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1. Introduction
The family Flaviviridae comprises at least 70 viral spe-

cies that are feast by mosquitoes & ticks. Some of these 
viruses cause human diseases, such as yellow fever virus, 
dengue virus, West Nile virus, & Japanese encephalitis 
virus. About 400 million cases of dengue each year world-
wide, making it the most common virus to spread through 
mosquitoes [1]. One of the four serotypes of the dengue 
virus 1-4 can cause flu-like symptoms & fever, or it might 
develop into dengue hemorrhagic fever or dengue shock 
syndrome, which are more severe forms of the virus. If 
a person recovers from an infection with one dengue se-
rotype & then contracts another serotype, the likelihood 
of developing more severe hemorrhagic fever increases 
[2]. Currently, there are no antiviral medications to treat 
flavivirus infections, & there is no vaccination to guard 
against serious illnesses brought on through any of the 
DENV serotypes [3]. There are around 11,000 nucleo-
tides in the DENV RNA genome. Its 5′ end has a type I 
RNA cap (m7GpppAmG), & its 3′ end lacks a poly-A tail. 
The genome codes for seven non-structural proteins such 
as non-structural 1 (NS1), non-structural 2 (NS2A), non-
structural 2B (NS2B), non-structural 3 (NS3), non-struc-
tural 4A (NS4A), non-structural 4B (NS4B), & non-struc-
tural 5 (NS5) as well as three structural proteins (capsid, 

membrane, & envelope protein). Mid the DENV serotypes 
& the Flavivirus genus, NS5 is the largest (104 kDa) & 
most conserved non-structural protein. In the viral replica-
tion complex, originating in the perinuclear endoplasmic 
reticulum of the infected cell, NS5 is linked to several viral 
& cellular proteins throughout the viral lifecycle [4]. NS5 
is the largest domain containing two central regions that 
are the N terminal region with methyltransferase, which 
covers the three activities required for cap synthesis (gua-
nylyltransferase, guanine-N7-methyltransferase, & nu-
cleoside-2'O-methyltransferase) while C terminal domain 
RNA-dependent RNA polymerase that executes de novo 
RNA synthesis [5,6]. Since the NS5 protein is vital for fla-
vivirus replication, viral RNA methylation, RNA polyme-
rization, & host immune system evasion, it is a prospective 
therapeutic target. Creating a drug targeting all flaviviruses 
may be practicable because the NS5 protein's enzymatic 
centers are highly conserved across the Flaviviridae.

Isoquercitrin belongs to the class of chemical com-
pounds known as flavonoids. It is quercetin's 3-O-gluco-
side. Many plant species, such as Rheum nobile and Man-
gifera indica, can yield Isoquercitrin. Annona squamosa, 
Camellia sinensis, and Vestia foetida leaves contain it [7]. 
Isoquercitrin demonstrated potent suppression of the Zika 
virus by blocking its internalization into host cells and 
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interfering with its entry mechanism. 
Here, our main objective is to study the structures fol-

lowed by chemical reactivity (electrophilic & nucleophilic 
regions) of the isoquercitrin compound using density func-
tional theory (DFT) and evaluate the drug-likeness poten-
tial of Isoquercitrin using ADMET analysis. Furthermore, 
the binding affinities and interactions of Isoquercitrin with 
the target proteins will be investigated using molecular 
docking.

2. Methods and Materials
2.1. Sequence alignment and domain organization

The FASTA format of amino acid sequences of NS5 
methyltransferase domain of DENV (1-269 amino acid) 
was applied for alignment and domain organization ana-
lysis. For domain organization use the available bioinfor-
matics tool Prosite (https://prosite.expasy.org/) program. 
Similarly, we also draw a model of predicted features with 
expected binding sites in the domain. Domain organiza-
tion can be determined using tools like InterPro, Pfam, 
or which help to identify and annotate domains in protein 
sequences.

2.2. Density Functional Theory (DFT)
Computational molecular modeling tools serve as 

invaluable resources in analyzing the physical and che-
mical characteristics of molecules. These tools enable 
researchers to explore intricate details about molecular 
structures, reactivity, and interactions, providing insights 
critical to fields such as chemistry, biology, and materials 
science [8-10]. Ref Among these techniques, DFT calcu-
lations are particularly noteworthy for their ability to yield 
precise data concerning both the structural and electronic 
properties of compounds. In the present study, the mole-
cular geometry of isoquercitrin was optimized to obtain a 
stable configuration by employing Gaussian 16 software 
[11]. The optimization was carried out using the B3LYP 
hybrid functional, a widely recognized method for balan-
cing computational efficiency and accuracy, along with the 
6-31G basis set applied to all atoms [12,13]. The initial 
geometry of the species was modeled using GaussView 
6.1[14].

2.3. ADMET 2.0 
In-silico ADME screening utilizes computational 

methods to predict the pharmacokinetic properties of drug 
candidates, focusing on absorption, distribution, metabo-
lism, and excretion [15]. The ADMET 2.0 online platform 
(https://admetmesh.scbdd.com) a free online cheminfor-
matics tool was used to predict the potential drug property 
and to evaluate the pharmacokinetic profile of selected 
compounds [16]. The criteria based on Lipinski’s rule of 
five include the compound that has less than 500 g/mol 
molecular weight; the compound that has less than 3 hy-
drogen-bond donors; less than 12 hydrogen-bond accep-
tors; less than 5 partition coefficient (log P) value and the 
compound with less than 12 number of rotatable bonds.

2.4 Molecular docking analysis
Molecular docking is one of the popular methods used 

for structure-based virtual screening [17]. The docking 
scores reflect favorable predicted poses of ligands which 
can vary depending on the algorithms used [18]. By predic-
ting the molecular interaction between target and ligand, 

docking studies save us time, energy and resources and in 
turn accelerate the process of drug development. The PDB 
file of dengue viral proteins, Dengue virus 1 NS5 Methyl 
transferase (5IKM) was retrieved from the molecular data-
base RCSB (Research Collaboratory for Structural Bioin-
formatics). The associated ligand molecules and water 
molecules were removed using AutoDock-Tools (ADT) 
[19]. The preparation of target protein was done using Au-
toDock tools where hydrogen atoms were added at unful-
filled valencies to correct partial charges and merging of 
polar bonds was carried out. Visualization of ligand-pro-
tein interactions and docked poses was performed using 
the Biovia Discovery Studio Visualizer 2021 [20].

2.4. Statistical analysis
The statistical analyses in this study were conducted 

using advanced computational methods to evaluate the 
pharmacokinetic properties and interactions of Isoquer-
citrin with the Dengue virus NS5 methyltransferase. The 
Density Functional Theory (DFT) was employed to opti-
mize the molecular geometry of Isoquercitrin, allowing 
for a detailed investigation of its electronic structure, in-
cluding frontier molecular orbitals (HOMO and LUMO) 
and their energy gap, which was found to be 3.63 eV. This 
analysis provided insights into the compound's reactivity 
and stability. Additionally, in-silico ADME (Absorption, 
Distribution, Metabolism, and Excretion) screening was 
performed using the ADMET 2.0 platform, assessing para-
meters such as Caco-2 permeability and human intestinal 
absorption, which indicated promising drug-like characte-
ristics. Molecular docking simulations further elucidated 
the binding affinities between Isoquercitrin and its target 
protein, highlighting its potential as a therapeutic agent 
against dengue virus infections. The results collectively 
underscore the significance of Isoquercitrin's structural 
and electronic properties in drug development processes.

3. Results 
3.1. Sequence alignment & domain arrangement

The alignment of dengue NS5 methyltransferase do-
main was done by using bioinformatics tool CLUSTAL 
program (http://www. ebi.ac.uk). Here we identify the 
prediction of features. We highlighted the domain site in 
red color on the above region of align sequence and bin-
ding amino acid with specific position in green color in the 
below region of the align sequence (Figure 1A). Further, 
we draw a model with predicted features of the protein. 
Mostly we found that mRNA cap-binding site with K, F, E, 
R, amino acid on position 17, 28, 153, 214 in the sequence. 
S-adenosyl-L-methionine binding site with S, G, T, T, 
amino acid on position 59, 89, 107, 134. The binding site 
of Essential for 2'-O-methyltransferase activity with K, E, 
E with position 64, 183 and 219. mRNA cap binding; via 
carbonyl oxygen is located on 20 positions with L. The 
conserved motifs are boxed in pink colors, and the name of 
each amino acid in green box and position of amino acid in 
the sequence with yellowish color. The result reveals that 
the three major sites such as mRNA cap binding, S-ade-
nosyl-L-methionine, Essential for 2'-O-methyltransferase 
activity, and mRNA cap binding; via carbonyl oxygen (Fi-
gure 1B). Similarly, we also identified conserved domain 
(5-266 amino acid) with score = 115.957 (Figure 1C and 
D).
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with negative potential, are more susceptible to electro-
philic attacks, while blue regions, with positive potential, 
are more likely to undergo nucleophilic attacks. Interme-
diate colors signify a balance between these tendencies. 
The MEP of Isoquercitrin was calculated and is presented 
in Figure 3. The computed potential value of -9.662 × 10⁻² 
indicates that Isoquercitrin exhibits significant negative 
potential. Detailed analysis shows that red regions, indi-
cating greater susceptibility to electrophilic attack, are pri-
marily located around oxygen atoms, while yellow areas 
suggest potential sites for nucleophilic interactions.

3.4. ADMET analysis
These properties are critical in drug development, provi-

ding insights into how a compound enters the bloodstream, 
distributes through tissues, undergoes metabolic transfor-
mations, and is ultimately excreted. Such predictions are 
particularly valuable during the early stages of drug dis-
covery. The absorption phase evaluates parameters such 
as Caco-2 permeability, MDCK permeability, Pgp-inhibi-
tion, Pgp-substrate properties, human intestinal absorption 
(HIA), and oral bioavailability at F20% and F30%. The 
Caco-2 cell line, derived from human colon adenocarci-
noma cells, is a standard model for assessing drug per-
meability. Its permeability is expressed as the logarithm 
of centimeters per second (log cm/s), where values above 
-5.15 log cm/s indicate favorable permeability. Similarly, 
MDCK cells, commonly used to measure absorption and 

3.2. DFT analysis
A comprehensive study combining density functional 

theory (DFT) and molecular docking was conducted to 
investigate the reactivity, stability, and potential bioacti-
vity of Isoquercitrin. Chemical structure of Isoquercitrin 
is shown in Figure 2A. The geometry of Isoquercitrin was 
optimized to achieve stable conformations, as illustrated 
in Figure 2B. The analysis focused on frontier molecular 
orbitals, including the highest occupied molecular orbi-
tals (HOMO), the lowest unoccupied molecular orbitals 
(LUMO), and the energy gap between them. These para-
meters provide critical insights into molecular stability 
and reactivity [21-23]. HOMO acts as an electron donor, 
while LUMO serves as an electron acceptor. Compounds 
with smaller HOMO-LUMO energy gaps are generally 
associated with higher bioactivity, emphasizing variations 
in reactivity among the studied species [24,25,26]. The 
calculated energy gap of Isoquercitrin is 3.63 eV, respecti-
vely. Figure 2C illustrates the HOMO, LUMO, and energy 
gaps for this compound.

3.3. Molecular Electrostatic Potential map
The molecular electrostatic potential (MEP) provides a 

visual depiction of the distribution of positive and negative 
charges on molecular surfaces. The charge distribution is 
represented by different colors: red denotes regions of high 
negative potential, blue indicates areas of high positive po-
tential, and green and yellow correspond to intermediate 
potentials [27,28]. Regions with red coloration, associated 

Fig. 1. (A) Amino acid sequence alignment of the NS5 methyl trans-
ferase domain (B) Predicted features (C&D) Domain organization.

Fig. 2. (A) Chemical structure (B) B3LYP optimized structures of Iso-
quercitrin, (C) Computed HOMO-LUMO gap of Isoquercitrin.

Fig. 3. B3LYP computed MEPs of Isoquercitrin.
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blood-brain barrier penetration, evaluate permeability 
through the apparent permeability coefficient (Papp) in 
cm/s. Values exceeding 2 × 10⁻⁶ cm/s are considered indi-
cative of high permeability [29].

A Pgp-inhibitor is a compound that blocks the function 
of P-glycoprotein, a transporter protein responsible for 
recognizing and exporting various xenobiotics, many of 
which are also substrates of CYP3A4. The likelihood of a 
compound being a Pgp-inhibitor is scored on a scale from 
0 to 1: values between 0 and 0.3 indicate strong inhibition, 
0.3 to 0.7 signify moderate inhibition, and 0.7 to 1.0 reflect 
weak inhibition (++). Modulating P-glycoprotein activity 
can substantially affect the pharmacokinetics of Pgp-reco-
gnized compounds, influencing their therapeutic efficacy 
or potential contraindications. Similarly, the probability 
of a compound being a Pgp substrate is rated from 0 to 
1. Scores between 0 and 0.3 suggest a high likelihood of 
being a substrate, 0.3 to 0.7 indicate moderate likelihood 
and 0.7 to 1.0 imply low likelihood. Human intestinal ab-
sorption (HIA) is a critical parameter for evaluating the 
effectiveness of orally administered drugs. A strong cor-
relation exists between oral bioavailability and intestinal 
absorption, making HIA a reliable predictor of bioavaila-
bility. Molecules with absorption below 30% are typically 
considered poorly absorbed. The HIA score, ranging from 
0 to 1, indicates the likelihood of intestinal absorption: 
scores between 0 and 0.3 reflect excellent absorption, 0.3 
to 0.7 indicate moderate absorption, and 0.7 to 1.0 suggest 
poor absorption.

F20% is an essential parameter for assessing oral drugs, 
representing the likelihood of achieving 20% oral bioavai-
lability—a key indicator of a drug’s effectiveness in syste-
mic delivery. The F20% probability score, ranging from 0 
to 1, categorizes this likelihood: scores from 0 to 0.3 indi-
cate excellent probability, 0.3 to 0.7 reflect medium pro-
bability, and 0.7 to 1.0 (++ rating) signify poor probabi-
lity. Similarly, F30% evaluates the likelihood of achieving 
30% oral bioavailability, a crucial benchmark for systemic 
circulation effectiveness. Molecules with bioavailability 
exceeding 30% are deemed effective (F30%-). The F30% 
probability score, also on a 0 to 1 scale, follows the same 
categorization: 0 to 0.3 for excellent probability, 0.3 to 0.7 
for medium probability, and 0.7 to 1.0 for poor probability 
(++).

Drug distribution encompasses parameters such as 
Plasma Protein Binding (PPB), Volume of Distribution 
(VD), Blood-Brain Barrier (BBB) penetration, and Frac-
tion Unbound (Fu). Plasma Protein Binding (PPB) signi-
ficantly influences a drug’s uptake and distribution, as 
it affects the proportion of free drugs available for the-
rapeutic action. High PPB values, typically above 90%, 
can reduce the drug's effectiveness by limiting the active 
free concentration. An optimal PPB value is below 90% 
to maintain a suitable therapeutic index. Volume of Dis-
tribution (VD), expressed in liters per kilogram (L/kg), 
measures the extent of a drug's distribution throughout 
the body. It provides insights into tissue distribution and 
the pharmacokinetic profile, with appropriate VD values 
generally ranging between 0.04 and 20 L/kg. Blood-brain 
barrier (BBB) penetration is crucial for drugs targeting the 
central nervous system (CNS), determining whether the 
drug can effectively reach its active site. BBB penetration, 
measured in centimeters per second (cm/s), is classified 
as excellent (0 to 0.3), medium (0.3 to 0.7), or poor (++ 

rating, 0.7 to 1.0). Drugs in plasma exist in bound and 
unbound forms. Binding to plasma proteins reduces the 
concentration of the free, active form of the drug, there-
by impacting its therapeutic efficacy. A balance between 
bound and unbound forms is critical for achieving optimal 
pharmacological action.

The Fraction Unbound (Fu) value indicates the propor-
tion of a drug that remains unbound in plasma. Fu values 
are categorized as high if they exceed 20%, medium if they 
range between 5% and 20%, and low if they are below 5%. 
Values of 5% or more are considered excellent, while those 
below 5% are deemed poor. Drug metabolism is evaluated 
by examining the inhibition of key cytochrome enzymes, 
including CYP1A2, CYP2C19, CYP2C9, CYP2D6, and 
CYP3A4. Metabolism occurs in two phases: phase I (oxi-
dative reactions) and phase II (conjugative reactions). 
The cytochrome P450 enzyme family, comprising 57 iso-
zymes, is responsible for metabolizing approximately two-
thirds of known drugs. Of these, five enzymes-CYP1A2, 

Species Isoquercitrin 
MW 464.1
H-bond acceptors 12
H-bond donors 8
Rotatable bond 5
TPSA 210.51
Log S -3.915
Log P 0.529
Caco-2 Permeability -6.325
MDCK Permeability 8e-06
Pgp-inhibitor 0.01
Pgp-substrate 0.9689
HIA 0.687
F20% 0.272
F30% 0.998
PPB 88.69%
VD 0.917
BBB Penetration 0.017
Fu 13.78 %
CYP1A2 inhibitor 0.34
CYP2C19 inhibitor 0.021
CYP2C9 inhibitor 0.052
CYP2D6 inhibitor 0.092
CYP3A4 inhibitor 0.118
CL 5.029
T1/2 0.823

Table 1. ADMET analysis of isoquercitrin.

[MW=Molecular Weight, TPSA= Topological polar surface area, 
Log S= logarithm of aqueous solubility value, Log P= logarithm of 
the n-octanol/water distribution coefficient, Caco-2= human colon 
adenocarcinoma cell lines, MDCK= Madin−Darby Canine Kidney 
cells, Pgp= P-glycoprotein, HIA= Human intestinal absorption, F20%= 
human oral bioavailability 20%, F30%= human oral bioavailability 
30%, PPB= Plasma protein binding, VD=Volume Distribution, BBB= 
blood–brain barrier, Fu= fraction unbound, CL= clearance of a drug, 
T1/2= half-life of a drug. For the classification endpoints, the prediction 
probability values are transformed into six symbols: 0-0.1(---), 0.1-
0.3(--), 0.3-0.5(-), 0.5-0.7(+), 0.7-0.9(++), 0.9-1(+++)].
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CYP3A4, CYP2C9, CYP2C19, and CYP2D6—account 
for 80% of drug metabolism. The likelihood of enzyme 
inhibition is expressed as a probability value ranging from 
0 to 1. Excretion is assessed through drug clearance (CL) 
and half-life (T₁/₂). Clearance, a critical determinant of 
drug effectiveness, is measured in milliliters per minute 
per kilogram (ml/min/kg). High clearance is defined as a 
value exceeding 15 ml/min/kg, moderate clearance ranges 
from 5 to 15 ml/min/kg, and low clearance falls below 5 
ml/min/kg. A clearance value of 5 ml/min/kg or higher is 
generally considered excellent, while values below this 
threshold are poor. The half-life (T₁/₂) reflects the time re-
quired for the drug’s concentration in the body to decrease 
by half, influenced by both clearance and volume of dis-
tribution. The half-life is classified on a scale from 0 to 1, 
where 0 to 0.3 indicates excellent, 0.3 to 0.7 represents 
medium, and 0.7 to 1.0 (++ rating) signifies poor.

The ADME analysis results are summarized in Table 1.
Isoquercitrin exhibits the following properties: it has 

twelve hydrogen bond acceptors, eight hydrogen bond 
donors, and five rotatable bonds. Absorption analysis in-
dicates excellent Caco-2 permeability (-6.325), P-glyco-
protein (Pgp) shows good inhibition (0.01), and moderate 
potential as a Pgp substrate (0.9689). Human intestinal 
absorption (HIA), along with fraction absorbed at 20% 
(F20%) and 30% (F30%), is excellent (0–0.1). Distribution 
analysis reveals optimal plasma protein binding (PPB) at 
88.69%, excellent volume of distribution (VD), and effec-
tive blood-brain barrier (BBB) penetration. The fraction 
unbound (Fu) is moderate at 13.78%. Metabolism ana-
lysis shows that Isoquercitrin strongly inhibits CYP2C9, 
CYP2C19, CYP3A4, CYP1A2 and CYP2D6. Excretion 
analysis reveals moderate clearance (CL) at 5.029 ml/min/
kg and a long half-life (T₁/₂) of 0.823.

3.5. Molecular docking analysis
The molecular docking analysis revealed specific inte-

ractions between the Isoquercitrin and the amino acid resi-
dues of the target protein {Dengue virus 1 NS5 Methyl 
transferase (5IKM)} [30]. After calculating Gasteiger 
charges of each atom of the molecule and total energy, 
the charged protein was saved as a PDBQT file. Prior to 
docking, water molecules were removed, and the grid box 
was defined with dimensions 30 × 30 × 30 Å, cantered at 
coordinates X = 9.339, Y = 23.565, Z = 24.355, encom-
passing the residues of the protein's active site. The doc-
ked models were evaluated to determine binding affinities 
and the nature of intermolecular interactions between Iso-
quercitrin and the protein. By analysing preferred binding 
orientations, a variety of ligand-protein interactions were 
identified. Compound demonstrating strong interactions 
with the target protein was considered effective in the doc-
king process.

The study confirmed that Isoquercitrin established bin-
ding interactions with the target protein. Figure 4 presents 
3D and 2D visualizations of the ligand-protein interactions 
for Isoquercitrin. Binding affinity values across nine bin-
ding modes were recorded as -9.7, -9.3, -9.2, -9.0, -8.9, 
-8.9, -8.8, -8.8, and -8.6kcal/mol. The conformation with 
the most negative binding energy (-9.7 kcal/mol) repre-
sents the highest binding affinity. Key interactions for 
Isoquercitrin include hydrogen bonding, carbon-hydrogen 
bonds, and π-sigma and π-alkyl interactions. This study 
emphasizes the critical roles of hydrogen bonding, π-alkyl, 

and π-sigma interactions in stabilizing the ligand-protein 
complexes.

4. Discussion
The possible therapeutic profits of isoquercitrin, a fla-

vonoid glycoside, have wan care to its examination, par-
ticularly in the fight in contradiction of viral infections. 
Isoquercitrin conjugated aromatic ring system & hydroxyl 
groups are two crucial appearances exposed through its 
electrical structure & contribute to its biological action. 
These structural components suggestively influence its 
antiviral, anti-inflammatory, & antioxidant qualities. The 
electronic structure of isoquercitrin marks its capacity to 
interact with biological targets through making it informal 
to attach to proteins & enzymes concerned in disease pro-
cesses, like the Dengue virus 1 NS5 methyltransferase.

The absorption, distribution, metabolism, and excretion 
(ADME) characteristics of isoquercitrin are important to 
its potential as a medicinal agent. As an auspicious option 
for therapeutic progress, isoquercitrin has a satisfactory 
bioavailability & is absorbed resourcefully. Its metabolic 
routes & any interactions with other drugs, however, are 
necessary to be considered further.

The title compound was optimized using the DFT/
B3LYP/6-31g level of theory, providing valuable insights 
into its stability and reactivity. Based on the computed 
energy gap, selected compound emerged as the reactive 
with computed energy gap of 3.63 eV. Molecular electros-
tatic potential (MEP) maps indicated that Isoquercitrin ex-
hibits the negative potential region. The calculated binding 
energy for the docked compound was -9.7 kcal/mol. This 
negative value indicates strong protein-binding potential 
of Isoquercitrin. Key interactions, including hydrogen 
bonding, π-alkyl, and π-sigma interactions, play crucial 
roles in stabilizing the binding of these compounds to the 
protein. Isoquercitrin primarily engages in hydrogen bon-
ding and π-alkyl interactions. This analysis underscores 
the importance of specific interactions—such as hydrogen 
bonding, π-alkyl, and π-sigma forces in facilitating strong 
ligand-protein binding and highlights the good binding 
efficiency of Isoquercitrin.

The ADME analysis of Isoquercitrin offers valuable 
insights into its unique properties and potential applica-
tions. It exhibits excellent permeability, distribution, and 
metabolic stability, positioning it as a strong candidate for 
further research. Meanwhile, Isoquercitrin shows strong 
P-glycoprotein inhibition and notable distribution and me-
tabolism-related characteristics. These ADME profiles are 
critical for assessing the pharmacokinetic potential of the 
compounds and their suitability for therapeutic applica-
tions. Further research into these properties is expected to 
inform drug development and influence future therapeutic 
strategies.

4.1. Importance of the research and current trends:
The research on dengue virus (DENV) NS5 methyl-

transferase (MTase) as a therapeutic target is critical due 
to the increasing global prevalence of mosquito-borne 
diseases and the absence of effective antiviral treatments. 
With millions of dengue cases annually, targeting the high-
ly conserved NS5 protein, which plays a vital role in viral 
replication and immune evasion, holds significant promise 
for broad-spectrum antiviral therapies [31].
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4.2. Importance of the research
The study highlights the potential of Isoquercitrin, a 

natural flavonoid, as a promising inhibitor of NS5 MTase. 
This compound’s chemical structure and pharmacokinetic 
properties have been evaluated using advanced computa-
tional techniques, including molecular docking and Densi-
ty Functional Theory (DFT) [36]. Molecular docking stu-
dies, such as those that identified inhibitors for Japanese 
Encephalitis Virus proteins, demonstrate the versatility of 
these methods in antiviral drug discovery [32-42].

Research on the gene expression profiling and functio-
nal annotation of dengue virus proteins further strengthens 
the understanding of the molecular mechanisms under-
lying its pathogenicity. Such investigations provide a solid 
foundation for designing targeted antiviral interventions 
[38]. Moreover, studies focusing on methyltransferase 
activity in DENV RNA viruses showcase the critical role 
of this enzyme in the viral lifecycle and highlight it as a 
viable drug target [37].

Structural studies on protein microtubules, particularly 
at the nano-scale level, contribute valuable insights into 
cellular mechanics and drug interactions. For instance, the 
analysis of microtubule buckling and vibrational proper-
ties offers guidance for designing drugs that disrupt viral 
replication without compromising cellular integrity [41]. 
Investigations into thermal stress effects on microtubules 
also provide a foundation for understanding how cellular 
mechanics are affected under disease conditions, which 
may influence future therapeutic strategies [35].
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