteins [16-21]. The current study aimed to evaluate the molecular processes and antihypertensive potential of Carvacrol and Paeonol utilizing integrated network pharmacology and molecular docking techniques.

2. Materials and Methods

2.1 Chemical Candidates and Compound Related Targets

The literature was used to aid the chemical selection process. The selected bioactive compounds were then searched in the PubChem database to obtain their chemical structures and Smiles notations. Potential target proteins linked with these chemicals, with potential scores higher than zero, were then predicted using the Swiss Target Prediction Database.

2.2 Identification of Hypertension-Related Targets

We searched the GeneCards database for possible targets related with hypertension. This database combines data from several sources to provide complete information on human genes. The selected targets were collated for additional study and classified as hypertension-related targets [22].

2.3 Venn Diagram

A Venn diagram was created to assess the overlap between hypertension-associated targets and possible targets for Carvacrol and Paeonol.

2.4 Protein-Protein Interaction (PPI) Network

The STRING database (https://string-db.org/) collects known and projected protein-protein interactions, including functional and physical correlations. For this study, we utilized STRING [22] to look at the connections between the hypertension, finding potential therapy targets. To build a reliable protein-protein interaction (PPI) network for these targets, we employed the "Homo sapiens" organism with a confidence level of 0.9. This confidence score is commonly employed because it strikes a good balance between sensitivity and specificity, resulting in a credible criterion for interaction prediction. As a consequence, only proteins with interaction scores of 0.9 or higher were included to the PPI network, increasing the accuracy of our potential target identification.

2.5 Functional Enrichment And Pathway Analysis

To identify key pathways and related Gene Ontology (GO) concepts, all potential therapeutic targets were analyzed using pathway and GO enrichment analyses in the String database [22] (https://string-db.org/). This investigation shed light on the biological processes (BP), molecular functions (MF), and cellular components (CC) connected with the targets. Pathways and GO keywords having a significance level of p < 0.05 were chosen for further study.

2.6 Construction of Compound-Target Network

The compound-target interaction network was created by linking the targets associated with each chemical. Cytoscape 3.10.2 (Cytoscape Consortium, San Diego, CA, USA) was used to visualize the network [23]. Nodes in the network represent drugs and their targets, while edges show their interactions.

2.7 Molecular Docking

Molecular docking investigations were carried out in accordance with the previously published protocol described by Ahmad et al. (2024). The three-dimensional structures of target proteins were obtained from the Protein Data Bank, while ligand structures were obtained from PubChem. AutoDock Vina was used to investigate binding affinity and protein-ligand interactions. The docked complexes with the lowest binding energy were chosen and visualized using PyMOL and Discovery Studio, following the previously defined computational process [22-24].

3. Result and Discussion

3.1 Potential Therapeutic Targets of Compounds and Hypertension

Using hypertension as a keyword, data were gathered from the GeneCards database, resulting in 10642 target genes. Among these, 48 targets were found to be shared by the chemicals and hypertension-related genes, indicating prospective therapeutic targets for compounds used to treat hypertension. These overlapping targets are illustrated in a Venn diagram (Figure 1).

3.2 Compound-Target Network

To investigate the signaling pathways and functional

2. Compound Target Network

data analysis. This strategy made it easier to create a sophisticated compound-target network, as seen in Figure 2.

The network highlights the pharmacological pathways by which the drugs may impact hypertension therapy, with a focus on interactions with 54 target proteins. Network analysis shows that different components are converging
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across numerous targets, implying that these bioactive chemicals may have synergistic effects. These interactions may improve the treatment effectiveness of these medications not just for hypertension but also for other associated disorders.

.

3. Protein Protein Interaction Network

3.3 PPI Network Visualization and Analysis

The STRING database was used to investigate interactions between 48 putative medicinal targets. The final proteinprotein interaction (PPI) network included 48 nodes and 128 edges, with an average node degree of 5.33 and a local clustering coefficient of 0.595 (Figure 3). In this network, nodes represent individual proteins, while edges represent the relationships between them. A higher degree value indicates a more important involvement for the protein in the network. Following a filtering procedure using the defined

Figure

criteria, numerous hub genes were found, including ALB, GSK3B, EP300, MAOB, MAOA, ACHE, SLC6A3, CA9, HDAC6, and PRKCA. These proteins play critical roles in a variety of regulatory processes such as signal transduction and protein phosphorylation. The top five nodal targets were identified as ALB, GSK3B, MAOB, MAOA, and ACHE. The substantial connections between these genes and other possible therapeutic targets highlight their relevance in hypertension management.

.

3.4 GO Analyses

To elucidate the biological mechanisms through which compounds exert their effects on hypertesion, we conducted Gene Ontology (GO) enrichment analysis on 48 potential therapeutic targets associated with these compounds via the string database. This analysis encompassed three distinct categories: biological process (BP), molecular function (MF), and cellular component (CC). The top ten GO terms identified in each category are presented in a bar plot, with the results detailed in Table 1 (BP), Table 2 (MF), and Table
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3 (CC), alongside (Figure 4A), (Figure 4B), and (Figure 4C). In the visualizations, the size of each bar corresponds to the number of enriched genes associated with that GO term, whereas the colour gradient reflects the significance of the p value, with darker shades indicating lower p values. A larger bar denotes a greater number of enriched therapeutic genes within the corresponding GO term, suggesting a stronger association of that term with hypertension treatment than with the other terms.
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Table 1. Biological Process .[image: Table 1. Biological Process .]
Cellular response to oxygen-containing compound

Table 2. Molecular Function . Description Observed gene count False discovery rate Carbonate dehydratase activity 7 2.60E-10 Hydro-lyase activity 8 1.73E-08[image: Table 2. Molecular Function . Description Observed gene count False discovery rate Carbonate dehydratase activity 7 2.60E-10 Hydro-lyase activity 8 1.73E-08]
Table 3. Cellular Components . Description Observed gene count False discovery rate[image: Table 3. Cellular Components . Description Observed gene count False discovery rate]
The pathways associated with potential therapeutic targets for hypertension treatment were identified through KEGG pathway enrichment analysis. Signalling pathways were obtained via the string database. The top 10 signalling .

19 5.58E-09 Figure 5), organized by their P values in ascending order. The analysis indicated that the key targets were notably enriched in the Calcium signalling pathway (Figure 5A).
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6. Illustrates 2D and 3D docking poses of Amlodipine, Carvacrol and Paeonol with protein GSK3

3.6 Molecular Docking

Molecular docking (MD) studies of Carvacrol and Paeonol with key hypertension-associated targets, including ALB (node degree = 25) and GSK3β (node degree = 14), were performed using AutoDock Vina to evaluate binding

Compound/Targets 2D

Amlodipine/(4J1R) Carvacrol /(4J1R) Paeonol/(4J1R)

Figure

(4J1R).

affinities and interaction profiles. The docking analysis assessed parameters including binding affinity (kcal/mol), interacting amino acid residues. The obtained docking results demonstrated favourable ligand-protein interactions and are summarized in Table 5 and illustrated in Figure 6.

3D β

Molecular docking analysis Target Protein (PDB ID)

Table 4. KEGG Pathway . Description Observed gene count False discovery rate[image: Table 4. KEGG Pathway . Description Observed gene count False discovery rate]
Table 5.

Sr. No. Compound

1 Amlodipine 4N0F 2 Carvacrol 4N0F 3 Paeonol 4N0F 4 Amlodipine 4J1R 5 Carvacrol 4J1R 6 Paeonol 4J1R The molecular docking study demonstrated that Carvacrol and Paeonol exhibited favourable binding affinity against hypertension-associated target proteins (4N0F and 4J1R) when compared with the standard drug Amlodipine. Among all compounds, Amlodipine showed the strongest binding affinity with docking scores of -4.4 kcal/mol against 4N0F and -5.8 kcal/mol against 4J1R. Carvacrol demonstrated comparable binding affinity with docking scores of -4.3 kcal/mol and -5.0 kcal/mol, respectively, while Paeonol exhibited moderate binding interactions with scores of -4.0 kcal/mol and -4.8 kcal/mol. The results suggest that both phytochemicals possess potential antihypertensive activity through stable interaction with target proteins involved in vascular regulation and hypertension-associated pathways.

4. Conclusion

The current study used an integrated network pharmacology and molecular docking technique to examine the therapeutic potential of Carvacrol and Paeonol against hypertension. The computational study revealed multiple common targets, biological processes, and signalling pathways linked to oxidative stress, inflammation, vascular dysfunction, and cardiovascular control. Protein-protein interaction research underlined the relevance of essential hypertension-related targets, whereas molecular docking experiments revealed Carvacrol and Paeonol had significant binding interactions and favorable binding affinities with main target proteins. The data indicate that both phytoconstituents have multitarget pharmacological activities, which may contribute to their antihypertensive properties. This work establishes a foundation for understanding the molecular processes of Carvacrol and Paeonol's antihypertensive properties and supports their prospective use as promising phytotherapeutic agents. Additional in vitro, in vivo, and clinical research are needed to confirm these computational discoveries and determine their therapeutic effectiveness and safety.

.

Binding Energy (kcal/mol)

-4.4 -4.3 -4 -5.8 -5 -4.8

Author Contribution

Mir Taufique Ali contributed to data acquisition, target identification, and manuscript drafting. Shaikh Abuzar conducted molecular docking studies and pathway analysis. Dr. Shaikh Mehmood Dawood supervised the research work, edited the manuscript, and approved the final manuscript.

Funding Statement

The authors declare that no financial support or funding was received for this study.

Conflict of Interest

The authors declare that there are no conflicts of interest regarding the publication of this manuscript.

Ethics Approval and Consent to Participate

This study was entirely based on computational and in silico methodologies including network pharmacology and molecular docking approaches. Therefore, ethical approval and informed consent were not required as no human participants or experimental animals were involved in the study.

Consent for Publication

All authors have read and approved the final version of the manuscript for publication.

Acknowledgement

The authors are sincerely thankful to Aurangabad Pharmacy College for providing the necessary academic support, research facilities, and computational resources to carry out this research work. The authors also express their gratitude to the Principal of Aurangabad Pharmacy College for continuous encouragement and valuable guidance throughout the study. Furthermore, the authors acknowledge the support and cooperation extended by the college management and trust in facilitating the successful completion of this research work.

Declaration of Generative AI

During the preparation of this manuscript, generative artificial intelligence (AI)-assisted tools were utilized only for language refinement, grammatical correction, and improvement of scientific readability.

References

References
	Doyle AE. Hypertension and vascular disease. American journal of hypertension. 1991 Feb 1;4(2_Pt_2):103S-6S.

	Liu H, Mohammed SA, Lu F, Chen P, Wang Y, Liu S. Network Pharmacology and Molecular Docking‐Based Mechanism Study to Reveal Antihypertensive Effect of Gedan Jiangya Decoction. BioMed Research International. 2022;2022(1):3353464.

	Zhai Z, Tao X, Alami MM, Shu S, Wang X. Network pharmacology and molecular docking combined to analyze the molecular and pharmacological mechanism of Pinellia ternata in the treatment of hypertension. Current Issues in Molecular Biology. 2021 May 1;43(1):6.

	Qamar F, Sana A, Naveed S, Faizi S. Phytochemical characterization, antioxidant activity and antihypertensive evaluation of Ocimum basilicum L. in l-NAME induced hypertensive rats and its correlation analysis. Heliyon. 2023 Apr 1;9(4).

	Jasemi SV, Khazaei H, Aneva IY, Farzaei MH, Echeverría J. Medicinal plants and phytochemicals for the treatment of pulmonary hypertension. Frontiers in Pharmacology. 2020 Mar 12;11:145.

	Kooshki A, Hoseini BL. Phytochemicals and hypertension. Shiraz E-Med J. 2014 Jan 1;15(1):e19738.

	Jasemi SV, Khazaei H, Aneva IY, Farzaei MH, Echeverría J. Medicinal plants and phytochemicals for the treatment of pulmonary hypertension. Frontiers in Pharmacology. 2020 Mar 12;11:145.

	Ye X, Tang X, Li F, Zhu J, Wu M, Wei X, Wang Y. Green and oolong tea extracts with different phytochemical compositions prevent hypertension and modulate the intestinal flora in a high-salt diet fed Wistar rats. Frontiers in nutrition. 2022 May 6;9:892801.

	Jamhiri M, Dahaj FS, Astani A, Hejazian SH, Hafizibarjin Z, Ghobadi M, Moradi A, Khoradmehr A, Safari F. Carvacrol ameliorates pathological cardiac hypertrophy in both in-vivo and in-vitro models. Iranian Journal of Pharmaceutical Research: IJPR. 2019;18(3):1380.

	Dias CJ, Costa HA, Dias-Filho CA, Ferreira AC, Rodrigues B, Irigoyen MC, Borges AC, de Andadre Martins V, Vidal FC, Ribeiro RM, Salgado Filho N. Carvacrol reduces blood pressure, arterial responsiveness and increases expression of MAS receptors in spontaneously hypertensive rats. European journal of pharmacology. 2022 Feb 15;917:174717.

	Khazdair MR, Moshtagh M, Anaeigoudari A, Jafari S, Kazemi T. Protective effects of carvacrol on lipid profiles, oxidative stress, hypertension, and cardiac dysfunction–A comprehensive review. Food Science & Nutrition. 2024 May;12(5):3137-49.

	Imran M, Aslam M, Alsagaby SA, Saeed F, Ahmad I, Afzaal M, Arshad MU, Abdelgawad MA, El‐Ghorab AH, Khames A, Shariati MA. Therapeutic application of carvacrol: A comprehensive review. Food science & nutrition. 2022 Nov;10(11):3544-61.

	Vellasamy S, Murugan D, Abas R, Alias A, Seng WY, Woon CK. Biological activities of paeonol in cardiovascular diseases: a review. Molecules. 2021 Aug 17;26(16):4976.

	Gai Z, Wang Z, Zhang L, Ma J, Zhu Q. Paeonol protects against hypertension in spontaneously hypertensive rats by restoring vascular endothelium. Bioscience, biotechnology, and biochemistry. 2019 Nov 2;83(11):1992-9.

	Yin Q, Xiong Z, Wang X, Wei TY, Chao J, Jiang W, Chen Y, Dong R, Zhang H, Yang Y, Gong K. Paeonol alleviates pulmonary arterial hypertension by activation of BRCC3. Phytomedicine. 2026 Jan 24:157888.

	Hopkins AL. Network pharmacology: the next paradigm in drug discovery. Nature chemical biology. 2008 Nov;4(11):682-90.

	Shao LI, Zhang B. Traditional Chinese medicine network pharmacology: theory, methodology and application. Chinese journal of natural medicines. 2013 Mar 1;11(2):110-

	

	Li S. Network pharmacology evaluation method guidancedraft. World Journal of Traditional Chinese Medicine. 2021 Jan 1;7(1):146-54.

	Morris GM, Lim-Wilby M. Molecular docking. InMolecular modeling of proteins 2008 Jul (pp. 365-382). Totowa, NJ: Humana Press.

	Agarwal S, Mehrotra RJ. An overview of molecular docking. JSM chem. 2016 May;4(2):1024-8.

	Guedes IA, de Magalhães CS, Dardenne LE. Receptor– ligand molecular docking. Biophysical reviews. 2014 Mar;6(1):75-87.

	Ahmad AV, Khan SW, Ali SA, Yasar Q. Integrated network pharmacology analysis and experimental validation to investigate the mechanism of Flavan-3-ols and aromatic resins in depression. Metabolic Brain Disease. 2024 Jun;39(5):763-82.

	Vikhar Danish Ahmad A, Khan SW, Ali SA, Yasar Q. Network pharmacology combined with molecular docking and experimental verification to elucidate the effect of flavan-3-ols and aromatic resin on anxiety. Scientific Reports. 2024 Apr 29;14(1):9799.

	Ahmad AV, Yasar Q, Ali SA, Khan SW, Khan MM. Harnessing the synergistic potential of EGCG and camptothecin against skin melanoma: a computational and experimental approach. Mol Divers. 2026;30(1):1553-1568.


Copyright (c) 2026 Mir Taufique Ali, Shaikh Abuzar, Shaikh Mehmood Dawood. This article is distributed under the CC BY-NC-SA 4.0 licence.
Cite as: Ali MT, Abuzar S, Dawood SM. Integrated Network Pharmacology and Molecular Docking Analysis of Carvacrol and Paeonol against Hypertension. J Innov Pharm Biol Sci. 2026;13(1):14-23. https://doi.org/10.56511/JIPBS.2026.13103
OEBPS/images/f4.jpg
Ion binding 3l S.87E-08
Transition metal ion binding 18 5.87E-08
Catalytic activity 34 8.21E-07
Cation binding 30 1.40E-06






OEBPS/images/f3.jpg
Description Observed gene count False discovery rate

Response to oxygen-containing compound 28 7.74E-15
Response to organic substance 32 4.61E-13
Response to chemical 36 3.75E-12
Regulation of biological quality 34 1.74E-11

Cellular response to chemical stimulus 28 9 04FE-10





OEBPS/nav.xhtml
Contents

		Integrated Network Pharmacology and Molecular Docking Analysis of Carvacrol and Paeonol against Hypertension





OEBPS/images/f6.jpg
KEGG Pathways enrichment
FOR
Nitrogen metaboism @ l 1.0e-11
1.0e.09
Doparinegic yn3pse i) I 10008
10605
Calcom signaing pathwey I 10005
1.00:03
Serctonergic synapse s i) I
Gene count
Arginine and proline metaboish st I : @5
Cholinergic synapse m——i) I @
15
Amphetamin addicion ——g)
PI3K-AK signaling pathiray =) I .ZC‘
EGFR tyrosine kinase inibitor
Sl — 0
10 15 20 25 0 35
Siral

Figure 5. KEGG Pathway.

CALCIUM SIGNALING PATEWAY

Niechondan

EVSR

e
i

Moxibane
dapolrgetin— Ve

o { apopsic 4
Naramarie e
e - fole
L s ey
(o)
Nagomsnice, NERCPI G,
) [ )
3 [@T—
» Ot sgming alivays
i [ Tt
& g iy
Spem

Data on KEGG graph
okt o £






OEBPS/images/f5.jpg
Caveola

Synapse

Perinuclear region of cytoplasm
Postsynapse

Cell junction

Somatodendritic compartment

14
10

16

0.0035
0.0056
0.0073
0.0084
0.0104

3 8 KEGG Pathwav Enrichment Analvses

nathwavs were then visualized in a bar eraph (Table 4 and





OEBPS/images/f7.jpg
Nitrogen metabolism 7 3.58E-11
Metabolic pathways 18 5.26E-07
Calcium signaling pathway 8 2.76E-06
Dopaminergic synapse 7 2.76E-06
PI3K-AKkt signaling pathway 8 0.00012
Arginine and proline metabolism 4 0.00034





OEBPS/images/f2.jpg
Biological Process (Gene Ontology) enrichment

NADP binding ===

Oxidoreductase activity —.

Histone inass activty @

o-

FOR
One-carbon melabolk: 0880 e @) - 10015
1.0e-12
Clllarresponse 1 dopamine s ) I 1.06-10
- 10008
Responas to cxygen-contsining campound CD i 1.06.05
1.00-04
Respanse tocrganc cyctc compaund () | E
Zz Gene count
Colluar response to oxyaen-containing _. S o
compound €
Reguiton ofrewormsritar evels —) j: ©-
. E On»
Gelllar bogenic amine catabolc 5
ek —e [
30
Neurotransmitter metabolic process s=d) I @
Depamine metabolic process == I
1.2 14 18 18 20 22 24
Sgnal
Figure 4A. Biological Process.
Molecular Function (Gene Ontology) enrichment
FOR
Carbonate cehydratase actvty @ il
1.00.09
Hyeo tyase acty (@) 1.06-07
10008
Hom bing ) | 1000¢
1.0e-03
Neurotranamitter receplor actvly e ) I ©
z Gene count
@ protein-coupled serotonin feceptor gy I @
activity §
g
I 0

1.0 15 20 25 30
Signal






OEBPS/images/f1.jpg
Compound Targets Disease Targets






