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ARTICLEINFO ABSTRACT
Art.icl.e Dype: . Introduction: Dengue infection is one of the worldwide problems with an increasing rate.
Original Article

Dengue virus (DENV) belonging to Flaviviridae family carries a positive single strand RNA,
consists of four serotypes, gives rise to dengue shock syndrome, undifferentiated fever (DF),
and dengue hemorrhagic fever. Unfortunately, there is no licensed drug available for various
serotypes and the vaccine candidates are still under investigation. Flavonoids are a group
of important phytochemicals of many plants used against various viruses. Therefore, the
present study was designed to screen the subset of plant flavonoids against the DENV NS2/
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I;leyword,sé NS3 protease of 3L6P and 2VBC of serotype 1 and serotype 4 respectively by in silico docking.
avonoids Methods: Flavonoids were subjected to docking study using AutoDock Vina. Thelead molecule
NS2/NS3 protease

was further investigated for its dengue viral protease inhibition. Further the cytotoxicity of
lead molecule was tested by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. Absorption, distribution, metabolism, excretion and toxicity (ADMET) study
was performed using OSIRIS software.

Results: The flavonoids amentoflavone, quercetin-3-O-B-D-glucopyranoside, avicularin,
reynoutrin, silymarin and scutallarein showed potential interactions in both serotype 1 and
serotype 4 and hence these flavonoids can be served as potential lead candidates to stop viral
replication. Amentoflavone, the lead molecule, showed potential in-vitro protease inhibition
activity and also the concentration was below the minimal effective level for the in-vitro
cytotoxicity test conducted.

Conclusion: This finding has laid the groundwork for eventual identification of these
flavonoids in developing potential inhibitor candidates for further development by in-vitro
extraction and chemical modification methods.

Dengue virus
Protease inhibitors
Molecular docking

Implication for health policy/practice/research/medical education:

Amentoflavone, thelead molecule, could be a potential inhibitor of dengue viral NS2B/NS3 protease enzyme. Further investigation
may lead to develop amentoflavone as drug candidate to treat dengue infection.

Please cite this paper as: Jayadevappa MK, Karkera PR, Siddappa RY, Telkar S, Karunakara P. Investigation of plant flavonoids
as potential dengue protease inhibitors. ] Herbmed Pharmacol. 2020;9(4):366-373. doi: 10.34172/jhp.2020.46.

Introduction subtropical countries. Dengue virus (DENV) is a member
Dengue is one of the most prevalent mosquito borne of Flaviviridae family and contains four serotypes
viral infection in the world (1-3). It has become a global including DENV-1, DENV-2, DENV-3 and DENV-4 (6).
health problem affecting almost 2.5 billion people (4) with In spite of high incidence severity and economic burden,
more than 25000 deaths per year (5). It is transmitted there is no available licensed drug for various serotypes
by Aedes aegypti mosquitoes and affects tropical and and the vaccine candidates are still under investigation.
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Development of an efficient vaccine faces the challenge
to provide protection against all four serotypes at once,
otherwise it might render the immunized individuals
more susceptible to undifferentiated fever (7).

The DENV genome encodes a polyprotein, which is
cleaved into three structural and seven non-structural
proteins (8). NS3 protease is an important target to design
new antiviral drugs against DENV. Hence, designing
potent inhibitors against DENV NS3 seems to be a good
idea (9). Despite approaches such as RNAi technology
and monoclonal antibodies for this purpose, there is still
no licensed drug or vaccine available for dengue (10). At
present, only supportive therapies usually used (11, 12).
Plant remedies, due to low side effects and high accessibility
are considered as an important source for development of
new drugs (13-21). They contain various phytochemicals
such as flavonoids, alkaloids, polyenes, polyphenolics,
peptides, limonoids, and saponins revealing therapeutic
viral entry and DNA/RNA replication against diverse
range of viruses (10).

Flavonoids are secondary metabolites of plants with low
molecular-weight existing ubiquitously in various plants in
forms of aglycones, glycosides, and methylated derivatives
(22). Flavonoids are used in traditional Eastern medicine
and have anti-oxidant, anti-tumor, anti-proliferative, anti-
inflammatory, and pro-apoptotic activities (23-26).

Recent computational drug-design approaches have
opened new doors to help obtain new leads in drug
development studies. Molecular docking technique allows
screening thousands of compounds and selecting few
compounds which could be later subjected to further
study by extraction methods. Therefore, the present
study was designed to screen 107 flavonoids from about
47 plants listed against DENV NS2B/NS3 protease by in
silico techniques.

Amentoflavone isa common biflavonoid which naturally
occurs in many plants. Bioactivities of Amentoflavone
including anti-oxidant, anti-inflammatory, anti-tumor,
anti-virus, anti-fungal effects have been carried out but
no study has been conducted on its anti-Dengue property.
Therefore, the present study aims also to find its potential
dengue protease inhibition property.

Materials and Methods

In the present study 107 flavonoids were docked against
DENYV NS2/NS3 protease 3L6P and 2VBC of serotypes 1
and 4, respectively.

Criteria for the selection of plants

Forty-seven plants were selected for the study by using the
following criteria: Plant extracts that reported antiviral
effect, plants used by traditional medical practitioners
like Ayurveda and Chinese medicine and plants reported
to inhibit viral protease enzyme (eg. Dengue, hepatitis C
virus protease).

Plant flavonoids as dengue protease inhibitors

Selection of compounds

From thelist of selected plants using the criteria mentioned
above, the flavonoids that were reported in these plants
were searched in online tools using search engines such as
NCBI, BMC, and Science Direct.

Ligand preparation

A structure-based approach was followed to design the
inhibitors. From the list of selected plants using the criteria
mentioned above, the flavonoids reported in these plants
were searched in online tools using search engines such as
NCBI, BMC and Science Direct. Chemical structures of
the flavonoids were downloaded from PubChem and the
2D structure of each of them was drawn using ChemDraw
Ultra version 6.0.1 software and saved in .cdx format.
These 2D structures were converted into 3D structures
and optimized by minimizing their energy using Chem
3D Ultra version 6.0 software and saved in .pdb format and
used as input file for opening in AutoDock. The molecules
were opened in PyRx software, converted and saved in
.pdbqt format which was further used for docking.

Refinement of receptor protein

The 3D structure of DENV NS2B/NS3 protease of
serotypes 1 and 4 were retrieved from Protein Data
Bank(PDB) using PDB ID: 3L6P and 2VBC, respectively
(http:/www.rcsb.org/pdb) in .pdb format. This was
opened in AutoDock and optimized by deleting the water
molecule, removing the heteroatoms etc. and was saved
in .pdbqt format. This minimized structure was used as
receptor for docking studies.

The grid box (having conformation: centre x = -23.5270,
center y = -19.2167, center z = 27.1656) was chosen for
the protein 3L6P on their active sites (Ile-75, Arg-104,
Gly-105, Pro-117, Trp-119, Asp-125, Tyr-129, Gly-130,
Gly-131, Trp-133, Phe-135, Trp-139, Pro-152, Gln-160,
Pro-163, Gly-174, Asp-179, Gly-183, Ser-185, Tyr-200,
Gly-201, Asn-202, Gly-203, Val-212, Ser-213, Ile-215,
Gln-217)

The grid box (having conformation: centre x = -9.8210,
center y = 3.5911, center z = -0.7172) was chosen for the
protein 2VBC on their active sites (Asp-75, Lys-104, Asn-
105, Lys-117, Leu-119, Ala-125, Asp-129, Phe-130, Lys-
131, Gly-133, Ser-135, Ile-139, Asn-152, Asp-160, Ser-163,
Pro-174, Asp-179, Phe-183, Lys-185, Thr-200, Lys-201,
Arg-202, Ile-203, Leu-212, Lys-213, Arg-215, Arg-217).

Molecular docking

Molecular docking of the flavonoids with NS2B/NS3
protease was carried out by using AutoDock Tools version
1.5.6. The best ranked models with the lowest binding
energy were analyzed further and visualized using
LIGPLOT software.

ADMET study

Absorption,  distribution,  metabolism, excretion,
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toxicology (ADMET) study was performed in silico for
all the 107 flavonoids by using the OSIRIS software. The
drug-likeliness and toxicity of the compounds irrespective
of the protein was determined.

Protease assay

The lead molecule, amentoflavone was investigated for
dengue viral protein inhibition using high-throughput
protease assay (28). The reaction mixture containing 40
uL protease buffer of pH-9, 1 uL of enzyme and varying
concentration (5-25pM) of amentoflavone (working
standard-5 pg/pL) was pre-incubated for 15 minutes at
37°C. Subsequently 1 uL of substrate was added to each
reaction mixture and incubated at same temperature for 1
hour. After incubation, fluorescence was measured using
excitation filter 485 nm and emission filter 538 nm in a
fluorometer (Modulus™ Microplate Multimode reader).
The difference between the fluorescence obtained in the
presence and absence of the compound was taken as the
measure of the inhibitory activity. Quercetin was used as
positive control.

Cytotoxicity assay

HepG2 cells (10° cells/well in 96 well plate) were cultured
in Dulbeccos Modified Eagle Medium (DMEM)
containing with glutamine (0.6 g/L), gentamicin (25 mg/
ml) and 10% fetal calf serum at 37°C and humidified
with 5% CO,. After 24 hours, the medium was replaced
with fresh media containing compound (5, 10, 15, 20 and
25uM) dissolved in dimethyl sulfoxide (DMSO) (1%) was
added to each well and incubated for 72 hours. At the
end of 72 hours incubation, the medium in each well was
again replaced with fresh medium containing 0.5 mg/mL
of 3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium
bromide (MTT) and further incubated for 4 hours. MTT
containing media was replaced with 100 pL of DMSO and
optical density (OD) was recorded at 570 nm (29). The
cells without compound treatment were taken as blank
and the cell viability was calculated using the following
formula:

% Viable cell = (OD of Test/OD of Control)x 100

Results

Selection of plants

Based on the biological significance, 47 plants were
selected which have shown anti-viral effect and viral
protease inhibitory activities (remaining compounds,
their plants source and docking score against both the
protease are reported in Table S1) (Table 1).

Results of molecular docking study

The 3D structure of the DENV proteases was retrieved
from PDB. The PDB ID of 3D structure were 3L6P and
2VBCrespectively for serotype 1 and serotype 4. Molecular
docking was performed for 107 flavonoids listed from the

selected plants with both serotypes. Flavonoids, which
showed least binding energy with highest stability were
selected and subjected for Ligplot analysis (Table 2).

Ligplot analysis of lead molecules with protease enzyme of
serotype 1 (3L6P)

In this study, in silico investigation results revealed
that among all the docked flavonoids against 3L6P,
amentoflavone (hydrophobic interactions- Gly-20, Asp-
125, Lys-124, Ala-214, Ala-216, Val-175 hydrophilic
interactions- Asn-202, Lys-123, Ile-215, GIn-217)
was ranked first followed by quercetin-3-O-B-D-
glucopyranoside (hydrophobic interactions- Tyr-211, Leu-
178, Thr-184, Ser-185, Pro-182 hydrophilic interactions-
Gly-183, Lys-181, Phe-180, Asn-202, Tyr-200, Asp-179);
liquiritinapioside (hydrophobic interactions- Ser-185,
Pro-182, Asn-202, Gly-203, Val-212, Tyr-211, Ser-213
hydrophilic interactions- Lys-181, Gly-183, Thr-184,
Leu-178, Tyr-250); Silybin (hydrophobic interactions
-Tyr-211, Tyr-200, Gly-183, Asn-202, Phe-180, Pro-182,
Lys-181, Thr-184, Ser-185 hydrophilic interactions -
Leu-178, Asp-179, Gly-203, Asp-125, His-101, Val-86 );
Avicularin (hydrophobic interactions- Ser-185, Pro-182,
Tyr-200, Gly-203, Ser-213, Tyr-211, Leu-178, Gly-201
hydrophilic interactions- Gly-183, Lys-181, Phe-180, Asn-
202, Asp-179); reynoutrin (hydrophobic interactions-
Tyr-200, Ser-185, Asn-202, Gly-203, Ser-213,Val-212,
Leu-178, Tyr-211, Pro-182 hydrophilic interactions- Gly-

Table 1. Lead molecule and its plant source

Flavonoids Plant source Ref.

Amentoflavone Selaginella tamariscina  (30)

Quercetin-3-0-B-D-glucopyranoside Polygonum cuspidatum  (31)

Liquiritinapioside Glycyrrhizae radix (30)
Silybin Silypum marianum (32)
Avicularin Hypericum perforatum (33)
Luteolin-7-O-glucoside Plantago major (34)
Silymarin Silybum marianum (35)
Scutallarein Plantago major (35)
Reynoutrin Polygonum cuspidatum  (31)

Table 2. Lead molecule with protease enzyme of serotype 1

Binding affinity (-kcal/mol)

AETIED with serotype 1
Amentoflavone 15.8
Quercetin-3-0-B-D-glucopyranoside 15.1
Liquiritinapioside 15.0
Silybin 14.7
Avicularin 14.6
Reynoutrin 14.6
Luteolin-7-0-glucoside 14.4
Silymarin 143
Scutallarein 14.1
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183, Lys-181, Phe-180, Gly-201, Asp-179); Luteolin-7-O-
glucoside (hydrophobic interactions- His-101, Asn-202,
Asp-179, Gly-183, Pro-182, Lys-181, Ser-185, Thr-184
hydrophilic interactions- Val-86, Phe-180, Tyr-200);
silymarin (hydrophobic interactions- Val-173, Lys-124,
Lys-123, Asp-125, Ala-214, Ala-216, Gly-201 hydrophilic
interactions- GIn-217, Ile-215, Asn-202) and scutallarein
(hydrophobic interactions- Pro-182, Ser-185, Gly-183,
Lys-181, Tyr-200, Tyr-211, Val-212, Gly-203, Ser-213,
Leu-178 hydrophilic interactions - Asn-202, Thr-184)
were ranked as lead molecules (Figure 1).

Ligplot analysis of lead molecules with protease enzyme of
serotype 4 (2VBC)

Similarly among all the docked flavonoids against 2VBC,
amentoflavone (hydrophobic interactions- Tyr-278, Arg-
217, Arg-254, Arg-215, Gly-255, Leu-212 hydrophilic
interactions- Asp-258, His-251, Ile-256, Leu-216)
was ranked first followed by silymarin (hydrophobic
interactions - Leu-212, Glu-255, Arg-215, Arg-254, Arg-
217, Pro-276, Tyr-278, His-251 hydrophilic interactions-
Leu-216, Ile-256, Asp-258); avicularin (hydrophobic
interactions - Ser-328, Arg-463, Leu-193, His-194, Gln-
327, Pro-326 hydrophilic interactions- Gly-462, Ile-
461, Pro-195, Gly-459, Ala-316, Ala-455); reynoutrin
(hydrophobic interactions - Arg-463, His-194, Ser-328,
Pro-326, Leu-193 hydrophilic interactions- Gly-462, Pro-
195, Gly-459, Ala-455, Asp-192, GIn-327, Ala-316, Ile-
461); quercetin-3-0O-B-D-glucopyranoside (hydrophobic
interactions- Arg-254, Glu-255, Arg-217, Tyr-278, Pro-
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Table 3. Lead molecule with protease enzyme of serotype 4

Binding affinity (-kcal/mol)

EIZ A with serotype 1
Amentoflavone 16.8
Silymarin 16.0
Avicularin 15.9
Reynoutrin 15.9
Quercetin-3-0-B-D-glucopyranoside 15.7
Scutallarein 15.6
Luteolin-7-O-glucoside 14.4
Silymarin 14.3
Scutallarein 141

276 hydrophilic interactions- Leu-216, Ile-256, Asp-258,
His-251) and Scutallarein (hydrophobic interactions -
Ser-19, His-41, Leu-65, His-60, Tyr-23, Phe-46, Ile-58, Ile-
25) were ranked as lead molecules (Table 3).

It was evident from the screening results that some
flavonoids exhibited noteworthy activities against both
serotypes. Plant flavonoids were identified as DENV
NS2B/NS3 protease inhibitors. Among all the flavonoids
docked, amentoflavone was found to be the lead molecule.
So, we procured the amentoflavone from Angene
International Ltd., London; tested for DENV NS2B/NS3
protease inhibition and cytotoxicity (Figure 2).

ADMET results
Table 4 shows the in silico ADMET study of lead molecules.
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Figure 1. Interactions of lead flavonoids with protease of serotype 1. (A) Amentoflavone, (B) Quercetin-3-O-8-Dglucopyranoside, (C) Liquiritinapioside
(D) Silybin, (E)Avicularin, (F) Reynoutrin, (G) Luteolin-7-O-glucoside, (H) Silymarin and I) Scutallarein.
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Figure 2. Interactions of lead flavonoids with protease of serotype 4: (A) Amentoflavone, (B) Silymarin, (C) Avicularin, (D) Reynoutrin, (E) Quercetin-

3-O-B-D-glucopyranoside, and (F) Scutallarein.

Results indicate that the all lead molecules obtained in
the study did not report toxic effect. The lead molecule
amentoflavone showed a drug likeliness of 0.21894 and
exhibited none toxicity. Silybin reported maximum drug
likeliness of 0.58364 and was found to be nontoxic. Lead
compounds such as quercetin-3-O-B-D-glucopyranoside,
liquiritinapioside, avicularin, reynoutrin and luteolin-
7-O-glucoside reported negative score in drug likeliness
study.

Protease assay results

The lead molecule amentoflavone was screened for its
inhibitory effect on dengue viral protease enzyme. For the
protease assay, synthetic peptide bearing dengue protease
cleavage site, fluorophore and quencher were used as
described above. Purified recombinant protease efficiently
cleaved the substrate at NS3 cleavage site and cleaved
product exhibited fluorescence. Effect of amentoflavone
and standard drug quercetin were measured by the
ability of these drugs to decrease the fluorescence. Both

Table 4. Drug likeliness and toxicity of the lead flavonoid

amentoflavone and quercetin showed inhibitory activity
against dengue viral protease in a dose dependent manner
(Figure 3).

Toxicity of Amentoflavone by MTT assay

The cytotoxic effects of amentoflavone and quercetin
were screened for their cytotoxic effect using HepG2
cells by MTT cell viability assay. Both compounds
showed moderate toxicity against HepG2 cells, however
amentoflavone reported less toxicity compared to
quercetin (Figure 4).

Discussion

DENV has four serotypes (37) but any inhibitor against
the binding pocket of NS2/NS3 protease is able to work
against all the serotypes (38). DENV NS3 protease, as
same as other flaviviruses, has been declared as significant
drug target. Any disruption in the virus active residues is
important, because it may block the replication of virus
(39). In the present research, can enable researchers to

Molecule Name Drug likeness Mutagenic Tumorigenic Reproductive Effective Irritant
Amentoflavone 0.21894 None None None None
Quercetin-3-0-B-D-glucopyranoside -2.1385 None None None None
Liquiritinapioside -0.1063 None None None None
Silybin 0.58364 None None None None
Avicularin -1.6151 None None None None
Reynoutrin -3.8829 None None None None
Luteolin-7-O-glucoside -3.2535 None None None None
Silymarin 0.22481 None None None None
Scutallarein 0.34679 None None None None
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Figure 3. Inhibitory effect of plant extracts against DENV NS3 protease.
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Figure 4. Cytotoxic effect of lead molecule against HepG2 cells.

evaluate the possible binding affinity of various molecules
before evaluation in lab. The molecular docking technic is
usually used to estimate the binding orientation of various
molecules against their targets. In other words, molecular
docking is an important technique in drug designing
and screening of novel compounds against diseases (27).
The current study is focused on the docking of the plant
flavonoids against NS2B-NS3 protease of serotype 1 and
serotype 4. Flavonoids were examined for their potency
against DENV NS2B-NS3 protease 3L6P and 2VBC
of serotype 1 and serotype 2. In our study, all the listed
flavonoids (Table 1) were docked with the active residues
of DENV NS2B-NS3 of both serotype 1 and serotype 4 to
find their affinity (Table 2 and Table 3) as inhibitors. Our
results revealed potential and significant interactions of
flavonoids with the active residues of the protease.

Among all the flavonoids docked against protease of
serotype 1 (3L6P), amentoflavone (-15.8), quercetin-3-O-
B-D-glucopyranoside (-15.1), liquiritinapioside (-15.0),
silybin (-14.7), avicularin (-14.6), reynoutrin (-14.6),
luteolin-7-O-glucoside (-14.4), silymarin (-14.3) and
scutallarein (-14.1) were ranked as lead molecules based
on their binding energy in kcal/mol. Similarly among
the flavonoids docked against 2VBC, amentoflavone
(-16.8), silymarin (-16.0), avicularin (-15.9), reynoutrin

Plant flavonoids as dengue protease inhibitors

(-15.9), quercetin-3-O-B-D-glucopyranoside (-15.7) and
scutallarein (-15.6) were ranked as lead molecules based
on their binding energy in kcal/mol.

Among all the flavonoids, amentoflavone, quercetin-3-O-
B-D-glucopyranoside, avicularin, reynoutrin, silymarin
and scutallarein showed potential interaction and
significant hydrophobic contact with active residues of
both serotypes 1 and 4.

Amentoflavone was ranked first among all the flavonoids
docked against both serotypes (Figure 2A) with protease
of serotype 4. Quercetin-3-O-p-D-glucopyranoside
was found at second place interacting with serotypel
(FigurelB) and also found to be potential in inhibiting
serotype 4 and placed at fifth position (Figure2E).
Liquiritinapioside and silybin were found to interact only
with serotype 1 and ranked at third and fourth position
(Figure 1C and Figure 1D), respectively but they were not
found interacting with serotype 4. Avicularin was found
at fifth place interacting with serotypel (Figure 1E) and
also found to be potential by interacting with serotype 4 at
third position (Figure 2C). Reynoutrin was also found at
tifth place interacting with serotypel (FigurelF) and was
also found to be potential by interacting with serotype 4
at third position (Figure 2E). Silymarin was also found
at second place interacting with serotype 4 (Figure 2D)
and was also found to be potential by interacting with
serotypel at seventh position (Figure 1H). Scutallarein
was also found at fifth place interacting with serotype
4 (Figure 2F) and was also found to be potential by
interacting with serotypel at eighth position (Figure 1I).
Evaluation of ADMET using in vitro and in vivo assay
system is economically not feasible, therefore in silico
ADMET methods have been extensively used in various
drug discovery programs (40). In our study we used
OSIRIS software to predict the ADMET properties of
flavonoid. The lead molecule, Amentoflavone had positive
drug likeliness and did not show any toxicity. ADMET
results of all the molecules used in this study are shown in
Supplementary file 1 (Table S2).

A variety of NS3 protease in vitro assays have been
developed, utilizing various forms of substrates (41).
More recently novel fluorescent based high throughput
protease screening assay was developed for screening
of hepatitis C virus NS3 serine protease inhibitors. This
unique fluorometric assay is very sensitive and has a high
throughput capacity making it suitable for screening of
potential NS3 serine protease inhibitors. Using such high
throughput assay has identified BP2109 as small-molecule
inhibitor for the DENV NS2B/NS3 protease (42). In our
study we have also used high throughput assay to test
protease inhibitory effect of Amentoflavone. Result
suggests that amentoflavone has better inhibitory effect
compared to standard protease inhibitor quercetin.
Toxicity testing is one of the important aspects in antiviral
drug discovery. It is expected that, the compounds
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investigating for antiviral effect should be non-toxic
to host cells (43). Hence, we have tested the cytotoxic
effect of amentoflavone using MTT cell viability assay.
Results indicated that amentoflavone had 20% toxicity
(80% viability) at 25uM concentration. Further, the
standard compound quercetin showed 40% toxicity (60%
viability) at 25uM concentration. It is interesting that the
amentoflavone (53% protease inhibition and 80%viability
at 25 uM concentration) appeared to be much more potent
in inhibiting the dengue viral protease than quercetin
(63% protease inhibition and 60% viability at 25 puM
concentration).

Conclusion

In this study, amentoflavone was obtained as the lead
molecule and a potent inhibitor of dengue viral protease of
serotype 1 and serotype 2. Further, chemical modification
and synthesis of analogues could be carried out and used
as potential inhibitors against Dengue viral protease.
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