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Abstract: Researchers have demonstrated substantial biological activity of the FDA-approved anti-
HIV drug "abacavir" against the cancer cell line and SARS-CoV-2. Using computational analysis, the
most potent abacavir analogs were chosen in this investigation to find an anti-DENV inhibitor against
the DENV-2 NS MTase. Twenty-four (24) compounds were collected through the SwissSimilarity
program, and four of them were submitted to molecular docking research based on the similarity score
(1.000 to 0.400). According to the studies, DB02947 has been identified as a lead molecule against
DENV-2 NS5 MTase with a binding affinity of -7.4 kcal/mol and high druggability ratings. To find and
discover a novel medicine to treat DENV, in vitro and in vivo experiments on DB02947 are advised to
be conducted to ascertain its antiviral efficacy.

Keywords: anti-dengue; methyltransferase; in-silico; abacavir; Swiss similarity.

© 2025 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Dengue fever (DF) is a mosquito-transmitted illness caused by the dengue virus
(DENV) that affects over 3.9 billion people worldwide and results in over 20,000 fatalities each
year [1]. Today, it is recognized as a worldwide human health issue threatening 50% of the
world's population. Aedes aegypti, A. albopictus, and A. polynesiensis are the main vectors of
DENV transmission to humans [2]. The four genetically interrelated DENV-1, DENV-2,
DENV-3, and DENV-4 serotypes comprise the genus DENV, a subfamily of the flavivirus
family [3]. Even though more than 80% of illnesses are often moderate [4], few individuals
may experience acute DF, bringing with it potentially fatal consequences such as plasma
leakage and coagulopathy that can impair organ function and cause circulatory shock [5].
Considering that there is now no antiviral drug approved by science to treat DENV, developing
a new anti-dengue medication that may inhibit viral replication may lead to a more reliable
treatment for severe DENV infections.

DENV may cause a wide range of mild to severe illnesses [6], and DENV-2 is known
to cause more severe dengue infections than other serotypes [7]. The 11-kb-long dengue
genome has a single open reading frame (ORF) that codes for three structural proteins as well
as seven other non-structural proteins. Capsid protein (C), membrane precursor protein (prM),
and envelope protein (E) are the three structural proteins of the DENV, while NS1, NS2A,
NS2B, NS3, NS4A, NS4B, and NS5 are the seven non-structural (NS) proteins [8]. Most
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dengue infections are self-limiting; however, there are a small number of severe cases that
manifest as dengue shock syndrome (DSS) and dengue hemorrhagic fever (DHF) [9].
Furthermore, a key therapeutic target is the non-structural protein NS5, which has
methyltransferase (MTase) activity at its N-terminal and RNA-dependent RNA polymerase
(RdRp) activity at its C-terminal [10]. The emergence of antiviral inhibitors and their design
should be improved with the help of knowledge of NS5 structural dynamics. The ideal target
for creating inhibitors for flavivirus infections is NS5 protease due to its significant
involvement in viral replication [3].

Abacavir is a potent nucleoside analog reverse transcriptase inhibitor (NRTI) used to
treat the viral diseases HIV and AIDS [11]. Additionally, it has anti-cancer action in both PC3
and LNCaP prostate cancer cell lines [12]. An infectious condition called DF is spread from
person to person by certain mosquitoes. Moreover, abacavir has a binding affinity of -6.91
kcal/mol to SARS-CoV-2 [13]. Although the FDA has authorized abacavir as an antiviral
medication for HIV, we hypothesized that abacavir analogs would inhibit DENV-2 NS5
MTase.

A broad-spectrum antiviral ribavirin, an analog of guanosine, was first isolated
approximately 30 years ago and was used as a reference compound in this investigation.
Among the few nucleoside analogs now used in clinics to treat RNA virus transmission is
ribavirin, but its molecular basis of effectiveness is still not fully understood [14]. Important
human infections, including West Nile, dengue, and yellow fever viruses, are members of the
genus Flavivirus and are susceptible to ribavirin [15].

The main objective of this study was to investigate the inhibitory ability of abacavir
analogs for the non-structural protein NS5 of DENV-2, which is responsible for viral
replication. The analogs were initially extracted from the LigandExpo database using the
SwissSimilarity software. Figure 1 depicts these analogs. Furthermore, the primary purpose
was to design a computational approach for this and to determine if the findings of this study
may usher in a new era in the development of innovative, selective dengue inhibitors. The work
plan of this research is depicted in Figure 2.
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Figure 1. Design of abacavir analogues.
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Figure 2. The design of this work is to find out the DENV-2 NS5 MTase inhibitor.
2. Materials and Methods

2.1. Abacavir analogues selection and preparation.

The structure of the abacavir was created with ChemDraw Professional 13, and the
SMILES format was produced. SwissSimilarity (http://www.swisssimilarity.ch/) software was
used to search for new similar compounds utilizing the SMILES of the abacavir compound
[16]. This work used the pharmacophore approach to identify abacavir analogs from the
ligandExpo database screening. The compounds with 1.000 to 0.400 similarity scores were
chosen for further study (Figure 1). These substances were created with the aid of the
ChemSketch program and saved in .mol format for docking with the DENV-2 NS5 MTase
target protein.

2.2. DENV-2 NS5 MTase protein retrieved and prepared.

The DENV-2 NS5 MTase crystal structure was chosen from published works [17] and
downloaded using the PDB 1D 1R6A [14] with a resolution of 2.60 A. The chosen protein was
stored in .pdb format to perform the dock with the chosen ligands.

2.3. Molecular docking of abacavir analogs with DENV-2 MTase protein.

Using the online docking program CB-Dock (http://clab.labshare.cn/ch-
dock/php/blinddock.php), the analysis was estimated using a previously published method
[18]. A PDB file for the protein and a .mol file for the ligands were entered into the CB-Dock
program prior to docking. This technique automatically chose several top cavities and utilized
them for docking analysis using the AutoDock Vina [19].

2.4. Physicochemical, pharmacokinetics, drug-likeness, and medicinal chemistry studies.

SwissADME (http://www.swissadme.ch) was used to conduct investigations on
physicochemical, pharmacokinetics, drug-likeness, and medicinal chemistry properties [20].
This program required the SMILES of the compounds; it was not essential to understand the
active site or the binding mechanism.
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3. Results and Discussion
3.1. Abacavir analogues selection.

The LigandExpo database provides the structural and chemical information for small
molecules found in protein data bank structure entries. The LigandExpo database (http://ligand-
expo.rcsb.org/) demonstrates that 33,817 small molecules are included in at least one
experimental structure retained in the PDB. SwissSimilarity software was used to perform a
pharmacophore method-based screening on this database. The results revealed 24 compounds
with similarity scores ranging from 1.000 to 0.350. After that, four compounds (Figure 1) with
similarity scores >0.400 from this group were put through molecular docking to find out how
well they bonded with the target protein DENV-2 NS5 MTase.

3.2. Molecular docking of Abacavir analogs with DENV-2 MTase protein.

In drug development and molecular interaction research, small compounds are
frequently docked into the binding sites of therapeutic target proteins [21]. The inhibitory
action of small molecules in cell line tests does not provide complete details about the binding
orientations of ligands to the target protein. However, in-silico molecular docking studies
provide a clear explanation of how chemicals interact in the active region of proteins [22].

Therefore, to investigate the possible mechanism of action of the abacavir analogs,
computational docking experiments were conducted using the CB-Dock [18] between the
DENV-2 NS5 MTase and compounds chosen from the SwissSimilarity program with a
similarity score >0.400. CB-Dock is a protein-ligand blind docking program that uses
AutoDock Vina to execute molecular docking after automatically determining the binding
sites, calculating the center and size, and customizing the docking box size for the query ligands
[19]. The method built into AutoDock Vina was used to determine the binding energy
automatically. Following docking experiments, abacavir analogs were rated compared to the
reference molecule ribavirin (DB00811) based on their binding energies and bound amino acid
residues into the target protein's active site, based on docking results, compounds DB01048
and DB02947 exhibited the best binding energies (-7.6 and -7.4 kcal/mol, respectively) against
the DENV-2 NS5 MTase protein (Table 1).

Table 1. Docking results of Abacavir analogs and the reference (Ribavirin; DB00811) compound towards the
DENV-2 MTase (PDB ID: 1R6A).

Compound Cavity | Vina Bound amino acids

ID size score
DB00811 300 6.6 Gly83, Cys82, Ser56, Aspl46, Gly58, Tyr219, Glu217 (H-B), Lys181, Trp87,
(Ribavirin) ) Val55 (C-H), Lys61, Lys181 (ionic)
DB01048 300 76 Val130, Gly83, Thr104, Cys81, Glul1ll, Cys82 (H-B), Val132, lle147, Thr104,

Lys105, Trp87, Val55 (C-H), Arg84 (ionic)

DB02103 300 -6.5 Thrl04, Gly83, Gly81, Cys82, Ser56, Glul1ll (H-B), Val55 (C-H), Arg84 (ionic)

DB02947 300 74 Gly83, Glul1ll, Cys82, Aspl46, Ser56, Glu217, Lys181, Tyr219, G_Iy5_8 (H-B),

) Lys181, Trp87, Lys61, Arg57 (C-H), Arg84, Lys161, Lys61 (ionic)

Gly83, Thr104, Asp146, Gly148, Cys82, Ser56, Gly58 (H-B), Val55, Trp87 (C-
H), Arg84, Lys181 (ionic)

DB00242 300 -6.6

Structural bioinformatics and drug development research depends on characterizing
interactions in protein-ligand complexes [23]. It is essential to have a thorough knowledge of
the molecular mechanisms underlying biological systems [22]. In an open conformational
environment of protein structures, hydrogen bonding and hydrophobic interactions play a
significant role in stabilizing energetically favored ligands [24]. Nevertheless, it is still unclear

https://nanobioletters.com/ 4 0of 10


https://doi.org/10.33263/LIANBS142.084
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS142.084

how the binding properties connected to these interactions help a drug lead recognize a
particular target and boost therapeutic effectiveness (Lu et al. 2009). The binding energy of the
reference substance DB00811 in the active site of DENV-2 NS5 MTase was -6.6 kcal/mol. In
all, seven hydrogen bonds involving the residues of Gly83, Cys82, Ser56, Aspl146, Gly58,
Tyr219, and Glu217 were shown to be involved in the interaction plot between DENV-2 NS5
MTase and the DB00811 complex. Additionally, it was shown that three amino acid residues—
Lys181, Trp87, and Val55—of the DENV-2 NS5 MTase pocket were implicated in the
hydrophobic interaction with DB00811 (Figure 3c).

V55 E217

(@ (b) ()

Figure 3. Docking results of Abacavir analogs and the reference (Ribavirin; DB00811) compound towards the
DENV-2 MTase (PDB ID: 1R6A).

The top two possibilities (DB01048 and DB02947) were chosen to research how each
potential analog interacted with the DENV-2 NS5 MTase. Six residues, Vall30, Gly83,
Thr104, Cys81, Glulll, and Cys82, are involved in the formation of hydrogen bonds, while
six other residues, namely Val132, 1le147, Thr104, Lys105, Trp87, and Val55 residues, are
involved in the formation of hydrophobic interactions in the binding region of DENV-2 NS5
MTase (Figure 3a). Furthermore, nine hydrogen bonds with the residues Gly83, Glulll,
Cys82, Aspl46, Ser56, Glu217, Lys181, Tyr219, and Gly58 in the active site of DENV-2
MTase seemed to have an impact on the excellent binding energy of DB02947. DB02947 also
interacted hydrophobically with the residues Lys181, Trp87, Lys61, and Arg57 (Figure 3b).

3.3. Physicochemical, Pharmacokinetics, drug-likeness, and medicinal chemistry studies.

According to the physicochemical properties analysis of abacavir analogs, DB01048
and DB02947 have hydrogen bond acceptor numbers (HBA) of 4 and 7 and donors (HBD) of
3 and 4, respectively. The HBA and HBD need not exceed ten and five, respectively, of a
compound for it to be a promising therapeutic candidate [25]. According to the results,
DB01048 and DB02947, which made the shortlist, have the potential to be therapeutic
candidates. The topological polar surface area (TPSA) of potential treatment candidates varies
from 75 A? to 140 A2 [26]. In this investigation, the TPSA values for DB01048 and DB02947
were 101.88 A%and 119.31 A2, respectively; DB00811 showed a value of 143.72 A2, Finding
a high-standard TPSA value that will function well for authorized pharmaceuticals and future
drug candidates is also a contemplation or in-depth study topic. Low molecular weight-based
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molecules are more easily absorbed, refracted, and transported than high molecular weight-
based compounds. With a few rare exceptions, the bulkiness of the molecules increases along
with the increase in molecular weight [21]. The chosen compounds had molecular weights of
286.33 and 269.23, which were less than 500 g/mol. DB01048 and DB02947 have good
druggability and small biomolecule characteristics. The molar refractivity of DB01048 and
DB02947 proves that they can pass across membranes and maintain their constant state despite
strong or weak solute-solvent and solvent-solvent interactions [27]. Table 2 contains a
summary of these data.

Table 2. Physicochemical Properties of selected compounds and the reference compounds.

Compound ID MW HBA HBD MR TPSA
Reference Value <500 <10 <5 <120 <140
DB00811 (Ribavirin) | 244.20 g/mol 7 4 51.06 143.72 A2
DB01048 286.33 g/mol 4 3 80.40 101.88 A2
DB02947 269.23 g/mol 7 3 61.47 119.31 A2

The study of how medicines enter, move through, and exit the body is known as
pharmacokinetics [25]. High intestine absorption in humans suggests a reduced risk of adverse
effects, including fatigue or weakening of the central nervous system [28]. The blood-brain
barrier (BBB) is determined by comparing the chemical concentration in the blood to that in
the brain. Information on drug distribution across the BBB is one of the key factors in
maximizing drug discovery [21]. A glycoprotein P (P-gp) substrate was employed to forecast
dispersion. The results of this experiment suggested that DB01048 and DB02947 were
substantially absorbed in the GI, couldn't be a P-gp substrate, and crossed the BBB. The drug
similarity of active compounds employed as therapeutic treatments is frequently assessed using
the oral bioavailability criteria [29]. Drug metabolism depends on several CYP enzyme
isoforms, including CYP3A4, CYP2D6, CYP2C9, CYP2C19, and CYP1A2. The first and most
important isoform of CYP3A4 has an intestine and a kidney and is responsible for 50% of the
drug's metabolism. An enzyme's capacity for metabolism may be harmed by inhibitors [21].
According to the data, DB01048 produces a positive value for the CYP1AZ2 inhibitor, whereas
DB02947 gives a negative value for all CYP inhibitors, including the reference molecule
(DB00811). Finally, it was shown that the DB02947 mentioned above had a better capacity for
human intestinal absorption (Table 3).

Table 3. Pharmacokinetics properties of selected compounds and the reference compounds.

CIN P-gp HIA (% ?LiB CYP1A2 | CYP2C19 | CYP2C9 | CYP2D6 | CYP3A4 Skin
substrate | Absorbed) BB? inhibitor | inhibitor | inhibitor | inhibitor | inhibitor | Permeation
Reference .
No High No No No No No No
Value
DBOO?l_l No Low No No No No No No -9.10 cm/s
(Ribavirin)
DB01048 Yes High No Yes No No No No -7.43 cml/s
DB02947 No High No No No No No No -7.76 cm/s

The study of drug-like properties hastens the drug research and development process.
The principles of Lipinski’s rule of five are used as a criterion for identifying potential
medication candidates. However, it is unacceptable to offer prospective medication if one rule
is breached [25]. After molecules are exposed to Lipinski's rule of five, the Ghose filter rule,
the Veber rule, the Egan rule, and the Muegge (LGVEM) rule, the results are shown in Table
4. To ascertain if a bioactive function is a powerful drug, these criteria have their own set of
https://nanobioletters.com/ 6 of 10
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regulations. All expected compounds have a bioavailability (BA) of around 0.55, which is
comparable. These factors ensure the acceptance of lead compounds in drug discovery
techniques. The chemicals chosen for this investigation strictly adhered to the LGVEM rules,
not deviating from any of them. This displays the medications' potential for the discussed
compounds. This also raises the necessity for a unique, thorough investigation to establish a
strong correlation between drug-likeliness rules and the parameters of authorized drugs to
increase the efficacy of drug-likeliness rules as a computational tool in computer-aided drug
design.

Table 4. Drug-likeness and medicinal chemistry analysis of selected compounds and the reference compounds.

Drug-Likeness Medicinal Chemistry
Compound Lipinski | Ghose | Veber |Egan | Muegge Bioavailability PAINS |Brenk I__ead- Synth_et_lt_:
ID Score likeness | accessibility
1 (very easy)
Reference Yes Yes Yes | Yes Yes 0 0 Yes to 10 (very
Value .
difficult)
DBOO§1_1 Yes No No No Yes 0.55 0 0 No 3.89
(Ribavirin)
DB01048 Yes Yes Yes | Yes Yes 0.55 0 1 Yes 3.77
DB02947 Yes Yes Yes | Yes Yes 0.55 0 0 Yes 3.75

The synthetic accessibility score is primarily based on the supposition that the
frequency of molecular fragments in 'really' attainable compounds corresponds with the ease
of synthesis regarding medicinal chemistry parameters. The scale score is normalized to range
from 1 (extremely simple) to 10 (very difficult to synthesize) [30]. DB01048 and DB02947, as
well as DB00811, displayed indices under 4, supporting the presence of chemical groups that
are not uncommon in the chosen molecules' structures and indicating the simplicity of novel
syntheses. Studies in medicinal chemistry, pharmacokinetics, physical-chemical chemistry,
and drug-likeness showed that DB02947 satisfactorily satisfied all the expectations made of it
as a potential lead material with good druggability.

DENV infection has also been associated with suppression of HIV replication during
the acute phase of dengue illness. The mechanism behind this is not fully understood, but it
may involve the inhibition of HIV replication by DENV proteins like NS5 [31]. However, the
impact of HIV/DENV coinfection on disease progression appears to depend on the patient's
HIV status. In one study, DENV/HIV coinfection was associated with an increased risk of
severe dengue in a cohort primarily comprised of AIDS patients [32]. Based on this evidence,
we found the Abacavir analogs from the LigandExpo database using the SwissSimilarity
software, and selected compounds were docked into the active site of DENV-2 NS MTase
protein to find the lead compounds. These compounds were then subjected to physicochemical,
pharmacokinetics, drug-likeness, and medicinal chemistry studies to discover druggable anti-
dengue inhibitors.

4. Conclusions

The computational studies of compound similarity analysis, docking,
physicochemicals, pharmacokinetics, drug-likeness, and medicinal chemistry studies of
abacavir analogs were carried out to identify antiviral drugs against DENV-2 NS5 MTase.
Comparing DB01048 and DB02947 compounds with DB00811, the results showed they have
the best binding affinities towards the DENV-2 NS5 MTase. Furthermore, the DB02947
compound demonstrated beneficial features related to physicochemicals, pharmacokinetics,
https://nanobioletters.com/ 7 of 10
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drug-like properties, and medicinal chemistry analysis. This finding implies that in-silico
analysis is a useful method for drug design, cutting down on the time needed to accept logical
concepts for developing anti-DENV medications. However, more in-vitro and in-vivo studies
are needed to assess its safety and efficacy in greater detail.

Funding

No.

Acknowledgments

The authors would like to thank the online software teams.

Conflicts of Interest

No.

References

1. Patigo, A.; Hengphasatporn, K.; Cao, V.; Paunrat, W.; Vijara, N.; Chokmahasarn, T.; Khotavivattana, T.
Design, synthesis, in vitro, in silico, and SAR studies of flavone analogs towards anti-dengue activity. Sci.
Rep. 2022, 12, 21646, https://doi.org/10.1038/s41598-022-25836-5.

2. Lim, S.Y.M,; Chieng, J.Y.; Pan, Y. Recent insights on anti-dengue virus (DENV) medicinal plants: Review
on in vitro, in vivo and in silico discoveries. All Life. 2021, 14, 1-33,
https://doi.org/10.1080/26895293.2020.1856192.

3. Adawara, S.N.; Shallangwa, G.A.; Mamza, P.A.; Ibrahim, A. In-silico approaches towards the profiling of
some anti-dengue virus as potent inhibitors against dengue NS-5 receptor. Sci. Afr. 2021, 13, e00907,
https://doi.org/10.1016/j.sciaf.2021.e00907.

4.  Trivedi, S.; Chakravarty, A. Neurological complications of dengue fever. Curr. Neurol. Neurosci. Rep. 2022,
22, 515-529, https://doi.org/10.1007%2Fs11910-022-01213-7.

5. Guzman, M.G.; Gubler, D.J.; Izquierdo, A.; Martinez, E.; Halstead, S.B. Dengue infection. Nat. rev. Dis.
Prim. 2016, 2, 1-25, https://doi.org/10.1038/nrdp.2016.55.

6. Ross, T.M. Dengue virus. Clin. Lab. Med. 2010, 30, 149-160, https://doi.org/10.1016/j.cll.2009.10.007.

7. Balmaseda, A.; Hammond, S.N.; Pérez, L.; Tellez, Y.; Saborio, S.I.; Mercado, J.C.; Harris, E. Serotype-
specific differences in clinical manifestations of dengue. Am. J. trop. Med. Hyg. 2006, 74, 449-456.

8. Roney, M.; Hug, A.M.; Issahaku, A.R.; Soliman, M.E.; Hossain, M.S.; Mustafa, A.H.; Tajuddin, S.N.
Pharmacophore-based virtual screening and in-silico study of natural products as potential DENV-2 RdRp
inhibitors. J. Biomol. Struc. Dyn. 2023, 1-18, https://doi.org/10.1080/07391102.2023.2166123.

9. Kaushik, S.; Dar, L.; Kaushik, S.; Yadav, J.P. Identification and characterization of new potent inhibitors of
dengue virus NS5 proteinase from Andrographis paniculata supercritical extracts on in animal cell culture
and in silico approaches. J. Ethnopharmacol. 2021, 267, 113541, https://doi.org/10.1016/j.jep.2020.113541.

10. Filomatori, C.V.; Lodeiro, M.F.; Alvarez, D.E.; Samsa, M.M.; Pietrasanta, L.; Gamarnik, A.V. A 5' RNA
element promotes dengue virus RNA synthesis on a circular genome. Gene. Develop. 2006, 20, 2238-2249,
https://doi.org/10.1101/gad.1444206.

11. Verweij-van Wissen, C.P.W.G.M.; Aarnoutse, R.E.; Burger, D.M. Simultaneous determination of the HIV
nucleoside analogue reverse transcriptase inhibitors lamivudine, didanosine, stavudine, zidovudine and
abacavir in human plasma by reversed phase high performance liquid chromatography. J. Chromatograp.
B. 2005, 816, 121-129, https://doi.org/10.1016/j.jchromb.2004.11.019.

12. Carlini, F.; Ridolfi, B.; Molinari, A.; Parisi, C.; Bozzuto, G.; Toccacieli, L.; Gaudi, S. The reverse
transcription inhibitor abacavir shows anticancer activity in prostate cancer cell lines. PloS one. 2010, 5,
e14221, https://doi.org/10.1371/journal.pone.0014221.

13. Saraswat, J.; Riaz, U.; Patel, R. In-silico study for the screening and preparation of ionic liquid-AVDs
conjugate  to combat COVID-19  surge. J. Mol.  Lig. 2022, 359 119277,
https://doi.org/10.1016/j.molliq.2022.119277.

https://nanobioletters.com/ 8 of 10


https://doi.org/10.33263/LIANBS142.084
https://nanobioletters.com/
https://doi.org/10.1080/26895293.2020.1856192
https://doi.org/10.1016/j.sciaf.2021.e00907
https://doi.org/10.1007%2Fs11910-022-01213-7
https://doi.org/10.1038/nrdp.2016.55
https://doi.org/10.1016/j.cll.2009.10.007
https://doi.org/10.1080/07391102.2023.2166123
https://doi.org/10.1016/j.jep.2020.113541
https://doi.org/10.1101/gad.1444206
https://doi.org/10.1016/j.jchromb.2004.11.019
https://doi.org/10.1371/journal.pone.0014221
https://doi.org/10.1016/j.molliq.2022.119277

https://doi.org/10.33263/LIANBS142.084

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Benarroch, D.; Egloff, M.P.; Mulard, L.; Guerreiro, C.; Romette, J.L.; Canard, B. A structural basis for the
inhibition of the NS5 dengue virus mRNA 2’-O-methyltransferase domain by ribavirin 5’-triphosphate. J.
Biol. Chem. 2004, 279, 35638-35643, https://doi.org/10.1074/jbc.m400460200.

Crance, J.M.; Scaramozzino, N.; Jouan, A.; Garin, D. Interferon, ribavirin, 6-azauridine and glycyrrhizin:
antiviral compounds active against pathogenic flaviviruses. Antiviral res. 2003, 58, 73-79,
https://doi.org/10.1016/s0166-3542(02)00185-7.

Roney, M.; Hug, A.M.; Aluwi, M.F.F.M.; Tajuddin, S.N. In-silico Design of Curcumin Analogs as Potential
Inhibitors of Dengue Virus NS2B/NS3 Protease. J. Comput. Biophys. Chem. 2023, 22, 1-9,
https://doi.org/10.1142/S2737416523500321.

Joshi, R.K.; Agarwal, S.; Patil, P.; Alagarasu, K.; Panda, K.; Cherian, S.; Roy, S. Anti-Dengue Activity of
Lipophilic ~ Fraction of  Ocimum  basilicum L. Stem. Mol. 2023, 28, 1446,
https://doi.org/10.3390/molecules28031446.

Roney, M.; Singh, G.; Hug, A.M.; Forid, M.S.; Ishak, W.M.B.W.; Rullah, K.; Tajuddin, S.N. Identification
of Pyrazole Derivatives of Usnic Acid as Novel Inhibitor of SARS-CoV-2 Main Protease Through Virtual
Screening Approaches. Mol. biotechnol. 2023, 66, 696-706, https://doi.org/10.1007/s12033-023-00667-5.
Liu, Y.; Grimm, M.; Dai, W.T.; Hou, M.C.; Xiao, Z.X.; Cao, Y. CB-Dock: A web server for cavity detection-
guided  protein-ligand  blind  docking. Acta Pharmacol. Sin. 2020, 41, 138-144,
https://www.nature.com/articles/s41401-019-0228-6.

Tribudi, Y.A.; Agustin, A.T.; Setyaningtyas, D.E.; Gusmalawati, D. Bioactive Compound Profile and
Biological Modeling Reveals the Potential Role of Purified Methanolic Extract of Sweet Flag (Acorus
calamus L.) in Inhibiting the Dengue Virus (DENV) NS3 Protease-Helicase. Ind. J. Chem. 2022, 22, 331-
341, https://doi.org/10.22146/ijc.68317.

Roney, M.; Hug, A.M.; Rullah, K.; Hamid, H.A.; Imran, S.; Islam, M.A.; Mohd Aluwi, M.F.F. Virtual
screening-based identification of potent DENV-3 RdRp protease inhibitors via in-house usnic acid
derivative database. J. Comput. Biophys. Chem. 2021, 20, 797-814.

Dwivedi, V.D.; Tripathi, I.P.; Mishra, S.K. In silico evaluation of inhibitory potential of triterpenoids from
Azadirachta indica against therapeutic target of dengue virus, NS2B-NS3 protease. J. vector borne dis. 2016,
53, 156.

Salentin, S.; Schreiber, S.; Haupt, V.J.; Adasme, M.F.; Schroeder, M. PLIP: fully automated protein—ligand
interaction profiler. Nucleic acids res. 2015, 43, W443-W447, https://doi.org/10.1093/nar/gkv315.

Patil, R.; Das, S.; Stanley, A.; Yadav, L.; Sudhakar, A.; Varma, A.K. Optimized hydrophobic interactions
and hydrogen bonding at the target-ligand interface leads the pathways of drug-designing. PloS one. 2010,
5, 12029, https://doi.org/10.1371/journal.pone.0012029.

Mortuza, G.; Roni, M.A.H.; Kumer, A.; Biswas, S.; Saleh, M.A.; Islam, S.; Akther, F. A Computational
Study on Selected Alkaloids as SARS-CoV-2 Inhibitors: PASS Prediction, Molecular Docking, ADMET
Analysis, DFT, and Molecular Dynamics Simulations. Biochem. Res. Int. 2023, 2023, 1-13,
https://doi.org/10.1155/2023/9975275.

Da Rocha, M.N.; Marinho, E.S.; Marinho, M.M.; Dos Santos, H.S. Virtual screening in pharmacokinetics,
bioactivity, and toxicity of the amburana cearensis secondary metabolites. Biointerface Res. Appl. Chem.
2022, 12 8471-8491, https://doi.org/10.33263/BRIAC126.84718491.

Enmozhi, S.K.; Raja, K.; Sebastine, I.; Joseph, J. Andrographolide as a potential inhibitor of SARS-CoV-2
main protease: an in silico approach. J. Biomol. Struct. Dyn. 2021, 39, 3092-3098,
https://doi.org/10.1080/07391102.2020.1760136.

Costa, R.A.D.; Rocha, J.A.D.; Pinheiro, A.S.; Costa, A.D.S.D.; Rocha, E.C.D.; Silva, R.C.; Brasil, D.D.S.
A computational approach applied to the study of potential allosteric inhibitors protease NS2B/NS3 from
Dengue virus. Mol. 2022, 27, 4118, https://doi.org/10.3390/molecules27134118.

Thomas, V.H.; Bhattachar, S.; Hitchingham, L.; Zocharski, P.; Naath, M.; Surendran, N.; El-Kattan, A. The
road map to oral bioavailability: an industrial perspective. Expert opin. drug metabol. toxicol. 2006, 2, 591-
608, https://doi.org/10.1517/17425255.2.4.591.

Daina, A.; Michielin, O.; Zoete, V. SwissADME: a free web tool to evaluate pharmacokinetics, drug-
likeness and medicinal chemistry friendliness of small molecules. Sci. rep. 2017, 7, 42717,
https://doi.org/10.1038/srep42717.

Delgado-Enciso, |.; Espinoza-Gémez, F.; Ochoa-Jiménez, R.; Valle-Reyes, S.; Vasquez, C.; Lopez-Lemus,
U.A. Case Report: Dengue Infection in a Human Immunodeficiency Virus-1 Positive Patient Chronically

https://nanobioletters.com/ 90f 10


https://doi.org/10.33263/LIANBS142.084
https://nanobioletters.com/
https://doi.org/10.1074/jbc.m400460200
https://doi.org/10.1016/s0166-3542(02)00185-7
https://doi.org/10.1142/S2737416523500321
https://doi.org/10.3390/molecules28031446
https://doi.org/10.1007/s12033-023-00667-5
https://www.nature.com/articles/s41401-019-0228-6
https://doi.org/10.22146/ijc.68317
https://doi.org/10.1093/nar/gkv315
https://doi.org/10.1371/journal.pone.0012029
https://doi.org/10.1155/2023/9975275
https://doi.org/10.33263/BRIAC126.84718491
https://doi.org/10.1080/07391102.2020.1760136
https://doi.org/10.3390/molecules27134118
https://doi.org/10.1517/17425255.2.4.591
https://doi.org/10.1038/srep42717

https://doi.org/10.33263/LIANBS142.084

Infected with Hepatitis B Virus in Western Mexico. Am. J. Trop. Med. Hyg. 2017, 96, 122,
https://doi.org/10.4269%2Fajtmh.16-0477.

32. Hottz, E.D.; Quirino-Teixeira, A.C.; Valls-de-Souza, R.; Zimmerman, G.A.; Bozza, F.A.; Bozza, P. T.
Platelet function in HIV plus dengue coinfection associates with reduced inflammation and milder dengue
ilness. Sci. rep. 2019, 9, 7096, https://doi.org/10.1038/s41598-019-43275-7.

https://nanobioletters.com/ 10 of 10


https://doi.org/10.33263/LIANBS142.084
https://nanobioletters.com/
https://doi.org/10.4269%2Fajtmh.16-0477
https://doi.org/10.1038/s41598-019-43275-7

