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Abstract

Aims: This paper aimed to investigate the antiviral drugs against Sars-Cov-2 main protease (MPro) using in silico methods.
Material and Method: A search was made for antiviral drugs in the PubChem database and antiviral drugs such as Bictegravir,
Emtricitabine, Entecavir, Lamivudine, Tenofovir, Favipiravir, Hydroxychloroquine, Lopinavir, Oseltamavir, Remdevisir, Riba-
virin, Ritonavir were included in our study. The protein structure of Sars-Cov-2 Mpro (PDB ID: 6LU7) was taken from the
Protein Data Bank (www.resb. Org) system and included in our study. Molecular docking was performed using AutoDock/Vina,
a computational docking program. Protein-ligand interactions were performed with the AutoDock Vina program. 3D visualiza-
tions were made with the Discovery Studio 2020 program. N3 inhibitor method was used for our validation.

Results: In the present study, bictegravir, remdevisir and lopinavir compounds in the Sars-Cov-2 Mpro structure showed higher
binding affinity compared to the antiviral compounds N3 inhibitor, according to our molecular insertion results. However, the
favipiravir, emtricitabine and lamuvidune compounds were detected very low binding affinity. Other antiviral compounds were
found close binding affinity with the N3 inhibitor.

Conclusion: Bictegravir, remdevisir and lopinavir drugs showed very good results compared to the N3 inhibitor. Therefore,
they could be inhibitory in the Sars Cov-2 Mpro target.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (Sars-
Cov-2) infection has become an epidemic and has affect-
ed the whole world. This epidemic has been named as
Coronavirus Disease -2019 (COVID-19) by the World
Health Organization (WHO). The COVID-19 pandemic
has spread very rapidly all over the world and has caused
many people to die '. COVID-19 disease is caused by a
new coronavirus and is called a respiratory disease. First
seen in China, this disease is highly contagious and its

Corresponding Author:

Erkan Oner,

Department of Biochemistry, Faculty of Pharmacy,
Mersin University, Mersin, 33090, Turkey

Tel: +90 324 341 25 15

E-mail: etkanoner0803@gmail.com

main clinical symptoms include fever, dry cough, fatigue,
muscle pain, and shortness of breath. Since the first re-
ported case of COVID-19 in Wuhan, China, at the end
of 2019, it seems to have affected all the countries of the
World 2. Families, societies and countries have been ad-
versely affected by COVID-19. The concepts of health,
freedom, economy, medicinal plants have gained great
importance.

COVID-19 can disrupt the healthcare systems of many
countries. While the number of confirmed COVID-19
cases on 22 January was 580, these figures have now ris-
en to 18.3 million worldwide (August 5) *. Transmission
can occur between people through oral and nasal droplets
and through contact with contaminated sutrfaces * For ex-
ample, from a cough droplet in an aerosol can spread 4 to
5 m away, while sneezing can spread droplets 8 m away °.
Coronaviruses are positive polarity, enveloped, sin-
gle-stranded RNA viruses with rod-like projections on
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the surface. According to their genomic structures, coro-
naviruses are divided into alpha («), beta (), gamma (y)
and delta (8) subgroups. Sars-Cov, Middle East Respirato-
ry Syndrome Coronavirus (MERS-CoV) and Sars-Cov-2
viruses are in the subgroup of B coronaviruses °. Sars-
Cov-2 is a virus that can synthesize at least 14 genetic

code sequences (ORF, open-reading frames) with a 30 kb
genome. It has 4 structural proteins: Spike (§), Envelope
(E), Membrane (M) and Nucleocapsid (N). These pro-
teins are used as targets in vaccine and drug development
in the treatment of COVID-19". (Figure 1).
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Figure 1. Covid 19 Structure ®.

Drug repositioning, reuse, reprofiling, or reassighment is
the evaluation of existing drugs for new therapeutic pur-
poses °. A candidate drug (investigational or approved)
for reuse efforts should at least be known based on suc-
cessful Phase I or Phase II clinical trials. It has a safety
and toxicity profile ". Considering the whole process, it is
estimated that the costs to market a tailored drug are ten
times lower and the time to market is shortened by about
half, compared to a new drug ''. While developing a new
drug requires lengthy processes such as discovery and re-
search, preclinical studies, clinical trials, and treatment ap-
proval, reuse studies of previously discovered drugs have
many advantages over a new drug development study:
less time for development, financial investment, and low-
er cost. there is a risk of failure '

Viruses that have emerged or will re-emerge pose major
public health concerns globally ' For several pathogenic
viruses, there are significant efforts focused on vaccine
development "> '*. However, those infected during pan-
demics urgently need broad treatment. Different drug
stores are urgently needed for the COVID-19 outbreak.
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Therefore, drug reuse may be one of the best strategies
to deal with this pandemic "*'*. Computational and expet-
imental approaches can be used alone or in combination
to gain a more holistic view and increase the chances of
success in drug reuse.

There is not enough evidence yet for the use of favipira-
vir, hydroxychloroquine, Lopinavir, in the treatment of
COVID-19 infection due to the weak power of evidence
(not blinding, lack of control group, use of many other
drugs, unsimilar baseline patient criteria, etc.).

Our aim in this study, which was done for the first time,
is to find the binding activities of these drugs by directing
new drugs to the target with computer-aided drug design
in addition to the antiviral drugs used in COVID-19.

Material and Method

Molecular Modeling Studies

Ligand System

Antiviral drugs were taken from PubChem (https://pub-
chem.ncbi.nlm.nih.gov) database in sdf format. Convert-
ed from Open Babel GUI program to pdb format (Table

1.
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Table 1. Antiviral drugs present in for docking studies

St. No. Antiviral Drugs Formula Compound ID

1 Bictegravir C21H18F3N305 9031 1989

2 Emtricitabine CgHmFN}OgS 60877

3 Entecavir C12H15N503 135398508

4 Lamivudine C8H11N303S 60825

5 Tenofovir C9H14N504P 464205

6 Oseltamavir C1()H28N204 65028

7 Ribavirin C8H12N405 37542
COVID-19 Antiviral Drugs

8 Favipiravir CsH4FN30, 492405

9 Hydroxychloroquine  CisHzCIN; 2719

10 Lopinavir C37H48N4O 5 92727

11 Remdevisir CoH35NqOgP 121304016

12 Ritonavir C37H48N60582 39622

Protein system

Crystal structures of protein structures were obtained
from Protein Data Bank (www.rcsb. Org). All polar hy-
drogens have been added with the Discovery Studio 2020
P modeling package to reduce the tension of the crystal
structure and make the proteins available for use in the
Autodock simulation program. The structure obtained
has been minimized in vacuum environment; during min-
imization, the heavy atoms are fixed at the initial crystal

coordinates; the hydrogens are released to allow them
to move. Autodock tools graphical user interface pro-
gram was used to prepare proteins and ligands. Gasteiger
charges were calculated and non-polar hydrogens joined
with carbon atoms. For the macromolecules, the gen-
erated pdbqt files are saved (Table 2). Protein structure
of 6LU7 or N3 inhibitor (N-[(5-methylisoxazol.-3-YL)
Carbonyl] Alanyl-L-Valyl-N~1~-((1R,2Z)-4-(Benzy-
loxy))-4-Oxo-1-{[(3R)-2-Oxopyrrolidin-3-YL| Methyl}
But-2-Enyl)-L-leucinamide) is a complex structure.

Table 2. Targeted receptor protein (PDB ID:6LU7)
associated with COVID19 along with structure

Sr.  Target Disease ~PDB  Inhibitor Structure
No. Proteins ID
1 Sars Cov-2 COVID 6LU7 N3
Main 19
Protease
Molecular Modeling A (approximately one quarter of the length of the car-

Autodock 4.2.6 was used. AutoDock tools program was
used to create modeling data entry files. In all models, a
cube divided into squares with 80x80x80 point dimen-
sions in x, y, z directions were created. A length of 0.375
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bon-carbon covalent bond) and a distance-dependent
function of the dielectric constant were used to calculate
the energy of the mappings. 10 processes were carried
out using Lamarckian genetic algorithm logic. Randomly
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placed fragments with an initial population of 50 were
used with a maximum energy of 2.5 x 106 and a maxi-
mum of 2.7 x 104 occurrences. A mutation rate of 0.02
and a genetic change rate of 0.8 were chosen. Results dif-
fering by less than 0.5 A in the root mean square devia-
tion (RMSD) were pooled together and the results of the
optimal free energy of binding were chosen as the final
complex structures. Using Autodock Vina 1.1.2 '. and
Discovery Studio 2020 programs, ligand-protein interac-
tions were investigated '’.

Validation Method
N3 inhibitor from Sars Cov-2 inhibitor protein (belong-
ing to PDB ID:6L.U7) was extracted with AutoDock 4.

Docking was performed without adding N3 inhibitor,
which is Sars Cov-2 Mpro ligand. Also, the mean square
of difference (RMSD) value in PyMOL is checked to see
the validation of our study. If the RMSD value is less
than 2.0 A, it indicates that the method is valid. This can
manage to reduce the cost'®

Results

Revalidation with N3 inhibitor was performed to reveal
the strength of binding affinity. The result of our valida-
tion is shown in Figure 2. The ligand had an RMSD value
of 1.61 A and the binding energy was -6.9 kcal/mol. This
molecular docking is valid due to the RMSD value 2.0 A
below the method used.

Figure 2: Status of N3 inhibitor with Sars-Cov-2 MPro inhibitor before
reconfirmation (red), status of N3 inhibitor after insertion (yellow)

Docking results of selected antiviral drugs with target
protein Sars-Cov-2 Mpro showed that selected antivi-
ral drugs had a good binding affinity and better binding

African Health Sciences, Vol 23 Issue 1, March, 2023

modes than that standard drugs against selected target re-
ceptors. The results of docking score of selected antivi-
ral drugs with target proteins is presented in the Table 3.
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Table 3: Docking score antiviral drugs against target protein receptors
(Docking score was expressed in terms of kcal/mol).

Molecular Modelling

Drugs Docking
Score(kcal/mol)
Bictegravir -9.4
Emtricitabine -5.8
Entecavir -6.7
Lamuvidune -5.7
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Tenofovir -6.1

Oseltamivir -6.5
Ribavirin -0.2
Favipiravir -4.8

African Health Sciences, Vol 23 Issue 1, March, 2023
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-6.0

Hydroxychloroquine
-7.5
Lopinavir
Remdevisir -7.8
Ritonavir -6.9

Sars-Cov-2 Mpro (PDB ID: 6L.U7) binding structures of antiviral drugs are given in Table 4.

29
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Table 4: Discovery Studio structure showing interactions between
anti viral drugs and target proteins (PDB ID: 6L.U7)

Drugs Interaction 2D Structure Molecular Docking
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The H bond and hydrophobic interaction between the Sars Cov-2 Mpro receptor and antiviral compounds appear in

Table 5.

33

Table 5: H-bond and hydrophobic interaction between
high binding score compounds and receptors.

Drugs H-Bond Interactions Hydrophobic Interactions
HIS41, LEU141, CYS145, -
Bictegravir HIS164
HIS41,  CYS44,  PRO52,
Emtricitabine META49, TYR54 GLY143, CYS145, HIS164,
MET165, GLU166, ASP187,
ARG188, GLN189
THR26, LEU141, HIS163, THR25,  LEU27,  HIS41,
Entecavir GLY144, GLU166 MET49, PHE140, ASN142,
MET165, HIS170
HIS41,  PRO52,  TYR54,
Lamuvidune ASP187 GLY143, CYS145, HIS164,
MET165, GLU166, ARG18S,
GLN189
HIS41, CYS145, LEU141, THR26, LEU27, TYR54,
Tenofovir ASN142, GLY143, GLU166 ~ PHE140, SER144, HIS163,
MET165, HIS172, ASP187,
ARG188, GLN189, THR190,
GLN192
THR25, LEU27, TYR54,
Oseltamivir CYS145, GLU166, GLN189 ~ PHE140, GLY143, HIS163,
HIS164, HIS172,  ASP187,
ARG188
MET49, PHE140, ASN142,
Ribavirin HIS41, LEU141, CYS145, GLY143, GLU166, MET165,
HIS164 HIS172, ASP187, ARGIS8S,
GLN189
Favipiravir LEU141, GLY143, SER144, PHE140, ASN142, HIS163,
CYS145, GLU166 MET165
GLU166, GLN189, THR190 ~ HIS41, PHE140, LEU141,
Hydroxychloroquine ASN142, GLY143, SER144,
HIS164, MET165, HIS172
MET165, GLU166, GLN189  TYR24,  THR25, THR20,
Lopinavir MET49, PHE140, LEU141,
ASN142, GLY143, SER144,
LEU167, ARG188, THR190,
GLN192
THR26, PHE140, LEU141, THR25, LEU27, ASNI142,
GLU166 GLY143, SER144, CYS145,
HIS163,  HIS164, HIS172,
Remdevisir ARG188, GLN189
LYS5, ~ASN133, ASP197, -
Ritonavir GLU288
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According to the results of the molecular docking study, the inhibitory contents and RMSD values of antiviral drugs

are shown in Table 6.

Table 6: Autodock 4.2-RMSD Inhibition Constant of Molecular Docking Study

St. No. Antiviral Drugs Inhibition Constant, KilmM) RMSD (A)
1 Bictegravir 33.41 0.31
2 Emtricitabine 201.47 0.41
3 Entecavir 65.24 0.78
4 Lamivudine 282.04 1.98
5 Tenofovir 98.67 1.12
6 Oseltamavir 133.02 0.84
7 Ribavirin 168.45 1.34
COVID-19 Antiviral Drugs
8 Favipiravir 231.59 0.66
9 Hydroxychloroquine 221.58 0.95
10 Lopinavir 141.70 0.99
1 Remdevisir 74.32 0.44
12 Ritonavir 53.32 0.71

Discussion

It is seen that a wide variety of strategies are used in the
treatment of COVID-19 disease, which has turned into
a pandemic due to the very recent emergence of Sars-
Cov-2 infection, which has no proven treatment. Many
of these emerging strategies are based on the reuse of
existing drugs that are effective in different indications.
Chloroquine analogue (i.e., hydroxychloroquine) inhibit
endosomal acidification (increasing pH) necessary for vi-
rus-cell fusion, and are in vitro non-invasive against many
viruses such as HIV, Dengue, hepatitis C, Chikungunya,
Influenza, Ebola, SARS, MERS and COVID-19 agents.
It has been found to have a specific antiviral effect. It has
been shown in studies with Vero cells that its effect is
both at cell entry and after entry. It is thought that having
an immunomodulatory effect at the same time increases
its antiviral effect. It is a drug that spreads throughout the
body, including the lungs *.

Favipiravir, a selective RNA-dependent RNA polymerase
inhibitor, is an antiviral used in the treatment of influ-
enza in some Asian countries. Apart from influenza, it
also has an inhibitory effect against many viruses such
as arena-, bunya-, flavi- and filoviruses, and hemorrhagic
fever viruses such as Ebola ». Therefore, it was thought
to be effective during the Covid-19 pandemic and was
offered for use in cases with severe clinical findings in
our country.

Lopinavit/ritonavir (LPV/r) is a protease inhibitor used

African Health Sciences, Vol 23 Issue 1, March, 2023

in the treatment of HIV/AIDS. The protease enzyme is
a key enzyme for the polyprotein formation of the coro-
navirus. Although conflicting results have been obtained
in the treatment of SARS, it has been one of the antiviral
drugs that hope in the treatment of Covid-19, due to its
strong effect in vitro and in vivo, especially with interfer-
on-beta IFNb) for MERS-CoV *..

Remdesivir is a new nucleotide analog in monophosphate
structure and a prodrug;[10] It is metabolized to the ac-
tive form C-adenosine nucleoside triphosphate analog
and inhibits viral RNA polymerase. Remdesivir is highly
selective to the RNA polymerase of the virus, therefore,
toxic side effects in humans are unlikely. Remdesivir has
been shown to be effective against Ebola virus, Sars-CoV,
MERS-CoV and its first clinical use was in the treatment
of Ebola®,

Molecular docking analysis results of antiviral drugs used
in COVID-19 in the protein structure of Sars-Cov-2
Mpro (PDB ID: 6LLU7) were compared on compounds
used in other viral infections. Our study showed that
bictegravir, remdevisir and lopinavir compounds in the
Sars-Cov-2 Mpro structure showed high binding affinity
compared to the antiviral compounds N3 inhibitor, ac-
cording to our molecular docking results. However, the
favipiravir, emtricitabine and lamuvidune compounds
were detected very low binding affinity. Other antiviral
compounds showed close binding affinity with the N3 in-
hibitor. Moreover, in the RMSD analysis performed, the

34



accuracy of our docking results, those with RMSD values
below 2 A, indicate that the molecular docking study was
successful.

Electrostatic complementarity between protein and li-
gand at the binding interface is vital for complex for-
mation. Among the dominant types of electrostatic in-
teractions are; hydrogen bonding, salt bridges and metal
interactions. Hydrogen bonding is the most important
directional interaction in biological macromolecules,
which is known to impart stability to protein structure
and selectivity to protein-ligand interactions **. General-
ly, hydrogen bonding occurs between two electronegative
atoms, one (donor) having a covalently bonded hydrogen
atom and the other (acceptor) having a lone electron pair.
The strong electrostatic attraction results from the attrac-
tive interaction between the partial positive charge on the
hydrogen atom and the partial negative charge on the ac-
ceptor atom *. Hydrophobic interactions ate in contact
with the nonpolar parts of the molecules thereby increas-
ing entropy. Hydrophobic interactions are therefore en-
tropy driven and have been shown to play a crucial role in
ligand binding *.

Recent studies of COVID-19 drug discovery have been
reported by many studies on the idea of re-use of an-
tiviral drugs. Researchers reported that re-uses of many
existing antiviral drugs, such as remdesivir and favipira-
vir, have been officially approved for the treatment of
COVID-19. Anti-HIV drugs such as ritonavir and nel-
finavir have been proposed for re-use in COVID-19 by
targeting Sars Cov-2 Mpro *". Antiviral drugs such as
solutegravir, raltegravir, paritaprevir, bitegravir, and do-
lutegravir were also recommended in another report *.
Belhassan et al. in 2020, they described the optimal bind-
ing properties of oseltamivir derivatives with Sars-Cov-2
Mpro (Code PDB: 6LLU7) and showed that oseltamivir
derivatives bind well to the Sars Cov-2 Mpro construct
¥, Hagar et al. 2020, in their study, found that ribavirin
showed good binding affinity in Sars-Cov-2 Mpro *.

We could not find any study describing the structural
binding properties of Emtricitabine, Entecavir, Lamivu-
dine and Tenofovir antiviral compounds and Sars-Cov-2
Mpro structure. We have also explained the structural
properties of these compounds.

Conclusion

The Sars-Cov-2 epidemic, which has no proven treatment
and vaccine yet, continues to affect the whole world.
Many agents tried in the treatment are drugs that have
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been shown to be effective in previous epidemic experi-
ences or are used with the expectation of being effective
in vivo because they are effective in vitro. According to
the results of molecular modeling, it has been determined
that new agents can be used as an alternative to the anti-
viral agents used in coronavirus. It has been determined
that antiviral agents with a docking score above -6.0 are
suitable for use in clinical trials.
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