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Prediction of Lead Molecule Esculetin of
TridaxProcumbens Against Zika Virus Envelope
Protein

ABSTRACT

In the existing field of science, it is necessary for Siddha, Ayurveda therapists, to understand the
interactions and to treat the target regions of the human system effectively. One of the most significant
nightmares for scientists and medical professionals has been the Zika virus. Since the bite of the Aedes
mosquito species has infected people worldwide with the Zika virus (Flavivirus). The human mechanism
and infection control interactions of the Zika virus are still unclear. In addition, some herbal products may
give a pathway to the treat the zika virus. Many herbs aim to regulate various diseases, but the herb
Tridax procumbens has a key collection of pharmacological values for diseases. Traditional health
practitioners have struggled to grasp the precise mechanism of linking existence and how to treat the
disease, so the current Ayurinformatics approach and the evolving field are an idea of a modern medical
science system. Here we examine the interaction of flavonoids procumbenetin and esculetin of Tridax
procumbens with zika virus in silico docking and molecular simulation and ADME and toxicity profile for
the drug candidate.Hereby we conclude that these two compounds have the property to suppress the
ZIKA virus and are stable and active with ZIKA virus. Molecular docking of Esculetin and Procumbenetin
with ZIKV 5JHM, they bind with each other on active site pockets ASP98, ARG99, GLY100, TRP101,
GLY102, ASN103, GLY104, CYS105, GLY106, LEU107, PHE108, GLY109.
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1. INTRODUCTION

Tridax procumbens a perennial,;annual -creeper herb that lives only for a short period and it was globally distributed.
Stems are hairy and branched, ascending with the simple opposite petiole leaves. Flower heads were long stalks yellow
rounded three toothed ray florets [1]. Several biological active compounds of herbs were isolated and involved in various
pharmacological activities.. Secondary metabolites have various medicinal activities like dysentery, wound healing,
stomachache, malaria, blood pressure and some viruses [2] used in the Indian traditional medicine system [3]. Alkaloids,
carotenoids, flavonoids, saponins, and tanninsm [4] from Tridax procumbens played a major role in drug discovery.The
Zika virus's status :both domestically and internationally has changed significantly in recent years. World health
organization (WHQ) identified that the Zika has mostly subsided after the severe outbreaks in 2015-2016, which affected
more than 80 countries, while transmission is still occasionally active in some areas. There haven't been any reports of
local mesquite-borne Zika transmission in the US since 2018, and the cases that are occurring now are either connected
to travel or,come from other sources, such as sexual transmission.

Nowadays, Zika viruses are a major threat of full disease in India, which persists in the human body for several days to a
week, and:once the individual was affected, they are protected from other infections such as neurologic complications [5].
So far, no vaccine or drugs to cure ZIKA virus-infected individuals. Zika virus is a mosquito borne flavivirus [6]. The
flavivirus has several proteins responsible for the infection, but envelope glycoprotein is responsible for entering the virus
for the infection and targets of neutralizing antibodies for other flaviviruses [7]. In the medical system field, medical
informatics cannot be given to all emerging areas of Ayurveda because it varies from the modern system's concepts,



though the aim was like that to give relief from pain or disease. So, the use of the recent emerging Ayurinformatics
approach will help to bridge a link between the ancient system and the modern system of medicine. The docking tool was
used to predict the preferred orientation of one molecule with respect to another molecule when they bound each other for
a stable complex with a minimum energy level [8]. Here, the aim of the present study was to investigate the interaction of
Tridax procumbens flavonoids procumbenetin and esculetin with (ZIKV) Zika flavivirus viral envelope protein using in silico
docking, molecular simulation and insilico toxicological profile prediction for the initial stage of drug development.]

2. MATERIAL AND METHODS

Tridax procumbens flavonoids compounds as ligands selected for the study were esculetin and Procumbenetin. The
esculetin ligand structure and physiochemical properties were retrieved from Pubchem database CID: 5281416 (Figure 1).
PubChem was a universal public database used to search a broad range of properties [9]. The Procumbenetin chemical
structure was designed based on the chemical formula [10] using CHEMSKTECH software. The physical properties were
identified, such as molecular formula, weight, composition, molar refractivity, molar volume, parachor; index refraction,
surface tension, density, dielectric constant, polarity, and mass.

The 3-Dimentsional structure of Zika virus (ZIKV) envelope glycoprotein was retrieved from the protein data bank (PDB)
database [11]. The structure of Procumbenetin and Esculetin was represented in Figure 1 and Figure 2 respectively. The
RCSB PDB operated by US data center for the global PDB archive enables the 3D structure with functional properties.
The PDB ID used was 5JHM (Figure 3).
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Fig.1 Procumbenetin Fig.2 Esculetin

Fig.3 5JHM
(ZIKV- Envelope Protein)
Molecular docking studies were performed using commercial software suite SYBYL-X 1.3 software. This software
expedites molecular modeling/computational chemistry and other discovery works from high throughput screening to late
lead optimization. Here we used to predict the small molecules such as drug candidate interaction and receptor binding.



The ligands esculetin and procumbenetin were predicted for the binding orientation against the target Zika virus to
estimate the affinity and activity of the molecule.

Discovery studio visualizer 3.1 software suite created by Accelrys to visualize, analyze, and share biological and chemical
active substances. The software was used to view 3D graphic sequences, SMILES, Structure binding, editing and
analysis functionally. This suite was very useful for drug discovery. The suite generates receptor-ligand binding
interaction plot and patterns between ligand and the protein. The Molecular dynamic and simulation annealing was
performed to determine the ZIKV protein and esculetin complex’s stability. The simulation was carried out for 150ns to
identify the structural transition in envelope protein. The analysis was performed using g_rms, g_rmsf, and g_hbond
GROMACS, root mean square fluctuation (RMSF), the root mean square deviation (RMSD), and the number of H-bonds
between the ligand and the zika was obtained.

The insilico toxicological profiles were predicted using online software tools SwissADME and ProTox-1l. The SwissADME
was used to evaluate Physical chemical properties, Lipophilicity, water solubility, Pharmacokinetics, .Drug likeness and
medicinal chemistry12. ProTox-II for the prediction of toxicities like LD50, Toxicity Class, Organ toxicity, Carcinogenecity,
Immunotoxicity, Mutagenicity, Cytotoxicity and Androgen receptor13).

3. RESULTS AND DISCUSSION

Molecular docking of Esculetin and Procumbenetin showed interaction with ZIKV 5JHM envelope protein using SYBYL
Software, which predicted the interactions between each other through some parameters. The total score was expressed
as —log (Kd) and it includes the crash score between ligand atoms that are-separated by rotatable bonds (Table 1 & 2).

Table 1: Properties Of Esculetin

Properties Values Properties

Molecular weight (g/mol) 178.143  Molecular weight (g/mal)
Hydrogen bond donor count 2 Hydrogen bond donor count
Hydrogen bond acceptor count 4 Hydrogen bond acceptor count
Complexity 248 Complexity

Topological polar surface area 66.8 A Topological polar surface area

Table 2: Properties Of Envelope Protein

Chain Residue Carbon Nitrogen OxygenTotal Water molecules
A 391 1867 521 575 2988 128
B 390 1860 519 571 2975 145

The binding affinity was-represented in which procumbenetin interacted with the residues like LYS-110, ASP-98 and ARG-
99. LYS-110 was an essential compound involved in the formation of a double trimmer complex (Figure 4 a & b).



Fig 4a: Docking interaction of procumbentin Fig 4b: Binding pocket of procumbentin.vs Zika
vs Zika

The observed bond length was 2.8, 2.9, 2.9 and 3.5. This shows the hydrogen<bonding affinity with some close
interaction. It was reported that LYS-110 is a crucial proliferating cell nuclear.antigen.(PCNA) target sequence for
replication and repair foci. LYS-110 was located near the nuclear localization region.-The activation of LYS-110 was
known to cause mutations in the heterochemical region of PCNA. PCNA was involved in a wide spectrum of cellular
functions, including DNA replication, repair, and epigenetic maintenance [14]. The docking result has shown the potential
activity of procumbenetin in binding with LYS-110, predicting the inhibiting capacity of procumbenetin on LYS-110. ASP-
98 structurally analogous to the proton-abstracting residues found in the zinc-containing enzymes, suggesting a related
role for this residue. ASP-98 has been suggested to act as part of a proton shuttling pathway to this residue. ASP-98 is
reported to alter nitrite binding. The activation of ASP-98 would result in"'the formation of mutation at the extracellular
boundary of transmembrane helix 2 that reduces gonadotropin-releasing hormone activity. Nitrite was responsible for cell
damage, increasing the methemoglobin level and leading.to the development of cancer [15]. The docking result has
shown the interaction of procumbenetin with ASP-98. They must be further analyzed to find its potential or inhibiting
activity so that the clear role of procumbenetin<on ASP-98 can be explained. ARG-99 was a derivate of ARG that has a
crucial role in the protein-protein interface. It can enhance hydration, maintain access to water, and contact polar head
groups to stabilize the charged form. It hasa unique capacity to retain its charge in environments expected to promote the
neutral form. It was the right choice when a biochemical function requires the presence of charge in hydrophobic
environments [16]. The interaction of procumbenetin with ARG-99 was observed in our study that could be further clarified
to find its potential or inhibiting activity. The nitrating binding affinity of procumbenetin with LYS-110, ASP-98 and ARG-99
could be positive or negative, which must be further analyzed. Its interaction could help enhance the potential activity of
the residues on interaction or the harmful.activity of the residue. The pharmacological activities of procumbenetin include
insecticidal, hypotensive, leishmanicidal, wound healing, hair growth-promoting, anti-inflammatory, immunomodulatory
and hepatoprotective [17].Procumbens was a very promising species that produce secondary metabolites reported to
have a variety of medicinal uses. Its properties also include high blood pressure, anti-anemic, gastrointestinal, anti-
diabetic respiratory: infections; and anesthetic properties. This species has a long history of traditional use by different
communities [18].

The predicted active sites. are A/ASP98, A/IARG99, A/GLY100, A/TRP101, A/GLY102, AJASN103, A/GLY104, A/CYS105,
A/GLY106, A/LEU107, A/IPHE108, A/GLY109. Our docking research article has discussed the importance of interacting
residues with esculetin like GLY 109, ASP-98 and ARG-99. It has other potential active sites like ASP98, GLY100,
TRP101, GLY102, ASN103, GLY104, CYS105, GLY106, LEU107 and PHE108. ASP98 was a protein trimmer present at
3 A sphere [19]. GLY100 has the role in destabilizing the pyrophosphatases globular structure [20]. TRP101 plays a vital
role in. maintaining a defined phosphoserine aminotransferase microenvironment essentially required for optimal
enzymaticiactivity [21]. A study has confirmed GLY 104 in the interaction, making it stable and emerging as hotspots in
the antigen—EDE antibody association related to dengue fever [22]. The role of other residues is not yet clearly known A
study on Zika virus stated that the decoding LYS28, ASN17, PHE24, ARG213, LYS29, GLY81, SER150, SER215,
SER56, GLY106, ARG84, TRP87, THR104, ASP146, GLY107, HIS110, ILE147 and GLY148 might be the potential target
for zika virus drug [23].

The Esculetin showed a total score of 2.8065 and a crash score of -0.7647 than procumbenetin of 1.7476 and -1.1283.
This was due to the degree of penetration by the ligand into the protein. A crash score close to 0 was favorable and a



negative number indicates good penetration with the ligands Esculetin molecule. The D score of -42.8704 and -12.8443
chemscore of Esculetin denotes the charge and van der Waals good interactions between the protein and the ligand and
hydrogen bonding, metal-ligand interaction, lipophilic contact, rotational entropy, along with an intercept than
procumbenetin molecule. Esculetin had the interaction with the residues like GLY 109, ASP-98 and ARG-99 with the
following bond length 3.5, 3.1, 3.2 and 3.0 (Figure 5).

GLY-109 residue may forbid the formation of this bond due to steric hindrance [24]. It can also lead to its replacement by
one of eight bulkier residues that could result in collagen disease termed osteogenesis imperfect [25]. Our docking result
has shown the binding affinity of esculetin with GLY-109 that might have the potential in supporting the activity of GLY-
109. Like procumbenetin, esculetin had also shown the interaction with ASP-98 and ARG-99. Its potential activity must be
further analyzed. The bond length represents that the interaction was within the hydrogen bond length.: The, typical
hydrogen bond length was between 2.8 to 3.5 A, where above 3.0 was the critical configuration barrier. Lower:Van der
Waals energy denotes the impact of hydrogen bond activity of these compounds during protein:or enzyme interaction.
Hydrogen bond with the active site of the target macromolecule will result in a high Glide: score... The farmation of
hydrogen bonds in docking results could predict its potential binding affinity that can not be easily broken by external force
[26]. Multiple molecular analysis has stated that the incidence of hydrogen bonds and ranges are key factors affecting the
binding interactions of the ligand-receptor interaction [27]. In our docking result, the bond length varies from 3.0, 3.1, 3.2
and 3.5 (Figure 5a, b & c¢). The simulated results show the bond length of 3.0, 3.0,.3.3 and 3.6. The bond length of 3.0
was difficult to compare to the bond length of 3.5. This shows the potential binding affinity. As discussed above, the bind
could enhance the potential activity of the compound or could suppress the harmful effect of the compound that must be
studied further. A recent study on esculetin has shown its anti-tumor efficacy on loading to Polylactide-co-glycolide nano-
micelles and nano-encapsulation against its cytotoxic activity on in vitro model [28]. Esculetin was reported to be an anti-
inflammatory drug for treating bowel disease inflammation that was studied on the rat model through colon cytokine
analysis [29]. It was also reported to have potential activity against antisproliferative and cell death with other
pharmacological properties like anti-edema, anti-inflammatory and anti-tumaor [30].

Stable interaction was found in the ZIKV protein residues ASP 98 and ARG 99. Outcomes showed that esculetin has
remained stable at 310 K with residues in ZIKV protein ASP 98 and’ARG. 99 for 150ns. No modifications are produced
between the ZIKV protein and tannic acid in the bond distance and angle. Although the protein undergoes confirmation
change during annealing, it does not impact the interacted residues between the tannic acid-protein complexes. Also, the
polar range did not go beyond 3.9 A. Thus, the simulation analysis suggests that the structure was stable and not
affected. The above Graph of RMSD and Radius of Gyration retained its values where RMSD did not cross 2A from its
initial configuration, and gyration was maintained at20A. So, the molecule was stable. Root mean square deviation
(RMSD) of atoms ZIKA protein — Esculetin docked complexes at 310K (Figure 6 2, b & c).

\
Fig 5a: Docking interaction of Fig 5b: Docking interaction of esculetin vs
esculetin vs Zika (Annealing result) Zika (Simulation result)



Fig 6a: Simulation Pocket
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Fig 6¢: Radius of Gyration and Retained value of RMSD all Ca atoms of the ZIKA
protein and - ESCULETIN complex

The rise in the binding energy represents the possibility of a new type of binding in the energetically favorable region. The
shift in the value:leads to a stronger binding of ligands. This binding flexibility was due to the high hydrophilic nature of the
ligands and binding site [31]. The docking of a molecule in a protein-binding domain was a robust technique to elucidate
the appropriate binding pose between a numbers of predicted compound poses. Molecular recognition of viral protease-
ligand complex at the atomic level was also determined by analyzing the bound conformation of the ligands [32]. The
compounds were well positioned at the active site, fully occupying the binding pocket. The docking study led to the
prediction‘that the molecules interact with the zika hydrolase binding domine through the residues ASP 98 and ARG 99.
Intermolecular H-binding between ligand and protein plays a crucial role in stabilizing protein-ligand compounds [33]. The
stability of the hydrogen bond network formed at room temperature was calculated throughout the 150 ns simulation
period.

ADME, which stands for Absorption, Distribution, Metabolism, and Excretion, refers to the pharmacokinetic processes that
a drug or substance undergoes within the body. Understanding the ADME profile of a compound was essential for
assessing its potential therapeutic uses, as well as its toxicity. The physico-chemical properties indicated the molecular



weight (524.43g/mol); number of heavy atoms (37); number of aromatic heavy atoms (16); number of rotatable bonds (6);
number of hydrogen bond acceptors (14); number of hydrogen donors (8); molar refractivity (123.14). Water solubility
showed 3.28e-01mg/MI and soluble in nature. The pharmacokinetics exhibited the results on GI absorption was too low;
no BBB permanent; with P-gp substrate and no CYP1A2, CYP2C19, CYP2C9, CYP2D6 and CYP3A4 inhibitors. The drug
likeness bioavailability score showed 0.17.

The toxicity profile for the molecules revealed cytotoxicity and immunotoxicity. No hepatotoxicity. Carcinogenicity,
mutagenicity, androgen receptor, estrogen receptor, peroxisome proliferator activated receptor gamma, heat shock factor

response element, mitochondrial membrane potential. Further in-vivo studies fetch the exact scenario on the toxicity
(Figure 7).
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Fig 7 : Radar Chart for Toxicity
Specific impact on esculetin's absorption was uncertain. However, with specific in-vitro data on esculetin, was challenging
to determine its distribution characteristics accurately. The specific isoforms involved and the resulting metabolites of
esculetin remain largely unknown. The ADME properties and toxicity profile of Zika protein esculetin are well-established
through computational approaches. Further research was needed to elucidate its ADME behavior and evaluate its toxicity,
ensuring a comprehensive understanding of its safety and potential therapeutic applications. Previous literaturesrevealed
that some 17 biologically active quinazoline derivatives virtually screened with the Mpro, PLpro, RdRp, and Spike proteins
of SARS-CoV-2. ADMET, toxicity, and drug-likeness properties of these compounds[34].Prior to preclinical and clinical



research, ayurinformatics research investigations can be crucial in the creation of novel Ayurvedic medicine moieties.
since a well-established method for drug development is a demanding, protracted, and multidisciplinary endeavor[35].

4. CONCLUSION

In the current study, esculetin showed better scores on the interaction parameters compared to procumbenetin molecule.
However, both Procumbenetin and Esculetin bind with zika virus envelope region. The ZIKA envelope docked active
region sites with Esculetin were on the region of GLY 109, ASP 98 and ARG 99. Hereby we conclude that these two
compounds have the property to suppress the ZIKA virus and are stable and active with ZIKA virus. Molecular docking of
Esculetin and Procumbenetin with ZIKV 5JHM, they bind with each other on active site pockets ASP98, ARG99, GLY100,
TRP101, GLY102, ASN103, GLY104, CYS105, GLY106, LEU107, PHE108, GLY109. The interaction results are neutral,
which means not too good interaction nor not too bad interaction. The molecular dynamics and" stimulation:studies
demonstrated that the complex of esculetin with zika at the residues ASP-98 and ARG 99 (esculetin) was, stable in the
time of 150 ns. The toxicity profile for the molecules revealed the adverse effects on cytotoxicity and immunotoxicity. No
hepatotoxicity. Carcinogenicity, mutagenicity, androgen receptor, estrogen receptor. Further.need an in-vitro and in-vivo
model to know the exact mechanism.

CONSENT
None to declare.



ETHICAL APPROVAL
None to declare.

REFERENCES
1 Pittu, V., K, R., B, B., Beevi, S., Devi, P., Avanapu, S.R. In vitro anti-cancer activity of aqueous and acetone
extracts of Tridax procumbens leaf on PC 3 cell lines. Int. J. Pharm. Pharm. Sci. . 2011; 3, 356-358.

2 Das, S., Natural therapeutics for urinary tract infections—a review. Future J. Pharm. Sci. 2020; 6, 64.

3 Ravishankar, B., Shukla, V., Indian Systems of Medicine: A Brief Profile. Afr. J. Tradit. Complement. Altern. Med.
2007; 4, 319-337.

4 Falade, T., Ishola, I.O., Akinleye, M.O., Oladimeji-Salami, J.A., Adeyemi, O.0., Antinociceptive and anti-arthritic
effects of aqueous whole plant extract of Trianthemaportulacastrum in rodents: Possible. mechanisms:of action. J.
Ethnopharmacol. 2019;238, 111831.

5 Noorbakhsh, F., Abdolmohammadi, K., Fatahi, Y., Dalili, H., Rasoolinejad, M., Rezaei, F., Salehi-Vaziri, M.,
Shafiei-Jandaghi, N.Z., Gooshki, E.S., Zaim, M., Nicknam, M.H., Zika Virus Infection, Basic and Clinical Aspects: A
Review Article. Iran. J. Public Health. 2019; 48, 20-31.

6 Ali, A., Wahid, B., Rafique, S., Idrees, M., Advances in research on Zika virus. Asian Pac. J. Trop. Med. 2017 ;10,
321-331.

7 Plourde, A.R., Bloch, E.M.,.A Literature Review of Zika Virus. Emerg. Infect. 2016; Dis. 22, 1185-1192.

8 Rath, L. Ayurinformatics- The application of bioinformatics in the ayurvedic system of medicine, Proceedings - 9th

International Conference on Information Technology, ICIT-2006.
9 www.ncbi.nim. nih.gov/pubchem.

10 Mohammed Ali, Earla Ravinder, Ramidi Ramachandran., 2001.A new flavonoid from the aerial parts of Tridax
procumbens. Fitoterapia.2001; 72,3,313-315

11 www.rcsb.pdb

12 Antoine Daina, Olivier Michielin and Vincent Zoete. SwissADME: a free web tool to evaluate pharmacokinetics,
drug-likeness and medicinal chemistry friendliness of small molecules. Sci. Rep. 2017; 7:42717.

13 Banerjee P., Eckert O.A., Schrey AK., Preissner R. ProTox-Il: a webserver for the prediction of toxicity of
chemicals. Nucleic Acids Res.2018; 2;46(W1):W257-W263.

14 Kim, B.J., Lee, H}; Lys-110 is essential for targeting PCNA to replication and repair foci, and the K110A mutant
activates apoptosis. Biol. Cell. 2008; 100, 675-686.

15 Flanagan, C., Rodic, V., Konvicka, K., Yuen, T., Chi, L., Rivier, J., Millar, R., Weinstein, H., Sealfon, S., 2000.
Multiple Interactions of the Asp 2.61(98) Side Chain of the Gonadotropin-Releasing Hormone Receptor Contribute
Differentially to.Ligand Interaction T. Biochemistry. 2000; 39, 8133-41.

16 Harms, M.J., Schlessman, J.L., Sue, G.R., Garcia-Moreno E., B., Arginine residues at internal positions in a
protein are always charged. Proc. Natl. Acad. Sci. U. S. A. 2011, 108, 18954-18959

17 Agrawal, S., Mohale, D., Talele, G., Pharmacological activities of Tridax procumbens (Asteraceae). Med. Plants -
Int. J. Phytomedicines Relat. Ind. 2010; 2, 73.

18 Beck, S., Mathison, H., Todorov, T., Calderon-Juarez, E.-A., Kopp, O., A Review of Medicinal Uses and
Pharmacological Activities of Tridax Procumbens (L.). J. Plant Stud. 2018; 7, 19.



19 Sen, K., Horrell, S., Kekilli, D., Yong, C.W., Keal, T.W., Atakisi, H., Moreau, D.W., Thorne, R.E., Hough, M.A,,
Strange, R.W. Active-site protein dynamics and solvent accessibility in native Achromobactercycloclastes copper nitrite
reductase. IUCrJ 2017; 4, 495-505.

20 Moiseev, V.M., Rodina, E.V., Kurilova, S.A., Vorobyeva, N.N., Nazarova, T.l., Avaeva, S.M. Substitutions of
glycine residues Gly1l00 and Glyl147 in conservative loops decrease rates of conformational rearrangements of
Escherichia coli inorganic pyrophosphatase. Biochem. Biokhimiia 2005; 70, 858—-866.

21 Mishra, V., Kumar, A., Ali, V., Nozaki, T., Zhang, K.Y.J., Bhakuni, V. Role of conserved active site tryptophan-101
in functional activity and stability of phosphoserine aminotransferase from an enteric human parasite. Amino Acids 2012;
43, 483-491.

22 Lapelosa, M., Burrone, O., Rocchia, W. Specific Residue Interactions Regulate the Binding of Dengue Antigens to
Broadly Neutralizing EDE Antibodies. Chemistry Open 2018; 7, 604—610.

23 Chuang, C.-H., Chiou, S., Cheng, T.-L., Wang, Y.T. A molecular dynamics simulation study decodes the Zika
virus NS5 methyltransferase bound to SAH and RNA analogue. Sci. Rep. 2018; 8, 6336.

24 Shinde, R.N., Karthikeyan, S., Singh, B. Molecular dynamics studies unravel, role of conserved residues
responsible for movement of ions into active site of DHBPS. Sci. Rep. 2017; 7, 40452.

25 Cheng, H., Rashid, S., Yu, Z., Yoshizumi, A., Hwang, E., Brodsky, B. Location of Glycine Mutations within a
Bacterial Collagen Protein Affects Degree of Disruption of Triple-helix Folding and Conformation. J. Biol. Chem. 2011,
286, 2041-2046.

26 Manogar, P., Vijayakumar, S., Rajalakshmi, S., Pugazhenthi, M., Praseetha, P.K., Jayanthi, S., In silico studies on
CNR1 receptor and effective cyanobacterial drugs: Homology modelling, molecular docking and molecular dynamic
simulations. Gene Rep. 2019; 17, 100505.

27 Pushyarag P Venugopal and Debashree Chakraborty. Molecular mechanism of inhibition of COVID-19 main
protease by B-adrenoceptor agonists and adenosine deaminase ‘inhibitors using insilico methods. J Bio Struct Dyn.
2020;1-16

28 Kacar, AK., Bahadori, F., Tekkeli; S.E:K., Topcu, G., Bolkent, S. Investigation of cell death mechanism and
activity of esculetin-loaded PLGA nanoparticles on insulinoma cells in vitro. J. Pharm. Pharmacol. 2020; 72, 592—-606.

29 Witaicenis, A., Luchini, A.C.;Hiruma-Lima, C.A., Felisbino, S.L., Justulin, L.A., Garrido-Mesa, N., Utrilla, P.,
Galvez, J., Di Stasi, L.C. Mechanism and Effect of Esculetin in an Experimental Animal Model of Inflammatory
Bowel Disease. Eur. J. Inflamm. 2013; 11, 433— 446.

30 Jeon, Y.-J., Jang, J.-Y. Shim, J.-H., Myung, P.K., Chae, J.-l. Esculetin, a Coumarin Derivative, Exhibits Anti-
proliferative and Pro-apoptetic Activity in G361 Human Malignant Melanoma. J. Cancer Prev. 2015; 20, 106-112.

31 Ajmal Ali, M. Molecular docking and molecular dynamics simulation of anticancer active ligand ‘3,5,7,3',5'-
pentahydroxy-flavanonol-3-O-a-L-rhamnopyranoside’ from Bauhinia strychnifolia Craib to the cyclin-dependent protein
kinase. J. King Saud Univ.+ Sci. 2020; 32, 891-895.

32 Choudhary, M:l., Shaikh, M., tul-Wahab, A.-, ur-Rahman, A. In silico identification of potential inhibitors of key
SARS-CoV-2 3CL hydrolase (Mpro) via molecular docking, MMGBSA predictive binding energy calculations, and
molecular dynamics simulation. PLOS ONE 2020; 15,

33 Priya, R., Sumitha, R., Doss, C.G.P., Rajasekaran, C., Babu, S., Seenivasan, R., Siva, R. Molecular Docking and
Molecular Dynamics to Identify a Novel Human Immunodeficiency Virus Inhibitor from Alkaloids of Toddalia asiatica.
Pharmacogn. Mag. 2015; 11, S414-S422.

34. Reza, R., Dutta, T., Ghosh, N.N. et al. Inhibitory efficiency of quinazoline derivatives against SARS-CoV-2: virtual
screening and molecular dynamics study. Proc.Indian Natl. Sci. Acad. (2024).



35. Sahu R, Gupta PK, Mishra A, Kumar A. Ayurveda and in silico Approach: A Challenging Proficient Confluence for

Better Development of Effective Traditional Medicine Spotlighting Network Pharmacology. Chin J Integr Med. 2023
May;29(5):470-480.




