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Introduction  

Hepatitis C virus (HCV) is a lipid-enveloped, positive-strand 

RNA virus with a genome of roughly 9.6 kb, belonging to the 

Flaviviridae family and the Hepacivirus genus. Persistent HCV 

infection is a major etiological factor for the chronic liver diseases, most 

notably hepatocellular carcinoma (HCC).1-2 According to the World 

Health Organization (WHO), approximately 1.5 million new infections 

occur annually, with an estimated 290,000 deaths and nearly 58 million 

individuals living with HCV worldwide.3-5 These global 

epidemiological figures highlight the pressing necessity for more 

effective and innovative therapeutic strategies againts HCV. 

A tropical herbaceous plant, Kleinhovia hospita L., was reported to have 

several pharmacological activities. For instance, Arung et al. 2009 

reported the strong antioxidant activity of Kleinhovia hospita leaf 

extracts and moderate cytotoxicity.6 Ariefta et al. (2024) showed that 

the extract from the plant showed antiplasmodial activity against 

Plasmodium falciparum strains 3D7 and K1.7 Solihah (2019) reported 

that its ethanol extract had the most potential as a cytotoxic agent, which 

could be relevant for further studies in areas such as cancer 

treatment.8Despite the potential of the plant, there are no studies 

regarding its activity againts HCV.  
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Therefore, this research seeks to investigate the potential of the 

methanol extract of Kleinhovia hospita L. to treat HCV using network 

pharmacology, molecular docking, and in vitro assessment. Network 

pharmacology is an emerging interdisciplinary field that merges 

concepts from biology, pharmacology, and informatics.9-10 It is 

particularly well-suited to uncover the synergistic effects of herbal 

plants, which typically consist of multiple active compounds working 

through various targets and pathways to produce therapeutic outcomes. 

This approach enables the mapping of interactions between compounds 

and their biological targets, making it a powerful tool for exploring the 

pharmacological basis of herbal plants.11 As it remains a theoretical 

framework, integrating it with in vitro study can help substantiate these 

predictions and clarify how herbal plant exerts therapeutic effects. Here 

we applied network pharmacology, molecular docking, and in vitro 

studies to explore the anti-HCV mechanisms of Kleinhovia hospita L 

methanol extract. 

   

Materials and methods 

Plant sample preparation and extraction method 

Kleinhovia hospita L. leaves were taken in June 2024 from Forest 

Management Unit (FMI) Gantara, Liwu Metingki village, Muna 

District, Southeast Sulawesi, Indonesia. The Gantara FMI was located 

south of the equator, from 04°43′58.52″ South Latitude (SL) to 

05°07′30.06″ South Latitude (SL), and from 122°46′09.08″ East 

Longitude (EL) to 122°56′44.85″ East Longitude (EL). Identification of 

the plant was performed by the Laboratory of Pharmacy, Universitas 

Halu Oleo, Indonesia, under registration number 

1704/UN29.18.1.1.1/PP/2025 and specimen code FF-UHO-066. In 

addition, the leaves of the plant were wet-sorted, washed, cut into thin 

slices, and then air-dried. The crude simplisia of Kleinhovia hospita L. 

(1.5 kg) was subsequently subjected to maceration with methanol (15 
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Kleinhovia hospita L. is tropical herbaceous plant typically used as traditional medicine, but its 

potential as an antiviral agent remains scientifically underexplored. Given the limitations of the 

current hepatitis C virus (HCV) treatments, there is a need to identify novel therapeutic 

compounds from natural resources. Therefore, this study aims to explore the potential of the 

methanol extract of Kleinhovia hospita L to treat HCV. Chemical composition of the methanol 

extract was assessed using liquid chromatography-high-resolution mass spectrometry (LC-

HRMS). The protein targets and signaling pathways in HCV due to Kleinhovia hospita L were 

evaluated with network pharmacology. Computational results were then validated using in vitro 

testing against HCV. The LC-HRMS analysis results showed that there were 57 compounds in the 

methanol extract, with 38 complying with drug-likeness properties. Network pharmacology 

analysis using the 38 compounds showed 331 potential therapeutic targets, with TP53, AKT1, 

SRC, HSP90AA1, EGFR, GAPDH, and ESR1 serving as core targets. Molecular docking of the 

best 4 targets (TP53, AKT1, SRC, HSP90AA1) showed that the AKT1-bound docked poses of 

Compounds 2, 7, 11, 20, 24, 33, 38, 43, and 45 had lower binding energies than native ligand. 

Meanwhile, compounds 28 and 40 showed lower binding energies than the native ligand when 

bound to SRC. Lower binding energies were also observed in the HSP90-docked poses of 

compounds 7, 24, 25, and 55. In vitro test against HCV by the methanol extract showed inhibitory 

concentration 50 (IC50) of 2.24±0.1 µg/mL, which indicated its potential for inhibiting HCV. 
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L) for 3 x 24 hours, followed by evaporation to obtain a 130.45 g crude 

extract. 

 

LC-HRMS analysis 

The chemical constituents of the crude extract of Kleinhovia hospita L. 

leaf were investigated by liquid chromatography-high resolution mass 

spectrometry (LC-HRMS).12-13 Chromatographic separation was 

performed using a Thermo Scientific™ Vanquish™ UHPLC Binary 

Pump system, integrated with a Thermo Scientific™ Q Exactive™ 

Hybrid Quadrupole-Orbitrap™, High-Resolution Mass Spectrometer. 

A Thermo Scientific™ Accucore™ Phenyl-Hexyl column (100 mm × 

2.1 mm ID × 2.6 μm) was used for the analysis, with all procedures and 

conditions and the specific conditions and procedures conducted 

according to a previously reported method.14 

 

In silico analysis 

Compounds obtained from LC-HRMS analysis were subjected to drug-

likeness prediction using the SwissADME web server 

(http://www.swissadme.ch/).15 The Lipinsky rule of 5, bioavailability 

scored > 0.55, and high gastrointestinal absorption, were used as 

screening criteria. Compounds violating the Lipinsky rule of 5 more 

than a criterion, and or had a bioavailability score < 0.55, and low 

gastrointestinal absorption were left from subsequent study. 

  

Target screening 
The target prediction for the methanol extract of Kleinhovia hospita L. 

was carried out using the SwissTargetPrediction and SEA 

(https://sea.bkslab.org) databases,16-17, while HCV-related genes were 

predicted using OMIM (https://www.omim.org) and GeneCard 

(https://www.genecards.org) databases,18-20, and were then refined by 

selecting the top 500 targets.21 Finally, the predicted targets from the 

compounds and the disease-associated genes were compared and 

visualized using a Venn diagram created with the Bioinformatics and 

Systems Biology tool  

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

   

Protein-Protein Interaction (PPI) Network  

String Database (https://string-db.org) was used to construct PPI using 

common targets as an input, in which the protein target was limited to 

the species “Homo sapiens” and high confidence 0.007. Subsequently, 

the PPI network was obtained using Cytoscape v3.10.2.22 

 

Gene ontology (GO) analysis and KEGG pathway  
GO analysis was performed using the Metascape 

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

biological functions, cellular processes, and molecular components 

associated with the predicted protein targets.23-25 Additionally, KEGG 

(Kyoto Encyclopedia of Genes and Genomes) pathway analysis was 

used to identify metabolic pathways and molecular signaling routes 

influenced by the active compounds and target proteins of Kleinhovia 

hospita L. and HCV. The identified pathways were regarded as the 

potential mechanisms through which the compounds exerted their 

effects. 

  

Molecular Docking  
Molecular docking was performed on the 4 best targets to evaluate the 

binding mode and affinity of the compound to a receptor target, which 

meant tumor suppressor protein 53 (TP53), AKT serine/threonine 

kinase 1 (AKT1), sarcoma (SRC), and heat shock protein (HSP90AA1). 

All PDB structure files of each protein target were downloaded from 

the Protein Data Bank database (https://www.rcsb.org).  

The 2-dimensional structures of the compound identified through LC-

HRMS of the methanol extract of Kleinhovia hospita L. were built into 

3D forms using the Maestro LigPrep module with the OPLS_2005 force 

field.26-27 Preparation of both proteins and ligands followed established 

protocols,28 using the Maestro Schrödinger software version 11.1.012, 

release 2017-1 (Schrödinger, New York, NY, USA).29 Grid points were 

set up follo wing the position of each native ligand of TP53, AKT1, 

SRC, and HSP90AA1. 

 

Cell culture, virus preparation, and anti-HCV activity 

This study used cloned human liver cancer cell lines (Huh7it-1).30 The 

culture medium consisted of DMEM enriched with additional amino 

acids, 10% fetal bovine serum (Biowest), and kanamycin (Sigma-

Aldrich). Incubation was carried out at 37 °C in a 5% CO₂ atmosphere, 

and the HCV strain used in the experiments was JFH-1, which belonged 

to genotype 2a.31 

Antiviral testing was carried out according to the previosly protocol.31 

Cells were exposed with the virus at a multiplicity of infection (MOI) 

of 0.1 and treated by varying concentrations (0.01, 0.1, 1, 10, 50, and 

100 μg/mL) of methanol extract of Kleinhovia hospita L. leaves. 

Following a 2-hour incubation at 37 °C, the viral solution was removed, 

and the cells were maintained with the extract for an additional 46 hours 

at the same temperature. Culture supernatants were then collected to 

evaluate viral levels, based on the procedure described by Apriyanto 

and colleagues (36), and the IC₅₀ value was calculated using probit 

analysis with SPSS software.32 

 

Results and Discussion 

Identification of active compounds and target prediction  

A total of fifty-seven bioactive compounds were identified by LC-

HRMS on the methanol extract of Kleinhovia hospita L (Table S1). 

Analysis of drug-likeness using Lipinsky rule of 5, bioavailability score 

and gastrointestinal absorption criteria found out 19 compounds did not 

pass the criteria, which meant Compound 1, 3, 4, 6, 8, 14, 15, 17, 18, 

19, 21, 22, 30, 36, 37, 46, 47, 51, and 52 (Table S2). Therefore, only 38 

compounds were processed for further analysis. As many as 5281 and 

2274 potential targets of Kleinhovia hospita L. were predicted through 

SwissTargetPrediction and SEA databases, respectively, while 375, 

503, dan 270 gene targets for HCV were predicted by OMIM, 

GeneCard, and DisGenet databases, respectively. A total of 331 HCV-

related targets were identified at the intersection and were selected as 

hub genes between Kleinhovia hospita L. targets and those correlated 

with HCV, as shown in the Venn diagram (Figure 1).  

 

Construction of compound-target network analysis 

Based on the 331 targets above, the relationship between bioactive 

compounds of the methanol extract of Kleinhovia hospita L. and the 

therapeutic target of HCV was showed. These targets were then entered 

into the STRING database to retrieve PPI network data, and the results 

were visualized using Cytoscape software. The compound-target 

network was composed of 331 nodes and 2105 edges. In this network, 

nodes represented the target genes and their associated compounds, 

while the edges showed the interactions between these nodes (Figure 

2).  From the 331 nodes, the top 10, based on their degree values, were 

selected as the hub key targets. These hub nodes could be crucial within 

the PPI network in mediating anti-HCV effects. Details of the top 10 

nodes, including their corresponding closeness centrality and 

betweenness centrality, were provided in Table 1. 

The degree value represented how many associations were predicted 

between each component and its corresponding targets. A higher degree 

suggested that the component played a more significant role. 

Furthermore, it was found that those targets having higher degree 

included tumor protein 53 (TP53), RAC-alpha serine/threonine protein 

kinases 1 (AKT1), sarcoma (SRC), heat shot protein 90 (HSP90AA1), 

epidermal growth factor receptor (EGFR), B-cell lymphoma 2 (BCL2), 

glyceraldehyde-3-phosphate dehydrogenase (GADPH2), nuclear factor 

kappa B subunit 1 (NFKB1), jun proto-oncogene (JUN), and estrogen 

receptor (ESR1), and taken as hub key targets. Closeness centrality 

reflected how centrally located a node was, and betweenness centrality 

highlighted nodes that served as key connectors or bridges within the 

network 33.  

The top 10 proteins from each centrality measure identified were further 

analyzed using a Venn diagram. This analysis showed 7 overlapping 

proteins— TP53, AKT1, SRC, HSP90AA1, EGFR, GAPDH, ESR1—

which were proposed as key targets. Figure 3 showed the top 10 
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potential target proteins were identified based on the highest scores 

across different centrality measures, namely (a) degree, (b) 

betweenness, and (c) closeness. A Venn diagram showed the overlap 

among these top proteins, highlighting 7 key targets which included 

TP53, AKT1, SRC, HSP90AA1, EGFR, GAPDH, and ESR1. 

 

Table 1: Top ten targets with their degree, closeness centrality, and betweenness centrality values. 

Name Degree Betweenness centrality Closeness centrality 

TP53 94 0.1141376743448232 0.5098684210526316 

AKT1 79 0.052046117435341856 0.5008077544426495 

SRC 75 0.06656047482218538 0.48665620094191525 

HSP90AA1 73 0.04779635699227042 0.47473200612557426 

EGFR 72 0.06173529812557463 0.496 

BCL2 62 0.036966958063187234 0.4718417047184171 

GAPDH 55 0.051338004893963986 0.484375 

NFKB1 54 0.016129244598454683 0.45454545454545453 

JUN 53 0.023945572004196034 0.4661654135338346 

ESR1 52 0.04745410010432503 0.4682779456193354 

 
Figure 1: Venn diagram of the common target of hepatitis C 

virus- Kleinhovia hospita L. Blue indicated genes of hepatitis 

C virus, yellow indicated targets of compounds of Kleinhovia 

hospita L., and light yellow indicated the common target. 
 

 
Figure 2: The interactive PPI network was generated using the 

STRING database, which consisted of 331 nodes and 2105 

edges. Each node corresponds to a potential target, while the 

edges represent various types of protein-protein interactions. 

These include known interactions (azure for curated databases 

and purple for experimental evidence), predicted interactions 

(green for gene neighborhood, red for gene fusions, and blue for 

gene co-occurrence), and additional associations (light green for 

text mining, black for co-expression, and light blue for protein 

homology). 
 

GO enrichment and KEGG pathway analysis  
The 331 intersecting targets were further analyzed to show the 

mechanism of action of their anti-HCV activity using GO and KEGG 

pathway enrichment analysis using shiny GO 0.80, to elucidate the 

functions and pathways of genes in HCV. These two pathways were 

analyzed in terms of biological process (BP), cellular components (CC), 

and molecular function (MF), and a total of 1000 GO BP, 301 GO CC, 

793 GO MF, and 257 KEGG pathways were enriched. 

The top 10 enrichments of GO BP showed that the target genes of the 

methanol extract of Kleinhovia hospita L. associated with response to 

chemical, cellular response to chemical stimulus, response to organic 

substance, response to oxygen-containing compound, and cellular 

response to organic substance. The target genes were mainly found in 

the receptor complex, cell surface, vesicle, membrane raft, and 

membrane microdomain, as showed by the GO CC. These MF showed 

that the target genes were mainly involved in protein kinase activity, 

phosphotransferase activity, alcohol group as acceptor, kinase activity, 

protein serine/threonine/tyrosine kinase activity, and identical protein 

binding. 

Substantial signaling pathways related to HCV were analysed by 

KEGG pathway, which showed that the effect of Kleinhovia hospita L. 

in treating HCV was associated with pathways in cancer, lipid and 

atherosclerosis, kaposi sarcoma-associated herpesvirus infection, 

hepatitis B, and PI3K-Akt signaling pathway. Furthermore, Figure 4 

showed the bubble map of the top signification GO terms and KEGG 

pathways. 

 

 
(a) 

 

 
(b) 

 

 
(c) 
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(d) 

 

Figure 3: The top 10 potential target proteins identified based on (a) degree (b) betweenness (c) closeness. Seven key targets: TP53, 

AKT1, SRC, HSP90AA1, EGFR, GAPDH, ESR1 overlap among top ten proteins (d). 
 

a. 

 

 

b
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Figure 4: The map of top signification gene ontology (GO) 

terms and Kyoto Encyclopedia of Genes and Genomes (KEGG) 

pathway for methanol exctract of Kleinhovia hospita L. leaves 

compounds (a) GO biological process (b) GO cellular 

component, (c) GO molecular function, (d) Kyoto Encyclopedia 

of Genes and Genomes (KEGG) pathway. The size of each dot 

reflects the number of genes associated with that specific 

entry—larger dots represent more genes. The color intensity 

indicates more  significance the gene, with redder dots 

representing lower p-values. Bubble chart showing the top 10 

KEGG enrichment pathways, where increased redness 

corresponds to greater significance (i.e., lower p-values). 
 

Molecular docking 
Based on a comprehensive analysis of the compound-target network, 

PPI network, and compound-target-disease network, the highest-

ranking proteins—such as TP53, AKT1, SRC, and HSP90—were 

chosen for molecular docking studies. A compound (Compound 2) was 

docked to TP53, 11 compounds (2, 7, 11, 20, 24, 33, 38, 39, 43, 45, and 

53) were docked to AKT1, 10 compounds (2, 12, 20, 27, 28, 40, 48, 49, 

53, and 56) were docked to SRC, and 6 compounds (7, 12, 24, 25, 33, 

55) were docked to HSP90AA1. 

Table 2 showed the binding energy of the compound docked to TP53, 

AKT1, SRC, and HSP90AA1. Compound 2 docked to TP53 showed 

binding energy (-4.385 kcal/mol), higher than that of the native ligand 

(-6.746 kcal/mol). Molecular docking to AKT1 showed binding 

energies from -3.211 kcal/mol (Compound 53) to -10.005 kcal/mol 

(Compound 20), in which that of the AKT1 native ligand was -3.567 

TP53 

AKT1 

SRC 

HSP90AA

1 

EGFR 

GAPDH 

ESR1 
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kcal/mol. Furthermore, the docking to SRC showed binding energies 

from -0.452 kcal/mol (Compound 49) to -5.394 kcal/mol (Compound 

28), in which that of the SRC native ligand was -3.707 kcal/mol. The 

HSP90AA1 showed binding energies from -0.216 kcal/mol (Compound 

33 ) to -10.342 kcal/mol (Compound 24), in which that of its native 

ligand was -5.576 kcal/mol. 

 

Table 2: The binding energy (kcal/mol) of compound docked to TP53, AKT1, SRC, and HSP90AA1. 

Compound 

Binding energy (kcal/mol) 

TP53  

(PDB ID: 2VUK) 

AKT1  

(PDB ID: 3O96) 

SRC  

(PDB ID: 1O43) 

HSP90AA1 (PDB ID: 

3O0I) 

Native ligand  -6.746 (P831291) -3.567 (IQO444) -3.707 (821300) -5.576 (P54237) 

Compound 2 -4.385 -6.615 -2.055  

Compound 7  -8.299  -6.143 

Compound 9     

Compound 11  -5.785   

Compound 12   -0.753 -2.878 

Compound 20  -10.005 -1.236  

Compound 23     

Compound 24  -5.155  -10.342 

Compound 25    -9.268 

Compound 26     

Compound 27   -2.471  

Compound 28   -5.394  

Compound 33  -3.638  -0.216 

Compound 38  -4.344   

Compound 39  -3.512   

Compound 40   -5.151  

Compound 41     

Compound 43  -6.066   

Compound 44     

Compound 45  -7.245   

Compound 48   -1.126  

Compound 49   -0.452  

Compound 50     

Compound 53  -3.211 -1.145  

Compound 55    -6.811 

Compound 56   -2.471  

The molecular structures of compounds and their docking 

conformations to AKT1 were shown in Figure 5 and S1. Lower binding 

energies were observed in the AKT1-bound docked poses of Compound 

2 (-6.615 kcal/mol), 7 (-8.299 kcal/mol), 11 (-5.785 kcal/mol), 20 (-

10.005 kcal/mol), 24 (-5.155 kcal/mol), 33 (-3.638 kcal/mol), 38 (-

4.344 kcal/mol), 43 (-6.066 kcal/mol), and 45 (-7.245 kcal/mol). In 

addition, higher binding energies were found in docking Compound 39 

(-3.512 kcal/mol) and 53 (-3.211 kcal/mol) to AKT1. 

 

 
Native ligand (IQO444): -

3.567 kcal/mol 

 

 
Compound 2  (-6.615 kcal/mol) 

  
Compound 7 (-8.299) 

 
Compound 20 (-10.005) 
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Compound 45 (-7.245) 

 

Figure 5: The docked conformations of compounds bound to 

AKT1.Higher binding energies were observed in the docked 

poses of Compound 2 (-6.615 kcal/mol), Compound 7 (-8.299 

kcal/mol), Compound 20 (-10.005 kcal/mol), and Compound 45 

(-7.245 kcal/mol). 
 

The structures of compounds and their conformation to SRC were 

shown in Figure 6 and S2. Lower binding energies were observed in the 

SRC-bound docked poses of Compound 28 (-5.394 kcal/mol) and 40 (-

5.151 kcal/mol). In addition, higher binding energies were found in 

docking Compound 2 (-2.055 kcal/mol), 12 (-0.753 kcal/mol), 20 (-

1.236 kcal/mol), 27 (-2.471 kcal/mol), 48 (-1.126 kcal/mol), 49 (-0.452 

kcal/mol), 53 (-1.145 kcal/mol), and 56 (-2.471 kcal/mol) to SRC. 

Figure 7 and S3 showed the structures of compounds and their docking 

conformation to HSP90. Lower binding energies were observed in the 

HSP90-docked poses of Compound 7 (-6.143 kcal/mol), 24 (-10.342 

kcal/mol), 25 (-9.268 kcal/mol), and 55 (-6.811 kcal/mol). In addition, 

higher binding energies were found in Compound 12 (-2.878 kcal/mol) 

and 33 (-0.216 kcal/mol) to HSP90. Finally, molecular docking to TP53 

by Compound 2 showed a binding energy of -4.385 kcal/mol, higher 

than that of the native ligand (-6.746 kcal/mol) (Figure S4). 

 

 
Native ligand (821300): -3.707 

kcal/mol 

 
Compound 28: -5.394 

kcal/mol 

 
Compound 40: -5.151 kcal/mol 

Figure 6: The docked conformations of compounds bound to 

SRC.Higher binding energies were observed in the docked 

poses of Compound 28 (-5.394 kcal/mol) and Compound 40 (-

5.151 kcal/mol). 
 

 

 

 

 
Native ligand (P54237): -

5.576 kcal/mol 

 
Compound 7: -6.143 kcal/mol 

 
Compound 24: -10.342 

kcal/mol 

 
Compound 25: -9.268 kcal/mol 

 
Compound 55: -6.811 kcal/mol 

Figure 7: The docked conformations of compounds bound to 

HSP90.Higher binding energies were observed in the docked 

poses of Compound 7 (-6.143 kcal/mol), Compound 24 (-10.342 

kcal/mol), Compound 25 (-9.268 kcal/mol), and Compound 55 

(-6.811 kcal/mol). 
 

In vitro anti-HCV test 

In vitro anti-HCV assay of the methanol extract of Kleinhovia hospita 

L leaves was performed to get insight on antiviral effects of the extract 

against HCV at various concentrations. As presented in Table 3, the 

extract significantly inhibit HCV infection, with an IC50 value of 

2.24±0.1 µg/mL. 

The network pharmacology workflow revealed tumor suppressor 

protein 53 (TP53), RAC-alpha serine/threonine-protein kinase (AKT1), 

sarcoma (SRC), heat shock protein (HSP90AA1), epidermal growth 

factor receptor (EGFR), glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH), and estrogen receptor (ESR1), as key regulators. Molecular 

docking was performed on the top 4 protein targets, namely TP53, 

AKT1, SRC, and HSP90AA1. In vitro anti-HCV test of methanol 

extract of Kleinhovia hospita L leaves effectively inhibited HCV 

infection with an IC50 value of 2.24±0.1 µg/mL. As far as the authors 

know, this was the first report on anti-hepatitis C inhibition of the 

methanol extract of Kleinhovia hospita L. leaves. Previous studies 

reported that administering a decoction of Kleinhovia hospita L. could 

stimulate liver cell regeneration and reduce the levels of SGOT and 
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SGPT enzymes.34 Another study showed that Kleinhovia hospita, 

contained in polyherbal medicine, along with Curcuma xanthorrhiza, 

Nigella sativa, and Arcangelisia flava, provided both hepatoprotection 

and hepatoregeneration in CCl4-induced chronic liver injury. The 

previous studies showed the anti-HCV inhibition by Avicennia marina 

leaves extract at an IC50 of 12.664 ± 0.984 μg/mL.13 Therefore, 

Kleinhovia hospita L reported in the present study showed better 

inhibition toward HCV.  

The potent in vitro inhibitory effect against HCV shown by the 

methanol extract of Kleinhovia hospita L leaves aligned with the high 

AKT1-binding scores of docked Compound 2, 7, 11, 20, 24, 33, 38, 43, 

and 45. Furthermore, there were others observed in the SRC-bound 

docked poses of Compounds 28 and 40, as well as those observed in the 

HSP90-docked poses of Compounds 7, 24, 25, and 55. 

 

Table 3: Inhibition of Hepatitis C virus infection of Kleinhovia 

hospita L. 
 

Concentration 

(µg/mL) 
% of HCV  

inhibition 
SD 

100 100.00 0.00 

50 100.00 0.00 

10 93.90 2.11 

1 19.50 3.66 

0.1 0.40 0.70 

0.01 0.00 0.00 

 

Conclusion 

In conclusion, this study showed that the methanol extract of Kleinhovia 

hospita L. leaves held promise in inhibiting HCV infection, as 

evidenced by integrated approaches including network pharmacology, 

molecular docking, and in vitro testing. Notably, compounds such as 2, 

7, 11, 20, 24, 33, 38, 43, and 45 showed strong binding to AKT1. 

Compounds 28 and 40 showed strong binding to SRC, and well as 7, 

24, 25, and 55 showed strong binding to HSP90. The extract also 

showed potent effects againts HCV, with an IC₅₀ value of 

2.24 ± 0.1 µg/mL, underscoring its therapeutic potential. These results 

laid the groundwork for further exploration of Kleinhovia hospita L. as 

a natural treatment candidate for HCV. Future studies will focus on the 

in vivo validation, pharmacokinetics, and safety profiling of Kleinhovia 

hospita L. methanol extract and its bioactive compounds to advance its 

development as a potential natural therapeutic agent against HCV. 
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