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Abstract: To address the growing health burden posed by the hepatitis C virus
(HCV), the present study employed computational approach to predict the medicinal
properties of Vitex cofassus. Liquid chromatography-high resolution mass
spectrometry (LC-HRMS) analysis of its ethyl acetate leaf fraction identified 37 drug-
like compounds. Network pharmacology predicted 201 biological targets, with key
proteins such as STAT3, IL6, SRC, AKT1, EGFR, HSP90AA1, and TNF-a being central to
the proposed mechanism of action. Functional enrichment analyses pointed to
involvement in chemical response, intracellular signaling, stress, and regulated cell
death, with molecular functions linked to kinase activity and ATP binding. KEGG
analysis further associates targets with key pathways in cancer, viral infection, and
metabolic disease. Picrocrocin and flavonoids such as isorhamnetin and apigenin
were predicted as potential inhibitors of HCV-related proteins (STAT3 and SRC,
respectively). While these in silico findings provide a rational basis for further
investigation, the present findings remain predictive and require experimental

validation to confirm actual anti-HCV efficacy.

(©) AUTHOR (2026)

Introduction
Hepatitis C virus (HCV) infection remains a formidable
global health challenge, affecting millions worldwide and
representing a leading cause of chronic liver disease,
cirrhosis, and hepatocellular carcinoma. The advent of
direct-acting  antivirals  (DAAs) has  undoubtedly
revolutionized the treatment of hepatitis C, achieving
remarkable cure rates, though these are not infallible. The
threat of drug resistance, the high cost of therapy that
limits access in resource-poor settings, and the potential
for late-stage diagnosis where advanced liver damage
diminishes treatment efficacy underscore the persistent
need for novel therapeutic strategies. Consequently, the
scientific pursuit for alternative, cost-effective, and broad-
spectrum anti-HCV agents is more critical than ever.

A significant proportion of the world's population

(approximately 80%) utilizes traditional and
complementary  medicine  (T&CM), frequently in
conjunction with conventional healthcare services.

Acknowledging this, the World Health Organization (WHO)
has advocated for the integration of T&CM into national
healthcare frameworks to guarantee standardized quality
—an advocacy reinforced by substantial ethnobotanical

data records pertaining to plants utilized in the treatment
of infections (1). The Vitex genus, which is part of the
Lamiaceae family, is a notable group within these records
and valued for its diversity of bioactive phytochemicals,
such as flavonoids, terpenoids, and lignans (2). These
compounds are associated with a broad range of
pharmacological properties, including antimicrobial,
anticancer, and hepatoprotective effects (3 — 12). Extracts
from several Vitex species have been observed to show
direct activity against diverse pathogens (13). Of particular
relevance to antiviral drug discovery, Vitex negundo
extracts have shown significant activity against SARS-CoV-
2, with demonstrated inhibition of viral replication and
suppression of RNA-dependent RNA polymerase (RdRp)
activity in a dose-dependent manner (14). Furthermore,
extracts of Vitex doniana have exhibited anti-HIV-1 activity
with an ICso of 25 pg/mL (15, 16), suggesting that bioactive
constituents within this genus may target viral replication
mechanisms across different viral families. In addition, V.
negundo  ethanolic  extracts have demonstrated
hepatoprotective effects in thioacetamide-induced liver
cirrhosis models, attenuating oxidative stress through
normalization of endogenous antioxidant (17). Importantly
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for HCV-specific activity, flavonoids including apigenin and
luteolin, which are found in various Vitex species, have
been demonstrated to inhibit HCV replication (18). These
findings establish a plausible mechanistic link between
Vitex-derived flavonoids and HCV inhibition.

Despite the extensive pharmacological
characterization of other Vitex species, research specifically
addressing Vitex cofassus remains limited. Phytochemical
investigations have identified clerodane diterpenes,
including 16-hydroxy-pentandralactone and acuminolide,
from V. cofassus leaves, which demonstrated potent
antiproliferative activity against human tumor cell lines
(ICso values of 54-11.4 pM) and inhibition of VEGF-
stimulated endothelial cell proliferation, suggesting anti-
angiogenic potential (3). Flavonoid constituents have also
been detected in V. cofassus extracts, consistent with the
phytochemical profiles of other bioactive Vitex species.
However, these studies have not explored antiviral activity,
and no published data exist on the anti-HCV potential of
V. cofassus or its isolated compounds. The specific
molecular targets through which V. cofassus compounds

might exert antiviral effects, the predicted binding
interactions with HCV proteins, and the broader
polypharmacological network modulating host-virus

interactions remain entirely unknown.

To address this gap, the present study employs a
computational approach integrating LC-HRMS-based
phytochemical profiling, network pharmacology, molecular
docking, and molecular dynamics simulation to predict the
anti-HCV potential of V. cofassus ethyl acetate leaf fraction.
This study provides the first in silico evidence for the
mechanism of action of ethyl acetate leaf fraction of V.
cofassus against HCV and establishes a theoretical
foundation for subsequent experimental validation.

Methodology

Preparation and Chemical Characterization of the
Plant Fraction

Fresh leaves of V. cofassus were collected in June 2024
from the Gantara Forest Management Unit in Southeast
Sulawesi  Province, Indonesia. The species was
authenticated at the Universitas Halu Oleo Pharmacy
Laboratory (voucher specimen FF-UHO-062). The leaves
were processed by a method that involved washing, thin-
slicing, and air-drying to produce crude drug (simplisia). A
methanolic extract of the crude was then obtained
through a process of maceration, followed by fractionation
by ethyl acetate solvent.

Chemical profiling was performed by means of liquid
chromatography-high resolution mass spectrometry (LC-
HRMS) using a Thermo Scientific™ Vanquish™ UHPLC
system coupled to a Q Exactive™ hybrid quadrupole-
Orbitrap™ mass spectrometer. Sample of 5-10 mg was
dissolved in 1T mL solvent (water, methanol, acetonitrile).
Mobile phase consisted of solvent A, 0.1% (v/v) formic acid
in water (MS-grade), and solvent B, 0.1% (v/v) formic acid
in acetonitrile (MS-grade). It was used as gradient solvent
for eluting the sample with flow rate 0.3 mL/min, starting
with injection of 5% of solvent B and was gradually
increased to 90% in 16 min, maintained for 4 min, and the
system was returned to the initial conditions in 25 min.
The separation of the compounds was carried out on an
Accucore™ Phenyl-Hexyl column (100 mm x 2.1 mm, 2.6
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pum). Column temperature was maintained at 40 °C with
injection volume 3 pL. The m/z range was 66.7-1000 m/z
with resolution 70,000 (full MS) and 17,500 (dd-MS2).
HRMS mode was maintained on MS/dd-MS2 acquisition
mode with positive ionization with the help of XCalibur 4.4
software. The analysis was performed once. The data was
processed with the help of Compound Discoverer™3.2
software and compound identification was performed
based on database of mzCloud™ and Chemspider™. The
constituent identification process was performed in
accordance with established protocols (19), with a mass
error tolerance of approximately 5 ppm, a confidence
score threshold of greater than 80%, and database
searches against ChemSpider and mzCloud. Based on the
Metabolomics Standards Initiative (MSI) guidelines, the
identified compounds were reported at Level 2 (putatively
annotated compounds) (20). A detailed list of the
identified compounds is provided in Table S1.

Evaluation of Drug-likeness and Target Prediction
The drug-like properties of the identified compounds were
assessed using the SwissADME web tool (21). This
assessment was conducted based on Lipinski's Rule of
Five, which establishes thresholds set for molecular weight
(< 500 Da), hydrogen bond donors (< 5), hydrogen bond
acceptors (< 10), and lipophilicity (log P < 5). For
subsequent analysis, only compounds that satisfied
stringent criteria were selected. These criteria included a
drug-likeness score of greater than 0.18, a bioavailability
score of greater than 0.55, and high gastrointestinal
absorption. Compounds that violated more than one of
Lipinski's rules or failed the additional filters were
systematically excluded.

Prediction of Protein Targets

The potential protein targets of the bioactive compounds
were forecasted using the SwissTargetPrediction and
Similarity Ensemble Approach (SEA) databases (22, 23). In
parallel, a compendium of hepatitis C-associated genes
was compiled from the OMIM and GeneCards databases,
from which only top 500 targets of GeneCards were
selected for further investigation sorted by “relevance
score” in descending order (24-26). The intersection
between the predicted targets of the plant compounds
and the hepatitis C-related genes was identified and
graphically  represented using a Venn diagram
(https://bioinformatics.psb.ugent.be/webtools/Venn).

Network Construction and Functional Enrichment
Analysis
A protein-protein interaction (PPl) network for the
common targets was constructed using the STRING
database, with the search confined to Homo sapiens and a
high confidence interaction score of 0.700. The resulting
network was imported into Cytoscape (v. 3.10.2) for
visualization and topological analysis (27). In order to gain
insight into the biological significance of the overlapping
targets, Gene Ontology (GO) enrichment analysis (covering
biological processes, cellular components, and molecular
functions) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis were conducted using the
Metascape and shinyGO platforms (28-30).

A nominal P-value threshold of < 0.05 was applied as
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VITEX COFFASUS HEPATITIS C

988
(52.6%)

201
(10.7%)

Figure 1. A Venn diagram illustrating that 201 genes were
targeted by both hepatitis C and V. cofassus compounds,
while total 1,189 genes were associated by hepatitis C and
892 genes were associated by V. cofassus compounds.

the initial filtering criterion to identify potentially enriched
terms (31). To correct for multiple hypothesis testing
across hundreds of simultaneously evaluated GO terms
and KEGG pathways, the False Discovery Rate (FDR) was
calculated using the Benjamini-Hochberg method (32).
Only terms with an FDR-adjusted Q-value < 0.05 were
considered statistically significant and retained for
biological interpretation. Enrichment significance was

IM424

o : SLC12A3

1678P2

/
L YH1

®

ETFLIN Portfolio

visualized using-log10(adjusted P-value), where values
exceeding 1.3 (corresponding to P < 0.05) and 2.0
(corresponding to FDR < 0.01) indicate increasing
statistical confidence.

Molecular Docking Simulations

In order to explore binding affinities and modes of
interaction, molecular docking was performed between
the selected compounds and three key hepatitis C-related
protein targets: STAT3, IL6, and SRC. The three-
dimensional structures of the proteins were retrieved from
the Protein Data Bank (PDB). The two-dimensional ligand
structures were converted into three-dimensional formats
and energetically minimized using the LigPrep module
within the Maestro Schrédinger suite (v. 11.1.012),
applying the OPLS_2005 force field (33-35). Proteins were
prepared according to standard protocols, and docking
grids were generated centered on the binding sites of
native co-crystallized ligands. In the present study, a
rigid-receptor docking approach was employed, using the
crystal structures of the target proteins as the receptor
model.

To validate the reliability of our docking protocol, we
first performed a redocking experiment using the
co-crystallized ligands extracted from the target protein
structures (STAT3, PDB ID:6NJS, IL6, PDB ID:1N26, SRC,

SLC7A9

O

NAMPT

PTPRZ2

Figure 2. The protein—protein interaction (PPI) network consisting of 201 nodes and 1,448 edges.
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Table 1. The 10 most critical hub targets, as identified by their high scores in degree, closeness, and betweenness

centrality.
Name Degree Closeness Betweenness
STAT3 71 0.527 0.057
IL6 66 0.527 0.088
SRC 66 0.527 0.064
AKT1 66 0.533 0.066
EGFR 65 0.530 0.071
CTNNB1 59 0.517 0.045
HSP90AA1 58 0.510 0.061
TNF 56 0.516 0.059
MAPK1 49 0.490 0.030
JUN 49 0.506 0.019

PDB ID:2SRC). The ligand was re-docked into the binding
site using software parameters as employed for the virtual
screening. The root-mean-square deviation (RMSD)
between the re-docked pose and the crystallographic
conformation was calculated, and an RMSD value < 2.0 A
was considered indicative of successful reproduction of
the experimental binding mode.

We acknowledge that docking benchmarking against
decoy sets or cross-validation with known inhibitors was
not performed in this study. Instead, our validation
focused on the internal consistency of the docking
protocol through redocking, which is the most direct test
of whether the docking protocol used correctly model the
known binding geometry. The selection of final docking
poses for each compound performed by visual inspection
using Maestro, with selection based on the formation of
essential interactions with key active-site residues and

consistency with the binding mode of the co-crystallized
reference ligand.

Molecular Dynamics Simulations
The stability of the top protein-ligand complexes identified
from docking was evaluated through molecular dynamics
(MD) simulations conducted over a 200 ns timeframe for
each target (STAT3 and SRC). Each complex was solvated in
an orthorhombic box of SPC water molecules with a 10 A
buffer zone and neutralized with 0.15 M NaCl. Systems
were prepared using the OPLS3 force field within the
Desmond System Builder (Maestro, Linux). The simulations
proceeded through a standard protocol of relaxation,
energy minimization, and production, as described in
established methodologies (36, 37).

Equilibration was confirmed by  monitoring
temperature, pressure, and potential energy during the

HSP90AA1

STAT3

Common Targets

STAT3
IL6
SRC

Betweenness

AKT1
EGFR
HSP90AA1
TNF

Figure 3. The Venn diagram illustrating that seven proteins—STAT3, IL6, SRC, AKT1, EGFR, HSP90AA1, and TNF-o—were
consistently identified as key targets by the three centrality measures, i.e. degree, betweenness, and closeness.
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final equilibration phase. For production stability, we
monitored the Ca-RMSD and the ligand heavy-atom
RMSD. The trajectories were analyzed using the Desmond
Simulation Interaction Diagram (SID) tool to calculate root
mean square deviation (RMSD), root mean square
fluctuation (RMSF), and protein-ligand interaction profiles.
System stability was confirmed by monitoring the RMSD of
protein Ca atoms, where plateaued values indicated
successful equilibration and stable dynamics.

Results

Identification of Bioactive Compounds and
Putative Targets

Liquid chromatography-high resolution mass
spectrometry (LC-HRMS) analysis of the ethyl acetate
fraction of V. cofassus leaf led to the identification of a set
of 232 bioactive compounds. Subsequent drug-likeness
screening filtered this set to 37 compounds that met the
criteria for further investigation. The target prediction for
these 37 compounds yielded 892 potential human protein
targets. Through an analysis of disease-associated
databases, after removing duplicates, 1,189 genes related
to hepatitis C were compiled originating from 500 genes
of Genecards and 882 genes of OMIM. A comparative
analysis revealed 201 targets common to both the V.
cofassus compounds and hepatitis C, which were defined
as the key targets for this study (Figure 1 and
Supplementary Tables 1-2).

Compound-target and Protein-protein
Interaction Network Analysis

A compound-target network was constructed to map the
interactions between the 37 bioactive compounds and the
2017 common targets. Protein—protein interaction (PPI)
data for these targets were obtained from the STRING
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database and visualized in Cytoscape, forming a network
of 201 nodes connected by 1,448 edges (Figure 2).

A subsequent topological analysis, employing degree
centrality as a ranking metric, identified the top 10 hub
targets. These targets, along with their closeness and
betweenness centrality metrics, are detailed in Table 1.

The consensus across three centrality measures—
degree, closeness, and betweenness—identified seven
proteins (STAT3, IL6, SRC, AKT1, EGFR, HSP90AA1, and
TNF-o) as the most critical candidates for therapeutic
intervention (Figure 3) (38).

Functional Enrichment Analysis of Common
Targets

In order to elucidate the potential anti-hepatitis C
mechanisms, a functional enrichment analysis of the 201
common targets was performed using Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) databases. The analysis vyielded significant
enrichment in terms relevant to the disease, revealing
1,000 biological processes (BPs), 249 cellular components
(CCs), 683 molecular functions (MFs), and 249 KEGG
pathways.

The top biological processes included response to
oxygen-containing compound, response to chemical,
cellular response to chemical stimulus, cellular response to
oxygen-containing ~ compound, intracellular  signal
transduction, response to stress, cell death, programmed
cell death, regulation of programmed cell death, and
response to nitrogen compound (Figure 4A). Cellular
component analysis indicated localization to cell junction,
vesicle, membrane raft, membrane microdomain, cell
surface, mitochondrion, perinuclear region of cytoplasm,
cytoplasmic vesicle, intracellular vesicle, and endoplasmic
reticulum (Figure 4B). The molecular functions that were

predominantly enriched included enzyme binding,
A Cellular response to oxygen-containing compound - B Membrane raft-
Response to nitrogen compound - Membrane microdomain -
Response o oxygen-containing compound - N.- 02309"95 Perinuclear region of cytoplasm - - =———————————e N.- DZSEHE
Reg. of programmed cell death- —————o ® 120 Cell surfacg: —— ® 60
Cellular response to chemical stimulus- ——————® ®) 140 Mitochondrion- ——— ® 8
Programmed cell death - ———————e 40g10(FDR) Cell junction - =———————a -log10(FDF
Cell death - —————2 : gg Endoplasmic reticulum- ———e : g’
Intracellular signal transduction - - —————————a e Cytoplasmic vesicle- ———————=8 ® 12
Response fo chemical - ————@ Intracellular vesicle- =
Response to stress - ® Vesicle: ————o
0.0 25 50 0 2 4 6 8
Fold Enrichment Fold Enrichment
c Protein kinase activity - D EGFR tyrosine kinase inhibitor resistance -
Phesphotransfiase activity alcohol group as acceptor- Endocrine resistance -
3 g N. of Genes N. of Gener
Kinase activity- ——= . 80 Prostate cancer- 30
Transferase activity transferring phosphor-containing groups- ——————————= : ;g AGE-RAGE signaling pathway in diabetic complications - : gg
Adenyl nucleofide binding- ————e 1og10[FOR) Hepafitis B- ————— = ® 60
Atp binding- ——= e Kaposi sarcoma-associated herpesvirus infection - ————— Iog10(FDF
Enzyme binding- ———@ : gg Lipid and athoresclerosis- —= : gg
Adenyl ribonocolite binding - —————————e : gg Human infection - ® 50
Identical protein binding- ————® Proteoglycans in cancer- ————e
Heterocyclic compound binding - =———® Pathways in cancer - =————————®

25 50 75
Fold Enrichment

40

o-

0 2 30
Fold Enrichment

Figure 4. A plot summarizing the bioactive compounds present in the V. cofassus leaf ethyl acetate fraction, and
depicting their associated Gene Ontology (GO) of biological processes (A), cellular component (B), molecular functions
terms (C), and KEGG pathways (D).

Sciences of Phytochemistry - 10.58920/sciphy0502687

Page 350


https://doi.org/10.58920/sciphy0502687

Puput W et al. 2026 ETFLIN Portfolio

paan / SER

GLY o=

SER 110

SER
10 /

VAL fo)
281 GLY

GLY
274

Figure 5. The docked conformation of compounds bound to STAT3, IL6, and SRC. (A-B) Compounds bound to STAT3: (A)
KQV and (B) Comp87/Picrocrocin. (C-D) Compounds bound to IL6: (C) Prednisolone and (D)
Comp76/Tetrahydrocortisone. (E-F) Compounds bound to SRC: (E) Native ligand (ANP) and (F) Comp4.
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Table 2. The binding energy (kcal/mol) of compounds docked to STAT3, IL6, and SRC.

Binding energy (kcal/mol)

Protein

STAT3 (PDB ID :6NJS)

IL6 (PDB ID :1N26) SRC (PDB ID :2SRC)

Reference compound KQV: -9.389 Prednisolone: -4.180 ANP: -12.562
Comp4 - - -10.943
Comp20/Isorhamnetin = = -9.748
Comp25/4-Oxotretinoin - - -7.142
Comp49 = = -9.172
Comp60 - - -7.783
Comp72/Apigenin = = -8.663
Comp74/Padmatin - - -10.505
Comp76/Tetrahydrocortisone - -4.220 -
Comp83/Lovastatin - - -6.112
Comp87/Picrocrocin -5.756 - -
Comp96 - - -5.741
Comp133 - - -7.774
Comp139/Kaempferol - - -8.475
Comp145/Cortisol - -3.931 -
Comp157 - -3.637 -
Comp163 - -3.009 -
Comp170/Pinocembrin - - -7.385
Comp193/Drotaverine - - -4.923
Comp214 - - -9.209
Comp215/Salvigenin - - -8.624
Comp219/Hydroxyibuprofen - - -5.074
Comp228/Testosterone = -2.618 =

phosphotransferase activity with an alcohol group as an
acceptor, protein kinase activity, kinase activity, transferase
activity transferring phosphorus-containing groups, adenyl
nucleotide binding, identical protein binding, adenyl
ribonucleotide binding, ATP binding, and heterocyclic
compound binding (Figure 4C). Of particular significance
is the finding that KEGG pathway analysis linked the
targets to pathways in cancer, EGFR tyrosine kinase
inhibitor resistance, hepatitis B, endocrine resistance, lipid
and atherosclerosis, kaposi sarcoma-associated
herpesvirus infection, human cytomegalovirus infection,
prostate cancer, age-rage signaling pathway in diabetic
complications, and proteoglycans in cancer (Figure 4D).

Molecular Docking Validation of Key Interactions
Based on the network pharmacology results, STAT3, IL6,
and SRC were selected for molecular docking study.
Validation of docking protocol was performed by
redocking of native ligands. Figure S1 shows the
superimpositions  of  experimental and  docked
conformations of native ligand of STAT3 (PDB ID: 6NJS)
and SRC (PDB ID: 2SRC) with RMSD 1.8621 A and 0.9599 A,
respectively, confirming that our docking setup accurately
reproduces the native binding modes (RMSD < 2.0 A). A
potential limitation of our docking is the use of a rigid
receptor model, which does not fully capture the
conformational dynamics of the binding site. Nevertheless,
our subsequent molecular dynamics simulation on the top
hits indicated that the active site exhibits moderate
adaptability, with only a few key residues showing major
conformational changes. This suggests that the
rigid-docking approach was adequate for initial pose
generation, while the MDS results provide a more refined
picture over longer timescales.

The results of binding affinity analysis show that
Comp87/Picrocrocin, when bound to STAT3, exhibited
binding energy of -5.756 kcal/mol, in comparison to the
binding energy of -9.389 kcal/mol exhibited by STAT3
when bound to its native ligand (KQV) (see Figure 5A and
5B). Comp87/Picrocrocin formed H-bonds with Glu625
and Lys626, while KQV formed H-bond interactions with
Arg609, Ser611, Glu612, Ser613, Ser636, Glu638, and
GIn644, and pi-pi interaction with Tyr640. The binding
affinities and interactions of the top-scoring compounds
are summarized in Table 2.

With IL6, five compounds, ie.
Comp76/Tetrahydrocortisone, Comp145/Cortisol,
Comp157, Comp163, and Comp228/Testosterone, each
bound with binding energies -4.220 kcal/mol, -3.931
kcal/mol, -3.637 kcal/mol, -3.009 kcal/mol, and -2.618
kcal/mol, respectively. Prednisolone formed H-bond with
Glu283, while Comp76/Tetrahydrocortisone formed H-
bonds with Ser109, Glu114, and Ser152. Comp145/Cortisol
(binding energy of -3.931 kcal/mol) formed H-bond with
Thr188, GIn190, and GIn196, Comp157 (binding energy of
-3.637 kcal/mol) formed Hbonds with Cys102, GIn196.
Comp163 (binding energy of -3.009 kcal/mol) formed H-
bonds with Lys105 and GIn158, while
Comp228/Testosterone  (binding energy of -2.618
kcal/mol) formed H-bond with GIn190 (Figure 5C, 5D, and
S2).

The compounds bound to SRC exhibited a range of
binding energy values, from-4.923 kcal/mol
(Comp193/Drotaverine) to-10.943 kcal/mol (Comp4), in
comparison to the binding energy of the native ligand
(ANP) bound to SRC, which was-12.562 kcal/mol. Comp4
formed H-bonds with Asp348, Ser345, Thr338, Met341,
and Glu339 (Figure 5E and 5F). Comp20/Isorhamnetin
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(binding energy of-9.748 kcal/mol) formed H-bonds
Thr338, Asp404, Asn391, Ala390, Leu273, and Met341.
Comp25/4-Oxotretinoin  (binding  energy  of-7.142
kcal/mol) formed H-bonds with Cys277, Arg388, and
Met341. Comp49 (binding energy of-9.172 kcal/mol)
formed H-bonds with Asp404 and Met341. Comp60
(binding energy of-7.783 kcal/mol) formed H-bonds with
Ser342 and Thr338. Comp72/Apigenin (binding energy of-
8.663 kcal/mol) formed H-bonds with Asp404, Met341,
and Leu273. Comp74/Padmatin, with a binding energy of-
10.505 kcal/mol, was observed to form H-bonds with
Met341 and Asp348. Comp83/Lovastatin (binding energy
of-6.112 kcal/mol) formed H-bonds with Thr338. Comp96
(binding energy of-5.741 kcal/mol) formed H-bonds with
Thr338, Ala390, and Asp404. Comp133 (binding energy of-
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7.774 kcal/mol) formed H-bonds with Met341, Asp348,
and Asp404. Comp139/Kaempferol (binding energy of-
8.475 kcal/mol) formed H-bonds Asp404 and Met341.
Comp170/Pinocembrin (binding energy of-7.385 kcal/mol)
formed  H-bonds with Met341 and  Asp404.
Comp193/Drotaverine (binding energy of-4.923 kcal/mol)
formed H-bonds with Asp404. Comp214 (binding energy
0f-9.209 kcal/mol) formed H-bonds with Met341, Asp404,
and Asp348. Comp215/Salvigenin (binding energy of-
8.624 kcal/mol) formed H-bonds with Met341 and
exhibited pi-pi interaction with Lys295.
Comp219/Hydroxyibuprofen (binding energy of-5.074
kcal/mol) formed H-bonds with Thr338 and Ser345
(Figure S3).
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Figure 6. The RMSD and RMSF plots of the STAT3 and SRC systems. (A) RMSD and (B) RMSF plots of the STAT3 system
bound to native ligand KQV (black) and Comp87/Picrocrocin (red). (C) RMSD and (D) RMSF plots of the SRC system
bound to native ligand ANP (black) and Comp4 (red).
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Figure 7. The 2D ligand—protein contacts of the ligands with STAT3 (PDB ID: 6NJS) and their respective protein-ligand
contact histograms. Left: Native ligand (KQV) and right: Comp87/Picrocrocin.
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Stability Assessment via Molecular Dynamics
Simulations

The stability of the top protein-ligand complexes was
evaluated through 200 ns molecular dynamics (MD)
simulations. The Root Mean Square Deviation (RMSD) and
Root Mean Square Fluctuation (RMSF) profiles indicated
that the complexes generally reached equilibrium.

Molecular  dynamics  simulations with  200-ns
timeframe were performed on STAT3 (PDB ID: 6NJS) with
the native ligand (KQV) and Comp87/Picrocrocin. The
STAT3-Comp87/Picrocrocin  complex exhibited lower
RMSD fluctuations in comparison to the native ligand
(KQV) and a comparable RMSF with the native ligand,
suggesting high stability (Figure 6A and 6B).

The MDS performed on SRC (PDB ID: 2SRC) with the
native ligand (ANP) and Comp4 showed that the SRC-
Comp4 Complex demonstrated an RMSD similar to the
native ligand (ANP), with a slightly higher RMSEF,
particularly in loop regions, while maintaining stable core
interactions (Figure 6C and 6D).

Protein-ligand contacts during the 200-ns MDS
performed on STAT3 (PDB ID: 6NJS) demonstrated that
KQV interacted through H-bonds with Arg609 (111%
occupancy), Ser611 (71% occupancy), Glu612 (68%
occupancy), Ser613 (70% occupancy), Ser636 (53%
occupancy), and Glu638 (31% occupancy), and through a
water-mediated H-bond with Glu638 (43% occupancy). On
the other hand, Comp87/Picrocrocin exhibited an
interaction through H-bonds with Lys626 (75% occupancy)
(Figure 7).

Meanwhile, MDS conducted on SRC (PDB ID: 2SRC)
revealed that ANP interacted through H-bond interaction
with Leu273 (38% occupancy), Arg388 (45% occupancy),
Arg385 (48% occupancy), and water-mediated H-bonds
with Ala390 (38% occupancy), Phe278 (36% occupancy),
Lys423 (41% occupancy), Asn391 (37% occupancy), and
Lys295 (38% occupancy). Comp4 interacted through H-
bond interaction with Asp348 (90% occupancy), Glu339
(62% occupancy), and Thr338 (64% occupancy) (Figure 8).

In summary, the ligands were able to maintain the
interactions with the crucial residues of SRC during the
200-ns MDS, akin to the ligands that interacted with
STAT3.

Polar
Water
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H-bonds
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Discussion

The present in silico study nominates STAT3, IL6, and SRC
as high-priority target candidates of the ethyl acetate
fraction of V. cofassus, based on network-pharmacology
profiling.

IL6 is a multifunctional cytokine that is consistently
elevated in the serum and hepatic microenvironment of
patients with chronic HCV infection (39). This elevation is
not a passive bystander effect but an active contributor to
disease progression, with higher IL6 levels correlating with

increased liver inflammation, fibrosis, cirrhosis, and
ultimately  hepatocellular ~ carcinoma  (HCC)  (40).
Importantly, HCV core and NS5A proteins directly

stimulate IL6 production, creating a positive feedback loop
that sustains chronic inflammation and promotes a
microenvironment conducive to viral persistence and
hepatocarcinogenesis. Our identification of IL6 as a top
hub protein thus aligns with its role as a master regulator
of the hepatic inflammatory response to HCV.

STAT3 is the principal downstream transcriptional
effector of IL6 signaling, and our findings position it at the
nexus of the network. In the context of HCV, STAT3 is not
merely a downstream bystander but is actively co-opted
by the virus: HCV core protein directly interacts with and
activates STAT3 via phosphorylation, while NS5A and NS4B
proteins  further promote STAT3 activation (41).
Mechanistically, HCV infection induces reactive oxygen
species, leading to activation of SRC and JAK2 kinases,
which subsequently phosphorylate and activate STAT3.
STAT3, a cytoplasmic transcription factor in the JAK-STAT
pathway, is critically involved in the pathophysiology of
liver disease (42). This pathway, essential for mediating
cytokine and growth factor signals, contributes
significantly to liver damage. Furthermore, STAT3 has been
shown to promote the survival of cancer stem cells (CSCs),
suggesting that targeting this pathway could be a viable
therapeutic strategy (42).

On the other hand, the inhibition of the cellular
protein SRC has emerged as a promising host-targeted
therapeutic strategy for the treatment of hepatitis C. The
significance of SRC stems from the fact that SRC is a key
host factor that HCV exploits during multiple phases of its
lifecycle. SRC, a non-receptor tyrosine kinase, is involved in
several critical cellular signaling pathways. The hepatitis C
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Figure 8. The 2D ligand—protein contacts of the ligands with SRC (PDB ID: 2SRC) and their respective protein-ligand
contact histograms. Left: Native ligand (ANP) and right: Comp4.

Sciences of Phytochemistry - 10.58920/sciphy0502687

Page 354


https://doi.org/10.58920/sciphy0502687

Puput W et al. 2026

virus (HCV) has co-opted these pathways for its own
replication and survival. Inhibition of the SRC disrupts
these viral hijacking mechanisms. The process by which
HCV enters hepatocytes is a complex one, involving
several host receptors. SRC kinase regulates the trafficking
and function of key HCV entry receptors, particularly
Claudin-1 (CLDN1) and Occludin (OCLN), to the cell
surface. SRC inhibitors (e.g., Dasatinib, PP2) block the
phosphorylation of these receptors, impairing their
localization and function. This results in a significant
decrease in the capacity of the HCV envelope
glycoproteins to interact with the cell, consequently
preventing viral entry (43). Furthermore, HCV replicates on
a modified host membrane structure known as the
"membranous web." SRC is involved in signal transduction
pathways that are crucial for creating a favorable
intracellular environment for viral replication. It can
interact with and modulate the activity of other host
factors that are required for the assembly of the viral
replication complex. By blocking SRC, the formation and
stability of the viral replication machinery are
compromised. This leads to a significant reduction in the
synthesis of new viral RNA (44).

In silico, the present
Comp87/Picrocrocin—STAT3

study predicts that the
bound complex exhibits
inhibitory ~ potential against STAT3.  Concurrently,
computational screening identifies Comp4,
Comp20/Isorhamnetin, Comp25/4-Oxotretinoin, Comp49,
Comp60, Comp72/Apigenin, Comp74/Padmatin, Comp83,
Comp96, Comp133, Comp139/Kaempferol,
Comp170/Pinocembrin, Comp193, Comp214,
Comp215/Salvigenin, and Comp219 as putative SRC
inhibitors.

Conclusion

The anti-hepatitis C potential of the ethyl acetate fraction
of V. cofassus leaf was investigated using an integrated
network pharmacology, molecular docking, and molecular
dynamics simulations. A total of 201 common targets were
identified between the plant's compounds and HCV-
related genes, with STAT3, IL6, SRC, AKT1, EGFR,
HSP90AA1, and TNF-a emerging as the most critical
proteins. Functional enrichment analyses indicated that
the predicted targets are involved in biological processes
such as responses to chemicals and oxygen-containing
compounds, intracellular signaling, stress, and the
regulation of cell death programs, which were
predominantly localized to junctions, vesicles, membrane
domains, the cell surface, mitochondria, and the
endoplasmic reticulum, while molecular functions are
mainly linked to kinase and transferase activities, ATP
binding, and protein-protein interactions. KEGG pathway
mapping further linked these targets to a number disease
pathways, including various cancers (e.g., prostate, Kaposi
sarcoma), viral infections  (e.g,  hepatitis B,
cytomegalovirus), and metabolic conditions such as
atherosclerosis and diabetic complications. In the present
study, Comp87/Picrocrocin showed predicted binding
affinity for STAT3, while Comp4, Comp20/Isorhamnetin,
Comp25/4-Oxotretinoin, Comp49, Comp60,
Comp72/Apigenin, Comp74/Padmatin, Comp83, Comp96,
Comp133, Comp139/Kaempferol, Comp170/Pinocembrin,
Comp193, Comp214, Comp215/Salvigenin, and Comp219
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were identified as potential SRC inhibitors based on
docking scores. Molecular dynamics simulations further
suggested stable binding of the compounds to key
hepatitis C-related proteins, STAT3 and SRC under
computational conditions. Consequently, the present in
silico provides a computationally derived mechanistic
hypothesis and identifies high-priority scaffolds for
subsequent synthesis and testing which necessitate
validation through in vitro and in vivo studies.
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