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In Silico Analysis, Biological Activity, and ADME Profiling of Flavonoid Compounds
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Abstract: Dengue virus (DENV) remains a global health challenge. DENV-3 is the most
virulent of the four dengue virus serotypes, requiring the identification of new inhibitors
against RNA-dependent RNA polymerase (RARp), an essential enzyme for viral
replication. This study evaluated the inhibitory potential of flavonoids, including
quercetin, fisetin, myricetin, daidzein, and ribavirin. Molecular docking revealed binding
energies of —=8.0, —7.4, —7.3, and —7.4 kcal/mol for quercetin, fisetin, myricetin, and
daidzein, respectively, exceeding those of ribavirin as a control (=5.6 kcal/mol). These
ligands exhibit strong interactions with active site residues, including hydrogen bonds and
hydrophobic interactions. Molecular dynamics simulations of 100 ns confirmed a stable
protein-ligand complex, with quercetin showing a stable RMSD and RoG values
compared to the control, indicating good binding stability. SASA and hydrogen bond
analysis support the stability of quercetin interactions. Pharmacokinetic evaluation
shows that four ligands comply with Lipinski's rules of five, supporting their potential as
drug candidates. These findings highlight the potential of quercetin, fisetin, myricetin,
and daidzein as DENV-3 RdRp inhibitors, with quercetin as the most effective, with the
lowest binding energy and inhibition constant. Experimental validation is needed to
explore the potential antiviral effects of DENV.
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m INTRODUCTION

Dengue infection is a disease transmitted through
the bite of Aedes mosquitoes, including those of Aedes
aegypti and Aedes albopictus. Globally, this mosquito-
borne disease is considered the most common arbovirus
infection in humans [1]. Dengue virus (DENV) is part of
the Flaviviridae family, which contains more than 70
major human pathogens. Most of these pathogens affect
the tropics, with around 3.9 billion people infected [2].
DENV is responsible for causing diseases that are
potentially life-threatening and pose a significant public

health risk worldwide. Dengue infection is caused by
four antigenically and genetically distinct serotypes,
including DENV 1-4 [3].

The spectrum of DENV infection can vary from
undifferentiated febrile illness or asymptomatic
infection to more serious manifestations, including
dengue shock syndrome (DSS) and dengue hemorrhagic
fever (DHF). DSS is considered the most severe form of
clinical syndrome and involves plasma leakage, blood
clotting irregularities, and increased vascular fragility. In
addition, an increased level of capillary permeability can
lead to multiple organ failure and hypovolemic shock.
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The transmission and incidence of DHF are influenced by
various factors, such as lack of effective vector control,
poor waste management systems, urbanization, and
uncontrolled population growth [4]. Several other factors,
including the epidemiological context, host immunity,
genetics,
significant contributions in providing protection or

and viral characteristics, can also make
increasing the DHF incidence. In addition, the dengue
vaccine, which is considered a major public health effort
against infectious disease, has not yet shown a significant
impact on dengue infection control [5].

DENYV is a positive-strand RNA virus containing an
11kb genome and a large open reading frame (OREF),
which is translated into one complete polyprotein that is
then processed into various other proteins. The RNA
genome encodes a polyprotein that undergoes proteolytic
cleavage to produce three structural proteins, capsid (C),
precursor membrane (prM) or membrane (M), an
envelope protein (E), and seven non-structural proteins
(NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5). The E
and prM/M proteins are located on the surface of DENV
virions. In contrast, the C protein encapsulating the RNA
genome is situated under the lipid layer of structural
proteins that comprise the viral particle. Non-structural
proteins are essential components of the DENV life cycle
for wviral replication, assembly, maturation, and
polyprotein division [6].

Despite the significant economic and social impacts
of the DENV infection and the important progress made
against Dengue, no effective antiviral therapies are
currently available. Considering these limitations,
research should be done to find molecules, compounds,
or drugs that can inhibit enzymatic targets or processes
critical to the viral replication cycle. The development and
search for therapeutic molecules, such as direct-acting
antivirals (DAAs), have proven to be an effective
approach [7-8]. Compounds that can inhibit the
replication of DENV have the potential to be developed as
DENV antivirals. Non-structural protein 3 (NS3), a
protein found inside cells, consists of two domains,
namely protease and helicase. Proteases play a role in
cutting polyproteins that are important for viral

replication in the cell, while helicases function in the
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replication process of viral genetic material. Non-
structural protein 5 (NS5) also consists of two domains,
namely methyltransferase and RNA-dependent RNA
polymerase (RdRp), both of which play a role in viral
RNA replication. The RdRp domain is essential for the
synthesis of both positive- and negative-strand RNA
during replication. Since no similar protein exists in
humans, RdRp is a potential target for the development
of DENV-specific antiviral inhibitors [9]. This means
that inhibitors targeting the RdRp enzyme can be
designed to selectively target the virus without causing
significant side effects on human cells, making RdRp
inhibitors safer compared to drugs targeting cellular
proteins with homologs in the human body. Given its
crucial role, DENV-3 RdRp is an attractive target for
antiviral drug development, as inhibiting its activity can
effectively halt viral replication [10].

The use of computational techniques that have
been used in other studies was considered an attractive
strategy. The flavonoids, fisetin and quercetin, against
spike proteins using in silico docking simulations, both
have a binding affinity value of —8.5 kcal/mol against the
S2 domain of the SARS-CoV-2 spike protein [11]. The
flavonoid myricitrin has a high binding affinity with a
binding energy score of —8.9 kcal/mol against the main
protease enzyme of SARS-CoV-2 via molecular docking
[12]. Quercetin has also shown inhibitory activity
against SARS-CoV-2. All of this demonstrates the
potential of flavonoids as antiviral properties [13-14].
Database screening and docking analysis are promising
for selecting targets of action, such as essential proteins
in the viral infection cycle, with the viral NS5 polymerase
protein prominent among them. Flavonoids are a
category of low-molecular polyphenolic compounds
produced exclusively in plants. Flavonoids have various
biological and pharmacological functions, namely anti-
allergic, anti-inflammatory, antioxidant, antibacterial,
antifungal, antiviral, anticancer, and antidiarrheal [15-
18]. Quercetin is a natural flavonoid that has been
proven to have anti-hepatitis C virus (HCV) properties,
influenza [19-20], DENV-2, and pseudorabies [21-22].
Fisetin has been shown to be an effective antiviral agent
against CHIKV by modulating apoptosis and oxidative
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stress pathways [23], antiviral activity against fish
pathogenic infectious hematopoietic necrosis virus
(IHNV) and viral hemorrhagic septicemia virus (VHSV)
[24]. Myricetin demonstrates antiviral effects against both
Chikungunya virus (CHIKV) and pseudorabies virus,
highlighting its potential as a therapeutic candidate [25-
27]. Daidzein inhibits influenza virus replication via
signal transduction through 5-lipoxygenase products and
antiviral DENV-2 [21,28].

DENV-3 is a dengue virus serotype that often triggers
outbreaks [28], especially in tropical and subtropical
regions. Infection caused by DENV-3 can lead to a
significant increase in the number of dengue fever cases. In
dengue fever, the severity of the disease is directly related
to the viral load [29]. Therefore, the RNA-dependent RNA
polymerase enzyme, which plays a crucial role in viral
replication, has been selected as a therapeutic target.
Antiviral research on DENV-3 using quercetin, fisetin,
myricetin, and daidzein is still limited, necessitating further
investigation. We conducted computational screening of
these four compounds against the DENV-3 polymerase
enzyme and followed up with molecular dynamics (MD)
simulations to verify the results. This study successfully
identified key residues and interactions that influence the
activity and potential of the proposed compounds.

In silico approaches, including molecular docking,
MD
metabolism, and elimination (ADME) prediction, have

simulations, and absorption, distribution,
played an important role in the discovery of DENV-3
RdRp inhibitors. These computational methods enable
rapid screening of large libraries of flavonoids,
identification of potential binding interactions, and
alternative  molecules
Such

significantly accelerated the drug discovery process,

optimization  of prior to

experimental  validation. approaches have
reducing time and costs while improving the accuracy of
selecting promising candidates for further in vitro and in
vivo studies [30]. The study aims to provide deeper
insights into the DENV-3 RdRp protein and its
interactions with several flavonoids that have potential as
antiviral agents, namely quercetin, fisetin, myricetin, and
daidzein. This study compared these compounds with

ribavirin as a control in terms of biological activity,
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ADME, as well as PASS prediction, molecular docking,
and MD simulations.

m EXPERIMENTAL SECTION
Materials and Instrumentation

The materials used in this study included the
structures of four flavonoids: quercetin, fisetin, myricetin,
and daidzein, along with ribavirin as a control, all of
which were used for molecular docking against the
DENV-3 RdRp protein structure. The structure model
of DENV-3 RdRp complexed with the natural ligand 5-
{[(4-chlorophenyl)sulfonyl]amino}-2-methyl-1-
benzofuran-3-carboxylic acid (PDB ID: 3VWS) is shown
in Fig. 1. The structures of the proposed compounds
obtained from PubChem are demonstrated in Fig. 2.

The tools used in this study included hardware
consisting of a personal computer with an AMD Ryzen
9 5900X processor and an RTX 3050 graphics card. The
software used was Autodock Vina [31] to perform
molecular docking and AutoDockTools 1.5.6 to set the
parameters for molecular docking simulations. PyMOL
(https://pymol.org) and Open Babel (https://open-
babel.readthedocs/io/en/latest/) were used to calculate
the root mean square deviation (RMSD) value of
redocking results. BIOVIA Discovery Studio 2021
(https://discover.3ds.com/discovery-studio-visualizer)
was utilized to perform ligand and receptor preparation

Fig 1. Structure of DENV-3 RdRp complex
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Fig 2. Chemical structure of (a) quercetin, (b) fisetin, (c) myricetin, (d) daidzein, and (e) ribavirin

and visualize non-covalent interactions between ligand
and receptor. YASARA structure [32-33] was used for
Data Bank

PubChem
(https://pubchem.ncbi.nlm.nih.gov) were among the

MD simulations. Protein

(https://www.rscb.org) and

websites used in this study.
Procedure

Receptor preparation

The macromolecule DENV-3 RdRp was
downloaded from the protein database with PDB ID:
3VWS in PDB format [34]. The downloaded receptor was
pretreated using Discovery Studio 2021 to separate the
protein from natural ligands and water molecules.
DENV-3 RdRp and natural ligands that have been
separated were stored in *pdb format. Prepared receptors
were then added polar hydrogen and Kollman charges
using AutoDock Tools 1.5.6 software and saved in

PDBQT format.

Preparation of natural ligand and test ligands
The natural ligand 5-{[(4-
chlorophenyl)sulfonyl]amino}-2-methyl-1-benzofuran-
3-carboxylic acid (NITD-107) as a comparator and test
ligands of four flavonoid compounds: quercetin, fisetin,
myricetin, daidzein, and one drug control (ribavirin) were
obtained from PubChem in SDF format and then

converted to PDB format using Open Babel. Ligands were

optimized using AutoDockTools by setting the torsion
tree and then saved in pdbqt format.

Redocking process

Ligands and receptors were then optimized in
pdbqt format, which began by forming a grid box or a
place for molecular docking. The active side of this
binding was set with a grid box at coordinates X = 30.89,
Y = 61.48, Z = 14.45 A with a size of 14 x 14 x 14 A,
respectively, with a line spacing of 1 A. The molecular
docking process was first carried out with its natural
ligand and should get a RMSD value smaller than 2 A for
[35]. The
redocking process is used to check whether the applied

molecular docking parameter validity

docking protocol can produce accurate predictions. If
the RMSD value is less than 2 A, it means that the model
successfully placed the ligand in the correct position, as
in the original structure [36]. However, if the RMSD was
greater than 2 A, the model cannot place the ligand
accurately, which reduces confidence in the docking
results. In addition, a low RMSD value also means that
the interaction between the ligand and the protein was
stable, which increases the likelihood that the ligand can
inhibit protein function more effectively due to its
stronger bond at the protein's active site [37]. RMSD
value was calculated using PyMOL. If these conditions
are met, the molecular docking method for the
compound can be proposed.

Siti Zainatun Wasilah et al.



Indones. J. Chem., 2025, 25 (6), 1893 - 1913

Molecular docking

A valid docking process was carried out on the test
ligand and the comparison ligand against each target
protein through AutoDock Vina software, referring to
redocking where the values of x, y, and z are 30.89, 61.48,
and 14.45, respectively, with a grid box volume of 14 x 14
x 14 A, respectively, with a line spacing of 1A. The
docking process ran with the help of a command prompt
through the Vina configuration in Notepad format. The
vina configuration contains the receptor and ligand
names, outputs, and grid boxes that have been adjusted.
Results from the docking process were created in pdbqt
format. The process run by the command prompt was
encoded with the command "--config conf.itxt --log
log.txt". The docking results were expressed by the
binding affinity and amino acid residue interaction
values. The docking results were visualized using
Discovery Studio Visualizer and PyMOL software and
analyzed using AutoDock tools with parameters of
binding energy (AG), inhibition constant (Ki), and
RMSD, as well as visualization results after analyzing
ligand and amino acid interactions.

Visualization of docking results

The ligand-receptor complex in pdbqt format was
visualized to review the results visually using the
Discovery Studio 2021 software to see the ligands'
interactions with the receptors in two dimensions. The
ligands and receptors showed the presence of hydrogen
bond interactions, hydrophobic interactions, and other
interactions on the active side of DENV-3 RdRp.

MD simulation

DENV-3 RdRp receptors and ligands prepared from
the best MD results were simulated using molecular
dynamics simulation in the YASARA structure [32-33]
application. The best molecular docking results of
modified quercetin, fisetin, myricetin, daidzein, and
ribavirin compounds were saved in PDB format and used
as material to run MD simulation. MD simulations were
run using the default MD macro parameter file of the
YASARA structure [32], which has been adjusted to the
environmental conditions of each protein. In protein
3VWS, simulations were carried out using the file
"md_run.mcr" with pH 7.4 at a temperature of 310 K and
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a pressure of 1 bar. Each simulation was run with the
AMBER14 force field for 100 ns, with snapshots saved
every 100 ps. MD simulation results were analyzed using
the default "md_analyze.mcr" file from YASARA
structure software. After the simulation, visualization
analysis was performed using Discovery Studio.

Predicted pharmacokinetics and toxicity aspects

Pharmacokinetic properties using the SwissADME
online site (http://www.swissadme.ch/index.php) were
predicted by copying the SMILES code from the PubChem
database (https://pubchem.ncbi.nlm.nih.gov/). ADME
analysis results were compared and adjusted with
ADME parameters [38].

Biological activity analysis

The prediction of activity spectra for substances
(PASS) (https://www.way2drug.com/passonline/) was
employed to predict bioactivity spectra. The PASS
analysis provided two probabilities of active molecules
(Pa) and a probability of inactivity (Pi). The values of Pa
and Pi ranged between 0 and 1. Higher Pa and lower Pi
indicate a greater likelihood of the predicted activity
being experimentally confirmed. PASS test was analyzed
by classifying the Pa (Probable activity) value of the
activity test results of flavonoid compounds as antiviral.
If the Pa value is more than 0.3 (Pa > 0.3), it was proven
low on the silico scale. While if the Pa value is 0.5-0.7
(0.5 < Pa <0.7), it was proven good in silico and medium
laboratory scales. If the Pa value was more than 0.7
(Pa > 0.7), it was demonstrated as a high laboratory scale
[39-40].

m RESULTS AND DISCUSSION
Molecular Docking

Parameters observed in the initial docking results
were the analysis of AG and Ki, which are directly related
to the strength of binding affinity. Binding affinity
becomes crucial in evaluating the interactions between
the ligands and the receptors. The lower the binding
affinity value, the less energy the compound requires to
interact with its receptor. AG analysis aims to evaluate
the extent to which a reaction proceeds spontaneously as
well as assess the stability of the interactions between
ligands and receptors. The lower (negative) the AG
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value, the more stable the complex formed. The stability
of this interaction also indicates the ability of the
compound to form a strong chemical bond with the target
receptor. Experimentally, AG is directly related to Ki, in
accordance with the AG = —RT In Ki. Thus, the AG value
can be used to predict a compound's ability to inhibit
The
compounds showed that all test compounds had AG <0,
illustrating that the compounds had an affinity to the
active side of the DENV-3 RdRp receptor. The five test
compounds in this study presented low AG and Ki values

proteins. docking results of flavonoid test

(Table 1). Among the five test compounds, quercetin
exhibited the best affinity, with the lowest AG and Ki
values of —8.0 kcal/mol and 1.35 pM, respectively.

Fig. 3(a) shows the interaction of native ligands by
forming two bonds, namely hydrogen bonds (green) and
hydrophobic bonds (purple). Native ligands form
hydrogen bonds with Gly604. Hydrophobic bonds form
carbon-hydrogen bonds with Val603, van der Waals
bonds with Asn405, Gly601, Gln602, Val603, Thr605,
Tyr606, Arg792, Trp795, Ser796, and pi-alkyl bonds with
Phe412, Trp477, Arg481, and Ile797. Residues Arg792 and
Trp795 at the RARp catalytic site interact directly with the
native ligand. Trp795 helps stabilize the ligand through
hydrophobic interactions, while Arg792 plays a role in
stabilizing the ligand through electrostatic interactions

o
|
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with the RNA phosphate backbone, supporting the
catalytic mechanism and RNA replication of the virus.
Both residues are crucial for the binding efficiency and
catalytic activity of RdRp [41]. The residues on the native
ligand compared to the residues on the ribavirin
compound (control) are the residues on the hydrogen
bond (Gly604), the residues on the van der Waals bonds
(Asn405, Phe412, Gly601, Gln602, Val603, Thr605,
Tyr606, Arg792, and Trp795). This suggests that the native
ligand and the control have similar binding mechanisms,
allowing both to interact in a similar manner at the
active site. Fig. 3(b) conveys the binding interaction
between quercetin and the receptor, which forms two
bonds: a hydrogen bond (green) and a hydrophobic
bond (purple). Quercetin forms hydrogen bonds with
Asn492, GIn602, and Ser798. Quercetin interacts with
hydrophobic bonds, including van der Waals bonds with

Table 1. AG and Ki results
Test compound PubChem ID AG (kcal/mol) Ki (uM)

Native ligand - -7.7 2.25
Quercetin 5280343 -8.0 1.35
Fisetin 5281614 -74 3.73
Myricetin 5281672 7.3 442
Daidzein 5281708 -74 3.70
Ribavirin 37542 -5.6 7.80
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Fig 3. Molecular docking configuration and interaction with target proteins. The complex protein-ligand interactions
of (a) native ligand, (b) quercetin, (c) fisetin, (d) myricetin, (e) daidzein, and (f) ribavirin (control)

Lys401, Phe412, Arg48l, Gly601, Gly604, Thr605,
Arg792, Trp795, and His801, and pi-alkyl bonds with
Val603 and 1Ile797. Quercetin interacts with active
residues in the catalytic site of the protein through various
types of bonds that enhance the stability and effectiveness
of ligand binding. Trp795 plays an important role in
hydrophobic interactions, which maintain the precise
Arg792
electrostatically with quercetin, stabilizing the complex

position of the ligand, while interacts
and supporting the catalytic mechanism. Phe412
contributes through hydrophobic bonds, strengthening
quercetin's stability in the active site, and Val603 interacts
through Pi-Alkyl bonds, contributing to the strength of
the bond between the ligand and the protein. This

combination of interactions demonstrates that quercetin

has strong and effective binding potential, which can
enhance its biological activity in inhibiting the target
protein [41-42]. The residues on quercetin compared to
the residues on the ribavirin compound (control) are the
residues on the hydrogen bond (Gly604), the residues on
the van der Waals bond (Lys401, Phe412, Gly601,
Val603, Arg792, and Trp795). This may indicate that
quercetin and the control have similar binding
mechanisms, allowing both to interact in a similar
manner at the active site.

Fig. 3(c) reveals that the binding interaction
between the fisetin compound and the receptor forms
hydrogen bonds (green) and hydrophobic bonds
(purple). The fisetin compound forms hydrogen bonds
with Asn492, Gly601, Trp795, hydrophobic bonds,
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including van der Waals bonds with Lys401, Phe412,
Arg481, Gly604, Thr605, Tyr606, Arg792, and Ser796,
and pi-alkyl bonds with Val603 and Ile797. The
interaction between fisetin and the receptor involves
various non-covalent bonding forces that enhance the
stability of the protein-ligand complex. Arg792 interacts
electrostatically with fisetin, strengthening its bond, while
Trp795 is involved in pi-stacking, which maintains the
position of fisetin in the active site. Phe412 interacts
through hydrophobic bonds, strengthening the binding
with aromatic residues, and Val603 contributes to
stability with Pi-Alkyl. These interactions indicate that
fisetin binds strongly to the receptor, enhancing its
potential as a therapeutic compound. The residues on
fisetin compared to the residues on the ribavirin
compound (control) are the residues on the hydrogen
bond (Gly604), the residues on the van der Waals bond
(Phe412, Gly601, Val603, Arg792, and Trp795). This may
indicate that fisetin and the control have similar binding
mechanisms, allowing both to interact in a similar
manner at the active site.

Fig. 3(d) shows the interaction between myricetin
and the receptor, which forms a single bond, namely a
hydrogen bond (green). Myricetin forms hydrogen bonds
with Asn405 and GIn602. Hydrophobic bonds, including
van der Waals bonds, are formed with Val411, Asn492,
Ser600, Gly601, Val603, Gly604, Thr605, Tyr606, Arg792,
and Trp795. Myricetin interacts with the protein's active
site through a combination of hydrogen bonds and
hydrophobic bonds, which increase the stability and
strength of ligand binding. Hydrogen bonds are formed
with Asn405 and GIn602, which help stabilize the position
of myricetin in the active site with more specific and
targeted interactions. Additionally, hydrophobic bonds,
including van der Waals forces, form with various
residues such as Val603, Gly604, Tyr606, and Trp795,
contributing to the strengthening of non-covalent
interactions between myricetin and the target protein.
These hydrophobic bonds are crucial for maintaining the
ligand's position and ensuring its effectiveness in
inhibiting protein activity. The residues on myricetin
compared to the residues on the ribavirin compound
(control) are the residues on the hydrogen bond

Indones. J. Chem., 2025, 25 (6), 1893 - 1913

(Asn405), the residues on the van der Waals bond
(Phe412, Val603, Arg792, and Trp795). This may
indicate that myricetin and the control have similar
binding mechanisms.

Fig. 3(e) shows that the binding interaction
between daidzein and the receptor does not form
hydrogen bonds but instead forms hydrophobic bonds,
specifically carbon-hydrogen bonds with Val411. Van
der Waals interactions with Phe398, Lys401, Thr413,
and Phe485. Pi-pi interactions with Val41ll. Pi-pi
stacked interactions with Phe412 and Trp795. Pi-pi
shaped interactions with Phe412 and Trp795. The
interaction between daidzein and the receptor shows
that even though there are no hydrogen bonds, daidzein
forms strong non-covalent interactions. Hydrophobic
bonds occur with Val41l, while van der Waals
interactions are formed with residues Phe398, Lys401,
Thr413, and Phe485, which strengthen ligand binding in
the active site. Pi-pi and pi-pi stacked interactions with
Phe412 and Trp795 also contribute to the stability of
daidzein's position in the active site. These interactions
indicate that daidzein binds strongly to the receptor
through a combination of hydrophobic forces and pi
interactions, enhancing its potential as a therapeutic
compound. The residues on daidzein compared to the
residues on the ribavirin compound (control) are the
residues on the hydrogen bond (Val411), the residues on
the van der Waals bond (Phe412, and Trp795). This may
indicate that myricetin and the control have similar
binding mechanisms.

Fig. 3(f) shows that the interaction between the
control ligand and the receptor forms a single bond, a
hydrogen bond (green), with the control ligand forming
hydrogen bonds with Asn405, Val41l, Gly604, and
Thr605. Van der Waals interactions with Lys401,
Phe412, Ser600, Gly601, Gln602, Val603, Tyr606,
Arg792, and Trp795. Ribavirin forms hydrogen bonds
with Asn405, Val411, Gly604, and Thr605, which help
stabilize the ligand-protein complex through specific
bonds between the polar groups of ribavirin and the
polar sides of residues at the active site. In addition, van
der Waals interactions with Lys401, Phe412, Ser600,
Gly601, GIn602, Val603, Tyr606, Arg792, and Trp795,
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strengthen the hydrophobic bonds between ribavirin and
the protein. Although these interactions indicate good
bonding, ribavirin bonds are simpler compared to other
compounds, such as flavonoids, which can involve
stronger interactions, such as pi-stacking or electrostatic
interactions.

Hydrogen bonds are one of the bonds that
contribute to AG. Hydrogen bonds involve interactions
between covalently bonded hydrogen atoms and
electronegative atoms, such as nitrogen (N), fluorine (F),
and oxygen (O) [43]. The hydrogen bonds formed
originate from the native ligand's oxygen atoms
covalently bonded to the hydrogen atoms of the amino
acid residues. As a result of these hydrogen bonds, the
native ligand can bind to the Gly604. The distance of the
hydrogen bond at that residue is 1.88 A. A hydrogen bond
is considered strong if its bond length is greater than
1.85 A. Therefore, in this study, it can be concluded that
the hydrogen bond formed between the native ligand and
Gly604 is strong. Arg792 and Trp795 play an essential role
in the binding and stability of compounds at the target
protein's active site. Trp795 interacts with quercetin,
fisetin, and myricetin through pi-stacking, which
Arg792
electrostatically with negative groups on the ligand,

strengthens the binding, while interacts
increasing the stability of the complex. Although daidzein
interacts with both residues, the binding is weaker
because it does not form strong hydrogen bonds [41].

The binding affinity, selected based on the most
negative value, greatly affects the stability of the
interactions between the ligands and the receptors.
Negative values indicate lower energy required for the
receptor to interact spontaneously with the ligand. The
lower the binding affinity, the more stable the interaction
between ligand and receptor. All compounds in the
docking results showed different binding affinity values
for each receptor, all with negative values. In DENV-3
RdRp (3VWS), quercetin had the lowest binding affinity
value of —8.0 kcal/mol. An active compound is predicted
to have the ability to interact with the target receptor if it
has a binding affinity equal to or lower than that of the
reference drug [7]. The results of binding affinity values
are presented in Table 2.
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The interactions between each ligand and amino
acid residue involve several important residues in
ligand-macromolecule interactions. In Fig. 3, we can see
that residues Asn492, Gly601, Arg792, and Trp795
frequently appear in every ligand-receptor interaction in
the form of hydrogen bonds and hydrophobic
interactions, so these residues are predicted to play an
important role in the binding site of the DENV-3 RdRp
receptor. When bound to the DENV-3 RdRp receptor in
the molecular docking, the quercetin showed a more
negative binding affinity (—8.0 kcal/mol) compared to
the reference ligand, ribavirin (-5.6 kcal/mol), and the
native ligand (-7.7 kcal/mol). The lower binding affinity
value indicates stronger bioactivity and a greater ability
to interact with the target protein’s binding site
compared to the reference ligand [44]. Quercetin can
potentially be used as an inhibitor of the DENV-3 RdRp
receptor.

MD Simulation

MD simulations were carried out to overcome the
limitations of the molecular docking process that treated
the target protein as a rigid structure and overlooked the
presence of water solvents in the interaction analysis
[45]. In MD simulations, proteins were made flexible
like ligands, and the role of water solvents was included.
In some studies, the influence of water is significant in
bridging the interaction between the protein and the
ligand. The addition of water affects the energy of the
simulated system [46]. The stability of the system can be
observed using RMSD, root mean square fluctuation
(RMSE), radius of gyration (RoG), and hydrogen bonds
generated during the simulation.

Fig. 4 shows the RMSD value illustrating the
positional changes of carbon atoms in the protein
backbone during simulation. RMSD analysis in this
study was performed to evaluate the ligand stability
when interacting and forming complexes with proteins.
This analysis measures the degree to which the ligand
deviates from its initial conformation, a reference during
simulation. Monitoring the RMSD over time makes it
possible to assess the system's stability and identify
periods of equilibrium and fluctuations. Higher RMSD
values indicate greater structural deviations from the
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Table 2. Molecular docking results and interactions of flavonoids with target ligands
Compound Binding affinity =~ Hydrogen bond Interaction type Amino acid residue
Native ligand -7.7 Gly604 Van der Waals Asn405, GIn602, Gly601, Val603, Thr605,
Tyr606, Trp795, Ser796, Arg792
Carbon hydrogen bond Val603
Pi-alkyl Arg481, Phe412, Trp477, 1le797
Quercetin -8.0 Asn492, Ser798, van der Waals Phe412, Trp795, Arg792, His801, Lys401,
Asn492, Gln602 Gly604, Thr605, Gly601, Arg481
Pi-alkyl Val603, Ile797
Fisetin -7.4 Asn492, Gly601, van der Waals Lys401, Phe412, Gly604, Arg481, Thr605,
Trp795 Tyr606, Ser796, Arg792
Pi-alkyl Val603, Ile797
Myricetin -7.3 Gln602, Asn405 van der Waals Tyr606, Val603, Gly604, Asn492, Val411,
Arg792, Trp795, Gly601, Ser600, Thr605
Daidzein -7.4 - van der Waals Phe398, Phe485, Lys401, Thr413
Carbon hydrogen bond Val411
Pi-Pi stacked Phe412, Trp795
Pi-alkyl Val603
Pi-Pi shaped Phe412, Trp795
Ligand control -5.6 Val411, Asn405, van der Waals Ser600, GIn602, Gly601, Trp795, Arg792,
(Ribavirin) Thr605, Gly604 Lys401, Phe412, Val603, Tyr606
4.0 -
quercetin  ——— myricetin fisetin daidzein control
35 4

RMSD (A)

0 20 40

T T

60 80 100

Time (ns)

Fig 4. Comparison of RMSD values between compounds against DENV-3 RdRp

reference structure, suggesting increased flexibility or
conformational changes. The greater the difference in
ligand conformation and position during the simulation,
the higher the RMSD value [47]. In drug discovery,
ligands are expected to exhibit low RMSD values. RMSD
values of 2-5 A are generally considered acceptable for the
system [48].

The average RMSD value of the ribavirin receptor
(control) was 1.517 + 0.16 A. The RMSD graph in Fig. 4
shows that the ribavirin ligand maintained a stable value
throughout the simulation. In contrast, the quercetin
compound exhibited an increase in RMSD between 50
and 70 ns, reaching a peak value of 3.02 A at 63.5 ns. The
fisetin compound exhibited the highest increase in
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RMSD between 0-100 ns, reaching a peak value of
3.587 A at 76.6 ns. The myricetin compound showed an
increase between 80 and 100 ns, with the highest RMSD
value of 2.461 A observed at 89.5 ns.

RMSD is an important metric in molecular
dynamics simulations, particularly in the context of
protein-ligand interactions and structural bioinformatics.
It is an integral part of the scoring function in docking
algorithms, which predict the binding pose of a ligand to
a target protein [10]. RMSD analysis (Fig. 4) provides
insights into the stability and conformational dynamics of
DENV-3 RdRp when complexed with four flavonoid
ligands (quercetin, fisetin, myricetin, and daidzein),
compared to ribavirin as a control. During the 100 ns
simulation period, an initial equilibration phase (0-20 ns)
was observed, during which fluctuations gradually
decreased as the complex stabilized. Beyond this phase,
the RMSD values for each complex remained between 1.2
and 3.5 A, indicating overall structural stability (Fig. 4).

Among the ligands tested, quercetin, fisetin,
myricetin, and daidzein, compared with ribavirin as a
control, showed consistently lower RMSD values during
the simulation, indicating stable binding with minimal
the
complex (black line) achieved a stable RMSD range of

conformational changes. Specifically, ribavirin
approximately 1.2-2.0 A after the equilibration phase,
indicating highly stable interactions with the active
polymerase site. The myricetin (orange) and daidzein
(yellow) complexes followed the same trend, reflecting
comparable binding stability. The quercetin (blue) and

fisetin (gray) complexes, although relatively stable, exhibit

12 -

quercetin

- myricetin

10 A

RMSF (A)
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slightly higher RMSD fluctuations than myricetin and
daidzein, with values reaching approximately 2.5 A,
particularly in the second half of the simulation (around
70 ns). This behavior suggests that the quercetin ligand,
although stable, allows for a modest degree of
conformational flexibility in the polymerase compared
to the myricetin, daidzein, and control ligand. Overall,
the consistently lower and more stable RMSD values
underscore their potential to provide more stable
binding interactions with DENV-3 RdRp.

RMSF describes the conformational shifts of
individual amino acid residues, providing insight into
the flexibility of the protein or receptor. In this case, the
receptor fluctuates and will change its conformation
over time. The lower the RMSF values, the more stable
the interaction between the ligand and amino acid,
thereby contributing to a more stable DENV-3 RdRp
complex compared to the test ligand. The RMSF value
will broadly describe the conformational shift of each
amino acid residue that gives protein flexibility [34]. The
results of the RMSF graph are illustrated in Fig. 5.

By measuring fluctuations in the position of atoms
in proteins, RMSF reveals how structural dynamics relate
to biological function, aiding in the development of
effective therapies. Lower RMSF values indicate more
rigid and stable regions, while higher RMSF values
indicate more flexible or dynamic regions in the protein
structure. The fisetin (gray line) and myricetin complexes
show very high RMSF values for some residues,
particularly in the regions around 300-320 and 450-480,
indicating local flexibility. Despite these fluctuations, the

fisetin daidzein control

250 350 450

550

650 750 850

Residue number

Fig 5. Comparison of RMSF values between compounds against DENV-3 RdRp
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quercetin, daidzein, and control ligands maintain stable
binding, suggesting that these ligands can induce flexibility
in specific protein regions without compromising the
overall stability of the complex. Other complexes,
quercetin (blue), daidzein (yellow), and control (black)
ligands, show relatively lower RMSF values throughout
the protein, especially for ribavirin, indicating a relatively
stable binding profile with minimal flexibility.

The lower RMSF values for quercetin indicate that
quercetin does not induce significant conformational
changes in the DENV-3 RdRp polymerase, consistent
with its lowest binding free energy. The main fluctuations
observed during the simulation occurred within specific
amino acid residues, with RMSF values for ribavirin
(control), quercetin, fisetin, myricetin, and daidzein
recorded at 4.15 (residue 344), 6.52 (residue 317), 10.46
(residue 464), 6.59 (residue 272), and 6.60 (residue 342),
respectively.

27 4 -
272 4
27.0 4
268 4
266 4

ooz o A

26.0 ‘I f b

quercetin

RoG (A)

256 4 °
254 +

myricetin

|
o m
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: 'L SR A |
L ,," Ih‘; ”
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The RoG measures the distance between the center
of mass of a protein’s atoms and its terminal atoms
within a specific period. The RoG of the flavonoid
compounds against DENV-3 RdRp is shown in Fig. 6.
Molecular dynamics simulation results showed that the
average RoG values of the test compounds, ribavirin
(control), quercetin, fisetin, myricetin, and daidzein were
25.99 £0.12; 26.32+0.22; 26.36 £ 0.25; 25.98 +0.17;
25.97 +0.17 A, respectively. The RoG analysis revealed no
significant difference among the compounds, suggesting
minimal structural change in ligand-receptor complexes.

Fig. 7 shows the number of hydrogen bonds formed
during the simulation. Many estimated hydrogen bonds
indicate a conformation similar to the simulation's
initial structure. In contrast, a high RMSD value suggests
that the ligand has moved away from the main catalytic
amino acid residues, thereby reducing ligand-receptor
hydrogen bond interactions.

fisetin daidzein control

|

0 20 40

60 80 100

Time (ns)

Fig 6. Comparison of RoG values between compounds against DENV-3 RdRp

7

quercetin

——— myricetin

Number of hydrogen bonds

fisetin daidzein control

I 1 NN

60

Time (ns)

Fig 7. The number of hydrogen bonds between compounds and DENV-3 RdRp

Siti Zainatun Wasilah et al.



Indones. J. Chem., 2025, 25 (6), 1893 - 1913

Differences in protein-ligand hydrogen bond
interactions were observed in the simulation. The highest
number of hydrogen bonds was observed in ribavirin
compounds (control), with six hydrogen bonds detected
at 46.0 ns. In contrast, four hydrogen compounds were
detected in the 30 ns in quercetin compounds. The fisetin
compound also formed six hydrogen bonds, detected at
152 ns. Four hydrogen bonds were found in the
myricetin compound at 0.1ns, and the daidzein
compound showed two hydrogen bonds at multiple time
points:1.8, 2.5, 6.1, 6.3, 6.4, 10.8, and 11.3 ns.

The solvent accessible surface area (SASA) is related
to protein compactness and is influenced by the
simulation environment (Fig. 8). The more compact the
protein, the lower the SASA value. The SASA calculates
the surface area of the protein-ligand complex that can
interact with solvent molecules. A decrease in SASA
values in proteins indicates an increase in protein density
and a decrease in exposure to the solvent [49]. In the
DENV-3 RdRp complex (Fig. 8), the SASA value for
quercetin averaged 26.022 A, increased at 24 ns, then
decreased and increased again at 42 ns, and began to
stabilize at 80 ns. Fisetin, with an average SASA value of
26.712 A, showed an increase in SASA at 65 ns, followed
by a decrease at 72 ns, and stabilized at 85 ns. Myricetin
and daidzein have almost the same average values, namely
26.021 and 26.091 A, respectively, with a tolerable
increase at 38 ns, but overall SASA values remained stable
at 70 ns. These results indicate that all complexes are
compact and stable at around 80 ns.

28500 -
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28000 A

27500 4

27000 4

26500 1
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Bioactivity Analysis of Flavonoids

The PASS was used to predict the bioactivity
spectra of flavonoids (quercetin, fisetin, myricetin,
daidzein) Compound activity spectrum prediction
(PASS) was used to predict the bioactivity spectrum of
flavonoids (quercetin, fisetin, myricetin, daidzein)
compared to antiviral compounds as positive controls
(ribavirin) with mechanisms of action that inhibit virus
entry and RNA synthesis [34]. PASS web server predicts
various biological activities, but this study focuses on the
prediction of antiviral agents and DENV-3 RdRp
inhibitors. All flavonoid compounds (quercetin, fisetin,
myricetin, daidzein) and the positive control ribavirin
exhibited antiviral activity. They inhibited RNA
synthesis and virus entry, except ribavirin, which does
not show such activity. Previous studies have shown that
fisetin, myricetin, and quercetin exhibit antiviral activity
by inhibiting viral entry and RNA synthesis [13-14,44].

Table 3 shows that in silico prediction results using
PASS indicate that ribavirin has a high potential as an
antiviral agent (Pa = 0.806), making it a strong candidate
for such activity. In contrast, other compounds such as
quercetin, fisetin, myricetin, and daidzein exhibit lower
potential for antiviral activity, with Pa values ranging
from 0.182 to 0.334. However, most of these compounds
exhibit moderate potential as RNA synthesis inhibitors,
with Pa values between 0.320 and 0.371, suggesting that
they may be effective in inhibiting RNA synthesis.
Quercetin  showed

superior therapeutic potential

compared to fisetin, myricetin, daidzein, and the control

fisetin daidzein control

24500 +

0 20 40
Time (ns)

60 80 100

Fig 8. Comparison of the SASA values between several compounds against DENV-3 RdRp
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Table 3. In silico PASS results

Compounds  Activities prediction Pa Pi
Antiviral 0.262  0.053

Quercetin Viral entry inhibitor 0.257  0.027
RNA synthesis inhibitor ~ 0.345  0.033
Antiviral 0.251  0.059

Fisetin Viral entry inhibitor 0.275 0.014
RNA synthesis inhibitor ~ 0.320  0.043
Antiviral 0.334 0.026

Myricetin Viral entry inhibitor 0.272  0.016
RNA synthesis inhibitor ~ 0.322  0.042
Antiviral 0.182 0.116

Daidzein Viral entry inhibitor 0.196 0.175
RNA synthesis inhibitor ~ 0.367  0.026
Antiviral 0.806 0.004

Ribavirin Viral entry inhibitor - -

RNA synthesis inhibitor ~ 0.371  0.025

compound (ribavirin). Although ribavirin has a higher Pa
value for antiviral activity (0.806), quercetin exhibits a
better balance between antiviral activity, viral entry
inhibition, and RNA synthesis inhibition, with Pa values
of 0.262, 0.257, and 0.345, respectively, and relatively low
Pi values, indicating high efficacy with a low risk of
failure. In addition, quercetin has stronger potential as an
RNA synthesis inhibitor compared to other compounds
such as fisetin and myricetin (with Pa values of 0.320 and
0.322, respectively). Ribavirin exhibits strong antiviral
activity, with a lower Pa value for RNA synthesis
inhibition (0.371) than quercetin, indicating that
quercetin may be more effective in targeting several viral
replication pathways, making it a more effective and
potentially broader alternative compound in antiviral
therapy for DENV.

Pharmacokinetic and ADME Predictions

Drug likeness refers to the suitability of a compound
for oral administration of drugs related to its absorption
and distribution. Good drug candidates must meet
criteria, including adherence to established rules for
developing and selecting drug candidates suitable for oral
administration. A compound must meet five criteria
known as "Lipinski's Rule of Five". These criteria include
a molecular weight of <500g/mol, a log-P value
(lipophilicity) of no higher than five, a maximum of five
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hydrogen bond donors, no more than 10 hydrogen bond
acceptors, and a molar refractive index in the range of
40-130 [39].

The drug's molecular weight is related to the drug
distribution process that penetrates the biological
membrane through diffusion. Compounds with a
molecular weight of > 500 g/mol may have difficulty
penetrating the membrane, resulting in prolonged drug
absorption time [39,50]. The lipophilicity value shows
the nature of the solubility of a compound in fat and
water. Meanwhile, the log P value indicates that the
molecule has a high level of hydrophobicity. Hydrophobic
molecules will have a greater level of toxicity because
they remain bound to the lipid bilayer for more extended
periods and are distributed more widely throughout the
body. The number of hydrogen bonds between the
donor and acceptor correlates with the biological activity
of a compound. The higher the bonding capacity of the
donor and acceptor, the greater the energy required for
the absorption process to occur [33-34]. Bioavailability
reflects the relationship between the dose of a drug and
the amount that reaches the bloodstream. The human
body can properly absorb a drug if its bioavailability
value is equal to 0.55 [51]. Data on the application of
Lipinski's rule can be seen in Table 4.

ADME analysis is essential for understanding how
a drug reaches its target. The structures of the
compounds obtained from the PubChem database were
whether
requirement criteria. Subsequently, the ADME profiles
were calculated using the SwissADME server [52]. The
analysis showed that most compounds met the ADME

analyzed to determine they met the

properties (Table 4).

This is illustrated in Fig. 9(a), which presents a
radar plot depicting six ADME parameters related to the
oral bioavailability of a compound, including LIPO
(lipophility), SIZE (molecular size), POLAR (Polarity),
INSOLU (Insolubility), INSATU (Instauration), and
FLEX (Flexibility). Based on the bioavailability radar,
flavonoid compounds (quercetin, fisetin, myricetin, and
daidzein) demonstrate strong potential as drug
candidates. Five ADME parameters fall within the
optimal pink zone, with only one parameter in the white
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Table 4. Drug scan test results according to Lipinski's Rule of Five

Parameters
Compound Formula Molecular weight H-bond acceptor H-bond donors log P Bioavailability
<500 (g/mol) <10 <5 <5

Quercetin  Cy5H;00; 302.24 7 5 1.63 0.55
Fisetin Ci5H1006 286.24 6 4 1.50 0.55
Myricetin ~ Cy;5sH0Os 318.24 8 6 1.08 0.55
Daidzein C15H1004 254.24 4 2 1.77 0.55
Ribavirin ~ CgH1,N4Os 244.20 7 4 0.35 0.55

(a)

(b)

Quercetin Fisetin Myricetin Daidzein Ribavirin

Fig 9. SwissADME (a) bioavailability radar and (b) boiled-egg models

area, indicating favorable oral bioavailability profiles. A
molecule whose radar plot entirely resides within the pink
area suggests good potential as a drug candidate, as this
region represents the optimal range for each ADME
parameter [53].

The results of ADME predictions indicate that
quercetin, fisetin, and daidzein have high gastrointestinal
absorption (HIA) capabilities, facilitating absorption in
the digestive tract. In contrast, myricetin and daidzein
have low gastrointestinal absorption capabilities due to
their low water solubility and relatively high polarity,
making them difficult to dissolve and absorb in the
intestines. Additionally, flavonoids like myricetin often
undergo pre-systemic metabolism (e.g., by enzymes in the
intestines and liver), reducing the amount of active
compounds that reach the circulation. Daidzein also has
low bioavailability due to its natural glycosidic bonds,
which must first be hydrolyzed by gut microbiota before
absorption [54].

Fig. 9(b) shows that all compounds exhibit high
HIA, the
gastrointestinal tract. However, myricetin and ribavirin

facilitating  efficient absorption in
exhibit limited gastrointestinal absorption due to several
factors, including first-pass metabolism, low lipophilicity,
all their

bioavailability. These factors contribute to ribavirin’s

and limited transporters, hindering
relatively low oral bioavailability, despite its effectiveness
in viral infection treatment [55]. According to ADME
predictions, no compounds penetrate the blood-brain
barrier except daidzein. One of the significant factors
influencing a compound's ability to penetrate the blood-
brain barrier (BBB) is its lipophilicity. Daidzein is a
lipophilic (fat-soluble) compound, which allows this
molecule to pass through the lipid-rich cell membranes
that form the BBB. All compounds showed to be non-
inhibitors of P-gp substrates, suggesting they do not
interfere with the distribution process or bioavailability

of the drug [54].
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The Boiled-Egg Analysis in pharmacokinetic profile
prediction assesses a compound's ability to penetrate and
undergo passive absorption in the gastrointestinal region.
This analysis considers two physicochemical properties:
TPSA and WLOGP, to evaluate lipophilicity and polarity.
The red circle in the Boiled-Egg diagram (Fig. 9(b))
indicates that the compound does not pass through P-
glycoprotein, meaning the compound remains within the
target cells. The red point in the yellow area indicates that
the compound can passively penetrate the BBB [53]. Fig.
9(b) indicates that four compounds (quercetin, fisetin,
myricetin, and ribavirin) cannot penetrate the blood-
brain barrier, while one compound, daidzein, can
passively penetrate the BBB.

Based on Table 5, the drug metabolism process is
carried out by enzymes in the endoplasmic reticulum
membrane of liver cells. Drugs can undergo two types of
metabolism to convert them into more polar compounds,
one of which is phase I reactions involving oxidation,
reduction, or hydrolysis reactions. These reactions involve
enzymes containing cytochrome P450 with isoenzymes that
play an important role in the metabolism of endogenous
compounds capable of catalyzing oxidative biological
changes, namely CYP. Important isoenzymes include
CYP1A2, CYP2C9, CYP2D6, CYP2El, CYPC19 and
CYP3A4 [56]. Quercetin showed metabolic activity as
inhibitors of CYP1A2, CYP2C8, CYP2D6 [57], CYP2B
[58], and CYP3A4 [59]. Fisetin, myricetin, and daidzein
also inhibit CYP3A4 enzymes [59], unlike the positive
control ribavirin. However, none of these five compounds
inhibited the CYP2C9 and CYP2C19
Interpretation of the interaction between compounds and

isoenzymes.

CYP3A4 enzymes in compound metabolism analysis.
CYP3A4 enzymes are one of the isoforms of cytochrome
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P450 enzymes that play an important role in drug
metabolism in the liver. These enzymes are involved in
the oxidation of lipophilic compounds, which often
change the structure of drugs into forms that are more
easily eliminated through urine or bile. The interaction
of compounds with CYP3A4 is very important to
consider because it can affect the metabolic rate and
bioavailability of compounds in the body. In this study,
the prediction results indicate that some of the flavonoids
we evaluated have the potential to interact with CYP3A4,
which can modulate the metabolism of these compounds.
For example, quercetin, one of the flavonoids tested, has
been reported to inhibit CYP3A4 activity [60].

Based on this research, four flavonoid compounds
(quercetin, fisetin, myricetin, daidzein), compared to
antiviral compounds as positive controls (ribavirin),
have mechanisms of action that inhibit virus entry and
RNA synthesis according to three criteria: Lipinski,
Ghose, and Veber. The results show that quercetin and
fisetin meet all three criteria, indicating that both have
properties that support them as drug candidates.
Myricetin meets the Lipinski and Ghose criteria but does
not meet the Veber criterion, suggesting that while it has
good properties, myricetin may have limitations in
molecular flexibility. Daidzein meets all criteria except
Veber, meaning that while it has nearly ideal properties,
daidzein is less optimal in terms of molecular flexibility.
Meanwhile, ribavirin, which was used as a control, only
met Lipinski's criteria and did not meet the criteria set
by Ghose and Veber.

Analysis of drug-likeness can be assessed using
Lipinski’s, Ghose’s, and Veber’s rules. Lipinski's rules
show the physicochemical and hydrophobic/hydrophilic
properties of compounds that can pass through cell

Table 5. The pharmacokinetic properties of flavonoid compounds

Pharmacokinetic properties

Compound Gl P-gp BB ypiaz cypape cYPaco cYPacio CYP3A4 Bicavailability
absorption substrate permeant
Quercetin High No No Yes Yes No No Yes 0.55
Fisetin High No No Yes Yes No No Yes 0.55
Myricetin Low No No Yes No No No Yes 0.55
Daidzein High No Yes Yes Yes No No Yes 0.55
Ribavirin (control) Low No No No No No No No 0.55
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Table 6. Drug-likeness properties of flavonoid compounds

Compound Lipinski Ghose  Veber
Quercetin Yes Yes Yes
Fisetin Yes Yes Yes
Myricetin Yes Yes No
Daidzein Yes Yes Yes
Ribavirin (control) Yes No No

membranes by passive diffusion. In contrast, Ghose's
rules use parameters such as molecular weight, log P
(lipophilicity), and polarity index to assess the potential of
compounds as drugs that can penetrate biological
membranes (such as cell membranes or blood-brain
barrier). Potential drug candidates with favorable
bioavailability can be efficiently absorbed into the body.
The drug-likeness properties in Table 6 show that all
flavonoids and the positive control ribavirin meet Lipinski's
rules. However, ribavirin, as a positive control, did not
meet the criteria established by Ghose and Vabe, having a
low log P (0.35) and thus being very hydrophilic and poor
in penetrating cell membranes, even though it is effective
in treating viral infections by other mechanisms [61-62].

m CONCLUSION

In this study, we performed an in silico analysis of
quercetin, fisetin, myricetin, daidzein, and one control
compound, ribavirin. The order of bond energies from
the weakest to the strongest as follows: quercetin,
daidzein, fisetin, myricetin, and ribavirin. Quercetin is the
most promising candidate among these compounds
because it has the lowest binding energy (—8.0 kcal/mol).
MD simulations for 100 ns showed that the DENV-3
RdRp complex structure was stable. The initial and final
conformations of the DENV-3 RdRp complex from MD
simulations indicate that the test ligands interact well with
the main amino acid residues. Thus, the clearly observed
non-covalent interactions suggest that these flavonoids
have antiviral activity against DENV based on the
inhibition of RdRp replication. Swiss-ADME predictions
indicate that all five compounds meet Lipinski's rules,
suggesting potential oral bioavailability and good drug-
like properties. Based on molecular docking mapping,
MD simulations, ADME analysis, and bioactivity testing
results, quercetin shows promising potential as an
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inhibitor of DENV. The strong interaction between
quercetin and the active site of the viral protein, the
stability demonstrated in MD simulations, and its
favorable pharmacokinetic profile make it a viable
candidate for further development. In vitro testing will
further prove quercetin's inhibitory activity against
Dengue virus replication under more biologically
relevant conditions.
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