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Abstract 
Purpose: To search for novel gliomas targets and their inhibitors using a molecular docking approach. 
Methods: Quercetin multi-targeting potential was investigated against some of the emerging gliomas 
targets such as epidermal growth factor receptor (EGFR), ephrin type-A receptor 2 (EphA2), 
nicotinamide phosphoribosyltransferase (NMRPTase) and plasminogen activator inhibitor-1 (PAI-1). 
Crucial biochemical interaction of quercetin with these targets were analyzed using molecular docking 
study.  
Results: Quercetin interacted strongly via hydrogen bonding with important active sites consisting of 
amino acid residues of EphA2 and PAI-1, and showed binding energy of -7.44 and -7.38 kcal/mol, 
respectively. Some crucial active site amino acids involved in the interaction of known EphA2 and PAI-1 
inhibitors (Alw-II-41-27 and ACT001) were common in quercetin interactions as well, and both inhibitors 
as well as quercetin did not violate Lipinski rules. Importantly, the quercetin-EphA2 and quercetin-PAI-1 
complexes were stable as minimal fluctuations within the permissible limit were observed during a 20 ns 
trajectory performed on desmond simulation platform.  
Conclusion: Despite the fact that quercetin has been studied extensively against various cancer 
pathways, its transformation from a long-time bench candidate into bedside medications still needs 
further exploration. Nevertheless, the present predictive biochemical interaction analysis against 
emerging glioma targets might pave way for the design of novel therapeutic agents based on quercetin 
scaffolds. 
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INTRODUCTION 
 
Glioblastoma (GBM) is considered a very 
common and highly aggressive primary 
malignant tumor of the brain in adult 

populations and it is often associated with 
poor patient prognosis and high 
morbidity/mortality [1]. Like most of the 
tumors, the standard therapeutic intervention 
for GBM involves several sessions of radio-
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chemotherapy, followed by surgical removal 
of the tumor [2]. However, potential 
resistance against postoperative radio-
chemotherapy in GBM cases generally 
reduces the patient survival. To overcome the 
problems of severe side effects and 
resistance associated with conventional 
chemotherapy and consequently improving 
patient survival rate, glioma treatment 
warrants new therapeutic interventions 
including but not limited to development of 
novel chemotherapeutic agents and/or new 
combinations of the existing drugs.  
 
Natural compounds constitute major sources 
for the development of novel drugs, and their 
ability to cross-blood–brain barrier (BBB) 
makes them as more interesting candidates. 
Quercetin (3, 30, 40, 5, 7-pentahydroxy 
flavone) is a natural polyphenolic flavonoid, 
which is present in several fruits and 
vegetables. The chemopreventive effects of 
quercetin have been investigated in various 
in vitro and in vivo cancer models. Moreover, 
quercetin has been associated with tumor 
growth reduction in breast, prostate and 
colon [3-5]. 
 
Quercetin can induce apoptosis in tumour 
cells, and shows interaction with cyclin-
dependent kinase (CDK)-4 and cyclin D1, the 
regulatory proteins of cell cycle that leads to 
activation of p53, induction of caspase-3 and 
caspase-9, and release of cytochrome c [6]. 
Furthermore, it has been suggested as a 
multi-target agent due to its PI3K inhibition 
potential that results in suppression of tumor 
growth [7]. It has also been established that 
aglycone quercetin is associated with 
production of several pro-inflammatory 
mediators and microglia proliferation. In 
addition, aglycone quercetin can be used as 
a possible adjuvant in treatment regimens 
owing to its modulatory effects on microglia 
profile [8]. 
 
Studies involving animal (including human) 
and cellular models have suggested that 
quercetin exerts its antioxidant action through 
scavenging the reactive oxygen and nitrogen 
species whereas antitumor and anti-
inflammatory effects employ modulation of 
gene expression and signaling pathways [9].  
 
In the present study, quercetin potential was 
explored against some emerging therapeutic 
targets of gliomas, i.e., epidermal growth factor 
receptor, ephrin type-a receptor 2, nicotinamide 
phosphoribosyltransferase and plasminogen 
activator inhibitor-1. The computational biology 

approach including molecular dynamics 
simulation analysis was used in the present 
study to predict the binding interaction of 
quercetin with gliomas targets and their stability 
analysis.  
 
METHODS 
 
Quercetin and target proteins 3D 
structures retrieval from databases 
 
Three dimensional structures of gliomas 
target proteins in pdb format were retrieved 
from Protein Data Bank. The PDB ID for 
target proteins epidermal growth factor 
receptor (EGFR), ephrin type-A receptor 2 
(EphA2), nicotinamide 
phosphoribosyltransferase (NMRPTase) and 
plasminogen activator inhibitor-1 (PAI-1) 
were 5FED, 1MQB, 2GVG and 4G8R, 
respectively. However, 3-D structure of ligand 
Quercetin (CID: 5280343) was fetched from 
PubChem database.  
 
Molecular docking interaction study 
 
Rizvi et al protocol was applied for molecular 
docking interaction study using ‘Autodock4.2’ 
[10]. The MMFF94 force field was applied for 
energy minimization of quercetin. Hydrogen 
atoms, solvation constrains and Kollman 
charges were added through AutoDock.  Grid 
maps with specific co-ordinates were set 
using Autogrid tool for docking quercetin 
precisely into the active site of each glioma 
target protein. Grid points were kept as 80 × 
60 × 50 Å for NMRPTase and 60 × 60 × 60 Å 
for EGFR, EphA2 and PAI-1 with 0.375 Å 
spacing. However, the x, y and z co-ordinates 
for EGFR, EphA2, NMRPTase and PAI-1, 
were set as ꞌ0.232, 53.667 and -18.508ꞌ, 
ꞌ44.712, -3.967 and 85.623ꞌ, ꞌ30.311, 3.397 
and 45.860ꞌ and ꞌ-35.219, -20.703 and 
31.925ꞌ, respectively. Solis & Wets local 
search and Lamarckian genetic algorithm 
approach were used for docking each of 
these proteins with quercetin. Hundred 
different runs were used for each docking 
with an end limit of 2,500,000 energy 
assessments. 
 
LIGPLOT+ analysis for each docked 
structure 
 
LIGPLOT+ Version v.1.4.5 was used to 
analyze each docked complex [11]. LIGPLOT 
analysis helped in examining the hydrophobic 
interactions and hydrogen bonds among 
quercetin and different glioma target proteins. 
Moreover, LIGPLOT algorithm was used to 
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transform 3-D structures for each interaction 
into final 2-D figures. 
 
Molecular dynamic (MD) simulation study 
 
Molecular dynamic (MD) simulation was 
executed to reveal the stability and 
effectiveness of best-docked complexes, i.e., 
ꞌEphA2-Quercetinꞌ and ꞌPAI-1-Quercetinꞌ. 
Desmond package (Schrödinger Release 
2020) with OPLS3 force-field was used for 
the simulation. The solvation of molecular 
system was done with water molecules and 
the charge of the system was neutralized 
using Na+/Cl- ions. Prior to MD simulation, 
system energy was minimized by heating. 
However, minimization for each complex was 
also performed by minimization method via 
applying steepest descent steps-based 
protocol. Furthermore, the equilibrium 
condition at 1000 steepest descent steps for 
the system was maintained and updated. 
After system equilibration, simulation was run 
for 20ns (at 1atm pressure and 300k 
temperature) using the NPT-ensembles. 
 
RESULTS 
 
In the present study, quercetin was first 
docked with epidermal growth factor receptor 
(EGFR) to investigate its potential. The 
molecular docking interaction of ꞌQuercetinꞌ 
with ꞌEGFRꞌ revealed the involvement of 
twelve amino acid residues, i.e., Leu718, 
Val726, Ala743, Lys745, Thr790, Gln791, 
Leu792, Met793, Gly796, Cys797, Asp800 
and Leu844 (Table 1).  Moreover, ligplot 
analysis showed that Lys745, Thr790, 
Gln791, Met793 and Cys797 amino acid 
residues of ꞌEGFR active siteꞌ were involved 
in hydrogen bonding, whereas, Leu718, 
Val726, Ala743, Leu792, Gly796 and Leu844 

amino acid residues exhibited hydrophobic 
interactions with quercetin (Figure 1). 
 
Binding energy (ΔG) and inhibition constant 
(Ki) for ꞌEGFR-Quercetinꞌ complex were 
found to be -6.73 kcal/mol and 11.62 µM, 
respectively (Table 1). The ꞌelectrostatic 
energyꞌ, ꞌtotal Van der Waals, Hydrogen bond 
and desolvation energyꞌ, and ꞌtotal 
intermolecular energyꞌ of quercetin interaction 
with EGFR were estimated to be -0.16, -8.36 
and -8.52 kcal/mol, respectively. 
 

 
 
Figure 1: LigPlot of ꞌQuercetin-EGFRꞌ interactions. 
Here, the hydrophobic interacting amino acid 
residues are shown as red arcs, and hydrogen 
bond as green dashed line 
 
Second target of the present study was 
EphA2. The docking analysis showed that 16 
amino acid residues of ꞌactive site of EphA2ꞌ 
were involved in interactions with quercetin 
(Table 1). Out of 16 the amino acids, six 
amino acid residues, namely, Glu663, 
Thr692, Glu693, Met695, Ser756 and Asp757 
showed hydrogen bonding with quercetin. 
However, seven amino acid residues, i.e., 
Ile619, Ala644, Lys646, Met667, Tyr694, 
Gly698 and Leu746 interacted with quercetin 
via hydrophobic interaction (Figure 2). 
 

           Table 1: Molecular interaction of quercetin with different gliomas targets 
 

Target Binding energy Ki Amino acids
EGFR -6.73kcal/mol 11.62nM Leu718, Val726, Ala743, Lys745, 

Thr790, Gln791, Leu792, Met793, 
Gly796, Cys797, Asp800, Leu844 

EphA2 -7.44kcal/mol 3.52nM Ile619, Gly620, Ala644, Lys646, 
Glu663, Met667, Ile676, Thr692, 
Glu693, Tyr694, Met695, Glu696, 
Gly698, Leu746, Ser756, Asp757 

NMRPTase -6.39kcal/mol 20.82nM Phe193, Arg196, Gly353, Asp354, 
Gly355, Val356, Asp357, Gly381, 
Ser382, Gly383, Gly384, Gly385, 
Lys389

PAI-1 -7.38kcal/mol 3.89nM Ala40, Ser41, Ala44, Met45, Ala72, 
Leu75, Arg76, Tyr79, Thr93, Thr94, 
Asp95, Leu116, Phe117, Ser119 
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The ΔG and Ki of EphA2-quercetin 
interaction were -7.44 kcal/mol and 3.52 µM, 
respectively. The ꞌVan der Waals + Hbond+ 
desolvationꞌ energy and ꞌElectrostaticꞌ energy 
for the EphA2-quercetion complex were 
found to be -8.89 kcal/mol and -0.34 kcal/mol, 
respectively, and the total intermolecular 
energy was -9.23 kcal/mol. 
 

 
 
Figure 2: LigPlot of ꞌQuercetin-EphA2ꞌ 
interactions. Here, the hydrophobic interacting 
amino acid residues are shown as red arcs and 
hydrogen bond as green dashed line 
 
Third target for the present study was 
NMPRTase. NMRPTase interaction with 
quercetin showed involvement of thirteen 
amino acid residues of active site of 
NMRPTase (Table 1). Three amino acid 
residues, namely, Val356, Gly381 and 
Lys389 showed strong hydrogen bonding, 
while, Phe193, Gly353, Gly355, Ser382, 
Gly383, Gly384 and Gly385 showed 
hydrophobic interaction with quercetin (Figure 
3). The ΔG and Ki of ꞌNMRPTase-Quercetinꞌ 
interaction was found to be as -6.39 kcal/mol 
and 20.82 µM, respectively. The 
Electrostatic, Van der Waals + Hbond+ 
desolvation energy and Total intermolecular 
energy for the ꞌNMRPTase-Quercetinꞌ 
complex were found to be -0.51 kcal/mol, -
7.67 kcal/mol and -8.18 kcal/mol, 
respectively. 
 
The final and fourth target of the present 
study was PAI-1. The molecular interaction of 
ꞌPAI-1ꞌ with Quercetin showed involvement of 
14 amino acid residues (Table 1). LigPlot 
analysis showed that two amino acid 
residues (Thr93 and Phe117) of PAI-1 
interacted with hydrogen bonding, whereas, 
Ser41, Ala44, Met45, Leu75, Arg76, Tyr79, 
Thr94, Asp95 and Ser119 amino acids 
demonstrated hydrophobic interactions with 
quercetin (Figure 4). Moreover, the ꞌPAI-1ꞌ 

interaction with Quercetin showed ΔG and Ki 
as -7.38 kcal/mol and 3.89 µM, respectively. 
The total intermolecular, Electrostatic and 
Van der Waals + Hbond+ desolvation energy 
of quercetin binding with PAI-1 were -9.17 
kcal/mol, -0.29 kcal/mol and -8.88 kcal/mol, 
respectively. 
 

 
 
Figure 3: LigPlot of ꞌQuercetin-NMRPTaseꞌ 
interactions. Here, the hydrophobic interacting 
amino acid residues are shown as red arcs and 
hydrogen bond as green dashed line 
 

  
 
Figure 4: LigPlot of ꞌQuercetin-PAI-1ꞌ interactions. 
Here, the hydrophobic interacting amino acid 
residues are shown as red arcs and hydrogen 
bond as green dashed line 
 
Based on the results, EphA2 and PAI-1 were 
selected as potential quercetin targets for 
further analysis. For comparative evaluation, 
EphA2 was further docked with its control 
ꞌAlw-II-41-27ꞌ and PAI-1 was docked with 
control ꞌACT001ꞌ (Table 2). EphA2 interaction 
with Alw-II-41-27 showed ΔG and Ki values -
8.95kcal/mol and 275.10 nM, respectively 
that is better than EphA2-Quercetin 
interaction. However, amino acid residues of 
EphA2 (Ile619, Gly620, Ala644, Tyr694, 
Met695, Glu696, Gly698, Leu746, Asp757) 
were common in interaction with control and 
quercetin. 
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Table 2: Molecular interactions of control inhibitors with EphA2 and PAI-1 
 
Complex Binding energy Ki Amino acids 
ꞌEphA2ꞌ and 
ꞌAlw-II-41-27ꞌ 

-8.95 275.10nM Ile619, Gly620, Ala621, Gly622, Glu623, Val627, Ala644, 
Tyr694, Met695, Glu696, Asn697, Gly698, Asp739, 
Leu746, Asp757, Phe758, Gly759, Leu760 

ꞌPAI-1ꞌ and 
ꞌACT001ꞌ 

-6.82 10.04nM Tyr37, Ser41, Met45, Leu75, Arg76, Tyr79, Thr93, Thr94, 
Asp95, Phe117, Ser119, Trp139 

 
Table 3: Physicochemical parameters of quercetin and control inhibitors 
 
Compound 
Name 

Molecular 
Weight 

cLogP** Hydrogen 
Bond Donors 

Hydrogen Bond 
Acceptors 

Number of 
Rotatable 
Bonds 

Lipinski’s 
Violation 

Rule <500 ≤5 <5 <10 ≤10 ≤1 
Quercetin 302.23 1.49 5 7 1 0 
Alw-II-41-
27 

609.71 4.74 2 7 9 1 

ACT001 293.40 1.23 1 4 2 0 
**Logarithm of compound partition coefficient between n-octanol and water 
 
In contrast, PAI-1 interaction with ACT001 
showed ΔG and Ki values -6.82 kcal/mol and 
10.04 µM, respectively that is lower than PAI-
1 and quercetin interaction. In addition, 
Ser41, Met45, Leu75, Arg76, Tyr79, Thr93, 
Thr94, Asp95, Phe117 and Ser119 were the 
common interacting amino acid residues of 
PAI-1 when interacted with control as well as 
quercetin. Moreover, none of the control 
compounds and quercetin violate the 
Lipinski’s five rules (Table 3). These results 
prompted us to further analyse the EphA2-
Quercetin and PAI-1-Quercetin complexes 
via molecular dynamics (MD) simulation 
studies. 
 
To estimate the stability of ꞌEphA2-Quercetinꞌ 
and ꞌPAI-1-Quercetinꞌ complexes, the 
dynamic pattern of the system was simulated 
using real time MD with OPLS3 force field via 
Desmond. EphA2 and PAI-1 protein frames 
were initially aligned on the reference 
backbone followed by root mean square 
deviation (RMSD) calculation on the basis of 
atomic selection. RMSD observation provided 
the detailed structural conformation during 
the simulation. RMSD plot with 20ns 
trajectory (Figure 5) indicated RMSD of target 
protein (EphA2) on left Y-axis, whereas, 
ligand (quercetin) RMSD profile aligned on 
protein backbone on the right Y-axis. 
Interestingly, during simulation the ꞌEphA2-
Quercetinꞌ complex got stabilized with regard 
to reference frame at time 0ns. Initially, from 
0-4ns, the quercetin and protein backbone 
were almost laying over each other, and after 
some fluctuations quercetin and protein 
backbone again overlapped from 7.5 to 14ns. 
However, minimal fluctuations within the 
permissible limit of 1-3Å were observed 
during the entire 20ns simulation trajectory 

that could be ignored and considered non-
significant. MD simulation results predicted 
that quercetin stably bound to EphA2 active 
sites without causing any large 
conformational change in the protein and 
without getting diffused away from the 
binding sites.  
 

 
 
Figure 5: RMSD plot of MD simulation 20ns 
trajectory obtained for ꞌQuercetin-EphA2ꞌ complex 
 
The similar pattern was observed in RMSD 
analysis of ꞌPAI-1-Quercetinꞌ complex (Figure 
6). Quercetin and PAI-1 protein showed initial 
fluctuations from 0 to 5ns that were 
minimized later on from 5 to 10ns, and after 
10ns RMSD was stable with overlapping of 
Quercetin and PAI-1 protein that implicated 
minimal conformational alterations in PAI-1 
protein backbone. Nevertheless, fluctuation 
under the permissible limit was evident during 
the entire simulation process for 20ns 
trajectory inferring the stability of the ꞌPAI-1-
Quercetinꞌ complex. 
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Figure 6: RMSD plot of MD simulation 20ns 
trajectory obtained for ꞌQuercetin-PAI-1ꞌ complex 
 

 
 
Figure 7: Amino acids involved in molecular 
interaction for more than 30% of the total 
simulation time (7A) Quercetin and EphA2 (7B) 
Quercetin and PAI-1 
 
To identify the binding mode of quercetin with 
the active sites of EphA2 and PAI-1, atomic 
level information about interactive forces 
involved is mandatory. Schematic details of 
quercetin interaction with EphA2 residues 
predicted over the 20ns simulation studies 
are shown in Figure 7A. Here, the 
interactions that retained for more than 30 % 
of the total simulation time were selected. 
Quercetin showed strong hydrogen bonding 
with Glu663, Glu693, Met695 and Asp757 
amino acid residues of EphA2, however, 
Glu663 interaction with quercetin was 
observed for the entire simulation time. 
Moreover, Ala699 (35%) showed water 
bridge interaction and Leu746, Ala644 and 
Ile676 residues showed hydrophobic 
interactions with quercetin. On the other 
hand, quercetin and PAI-1 interaction over 
the 20ns simulation are shown in Figure 7B. 
Quercetin interacted with Tyr79, Thr93, 
Asp95 and Leu116 amino acid residues of 
PAI-1 for more than 30 % of the simulation 
time. Tyr79 (40%) showed a π-π interaction 

with quercetin, while, Thr93 (34%), Asp95 
(47%) and Leu116 (42%) interacted via 
hydrogen bonding. 
 
DISCUSSION 
 
Ascertaining new-targeted efficacious 
treatments for gliomas presents an immense 
challenge. In the present study, EGFR, 
EphA2, NMRPTase and PAI-1 as gliomas 
target proteins were chosen, and their active 
sites were docked with quercetin. Various 
mechanistic investigations have revealed the 
multi-targeting anticancer potency of 
quercetin via interacting with cell cycle 
regulatory proteins, activate p53 and 
caspases, PI3K inhibition and cytochrome c 
release [6,7]. 
 
Several oncogenic drivers for example 
receptor tyrosine kinases (RTKs) are involved 
in glioblastoma tumour development, and 
therapeutic resistance have been identified 
through genomic and proteomic analyses 
such as EGFR. Importantly, EGFR 
expression is extremely low or even 
undetectable in normal brain tissues, 
whereas, it has been found to be the most 
commonly amplified gene in glioblastoma 
[12]. The profound role of EGFR as the most 
vital factor in promoting gliomas has 
fascinated several inquiries into EGFR 
inhibition targeted at inducing/promoting 
tumour cell apoptosis or increasing its 
sensitivity to potential adjuvant therapies. 
Notably, in the present study, quercetin 
bound via hydrogen bonding to one of the 
important amino acids, i.e., Lys745 of ATP 
binding pocket of EGFR. Similarly, Shen et al 
[13] also observed hydrogen bonding of 
lycorine to Lys745 residue of EGFR. 
Moreover, quercetin interaction with 
important amino acid residues of ꞌATP 
binding pocketꞌ of EGFR and negative ΔG 
suggested that quercetin might function as a 
competitive inhibitor for ATP binding with 
EGFR. 
 
The second target for the present study was 
EphA2. Proliferating adult epithelial cells 
express EphA2 receptors on their surfaces 
unlike other Eph receptors, which are present 
during embryonic development in the nervous 
system [14,15]. However, previous studies 
have revealed that overexpression of EphA2 
is significantly associated with many human 
epithelial malignancies including colon [16], 
breast [16] and prostate [17] carcinomas. 
This increase in EphA2 levels in cancer might 
be attributed due to a generally reduced 
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ligand-mediated degradation [15] as reported 
in unstable intercellular contacts in a cancer 
tissue that may hamper EphA2 receptor 
ability of interacting with ephrinA1 ligand 
present on adjoining cells [18]. These evident 
characteristics and associations make EphA2 
an ultimate candidate for targeting several 
cancers [14]. Thus, similar to EGFR, low-
level expression in normal brain tissues and 
high levels in glioblastomas makes EphA2 a 
potential molecular target for therapeutic 
intervention. Based on the present study 
assessment, quercetin showed strong 
interaction towards EphA2 in terms of binding 
energy. Co-crystallized ligand 
phosphoaminophosphonic acid-adenylate 
ester existing in the three-dimensional 
structure (PDB:1MQB) formed hydrogen 
bonding with Thr692 and Met695 amino acid 
residues of EphA2. Interestingly, quercetin 
also showed hydrogen-bonding interaction 
with these two important amino acid residues 
of active site of EphA2. In addition, 
Kirubakaran et al also showed the interaction 
of tetracenomycin D and chartreusin with 
Met695 residue of EphA2 [19]. 
 
Third target for the present study was 
NMPRTase. Nicotinamide Adenine 
Dinucleotide (NAD+) biosynthesis has been 
found to be activated in various cancers. The 
salvage pathway of NAD+ requires 
transformation of nicotinamide 
mononucleotide (NMN) from free 
nicotinamide, an important step catalyzed by 
NMPRTase. Moreover, several fold 
upregulated expression of NMPRTase was 
observed during microarray analyses of 
grade II to IV glioma cells in comparison to 
normal cells [20]. In the present study, 
quercetin interacted with important amino 
acids such as F193, Val356, Gly381 and 
Lys389 of NMPRTase ꞌactive siteꞌ.  
 
Interestingly, nicotinamide ribose 
monophosphate (control) showed similar 
interaction with the amino acids Val356, 
Gly381 and Lys389 of NMPRTase via 
hydrogen bonds [21]. In addition, most of the 
novel screened compounds have also shown 
interaction with F193 amino acid of the 
binding pocket of NMRPTase [21]. Similarity 
in interactions with crucial amino acids of 
NMRPTase supported the present findings 
with quercetin. 
 
The final and fourth target of the present 
study was PAI-1. Plasminogen activator 
inhibitor (PAI-1) regulates angiogenesis-
induced tumor growth, and involved in the 

adhesion, migration and invasion of cancer 
cells [22].  Glioblastomas expresses a 
considerable amount of PAI-1, and PAI-1 
increased expression was often associated 
with metastasis of the tumour and poor 
clinical outcomes [23]. According to a 2013 
study, the two pockets of PAI-1 containing 
Ala12, Tyr37, Gly38, Ala40, Ser41, Met62, 
Phe64, Leu75, Thr93, Thr94, Asp95 and 
Asn167 amino acid residues play an 
important role in drug design, and 
specifically, Ser41 is crucial bridge between 
these two pockets [24]. Interestingly, the 
present results also showed interaction of 
quercetin with some of these amino acid 
residues (Ser41, Leu75, Thr93, Thr94 and 
Asp95) of PAI-1. 
 
Overall, molecular docking outcomes 
demonstrated that quercetin showed strong 
interaction with active sites of two most 
promising targets (EphA2 and PAI-1) of 
gliomas. However, molecular docking analysis 
provides only a static perspective on the docked 
complex, while, MD simulation estimates the 
atomic movements with respect to the time by 
incorporating Newton’s equation of motion [25]. 
Thus, stability of the docked complex was 
analyzed by MD simulation study. Minimal 
fluctuations were observed in RMSD analysis 
during MD simulation that directly correlates to 
the stability of both ꞌquercetin and EphA2ꞌ and 
ꞌquercetin and PAI-1ꞌ complexes. Moreover, wet 
lab experiments are needed to establish 
quercetin as a potent therapeutic agent for 
gliomas. However, computational predictions set 
the base for further research and its results often 
relate well with in vitro experiments. At the end, it 
can be safely stated that quercetin has vast 
potential and its scaffolds could be utilized to 
develop therapeutic agents against gliomas in 
near future. 
 
CONCLUSION 
 
Treatment of gliomas is one of the biggest 
challenges for the medical community worldwide. 
Thus, exploration of alternative therapy to cope-
up with current therapeutic challenges is the 
urgent need of time. The present study revealed 
that quercetin interacted with crucial amino acid 
residues of the active site of the emerging 
gliomas targets, i.e., epidermal growth factor 
receptor (EGFR), ephrin type-A receptor 2 
(EphA2), nicotinamide phosphoribosyltransferase 
(NMRPTase) and plasminogen activator 
inhibitor-1 (PAI-1). Molecular docking interaction 
showed that quercetin interacted strongly with 
EphA2 and PAI-1, while, simulation analysis 
showed that these interactions between 



Rizvi et al 

Trop J Pharm Res, April 2021; 20(4): 822 
 

ꞌquercetin and EphA2ꞌ and ꞌquercetin and PAI-1ꞌ 
were stable too. These predictive evaluations are 
important to comprehend the biochemical 
interaction to get insight of the mechanistic 
aspects of quercetin and to design new potent 
therapeutic agents based on quercetin scaffolds 
against gliomas. 
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