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ABSTRACT

Dengue is a vector-borne disease with a high health burden in tropical regions, yet no specific antiviral 
therapy is currently available. This study aimed to investigate the antioxidant activity, cytotoxicity, and 
antiviral activity against dengue virus serotype 2 (DENV-2) of the Niraga Tea PolyherbalTM formulation 

and performed phytochemical profiling and molecular docking. GC‒MS and FT‒IR analyses were used 
to analyze the profiles and structures of bioactive compounds; antioxidant activity was evaluated using 
the DPPH, ABTS, and FRAP methods; dengue antiviral activity was evaluated using the Viral ToxGlo 
assay; and cytotoxicity was evaluated using Vero cells in an MTT assay. Molecular docking evaluations of 
the compounds targeting the DENV-2 NS5 protein in silico. GC‒MS characterization revealed 100 com-
pounds, predominantly methyl oleate (69.60%) and ethyl pentadecanoate (20.84%), along with quercetin 
(0.46%) and epigallocatechin gallate (0.19%). FT-IR analysis confirmed that phenolic hydroxyl groups 
were the dominant functional groups. DPPH, ABTS, and FRAP assays revealed IC50 values of 20.79, 21.34, 
and 18.80 µg/mL, respectively. MTT assays of Vero cells yielded a CC50 value of 1207 µg/mL. Niraga Tea 
PolyherbalTM significantly inhibited the cytopathic effects (F= 42.50; p=0.005), with an EC50 of 10.32 µg/
mL and a selectivity index (SI) of 116.96 against DENV-2. Molecular binding studies of methyl oleate and 
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ethyl pentadecanoate to DENV-2 NS5 revealed weak binding affinities (ΔG -3.95 to -4.31 kcal/mol), which 
were weaker than those observed with more potent in vitro compounds. In conclusion, Niraga Tea Poly-
herbalTM has the potential to be developed as a candidate phytopharmaceutical for dengue antiviral therapy 
with a high safety profile against host cells.

Keywords: Niraga Tea PolyherbalTM; dengue virus; antioxidants; cytotoxicity; molecular docking.

RESUMO

A dengue é uma doença transmitida por vetores que representa um grande ônus para a saúde em regiões 
tropicais; contudo, não existe, atualmente, uma terapia antiviral específica disponível. Este estudo teve como 
objetivo investigar a atividade antioxidante, a citotoxicidade e a atividade antiviral contra o sorotipo 2 do vírus 
da dengue (DENV-2) da formulação Niraga Tea PolyherbalTM, além de realizar a caracterização fitoquímica 
e o docking molecular. Foram utilizadas análises por GC-MS e FT-IR para examinar os perfis e as estruturas 
de compostos bioativos; a atividade antioxidante foi avaliada por meio dos métodos DPPH, ABTS e FRAP; 
a atividade antiviral contra a dengue foi avaliada pelo ensaio Viral ToxGlo; e a citotoxicidade foi avaliada 
em células Vero por meio do ensaio MTT. Realizou-se, in silico, uma avaliação de docking molecular dos 
compostos tendo como alvo a proteína NS5 do DENV-2. A caracterização por GC-MS revelou a presença 
de 100 compostos, predominantemente oleato de metila (69,60%) e pentadecanoato de etila (20,84%), além 
de quercetina (0,46%) e galato de epigalocatequina (0,19%). A análise por FT-IR confirmou que os grupos 
hidroxila fenólicos eram os grupos funcionais predominantes. Os ensaios DPPH, ABTS e FRAP apresentaram 
valores de IC50 de 20,79, 21,34 e 18,80 µg/mL, respectivamente. O ensaio MTT em células Vero resultou em 
um valor de CC50 de 1207 µg/mL. O Niraga Tea Polyherbal™ inibiu significativamente os efeitos citopáticos 
(F = 42,50; p = 0,005), com uma CE50 de 10,32 µg/mL e um índice de seletividade (IS) de 116,96 contra o 
DENV-2. Estudos de ligação molecular do oleato de metila e do pentadecanoato de etila à proteína NS5 do 
DENV-2 revelaram afinidades de ligação fracas (ΔG de -3,95 a -4,31 kcal/mol), inferiores às observadas com 
compostos que apresentam maior potência in vitro. Em conclusão, o Niraga Tea PolyherbalTM tem potencial 
para ser desenvolvido como um candidato a fitofármaco para a terapia antiviral contra a dengue, apresentando 
um perfil de alta segurança em relação às células hospedeiras.

Palavras-chave: Niraga Tea PolyherbalTM; vírus da dengue; antioxidantes; citotoxicidade; molecular docking.

1. INTRODUCTION

Dengue virus infection (DVI) remains a 
significant public health burden in tropical and 
subtropical regions. In Indonesia, 257,271 cas-
es were recorded, with 1,461 deaths in 2024, 
more than double the number from the previ-
ous year (1,2), and a similar pattern was ob-
served in Jambi Province, with an incidence 
rate of 62.32 per 100,000 residents in the same 
year (3). These morbidity figures are far above 
the national target of <10 per 100,000 popu-
lation. Management of dengue virus disease 
has thus far been supportive, with no specific 

antiviral drugs that directly target the dengue 
virus (DENV) (4,5); however, the use of the 
Dengvaxia® vaccine, which is still in develop-
ment, is limited because of the risk of severe 
disease in seronegative individuals (6), and 
other vaccine and monoclonal antibody strat-
egies still face clinical translation challenges 
because of the concurrent circulation of four 
DENV serotypes and the risk of antibody-de-
pendent enhancement (ADE) (7,8). Therefore, 
innovations and solutions are needed to control 
DVIs by developing herbal formulations with 
antioxidant and antiviral activity that are safe, 
affordable, and well tested.
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To date, the development of natural-product-ba-
sed drugs has generally targeted pathogenic viruses. 
The nonstructural proteins NS5 and NS3 of DENV 
have become widely studied molecular targets be-
cause they play crucial roles in viral replication and 
lack homologs in host cells, making their inhibition 
potentially selective against the virus (9). Combined 
in vitro and in silico approaches, including cytotoxi-
city assays, cell viability-based antiviral assays, and 
molecular binding to target proteins, have become 
the standard framework for the initial screening of 
natural-product-based antiviral candidates (10). Se-
veral previous studies have reported the antioxidant 
and antiviral potential of individual components of 
Niraga Tea PolyherbalTM. Meniran leaves (Phyllan-
thus niruri L.) contain flavonoids, lignans, and tan-
nins that have been confirmed to inhibit DENV repli-
cation in vitro (11). Corn silk (Zea mays L.) is rich in 
flavone C-glycosides with strong antioxidant activi-
ty (12,13), red onion peel (Allium cepa L.) contains 
quercetin and kaempferol, which exhibit antiviral 
potential through molecular binding(14), and Stevia 
rebaudiana Bertoni leaves have been shown through 
meta-analysis to alleviate oxidative stress (15). On 
the other hand, studies on polyherbal formulations 
generally indicate that combinations of plant extracts 
have the potential to produce stronger therapeutic 
effects with lower toxicity than single components 
(16); however, this evidence primarily stems from 
antimicrobial and anti-inflammatory indications ra-
ther than antiviral activity against dengue.

The identified research gap is the lack of stud-
ies that integrate these four ingredients, namely, 
meniran, corn silk, red onion peel, and stevia, into 
a single tea formulation to simultaneously test their 
antioxidant activity, cytotoxicity, and dengue antivi-
ral activity, accompanied by mechanistic confirma-
tion through molecular binding. This study aims to 
explore the phytochemical profile, antioxidant activ-
ity, cytotoxicity, antiviral activity against DENV-2, 
and molecular interactions of bioactive compounds 
in Niraga Tea PolyherbalTM with the DENV-2 NS5 
protein through an integrated in vitro and in silico 
approach. These findings are expected to provide 
preliminary preclinical evidence supporting the de-
velopment of Niraga Tea PolyherbalTM as a candidate 
for an Indonesian-originated phytopharmaceutical, 
as well as scientific evidence for the use of local 
herbal plant waste in the control of DVI.

2. MATERIALS AND METHODS

2.1 IDENTIFICATION AND ETHICAL APPROVAL

The plants used in this study including meni-
ran, corn silk, red onion peel, and stevia, were iden-
tified at the Batu Herbal Materia Medica Laboratory 
under specimen number 000.9.3/2279/102.20/2026 
dated June 15, 2026. This study received ethical 
approval from the Health Research Ethics Commit-
tee of the Faculty of Medicine and Health Scien-
ces, Universitas Jambi, No. 130/DST/UN21.8.9/
PT.01.04/2026, dated May 4, 2026.

2.2 MATERIALS AND FORMULATION

Niraga Tea PolyherbalTM is formulated from 
four raw materials at a 2:2:1:1 ratio: meniran leaves 
(Phyllanthus niruri L.) (500 mg), corn silk (Zea mays 
L.) (500 mg), red onion peel (Allium cepa L.) (250 
mg), and Stevia rebaudiana Bertoni leaves (250 mg 
per tea bag). All the raw materials were sourced from 
the city of Jambi, Indonesia, to ensure product consis-
tency; they were subsequently washed with running 
water, sorted by hand, and then dried using a food 
dehydrator (model FDH-16, 16-tray) at 50°C until the 
moisture content was <10% (17). The dried material 
was coarsely ground, homogenized, and packaged in 
nonwoven tea bags weighing 2 g per bag; it was stored 
at room temperature (25±2°C) with a moisture con-
tent of <10%. The infusion and stock solution samples 
were prepared by aseptically extracting 5 g of Niraga 
Tea PolyherbalTM in 100 mL of sterile distilled water 
(90°C, 10 min) under aseptic conditions, sequentially 
filtering through 0.45 µm and 0.22 µm porous mem-
branes, and then lyophilizing them (−40°C, 0.1 mbar) 
to obtain a dry powder that was stored at −20°C. The 
powder was dissolved in sterile complete minimum 
essential medium (MEM) to a stock concentration of 
1,000 µg/mL and serially diluted into eight concentra-
tion series (1.56; 3.13; 6.25; 12.5; 25; 50; 100; and 200 
µg/mL) for all in vitro assays.

2.3 CHARACTERIZATION OF COMPOUND PROFI-
LES AND STRUCTURES

The profiles of the bioactive compounds were 
analyzed using a Perkin Elmer Clarus 500 gas 
chromatography‒mass spectrometry (GC‒MS) 
system with a Clarus SQ 8S detector and an Elite-5 
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ms capillary column (30 m × 0.25 mm × 0.25 µm) 
(18). A total of 5 g of tea sample was extracted in 100 
mL of deionized water (90°C, 10 min), filtered throu-
gh a 0.45 µm porous membrane, and concentrated 
using a rotary evaporator, after which the residue was 
dissolved in 1 mL of HPLC-grade methanol. Analy-
sis was performed using helium as the carrier gas (1.0 
mL/min), a column temperature of 110–280°C, an 
injection volume of 1 µL, a split ratio of 10:1, and a 
mass-to-charge (m/z) detection range of 40–550 Da. 
Compound identification was based on mass spec-
trum matches against the NIST 2017 library and the 
11th edition of the Wiley Registry, expressed as a per-
centage of the total ion chromatogram area (TICA). 
Functional group characterization was performed 
using Fourier transform infrared spectroscopy (FT-IR 
Bruker Tensor II, Attenuated Total Reflectance/ATR 
accessory, OPUS 8.0 software) in the wavenumber 
range of 4000–400 cm⁻¹, with a resolution of 4 cm⁻¹, 
and 32 accumulated scans were conducted in triplica-
te. Spectrum processing included baseline correction, 
smoothing, and normalization, with functional group 
identification based on characteristic absorption bands 
referenced against a database and the literature (14).

2.4 ANTIOXIDANT ACTIVITY ASSAY

Antioxidant activity was evaluated using three 
methods. In the DPPH (2,2-diphenyl-1-picrylhy-
drazyl) assay, 40 µL of the sample was mixed with 
40 µL of a 0.1 mM methanolic DPPH solution in a 
96-well microplate and incubated for 30 min (25°C, 
in the dark), after which the absorbance was me-
asured at 517 nm. In the ABTS (2,2’-azino-bis(-
3-ethylbenzothiazoline-6-sulfonic acid)) assay, the 
ABTS•⁺ cation radical was prepared from a mixture 
of 7 mM ABTS and 140 mM potassium persulfate 
(incubated for 16 h in the dark at room tempera-
ture) and diluted to an absorbance of 0.70 ± 0.02 
at 734 nm; 10 µL of the extract was mixed with 
290 µL of the ABTS•⁺ solution and incubated for 
6 min in the dark, after which the absorbance was 
measured at 734 nm. In the ferric reducing antioxi-
dant power (FERG) assay, the reagent was prepared 
from 300 mM sodium acetate, 10 mM TPTZ, and 
20 mM FeCl3 (10:1:1, v/v/v) and was warmed to 
37°C for 10 min; 20 µL of the extract was added 
to 280 µL of the reagent and incubated for 10 min 
(37°C), after which the absorbance was measured 
at 593 nm (19,20). The IC50 value was determined 
via variable-slope nonlinear regression (four para-
meters) using GraphPad Prism.

2.5 CYTOTOXICITY ASSAY

Vero cells (ECACC 84113001) were cultured 
in MEM supplemented with 10% fetal bovine serum 
(FBS, heat-inactivated at 56°C for 30 min) and 1% 
penicillin–streptomycin, incubated at 37°C with 5% 
CO₂, and subcultured when confluence reached 80–
100% by washing with PBS (pH 7.4), detachment with 
0.25% trypsin-EDTA (5 min at 37°C), centrifugation 
at 3,500 rpm for 5 min, and resuspension of the pellet 
in complete MEM. Cell viability was verified using 
the trypan blue exclusion method (target value ≥95%) 
prior to use. The cytotoxicity of Niraga Tea Polyher-
balTM was evaluated by seeding Vero cells in a 96-well 
microplate (100 µL/well) and incubating them for 24 
h (37°C, 5% CO2); then, the medium was replaced 
with samples at eight concentrations (1.56–200 µg/
mL) in triplicate, along with cell and medium controls, 
followed by a further 24-h incubation. Cell viability 
was measured using the MTT assay (3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide; 10 
µL, 5 mg/mL; 4 h); formazan crystals were dissolved 
in 50 µL of DMSO, and the absorbance was read at 
595 nm (14). The CC50 value was determined using 
variable-slope nonlinear regression (four parameters).

2.6 ANTIVIRAL ACTIVITY ASSAY AGAINST DENV-2

Antiviral activity was evaluated by seeding 
Vero cells (100 µL/well) into a 96-well luminescent 
microplate and incubating them for 24 h (37°C, 5% 
CO2), after which they were treated with 25 µL of 
Niraga Tea PolyherbalTM at eight concentrations 
(1.56–200 µg/mL, in triplicate) and 25 µL of DENV-
2 suspension (stock 2×103 FFU/mL), along with a 
cell control, a virus control, a medium control, and 
ribavirin as a positive control. The samples were in-
cubated for 48–144 h. Cell viability was measured 
using Viral ToxGlo reagent (stirred for 10 min, in-
cubated for 10 min at 37°C) and read on a GloMax 
luminometer (RLU). The EC50 value was determined 
via variable-slope nonlinear regression, and the se-
lectivity index (SI) was calculated as the ratio of the 
CC50 to the EC50, with a cutoff of the SI ≥ 3 (14).

2.7 MOLECULAR DOCKING

Ligand screening was performed on the domi-
nant compounds identified by GC‒MS on the basis 
of Lipinski’s rule of five. The dominant compounds 
were optimized using the MMFF94 force field in 
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Open Babel and prepared in PDBQT format using AutoDockTools 1.2.0. The DENV-2 NS5 target protein 
(PDB ID: 5ZQK, resolution 2.3 Å) was downloaded from the RCSB Protein Data Bank and prepared by 
removing the native ligand and water molecules, adding polar hydrogens, and assigning Gasteiger charges, 
with a 20×20×20 Å grid box (spacing 0.375 Å) at the active site. Docking was performed using AutoDock 
Vina 1.2.0. Method validation was conducted by redocking the native ligand (S-adenosylmethionine) with an 
acceptance threshold of an RMSD ≤2.0 Å. Toxicity predictions and pharmacokinetic profiles were evaluated 
using ProTox-II and SwissADME (14,21). Visualization of ligand‒protein interactions was performed using 
Discovery Studio Visualizer 2021. All the results are presented in terms of binding affinities and binding sites.

2.8 STATISTICAL ANALYSIS

The data are expressed as the mean ± standard deviation (SD). Data normality and homogeneity were 
tested using the Shapiro‒Wilk test and Levene’s test. Comparisons of antioxidant activity between methods 
were analyzed using one-way ANOVA. Differences in cell viability among dose groups in the cytotoxicity 
and antiviral assays were analyzed using a mixed-effects model (Geisser–Greenhouse correction), followed 
by Dunnett’s multiple comparison (DMC) post hoc test, with a significance level of p<0.01 (99%). The re-
sults were considered valid if the coefficient of determination (R2) was ≥0.95 for all regression curves, if the 
RMSD was ≤2.0 Å for docking validation, and if the coefficient of variation (CV) for replication was <15%.

3. RESULTS

3.1 GC‒MS-BASED BIOACTIVE COMPOUND PROFILE

GC‒MS analysis of Niraga Tea PolyherbalTM revealed 100 bioactive compounds whose total nor-
malized area was 100% (Figure 1 and Table 1). The fatty acid group (methyl and ethyl esters of palmi-
tic, oleic, elaidic, and isostearic acids) dominated the chromatogram profile, with the highest areas for 
methyl oleate (69.60%; RT 2.529 min) and ethyl pentadecanoate (20.84%; RT 2.447 min). Together, 
these compounds accounted for 90.44% of the total area of the ten dominant compounds. Flavonoids 
were detected as 3,3’,4’,5,7-pentahydroxy flavone (quercetin; 0.46%; RT 4.233 min) and epigallocate-
chin-3-gallate (0.19%; RT 24.582 min).

Figure 1. Total ion chromatogram (TIC) from GC–MS analysis of Niraga Tea PolyherbalTM. Remarks: Retention times 
from 0 to 35 min resulted in the detection of 100 peaks. Three dominant peaks were visible at 2–4 min (peaks 1–3), 
with peak 3 having the highest intensity in the chromatogram. 
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Table 1. Ten dominant compounds in Niraga Tea PolyherbalTM identified by GC‒MS

Compound Class RT 
(min)

Area 
(%) SI Formula CAS MW 

(g/mol)

Methyl oleate Unsaturated fatty acid 2.529 69.598 93 C19H36O2 112-62-9 296.5

Ethyl pentadecanoate Fatty acid ester 2.447 20.844 96 C17H34O2 112-39-0 270.5

3,3’,4’,5,7-Pentahydroxy fla-
vone (quercetin) Flavonoid 4,233 0.461 88 C15H10O7 117-39-5 302.23

Pentadecanoic acid, ethyl ester Fatty acid ester 4.949 0.215 98 C17H34O2

4 1 1 1 4 -
00-5 270.5

Octadecanoic acid Saturated fatty acid 24.342 0.192 96 C18H36O2 628-97-7 284.5

Epigallocatechin-3-gallate Flavonoid 24.582 0.186 95 C22H18O11 989-51-5 458.4

Isopropyl palmitate Epoxy ether 3.253 0.132 88 C19H38O2 142-91-6 298.5

Di-(9-octadecenoyl)-glycerol Diasylglycerol 17.468 0.131 90 C39H72O5

2081110-
78-1 621.0

Methyl isostearate Branched-chain fatty acid 3.848 0.161 94 C19H38O2 112-61-8 298.5

Methyl elaidate Unsaturated fatty acid 2.369 0.041 90 C19H36O2

1937-62-
8 296.5

Remarks: RT, retention time; SI, similarity index (mass spectrum match score against the NIST/Wiley7 library, scale 
0–100); MW, molecular weight.

3.2 STRUCTURAL CHARACTERIZATION OF BIOACTIVE COMPOUNDS BY FT-IR

The FT-IR spectrum shows six main absorption peaks (Figure 1 and Table 2) with dominant bands in 
the 3200–3500 cm⁻¹ range (P1–P5), indicating that the vibrations of the hydroxyl group (O–H) from phe-
nolic compounds and intramolecular hydrogen bonds are characteristic of fatty acids, catechins, flavonoids, 
and polyphenols. The peak with the highest intensity and area is located at 3446.79 cm⁻¹ (58.77% T; area 
26.054), confirming that the hydroxyl group is the most dominant functional group in the sample. The peak 
in the fingerprint region at 644.22 cm⁻¹ indicates C–H bond deformation outside the aromatic ring plane, 
which is characteristic of the core structure of phenolic compounds.

Table 2. FT-IR absorption peaks of Niraga Tea PolyherbalTM

Peak Wavelength (cm ¹) %T Area Functional Group

P1 3446.79 58.77 26.054 O–H stretching (phenol/polyphenol)

P2 3,375.43 60.35 9,134 Hydrogen-bonded O–H (flavonoids)

P3 3,336.85 61.79 5,422 Phenolic O–H/Weak N–H

P4 3,313.71 62.79 9,393 Strongly bound phenolic O–H

P5 3,238.48 65.82 9,753 Strongly bound O–H (polyphenols)

P6 644.22 67.54 2,300 Aromatic C–H/ring deformation
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Figure 2. FT-IR Spectrum of Niraga Tea PolyherbalTM

3.3 ANTIOXIDANT ACTIVITY OF NIRAGA TEA POLYHERBALTM

In the DPPH assay, Niraga Tea PolyherbalTM produced an IC50 of 20.79 µg/mL (99% CI: 17.71–24.37), 
which is lower than that of ascorbic acid (24.03 µg/mL; 99% CI: 21.20–27.25) (Figure 3A). In the ABTS 
assay, an IC50 of 21.34 µg/mL (99% CI: 17.21–26.51) was obtained, which was lower than that of Trolox 
at 23.80 µg/mL (99% CI: 21.72–26.08) (Figure 3B), whereas in the FRAP assay, an IC50 of 18.80 µg/mL 
(99% CI: 15.64–22.65) was obtained, which was higher than that of ascorbic acid at 14.92 µg/mL (99% CI: 
11.26–19.85) (Figure 3C). All the parameters confirmed very strong free radical scavenging activity (IC50 
< 50 µg/mL) indicating that Niraga Tea PolyherbalTM has antioxidant effects.

Figure 3. Dose‒response curves for the antioxidant activity of Niraga Tea PolyherbalTM compared with 
that of the standard control. (A) DPPH, (B) ABTS, and (C) FRAP.
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3.4 CYTOTOXICITY OF NIRAGA TEA POLYHERBALTM AGAINST VERO CELLS

An MTT assay on Vero cells at eight concentrations (1.56–200 µg/mL) yielded a CC50 of 1207 µg/mL 
(99% CI: 602.1–3824; Hill slope = −0.523; R2 = 0.9200) (Figure 4). Analysis using a mixed-effects model 
revealed a significant decrease in cell viability as the concentration increased (F = 40.84; R2 = 0.9728; 
p<0.001); however, cell viability remained above 74% across the entire dose range (Table 3). These results 
indicate that Niraga Tea PolyherbalTM did not cause 50% cell death in Vero cells even at the highest dose 
tested and is considered safe as a candidate antiviral agent.

Table 3. Cytotoxicity of Niraga Tea PolyherbalTM

Dose 
(µg/mL) Mean ± SD R2 F P value

Dunnett’s multiple comparisons test  
(all doses vs. lowest dose)

Mean Diff. q Adjusted P 
value

1.56 99.86 ± 0.1561

0.9728 40.84 <0.001***

- - -
3.13 98.07 ± 2.548 -1.789 0.8400 0.92 ns

6.25 94.17 ± 1.560 -5.687 2.670 0.12 ns

12.5 92.94 ± 0.4943 -6.915 3,247 0.05 ns

25 85.73 ± 5.024 -14.13 6.635 <0.001***

50 82.15 ± 0.086 -17.71 8.316 <0.001***

100 76.99 ± 1.298 -22.87 10.74 <0.001***

200 74.46 ± 0.408 -25.40 11.92 <0.001***

Remarks: All groups met the assumption of normality (normally distributed, p>0.05), as determined by the Shapi-
ro‒Wilk test. The mean Diff., q, and Adj P value are the results of the Dunnett post hoc test for each group compared 
to the lowest dose group. The probability level was set at 99% (P < 0.01). (ns) 0.12; (*) 0.033; (**) 0.002; (***) <0.001.

Figure 4. Dose‒response curve of the cytotoxicity of Niraga Tea PolyherbalTM in Vero cells. Legend: (A) CC50 values were 
obtained via nonlinear regression with a variable slope on cell viability data (% CPE), representing the mean ± SD of 
three replicates; and (B) results of Dunnett’s multiple comparisons test (all doses vs. the lowest dose). All groups met the 
assumption of normality (normally distributed, P > 0.05). The significance level used was 99% (P < 0.01). (ns) 0.12; (*) 
0.033; (**) 0.002; (***) < 0.001.
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3.5 ANTIVIRAL ACTIVITY AGAINST DENV-2 AND SELECTIVITY INDEX

Nonlinear regression analysis yielded an EC₅₀of 10.32 µg/mL (99% CI: 4.757–15.53; R²= 0.9445) (Figure 
5A). Testing the antiviral activity of Niraga Tea PolyherbalTM against DENV-2 in Vero cells using the Viral 
ToxGlo assay revealed a significant dose-dependent effect on the inhibition of cytopathic effects (F = 42.50; 
p = 0.005) (Figure 5B). Based on a CC50 of 1,207 µg/mL, the selectivity index (SI) obtained was 116.96, 
well above the SI threshold of ≥3, indicating that the formulation is suitable as an antiviral candidate and 
has potential for development as a natural-product-based phytopharmaceutical. A summary of the mean 
difference, q statistic, and adjusted p value for each dose group of each serotype is presented in Table 4.

Table 4. Differences in cell viability (% CPE) after treatment with Niraga Tea PolyherbalTM

Dose Mean ± SD GGE F P value

Dunnett’s multiple comparisons test  
(all doses vs. KP)

Mean Diff. q Adjusted P value

CC 100.0 ± 15.26

0.1333 42.50 0.005**

9.696 87.52 0.03*

VC 68.64 ± 13.36 5.339 56.15 0.11 ns

MC 0.000 ± 10.10 1.861 -12.48 0.55 ns

PC 12.48 ± 8.455 - - -

1.56 17.68 ± 6.127 0.6693 5.197 0.98 ns

3.13 18.86 ± 5.901 0.7689 6.373 0.96 ns

6.25 39.61 ± 3.250 4.130 27.13 0.17 ns

12.5 62.10 ± 5.143 12.68 49.61 0.02*

25 87.54 ± 15.54 7.562 75.06 0.06 ns

50 89.11 ± 8.934 13.50 76.63 0.02*

100 98.80 ± 5.585 18.86 86.32 0.009**

200 100.2 ± 13.93 13.72 87.76 0.02*

Notes: CC, cell control; VC, virus control; MC, medium control; PC, positive control (ribavirin). The mean ± SD are ex-
pressed in relative light units (RLU). GGE, Geisser–Greenhouse epsilon, mean difference, q, and adjusted P value are 
the results of Dunnett’s post hoc test for each group compared to the positive control. All groups met the assumption 
of normality (normally distributed, p>0.05) as determined by the Shapiro‒Wilk test. The probability level used was 
99% (P < 0.01). (ns) 0.12; (*) 0.033; (**) 0.002; (***) < 0.001.
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Figure 5. Comparison of cell viability among the Niraga Tea PolyherbalTM dose groups and the positive control (riba-
virin) for DENV-2. (A) EC50 values were obtained via nonlinear regression (agonist vs. response–variable slope (four-
-parameter)) on cell viability data (% CPE), representing the mean ± SD of three replicates; and (B) comparison using 
Dunnett’s multiple comparisons test (all doses vs. ribavirin/positive control). Significance is indicated as (ns) 0.12; (*) 
0.033; (**) 0.002; (***) <0.0001. 

3.6 MOLECULAR BINDING OF THE TARGET COMPOUND TO THE DENV-2 NS5 PROTEIN

Based on molecular docking analysis, the compounds methyl oleate and ethyl pentadecanoate were do-
cked to the DENV-2 NS5 protein (methyltransferase/RNA-dependent RNA polymerase) (PDB ID: 5ZQK; 
resolution 2.3 Å). Validation of the method by redocking the native lig e (S-adenosylmethionine) yielded an 
RMSD of 1.920 Å (meeting the acceptance threshold of <2 Å; ΔG -4.34 kcal/mol; Ki 658.32 µM) (Table 5 
and Figure 6). The binding affinities of both compounds for DENV-2 NS5 were weak, with ethyl pentade-
canoate (ΔG −3.95 kcal/mol; Ki 1.28 mM) and methyl oleate (ΔG −4.31 kcal/mol; Ki 693.74 µM) (Table 6 
and Figure 7). ADME and toxicity evaluations revealed that both compounds are nontoxic (toxicity class 
V; LD₅₀ 3,000–5,000 mg/kg) and inactive across all organ toxicity models and clinical toxicity endpoints 
(Table 7). The interactions formed by the ethyl pentadecanoate compound include van der Waals (LYS 
A:105), conventional hydrogen (LYS A:105), and alkyl (ILE A:107) interactions, whereas those formed 
by the methyl oleate compound include van der Waals (LYS A:105), conventional hydrogen (LYS A:105), 
carbon‒hydrogen (GLY A:81), alkyl (ILE A:107), and π-alkyl (VAL A:132 and TRP A:87) interactions, 
which play a role in inhibiting dengue virus replication.

Table 5. Target receptors and validation of the docking method for DENV-2 proteins

Serotype PDB ID Protein Resolution Native Ligand RMSD (Å) Validation ΔG 
(kcal/mol) Validation Ki

DENV-2 5ZQK NS5 Full-Length 2.3 Å S-Adenosyl-
methionine 1.920 -4.34 658.32 µM
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Figure 6. Visualization of the target receptor and validation of the docking method for the DENV-2 protein 

Table 6. Molecular binding of the Niraga Tea PolyherbalTM compound to DENV-2 NS5

Compound ΔG (kcal/mol) Ki

Ethyl Pentadecanoate -3.95 1.28 mM

Methyl Oleate -4.31 693.74 µM
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Figure 7. Visualization of 2D and 3D binding poses of methyl oleate and ethyl pentadecanoate on NS5 DENV-2. (A) 
Ethyl pentadecanoate and (B) methyl oleate.
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Table 7. ADME profiles and toxicity of dominant compounds

Parameter Methyl Oleate Ethyl Pentadecanoate

MW (g/mol) 270.45 296.49

Log P 4.44 4.80

Donor H 0 0

H Acceptor 2 2

Druglikeness Yes; 1 violation (MLOGP > 4.15) Yes; 1 violation (MLOGP > 4.15)

Predicted LD₅₀ (mg/kg) 3000 5,000

Toxicity class V V

Hepatotoxicity/ Nephrotoxicity/ Cardiotoxici-
ty/ Neurotoxicity Inactivated Inactivated

Carcinogenicity/ Mutagenicity/ Cytotoxicity Inactivated Inactivated

Blood‒Brain Barrier Active Active

4. DISCUSSIONS

This study aims to confirm the antioxidant ac-
tivity and antiviral activity against dengue serotype 
2 (DENV-2) of Niraga Tea PolyherbalTM, formula-
ted from meniran leaves, corn silk, red onion peel, 
and stevia, and to elucidate the molecular basis of 
the interaction of its dominant compounds with the 
DENV-2 NS5 protein. In summary, these findings 
indicate that this formulation possesses antioxidant 
capacity, as confirmed through three testing me-
thods, a selectivity index supporting its suitability 
as a candidate for dengue treatment, and a mole-
cular interaction profile that is partially consistent 
with the observed in vitro activity.

With respect to the phytochemical profile, 
GC‒MS and FT‒IR characterization of this formu-
lation confirmed the presence of compound classes 
that are structurally consistent with the secondary 
metabolites previously reported in each individual 
ingredient, without the emergence of any unexpec-
ted new compound classes resulting from the mi-
xing or drying process. This consistency indicates 
that the formulation and drying processes using a 
food dehydrator did not cause thermal degradation 
that altered the major phytochemical groups, thus 
aligning with the principles of herbal tea prepara-
tion that preserve the structural integrity of active 

compounds during low-temperature drying (12). In 
terms of cytotoxicity, the CC50 values obtained for 
Vero cells fall within the range commonly reported 
for water-based polyherbal preparations (22–25). 
The aqueous extraction process used in this study 
yielded a cellular safety profile comparable to that 
of other characterized traditional herbal prepara-
tions (16) and serves as a prerequisite before anti-
viral selectivity values can be meaningfully inter-
preted (26).

The antioxidant findings in this study are con-
sistent with patterns previously reported for the in-
dividual components of the Niraga Tea PolyherbalTM 
formulation. The very strong antioxidant activity of 
the Niraga Tea PolyherbalTM formulation indicates 
that it can effectively scavenge free radicals and is 
comparable to the positive controls used, namely, 
Trolox and ascorbic acid. The free radical scaven-
ging activity of this formulation is conceptually su-
pported by the presence of flavonoids and phenolic 
compounds, which have been confirmed in meniran 
(11,27), corn silk (12,13), red onion peel (28), and 
stevia (11,15). However, this study is the first to test 
the combination of these four ingredients in a sin-
gle formulation; therefore, a direct comparison of 
the IC50 values with those in previous literature that 
exclusively used single-component formulations 
cannot be made. A similar pattern was observed 
in studies of other polyherbal formulations, which 
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revealed that multicomponent combinations can 
produce antioxidant effects equivalent to or better 
than those of single components because of additi-
ve or synergistic interactions among phytochemical 
groups (16); thus, the multicomponent formulation 
in this study is considered viable and shows promi-
sing results for development as a phytopharmaceu-
tical and for further research.

The selectivity of the Niraga Tea PolyherbalTM 
formulation against DENV-2, as reflected by a se-
lectivity index exceeding the threshold of ≥3, indi-
cates that the Niraga Tea PolyherbalTM formulation 
is comparable to previously reported single-ingre-
dient antidengue phytopharmaceutical candidates, 
including nano P. niruri (11) and the Baper tea 
polyherbal infusion, which target DENV nonstruc-
tural proteins through similar in silico and in vitro 
approaches (14,29). The methodological similari-
ties across these studies, namely, the combination 
of luminescence-based cell viability assays and mo-
lecular binding assays against NS5/NS3, reinforce 
the external validity of the findings of this study as 
part of the trend toward integrated, evidence-based 
research on antidengue phytopharmaceuticals in In-
donesia. A fundamental difference in this study lies 
in the formulation strategy, wherein the Niraga Tea 
PolyherbalTM preparation utilizes waste from four 
different botanical sources, including two com-
monly discarded materials (red onion peel and corn 
silk), thereby conceptually offering added value 
from the perspective of the circular economy and 
the utilization of agroindustrial waste, which has 
not been extensively explored in the literature on 
dengue antivirals.

Molecular interactions of the dominant com-
pounds identified through phytochemical profi-
ling with the DENV-2 NS5 protein showed weak 
to moderate binding affinities. This likely explains 
the inhibitory effects observed in in vitro studies, 
which result from the combination of phytoche-
mical compounds in the Niraga Tea PolyherbalTM 
that act synergistically to produce very strong inhi-
bition. These findings are consistent with those of 
Ghazali et al. (30), who reported a similar pattern 
for apigenin glycosides against SARS-CoV-2, whe-
re strong docking affinity does not always correlate 
directly with in vitro potency; they explained that 
these limitations may stem from the complexity of 
the intracellular biological environment, the limited 

membrane permeability of compounds with sugar 
groups, and the predictive nature of docking, which 
only estimates thermodynamic interactions without 
considering cellular pharmacokinetics (16). These 
methodological limitations are relevant to our study 
because molecular docking was performed on sin-
gle compounds, whereas in vitro assays used whole 
extracts containing a mixture of multiple compou-
nds with potential intercomponent interactions that 
are not represented in single-compound docking 
simulations.

4.1 CLINICAL AND PUBLIC HEALTH IMPLICATIONS

The results of this study provide preliminary 
preclinical evidence that Niraga Tea PolyherbalTM 
has the potential to be developed as a phytopharma-
ceutical candidate to complement supportive DVI 
management in endemic regions, particularly as an 
affordable and easily accessible preventive product 
based on local agroindustrial waste. The selectivity 
toward Vero cells, which supports the safety profile 
of Niraga Tea PolyherbalTM, provides an initial ba-
sis for the feasibility of conducting further testing.\

4.2 LIMITATIONS

This study was limited to in vitro models and in 
silico simulations without molecular dynamics va-
lidation or in vivo testing; therefore, the stability of 
ligand–protein interactions and systemic pharma-
cokinetics have not yet been confirmed. Molecular 
docking was performed on individual compounds, 
whereas antiviral testing used a whole multicompo-
nent infusion; thus, the synergistic contributions of 
the individual components cannot yet be separated.

5. CONCLUSION

Niraga Tea PolyherbalTM demonstrates antioxi-
dant activity and good selectivity against DENV-
2, supporting its potential as a candidate for an 
antidengue phytopharmaceutical with dominant 
compound-NS5 molecular interactions. Niraga Tea 
PolyherbalTM has the potential to be used as a den-
gue antiviral agent on the basis of indigenous Indo-
nesian natural ingredients and as an adjunct to su-
pportive IVD therapy in the future. Further research 
is recommended to confirm the scientific eviden-
ce, including compound fractionation, molecular 
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dynamics, and in vivo studies, to strengthen the 
translational evidence toward a standardized phy-
topharmaceutical.
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ximal inhibitory concentration; LD₅₀, median lethal 
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lium bromide; MW, molecular weight; NS3, nons-
tructural protein 3; NS5, nonstructural protein 5; 
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Bank; PDBQT, Protein Data Bank, Partial Charge, 
and Atom Type file format; RdRp, RNA-dependent 

RNA polymerase; RLU, relative light unit; RMSD, 
root-mean-square deviation; RT, retention time; 
SD, standard deviation; SI, selectivity index (Ta-
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area; TPTZ, 2,4,6-tris(2-pyridyl)-s-triazine.
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