
                               Trop J Nat Prod Res, April 2025; 9(4): 1449 – 1456                 ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

1449 

 © 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

 

Tropical Journal of Natural Product Research 
 

Available online at https://www.tjnpr.org 

Original Research Article 
 

Molecular Mechanism of Avicennia marina (Forssk.) Vierh. in Inhibiting Hepatitis C 

Virus Based on Network Pharmacology and Molecular Docking 
 

Muhammad Arba1*, Sunandar Ihsan1, Nurul Fatihah1, Jamili Jamili2 

 
1Department of Pharmaceutical Analysis and Medicinal Chemistry, Faculty of Pharmacy, Universitas Halu Oleo, Kendari, Indonesia 
2Department of Biology, Faculty of Science, Universitas Halu Oleo, Kendari, Indonesia 
 

Introduction  

Hepatitis C virus (HCV) is a widespread infectious disease 

affecting 0.5% to 4% of the world’s population and has a significant 

risk of progressing to chronic conditions.1 To reduce its prevalence, 

several studies have proposed the use of mangrove plants, which are 

rich in secondary metabolites and have been traditionally used to treat 

leprosy, ulcers, and malaria. In addition, mangrove-derived compounds 

have been reported to exhibit diverse biological activities, including 

antioxidant, antimicrobial, and antiviral effects.  

Avicennia marina (AM), a mangrove species, is a known source of 

bioactive compounds, including flavonoids, tannins, steroids, and 

alkaloids. Extracts from AM have demonstrated several 

pharmacological effects, including anticancer, antibacterial, antifungal, 

and antiviral.2-3 Zandi et al. (2008) also demonstrated its efficacy 

against herpes simplex virus type 1 (HSV-1) and poliovirus in vitro.4  
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Betulinic acid obtained from AM has shown antiviral activity against 

HCV by inhibiting Cyclooxygenase-2 (COX-2) expression through 

Nuclear Factor kappa-light-chain-enhancer of activated B cells (NF-

κB) and Mitogen-Activated Protein Kinase - Extracellular Signal-

Regulated Kinase 1/2 (MAPK-ERK1/2) pathways.5 In addition, Devi et 

al. (2014) reported antibacterial activity of A. marina leaves against 

bacteria responsible for urinary tract infections.6 Behbahani et al. (2013) 

demonstrated the presence of antiherpetic compounds and reverse 

transcriptase enzyme inhibition in the crude methanol extract of AM 

leaves.7-8 Studies by Kathiresan et al. (2020) and Premnathan et al. 

(1992) also emphasized the antiviral properties of the leaves against 

hepatitis B virus and Newcastle disease virus.9-10 

Despite the evidence of antiviral activity in AM, detailed studies on its 

interaction with HCV at molecular level in the multidrug multitarget 

paradigm are limited. In this study, network pharmacology and 

molecular docking methods are considered to investigate the potential 

of AM to inhibit HCV infection. Network pharmacology offers a 

systematic method to understanding the complex interactions between 

plant compounds and biological systems. Compared to the common 

“one-drug, one-target” paradigm, it embraces a multi-target strategy, 

recognizing that plant compounds often exert therapeutic effects 

through multiple pathways.11-14 

This method enables the construction of comprehensive networks of 

compound-target-disease relationships.15-16 By constructing compound-

target-disease relationships, key molecular targets and the underlying 

mechanisms by which A. marina exerts its therapeutic effects are 

identified. 

Molecular docking is a computational technique that predicts binding 

affinity and interaction patterns between small molecules and target 

proteins at the atomic level.17 By simulating molecular interactions, 

docking studies provide insights into the structural basis of ligand-
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Hepatitis C virus (HCV) infection is a significant threat to human health, with a high prevalence 

in various countries around the world. To reduce its prevalence, natural resources have been 

reported to provide diverse structures and fewer side effects for developing anti-HCV treatments. 

Therefore, this study aims to assess the potential of Avicennia Marina (Forssk.) Vierh. (AM) to 

inhibit HCV infection using network pharmacology and molecular docking methods. The results 

identified the presence of 12 compounds and 11 core targets, including SRC, AKT1, tumor 

necrosis factor-α (TNF-α), HSP90AA1, EGFR, BCL2, JUN, PI3KCA, ESR1, CASP3, and 

HIF1A. In addition, 5 key targets, SRC, AKT1, TNF, HSP90AA1, and ESR1, met the criteria for 

Degree, Closeness, and Centrality. Molecular docking revealed that several compounds had lower 

binding energy than native ligands when bound to AKT1, TNF-α, and HSP90AA1. Avicennone 

D effectively inhibited AKT1 (binding energy of -7.074 kcal/mol) and TNF-α (binding energy of 

-5.282 kcal/mol), while Avicenol C and Avicennone F showed strong potentials against TNF-α 

(binding energy of each -6.151 kcal/mol and -5.622 kcal/mol, respectively) and HSP90AA1 

(binding energy of each -10.369 kcal/mol and -9.525 kcal/mol, respectively). The inhibition 

results showed that Stenorpoquinone B had the potential to inhibit TNF-α (binding energy of -

6.030 kcal/mol). A total of 10 compounds, including Avicenol A, Avicenol C, Avicequinone A, 

Avicequinone C, and Avicennone A-G, demonstrated comparable or superior binding energy to 

the native ligand for HSP90AA1. This study provided insights into molecular mechanisms 

through which AM could treat HCV infections by targeting key proteins. 
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receptor binding, prioritizing potential compounds for further 

experimental validation. The combination of network pharmacology 

and molecular docking enabled the identification of bioactive 

compounds in AM with high specificity and affinity for HCV-relevant 

targets. 

 

Materials and Methods 

Drug-likeness Prediction 

For simplification, the name Avicennia marina (Forssk.) Vierh was 

abbreviated as AM.  

The bioactive compounds in AM were retrieved from Knapsack 

database (http://www.knapsackfamily.com/KNApSAcK/). 

Subsequently, drug-likeness properties of each compound were 

assessed using SwissADME web server (http://www.swissadme.ch/),18 

in which SMILE codes for the compounds were input to determine their 

properties.  

  

Genes identification associated with Hepatitis C virus (HCV) 

In this study, target prediction for AM compounds was conducted using 

SwissTargetPrediction and SEA databases (https://sea.bkslab.org) with 

SMILE codes of each compound as input.19-20 Genes linked to T2DM 

were identified through OMIM (https://www.omim.org) and GeneCard 

(https://www.genecards.org) databases,21-22 with GeneCard results 

refined to the top 500 targets.23 The disease-related and compound-

associated targets were then filtered and merged into a Venn diagram 

using the Bioinformatics and System Biology tool 

(https://bioinformatics.psb.ugent.be/webtools/Venn).  

  

Protein-Protein Interaction (PPI) Network and Core Target Selection 

Protein-protein interaction (PPI) network was constructed using 

STRING database (https://string-db.org), with the protein targets 

restricted to "Homo sapiens" and a high-confidence score of 0.007, 

while other parameters remained at default settings. Furthermore, the 

resulting PPI network was imported into Cytoscape v3.10.2 for further 

analysis.24  

  

GO Analysis and KEGG Path  

Gene Ontology (GO) analysis was conducted using the Metascape 

(https://www.metascape.org) and shinyGO 0.80 databases to assess the 

biological functions, cellular processes, and molecular components of 

the predicted protein targets.25-27 Kyoto Encyclopedia of Genes and 

Genomes (KEGG) pathway analysis identified metabolic and molecular 

signals influenced by the compounds and targets of AM and HCV. 

These pathways were subsequently regarded as the active mechanisms 

of the compounds.  

 Molecular Docking  

Molecular docking was carried out for the top 5 targets using the protein 

structures of SRC, AKT1, tumor necrosis factor (TNF), HSP90AA1, 

and ESR1 obtained from Protein Data Bank (PDB) database 

(https://www.rcsb.org). The 2D structures of AM compounds retrieved 

from Knapsack database were converted into 3D formats using the 

Maestro LigPrep Module with OPLS_2005 forcefield, where possible 

ionization states, tautomers, and stereoisomers were generated.28-29 

Protein and ligand preparations followed established protocols and were 

conducted through the Maestro Schrödinger software (version 11.1.012, 

2017-1 release, Schrödinger, New York, NY, USA).28-29 Initially, the 

target protein was retrieved from PDB and prepared using the Protein 

Preparation Wizard. This included assigning bond orders, adding 

hydrogen atoms, optimizing protonation states with Epik at 

physiological pH, and performing restrained energy minimization using 

OPLS4 force field. The water molecules were removed to prevent 

interference during docking protocol, while the receptor grid was 

generated by defining binding site based on the co-crystallized ligand. 

Docking was performed using Glide in extra precision (XP) mode for 

the most accurate ligand ranking. The docked complexes were analyzed 

based on the scores, with lower scores indicating better binding 

affinities. Ligand-protein interactions, such as hydrogen bonds, 

hydrophobic contacts, and π–π stacking, were visualized using the 

Ligand Interaction Diagram. The best-ranked ligand-protein complexes 

were selected for further analysis, and all docking results were compiled 

for comparative evaluation. Furthermore, the native ligands 821, OXZ, 

307, P54, and RL4 were used as reference compounds for docking to 

SRC, AKT1, TNF, HSP90AA1, and ESR1, respectively. A redocking 

experiment was performed to validate the protocol by re-docking the 

co-crystallized ligand into the active site of the receptor and comparing 

the predicted pose with the experimental crystallographic pose. The co-

crystallized ligand was extracted from the protein complex and prepared 

separately using LigPrep to generate the relevant ionization states and 

stereoisomers. 

 

Results and Discussion 

AM compounds were obtained from the Knapsack database, identifying 

a total of 17 compounds (Table 1). 

Drug-likeness properties of the 17 compounds were evaluated, as 

presented in Table 1. Based on Lipinski's Rule of 5 criteria, compounds 

that violated more than 1 rule were excluded from further analysis. A 

total of 5 compounds, namely Luteorin 5-methyl ether 3'-glucoside, 

Marinoid A, Marinoid B, Marinoid C, and Marinoid D, did not meet the 

criteria and were emphasized in red. Consequently, only 12 compounds 

were selected for the subsequent network pharmacology studies.  

 

Table 1: Drug-likeness properties of all compounds were analyzed, with compounds violating more than one of Lipinski's Rule of Five 

emphasized in red. 
 

No Compound 
Molecular 

Formula 

 Lipinski Rule of 

5 

MW 

(g/mol) 
MlogP 

Hbond 

Aceptor 

Hbond 

Donor 

1 Betaine C₅H₁₁NO₂  0 violation 117.15 -3.67 2 0 

2 
Luteorin 5-methyl ether 

3'-glucoside 
C₂₂H₂₂O₁₁  2 violations 462.40 -1.89 11 6 

3 Avicenol A C₁₇H₂₀O₅  0 violation 304.34 1.05 5 2 

4 Avicenol C C₁₇H₂₀O₄  0 violation 288.34 1.88 4 1 

5 Avicequinone A C₁₅H₁₄O₅  0 violation 274.27 -0.28 5 2 

6 Avicequinone C C₁₅H₁₂O₄  0 violation 256.25 0.43 4 1 

7 Avicennone A C₁₇H₂₀O₆  0 violation 320.34 1.29 6 1 

8 Avicennone B C₁₇H₂₀O₇  0 violation 336.34 0.49 7 2 

9 Avicennone C C₁₅H₁₆O₃  0 violation 244.29 1.48 3 1 

10 Avicennone D C₁₂H₆O₄  0 violation 214.17 -0.10 4 1 

11 Avicennone F C₁₅H₁₈O₄  0 violation 262.30 0.71 4 2 

12 Avicennone G C₁₅H₁₈O₅  0 violation 278.30 -0.12 5 3 

13 Stenocarpoquinone B C₁₅H₁₄O₄  0 violation 258.27 0.55 4 1 

14 Marinoid A C₂₅H₃₀O₁₁  2 violations 506.50 -0.37 11 5 

15 Marinoid B C₂₆H₃₂O₁₂  2 violations 536.53 -1.06 12 5 

16 Marinoid C C₂₅H₃₀O₁₂  2 violations 522.50 -0.86 12 6 

17 Marinoid D C₂₅H₃₀O₁₄  2 violations 554.50 -1.55 14 6 

http://www.knapsackfamily.com/KNApSAcK/
http://www.swissadme.ch/
https://sea.bkslab.org/
https://www.omim.org/
https://www.genecards.org/
https://bioinformatics.psb.ugent.be/webtools/Venn
https://string-db.org/
https://www.metascape.org/
https://www.rcsb.org/
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The Target Genes of AM Compounds and HCV  

The targets identified for AM compounds from SwissTargetPrediction, 

SEA, and TargetNet databases included 341, 223, and 1,622, 

respectively. For HCV, gene targets were retrieved from the 

GeneCards, DisGeNet, and OMIM databases, amounting to 500, 1,769, 

and 214, respectively. After eliminating duplicates, 1,055 targets for 

AM were consolidated from SwissTargetPrediction, SEA, and 

TargetNet, while 1,770 targets for HCV were refined from GeneCards, 

DisGeNet, and OMIM. A Venn diagram (Figure 1) revealed 182 

overlapping common targets for AM and HCV.  

PPI analysis was performed by STRING database (http://string-db.org) 

and visualized using Cytoscape v3.10.2 (https://cytoscape.org). 

Proteins with the highest interaction counts were identified, as 

displayed in Figure 2. 

 

 
Figure 1: A Venn diagram illustrating the overlap between 

HCV and AM targets. Blue represented targets associated with 

AM compounds, orange corresponded to HCV gene targets, and 

red depicted the common targets shared by both. 
 

 
Figure 2: PPI network of AM and HCV targets. 

 

In PPI network, nodes represented proteins, while edges (connecting 

lines) depicted their interactions. The analysis incorporated key 

network criteria, which included degree, such as the number of direct 

connections a node has, with higher values, indicating a more central 

and influential role in the network. Closeness Centrality measured how 

close a node was to others and was calculated as the inverse of the 

average shortest path distance. Higher values signified greater 

connectivity and faster communication with other nodes. Betweenness 

Centrality reflected the role of a node as a bridge in the network, 

revealing those that facilitated communication between other nodes 

through the shortest paths. Proteins with the highest interaction counts 

were identified based on these criteria. Figure 3 depicted HCV-AM PPI 

network, and the top 11 proteins ranked by Degree, Closeness, and 

Betweenness Centrality were shown in Table 2.  

 

 
Figure 3: Visualization of HCV-AM PPI network. Nodes were 

color-coded, with more intense colors indicating genes with 

higher degrees of connectivity. 
 

Core targets were identified using CytoHubba plug-in according to 

Degree, Betweenness, and Closeness Centrality values, as presented in 

Table 2. The top 11 targets were graphically represented in Figure 4. 

These targets included SRC, AKT1, TNF, HSP90AA1, EGFR, BCL2, 

JUN, PI3KCA, ESR1, CASP3, and HIF1A (Figure 4).  

As shown in Table 2, the rankings of the 11 targets varied across 

Degree, Closeness, and Betweenness. To identify consistent core 

targets, the overlapping targets across these 3 metrics were analyzed, 

resulting in 5 key targets, namely SRC, AKT1, TNF, HSP90AA1, and 

ESR1. The combined results were visualized in Figure 4.  

 

KEGG and GO analysis 

Functional analysis using shinyGO 0.80 platform was conducted to 

explore KEGG pathways and GO categories, namely biological 

processes (BP), cellular components (CC), and molecular functions 

(MF). Statistically significant results (FDR/p < 0.05) were observed for 

182 overlapping targets between AM and HCV.30 Figure 5 displayed 

the top 10 enrichments for each category listed based on p-value.  

Further analysis of the identified target genes was performed using GO 

and KEGG enrichment analysis. GO biological process enrichment 

emphasized the response to chemicals as the most significant process. 

The cellular component category identified the membrane raft and 

membrane microdomain as the top results. Furthermore, catalytic 

activity acting on a protein was the leading molecular function. KEGG 

pathway analysis revealed that the hepatitis C, PI3K-AKT signaling, 

and cancer pathways were among the enriched pathways significantly 

associated with HCV infection. Figure 5d showed the top 20 KEGG 

pathways, while Figure 6 visualized KEGG pathway of HCV, which 

indicated genes in the common target.  

 

Molecular Docking 

Based on the network pharmacology study, 11 core targets were 

identified, and the 5 best targets were selected, namely AKT1, SRC, 

tumor necrosis factor-α (TNF-α), HSP90AA1, and ESR1 for molecular 

docking. Furthermore, there were 12 compounds which each targeted 

AKT1 and TNF-α, such as Betaine, Avicenol A, Avicenol C, 

Avicequinone A, Avicequinone C, Avicennone A, Avicennone B, 

Avicennone C, Avicennone D, Avicennone F, Avicennone G, and 

Stenorpoquinone B. Those compounds except for Avicennone D were 

also targeting HSP90AA1. Meanwhile, 2 compounds targeted SRC, 

namely Avicenol C and Avicequinone C, and 4 compounds targeted 

ESR1, including Betaine, Avicequinone C, Avicennone A, and 

Avicennone D. Each compound was docked to the corresponding 

protein target, and the results were shown in Table 3. 

Binding energy of the native ligand (OXZ) to AKT1 was -5.726 

kcal/mol, while binding energy of the compounds to AKT1 was in the 

range of -2.525 kcal/mol (for Betaine) and -7.074 kcal/mol (for 

Avicennone D). Avicennone D had a lower binding energy compared 

http://string-db.org/
https://cytoscape.org/
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to OXZ. Binding energy of the compounds to TNF-α was in the range 

of -2.512 kcal/mol and -6.585 kcal/mol, while the native ligand of TNF-

α (307) was -5.287 kcal/mol. Compounds had lower binding energy 

than the native ligand (307), such as Avicenol A (-6.364), Avicenol C 

(-6.151 kcal/mol), Avicequinone A (-5.723 kcal/mol), Avicequinone C 

(-5.929 kcal/mol), Avicennone A (-6.474 kcal/mol), Avicennone B (-

6.585 kcal/mol), Avicennone C (-5.838 kcal/mol), Avicennone D (-

5.282 kcal/mol), Avicennone F (-5.622 kcal/mol), Avicennone G (-

6.321 kcal/mol), and Stenorpoquinone B (-6.030 kcal/mol). 

 

Table 2: Top 11 proteins ranked by Degree, Closeness, and Betweenness Centrality. 
 

Nama Degree Closeness Betweenness 

SRC 

AKT1 

TNF 

HSP90AA1 

EGFR 

BCL2 

JUN 

PIK3CA 

ESR1 

CASP3 

HIF1A 

52 

52 

49 

48 

46 

43 

39 

35 

34 

33 

32 

0.0818450847799891 

0.06459061686821414 

0.15564144320655546 

0.0643204793746926 

0.05668147287643477 

0.05705247369730887 

0.03420439357540499 

0.018373922758329504 

0.09006988283195015 

0.019109798822420466 

0.03653775947414212 

0.5207667731629393 

0.5224358974358975 

0.5292207792207793 

0.5109717868338558 

0.5046439628482972 

0.4969512195121951 

0.4909638554216868 

0.4465753424657534 

0.5062111801242236 

0.45658263305322133 

0.48948948948948945 

 

 

 
Figure 4: Combined targets based on Degree, Closeness, and Betweenness Centrality. 

 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 5: Diagram of enrichment analysis displaying results for (a) GO biological processes, (b) GO cellular components, (c) GO 

molecular functions, and (d) KEGG pathways. 

 
 

 

SRC 

AKT1 

TNF 

HSP90AA1 

ESR1 
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Table 3: Binding energy of each compound to its corresponding target. 

Compound 

Binding energy (kcal/mol) 

AKT1 (PDB ID : 

4GV1) 

SRC (PDB ID : 

1O43) 

TNF (PDB ID 

: 2AZ5) 

HSP90AA1 (PDB 

ID : 3O0I) 

ESR1 (PDB ID : 

7UJY) 

Native ligand  -5.726 (OXZ) -7.087 (821) -5.287 (307) -9.321 (P54) -13.101 (RL4) 

Betaine -2.525  -2.512 -4.623 -2.305 

Avicenol A -4.217  -6.364 -7.711  

Avicenol C -4.656 -3.381 -6.151 -10.369  

Avicequinone A -3.635  -5.723 -8.393  

Avicequinone C -4.292 -3.719 -5.929 -9.316 -6.784 

Avicennone A -3.753  -6.474 -8.027 -9.941 

Avicennone B -4.057  -6.585 -6.743  

Avicennone C -4.032  -5.838 -7.783  

Avicennone D -7.074  -5.282  -6.321 

Avicennone F -5.585  -5.622 -9.525  

Avicennone G -4.725  -6.321 -7.793  

Stenorpoquinone B -4.962  -6.030 -8.541  

In this study, the energies of the compounds to HSP90AA1 were in the 

range of -4.623 kcal/mol (for Betaine) and -10.369 kcal/mol (for 

Avicenol C), while the native ligand of HSP90AA1 (P54) was -9.321 

kcal/mol. Notably, all compounds except for Betaine targeting 

HSP90AA1 exhibited binding energy comparable to those of that native 

ligand, and Avicenol C had a lower binding energy than that of the 

native ligand (P54). Meanwhile, binding energy of compounds to SRC 

and ESR1 was in the range of -3.381 kcal/mol (for Avicenol C) and -

3.719 kcal/mol (for Avicequinone C) for SRC, and -2.305 kcal/mol (for 

Betaine) and -9.941 kcal/mol (for Avicennone A) for ESR1, while 

binding energy of native ligand of SRC (821) and native ligand of ESR1 

(RL4) was -7.087 kcal/mol and -13.101 kcal/mol. Figure 7 displayed 

the docked poses of Avicennone D and the native ligand to AKT1 and 

those of Avicennone B and the native ligand (307) to TNF-α, while 

Figure S1 displayed the remaining compounds to their corresponding 

targets. 

 

 
Figure 6: KEGG pathway of HCV, in which red indicates genes in the common target. 

 

NP was used to identify potential targets of AM compounds, including 

SRC, AKT1, TNF, HSP90AA1, EGFR, BCL2, JUN, PI3KCA, ESR1, 

CASP3, and HIF1A. A total of 5 targets that fulfilled the criteria in 

terms of Degree, Closeness, and Centrality were identified. SRC, 

AKT1, TNF, HSP90AA1, and ESR1. Molecular docking was 

performed on the 5 best targets and found that several compounds had 

lower binding energy compared to those of native ligands when bound 

to AKT1, TNF-α, and HSP90AA1. 

AKT was a key regulator of the phosphatidylinositol 3-kinase (PI3K) 

signaling pathway, playing a significant role in various cellular 

processes, including cell growth, proliferation, survival, metabolism, 

and mobility. Previous studies indicated that AKT was associated with 

multiple stages of HCV life cycle. Notably, constitutive activation of 

AKT enhanced HCV infection in this study.31 Wei-Ping Lee et al. 

(2024) reported that AKT1 was specifically included in the late stages 

of the HCV life cycle, being essential for viral assembly in endoplasmic 

reticulum (ER) and for the transition of infectious virions from ER to 

endosomes.32 In this study, several compounds were identified as 

potential inhibitors of AKT1, with Avicennone D showing a 

significantly lower binding energy than OXZ, the native ligand of AKT. 

A previous study indicated that Stenocarpoquinone B, avicequinone C, 

and a mixture of avicennones D/E showed strong antiproliferative 

activities against human chronic myeloid leukemia while being less 

cytotoxic, while avicennones A, avicenol A, and avicenol C was only 

weakly active.33 
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Native ligand TNF-α (307) 

 

 
Native ligand AKT1 (OXZ) 

 

 
Avicennone B 

 
Avicennone D 

The docked poses to TNF-α: Native ligand (307, top) and  

Avicennone B (bottom) 

The docked poses to AKT1: Native ligand (OXZ, top), 

Avicennone D (bottom) 

Figure 7: The docked poses of compounds and native ligand to AKT1 and TNF-α. 
 

 

The pathophysiology of hepatitis C included viral infections that 

increased pro-inflammatory markers such as TNF-α as observed in 

patients with hepatocellular carcinoma (HCC).34-35 In chronic hepatitis 

C, TNF-α played a significant role in disease progression by promoting 

hepatocyte apoptosis and sustaining liver inflammation.36 Patients with 

HCV infection exhibited elevated circulating levels of TNF-α, which 

correlated positively with the severity of liver disease.37 In this study, 

compounds such as Avicenol A, Avicenol C, Avicequinone A, 

Avicequinone C, Avicennone A-G, and Stenorpoquinone B 

demonstrated stronger affinities for TNF-α compared to the reference 

compound, emphasizing their potential as TNF-α inhibitors. Avicennol 

A was previously reported to have cancer chemopreventive activity, 38 

while Avicequinone C was reported to inhibit steroid 5α-reductase.39 

Furthermore, Avicenol A and Avicennone G were reported to inhibit 

less in mitosis gene A-related kinase 2 (NEK2).40 Moreover, AM 

extract suppressed the apoptotic pathway, thereby postponing the 

initiation of the catagen phase.41  

Heat shock protein HSP90AA1 was a key cytosolic chaperone in 

eukaryotic cells and was responsible for assisting in the folding and 

assembly of newly synthesized and existing large peptide chains. 

HSP90AA1 also modulated a range of proteins, including transcription 

factors, kinases, E3 ubiquitin ligases, and tumor-promoting proteins. 

Eman A. Toraiha et al. (2019) reported significant upregulation of 

HSP90AA1 in the progression of HCV-induced hepatocellular 

carcinoma (HCC) and cirrhotic patients, with increased expression in 

advanced HCC stages.42 Similarly, Wu et al. (2021) emphasized the role 

of HSP90AA1 in the progression of HBV-related HCC and its 

correlation with patient survival in HCC.43 In this study, 10 compounds 

were found to exhibit binding energy comparable to HSP90AA1, with 

Avicenol C and Avicennone F demonstrating lower binding energy than 

the native ligand (P54).  

 

Conclusion 

In conclusion, this study explored the potential of AM to inhibit HCV 

infection. Through network pharmacology analysis, AM compounds 

were found to target key proteins such as SRC, AKT1, TNF, 

HSP90AA1, EGFR, BCL2, JUN, PI3KCA, ESR1, CASP3, and HIF1A. 

Molecular docking analysis revealed that Avicennone D exhibited a 

lower binding energy compared to the native ligands AKT1 and TNF-

α. Similarly, Avicenol C and Avicennone F revealed lower binding 

energy than native ligands when bound to TNF-α and HSP90AA1, 

respectively. Additional compounds with reduced binding energy to 

TNF-α included Avicenol A, Avicenol C, Avicequinone A, 

Avicequinone C, Avicennone A-G, and Stenorpoquinone B. The 

integration of network pharmacology and molecular docking 

demonstrated that AM compounds had the potential to act on multiple 

targets in treating HCV infections. However, further study including 

experimental in vitro and in vivo assays was needed to support this 

result. These results suggested that AM could serve as a natural source 

for HCV inhibition. 
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