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Abstract

The coronavirus (COVID-19) pandemic became one of the most important disease problem across the globe for last few years since there 
is no recommended efficacious drugs in the market. So, there is an urgent need for efficient drugs to treat this disease in the near future. In 
the present study, molecular docking analyses of selective cyclooxygenase-2 inhibitor drugs (Celecoxib, Rofecoxib, Valdecoxib, Lumiracoxib, 
Parecoxib, Etoricoxib, and Firocoxib) were performed against the therapeutic target proteins of severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) main protease (Mpro) enzyme into the catalytic active site. On the other hand, these drugs were compared with standard drugs 
such as Favipiravir, Chloroquine and Hydroxychloroquine to understand the binding sites and find the best poses. The results revealed that all 
the selective cyclooxygenase-2 inhibitor drugs (except Lumiracoxib) showed a better binding affinity against SARS-CoV-2 Mpro enzyme than the 
standard drugs. Among them, Etoricoxib (-9.40 kcal/mol) have shown the best binding affinity. As a result, this study shows that these selective 
cyclooxygenase-2 inhibitor drugs might be interesting lead compounds to discover more potent SARS-CoV-2 Mpro inhibitors and find to cure 
severe COVID-19 disease with better drugs. 
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Introduction

An outbreak was reported by the World Health Organization 
(WHO) in Wuhan, China in December 2019. This epidemic was 
named Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) on January 30, 2020 [1,2]. In the second week of March 
2020, the epidemic was declared global pandemic and within a 
few months the number of cases increased to 4 million and the 
death rate increased significantly [3]. The viral agent causing the 
outbreak belongs to the betacoronavirus family [1,2]. The disease 
caused by the SARS-CoV-2 factor is highly contagious [4]. This 
illness is basically a type of viral infection that spreads rapidly 
through respiratory droplet and direct contact. This infection 
has many symptoms, such as fever, cough, shortness of breath 
and gastrointestinal diseases [3,5-7]. The COVID-19 epidemic, 
in addition to threatening human health, has also had negative 
effects in areas such as the global economy around the world [3].

Cyclooxygenases are enzymes that allow free fatty acids to 
convert into cyclic endoperoxides. Arachidonic acid and some other 
fatty acids are exposed to the action of this enzyme and forming 
various prostaglandins [8,9]. Studies have shown that there are  

 
two different isoforms of the enzyme [8]. The first isoform, known 
as COX-1, is the structural form and is continuously present in the 
region in which it is produced. The COX-2 isoform is the inducible 
form [10,11]. This enzyme isoform is induced, especially in cases 
that cause inflammation. As a result of increased expression of the 
enzyme COX-2, abundant prostanoids are formed. In the presence 
of systemic infection, this rate increases even more. It has been 
found that this isoform increases in various pathologies, such as 
certain types of cancer and diseases of the central nervous system 
[8].

Microorganisms stimulate processes associated with the 
immune system and inflammatory events in the tissues they 
attack. Elimination the inflammatory condition that occurs is very 
important for the treatment of diseases caused by infection. In this 
context, polyunsaturated fatty acids (PUFA) and their metabolites 
play a very important role. In studies, lipid derivatives have been 
found to kill various microorganisms [12]. In general, PUFA kill 
microbes by their direct effect on microbial cell membranes. 
Arachidonic, eicosapentaenoic and docosahexaenoic acids act as 
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endogenous antibacterial and antifungals. These lipid molecules 
also have antiviral, antiparazit and immunomodulatory effects. 
Cytokines involved in cell defense induce the release of PUFA from 
the cell membrane. These lipid molecules provide the formation of 
lipoxins and resolvins that have antimicrobial effects [13]. A study 
has shown that COX inhibition protects the virus from spreading 
from cell to cell by a mechanism that inhibits cytomegalovirus 
maturation [14]. COX-2 inhibitors such as etoricoxib or celecoxib 
are drugs that contribute to a decrease in mortality in severe 
influenza. COX-2 inhibitors are thought to be secure in the 
treatment of COVID-19 and may reduce disease progression in 
groups of high risky elderly patients with pneumonia due to their 
treatment of inflammation [15].

It has also been shown in previous studies that the severity 
and course of the inflammatory process differ decidedly between 

male and female [16]. Simona Pace et al. found that isolated 
lipopolysaccharide causes more PGE2 production in males and 
this may be due to increased COX-2 expression [17]. It is also 
thought that PGE2 levels, which are an important lipid agent and 
enhance more in men, may be a factor that explains the more 
severe disease formation condition of COVID-19 in men [16]. The 
parallelism of the increase in PGE2 and disease rates suggests that 
COX-2 inhibitors may be effective in treatment.

The aim of this study is to evaluate the place of COX-2 enzyme 
inhibition in COVID-19 treatment as in silico. In addition to the 
effect of these drugs (Scheme 1) on suppressing inflammation and 
reducing the severity of the disease, the ability to bind to the SARS-
CoV-2 factor will be evaluated. This attachment is very important 
in terms of preventing the viral factor from entering the cell and 
preventing the effects of the disease on the body.

Scheme 1: The chemical structures of selective cyclooxygenase-2 inhibitor drugs.

Material and Methods

The AutoDock 4.2 molecular docking program was used to find 
best binding interactions of selected selective cyclooxygenase-2 
inhibitor drugs against SARS-CoV-2. The three-dimensional (3D) 
crystal structure of the protein Mpro was retrieved from Protein 
Data Bank (PDB) (PDB ID: 6LU7) [18]. The 3D structure of the 
drugs was downloaded from the PubChem (https://pubchem.
ncbi.nlm.nih.gov/) in structure-data file format. The most suitable 
of the possible binding modes obtained as a result of the Molecular 
Docking processes were determined with Autodock 4.2, and their 
analyzes and visuals were obtained with the Biovia Discovery 
Studio Visualizer 2020 program [19-21]. In the present study, a 

selective cyclooxygenase-2 (COX-2) inhibitor drugs Celecoxib, 
Rofecoxib, Valdecoxib, Lumiracoxib, Parecoxib, Etoricoxib, and 
Firocoxib molecules were used for docking procedures. Also, 
Favipiravir, Chloroquine and Hydroxychloroquine were used as 
standard drugs for comparison. 

Results and Discussion

The docking analysis result of the molecules and 
standards Celecoxib, Rofecoxib, Valdecoxib, Lumiracoxib, 
Parecoxib, Etoricoxib, Firocoxib, Favipiravir, Chloroquine and 
Hydroxychloroquine as inhibitors of SARS-CoV-2 (PDB: 6LU7) 
including binding energy, inhibition constant and important 
interactions at the active site are demonstrated in Table 1. 

Figure 1:

Figure 2
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Table 1: The best docking scores of selective cyclooxygenase-2 inhibitor drugs and standards and their important interactions with various amino 
acids on the active site of SARs-CoV-2 Mpro (PDB: 6LU7).

Ligands Binding Energy (kcal/mol) Important Interaction at the Active Site

Celecoxib -8.24 H-bonds: Cys 145, Glu 166, His 163, Thr 190; Pi-Pi stacked: His 41; Pi-alkyl: Met 49; 
Pi-sulfur: Cys 145

Rofecoxib -8.51 H-bonds: Gly 143, Ser 144, Cys 145; Pi-carbon: His 41; Pi-alkyl: Met 49, Met 165

Valdecoxib -8.83 H-bonds: Leu 141, Gly 143, Cys 145; Pi-carbon: His 41; Pi-alkyl: Met 49, Cys 145, Met 
165

Lumiracoxib -6.27 H-bond: Tyr 101; Pi-Pi stacked: Phe 103; Pi-alkyl: Lys 100

Parecoxib -8.89 H-bonds: Gly 143, Ser 144, Cys 145; Pi-carbon: His 41; Pi-alkyl: Met 49, Met 165

Etoricoxib -9.4 H-bonds: Thr 190, Gln 192; Pi-Pi stacked: His 41; Pi-alkyl: Met 49, Pro 52, Cys 145, Met 
165, Arg 188; Pi-sigma: Gln 189

Firocoxib -7.88 H-bonds: His 41, Cys 145, Thr 190, Gln 192; Pi-alkyl: Met 49, Cys 145, His 163, Met 165; 
Pi-sigma: Gln 189

Favipiravir -4.21 H-bonds: Met 49, Tyr 54, His 164; Pi-carbon: His 41

Chloroquine -7.22 H-bond: His 164; Pi-alkyl: His 41, Cys 44, Met 49, Cys 145, Met 165

Hydroxychloroquine -6.26 H-bond: Asp 187; Pi-alkyl: His 41, Met 49, Met 165

Figure 1: The binding sites in the pocket of SARS-CoV-2 Mpro enzyme (PDB:6LU7).
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The protein-ligand interaction study revealed that the 
selective cyclooxygenase-2 inhibitor drugs are binding at the 
active site of SARS-CoV-2 Mpro protein with the best poses ranging 
from -6.27 to -9.40 kcal/mol (Table 1). In the current work, all the 
selective cyclooxygenase-2 inhibitor drugs showed better binding 
affinity then the standard drugs Favipiravir, Chloroquine, and 
Hydroxychloroquine (binding affinities of -4.21, -7.22, and -6.26 
kcal/mol, respectively), except the Lumiracoxib. Among the best 
docking scores, only one drug (Lumiracoxib) has been shown the 
bind in a different region, then the rest of drugs (including standard 
drugs) and the binding energy of this drug was lowest (-6.27 kcal/
mol) among other drugs that were docked in this study (Figure 
1). The best binding affinity (-9.40 kcal/mol) was observed with 
the drug of Etoricoxib, which have several important amino acid 

interactions, including hydrogen bonds with Thr 190 and Gln 
192, and pi-alkyl interaction with Met 49, Pro 52, Cys, 145, Met 
165, and Arg 188. The great binding affinities were also obtained 
with the drugs of Celecoxib, Rofecoxib, Valdecoxib, and Parecoxib, 
which had close binding energies to each other’s (-8.24, -8.51, 
-8.83, and -8.89 kcal/mol, respectively). The most important 
interactions with these compounds were with Cys 145 (hydrogen 
bonding), His 41 (pi-carbon bonding), Met 49 and Met 165 (Pi-
alkyl interactions) (Figure 2). The moderate binding affinity was 
observed with the drug of Firocoxib (-7.88 kcal/mol). This drug 
also has some hydrogen bounds (His 41, Cys 145, Thr 190 and Gln 
192), Pi-alkyl interactions (Met 49, Cys 145, His 163, and Met 165) 
and Pi-sigma interaction with Gln 189 (Figure 2).

Figure 2: 2D interactions of selective cyclooxygenase-2 inhibitor and standard drugs with amino acids of the SARS-CoV-2 Mpro enzyme 
(PDB ID:6LU7) binding site.

 In general, all the docked selective cyclooxygenase-2 inhibitor 
drugs showed great binding affinities against SARS-CoV-2 Mpro 
enzyme by having important interactions on the active site. As 
shown in Figure 1, only one drug (Lumiracoxib) found to bind 
different binding site which is not favorable for high binding 
affinities. Some key amino acids are important on the active site 
for great binding affinities such as Gly 143, Cys 145, Thr 190, and 
Gln 192 for hydrogen bonding, His 41 (for Pi-carbon interactions), 
and Met 49 and Met 165 (for Pi-alkyl interactions). 

Conclusion 

In summary, we have performed molecular docking of the 
selective cyclooxygenase-2 inhibitor drugs (Celecoxib, Rofecoxib, 
Valdecoxib, Lumiracoxib, Parecoxib, Etoricoxib, and Firocoxib) 
with the important therapeutic target protein of SARS-CoV-2 and 

compared them with the standard drugs Favipiravir, Chloroquine 
and Hydroxychloroquine. The obtained dock scores demonstrated 
that all the selective cyclooxygenase-2 inhibitor drugs (except 
Lumiracoxib) showed a better binding affinity against SARS-
CoV-2 Mpro enzyme than the standard drugs. More specifically, 
Etoricoxib (-9.40 kcal/mol) have shown the best binding affinity. 
This docking study indicates that these selective cyclooxygenase-2 
inhibitor drugs might be useful lead molecules to discover potent 
and less toxic SARS-CoV-2 drugs in the near future. 
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