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Abstract

Dengue virus (DENV) infection is caused by Aedes sp. mosquitoes such as A. aegypti, A. albopictus, and
A. scutellaris. DENV has been reported to possess a cell tropism consisting of mast cells, fibroblasts,
dendritic cells, macrophages, langerhans, and keratinocytes. Viral replication consists of various
stages such as attachment, fusion, replication of genetic material, assembly, and virus release. Fusion
inhibitors often act to interfere with the endocytosis process mediated by parts on the virus and host
receptor. However, few previous studies have used in silico approaches to screen candidate DENV
fusion inhibitors with bioactive compounds. Several volatile compounds such as flavonoids contained
in Sonchus arvensis L. leaf extracts are predicted to have potential for treatment. Therefore, this
study aims to determine the activity of volatile compounds from Sonchus arvensis L. to inhibit DENV
fusion through in silico approach. The in silico methods used were ligand collection, protein retrieval,
druglikeness prediction, virtual screening, molecular interaction analysis, molecular dynamics, toxicity
profiling, and antiviral probability. The results showed that volatile compounds from Sonchus arvensis
L. consisting of Hexadecanoic acid, ethyl ester, Phytol, 1,2-benzenedicarboxylic acid, bis(2-methylpropyl)
ester, and Benzoic acid, 2-ethylhexyl ester could inhibit DENV fusion through binding to DENV proteins.
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INTRODUCTION

Dengue virus (DENV) infection is
transmitted through the bite of Aedes sp.
mosquitoes such as A. aegypti, A. albopictus,
and A. scutellaris which are commonly found in
subtropical and tropical regions. DENV has been
reported to have 4 strains consisting of DENV-1,
DENV-2, DENV-3, and DENV-4. This virus has an
envelope and is composed of single-stranded
RNA (ssRNA) with regions encoding capsid (C),
membrane (M), and envelope (E). It also possesses
structural proteins and 7 nonstructural proteins
such as NS1, NS2A, NS3, NS4A, NS4B, and NS5.1
DENV replication is often stimulated through viral
attachment to host receptors and then endocytosis
through fusion. Viral replication occurs in RE, where
the RNA produces polyproteins and new viruses
undergo exocytosis through vesicles to infect new
host cells.? At present, vaccines and antiviral drugs
for dengue fever are not commercially available
due to ongoing investigations. DENV can infect
a wide variety of cell types (permissive cells) in
the epidermal and dermal layers of human skin
consisting of mast cells, fibroblasts, dendritic cells,
macrophages, langerhans, and keratinocytes.?
Therefore, some of these permissive cells are also
targets for therapies to inhibit viral replication.*

Accounting to previous studies, viral
replication consists of various stages such as
attachment, fusion, replication of genetic material,
assembly, and virus release. Fusion inhibitors act
to interfere with the endocytosis process mediated
by parts on the virus and host receptor. The viral
attachment protein E stage of DENV interacts
with host cell receptors such as DC-SIGN, heparan
sulfate, and mannose receptor.®> Fusion of viral
particles occurs through interaction on receptors
for regulation of clathrin-mediated endocytosis
to form endosomal membranes under low pH
conditions.® The release of genomic RNA from
DENV is initiated by the acidic pH of the endosomal
environment, which triggers capsid uncoating
to process viral proteins and replication. The
mRNA translation process occurs to trigger the
production of new viral proteins.” Host receptors
that facilitate DENV fusion consist of langerin/
CD207 and Type Lectin Domain Containing 5A
(CLEC5A) found on the surface.®® Capsid proteins

(Cpmtein) are involved as facilitators of DENV fusion
to maintain stable interactions with the envelope
(Epmtem) and viral genome. %!

Previous studies using pocket binding
on the DENV E rotein domain to design candidate
fusion inhibitors were confirmed by in vitro
analysis resulting in an IC_  of 6 uM with a viral
load reduction of 9.8 uM.*? Several candidate
fusion inhibitors consisting of 10AN1, DN57opt,
DN59, rolitetracycline, doxycycline, NITD448, A5,
and SA-17 interact with the hydrophobic pocket
on the envelope of DENV-1, DENV-2, and DENV-
3.13 Screening of DENV antiviral candidates is
carried out based on bioactive compounds from
natural ingredients such as triterpenoids with an
in silico approach by targeting non-structural 4B
(NS4B).* Geraniin from Nephelium lappaceum
L. and Phyllanthus myrtifolius were identified as
having DENV antiviral activity through inhibition of
transcription and regulation of viral translation.®
However, few previous studies have used in silico
approaches to screen candidate DENV fusion
inhibitors with bioactive compounds.

Antiviral activity is demonstrated by
various extracts from natural materials such as
green tea, mangosteen, turmeric, and others.*®’
Natural compounds have antiviral mechanisms
through direct and indirect mechanisms, such
as inhibiting target activity in the virus and then
suppressing excessive inflammatory responses
or initiating apoptosis in infected cells.'® Sonchus
arvensis L. is one of the natural ingredients
used in Indonesia as an alternative medicine
with antioxidant, antiplasmodial, and anti-
inflammatory potential.**?*° Antiviral activity of
Sonchus arvensis L. extract as a potential inhibitor
of key proteins of SARS-CoV-2 was shown by a
previous study.?! The use of Sonchus arvensis L.
for the treatment of dengue fever has never been
carried out, but allows for further exploration of
natural compounds. Several volatile compounds
such as flavonoids contained in the leaf extracts
are predicted to have potential for treatment.?
Therefore, this study aims to determine the activity
of volatile compounds from Sonchus arvensis
L. with dual mechanism to inhibit the fusion
mechanism in DENV entry phase through in silico
approach.
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MATERIALS AND METHODS
Ligand collection

Volatile compounds from the leaves
of Sonchus arvensis L. consisted of Decanal,
2,4-Decadienal, Tetradecane, Pentadecane,
Hexadecane, Benzoic acid, 2-ethylhexyl ester,
3-Tetradecene, Tetradecanoic acid, Octadecene,
Tetradecanal, and 1,2-benzenedicarboxylic
acid. Others included bis(2-methylpropyl)ester,
1-Hexadecanol, Nonadecane, Hexadecanoic
acid, ethyl ester, Eicosane, 10-Heneicosene,
Heneicosene, Phytol, 9, 12, 15-octadecatrienoic
acid, ethyl ester, Dokozan, 9-Tricosene, Z, Triclosan,
Tetracosane, Pentacosane, and Hexacosane.?
PubChem (https://pubchem.ncbi.nlm.nih.gov/)
was used for data retrieval of volatile compounds
from Sonchus arvensis L., which consisted of name,
CID, formula, canonical SMILES, and structure
data format (SDF). Minimization of SDF files into
Protein Data Bank format (PDB) was performed
on the Open Babel plugin through PyRx - Python
Prescription Virtual Screening Tool v1.1.0 with
academic license for ligand optimization.?

Protein retrieval
This study used DENV Envelope (Epmtem),
DENV Capsid (Cpmtein), Langerin/CD207, and
C-Type Lectin Domain Containing 5A (CLEC5A) as
target inhibitors. DENV fusion included several
components on the virion such as E rotein and
orotein IN the replication process.'®!! Langerin and
CLECSA were identified on the host as receptors
to facilitate viral entry.®® The 3-dimensional
structures of the 4 targets were obtained from
RCSB PDB (https://www.rcsb.org/), and the water
molecules and native ligands in the target PDB files
were removed using PyMOL v2.5.0 with academic
license.?

Druglikeness prediction

Assessment of druglikeness in this study
using rules such as Lipinski, Ghose, Veber, Egan,
and Muegge, which was performed through
SwissADME (http://www.swissadme.ch/).?*
Another parameter used in druglikeness was the
probability of bioavailability and absorption of the
query compound in the Homo sapiens was also
predicted. Positive predictions in druglikeness
were drug-like molecules by following all the
parameters used.”®

Virtual screening
Prediction of ligand binding ability of
Sonchus arvensis L. volatile compounds on Epmtem,
orotein’ Langerin, and CLEC5A was conducted
through ligand-based virtual screening (LBVS).
The method used was docking screening by
directing the autogrid on target surface entire
to identify ligand binding affinity (kcal/mol).?
Autogrid played a major role to direct ligand
binding according to the XYZ center position and
dimensions on the target. Molecular docking
was performed through the VinaWizard plugin in
PyRx - Python Prescription Virtual Screening Tool
v1.1.0 with academic license.?” Visualization of the
3-dimensional structure from docking results was
performed through PyMOL v2.5.0 with academic
license.?®

Molecular interaction

Molecular interactions in this study were
identified through Discovery Studio v2016 BIOVIA
using 2D plot.? Weak bonds such as hydrogen, van
der Waals, pi, as well as alkyl, and electrostatic
were present in the ligand-protein complex. These
bonds contributed to the initiation of biological
responses in targets such as inhibitor activity.*

Dynamic simulation

Stability of ligand-protein complexes was
identified through molecular dynamics simulations
on CABS-flex v2.0 (https://biocomp.chem.uw.edu.
pl/CABSflex2). This study used molecular dynamics
simulations based on structural flexibility through
root mean square fluctuation (RMSF) (A) in
molecular complexes.?3? Average RMSF value
used for stability parameter assessment must be
<3 (A) with simulation parameters consisting of
restraints, rigidity, restraints, number of cycles,
trajectory, and temperature range.*

Toxicity prediction and antiviral probability
Toxicity prediction in this study was
performed using ProTox v3.0 (https://tox.charite.
de/protox3/). The data consisted of LD, (mg/kg),
toxicity class, average similarity, accuracy, and
organ toxicity. This server worked with random
forest and neural networks algorithms to predict
the toxicity properties of a query compound based
on similarity and coverage to identify toxicity class,
LD_, toxicity type, target, and clinical toxicity.

507
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Table 1. Data collection of volatile compounds of Sonchus arvensis L. from database

Label Compounds CID Formula Canonical SMILES

1. Decanal 8175 C,,H,,0 Cccccecececce=0

2. 2,4-Decadienal 5283349 C,H,O CCCce/c=c/c=Cc/c=0

3. Tetradecane 12389 C,.Hy, ccccecececcccceccc

4. Pentadecane 12391 CH,, cccceeccccccecccc

5. Hexadecane 11006 C,H,, ccccececccccccccecc

6. Benzoic acid, 2- 94310 C,H,,0, CCCCC(CC)COoC(=0)Cc1=Ccc=Ccc=C1
ethylhexyl ester

7 3-Tetradecene 5352802 CH,, Cccceececcecc/c=c/cc

8. Tetradecanoic acid 11005 C14 28O2 Cccccececececcccccc(=0)o

9. Octadecene 8217 CeHye cccceeccecccceccccce=c

10. Tetradecanal 31291 C,H,.0 ccccecececececcccce=0

11. 1,2-benzenedicar- 1017 C,H.O, C1=CC=C(C(=C1)C(=0)0)C(=0)0
boxylic acid, bis
(2-methylpropyl)ester

12. 1-Hexadecanol 2682 C,H,,0 ccccececececcccccccco

13. Nonadecane 12401 C,H,0 cccececceccccecccccccc

14. Hexadecanoic acid, 12366 C,H,0, CCcccececcecccecccecc(=0)occ
ethyl ester

15. Eicosane 8222 C,oHa, cccceececccccccccccccc

16. 10-Heneicosene 5364553 C,H,, CCCcececcecc/c=c/cecceccccc

17. Heneicosene 3015374 C,H,, ccccecececcecccccccccccce=c

18. Phytol 5280435 C,H,0O C[C@@H](CCC[C@@H](C)CCC/C(=C/C0)/C)

CCCc(C)C

19. 9, 12, 15-octadecatrienoic 5367460  C,H,,0, CC/C=C\C/C=C\C/C=C\ccceeecc(=0)occe
acid, ethyl ester

20. Dokozan 12620 C,H,0 Ccccececececececccccecccccccco

21. 9-Tricosene, Z 5365075  C,H, CCccececececccecec/c=c\ccecceccc

22. Triclosan 5564 C,H,ClLO, C1=CC(=C(C=C1Cl)0)OC2=C(C=C(C=C2)CI)Cl

23. Tetracosane 12592 C,. cccceececccccccccccccccccc

24. Pentacosane 12406 C,.H,, cccceececcccccccccccccccccc

25. Hexacosane 12407 C Ccccececceccccccccccccccccccc

The query compound was predicted to have non-
toxic characteristics for its safe use.** Antiviral
probability prediction was performed through
PASSOnline (https://way2drug.com/PassOnline/
predict.php) based on the probability activation
(Pa) and inhibition (Pi) values, the Pa > Pi value
was selected to predict the probability.®

RESULTS

Data collection from compounds and target
database

A total of 25 volatile compounds from
Sonchus arvensis L. leaves were obtained from
PubChem with information consisting of CID,
formula, and SMILES (Table 1). Volatile compound
groups from Sonchus arvensis L. leaves consisted of

fatty acid, aliphatic hydrocarbon, ester, aldehyde,
and fatty alcohol with antidiarrheal, antioxidant,
antibacterial, and anticancer activities.3%3
Subsequently, the selection process was performed
on volatile compounds through the prediction of
druglikeness to identify activity similarity with
commercial drugs, bioavailability characteristics,
and absorption effectiveness in the human body.

Inhibition targets of DENV fusion process
in this study used DENV E__ . (ID: 1TG8), DENV
C, een (ID: 6VG5), Langerin (ID: 3KQG), and CLECS5A
(ID: 2YHF) with 3-dimensional structures obtained
from RCSB PDB (Figure 1). Viral proteins that had
a significant role in membrane attachment and
fusion, such as Epmin, targeting DENV inhibitor
candidates by previous studies was performed
on this protein.3® E, in DENV had a size of

rotein
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53 kDa with dimer and trimer structures.®® The
fusion mechanism in DENV was facilitated by cell
receptors, intracellular factors, and viral proteins,
while Corotein 1S included in fusion to facilitate the
preparation of viral genome transport vesicles to
target organelles in host cells.*° Host receptors
such as CLEC5A interacted with DENV E rotenn 1O
trigger increased production of proinflammatory
cytokines and viral fusion stage.*** Langerin
(CD207) on host cells were identified to interact
with DENV E, in the process of virus fusion

initiation.®

rotein

Drug-like molecule for Sonchus arvensis L. volatile
compounds

Druglikeness prediction evaluated query
compounds that had the potential to become good
drug candidates by following the rules consisting
of Lipinski, Ghose, Veber, Egan, and Muegge,
then bioavailability and absorption predictions
were used for support on druglikeness data.*®
Compounds with labels 1-18 and 20-23 were
included in the drug-like molecule that could be
used for further analysis. Meanwhile, compounds
with label 19 were not used because of errors
when predicted and did not qualify as a drug-like
molecule (Table 2). Compounds with drug-like
molecule properties had a bioavailability value of
0.55 with diverse Gl

absorption®

©)

Figure 1. Three-dimensional structure of the target protein: (A) DENV E

Binding affinity of volatile compounds from
Sonchus arvensis L. as inhibitor candidate

Simulation of ligand binding to the target
for identification of inhibitory activity in this study
was performed through molecular docking.** Grid
setting aimed to direct ligand binding to the target
domain, which was the entire target domain used
in this study for ligand activity screening. The
docking grid settings for the binding of volatile
compounds from the leaves of Sonchus arvensis
L. with AutoGrid were performed on DENV E rotein
Center (A) X: 9.804 Y: 20.820 Z: 15.317 Dimensions
(A) X: 60.462 Y: 52.009 Z: 128.993, DENV C__
Center (A) X: 13.889Y: 11.560Z: 13.369 Dimensions
(A) X: 68.759 Y: 68.865 Z: 137.056, Langerin Center
(A)X:20.840Y: 61.121 7: 99.689 Dimensions (&) X:
99.940 Y: 99.583 Z: 107.969, and CLEC5A Center
(A) X: 20.782 Y: -36.661 Z: 12.824 Dimensions (A)
X:96.695Y:118.944 Z: 116.002.

The docking results showed several
ligands with more negative binding affinity values
on each target consisting of compound with label
14 on DENV E__ . (-5.9 kcal/mol), label 18 on
DENV C_ ... (-6.8 kcal/mol), label 11 on langerin
(-6.3 kcal/mol), and label 6 on CLC5A (-6.6 kcal/
mol) (Table 3). Ligands with more negative binding
affinity values were predicted to have good
activity for inhibitor candidates on the target.*®
Ligands with the most negative binding affinity

(B)DENVC___ (C) Langerin (D) CLEC5A

protein

protein
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Table 2. Drug-like molecules from volatile compounds of Sonchus arvensis L. leaves

Compounds Lipinski Ghose Veber Egan Muegge Bioavailability Glabsorption Probable

1. Yes No Yes Yes No 0.55 High Drug-like molecule
2. Yes No Yes Yes No 0.55 High Drug-like molecule
3. Yes No No Yes No 0.55 Low Drug-like molecule
4. Yes No No No No 0.55 Low Drug-like molecule
5. Yes No No No No 0.55 Low Drug-like molecule
6. Yes Yes Yes Yes Yes 0.55 High Drug-like molecule
7. Yes Yes Yes Yes No 0.55 Low Drug-like molecule
8. Yes Yes No Yes No 0.85 High Drug-like molecule
9. Yes No No No No 0.55 Low Drug-like molecule
10. Yes Yes No Yes No 0.55 High Drug-like molecule
11. Yes No Yes Yes No 0.85 High Drug-like molecule
12. Yes Yes No Yes No 0.55 High Drug-like molecule
13. Yes No No No No 0.55 Low Drug-like molecule
14. Yes No No No No 0.55 High Drug-like molecule
15. Yes No No No No 0.55 Low Drug-like molecule
16. Yes No No No No 0.55 Low Drug-like molecule
17. Yes No No No No 0.55 Low Drug-like molecule
18. Yes No No No No 0.55 Low Drug-like molecule
19. No Data No Data No Data No Data NoData No Data No Data -

20. Yes No No No No 0.55 Low Drug-like molecule
21. Yes No No No No 0.55 Low Drug-like molecule
22. Yes Yes Yes Yes Yes 0.55 High Drug-like molecule
23. Yes No No No No 0.55 Low Drug-like molecule
24, Yes No No No No 0.55 Low Drug-like molecule
25. Yes No No No No 0.55 Low Drug-like molecule

values were used for docking validation analysis  stick structure with colors based on the constituent
through molecular interactions and dynamics.*®*  atoms C (green), H (gray), O (red), and blue
Ligand-target complexes were displayed with a  cartoons on transparent surfaces (Figure 2).

(A) (B)

©) (D)

Figure 2. Ligand-protein molecular complex from docking simulation results: (A) Compound 14_DENV E
Compound 18_DENV C (C) Compound 11_Langerin (D) Compound 6_CLEC5A

(B)

protein

protein

Journal of Pure and Applied Microbiology 6 www.microbiologyjournal.org



Kharisma et al | J Pure Appl Microbiol. 2026. https://doi.org/10.22207/JPAM.20.4.08

Table 3. Comparison of binding affinity values of ligand-protein complexes

Compounds CID Weight Binding Affinity
(g/mol) (kcal/mol)
DENV DENV Langerin CLEC5A
EDTO(EII’\ CDVO(EII’\
1. 8175 156.26 -3.7 -5.2 -3.9 -4.4
2. 5283349 152.23 -4.0 -5.5 -4.8 -4.8
3. 12389 198.39 -3.7 -5.8 -4.3 -4.8
4. 12391 212.41 -4.0 -5.8 -4.0 -4.8
5. 11006 226.44 -4.0 -5.6 -4.2 -4.6
6. 94310 234.33 -5.2 -6.3 -6.2 -6.6
7. 5352802 196.37 -3.8 -6.0 -4.2 -5.3
8. 11005 228.37 -4.2 -5.9 -4.6 -5.3
9. 8217 252.5 -3.9 -5.8 -3.8 -4.5
10. 31291 212.37 -3.9 -5.8 -4.1 -4.4
11. 1017 166.13 -5.4 -5.9 -6.3 -6.4
12. 2682 242.44 -4.2 -5.9 -4.5 -4.7
13. 12401 268.5 -4.8 -6.1 -4.4 -4.8
14. 12366 284.5 -5.9 -5.9 -4.5 -4.9
15. 8222 282.5 -4.9 -6.0 -4.6 -4.8
16. 5364553 294.6 -4.9 -6.1 -4.6 -5.2
17. 3015374 294.6 -5.2 -6.2 -4.7 -5.0
18. 5280435 296.5 -5.5 -6.8 -5.5 -5.3
20. 12620 326.6 -5.5 -6.2 -5.0 -4.7
21. 5365075 322.6 -4.5 -5.9 -4.2 -5.0
22. 5564 289.5 -5.4 -6.5 -6.0 -5.9
23. 12592 338.7 -5.2 -5.7 -3.9 -4.8
24, 12406 352.7 -4.1 -6.0 -4.5 -4.6
25. 12407 366.7 -4.0 -6.3 -4.4 -4.7

Interactions stability of ligand-protein complexes

All ligands consisting of compounds 14,
18,11, and 6 were able to bind to each target with
weak bond interactions such as hydrogen, van
der Waals, pi, and alkyl. Compound with label 14
(Hexadecanoic acid, ethyl ester) interacted with
DENV Eprotein through hydrogen bonds at residues
Ala35 and Lys36, while van der Waals bonds
through residues Glul3, Met34, Arg350, Leu351,
Asn37, Leu294, Met297, and Asn355, then alkyl
bonds through residue Lys36. Compound with
label 18 (Phytol) interacted with DENV C,rotein
through hydrogen bonds at residue Thr30, van
der Waals bonds through residues Thr30, Ser34,
Leu35, Leu50, and Met37, pi-sigma bonds at
Phe53, then pi/alkyl bonds at Leu38, Phe33, Leu50,
Met37 (Table 4).

Compound with label 11 (1,2-benzene-
dicarboxylic acid, bis(2-methylpropyl)ester)
interacted with langerin through hydrogen bonds

at residues Trp199, Arg226, and GIn197, van der
Waals bonds through residues Gly198, Tyr208,
Phe241, then pi/alkyl bonds at Lys244. Compound
label 6 (Benzoic acid, 2-ethylhexyl ester) interacted
with CLEC5A through hydrogen bonds at residues
GIn155 and Val152, van der Waals bonds through
residues Glu76, Phe77, Gly150, Asn151, Trp140,
and Lys138, then T-shaped pi-pi bonds at Phe148
and pi/alkyl bonds at Arg139, Phel1l7, lle121,
Tyr78.

Molecular dynamic simulations showed
that all ligand-protein complexes consisting of
Compound 14 _DENV Epmm, Compound 18 DENV

orotein’ Compound 11_Langerin, and Compound
6_CLEC5A were stable with an average RMSF value
of <3 (A), and the stable complex was displayed
through 2-dimensional plot data (Figure 3). The
stable interaction formed in the ligand-protein
complex showed high affinity to trigger antiviral
activity.?’
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Table 4. Position and type of interaction in ligand-protein complexes

Ligand-protein

Molecular Interaction

Compound 14_DENV E

protein

Compound 18 DENV C

protein

Compound 11_Langerin

Compound 6_CLEC5A

Hydrogen: Ala35, Lys36

van der Waals: Glu13, Met34, Arg350, Leu351, Asn37, Leu294, Met297, Asn355

Alkyl: Lys36
Hydrogen: Thr30

van der Waals: Thr30, Ser34, Leu35, Leu50, Met37

Pi-Sigma: Phe53

Pi/Alkyl: Leu38, Phe33, Leu50, Met37
Hydrogen: Trp199, Arg226, GIn197

van der Waals: Gly198, Tyr208, Phe241
Pi-Alkyl: Lys244

Hydrogen: GIn155, Val152

van der Waals: Glu76, Phe77, Gly150, Asn151, Trp140, Lys138

Pi-Pi T-shaped: Phe148
Pi/Alkyl: Arg139, Phel17, lle121, Tyr78

Toxicity profile and antiviral probability
Compound 14 (Hexadecanoic acid,
ethyl ester) had an LD, of 5000 mg/kg with
100% similarity and 100% prediction accuracy,
the toxicity class of the compound was included
in class 5 and was predicted to be non-toxic
to organs. Compound 18 (Phytol) had an LD,
of 5000 mg/kg with 100% similarity and 100%
prediction accuracy, while the toxicity class of

RMSF [A]

Residue
A3s?

A%07

the compound was included in class 5 and was
predicted to be non-toxic to organs. Compound 11
(1,2-benzenedicarboxylic acid, bis(2-methylpropyl)
ester) had an LD_, of 2530 mg/kg with 100%
similarity and 100% prediction accuracy, the
toxicity class of the compound was included
in class 5 and was predicted to be non-toxic to
organs. Compound 6 (Benzoic acid, 2-ethylhexyl
ester) had an LD, of 12300 mg/kg with 97.92%
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Table 5. Toxicity profile and antiviral probability of compounds candidate

Compounds Predicted Toxicity Average Prediction Organ Toxicity Probability
(mg/kg) LD,  Similarity Accuracy Antiviral
Class -
Pa Pi
Compound 14 5000 5 100% 100% Hepatotoxicity: 0.76 (Inactive)

Compound 18 5000 5 100%
Compound 11 2530 5 100%
Compound 6 12300 6 97.92%

Neurotoxicity: 0.87 (Inactive)  0.695 0.006
Nephrotoxicity: 0.57 (Inactive)
Cardiotoxicity: 0.79 (Inactive)

100% Hepatotoxicity: 0.79 (Inactive)
Neurotoxicity: 0.78 (Inactive)  0.710 0.003
Nephrotoxicity: 0.74 (Inactive)
Cardiotoxicity: 0.84 (Inactive)

100% Hepatotoxicity: 0.65 (Inactive)
Neurotoxicity: 0.85 (Inactive)  0.659 0.010
Nephrotoxicity: 0.65 (Inactive)
Cardiotoxicity: 0.79 (Inactive)

72.9% Hepatotoxicity: 0.74 (Inactive)
Neurotoxicity: 0.71 (Inactive)  0.588 0.007
Nephrotoxicity: 0.56 (Inactive)
Cardiotoxicity: 0.68 (Inactive)

similarity and 72.9% prediction accuracy, the
toxicity class was 6 and was predicted to be non-
toxic to organs, all query compounds were good
antiviral candidates with Pa > Pi values (Table 5).

DISCUSSION

Sonchus arvensis L. referred a medicinal
plant from the Asteraceae family with benefits
for traditional medicine and culinary spices
in Indonesia. Sonchus arvensis L. had benefits
such as antioxidants and antiplasmodium. Anti-
inflammatory activity was also demonstrated
by Sonchus arvensis L. through an in vivo study
with gouty arthritis rats by decreasing the
inflammatory response.*®* Previous studies also
showed that Sonchus arvensis L. leaf extract was
predicted to be antiviral through the mechanism
of inhibiting strategic proteins from the virus.
Volatile compound of Sonchus arvensis L. allowed
it to be a therapeutic candidate because it had
characteristics as a drug-like molecule. Natural
compounds as drug-like molecules that fulfilled
the Lipinski, Ghose, Veber, Egan, and Muegge rules
in druglikeness assessment were good therapeutic
candidates for further testing. Bioavailability value

of a query compound at 0.55 showed a high
probability to be circulated and absorbed in the
body.>° This was indicated by the bioavailability
value of 0.55 in the druglikeness prediction results
of all Sonchus arvensis L. volatile compounds in the
study.

Fusion inhibitors played a major role in
disrupting the viral entry stage in host cells, which
could be developed in the treatment of DENV
infections.! Previous studies showed that fusion
inhibition could be done by targeting proteins
in the virus and viral receptor activity in host
cells. Volatile compounds from Sonchus arvensis
L. were predicted to have inhibitor activity on
viral fusion consisting of compounds labels 14,
18, 11, and 6, which had more negative binding
affinity values. The 4 compounds bind to targets
from DENV such as Eprotein and Cprotein’ then the
compounds also targeted viral receptors on host
cells, namely langerin and CLEC5A which played
an important role for DENV fusion. The query
compound with the best inhibitor activity as an
antiviral candidate must have a more negative
binding affinity value than others. Therefore,
volatile compounds labels 14, 18, 11, and 6 from
Sonchus arvensis L. consisting of Hexadecanoic
acid, ethyl ester, Phytol, 1,2-benzenedicarboxylic
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acid, bis(2-methylpropyl)ester, and Benzoic acid,
2-ethylhexyl ester can be good candidates for
DENV fusion inhibitors.

The molecular interactions formed
from ligand-protein complexes consisted of
weak bonds such as hydrogen, van der Waals,
pi, alkyl, and electrostatic.> The presence of
weak bonds could be used by the ligand to affect
the inhibitory activity of the target protein.>*>*
Volatile compounds labels 14, 18, 11, and 6 from
Sonchus arvensis L. were predicted to affect the
inhibitory activity of the target through weak
bonds to specific domains. Inhibition of targets
on DENV consisting of Eprotein and Cpmtein, then on
host cell receptors namely langerin and CLEC5A
allowed the 4 query ligands to interfere with the
DENV fusion process. Ligand-protein molecular
complexes formed from all docking results were
stable with RMSF values <3 (A) that were predicted
to trigger specific biological responses such as
disrupts viral fusion.>®*° The stable ligand-protein
complex referred to the RMSF value formed at
the interaction hotspot residues.®*% Stable bonds
allowed the formation of inhibitory activity on the
target by candidate inhibitor compound.®®

Toxicity prediction of query compounds
aimed to ensure safety in their use.** Compounds
labels 14, 18, 11, and 6 were identified as good
antiviral candidates and non-toxic for organ
toxicity, having low or 5 and 6 categories, an
average similarity to the template in the database
of 100%, with an accuracy prediction of >50%
accurate, and an LD, value (mg/kg) of >1000.
The toxicity profile was used for consideration
for in vitro and in vivo analysis. However, further
tests were needed to reveal the potential of the
4 volatile compounds from Sonchus arvensis L.
as DENV fusion inhibitors to provide additional
scientific evidence.

Development of a DENV antiviral based
on volatile compounds from Sonchus arvensis L.
through the inhibition of several proteins involved
in viral entry through fusion was conducted in this
study. Antiviral activity was identified in volatile
compounds with the most negative binding affinity
values for targets composed of the DENV B protein’
DENV Cpmtem, Langerin, and CLEC5A. Hydrogen
and hydrophobic interactions were formed by
volatile compounds consisting of hexadecanoic
acid ethyl ester, phytol, 1,2-benzenedicarboxylic

acid bis(2-methylpropyl) ester, and benzoic
acid 2-ethylhexyl ester within specific binding
pockets, which had the potential to inhibit viral
entry. Volatile compounds could inhibit the
activity of DENV proteins C and E (directly), and
also that of Langerin and CLEC5A (indirectly) in
host cells through stable binding interactions.
Volatile compounds from Sonchus arvensis L. had
the potential to exhibit dual mechanism against
viral fusion as a DENV antiviral agent with low
toxicity. However, additional studies using a wet
lab approach were needed to provide further
scientific evidence supporting the antiviral activity
recommended in this study.

CONCLUSION

In conclusion, volatile compounds from
Sonchus arvensis L. consisting of Hexadecanoic
acid, ethyl ester, Phytol, 1,2-benzenedicarboxylic
acid, bis(2-methylpropyl)ester, and Benzoic acid,
2-ethylhexyl ester can inhibit DENV fusion through
binding to DENV proteins such as Erotein’ Corotein
and host cell receptors consisting of Langerin
and CLEC5A. The 4 compounds have the most
negative binding affinity value, non-toxin, and
stable interaction on the target with lower bonding
such as hydrogen, van der Waals, pi, and akyl to
inhibit the target activity. These four compounds
were recommended as antiviral candidates that
act through a dual mechanism to prevent DENV
from entering host cells.
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