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Abstract 
Recently the pandemic coronavirus disease 2019(COVID-19) has spread quickly all over the world 

caused by SAR-CoV2. In the present study, it has been used molecular docking to the binding affinity between 

COVID-19 main protease enzyme and flavonoids with evaluations based on docking scores calculated by 

AutoDock Vina. Results showed that naringin interacted with COVID-19 main protease, and it has the highest 

binding affinity than other flavonoids include quercetin, hesperetin, and naringenin. An important finding in this 

study is that naringin with poly hydroxyl groups can serve as an inhibitor of COVID-19 main protease bind to the 

pocket of the protein. It is shown that residues His163, Glu166, Asn142, His41and Gln189 participate in the 

hydrogen bonding interactions, the same as happened with decahydroisoquinoline as a novel structure as a 

protease inhibitor for SARS 3CL.On the other hand, some of the known protease inhibitors and anti-influenza 

drugs docked with COVID-19main protease, it has a low binding affinity than naringin. 
Keywords:  COVID-19 main protease, Flavonoids, Naringin, Molecular docking, Protease inhibitor. 
 

Introduction 
The novel coronavirus disease (COVID-

19) was first identified in Wuhan, China, in 

December 2019 caused by severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV2) which can 

be transmitted effectively between human to human 

and animal to human through droplets or direct 

contact, causing fever, cough, shortness of breath, 

pneumonia and kidney failure (1,2). Recently, it has 

been reported that the number of infected human 

outside of China are suddenly increased, as of May 

28, 2020, there have more than 5,700,000 cases, 

357,533 deaths and 2,500,000 recovered in 216 

countries and territories, most of the cases, and 

deaths have occurred in United States of America, 

Brazil, Russia, Spain, United Kingdom, Italy and 

France(3). 

SARS-CoV2 is a Beta coronavirus, which is an 

enveloped, positive-sense, single-stranded RNA 

virus in the family of Coronaviridae. In general, 

coronaviruses (CoVs) are a large group of viruses 

that can be divided into four genera, including alpha, 

beta, delta, and gamma. Alpha- and Beta 

coronaviruses mainly infect bats, but they also infect 

other species like humans, camels, and rabbits (4-

6).COVID-19 is closely related to two high 

pathogenic responsible for Severe Acute 

Respiratory Syndrome (SARS-CoV) in 2002 and 

Middle East Respiratory Syndrome (MERS-CoV) in 

2012(7-9).  

Drug development against coronavirus  

 

includes inhibition of viral replication through 

acting on its critical enzymes (10). CoVs encode 

proteases such as papain-like protease (PLpro) and 

main protease (Mpro), which are involved in the 

proteolytic processing of the polyproteins into 

individual non-structural proteins (nsps) to control 

viral gene expression and replication (11,12). The 

crystallized form of COVID-19 main protease 

(Mpro) was demonstrated by a Chinese researcher 

Liu et al(13), that it is a potential drug target protein 

for the inhibition of SARS-CoV-2 replication. The 

Mpro is a key protein required for the proteolytic 

maturation of the virus (14). Thus, targeting Mpro has 

the potential to provide effective treatment against 

SARS-CoV-2 by inhibition of the viral polypeptide 

cleavage (15). Further, studies have found that SARS-

COV-2 requires angiotensin-converting enzyme 2 

(ACE2) and Transmembrane Serine Protease 2 

(TMPRSS2), to enter lung cells, the same cellular 

entry receptor as SARS-CoV to infect humans (16- 

120).  

As of now, few antiviral strategies are 

being used to treat patients, lack of specific antiviral 

drugs or vaccines against SARS-CoV-2 is further 

aggravating the situation (21). Thus, there is an urgent 

need to identify and develop effective antivirals 

against SARS-CoV-2 to fight this deadly virus. In 

this study, it has been used flavonoids with SARS-

CoV-2 main protease against COVID-19 (22-24). 
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The flavonoids, a large group of naturally 

occurring low molecular weight compounds widely 

distributed in the plant kingdom; particularly, they 

belong to a class of plant secondary metabolites 

having a polyphenolic structure, widely found in 

fruits, vegetables, and certain beverages. These 

compounds share a common structural core with two 

benzene rings (A and B) joined by a third 

heterocyclic ring (C) (Figure 1) (25-27). Studies have 

suggested that flavonoids exhibit biological 

activities, including anti-allergenic, antiviral, anti-

inflammatory, and vasodilating actions (28,29). 

Therefore, the inhibition of proteases was proposed 

as a new function mechanism for flavonoids by 

several independent laboratories.  Flavonoids such 

as naringin, quercetin, hesperetin and naringenin 

possess a variable degree of antiviral activity (Figure 

1). (30,31).  

In this study, we performed molecular 

docking to understand the interaction between 9 

flavonoids and 14 FDA approved antiviral drugs 

such as lopinavir, indinavir, ribavirin, ritonavir, 

favipiravir, and remdesivir (Figure1) with COVID-

19 main protease were performed to identify these 

drugs inhibiting COVID-19 main protease enzyme.  

 

    
 

 

Basic structure of flavonoids (I )                                                           Naringin (II)  . 

                                                                                                                                                                                                                                           

                                                                                                                                                                                                           
 

              
                     
                 Quercetin (III)                                      Hesperetin (IV)                                   Naringenin(V)                                                                   

 

                                                                 

                   

                                                                                                     
                             Lopinavir (VI)                                                                        Indinavir (VII)     

                        
Figure 1. (I) Basic structure of flavonoids, (II) structure of naringin, (III) structure of quercetin, (IV) 

structure of hesperetin, (V) structure of naringenin, (VI) structure of lopinavir and (VII) structure of 

indinavir. 
 

Methods 

1. Ligand preparation 

The two and three-dimensional models of the drug 

was obtained from the Pub Chem data base 

(https://pubchem.ncbi.nlm.nih.gov/) in the 

structure-data file (SDF). Then Open Babel was 

used to converting SDF to pdb format (https :// 

sourceforge .net/projects/openbabel/ 

 

 

). Ligands used in this docking study are 9 

flavonoids and 14 FDA approved antiviral drugs. 

Among these drugs, naringin is most promising, 

since it demonstrates the highest docking score to 

the COVID-19 protein (Table 1). 
 

 

https://pubchem.ncbi.nlm.nih.gov/
https://sourceforge.net/projects/openbabel/
https://sourceforge.net/projects/openbabel/
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2.Protein preparation:  

Protein Data Bank (PDB) is a structural repository 

for biological macromolecules such as proteins and 

their complexes (www.rcsb.org/pdb)(32). The crystal 

structure of COVID-19 main protease with N3 as 

inhibitors(6LU7.pdb)(http://www.rcsb.org/structure

/6LU7)(15)(Figure2),available in Protein Data Bank 

was used as a receptor. The three-dimensional 

structure of the target protein was retrieved from 

PDB by giving the PDB ID in the database. Protein 

Data Bank (PDB) files may have a variety of 

problems that need to be corrected before they can 

be used for docking. Before docking, the entire N3as 

inhibitors were removed from the protein molecule. 

Lipinski’s rule of five. The rule of five is beneficial 

to assess in vivo absorption abilities of the designed 

compounds. A ligand has a molar mass less than 

500, hydrogen bond donors (-OH, NH) less than 

five, hydrogen bond acceptors (N, O) less than ten 

and calculated CLogP is less than five satisfy the 

rule of five. ClogP, the number of hydrogen donors, 

and number of hydrogen acceptors of the drugs were 

obtained from the PubChem database (https: // 

pubchem .ncbi.nlm.nih.gov/). 

All of the flavonoids in the present study satisfy the 

rule of five except naringin, quercetin, laurifolin and 

elatin. 

3.Molecular dockin 

Docking between the protein and ligand was 

performed using AutoDock 4.2.6 (http://vina. 

Scripps.edu.). AutoDock Tools were used for 

preparing the input files and analyzing the result. A 

program for molecular docking and virtual 

screening is Auto Dock Vina (33). The virtual 

screening program has been used is AutoDockVina, 

implemented in an application called PyRx 0.8 

(https://pyrx .source forge.io/), which is open-source 

software to perform virtual screening. To determine 

the scoring function in this method, specification of 

search space inside the coordination system of the 

protein is necessary, in which different positions of 

the ligand should be examined. The magnitude of 

the search space was determined with the grid center  

 

 

of X: -25, Y: -52, Z: -4.4, and the number of points 

in each magnitude was X:45, Y:45, Z:45 in 

angstrom. Each output file has several models 

ranked in the ascending order in terms of binding 

energy. The predicted binding energy of the ligand 

with the target protein is represented in kcal/mole. 

In each case, only the best mode is usually selected 

and used for subsequent analysis. 

4.Visualization 

In order to sketch, visualize, and analyze ligand 

molecules, a suite of applications called Marvin has 

been used. All the Marvin tools were accessible 

from the Marvin Sketch 19.9 application (https: // 

chemaxon .com / products / mar-vin). H-bonds 

interactions between ligands and amino acids of 

targeted protein were visualized on UCSF Chimera 
(34). 

 

Figure 2. The 3D structure of COVID- 19 main 

protease 

Results and Discussion  
Table 1 shows the binding energy of 

several flavonoids with COVID-19 main protease 

sorted according to the docking scores (binding 

affinities) calculated from the Autodock Vina. 

Naringin showed lower binding energy, and higher 

binding affinity than the other docked flavonoids. 

Hydrogen-bonding contributes most to the binding 

affinities of all flavonoids with the receptor protein. 

Flavonoids through hydrogen-bonding interact with 

COVID-19 main protease, with binding energies 

between -10.2.to-6.0kcal/mol 

 

Table 1. The docking score (kcal/mol), MW, CLogP, No. of H bond donor, No. of H bond acceptor, and 

Lipinski’s rule of five for flavonoids. 

Flavonoids Docking 

score                                                 

(kcal/mol) 

MW 

(g/mol) 

<500 

ClogP 

<5 

 

No. of H bond 

donor 

<5 

No. of H bond 

acceptor 

≤ 10 

Lipinski's 

rule of five 

Naringin -10.2 580.5 -0.5 8 14 NO 

Quercetin -8.0 302.23 1.5 5 7 NO 

Hesperetin -7.9 302.28 2.4 3 6 Yes 

Naringenin -7.7 272.25 2.4 3 5 Yes 

Ternatin -7.0 374.3 3.1 2 8 Yes 

Hydroxyflavone -6.1 238.2 3.4 1 3 Yes 

Alvocidib -6.1 401.8 3.3 3 6 Yes 

Laurifolin -6.0 356.4 11.8 2 5 NO 

Elatin -6.0 594.5 -2.1 11 15 NO 

https://pubchem/
https://pubchem/
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Upon study, Naringin has a high binding affinity 

with binding energy (-10.2 kcal/mol); however, it 

could not pass the rule of five criteria due to its 

molecular mass greater than 500 g/mol and the 

number of hydrogen bond acceptor exceed the 

allowed range.  As shown in Figure 3, naringin could 

fit well to the binding pocket of COVID-19 protease 

through five hydrogen-bonding interactions. 

Naringin with poly hydroxyl groups may serve as 

inhibitors of COVID-19 protease, it is shown that 

residues His163, Glu166, Asn 142, His41, and Gln 

189 participate in the hydrogen bonding interaction, 

the same as happened with decahydroisoquinoline 

as a novel structure protease inhibitor (35). The one 

hydrogen bond is occurred between one N-H group 

of His163 of COVID-19 interact with one hydroxyl 

group of naringin, distance is 1.97 Å (Figure 3).    

Next hydrogen bonds between carboxyl oxygen of 

Glu166 and Asn142, chains of COVID-19 protein, 

and the hydroxyl group of ligands, with bond length 

2.43 and 3.09Å, respectively (Figure 3). More, one 

hydrogen bonds between carboxyl oxygen of 

Gln189 of backbone and hydroxyl group of the 

ligand has occurred with bond length 2.63Å (Figure 

3). Finally, other hydrogen bond can be seen 

between N-H His41 side chain and the hydroxyl 

group of phenol in the ligand with bond length of 

3.61 Å (Figure 3). An important finding in this work 

is that the poly hydroxyl group of naringin can 

function as a protease inhibitor bind to the COVID-

19 main protease. 

 

 

   

Figure 3. Molecular docking of naringin has interacted with COVID-19 main protease enzyme.  

 

Therefore, the binding energies calculated 

for other flavonoids lower than naringin including 

quercetin, hesperetin, naringenin, ternatin, 3-

hydroxy flavone, and elatin are -8.0, -7.9, -7.8,-7.0 -

6.1 ,and -6.0 kcal/mol respectively. They bind with 

the same COVID-19 main protease pocket, but it 

could not fit well to binding pocket (Figure 4) 

because it has low poly hydroxyl group for hydrogen 

bonding interaction (Figure 1) and also the number 

of hydrogen bonding interaction with the amino acid 

of COVID-19 main protease lower than naringin.  

It was found the Figure 4A, quercetin formed one 

hydrogen bonding between   hydroxyl group of 

ligand with amino acids His 163, distance is 2.26Ǻ 

.Next hydrogen bond between the hydroxyl group of 

quercetin  with side-chain amino acids Gln 189, 

His41and Glu 166 with bond length,2.02 Ǻ,3.06 Ǻ 

and 3.76 Ǻ respectively (Figure 4 A). The hydroxyl 

group of hesperetin formed two hydrogen bonding 

between the N-H group of His164 and carboxyl 

oxygen of Gln 189 chains of COVID-19   protein 

with bond length 4.48 Ǻ and 4.67Å respectively.  

As shown in Figure 4 C, naringenin could 

bind with the COVID-19 main protease pocket 

through hydrogen bonding with the amino acid Glu 

166 and Asn 142, distances are 4.52 Ǻ and 4.79 Ǻ 

respectively.Ternatin with the hydroxyl group can 

be formed hydrogen bonding with amino acids His 

163 and Gln 189, bond length 4.13 Ǻ and 5.43 Ǻ 

respectively (Figure 4 D). 
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Figure 4. (A)  Molecular docking of quercetin interacted with COVID-19 main protease enzyme. (B) 

Molecular docking of hesperetin. (C) Molecular docking of naringenin. (D) Molecular docking of ternatin. 

 
On the other hand, numerous recent studies 

have been suggested some of the drugs against 

COVID-19 disease especially protease inhibitors 

drugs (36,37). To understand and compare that 

naringin is a reasonably better binding affinity with 

COVID-19 main protease enzyme than other drugs; 

also it has been used molecular docking to the 

binding affinity between COVID-19 main protease 

enzyme and 14 FDA approved drugs. Results 

showed that the low binding affinities calculated for 

ligands such as lopinavir, indinavir, ritonavir, and 

ribavirin than naringin, and they do not interact 

effectively with the COVID-19 main protease. As 

shown in Figure 5, all of the protease inhibitors 

having a different binding pockets with flavonoids.  

For comparison, the docking energy 

between the COVID-19 main protease and lopinavir 

calculated and the score was−7.9  Kcal/mol. As 

shown in Figure 6, lopinavir could bind with the 

COVID-19 main protease pocket through hydrogen 

bonding with the amino acid Gln 110 and Asn 151, 

distances are 2.77 Ǻ and 3.34 Ǻ respectively. The 

docking energy between the COVID-19 main 

protease and indinavir, ritonavir, and ribavirin were 

calculated to be −7.7, -7.5, -7.0 kcal/mol 

respectively. All of these scores appear lower than 

naringin (-10.2 kcal/mol). Table 2 shows the binding 

energy of several ligands with COVID-19 main 

protease sorted according to the docking scores 

(binding energies) calculated from the Autodock 

Vina. 

 

 

 
 

Figure 5. (A) The structure of COVID-19 main protease enzyme generated by using USCF Chimera with 

two active sites for flavonoids and protease inhibitors. (B) Ligand-protein interaction for lopinavir. (C) 

Ligand-protein interaction for naringin. 
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Figure 6. Molecular docking of lopinavir has interacted with COVID-19 main protease enzyme 

 
Table 2. The docking score (kcal/mol), MW, CLogP, No. of H bond donor, No. of H bond acceptor, and Lipinski’s 

rule of five for FDA approved drugs. 

Drug name  Docking 

score                                                     

(kcal/mol) 

MW 

(g/mol) 

<500 

ClogP 

<5 

No. of H bond 

donor 

<5 

No. of H bond 

acceptor 

≤10 

Lipinski's 

rule of five 

Lopinavir -7.9 628.8 5.9 4 5 NO 

Indinavir -7.7 613.8 2.8 4 7 NO 

Ritonavir -7.5 720.9 6 4 9 NO 

Ribavirin -7.0 212.2 -1.8 4 7 NO 

Camostat mesilate -6.4 494.5 3 9 9 Yes 

Zanamivir -6.3 332.3 -3.2 7 8 NO 

Favipiravir -5.8 157.1 -0.6 2 4 NO 

Rimantadine -5.7 179.3 2.6 1 1 Yes 

Oseltamivir -5.5 312.4 1.1 2 5 Yes 

Simeprevir -5.3 749.9 4.8 2 10 NO 

Remdesivir -5.3 602.6 1.9 4 13 NO 

Baloxavir marboxil -5.2 571.6 3.8 0 12 NO 

Amantadine -5.2 151.2 2.4 1 1 Yes 

Boceprevir -4.7 519.7 3.1 4 5 Yes 

 

Conclusion   
As noted before, COVID-19 has become a 

global concern, due to widespread outbreaks and 

lack of treatment. Therefore, to contribute to this 

fight against COVID-19, molecular docking was 

performed to identify novel compounds having the 

potential to bind main protease of COVID-19. 

Relying on this topic and repurposing concept, a 

procedure employing docking of flavonoids, 

protease inhibitors, and anti-influenza drugs was 

used to identify new potential molecule to bind the 

main protease of COVID-19 and the result indicates 

that naringin has a high binding affinity with low 

energy -10.2 kcal/mol to the main protease of 

COVID-19 than other natural molecules. However, 

further studies should be conducted for the 

validation of these compounds using in vitro and in 

vivo models to pave a way for these compounds in 

drug discovery. 
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