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Abstract

Dengue fever has become one of the deadliest infectious diseases and requires the development of effective antiviral therapies. It
is caused by members of the Flaviviridae family, which also cause various infections in humans, including dengue fever, tick-
borne encephalitis, West Nile fever, and yellow fever. In addition, since 2019, dengue-endemic regions have been grappling with
the public health and socio-economic impact of the ongoing coronavirus disease 19. Co-infections of coronavirus and dengue
fever cause serious health complications for people who also have difficulty managing them. To identify the potentials of
mangiferin, a molecular docking with various dengue virus proteins was performed. In addition, to understand the gene inter-
actions between human and dengue genes, Cytoscape was used in this research. The Kyoto Encyclopedia of Genes and Genomes
software was used to find the paths of Flaviviridae. The Kyoto Encyclopedia of Genes and Genomes and the Reactome Pathway
Library were used to understand the biochemical processes involved. The present results show that mangiferin shows efficient
docking scores and that it has good binding affinities with all docked proteins. The exact biological functions of type I interferon,
such as interferon-« and interferon-3, were also shown in detail through the enrichment analysis of the signaling pathway.
According to the docking results, it was concluded that mangiferin could be an effective drug against the complications of dengue
virus 1, dengue virus 3, and non-structural protein 5. In addition, computational biological studies lead to the discovery of a new
antiviral bioactive molecule and also to a deeper understanding of viral replication in the human body. Ultimately, the current
research will be an important resource for those looking to use mangiferin as an anti-dengue drug.
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Introduction hospitalization is required and in 25,000 cases, conditions wors-

en and lead to death. According to a recent report, there are 390
Dengue fever is a serious viral disease that is ubiquitous in ~ million dengue infections worldwide each year, more than three
tropical and subtropical regions (Guzman and Harris 2015).  times the estimates of the World Health Organization (Qamar
According to the World Health Organization, 100 million cases et al. 2019). This mosquito-borne virus disease is endemic in
of dengue fever occur every year. In 500,000 of these cases,  over 100 countries and triggered by the dengue virus transmitted
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through two vectors such as Aedes aegypti and Aedes albopictus
(Vega-Rua et al. 2014).

This virus infection is known by common clinical symp-
toms such as acute high fever, headache, severe myalgia,
ostalgia and arthralgia, rash, risk of bleeding, and low white
blood cell counts after infection (Gubler and Clark 1995).
Similarly, dengue hemorrhagic fever (DHF) is a dengue infec-
tion condition that causes extremely high fever, heavy bleed-
ing, shock, low platelet count, pachyhematosis, and a high
mortality rate (Gubler 1998; Gao et al. 2018). Similar to the
current pandemic, it was once considered the most popular,
contagious, and deadliest arboviral disease in the world. There
has been no drug or vaccine against the dengue virus for
several years (Schul et al. 2007; Latif et al. 2020). Therefore,
there is an urgent need to find herbal medicines for dengue
fever that are free from side effects.

Many pharmacologically active metabolites have been iso-
lated from medicinal plants and microbes for decades. These
natural metabolites cause minimal or no side effects when
used for short- or long-term use (Hu et al. 2013). In addition,
the components of some medicinal plants have antiviral prop-
erties (Calland et al. 2012). Particularly, mangiferin is a bio-
active molecule found in higher plants that is attracting the
attention of the pharmaceutical industry due to its pharmaco-
logical potential (Imran et al. 2017). It is classified as xanthone
glucoside and is considered to be the predominant metabolite
of members of the genus Mangifera.

o HO 0 OH
HO Q
HO OH
OH
OH O
1

Mangiferin (1) is widespread in many different parts of
Mangifera indica L., Anacardiaceae, including the leaves,
bark, and fruit parts such as peels, stems, stalks, and stones
(Imran et al. 2017). Previous studies have shown that
mangiferin has potential pharmacological properties such as
analgesic, anti-aging, anti-cancer, anti-diabetic, anti-oxidant,
anti-proliferative, anti-viral, cardiotonic, diuretic,
hepatoprotective, and immunomodulatory effects (Khare,
2016; Du et al. 2018). However, such extensive studies are
not available in countries with a strong background in the use
of medicinal plants to treat certain viral diseases such as den-
gue, SARS-CoV-2, and poliovirus. Although synthetic drugs
have reduced the use of herbal treatments, this research under-
scores the essential role of computational biology in testing
such plant molecules in order to explore their therapeutic po-
tential in severe acute viral diseases.

A recent case report states that the tropical and subtropical
diseases such as dengue, zika, chikungunya viruses, and scrub
typhus should also be considered deadly diseases during a
corona pandemic, since co-infection of two different viruses
changes the dynamics and natural history of the disease in the
human body which also leads to mortality; hence, it is neces-
sary to focus on that (Hilmy et al. 2019). Particularly, doctors
should exercise extreme caution when giving fluids intrave-
nously to COVID-19 patients co-infected with dengue, as it
has been reported to cause pulmonary edema in COVID-19
patients. They reported that it may be due to the possibility of
cross-immunity between these two viruses. Therefore, in the
present study, the support of computer biology was sought to
find new drug candidates for such viral diseases’
complications.

Genomes of Dengue Virus

Dengue serotypes are divided into five groups: DENV-1,
DENV-2, DENV-3, DENV-4, and DENV-5. The first four
serotypes are somewhat similar to the 65% of the sequence,
although they bind uniquely to antibodies in human blood
serum (Mustafa et al. 2015). Despite their genetic differences,
these four serotypes cause the same diseases in their hosts
(Qamar et al. 2019). According to the report of Mustafa
et al. (2015), alike other dengue serotypes, the exact reason
for the occurrence and transmission of DENV-5 is not clear.
However, unlike the other four dengue serotypes that are
transmitted between people, it primarily circulates among
non-human primates and follows the sylvatic cycle (Mustafa
et al. 2015).

In general, the polypeptides of dengue virus are encoded by
a longer single-stranded RNA which is called positive-sense
RNA and is classified into structural proteins including mem-
brane (M), envelope (E), and capsid (C) and non-structural
proteins including non-structural protein 1 (NS1), non-
structural protein 2A (NS2A), non-structural protein 2B
(NS2B), non-structural protein 3 (NS3), non-structural protein
4A (NS4A), non-structural protein 4B (NS4B), and non-
structural protein 5 (NS5) (Endy et al. 2011; Normile 2013;
Qaddir et al. 2017). Figure 1 precisely shows the classified
dengue proteins.

Materials and Methods
Docking and Modeling Platform

This in silico approach was carried out with Maestro V.12.7
modules such as LigPrep, grid generation, SiteMap, and Glide
XP docking. This valuable software was installed in Centos
Linux, which served as the operating system for this docking
research. Almost all the methods of computational drug
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Fig. 1 Dengue virus: Transmission and its genome structural organization. It reveals three structural proteins, namely C (capsid), PrtM (premembrane),
and E (envelope) and 7 non-structural proteins, namely NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5. This was created in BioRender.com

design followed our previous publications (Kalaimathi et al.
2021; Rani et al. 2022; Prabhu et al. 2022).

Biological Data

In this computational biological research, mangiferin (1) was
used as a ligand against three different types of dengue virus
enzymes to assess its effectiveness. This was found in a chem-
ical database and collected from it as a mol file (www.
chemsipder.com). The selected dengue enzymes such as the
RNA-dependent RNA polymerase (RdRp) domain from NS5
(2J70), envelope glycoprotein from DENV3 (1UZG), and the
NS2B/NS3 protease from DENV1 (3L6P) were included in
the protein database and their alphanumeric identities taken
from the database are 2J7U, 1UZG, and 3L6P (www.rcsb.
com).

Targets Preparation

All dengue enzymes were subjected to enhanced experiments
using the Maestro V 12.7 protein preparation wizard tool. It
was carried out to address the issue of missing side and back
chains in those enzymes. This was applied in accordance with
Prabhu et al. (2017). In making this process, we face two main
courses: preparation and refinement. Typically, the protein
molecules (X-ray crystallographic structure) are bound and
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tangled with water molecules; this state is unsuitable for
docking. As a result, it was removed from those enzymes
during the protein preparation process. This protein prepara-
tion process was completed by the optimization and minimi-
zation gears and it finally gave us the final shape of the pre-
pared protein to find the grid site (drug binding site). This
technique was applied in accordance with Prabhu et al.
(2018).

Active Site Prediction

This site validation plays a crucial role in the docking study.
After the site has been thoroughly examined, it shows the drug
binding pouch, the areal volume along it, and the rating of the
site. An active site for grid generation was predicted with the
sitemap generation tool in Maestro V12.7. Finally, only one
location for grid generation was selected based on its location
scores and volume. This technique was carried out according
to Vijayakumar et al. (2018).

Grid Generation

It was used to stabilize the binding site of dengue enzymes. In
grid-based ligand docking, a small molecule is docked to the
specific protein in order to analyze the docking parameters.
With this approach, a grid box was created to dock the small
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molecule at the focal point of dengue proteins. The grid box of
1UZG was built with X: -3.55, Y: 10.94, and Z: 67.39.
Likewise, the grid box of 2J7U was built with X: 27.75, Y:
75.54, whereas the grid box of 3L6P was built with X: —31.8,
Y: —11.03, and Z: 28.24. Finally, the macromolecules are
ready to dock with the selected small molecule. This tech-
nique was applied in accordance with Prabhu et al. (2017).

Ligand Preparation

The small molecule was also made using the LigPrep (2.4)
module prior to the docking action. Here the force field
Optimized Potentials for Liquid Simulations 2005
(OPLS2005) was used to optimize the geometry of the drawn
ligand. This module was used to build up the ligand as 3D
structures (Fig. 2) from 1D (Smiles) and 2D (SDF) represen-
tations by combining the tools; tautomers and stereoisomers
are also examined in order to reduce the geometric complexity
of the ligand. Ultimately, a ligand molecule made with a
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Fig. 2 Docked complex of mangiferin with RNA-dependent RNA poly-
merase (RARp) of NS5: a 3D molecular structure shows the 2J7W residue
interactions with mangiferin and the distances of hydrogen bond contacts.
b 2D interaction plot shows kinds of contacts involved with the functional
groups of mangiferin

molecular weight or a certain number and type of functional
groups with correct chiralities for each successfully processed
input structure was ready to be docked to the particular pro-
teins. This technique was applied in accordance with
Vijayakumar et al. (2018).

Molecular Docking

First, a ligand molecule was docked to the dengue proteins
with the Grid Glide docking module from Maestro V.12.7 in
order to test the docking parameters. We predicted the binding
affinities and inhibitory constants of the ligand to the proteins
using Standard Precision (SP) and Xtra Precision (XP)
docking modes. Both docking modes were used to assess
the flexibility of the ligand with the target. In this case, the
drug-target molecule shows potential contributions such as
docking scores, hydrophobic interactions, hydrogen bond in-
teractions (side and back chain), pi-pi stacking, and salt bridge
contacts. This was applied in accordance with Vijayakumar
etal. (20164, b).

Network Construction and Pathway Enrichment

The network was built using Cytoscape v3.8.0. This technique
has been used to evaluate and manipulate dengue serotype
interactions between viral components and viral genes.
Dengue datasets were retrieved from the DenHunt website
to find the relationships between viral components and human
genes. The KEGG database was also used to identify dengue
virus signaling pathways and we looked for genes that lead to
the activation of antiviral enzymes. We used the website
https://reactome.org/ to understand the intrinsic mechanisms
of the immune system involved in antiviral enzyme
production to find out exactly what happens when interferon
genes including IFN-oc and IFN-(3 are stimulated. These en-
richment analysis results were screened at p < 0.05.

Mangiferin Drug Probability

The pass server was used to assess the drug potential of
mangiferin (1) in accordance with our previous articles, where
it was subjected to know its range of probability of being
active and probability of being inactive in the enzymes in
relation to drug potential (Kalaimathi et al. 2021).

Pharmacokinetics analysis
A server pkCSM was used to assess the various physicochem-

ical and pharmacokinetic properties of mangiferin (Rani et al.
2022).
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Results and Discussion

The ultimate goal of all dengue virus research is to identify the
pathogenesis of dengue infection and establish successful
therapeutic interventions to suppress viral infection and repli-
cation in order to avoid disease progression to extreme types
such as dengue hemorrhagic fever (DHF) and dengue shock
syndrome (DSS). Dengue-host interaction data, which pro-
vides current information on dengue disease at the molecular
level, would be useful for future research on dengue (Silvestre
et al. 2021). As noted in previous research, this research will
enable us to understand how dengue virus replicates in the cell
and how host-virus interactions suppress dengue replication
and resolve disputes over viral pathogenesis (Karyala et al.
2016).

Computer-Aided Drug Design
Ligand-Binding Cavities of Dengue Proteins

The site prediction approach had disclosed up to four promi-
nent binding pockets on protein molecules. Here, the site anal-
ysis revealed the residues consistency of three dengue proteins
such as 1UZG, 2J7U, and 3L6P. Firstly, the ligand binding
cavity of RNA-dependent RNA polymerase (RdRp) of NS5
dengue protein possesses forty residues including 279, 450,
345, 302, 346, 347, 348, 350, 351, 354, 355, 358, 359, 571,
575, 576, 577, 579, 536, 299, 537, 600, 538, 601, 539, 602,
580, 581, 582, 477, 586, 587, 588, 480, 481, 592, 597, 449,
598, and 599 (Table S1). Secondly, the ligand binding cavity
of dengue virus type 3 envelope glycoprotein molecule pos-
sesses thirty residues including 147, 148, 351, 352, 353, 354,
173, 174, 355, 150, 175, 356, 176, 357, 358, 156, 157, 158,
361, 362, 39, 363, 40, 142, 143, 144, 292, 145, 146, and 293
(Table S2). Finally, the ligand binding cavity of dengue virus
1 NS2B/NS3 protease molecule possesses twenty-four resi-
dues including 123, 124, 202, 203, 204, 170, 171, 172, 197,
173, 174, 175, 212, 213, 214, 137, 215, 138, 216, 139, 217,
166, 168, and 169 (Table S3). Since all interactions with res-
idues originate from this binding cavity, it plays an important
role in molecular docking research. It also shows the electro-
static interactions between the small molecule and the protein.
Apart from that, in most significant cases, it can help to deter-
mine the higher affinity of the ligand and the exact distance
from the target position (Prabhu et al. 2017).

Molecular Docking Simulations

The efficiency of mangiferin (1) with various dengue proteins
using molecular docking was evaluated. These docking stud-
ies provided docking metrics such as docking score, electro-
static energy, and hydrogen bond interactions. The functional
groups of mangiferin showed positive binding affinities with
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decent H-bond distance values with dengue protein residues.
In addition, the binding affinities indicate how much the li-
gand is contributing to the target and how flexible it is. This
study found that mangiferin is an active biomolecule for den-
gue complications. We came to this conclusion after going
through the docking parameters in detail as follows.

Mangiferin with RNA-dependent and RNA polymerase (RdRp)
of NS5 dengue protein With this docking, mangiferin has
pretty good docking values of —9.868 (Table 1). It has the
potential to be used as an active antiviral drug for the envelope
glycoprotein DENV 3. The docked complex was studied to
understand the interactions between ligands and dengue pro-
tein residues. This study was shown to have ligand binding
relationships with dengue protein residues such as LYS578,
THR346, and GLY601 (Fig. 2a). It was known that LYS578
and THR346 have covalent binding interactions with
mangiferin. LYS578 shows covalent H-bond contacts with
the distances of 2.56 and 1.90 A. Likewise, THR346 shows
covalent H-bond contacts with the distances of 1.99 and 2.42
A. GLY601 was found to have an H-bond contact with a
distance of 2.11 A (Fig. 2a and Table 2). The amino acid
contacts with the functional groups of mangiferin are shown
in the two-dimensional diagrams. Almost all residues have
hydrogen bonds to the OH groups of the ligand (Fig. 2b).

Mangiferin with DENV 3 envelope glycoprotein Mangiferin
has a good docking score of —9.729 (Table 1). It has the po-
tential to be used as an active antiviral drug for the envelope
glycoprotein DENV 3. It shows hydrogen bond contacts with
this protein residue such as PRO354, ASN353, LEU349,
ALA35, and PHE335 (Fig. 3a). In particular, ASN353 was
covalently bound with the H-bond distances of 2.70 and 2.43
A. The hydrogen bond distances of the remaining residues
such as PRO354, LEU349, ALA35, and PHE335 were found
to be 1.72, 2.64, 2.64, and 2.29 A (Fig. 3a and Table 2). The
amino acid contacts with the functional and oxygen groups of
mangiferin are shown in the two-dimensional diagrams. The
residues PRO354, ASN353, ALA35, and PHE335 showed
hydrogen bonds with the OH groups of the ligand, while the
backbone chains of ASN353 and LEU349 showed hydrogen
bonds with the O groups of the ligand (Fig. 3b). ASN 353 has

Table 1 Docking scores, binding energies and H bond interaction
values of mangiferin with the docked dengue proteins

S. Ligand PDB  Glide docking  Energy XP H-bond
No. ID Score values values

1. Mangiferin  2J7U -9.868 -57.876 -4.320

2. Mangiferin 1UZG -9.729 -61.786 -4.371

3. Mangiferin 3L6P  -8.066 -54.923 -4.224
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Table 2 Dengue proteins residues interactions and their distance value

s with mangiferin

Docked complex Residues contribution for interactions

Interactions

Back bone with H-bond distances (3A) Side chain with H-bond distances

2J7U with Mangiferin LYS578, GLY601 & THR346

1UZG with Mangiferin PRO354, ASN353, LEU349, ALA35 &
PHE335

3L6P with Mangiferin GLU170, SER138, TRP139 & ILE215

LYS578 (1.90 & 2.56), GLY601 (2.11) &
THR346 (1.99)

PRO354 (1.72), ASN353 (2.70 & 2.43), -
LEU349 (2.64), ALA35 (2.64) & PHE335
(2.29)

GLU170 (1.91), SER138 (1.95), -
TRP139 (2.35) & ILE215 (1.73)

two compounds as a functional group and one of them is an
oxygen group (Fig. 3b).

Mangiferin with DENV1-NS2B/NS3 protease Mangiferin has a
docking score of —9.876, indicating that it is a promising drug
candidate for this dengue protein—related disease complication.

Fig. 3 Docked complex of mangiferin with dengue virus type 3 envelope
glycoprotein: a 3D molecular structure shows the 1UZG residue
interactions with mangiferin and the distances of hydrogen bond
contacts. b 2D interaction plot shows kinds of contacts involved with
the functional groups of mangiferin

Additionally, it has the potential to be used as an active antiviral
drug for the DENV1-NS2B/NS3 protease. It has higher level
docking metrics like docking score and floating energy values
as shown in Table 1. The docked complex and the interactions
of the residues with the ligand atoms were examined. It shows
H-bond contacts with this protein residue such as GLU170,
SER138, TRP139, and ILE215 (Fig. 4a). The hydrogen bond

ILE 215

GLU 170

GLU._
GLY

171

SER 138

A

VAL
173

Ny

174

pro = S |
169

THR
168

ILE
ALA 7 515

@ MY
214 218
%) ”

ASN
202

ALA
216 w217

Fig. 4 Docked complex of mangiferin with dengue virus 1 NS2B/NS3 pro-
tease: a 3D molecular structure shows the 3LKW residue interactions with
mangiferin and the distances of hydrogen bond contacts. b 2D interaction plot
shows kinds of contacts involved with the functional groups of mangiferin
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distances of these residues were found to be 1.91, 1.95, 2.35,
and 1.73 A (Fig. 4a and Table 2). Full interactions were framed
by backbone hydrogen-bond contacts. The results of the two-
dimensional interaction show that almost all residues have hy-
drogen bonds with the OH groups of the ligand (Fig. 4b).

Mangiferin was the first xanthone to be therapeutically
beneficial in the treatment of herpes virus infections. It per-
forms a variety of biochemical functions that are useful for the
body (Negi et al. 2013). Generally, the xanthones inhibit the
HIV-1 virus transcriptase enzyme, which is reported to be a
key function of xanthine (Freddy and Ericsson 2015).
Computer research in 2015 showed that xanthones consist of
the right essential metabolites to obtain antiviral drugs (Umar
et al. 2021). Recently, a study by Umar et al. (2021) reported
that mangiferin has high plasma protein binding potential and
is not a substrate for p-glycoprotein. Finally, they pointed out
that mangiferin can be delivered to its destination in a reason-
able quantity due to its water solubility.

Mangiferin Drug Probabilities

This prediction revealed that mangiferin has a broad spectrum
of drug probabilities, finding that it has the drug probabilities
to be active in more than 30 enzymatic mechanisms, with the
p-value > 0.702. In Table 3, it was clearly summarized.

Drug-Likeness and Pharmacokinetics Parameters

Mangiferin physicochemical parameters were found to have a
molecular weight of 422.342, LogP value of -0.7165 with 2
rotatable bonds, 8 acceptors, and 11 donors, and a surface areca
of 166.412. Similarly, the prediction of the pharmacophoric
analysis indicated that mangiferin exhibits a broad spectrum
of pharmacokinetic properties as shown in Table 4.

Network Construction and Analysis

The majority of the direct contacts recorded in the literature
were calculated using affinity purification, pull-down assays,
microscopic co-localization, or high-throughput approaches
such as yeast two-hybrid (Y2H), and tandem affinity purifica-
tion, accompanied by mass spectrometry. Dengue virus pro-
tein PPIs in mosquitoes and human hosts have been estimated
in some studies using computer modeling that focused on
structural similarities of proteins. Protein-predicted interac-
tions from such publications were only collected when the
human protein was previously shown to be significant in den-
gue virus infection. Figure S1 shows that the dengue genomes
comprised 26 nodes with 703 edges in the network. The den-
gue genomes such as DENV1, DENV2, DENV3, DENV4,
DHF, DENV-RNA, M, E, C, prM, 5’-UTR, 3’-UTR, NSI,
NS2A, NS2B, NS3, NS4A, NS4B, and NS5 are considered
to be the primary serotypes of dengue infection. These 26
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Table3  Mangiferin drug probabilities as predicted by the PASS server
Name of the Activity Pa Pi
Molecule
Mangiferin TP53 expression enhancer 0.958 0.003
Membrane integrity agonist 0.957 0.003
HIF1A expression inhibitor 0.912 0.005
Membrane permeability inhibitor 0.890 0.004
Cytostatic 0.888 0.004
UGT1AO9 substrate 0.865 0.003
Anticarcinogenic 0.861 0.004
CDP-glycerol 0.868 0.016
glycerophosphotransferase inhibitor
Anaphylatoxin receptor antagonist 0.858 0.006
UGTIA substrate 0.847 0.004
Hepatoprotectant 0.844 0.003
UDP-glucuronosyltransferase 0.843 0.004
substrate
2-Dehydropantoate 2-reductase 0.839 0.005
inhibitor
Sugar-phosphatase inhibitor 0.844 0.010
Laxative 0.820 0.002
DNA ligase (ATP) inhibitor 0.816 0.001
Histidine kinase inhibitor 0.807 0.004
Antineoplastic 0.805 0.011
Chemopreventive 0.795 0.004
Anti-diabetic 0.794 0.005
Vasoprotector 0.793 0.005
Free radical scavenger 0.789 0.003
Antimutagenic 0.787 0.004
Antioxidant 0.785 0.004
NADPH-ferrihemoprotein reductase ~ 0.784 0.004
inhibitor
Alpha glucosidase inhibitor 0.780 0.001
Benzoate-CoA ligase inhibitor 0.796 0.018
Capillary fragility treatment 0.767 0.001
Cardioprotectant 0.769 0.004
P-benzoquinone reductase NADPH)  0.768 0.004
inhibitor
Monophenol monooxygenase 0.761 0.003
inhibitor
Alkenylglycerophosphocholine 0.778 0.021
hydrolase inhibitor
Kinase inhibitor 0.764 0.008
Glucan endo-1,6-beta-glucosidase 0.762 0.012
inhibitor
Antihemorrhagic 0.748 0.002
Antiviral (Influenza) 0.709 0.005
CYP3A4 inducer 0.713 0.011
UGT?2B substrate 0.702 0.005

*Pa probability to be active, Pi probability to be inactive

proteins are promising targets for the treatment of dengue
infection and should be further investigated. Figure S2 shows
452 nodes with 727 edges. Eleven dengue serotypes are
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Table 4 Pharmacokinetics parameters of Mangiferin

Properties Bio-activity Predicted Value
Absorption  Water solubility -2918
Caco2 permeability -0.926
Intestinal absorption (human) 46.135
Skin Permeability -2.735
P-glycoprotein substrate Yes
P-glycoprotein I inhibitor No
P-glycoprotein II inhibitor No
Distribution ~ VDss (human) 1.364
Fraction unbound (human) 0.289
BBB permeability -1.573
CNS permeability -4.211
Metabolism  CYP2D6 substrate No
CYP3A4 substrate No
CYP1A2 inhibitior No
CYP2C19 inhibitior No
CYP2C9 inhibitior No
CYP2D6 inhibitior No
CYP3A4 inhibitior No
Excretion Total Clearance 0.347
Renal OCT2 substrate No
Toxicity AMES toxicity No
Max. tolerated dose (human) 0.58
hERG I inhibitor No
hERG II inhibitor No
Oral Rat Acute Toxicity (LD50) 2.396
Oral Rat Chronic Toxicity (LOAEL) 4.277
Hepatotoxicity No
Skin Sensitisation No
T. Pyriformis toxicity 0.285
Minnow toxicity 5.898

involved in the association of human genes as a whole.
Among the viral components, 5'- and 3'-UTR, DENV-RNA
consists of 31 interactions, capsid protein (C) consists of 66
interactions, envelope (E) protein consists of 34 interactions,
premembrane (prM) protein consists of 24 interactions, non-
structural protein-1 (NS1) consists of 162 interactions, non-
structural protein 2A (NS2A) consists of 43 interactions, non-
structural protein 2B (NS2B) consists of 43 interactions, non-
structural protein 3 (NS3) consists of 23 interactions, non-
structural protein 4A (NS4A) consists of 126 interactions,
and non-structural protein 4B (NS4B) also consists of 15 in-
teractions (Table 5).

Pathway Enrichment Analysis

The KEGG software was used to know the enzymatic path-
ways of dengue virus. Since certain families of pattern

Table 5 The number of human proteins involved in direct interactions
with number of dengue viral components

S.  Dengue viral Total number Number Type of
No. components of unique of PMID Interactions
interactions references

1.  5-and 3-UTR, 31 15 Direct Interactions
DENV RNA of human protein

2. C 66 19 with dengue viral

3. E 34 14 components

4. pM 24 8

5. NSI1 162 21

6. NS2A 43

7. NS2B 23 4

8. NS3 126 19

9. NS4A 15 7

10. NS4B 27 5

11. NS5 131 18

recognition receptors are responsible for detecting viral path-
ogens and triggering innate immune responses, we investigat-
ed signaling pathway enrichment in this area. Foreign RNA
that enters a cell as a result of intracellular virus replication is
recognized by RIG-I-like receptors, a family of cytosolic
RNA helicases (RLRs). RLR proteins such as RIG-I,
MDAS, and LGP2 are present in both immune and non-
immune cells. RLRs use various intracellular adapter proteins
to activate signaling pathways that contribute to the synthesis
of type I interferon and other inflammatory cytokines that are
essential for virus exclusion (Fig. S3). We used the Reactome
website to discover the enzymatic role of type I interferon in
the immune system, which was discovered as a result of the
KEGG study results. The exact biological pathways of type I
interferon are shown in Fig. 5a and b. In general, it is believed
that the interferons (IFNs) are signaling molecules that are
important in activating immune responses, particularly the
antiviral and antitumor potential. Interferons are classified into
three types, i.e., type I, type II, and type III. This module
mainly focuses on type I IFNs alpha and beta.

Conclusions

Antiviral drugs are urgently needed around the world to treat
arboviral infections and co-infections with other viral infec-
tions. Therefore, the technological interventions are required
to dissect the constituents from natural sources such as medic-
inal plants, microbes, and algae and identify suitable mole-
cules that could serve as potential drugs to treat viruses.
Particularly, dengue and coronavirus are two well-known in-
fectious diseases with high levels of contagious outbreaks.
Silvestre et al. (2021) reported that dengue virus improves
human immunity to COVID-19 in people who are already
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Fig. 5 Pathway enrichment
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infected with dengue virus. Previous in vitro and in silico
studies showed that mangiferin has broad antiviral potential
for viruses such as herpes simplex virus-1, human immune
virus-1, and SARS-CoV-2. In this computer-assisted biologi-
cal study, it was demonstrated that mangiferin is also an active
ingredient potential for all docked dengue proteins. Based on
previous virus studies and the current report, mangiferin
would undoubtedly serve as an important antiviral drug for
viral complications. However, this research suggests that
much more pharmacological studies are also needed to eval-
uate their toxicity and other therapeutic options. In addition,
this pharmacological network analysis will enable the devel-
opment and computation of a crucial map of the hierarchical
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interaction networks that exist in humans during the viral life
cycle. This manuscript, particularly the section on network
pharmacology, will add to a deeper understanding of the dis-
pute between dengue and its human host. Ultimately, we hope
that this finding will help in the development of an antiviral
drug in this pandemic situation.
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