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ABSTRACT
Background: Dengue virus serotype-3 (DENV-3) infection remains a clinical problem for which no specific antiviral 
agent has yet been identified. The rhizome of Alpinia purpurata (red galangal) is rich in natural glycosides with 
antioxidant and anti-inflammatory properties. However, studies related to antidengue from A. purpurata using in vitro 
and in silico methods have not been widely conducted.
Aim: This study aims to describe the anti-dengue mechanism of natural glycosides from A. purpurata rhizomes through 
their antiviral ability in vitro in Vero E6 cell cultures induced by DENV-3 and molecular docking to the DC-SIGN 
(CD209), CD300a, IL-1β, and SOD receptors.
Methods: In vitro quantification of the viral replication inhibition value was performed using dengue virus antibodies 
(4G2) through ELISA. Meanwhile, molecular docking was performed to assess the binding affinities and complex 
interactions. Molecular dynamics simulations confirmed the stability of the docking complexes within the root mean 
square fluctuation value. Further screening was conducted using the pkCSM webserver to obtain the ADMET property 
values and the ProTox 3.0 webserver to obtain the toxicity prediction values.
Results: In vitro DENV-3-induced Vero E6 cell cultures induced with DENV-3 showed a viral replication inhibition 
value of 105.8107 µg/mL. Molecular docking experiments revealed that quercetin-3-O-rutinoside has the best potential 
to inhibit virus binding to DC-SIGN receptors (−7.8 kcal/mol), balance immune signals through CD300a regulation 
(−7.1 kcal/mol), suppress the production of IL-1β during cytokine storm (−7.2 kcal/mol), and activate endogenous 
antioxidant superoxide dismutase (−7.0 kcal/mol) compared with quercetin control. The validation of docking results 
through molecular dynamics proved that the quercetin-3-O-rutinoside complex has an RMSF value < 3 Å, which 
means that the complex tends to be stable. ADMET characteristics and toxicity also indicate that quercetin-3-O-
rutinoside is safe for cells.
Conclusion: This study reports the first evidence of the potential of natural glycosides from A. purpurata as antidengue 
agents in vitro and in silico through viral entry inhibition, cytokine storm modulation, and endogenous antioxidant 
activation to reduce free radicals in cells during infection. These findings support the potential of A. purpurata as an 
antiviral, anti-inflammatory, and antioxidant agent.
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Introduction
Dengue fever is a viral infectious disease caused by 
the dengue virus (DENV), which is transmitted by 
the mosquito vector of Aedes aegypti. This infectious 
disease remains a global health problem because no 
specific effective antiviral drug or vaccine that fully 
protects cells from viral infection exists (Islam et 
al., 2025). Current therapeutic strategies focus on 
discovering natural compounds that can inhibit the 
early stages of infection and modulate the immune 
response and intracellular oxidative stress. Based on 
the latest epidemiological and molecular analyses, 
DENV-1, DENV-2, and DENV-3 are the most 
prevalent serotypes, and shifts in serotype dominance 
are often associated with spikes in cases and increased 
disease severity (Harapan et al., 2019). In recent years, 
DENV-3 has reemerged as the dominant serotype in 
various regions of Indonesia, such as Yogyakarta and 
East Java, with genetic characteristics indicating a shift 
in genotype and increased virulence (Utama et al., 
2019; Aryati et al., 2020). In addition, the dominance 
of DENV-3 in Southeast Asia has also been found in 
Myanmar and Bangladesh, which have reported the 
emergence of new genotypes (types I and III) associated 
with an increase in severe cases and expansion of the 
transmission area (Soe et al., 2021; Titir et al., 2021).
The interaction between the envelope protein and the 
dendritic cell-specific intracellular adhesion molecule-
3-grabbing non-integrin (DC-SIGN/CD209) receptor 
is one of the main mechanisms of DENV-3 invasion. 
This protein is expressed by the dendritic cells of 
the body and indirectly helps the virus enter the host 
body. This interaction facilitates virus attachment and 
internalization into the host cell (Singh et al., 2021). In 
addition to DC-SIGN, the CD300a receptor regulates 
inflammatory signals and balances protective immune 
responses and excessive inflammation. In the later 
stages of DENV-3 infection, the excessive release of 
proinflammatory cytokines such as IL-1β in patients 
infected with DENV can trigger a “cytokine storm” 
mechanism that contributes to severe pathogenesis, 
such as dengue hemorrhagic fever and dengue 
shock syndrome (Alam et al., 2020). Therefore, 
modulation of IL-1β expression is needed to suppress 
inflammation in the body. Additionally, activation of 
the endogenous antioxidant protein synthesis pathway, 
such as superoxide dismutase (SOD), may also be key 
in reducing tissue damage caused by oxidative stress 
during viral infection.
Plants from the Alpinia genus, particularly Alpinia 
purpurata, are endemic in Southeast Asia (Kong et 
al., 2016). These plants are rich in natural glycoside 
compounds with broad biological activities, including 
antioxidant, anti-inflammatory, and antiviral properties 
(Aguinaldo et al., 2010). Glycoside compounds can 
interact with C-type lectin receptors, such as DC-SIGN, 
through specific affinity for mannose or galactose 
residues on their surface (Tanaka et al., 2017). This 

binding mechanism can inhibit virus attachment and 
modulate immune signals activated by DC-SIGN and 
CD300a receptors.
In silico molecular docking approaches have been 
widely used to identify and predict interactions 
between natural compounds and DENV target proteins, 
such as NS3 protease, NS5 methyltransferase, and host 
immune receptors (Imran et al., 2025). Several natural 
phytochemical compounds, such as α-Mangostin 
from Garcinia mangostana, have been shown to 
exhibit antiviral activity against DENV-2 through a 
multiprotein virus inhibition mechanism both in silico 
and in vitro (Panda et al., 2021).
Based on this, this study aims to describe the anti-
dengue mechanism of natural glycosides from A. 
purpurata rhizomes through a molecular docking 
approach to the DC-SIGN (CD209), CD300a, IL-1β, 
and SOD receptors, as well as to validate their antiviral 
ability in vitro against DENV-3-induced Vero E6 cell 
cultures induced by DENV-3. This study is expected 
to provide a scientific basis for the development 
of new natural drug candidates for multitarget and 
immunomodulatory dengue therapy.

Materials and Methods
Sample collection and extract preparation
Alpinia purpurata rhizome samples were collected 
from Tanjung Market, Mojokerto, East Java, Indonesia 
(latitude: 7°28'1“S; longitude: 112°26'12”E). 
Preparation of the extract began by cutting the A. 
purpurata rhizomes into small pieces and drying 
them in the sun for 14 days. Drying was performed 
out by sifting the material once a day to avoid fungi 
contamination. Next, the material was macerated with 
96% ethanol at a ratio of 1:3. Maceration was performed 
for 7 days with the aim of extracting the secondary 
metabolites in the rhizome by stirring occasionally. 
The ethanol extract is filtered, and the residue is re-
extracted using the same procedure. Then, evaporation 
using a rotary evaporator is performed at a temperature 
of 40℃–60℃, a vacuum pressure of 100–200 mbar, 
and a rotation speed of 80–120 rpm. The extract was 
scraped and stored in test bottles.
Preparation of cell culture
The Vero E6 cell culture collection (ATCC® CRL-
1586™) was obtained from the Institute of Tropical 
Diseases, Airlangga University, East Java, Indonesia. 
Cells were maintained in Dulbecco’s Modified 
Eagle Medium (DMEM) supplemented with 10% 
heat-inactivated fetal bovine serum (FBS) and 1% 
penicillin-streptomycin and incubated at 37℃ with 
5% CO2. Monolayer cell cultures that had reached 
confluence (80%) were trypsinized using 0.25% 
trypsin-EDTA, and their viability was calculated using 
a hemocytometer. The cells were then transplanted into 
96-well plates. Next, cells were allowed to adhere for 
24 hours before DENV-3 inoculation at a multiplicity 
of infection (MOI) optimized between 0.1 and 1.0, 
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following established protocols for dengue antiviral 
screening in Vero lineages (Abdul Ahmad et al., 2017; 
Low et al., 2021).
Antiviral assay to determine the percent inhibition of 
virus replication value
Quantification of the viral replication inhibition value 
of the extract and quercetin control was performed 
using dengue virus antibodies (4G2) through an 
ELISA. Fixation in the well was fixed using methanol. 
Acetone and blocking buffer (2% skim milk, 0.05% 
Tween-20 PBS) were added to each well. After 30 
min, the primary antibody, 4G2 antibody, was added 
and incubated for 1 hour at 37°C for 1 hour. Washing 
was performed four times using washing buffer (0.01% 
Tween-20 PBS). The secondary antibody, goat anti-
mouse IgG HRP, was added and incubated for 1 hour at 
37°C for 1 hour. The washing was repeated four times 
using a washing buffer. Next, TMB substrate was added 
and incubated for 10 min until a color change occurred. 
Subsequently, a 2 N H2SO4 solution was added to stop 
the reaction and measured using a microplate reader at 
450 nm (Koishi et al., 2012). The EC50 value represents 
the inhibition of virus replication performance due to 
treatment (Sucipto et al., 2017).
In silico study
Hardware 
The in silico method was performed using a Dell Vostro 
14 3000 laptop with an AMD Ryzen 5 3500 U processor. 
The operating system used was Windows 10 Ultimate 
64-bit with Radeon Vega Mobile Gfx at 2.10 GHz.
Ligand preparation
The test ligands used were natural glycosides found 
in A. purpurata. The names of each test ligand were 
obtained from previous relevant metabolite screening 
studies using A. purpurata. Some of the test ligands 
used in this study were sitosteryl-3-O-6-palmitoyl-β-
D-glucoside (CID: 70699351) (Villaflores et al., 2010 
), quercetin-3-O-rutinoside (CID: 5280805) (Victório 
et al., 2019; Suzery et al., 2019), kaempferol-3-O-
glucuronide (CID: 74315888) (Victório et al., 2019), 
vanillic acid glucoside (CID: 14132336) (Begum et al., 
2019), and p-coumaric acid glucoside (CID: 9840292) 
(Begum et al., 2019). Quercetin control (CID: 5280343) 

was used as a reference. All canonical SMILES, 
PDB ID, and 3D structure information related to the 
test compounds were obtained from the PubChem 
webserver (https://pubchem.ncbi.nlm.nih.gov/). 
Protein preparation
The test protein was prepared by downloading the 
receptor file from the Uniprot webserver (https://www.
uniprot.org/). The test receptors used were DC-SIGN 
(CD209) (Uniprot ID: Q9NNX6), CD300a (Uniprot 
ID: Q9UGN4), IL-1β (Uniprot ID: P01584), and 
superoxide dismutase (SOD) (Uniprot ID: P00441) 
(Table 1). Protein sterilization was performed using 
PyMol v1.74 software (Schrödinger, LLC). The purpose 
of this sterilization was to remove water molecules and 
non-essential ligands that were still present on the test 
receptors (Siti Rahayu et al., 2025).
Molecular docking experiment and antiviral potential 
screening
Molecular docking experiments were conducted using 
PyRx v.0.8 software (SourceForge Headquarters, 
San Diego, CA) to obtain binding affinity (kcal/mol) 
and root mean square deviation (RMSD) (Å) values 
between the test ligand and target receptor. The binding 
affinity value refers to the energy generated between 
the ligand-protein complex. The more negative the 
binding affinity value, the higher the potential of 
the compound to trigger an anti-dengue bioactivity 
response (Alifiansyah et al., 2024; Herdiansyah et al., 
2024; Vora et al., 2020). The PASS Online webserver 
(https://way2drug.com/PassOnline/) was used to screen 
the antiviral potential of each compound to determine 
the probable of active (Pa) and probable of inactive 
(Pi) values. A compound is considered to have antiviral 
potential if it has a Pa>Pi value. Compounds with the 
best antiviral bioactivity potential based on binding 
affinity, RMSD, and probable of active values will be 
selected for further screening.
Post-screening of selected potential compounds based 
on the absorption, distribution, metabolism, excretion, 
and toxicity (ADMET) properties and specific toxicity
Screening of pharmacokinetic parameters of 
glycoside compounds with the best antiviral 
bioactivity potential from molecular docking results 

Table 1. List of receptors used in the molecular docking experiments.

No. Receptor Function UniProt ID References

1. DC-SIGN (CD209) Initial binding of DENV to dendritic cells 
through glycoprotein E interaction Q9NNX6 (Begum et al., 2019)

2. CD300a Phospholipid receptors that directly interact with 
DENV particles and enhance infection Q9UGN4 (Carnec et al., 2015)

3. Interleukin-1 beta 
(IL-1β)

As a proinflammatory cytokine that serves as a 
biomarker indicator of dengue severity P01584 (Sari et al., 2025)

4. Superoxide dismutase
Acts as an endogenous antioxidant that plays a 
role in suppressing the production of reactive 
oxygen species when dengue infection occurs.

P00441 (Lozano-parra et al., 
2025)
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was performed using the pkCSM webserver (https://
biosig.lab.uq.edu.au/pkcsm/). The pkCSM webserver 
analyzes the relationship between the molecular 
structure presented in the form of SMILES code of the 
compound and the pharmacokinetic behavior of the 
drug in the body, which can be used as an evaluation 
of the safety of the compound when in the body. 
There are five major groups of parameters, namely 
absorption, distribution, metabolism, excretion, 
and toxicity, which are analyzed in this ADMET 
screening, with each parameter group having its own 
sub-parameters (Fatima et al., 2020; Klimoszek et al., 
2024; Banerjee et al., 2024). Furthermore, the specific 
toxicity profile of glycoside compounds with the best 
bioactivity potential was predicted using the ProTox 
3.0 webserver (https://tox.charite.de/protox3/). 
ProTox integrates molecular similarity, compound 
pharmacophore models, fragments, and machine 
learning models to predict the toxicity of a compound, 
including acute toxicity (LD50), hepatotoxicity, 
carcinogenicity, mutagenicity, immunotoxicity, 
cytotoxicity, and organ-specific toxicities (Banerjee 
et al., 2024). 

Molecular dynamics simulation for validation of 
docking results
The molecular docking experiment results were 
validated using the CABS-flex 3.0 webserver (https://
lcbio.pl/cabsflex3/). The results with the best binding 
affinity values were used for validation to observe the 
properties of the drug when attached to the protein ring. 
The molecular docking results were validated using 
several parameters, such as protein rigidity, restraint 
settings, C-alpha restraints weight, side-chain restraint 
weight, temperature range, trajectory, number of 
cycles, and RNG seed in nanoseconds (ns) (Shivanika 
S Deepak et al., 2022). 
Statistical analysis
The data were statistically analyzed using SPSS 21 
software (SPSS Inc., Chicago, IL). Data were analyzed 
using t-test, and differences between mean values were 
considered significant at p < 0.05. Meanwhile, for p 

> 0.05, non-significant differences were considered 
between extract and control, and accepting H0.
Ethical approval
 Not needed for this study.

Results
In vitro antiviral assay results of inhibition of virus 
replication 
The ethanol extract of A. purpurata inhibits DENV-3 
replication in a concentration-dependent manner. As 
shown in Table 2, at a concentration of 50 µg/ml, the 
extract provided 86.82% inhibition of the cytopathic 
effect (CPE), which decreased to 71.74% at 100 µg/
ml and 5.59% at 150 µg/ml. The EC50 value of 105.81 
µg/ml indicates moderate effectiveness against DENV-
3, which is comparable to that of the quercetin control 
(EC50 = 92.69 µg/ml). The natural glycoside content in 
A. purpurata extract can be a natural antiviral source 
against DENV-3.
The highest inhibitory effect at a concentration of 50 
µg/ml in this study indicates that at low doses, the 
active compounds in the extract are still within the 
non-toxic range for host cells, thereby effectively 
inhibiting viral replication. The decrease in activity 
at higher concentrations may be attributed to mild 
cytotoxic effects or oxidative stress, which reduces 
cell viability and viral inhibition effectiveness. The 
recorded luminescence values also support this result, 
as higher extract concentrations corresponded to lower 
luminescence signals due to reduced viral infectivity. 
However, at a concentration of 150 µg/mL, the 
luminescence value dropped sharply, possibly due to 
cellular metabolic disturbances caused by an excess of 
active compounds in the extract.
The inhibitory activity in Table 2 likely involves a 
synergistic mechanism between virus attachment 
inhibition and intracellular immune response 
modification. This mechanism can also be observed in 
the natural compounds α-mangostin and artesunic acid, 
which suppress DENV replication through multiprotein 
interaction in the early and late phases of the virus life 
cycle.

Table 2.  Antiviral assay of the extract against DENV-3 infection.

Concentration 
(µg/ml)

Luminescence

Mean

A B

%CPE
1 2 3

Treatment 
– Control 
Medium

(control DENV 
+ control cell) - 
control medium

50 1.77 × 10⁷ 1.76 × 10⁷ 1.95 × 10⁷ 1.83 × 10⁷ 1.83 × 10⁷ 2.10 × 10⁷ 86.82
100 1.53 × 10⁷ 1.39 × 10⁷ 1.62 × 10⁷ 1.51 × 10⁷ 1.51 × 10⁷ 2.10 × 10⁷ 71.74
150 1.23 × 106 9.04 × 105 1.40 × 106 1.18 × 106 1.18 × 106 2.10 × 10⁷ 5.59
Control of DENV 
+ Control Cell 2.11 × 10⁷ 2.10 × 10⁷ 2.10 × 10⁷ 2.10 × 10⁷

Control Medium 1.15 × 103 3.23 × 102 2.76 × 102 5.83 × 102

EC50 extract 105.8107 µg/mL

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com 
M. A. Herdiansyah et al.� Open Veterinary Journal, (2026), Vol. 16(5): 2987-3007�

2991

The downward trend in CPE percentage in Figure 1 
is consistent with the increasing concentration of A. 
purpurata extract against DENV-3 infection in Vero 
E6 cells. This phenomenon is commonly found in plant 
extracts rich in polyphenol and glycoside secondary 
metabolites. At low doses, active compounds tend to 
work optimally in suppressing viral replication through 
a mechanism that inhibits virus attachment to cell 
receptors without disrupting cell viability. However, at 
higher doses, the accumulation of phenolic compounds 
can increase oxidative stress and disrupt the integrity 
of the host cell membrane. This can reduce overall 
antiviral effectiveness (Rosmalena et al., 2019).
At low to moderate doses, the active compounds 
suppress viral replication by inhibiting viral attachment 
to cell receptors without affecting host cell viability. 
However, excessive accumulation of phenolic 
compounds at high doses may induce mild oxidative 
stress and disrupt cell membrane integrity, which in 
turn can reduce the antiviral effectiveness of the extract. 

Therefore, the decrease in the CPE curve at higher 
concentrations may also reflect a shift in the antiviral 
mechanism of action—from early-stage (penetration) 
inhibition to viral replication suppression within Vero 
E6 cells.
A comparison between the antiviral test results of A. 
purpurata extract (Table 2, Fig. 1) and quercetin control 
(Table 3, Fig. 2) showed a similar biological response 
pattern, but with different levels of effectiveness. At 
a concentration of 50 µg/mL, A. purpurata extract 
reduced cytopathic effects by 86.82%, whereas 
quercetin reduced cytopathic effects by 91.12% at 
the same concentration. Although this difference is 
relatively small, the EC50 value of the extract is slightly 
lower than that of quercetin, indicating that the antiviral 
bioactivity of the extract is similar to that of pure 
flavonoid compounds. Thus, the glycoside compounds 
in the A. purpurata extract have competitive antiviral 
potential despite originating from a mixture of natural 
secondary metabolites.

Table 3. Antiviral assay of quercetin control against DENV-3 infection.

Concentration 
(µg/ml)

Luminescence

Mean

A B

%CPE
1 2 3

Treatment 
– Control 
Medium

(control DENV 
+ control cell) - 
control medium

50 1.82 × 10⁷ 1.76 × 10⁷ 1.74 × 10⁷ 1.77 × 10⁷ 1.77 × 10⁷ 1.95 × 10⁷ 91.12
100 7.33 × 106 7.12 × 106 8.02 × 106 7.49 × 106 7.49 × 106 1.95 × 10⁷ 38.49
150 1.08 × 105 8.92 × 104 1.16 × 105 1.04 × 105 1.04 × 105 1.95 × 10⁷ 0.53
Control of DENV 
+ Control Cell 1.94 × 10⁷ 1.97 × 10⁷ 1.93 × 10⁷ 1.95 × 10⁷

Control Medium 1.15 × 103 3.23 × 102 2.76 × 102 5.83 × 102

EC50 control 92.6923 µg/mL

Fig. 1. Cytopathic effect percentage of extracts that inhibit DENV-3 infection in the cell line.
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The downward trend in CPE percentage in both 
samples also showed a dose-dependent biphasic 
response pattern, in which antiviral efficacy increased 
at low to medium doses but decreased at high doses 
(150 µg/mL). Although the control had a better EC50 
value than the test extract, the A. purpurata extract 
showed the potential advantage of a multicomponent 
synergistic effect. Natural glycoside components, 
such as quercetin-3-O-rutinoside, kaempferol-3-O-
glucuronide, and sitosteryl-3-O-6-palmitoyl-β-D-
glucoside, can act through various targets, including 
inhibition of virus binding to DC-SIGN/CD209 
receptors and modulation of inflammatory pathways 
via IL-1β. This multitarget protein approach makes 
the extract more relevant than single compounds for 
natural drug development.
Statistical test results showed no significant difference 
between the extract test group and the control group 
(p > 0.05). This value is greater than the significance 
threshold of 0.05 (Table 4); therefore, the anti-dengue 
activity of A. purpurata extract against DENV-3 is 
comparable to quercetin. This finding is consistent 
with several previous studies reporting that flavonoids 
and polyphenols from plants have similar antiviral 
mechanisms by inhibiting dengue virus replication 
and attachment to host cells. Interestingly, quercetin 
and fisetin can reduce DENV-2 and DENV-3 virus 
titers and suppress proinflammatory cytokine secretion 
during infection (Jasso-Miranda et al., 2019). 

Therefore, further predictions using molecular docking 
and molecular dynamics experiments are needed to 
identify potential single compounds from A. purpurata 
extract, particularly from the abundant glycoside group 
in the plant.
Molecular docking of glycosides and test receptors
The in silico analysis in Table 5 shows that the main 
glycoside compounds from A. purpurata have a strong 
binding affinity to host cell receptors that play a role in 
DENV infection and immune regulation. The highest 
binding energy, greater than that of the control, was 
found in the compound quercetin-3-O-rutinoside (DC-
SIGN = −7.8 kcal/mol; CD300a = −7.1 kcal/mol; 
IL-1β = −7.2 kcal/mol; SOD = −7.0 kcal/mol). This 
pattern indicates that A. purpurata glycosides have 
the potential to inhibit virus binding and stabilize the 
cellular immune response.
In Table 5, strong interactions were detected through 
the amino acid residues Gln282(A), Ser283(A), 
Ile352(A), and Trp236(A), which contribute to the 
formation of hydrogen bonds and Van der Waals forces. 
This interaction pattern indicates that the glycoside 
can inhibit the attachment of viral particles to the DC-
SIGN receptor, which serves as the main entry point 
for DENV-3 into host cells. The glycoside compound 
quercetin-3-O-rutinoside inhibited DC-SIGN and 
showed a significantly stronger binding pattern than 
the positive control (−6.8 kcal/mol), suggesting that the 

Fig. 2. Cytopathic effect percentage of the control that inhibited DENV-3 infection in the cell line.

Table 4. Analysis of antiviral assay results. 

Group EC50 (µg/mL) n Normality Test Homogenity Test P-value of 
the t-test

Hypotesis 
Result

Extract 105.8107 ± 9.1 3
Passed Passed 0.701 Accept H0Control 92.6923 ± 8.8 3
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compound from the extract possesses a better inhibitory 
capacity in preventing viral entry into the host.
In addition, glycoside compounds were found to interact 
with the residues Lys60(A), Leu90(A), Arg74(A), and 
Asp97(A) through hydrogen bonds and Van der Waals 
forces on the CD300a receptor. This pattern illustrates 
the potential of glycosides to modulate immune 
activity, as CD300a functions as an immune signal 
regulatory receptor that can be exploited by DENV-3 
to suppress phagocytosis. The binding of glycosides 
to these amino acid residues is presumed to inhibit the 
CD300a-mediated inhibitory signals, thereby assisting 
in the restoration of the immune response following 
DENV-3 infection.
Significant interactions were also detected between the 
ligand and the IL-1β receptor, in which the residues 
His121(A), Glu134(A), and Gly142(A) were directly 
involved in forming strong hydrogen bonds and Van 
der Waals forces. These interactions contribute to the 
suppression of signaling pathway activation that leads 
to the production of the proinflammatory cytokine IL-
1β during cytokine storm conditions within the cell. 
This pattern indicates that the glycoside compounds of 
A. purpurata function not only as anti-dengue agents 
but also as natural immunomodulators that reduce 
the secretion of proinflammatory cytokines during 
infection.
Meanwhile, hydrogen bonds were naturally formed 
between the ligand and the residues His111(A), 
Asp110(A), and Ser103(A) on the SOD enzyme, which 
play a role in maintaining the stability of the enzyme’s 
active site. The attachment of the tested compound to 
these amino acid residues may help the cell activate 
SOD enzyme secretion, thereby reducing free oxidants 
in the body when cells experience stress due to dengue 
infection. In addition, this interaction demonstrates the 
potential of glycosides to enhance cellular antioxidant 
defenses by preserving SOD enzyme function from 
oxidative stress-induced damage. The stability of this 
complex indicates that the active compounds of A. 
purpurata may support the cell’s natural protective 
mechanisms against increased free radicals during 
infection.
Overall, Figure 3 supports the interactions shown in 
Table 5, which describes the synergistic antiviral-
immunomodulator-antioxidant mechanism of A. 
purpurata extract. Glycoside compounds not only 
inhibited virus binding to DC-SIGN receptors but also 
suppressed the activation of proinflammatory cytokine 
IL-1β, balance immune signaling through the regulation 
of the CD300a protein, and strengthened the oxidative 
defense system through the superoxide dismutase 
enzyme. This combination of activities indicates that 
A. purpurata works through multireceptor modulation, 
which not only suppresses viral replication but also 
reduces pathogenesis in severe dengue infection due to 
immune hyperactivation.

ADMET properties and specific toxicity of quercetin-3-
O-rutinoside
The aim of the ADMET analysis was to assess the 
pharmacokinetic potential and safety of the main active 
compound resulting from docking with the highest 
binding affinity value, quercetin-3-O-rutinoside from 
A. purpurata (Mvondo et al., 2021). This parameter is 
important for assessing the suitability of the compound 
as a drug candidate before conducting in vivo or clinical 
trials. The results in Table 6 show that the quercetin-3-
O-rutinoside compound has moderate solubility (log 
S = −3.327), indicating a moderate ability to dissolve 
in cells. However, the Caco2 permeability value 
(−0.791 log Papp) and intestinal absorption of 28.49% 
indicate that the absorption through human milk is 
relatively lower due to the large glycoside structure 
and high polarity. This compound is also detected as 
a p-glycoprotein substrate and p-glycoprotein I and II 
inhibitor, which means that an efflux mechanism that 
limits oral bioavailability may occur (Fatima et al., 
2020; Klimoszek et al., 2024).
The volume of distribution (VDss) value of −1.597 log 
L/kg indicates low distribution to peripheral tissues, 
while the unbound fraction of 0.419 indicates that 
nearly half of the compound is in free form in plasma, 
allowing for effective pharmacological interactions. 
The BBB and CNS permeability values also indicate 
that this compound is suitable for preventing 
neurotoxicity or CNS disorders.
The compound quercetin-3-O-rutinoside is not a 
CYP2D6 substrate but a CYP3A4 substrate in terms of 
distribution parameters. This indicates the potential for 
major metabolism via the cytochrome P450 pathway 
in the liver. The absence of inhibitory activity against 
major cytochrome P450 enzymes indicates a low risk of 
drug interactions. This pattern is similar to the ADMET 
profile of other natural flavonoid compounds, such as 
kaempferol-3-glucuronide, which is metabolized via 
CYP3A4 without causing hepatotoxicity (Shivanika S 
Deepak et al., 2022). 

In terms of excretion parameters, the total clearance 
value of 0.187 log ml/min/kg indicates slower excretion 
and supports a moderate half-life. Quercetin-3-O-
rutinoside is not a renal OCT2 substrate, indicating 
that the main elimination route is hepatic or biliary 
(Herdiansyah et al., 2024). In addition, based on 
pkCSM predictions, quercetin-3-O-rutinoside does not 
exhibit genetic toxicity (Ames test negative), is not 
hepatotoxic, and does not cause skin sensitization.
As shown in Figure 4, no hepatotoxic potential was 
found. This indicates that the quercetin-3-O-rutinoside 
compound cannot induce hepatocyte damage. This 
result is consistent with the pkCSM prediction 
for hepatotoxicity parameters. No mutagenic or 
carcinogenic potential was found, indicating that 
the compound does not contain genotoxic chemical 
fragments, such as long conjugated aromatic rings 
or active electrophilic substituents. Flavonoids with 
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Fig. 3. Interaction complex visualization of quercetin-3-O-rutinoside as the complex with the highest binding affinity.
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glycoside groups stabilize DNA through noncovalent 
interactions that protect against gene mutations. The 
absence of immunotoxicity indicates that quercetin-
3-O-rutinoside has immunomodulatory activity and 
the potential to suppress proinflammatory cytokine 
production and normalize CD300a receptor expression. 
The LD50 value of 5000 mg/kg in the compound’s 
toxicity class 5 indicates a low tendency for acute 
toxicity.
Molecular dynamics results as validation of the 
molecular docking method
The results of molecular docking validation through 
molecular dynamics show that the binding between 
quercetin-3-O-rutinoside and CD300a, IL-1β, and SOD 

is stable. However, the complex between quercetin-3-
O-rutinoside and DC (CD209) has an RMSF value > 
3 Å. The instability of the bond between the receptor 
and the ligand will affect protein rigidity and can lead 
to physiological responses that are not as desired when 
the compound is induced. Complexes with an RMSF 
value < 2 Å are likely to be relatively more stable in the 
body and can trigger the physiological response of the 
body (Utari et al., 2025; Shobahah et al., 2025).

Discussion
To the best of our knowledge, this study is the first to 
explore the potential of natural compounds from the 
Alpinia genus against the dengue virus, particularly 

Table 6. ADMET properties of quercetin-3-O-rutinoside.

Tipe Parameter Parameter Quercetin-3-O-
rutinoside

Unit

Absorption Water solubility –3.327 Numeric (log mol/L)
Absorption Caco2 permeability –0.791 Numeric (log Papp in 10–6 cm/s)
Absorption Intestinal absorption in humans 28.495 Numeric (% Absorbed)
Absorption Skin Permeability –2.737 Numeric (log Kp)
Absorption P-glycoprotein substrate Yes Categorical (Yes/No)
Absorption P-glycoprotein I inhibitor Yes Categorical (Yes/No)
Absorption P-glycoprotein II inhibitor Yes Categorical (Yes/No)
Distribution VDss (human) –1.597 Numeric (log L/kg)
Distribution Unbound fraction (human) 0.419 Numeric (Fu)
Distribution BBB permeability –2.215 Numeric (log BB)
Distribution CNS permeability –4.842 Numeric (log PS)
Metabolism CYP2D6 substrate No Categorical (Yes/No)
Metabolism CYP3A4 substrate Yes Categorical (Yes/No)
Metabolism CYP1A2 inhibitors No Categorical (Yes/No)
Metabolism CYP2C19 inhibitors No Categorical (Yes/No)
Metabolism CYP2C9 inhibitors No Categorical (Yes/No)
Metabolism CYP2D6 inhibitors No Categorical (Yes/No)
Metabolism CYP3A4 inhibitors No Categorical (Yes/No)
Excretion Total Clearance 0.187 Numeric (log mL/min/kg)
Excretion Renal OCT2 substrate No Categorical (Yes/No)
Toxicity AMES toxicity No Categorical (Yes/No)
Toxicity Maximum tolerated dose (human) 0.375 Numeric (log mg/kg/day)
Toxicity hERG I inhibitor No Categorical (Yes/No)
Toxicity hERG II inhibitor Yes Categorical (Yes/No)
Toxicity Oral rat acute toxicity (LD50) 1.526 Numeric (mol/kg)
Toxicity Oral rat chronic toxicity (LOAEL) 2.231 Numeric (log mg/kg bw/day)
Toxicity Hepatotoxicity No Categorical (Yes/No)
Toxicity Skin Sensitization No Categorical (Yes/No)
Toxicity T.Pyriformis toxicity 0.285 Numeric (log µg/L)
Toxicity Minnow toxicity 4.442 Numeric (log mM)
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DENV-3. Previous studies have reported that several 
species within the Alpinia genus possess antiviral 
potential, such as A. officinarum as a natural protease 
inhibitor against the Zika virus (Gbore et al., 2023), A. 
zerumbet for reducing infection by ToMV and TMV 
(Narusaka et al., 2020), and A. galanga for preventing 
infection by BVDV (Herrmann et al., 2011). To date, 
investigations into the antiviral potential of plants from 
the Alpinia genus are still ongoing, as previous findings 
have highlighted their promise as sources of natural 
antiviral agents.
In this study, the A. purpurata extract was found to 
have potential as an anti-dengue agent by inhibiting 
viral replication in vitro (Table 2). The EC50 values 
obtained from both the extract and the control reflected 
the decrease in viral replication activity. This reduction 
in viral replication activity is presumed to be due to the 
presence of bioactive compounds, such as flavonoids, 
terpenoids, and natural glycosides, which can inhibit 
the active site of the dengue virus protease enzyme. 
The mechanism of action of the A. purpurata extract 
is believed to involve binding to the active site of 
the viral enzyme that encodes replication and repair 
processes when the virus is damaged by host immune 

cells (Zhang et al., 2016). The activity concentration 
pattern against this inhibition agrees with the latest 
research results on other medicinal plant extracts that 
show similar activity against DENV-2 and DENV-3. 
Extracts of Vitex negundo, P. alba, and B. monnieri 
have been reported to reduce virus titers and prevent 
the formation of infection foci in Vero cell cultures 
through a mechanism that inhibits the entry of viruses 
into cells (Alagarasu et al., 2022). Ansori et al. (2021)
showed that natural polyphenolic compounds from 
Pinus merkusii also exhibit antiviral activity with an 
IC50 below 150 µg/ml against DENV, confirming the 
potential of tropical plant secondary metabolites as 
DENV infection inhibitors (Ansori et al., 2021).
The decrease in antiviral activity at high concentrations 
can also be linked to mild cytotoxic effects, whereby the 
extract affects cellular metabolism in the host. This can 
be observed from the tests on Andrographis paniculata 
and Curcuma longa, which also show similar patterns. 
Increasing the dose above the optimum limit can reduce 
the selectivity index and antiviral activity (Ichsyani 
et al., 2017; Ramalingam et al., 2018). A decrease in 
the CPE curve in plant extracts may reflect a change 
in the antiviral mechanism of action from the initial 

Fig. 4. Results of the toxicity analysis of quercetin-3-O-rutinoside on specific organs.
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inhibition stage to the virus replication suppression 
stage. Altamish et al. (2022)showed that extracts 
containing quercetin and artesunic acid are effective 
only within a certain concentration range because their 
mechanism depends on temporary binding to viral 
surface proteins or the NS3/NS5 enzyme (Altamish et 
al., 2022).
The analysis of natural glycosides from A. purpurata 
against selected receptors using in silico molecular 
docking experiments (Table 5) and molecular 
dynamics simulations (Fig. 5) also supports the in 
vitro findings obtained earlier. Glycosides were used 
in this study because previous research has revealed 
their remarkable potential in triggering important 
bioactivities within cells. Oleandrin, a natural 
glycoside derived from Nerium oleander, was found to 
perfectly bind to essential amino acid residues of viral 
envelope receptors such as HIV, hepatitis B virus type 
1 (HTLV-1), and severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) (Newman et al., 2020). 
Furthermore, Velandia et al. (2025) demonstrated that 
the flavonoid class conjugated with sugar moieties in 
the form of glycosides from 14 herbal plant extracts 
exhibited stronger inhibitory activity against dengue 
viral proteins than non-glycosylated flavonoid 
aglycones (Velandia et al., 2025). In addition to their 
direct antiviral activity, several studies have shown 
that glycoside compounds can stabilize cell surfaces 

and reduce the expression of virus-binding receptors, 
such as DC-SIGN and CD300a, which play important 
roles in DENV internalization (Warfield et al., 2016). 
These studies further strengthen the potential of natural 
glycosides as safe and abundant antiviral agents in 
medicinal plants.
DC-SIGN (CD209) is the main receptor on DCs 
that mediates DENV attachment through the C-type 
carbohydrate domain. The docking results show that 
the quercetin-3-O-rutinoside compound forms strong 
hydrogen bonds with residues Lys93(A), Glu92(A), 
Glu364(A), Cys360(A), Ala358(A), and Cys229(A). 
The formation of these strong hydrogen bonds can 
inhibit the binding of the mannosylated ligand from 
the DENV envelope to this host receptor. Hsieh et al. 
(2020)revealed that increased expression of DC-SIGN 
enhances DENV infection, suggesting that glycoside 
binding at this site may inhibit the initial step of viral 
invasion (Hsieh et al., 2020). Furthermore, a recent 
study by Xue et al. (2021)supports that the blockade of 
CD209 by glycoside ligands can reduce the affinity of 
the pathogen for this receptor, making this mechanism 
relevant for the inhibition of DENV-3 (Xue et al., 
2021).
CD300a is an immunomodulatory receptor that 
regulates phagocytosis and inflammation inhibitory 
signals. Docking shows that quercetin-3-O-rutinoside 
binds strongly to residues Glu96(A), Ala98(A), 

Fig. 5. Molecular dynamics of quercetin-3-O-rutinoside complexes.
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Thr100(A), and Glu121(A) in the CD300a extracellular 
domain, with a binding energy of -7.1 kcal/mol. This 
type of interaction can suppress the inhibitory signal 
of CD300a, which can be exploited by viruses to 
downregulate cellular immune activation. This finding 
is supported by the hypothesis that flavonoids can 
modulate the activity of immune receptors, as in the 
case of the CD81 receptor, which was successfully 
blocked by natural flavonoid compounds in an in silico 
study with a similar interaction pattern on key aromatic 
residues (Dey et al., 2023).
IL-1β acts as the main inflammatory cytokine that 
increases during DENV infection and is responsible 
for fever, pain, and vascular permeability. Docking 
results show that quercetin-3-O-rutinoside occupies the 
allosteric pocket of the IL-1β protein with a binding 
energy of -7.2 kcal/mol, forming hydrogen bonds 
with residues Leu178(A), Tyr184(A), Ser121(A), 
and Val119(A). Hydrophobic interactions at residues 
Lys208(A), Lys179(A), and Pro118(A) assist in ligand 
binding to the receptor. These interactions can actively 
inhibit the release of IL-1β, which is important for 
suppressing cytokine storms during severe dengue 
infection. This is in line with the research conducted 
by Islam et al. (2025) who reported that several 
natural compounds with glycoside groups can inhibit 
proinflammatory cytokines by binding to their catalytic 
domains (Islam et al., 2025).
In addition to its direct antiviral role, A. purpurata 
extract has the potential to strengthen the oxidative 
defense system. The compounds quercetin-3-O-
rutinoside, sitosteryl-3-O-6-palmitoyl-β-D-glucoside, 
and kaempferol-3-O-glucuronide were found to form 
bonds on the active side of SOD that were more 
stable than the quercetin control. Therefore, natural 
glycoside compounds can strengthen enzyme stability 
and reduce oxidative stress in DENV infections. This 
binding activity agrees with the role of flavonoids in 
maintaining the stability of antioxidant metalloprotein 
structures such as SOD and catalase (Pourhajibagher 
and Bahador, 2024). Previous studies have reported 
that glycosidic flavonoids such as quercetin-3-O-
rutinoside have a hepatoprotective effect through 
increased antioxidant enzyme activity (Lozano-parra 
et al., 2025). Thus, this SOD-strengthening effect may 
contribute to cellular protection against virus-induced 
oxidative stress. 
According to the results of the ADMET property 
screening presented in Table 6, quercetin-3-O-rutinoside 
was found to be non-mutagenic, non-hepatotoxic, non-
skin sensitizing, and did not inhibit the cardiac hERG I 
channel (only hERG II). These findings are supported 
by the LD₅₀ value of 1.526 mol/kg and LOAEL value 
of 2.231 log mg/kg/day, indicating a low acute toxicity 
category (class 5), as shown in Figure 4. This safety 
profile represents a major advantage compared with 
some synthetic antiviral candidates that often cause 
hepatotoxicity or serious cardiovascular side effects. 

Furthermore, the absence of hepatic toxicity indicates 
that this compound is safe for long-term hepatic 
metabolism. This is particularly important because the 
liver is the main organ for DENV replication, and a 
hepatically safe compound would minimize the risk of 
systemic adverse effects. The total clearance value of 
0.187 log mL/min/kg indicates a moderate and stable 
elimination rate, which may prevent toxic accumulation 
in the kidneys or other tissues. Although its distribution 
volume is low (log VDss = −1.597), the relatively 
high fraction of unbound compound ensures that it 
remains bioactive in the systemic circulation and can 
reach target organs such as the liver and spleen. From 
a neurological perspective, some existing antiviral 
agents are capable of penetrating the central nervous 
system, which can result in serious neurological side 
effects. In this study, the candidate compound showed 
favorable BBB permeability (−2.215 log BB) and CNS 
permeability (−4.842 log PS) values, indicating that it 
does not cross the BBB, thereby reducing the risk of 
neurotoxicity.
Nevertheless, this study highlights a limitation of the 
compound in terms of its low oral bioavailability, 
with an intestinal absorption value of approximately 
28.49% and a Caco-2 permeability of −0.791 log Papp. 
This indicates that the compound is poorly absorbed 
in the gastrointestinal tract. The glycoside has a large 
molecular weight (>600 Da), high polarity, and multiple 
hydroxyl and sugar (rutinoside) groups, making it 
highly polar and less capable of penetrating lipid 
membranes. Consequently, the systemic effectiveness 
of the compound when administered orally would be 
limited. In addition, the compound was identified as 
both a substrate and an inhibitor of P-glycoprotein, 
indicating that it can be actively effluxed from intestinal 
cells by transporter mechanisms, thereby reducing 
the concentration of the compound that reaches the 
systemic circulation.
The molecular dynamics simulation section validates 
the molecular docking results by evaluating the 
stability of the ligand and receptor complex. The 
results of the MD analysis presented in Figure 5 
indicate that all compounds tend to form stable and 
well-maintained complexes. However, the complex 
formed between the DC-SIGN (CD-209) protein and 
the tested compound exhibited RMSF values above 3 
Å, indicating that complex is less stable than the others. 
The high fluctuations observed in the amino acid 
residues within the ligand-binding region of the DC-
SIGN receptor led to a sharp increase in RMSF values. 
In addition, the flexible conformation of the active 
binding site and the high polarity of the compound 
may have hindered the optimal penetration of the 
tested ligand into the receptor’s hydrophobic pocket. 
Huq et al. (2024)  showed that the phenolic compound 
catechin from cacao, which also involves molecular 
dynamics simulation, exhibits stable bonding with the 
DENV-3 RdRp enzyme, reinforcing the interpretation 
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of phenolic and biflavonoid complexes as potential 
antidengue agents in this study. A study reported by 
Huq et al. (2024) shows that the phenolic compound 
catechin from cacao, which also involves molecular 
dynamics simulation, exhibits stable bonding with the 
DENV-3 RdRp enzyme, reinforcing the interpretation 
of phenolic and biflavonoid complexes in this study as 
potential antidengue agents. In addition, the presence of 
hydrogen, hydrophobic, and Van der Walls interactions 
in this study formed a strong binding pattern on the 
amino acid residues present in the body’s immune 
receptors, which means that it can trigger a bioactivity 
response to prevent dengue from entering the cell 
surface.

Conclusion
In conclusion, the ethanol extract of A. purpurata 
shows potential antiviral activity against DENV-3 in 
vitro and in silico. In vitro testing of viral replication 
activity showed an EC50 value of 105.8107 µg/mL for 
the extract, compared to 92.6923 µg/mL for the control. 
The natural glycoside quercetin-3-O-rutinoside was 
most effective in inhibiting virus binding to DC-SIGN 
receptors (−7.8 kcal/mol), balancing immune signals 
through CD300a receptor regulation (−7.1 kcal/
mol), suppressing the production of proinflammatory 
cytokine IL-1β during a cytokine storm (−7.2 kcal/
mol), and activating the endogenous antioxidant 
superoxide dismutase (−7.0 kcal/mol). Validation using 
molecular dynamics showed that the overall quercetin-
3-O-rutinoside complex tended to be stable with an 
RMSF value < 3 Å, while the DC-SIGN (CD209) 
complex had an RMSF value > 3 Å. ADMET and 
toxicity profiling confirmed favorable pharmacokinetic 
safety with non-hepatotoxic and non-mutagenic 
properties. These findings highlight quercetin-3-O-
rutinoside as a promising, safe, and multitarget natural 
antiviral candidate for future in vivo and preclinical 
development against dengue virus infection.
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