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The novel coronavirus (COVID-19) has triggered a major human turmoil worldwide by 
posing challenges regarding infection prevention, disease diagnosis, and treatment. Several 
drugs including remdesivir (RDV), hydroxychloroquine (HCQ), and others are being used to 
treat COVID-19, although these are not specifically proven drugs. Thus, it is very critical to 
understand COVID-19 drug targets and their interactions with candidate drugs. Here, we 
attempted in silico screening of ten quinoline analogs (Q1-Q10) against the five main 
proteases of SARS-CoV-2 by docking and dynamics analysis. The prediction of the ADMET 
profile showed that the best docked quinolines are safe and possess drug-like properties. 
The molecular interaction and binding affinity of these small molecules were determined 
with respect to the five protease (Mpro) targets of SARS-CoV-2 (PDB ID: 6LU7, 6W63, 6M03, 
6Y84 and 6YB7). The study indicated that the quinoline ligands Q4, Q5, Q6, Q7, Q8, Q9, and 
Q10as probable inhibitors against SARS-CoV-2 Mpro and showed favorable binding 
interaction with the amino acid Glu166 of 6Y84, 6LU7and 6M03. Furthermore, Q9 has a 
highly significant docking score and binding affinity with all fiveCOVID-19 receptors having 
a minimum of two H-bonds, which is remarkable compared to HCQ, RDV, and other 
quinolines. The dynamics simulation analysis of this potent drug candidate Q9 with 6LU7 
indicated high stability of the complex. In conclusion, our findings indicate that all of these 
quinolines in general possess good binding affinity and Q9 can serve as a good quinoline 
scaffold for the design of new antiviral agents to target the active site of SARS-CoV-2 MPro. 
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1. Introduction 
 

The novel coronavirus SARS-CoV-2 is the causative agent 
responsible for “COVID-19” viral pneumonia outbreak which 
was first detected in China during 2019-2020 [1]. COVID-19 
infection has become a serious public health concern around 
the world. According to the United States Food and Drug 
Administration (FDA), there are several COVID-19 treatments 
currently authorized for emergency use and there are only a 
few viable treatment options [2]. To test their antiviral effecti-
veness by repurposing, many drugs are undergoing clinical 
trials including hydroxychloroquine (HCQ), chloroquine (CQ), 
and remdesivir (RDV) [3]. Based on the preliminary clinical trial 
findings and cell culture studies [4], the widely used 70-year-
old malaria medications, CQ and HCQ, have been found to 
exhibit potential therapeutic efficacy against COVID-19[5]. In 
addition, RDV, a nucleoside analogue, has also been used 
against COVID-19infection [6]. RDV has a wide spectrum of 
activities in cell cultures and animal models against RNA 
viruses such as MERS and SARS and was tested in a clinical trial 
for Ebola [7,8]. RDV has also shown its antiviral potential 

against SARS-CoV-2 in vitro with an estimated 50% effective 
concentration at 23.15μM [9]. In mediating viral replication and 
transcription, CQ plays a key role and makes this virus as an 
appropriate target [10]. The CQ may also interfere with viral 
particles that attach to their cellular cell surface receptors by 
inhibiting a step before the viral cycle [11]. HCQ is a drug that is 
less toxic and safe to against COVID-19 pneumonia, with increa-
sing reports supporting its use in patients with moderate to 
severe diseases. The advantage of HCQ is that it can be used in 
high doses for long periods with very good tolerance levels [12]. 
In vitro, CQ appears as a versatile bioactive agent that has 
antiviral activity [13] against RNA viruses as diverse as Rabies 
virus [14], Poliovirus [15], HIV [16], Hepatitis A virus [17], Zika 
virus [18] and Ebola virus [19]. Regarding corona viruses, the 
potential therapeutic benefits of CQ were notably reported for 
SARS-CoV-1 [10,21]. Considering the specific chemical struc-
tures and mechanisms of action of CQ and HCQ as weak bases 
and their immunomodulatory activity, HCQ molecule may be a 
strong likely candidate for the treatment of COVID-19 infec-
tions. However, currently, the study of HCQ is limited to clinical 
trials  and,  based  on  its  use  outside  of clinical trials, risks, and  
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Figure 1. The scheme portrays the detection of active quinoline analogues against five specific Main Proteases of SARS-CoV-2. Mpro structures were obtained from 
the RCSB protein data bank. 
 

 
 

Figure 2. Schematic representation of the broad structural characteristics of ten quinoline derivatives [29]. 
 
advantages, there is still a strong beneficial impact to be shown 
[22]. Therefore, several clinical research registers for the use of 
HCQ in the treatment of COVID-19 have been listed in the 
Chinese Clinical Trial Registry (http://www.chictr.org.cn) [23]. 
In addition, there is still a lack of clinical evidence to show that 
CQ is as effective as HCQ for the treatment of COVID-19 
infection [24,25]. Therefore, the widely used antimalarial CQ 
and, more importantly, HCQ have been portrayed to deal with 
COVID-19 threats in travelers who commute between endemic 
and nonendemic regions [26]. 

Keeping in view of the lack of proper treatment, it is 
essential to look for specific potential drugs against COVID-19 
infection and the biological efficacy of quinoline ring system 
being effective against COVID-19 (CQ and HCQ). It has been 
shown that main protease is a key enzyme of corona viruses, 
which plays an essential role in several vital cell processes to 
build it as an attractive drug target for COVID-19 [27]. In this 
direction, a series of ten quinoline analogues were chosen to 
study their ADME properties using Schrodinger QikProp 
software and to compare their drug-likeness properties and 
medicinal chemistry friendliness with known drug molecules. 
Recently, we have shown that some of these derivatives are 
highly effective in inhibiting breast cancer and colorectal cancer 
cells in vitro [28]. In this study, we attempted to determine the 
efficacy of these quinoline analogues against five specific main 
proteases of SARS-CoV-2 (Figure 1). The binding affinity 
interactions of these quinolines were compared with RDV and 

HCQ against SARS-CoV-2 proteases to evaluate their efficacy. 
The structures of the main proteases of the SARS-CoV-2 virus 
(PDB ID: 6LU7, 6W63, 6M03, 6Y84 and 6YB7) were used to 
generate receptor grids for docking and to determine the center 
of the active site for the binding efficacy comparison between 
the quinolines with that of RDV and HCQ. These studies have 
shown that, among the ten quinolines, molecule Q9 was found 
to be the most potent inhibitor of all these main proteases. 
Furthermore, the stability of Q9 inside the active site of Mpro 

(PDB 6LU7) was further investigated by molecular dynamics 
simulation analysis. 
 
2. Experimental 
 
2.1. Quinolines as potential drug molecules 
 

We have used ten quinoline analogs that are available in our 
small molecules library to carry out the present investigation, 
which is depicted in Figure 2. These molecules were synthe-
sized in our laboratory as previously published [29]. 
 
2.2. Ligand preparation and analysis 
 

For in silico analysis, the structures of the quinoline 
molecules were drawn using the Marvin Sketch tool and the 
SMILES format was extracted for further prediction [30].  

 

http://www.chictr.org.cn/
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Table 1. QIKPROP 3.4 prediction of ADMET values of quinoline analogs. 
# of stars Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Recommended 

value 
0 0 0 0 0 0 0 0 0 0 0-5 

CNS 1 1 1 1 1 1 1 1 2 1 –2 (inactive),  
+2 (active) 

MW 290.750 318.805 332.832 346.859 334.805 369.648 397.701 409.712 424.727 411.685 130–725 
Dipole 9.881 9.490 9.433 5.564 8.809 8.639 8.333 4.534 8.049 3.801 1.0–12.5 
SASA 582.576 627.028 659.946 679.513 628.960 611.660 656.071 674.964 690.538 643.975 300.0–1000.0 
Donor HB 1 1 1 1 1 1 1 1 1 1 0.0–6.0 
Accept HB 5.5 5.5 5.5 5.5 7.2 5.5 5.5 5.5 7.5 7.2 2.0–20.0 
QPlogPoct 15.946 16.495 17.598 17.522 17.837 16.423 17.046 17.385 19.474 17.657 8.0–35.0 
QPlogPw 9.053 8.570 9.095 9.062 10.700 8.822 8.338 8.969 10.998 10.574 4.0–45.0 
QPlogBB 0.015 0.103 -0.160 -0.069 -0.128 0.184 0.278 0.131 0.516 0.158 -3.0–1.2 
IP (eV) 8.917 8.883 8.986 8.843 9.015 9.066 9.030 9.053 9.099 9.097 7.9– 0.5 
EA (eV) 1.216 1.187 1.258 1.112 1.288 1.386 1.357 1.344 1.413 1.380 -0.9–1.7 
Human oral 
absorption 

3 3 3 3 3 3 3 3 3 3 1, 2, or 3 for low, 
medium, or high 

%Human oral 
absorption in GI 

89.020 100 91.596 95.012 85.581 92.328 100 96.252 78.831 90.305 >80% is high 

PSA 65.213 62.687 78.825 78.862 88.295 65.229 62.689 65.994 70.681 75.465 7.0–200.0 
Rule of five 0 0 0 0 0 0 0 0 0 0 Maximum is 4 
Rule of three 0 0 0 0 0 0 0 0 0 0 Maximum is 3 
 

The chemical structures of HCQ and RDV were extracted 
from the DRUGBANK database in two-dimensional MDL/MOL 
format [31]. The SMILES was also submitted to the QikProp tool 
for ADME prediction. All ligands were subjected to energy 
minimization and a PDBQT file was generated using the 
PRODRG (http://prodrg1.dyndns.org/submit.html) web server 
[32]. 
 
2.3. Protein preparation 
 

In general, prior to docking, protein crystal structures are 
programmed to add hydrogen atoms, optimize the hydrogen 
bonds, eliminate atomic disagreements, and perform other 
operations that are not part of the process of configuration of 
the x-ray crystal structure [33]. The structures of COVID-19 
main proteases were obtained from RCSB Protein Data Bank 
(https://www.pdb.org). We have chosen the crystal structures 
of all five COVID-19 Mpro that have been recently deposited and 
available in the Protein Data Bank. Both unliganded and 
liganded forms of proteins were selected (PDB ID: 6LU7 [34], 
6W63 [35], 6M03 [36], 6YB7 [37] and 6Y84 [38]). All water 
molecules were removed, and polar hydrogen atoms were 
added to the target protein molecule.  
 
2.4. Prediction of active sites 
 

Ligand binding sites are the active regions of receptors that 
control protein functionalities. Therefore, the finding of specific 
binding sites is the first step in studying the functions of 
proteins and structure-based drug design. MetaPocket program 
offers a systematic approach to identify ligand-binding sites 
using eight methods. They are SURFNET, Fpocket, LIGSITE, 
ConCavity, Move, POC ASA, Q-Site finder and GHECOM. We have 
used the MetaPocket web server, which has already been 
widely used to predict binding sites [39-40]. 
 
2.5. Molecular docking and analysis 
 

The structure of the target Mpro of COVID-19 (PDB ID: 6LU7, 
6W63, 6M03, 6YB7and6Y84) was derived from the Protein 
Data Bank. These target receptors were performed with 
Chimera 5.3.1 software (RBVI, Resource for Biocomputing, 
Visualization and Informatics, University of California, CA, USA, 
www.cgl.ucsf.edu/chimera/) [41]. Docking studies were 
performed with AutoDock 4.2 software (https://autodock. 
scripps.edu/) provided with AutoDock Tools 1.5.4 graphical 
interface [42]. For the analysis of receptor-ligand interactions, 
an in silico screening pipeline was designed.  

2.6. Prediction of ADME descriptors and toxicity of quinoline 
derivatives. 
 

The main reason why most drug candidates fail during 
clinical trials is the low ADME and a high toxicity profile. Thus, 
in the early stages of drug development, an important element 
of drug research is to determine the essential physio-chemical 
and toxicity profile of the molecule [43]. QikProp calculates the 
ADME properties (absorption, distribution, metabolism, and 
excretion) of quinoline analogues to predict their drugability. 
The QikProp 3.4 tool was used to predict pharmaceutically and 
physically significant descriptors with relevant ADME proper-
ties and toxicity. These descriptors were calculated for all 
quinoline molecules and compared with optimal range and 
found that all derivatives possessed a significant number of 
hydrogen bond donors and acceptors. 
 
2.7. Molecular dynamic simulation 
 

The molecular dynamic simulation analysis for the best 
ligand with receptors was carried out using BIOVIA Discovery 
Studio version 2017. The protocol for standard dynamic 
cascade and minimization analysis was followed as previously 
described [44]. 
 
3. Results and discussion 
 
3.1. ADME and toxicity studies 
 

To determine the ADMET properties (Absorption, Distri-
bution, Metabolism, Excretion, and Toxicity) of compounds, 
physicochemical parameters play an important role [45]. In the 
area of drug development, the evaluation of the basic 
physiochemical and toxicity profile of the molecule is an 
important aspect of drug research [43]. This is very critical to 
their successful biological activity and bioavailability when 
considering the administration of drugs orally or by any route 
with real therapeutic potential [46]. 

In this study, to pick a potential drug candidate, all ten 
quinoline ligands were screened using QikProp, Schrodinger 
2011 software version 3.4 for ADME and toxicity filteration[47]. 
The QikProp results of ADME were found within the rule of 5 
range without violation. The results obtained from this indicate 
a value of >85% similarity with the known drug molecules 
(supplementary Table 1). The ADMET predictions of these 
analogues are asgiven in Table 1. These indicators have shown 
very good hydrogen bonding ability and oral absorption 
capacity  for  all  quinolines  and  thus  could  be  likely  drug  

http://prodrg1.dyndns.org/submit.html
https://www.pdb.org/
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Table 2. Molecular interaction between the hit quinoline ligands and the main protease receptors of SARS CoV-2. 
No Compound Binding energy Ligand  

efficiency 
Inhibition  
constant (µM) 

No  
of H 

AA in  
the binding site 

H-bond length  
in Å 

PDB-6LU7 
1 Q9 -5.69 -0.23 67.79 2 LEU 167 

GLU 166 
2.078 
2.151 

2 Q10 -5.73 -0.24 63.35 1 GLU 166 2.015 
3 HCQ -3.84 -0.17 1540 1 PHE 140 2.100 
4 RDV 1.90 0.05 -3.17 - - - 
PDB-6M03 
1 Q4 -6.96 -0.29 7.95 3 GLU 166 

GLN 189 
GLU 166 

1.760 
2.156 
1.734 

2 Q9 -6.49 -0.26 17.37 2 GLN 189 
GLU 166 

1.806 
1.885 

3 HCQ -5.65 -0.25 72.30 2 GLY 143 
GLU 166 

1.890 
2.030 

4 RDV -5.33 -0.13 124.88 1 GLU166 1.945 
PDB-6W63 
1 Q9 -6.97 -0.28 7.76 2 SER 46 

SER 46 
1.749 
1.959 

2 Q10 -5.94 -0.25 44.52 2 THR 24 
SER 46 

1.939 
1.872 

3 HCQ -4.49 -0.20 514.35 1 THR25 1.847 
4 RDV -5.05 -0.12 198.00 - - - 
PDB-6Y84 
1 Q8 -9.87 -0.41 0.058 2 PHE 140 

GLU 166 
1.900 
1.974 

2 Q9 -8.78 -0.35 0.36 2 GLU 166 
PHE 140 

1.744 
1.978 

3 HCQ -6.06 -0.26 35.93 2 GLY 143 
GLU 166 

2.107 
2.029 

4 RDV -7.22 -0.17 5.12 1 GLU166 1.875 
PDB-6YB7 
1 Q8 -6.16 -0.26 30.52 1 HIS 41 2.184 
2 Q9 -6.88 -0.28 9.09 3 THR 24 

THR 24 
THR 26 

2.127 
2.073 
1.837 

3 Q10 -6.36 -0.27 21.71 3 THR 24 
THR 24 
THR 26 

2.172 
1.791 
2.096 

4 HCQ -4.88 -0.21 264.33 2 GLY 143 
ASN 119 

1.838 
 

5 RDV -5.01 -0.12 213.81 3 THR24 
THR26 
GLY143 

1.933 
1.959 
1.725 

 
candidates which are also substantiated by the star value of 
zero. Furthermore, the number of violations (Lipinski’s rule of 
five and Jorgensen’s rule of three) were found to zero for all 
these molecules. Therefore, most of the predicted pharma-
cokinetic parameters of these ten quinoline derivatives were 
found to be within the range or recommended values (Table 1) 
to become a potent inhibitor drug molecule. 

A Polar Surface Area (PSA) of less than 90 angstroms is 
usually required for drug candidates to penetrate the blood-
brain barrier (BBB) and thus act on receptors in the central 
nervous system. Log BB is the most familiar numeric value that 
describes permeability through the BBB [48]. Most drugs are 
not especially permeable through Caco-2 cells [49]. The 
predicted Caco-2 permeability for these ten quinolines were 
found to be high for human intestinal absorption (HIA ≥ 80), 
which authenticates the higher oral absorption or membrane 
permeability nature of the quinolines. The ADMET prediction 
result was validated with the docking study results, and these 
quinolines were found to be nontoxic, absorb in the human 
intestine, non-carcinogenic, have Caco-2 permeability, and do 
not violate the Lipinski's rule of three and five, suggesting their 
significant pharmacokinetic properties. 
 
3.2. Molecular docking studies of quinolines 
 

To understand the binding interaction of these molecules 
with COVID-19 virus Mpro, molecular docking studies were used. 
In viral gene expression and replication, Mpros are the main 
enzymes [50]. Molecular docking studies were performed to 

investigate the binding efficiency at the active sites of five SARS-
CoV-2 Mpro (PDB ID: 6LU7, 6W63, 6M03, 6YB7, and 6Y84). The 
results of the docking analysis showed that the binding pocket 
of these COVID-19 proteases involves various amino acid 
residues such as Ser46 and Thr25 in 6W63; Glu166, Gly189, 
Asn142, and Gly143 in 6M03; Phe140, Leu167, and Glu166 in 
6LU7; Glu166, Phe140, and Gly143 in 6Y84[51] and Cys44, 
Thr24, Thr26, His41, Gly143, and Asn119 in 6YB7. The 
important hydrogen bond forming amino acid residues are 
Glu166, Phe140 and Asn142. It has already been shown that 
His41, His163, His164, and Glu166 are the most important 
amino acid residues of COVID-19 Mpro in the interaction with the 
inhibitor in the case of the 6LU7 receptor using FMO analysis 
[52]. In this study, the tested quinoline ligands were also found 
to commonly bind to Glu166 to form a hydrogen bond within a 
2.3 Å distance with the receptors 6LU7, 6Y84 and 6M03 (Table 
2). 

Recently, it has been reported that quinoline 1, 2, 3, 4-
tetrahydro-1-[(2-phenylcyclopropyl) sulfonyl]-trans-(8CI) can 
target main proteases through interaction with His41 of SARS-
CoV-2 Mpro 6LU7 [53]. Similarly, our docking study of molecule 
Q8 against 6YB7 was found to have binding interaction with 
His41 and forms the 2.1Å hydrogen bond. On the other hand, 
standard drug molecules, HCQ and RDV, bind to the active site 
amino acids of the five Mpro implicated in COVID-19. However, 
the binding to residues His41 and Glu166 of Mpro could be an 
important factor in the inhibition of its protease activity. 
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Figure 3. Binding interaction of the hit quinoline derivatives with COVID-19 Mpro (PDB ID: 6LU7, 6M03, 6W63, 6Y84 and 6YB7) is shown in rows 1, 2, 3, 4 and 5, 
respectively. The green dotted line indicates the hydrogen bond. The panels A, E, I, M and Q represent interaction with RDV, panels B, F, I, N and R represent 
interaction with HCQ, panels C, G, K, O and S represent interaction with Q9, Q4, Q9, Q8 and Q9, and panels D, H, L, P and T indicate the interaction with Q10, Q9, 
Q10, Q9 and Q10, respectively. 

 
We also analyzed the protein-ligand complexes to better 

understand the interactions between protein residues and the 
bound ligands, along with the binding site residues of the 
defined receptor. Binding of the quinoline analogues, HCQ and 
RDV, with Mpro of the COVID-19 receptors indicated the 
spontaneity of binding as confirmed by the negative values of 
free energies and H-bond formation. Among several ligand 
molecules, the highly potent ligands with the highest binding 
energy with each of the Mpro are shown in Table 2. 

The data obtained here indicate that the compound Q9 
interacts more effectively with the five Mpro of COVID-19 and 
forms two or more hydrogen bonds with each target receptor; 
the binding energy ranged from -8.78 to-5.94 kcal/mol. The 
binding interactions between other quinoline derivatives with 
the target receptors 6LU7, 6Y84, and 6M03 were also found to 
be in the negative range, indicating a significant interaction 

involving the binding with the most important amino acid 
residue Glu166 of Mpro. Furthermore, the standard drug 
molecule HCQ was also found to interact with Glu166 of 6M03 
and 6Y84 receptors. The binding energy of HCQ to the five 
receptors ranged from -6.06 to -3.84kcal/mol (Table 2). Based 
on the binding energy and H-bond formation, the most potent 
compounds were found to be Q8 (-9.87 to-3.91 kcal/mol), Q9 (-
8.78 to-5.94 kcal/mol) and Q10 (-8.76 to -5.73 kcal/mol). On 
the other hand, both RDV and HCQ also exhibited the binding 
interaction with Glu166, but formed less number of H-bonds 
and weak binding energies as compared to the quinoline 
analogues (Figure 3). 
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Figure 4. Solvation process of the 6LU7 and Q9 complexes. 
 

(a) (b) 
 

Figure 5. (a) RMSD and (b) RMSF of various conformations of 6LU7 and its complex residues. 
 

(a) (b) 
 

Figure 6. (a) Time based total energy and (b) temperature changes on different time scales of 6LU7 and its complex. 
 
3.3. Molecular dynamic simulation studies 
 

The molecular dynamics (MD) simulation was focused on 
the lead molecule Q9 as well as Q9 with MPro of COVID-19 
receptor 6LU7. We evaluated the properties of the receptor, the 
stability of the ligand-receptor complex (6LU7 with Q9), and the 
conformation changes in different temperatures (K) and energy 
functions (kcal/mol) The results of molecular docking study 
suggested that ligand Q9 possesses good binding affinity with 
the 6LU7 receptor of COVID-19. Thus, we selected this complex 
protein for further MD analysis to determine the stability 

changes. In the solvation process of the explicit periodic border 
cell, 1247 water molecules, 67 sodium ions and 55 chloride ions 
were observed. The molecular conformation, electronic proper-
ties, and binding energies of the 6LU7 complex were further 
determined (Figure 4). During the MD simulations, the stability 
of each conformation of 6LU7 and 6LU7 with Q9 were monito-
red through the root mean square deviation (RMSD) and root 
mean square fluctuation (RMSF). The analysis indicates the 
RMSD values of 1.0 and 0.9 Å for 6LU7 and 6LU7 with Q9, 
respectively (Figure 5). From the results of the RMSD and RMSF 
analysis, it is clear that the Q9 ligand does not change the 
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conformation of 6LU7, including the structure of residues. We 
have also determined the total energy variation and the 
stabilization temperature of the protein complex (Figure 6). 
The receptor was found to stabilize at 210ps time between 300-
304K temperatures. Finally, the ligand Q9 does not influence 
the RMSD and stability of the 6LU7 protein at various tempe-
ratures and energy values based on these MD findings. 
 
4. Conclusions 
 

Currently, there are no approved drugs/vaccines for the 
treatment of COVID-19 infections. In addition to discovering a 
potent and specific drug, it is urgently needed to develop 
universal broad-spectrum vaccines against COVID-19 and other 
SARS or influenza viruses to combat future pandemics. In this 
direction, we intended to expose the therapeutic potential of 
certain quinoline derivatives with respect to SARS CoV-2’s five 
main proteases. The molecule bearing quinoline scaffolds is 
widespread in various potent bioactive natural and synthetic 
compounds. Quinoline-based antimalarial drugs, such as HCQ 
and CQ, have shown significant efficacy in the treatment of 
COVID-19 infections [54,55]. Several quinoline-based drug 
candidates have been identified to have a connection with 
COVID-19 or a role in suppressing viral progression and 
possess a wide range of antiviral activity [56]. The strong safety 
profile of aminoquinolines at the currently recommended doses 
for the prevention or early treatment of COVID-19 is confirmed 
by evidence from randomized controlled trials (RCTs) [57]. In 
general, the findings of our study will be helpful in a short list of 
compounds to be repurposed as a therapeutic candidate against 
Mpro and its mutants. 

Essential functional biological macromolecules in 
coronaviruses are viral proteases. For the effective treatment of 
several viral diseases, these proteases have been considered as 
potential drug targets [58]. Therefore, protease inhibitors 
comprise the majority of reported anti-SARS-CoV-2 drugs. This 
has influenced us to identify the potential protease inhibitors 
centered on the quinoline moiety against the SARS-CoV-2 
therapeutic targets using an in silico approach. 

From our library of quinoline compounds, a series of ten 
compounds were subjected to in silico analysis along with 
standard drug molecules, HCQ and RDV, against the five main 
proteases of COVID-19. Among the five different main proteases 
utilized to determine the active amino acid residue, Glu166 has 
been found to be the most important amino acid of Mpro which 
interacts with the inhibitor [59]. The center of the active site of 
the grid was determined and the results of these quinolines 
showed a better binding energy and hydrogen bond formation, 
indicating that the quinoline analogues Q4, Q6, Q8, Q9 and Q10 
have a significantly higher binding interaction with all recep-
tors compared to HCQ and RDV. Among these quinoline 
molecules, Q9 was found to be a highly potent lead molecule 
with significant binding interactions with all target receptors of 
SARS-CoV-2. These interaction parameters are in good agree-
ment with the current evidence to indicate a good pharmaco-
kinetics profile. Furthermore, the MD studies performed in this 
study for the highly potent drug candidate Q9 also proved that 
the binding conformational stability with SARS-CoV-2 Mpro 

(PDB ID 6LU7) does not change its nature. The results of our 
ADMET analysis are also useful in providing insights into the 
structural criteria for synthesizing a new potential drug 
molecule with a better inhibitory activity against COVID-19 [60, 
61]. Overall, the present work should lead to the identification 
of novel, less toxic, and highly efficient quinoline derivatives for 
chemical interventions to manage COVID-19 infections. The use 
of bioinformatic tools should be helpful in designing and 
synthesizing more appropriate molecules which can interact 
better with specific receptors by the combinatorial approach. 
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