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Again, still now no vaccine is available in the market 
which can effectively fight the COVID-19 (Sarkar et al., 
2020, Ullah et al., 2020a). Several targets are identified to 
make drugs or vaccines against this virus. For replication 
process of many of positive stranded RNA viruses, 
proteolytic processing of viral polyproteins is a major 
step. The replicase gene incorporates the sequence motifs 
of both papain-like protease and 3-chymotrypsin like 
protease. Their vital role in the activities of replication 
complexes has made them one of the main targets of 
drug discovery. RdRp is the RNA polymerase that helps 
the virus in translational process and have been used as 
potential target. Similarly, viral S protein is also being 
used as target for drug discovery. This virus can infect 
the individuals through interaction between human 
ACE2 receptor and Spike protein. The process of viral cell 
fusion involves binding between ACE2 receptor and spike 
protein and proteolytic processing of spike proteins (Liu 
et al,.2020).

As SARS-CoV-2 is a newer pathogen, there have been 
no definite drugs. However, scientists are considering 
existing drugs to treat COVID-19 patient (Liu et al,.2020). 
Among the existing drugs, Remdesivir is vital candidate 
that had been produced for the treatment of Ebola 
virus. It helps to block RNA production mechanism 
of the virus by evading viral exonuclease activity. 
There are two similar drugs Hydroxychloroquine and 
Chloroquine which are commonly used in treating 
lupus erythematosus, rheumatoid arthritis, and malaria. 
Chloroquine is suggestive to treat patient in the early 
stage of infection as it blocks fusion of virus cell and 
ACE2 receptor. Hydroxychloroquine maintain similar 
activity with less toxicity for having hydroxyl group. 
Effect of combining Chloroquine and zinc is positive. 
The combined drug Lopinavir-Ritonavir is being used 
as approved drug for HIV infection by inhibiting HIV-
1 protease. Lopinavir acts as inhibitor that may inhibit 
the protease (3CLpro or PLpro). Umifenovir had been 
associated with prophylaxis and h influenza A and B 
treatment. Now it has been used as antiviral agent in the 
treatment of Ebola virus, human herpesvirus 8 (HHV-
8), hepatitis C virus (HCV), and Tacaribe arenavirus. 
Several reports predicted its efficacy against the SARS-
CoV-2. Favipiravir is another drug which had been used 
for treatment of avian influenza or novel influenza. It is 
a purine nucleoside that acts as an alternate substrate 
leading to inaccurate viral RNA synthesis. Recent study 
also suggested its validity to work against SARS-CoV-2 
(Wu et al.,2020). Arbidol can treat the patient with its 
inhibitory activity against S protein that may block viral 
entry into host cells (Liu et al,.2020).

There is still no drug that directly targets SARS-CoV-2. 

Different antiviral drugs are being tested to examine their 
efficacy against this virus. So at this point, the concept 
of repurposing of drugs is going on to find a specific 
treatment. However, many drugs are under clinical trial to 
be viable. Because of this interest, this paper incorporates 
an in silico approach to find novel drug for this virus. 
In this study, we selected 20 phytochemicals for their 
antiviral activity. Two vital protease (PDB ID: 5r80, 6wcf) 
were selected because of their protease activity in the 
virus. Two screening methods were applied, Autodock-
vina and Maestro Schrödinger suite, to assess the binding 
affinity and best interaction between the phytochemicals 
and proteins. Likewise, the phytochemicals were 
subjected to PASS and P450 Site of Metabolism (SOM) 
analysis to find their beneficial biological activities and 
possible sites of metabolism respectively. Furthermore, 
ligands were tested to Drug- Likeness and AdmetSAR 
analysis to examine their ADMET profiles. Then the best 
phytochemical with receptor complex were subjected 
to molecular dynamics (MD) simulations to test the 
thermodynamic properties.

SUBJECTS AND METHODS

Molecular docking
Initial Molecular Docking in Autodock-vina: The 
molecular docking of two receptor protein and 20 ligands 
were performed by Autodock-vina software (AutoDock 
4.2). The crystal structures of two SARS-CoV-2 proteins 
i.e., the non- structural protein ADP ribose phosphatase 
of NSP-3 from SARS-CoV-2, in complex with MES (PDB ID: 
6WCF) and SARS-CoV-2 main protease in complex with 
Z18197050 (PDB ID: 5R80), were retrieved from Protein 
Data Bank (https://www.rcsb.org/search). The ligands 
were retrieved from Pubchem (https://pubchem.ncbi.
nlm.nih.gov/). At first, the structures were prepared using 
PyMOL tools (PyMOL) by removing the water molecules 
from the structure and then minimizing the structure 
using Swiss-PdbViewer(Guex, N. and Peitsch, M.C. et 
al ,1997). After that, for the Autodock-vina analysis, 
a grid box was made using active site predictor tool 
SCFBio (http://scfbio-iitd.res.in:8080/dock/ActiveSite.
jsp) and PrankWeb server (http://prankweb.cz/). All 
docking calculation was executed using the Lamarckian 
Genetic Algorithm method with the spacing of 1 Å and 
the exhaustiveness of 10. All the other parameters were 
kept default. The ligands with docking score or bond 
energy with -7.5 kcal/mol or less than -7.5 kcal/mol were 
selected for MM-GBSA and IFD analysis.

MM-GBSA and IFD analysis: After the successful 
docking of all the ligands with their receptors, the 
selected ligands from the previous docking step were 
subjected to the molecular mechanics – generalized born 
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and surface area (MM-GBSA) study, where rescoring was 
conducted with the help of Prime module of Maestro 
Schrödinger suite (Prime, Schrödinger, 2018). For the 
MM-GBSA analysis, the two proteins were prepared 
using the Protein Preparation Wizard in the Maestro 
Schrödinger Suite 2018-4 (Schrödinger, 2018). During 
protein preparation, the bond orders were assigned and 
hydrogen molecules were added to heavy atoms as well 
as all the waters were deleted and the side chains were 
adjusted using Prime (Prime, Schrödinger, 2018). After 
that, the structure was optimized and minimized using 
force field OPLS_2005, which was conducted setting 
the maximum heavy atom RMSD (root-mean-square-
deviation) to 30 Å and any remaining water less than 
3 H- bonds to non-water was again deleted during the 
minimization step. Three dimensional structures of the 
selected ligand molecules were downloaded from the 
PubChem database (www.pubchem.ncbi.nlm.nih.gov). 
These structures were then prepared for MM-GBSA study 
using the LigPrep module of Maestro Schrödinger Suite 
(LigPrep, Schrödinger, 2018). Finally, after the MM-GBSA 
analysis, to carry out the Induced Fit Docking (IFD) study 
of the selected ligand molecules, again OPLS_2005 force 
field was applied after generating grid around the co- 
crystallized ligand of the receptor and Ligand Van Der 
Waals screening was set at 0.70 and 0.50 respectively. 
Three best ligands were selected from the MM-GBSA and 
IFD studies based on their lower MM-GBSA score, IFD 
score and XPGscore scores and the later analyses were 
conducted only on these three ligands.

PASS and P450 Site of Metabolism (SOM) prediction
The PASS (Prediction of Activity Spectra for Substances) 
prediction of the three selected ligands was carried 
out by the PASS-Way2Drug server (http://www.
pharmaexpert.ru/passonline/) (Filimonov et al., 2014). 
While carrying out PASS prediction, the Pa (probability 
to be active) was kept greater than 70%, since the Pa 
> 70% threshold generates highly reliable prediction 
(Geronikaki et al., 1999). In the PASS prediction study, 15 
possible biological activities were predicted. The P450 
Site of Metabolism (SOM) of the three best selected ligand 
molecules were determined by another online tool, RS-
WebPredictor 1.0 (http://reccr.chem.rpi.edu/Software/
RS- WebPredictor/) (Zaretzki et al., 2012).

Drug-likeness properties determination and 
ADMET analysis
Determination of the drug-likeness properties and 
ADMET analysis are two of the most important steps of in 
silico drug designing (Ullah et al., 2020). To predict drug-
likeness properties of the three selected ligands from 
the previous docking step, the online tool, SwissADME 

(http://www.swissadme.ch/index.php) was used. 
Thereafter, another online tool, admetSAR (http://lmmd.
ecust.edu.cn/admetsar2/) was utilized to predict the 
ADMET properties of the three selected ligand molecules. 
In both of these predictions, the canonical smiles of 
the ligands were used, which were obtained from the 
PubChem server (https://pubchem.ncbi.nlm.nih.gov/). 
The best ligand was selected from the three ligands 
according to their performances in the drug-likeness 
property analysis and ADMET test.

Molecular dynamics simulation
Finally, the best ligand was subjected to the molecular 
dynamics simulation study (MD study) against both 
the proteins, using the NAMD 2.8 dynamics simulation 
program (Phillips et al.,2005), taking the CHARMM 27 
as force field (MacKerell et al.,1998). The complex was 
simulated using NAMD graphical interface embedded 
in VMD (visual molecular dynamics) (Humphrey et 
al.,1996). Molecular dynamics simulation was run in NVT 
ensemble for 1 ns followed by the NPT ensemble run for 
70 ps (Martyna et al.,1994). Constant temperature of 310 
k was kept by using a Langevin thermostat and constant 
pressure of 1.01325 bar was contained by an isotropic 
Langevin barostat. Periodic boundary conditions and 
time-step of 1 femto second were used. All the other 
parameters were kept default.

RESULTS

Molecular docking analysis
20 phytochemicals were initially docked using Autodock-
vina tools. Best 10 ligands with score of -7.5 or less 
were chosen out of 20 ligands to run MM-GBSA and IFD 
analysis. Out of 10 ligands, 3 ligands were ranked based 
on lowest docking score of MM-GBSA and IFD analysis. 
Hesperidin, Myricetin, Quercetin were considered 
better candidate for COVID-19 target (PDB ID: 5R80 and 
6WCF). Their binding pocket, interaction and interacting 
H-bonds were shown in Figure 1. Comparative analysis of 
this study was listed in Table 1 and Table 2.

PASS and P450 Site of Metabolism (SOM) prediction
15 biological activities were compared for our three 
selected phytochemicals Hesperidin, Myricetin, 
Quercetin. Three of them showed results under standard 
range. The results of PASS prediction experiment of three 
selected compounds were given in Table 3.

Table 4 depicted the possible sites of P450 metabolism. 
Possible metabolic sites of CYP (1A2, 2A6, 2B6, 2C19, 
2C8, 2C9, 2D6, 2E1 and 3A4) of Hesperidin, Myricetin, 
Quercetin were identified. The metabolism sites were 
indicated by circle on the structure (Table 4).
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A1 
A2

 

Hesperidin and 5r80 Hesperidin and 5r80 

B1 
B2

 

Hesperidin and 6wcf Hesperidin and 6wcf 

 
C1 

 
C2 

Myricetin and 5r80 Myricetin and 5r80 

 
D1 D2 

Myricetin and 6wcf Myricetin and 6wcf 

E1 
 

E2 

Quercetin and 5r80 Quercetin and 5r80 

F1 F2 

Quercetin and 6wcf Quercetin and 6wcf 

Figure 1. (A1, B1, C1, D1, E1, F1) Docked ligand in the pocket of receptor. The surface of the protein is in white and ligand is in yellow color. 
(A2, B2, C2, D2, E2, F2) interaction between ligand and interacting part of protein. The ligand is in white, interacting protein residue in yellow 
and hydrogen bond in green color.
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DISCUSSION
The identification of 5r80 as 3C-like protease and 
6wcf as papain-like proteinase as potential targets for 
finding antiviral phytochemicals against SARS-CoV-2 
was because of their vital roles in viral functionality. 
The reason to choose 3C-like protease is that it inhibits 
auto-cleavage process obstructing viral replication and 
reducing cytopathic effects of the host (Chuck et al., 
2011). Next protein, papain-like proteinase was chosen 
because of its vital role in replication process (Barretto 
et al., 2005). So, targeting these two proteins should be 
quite effective in combating the virus.

At first, 10 best ligands were chosen from 20 ligands 
by autodock-vina, taking lowest binding score on 
consideration (Trott et al.,2010). Then through MM-
GBSA and IFD analysis, Hesperidin, Myricetin, Quercetin 
were identified as the best three ligands. Quercetin had 
the third lowest IFD score for both recptors and second 
lowest MM-GBSA score. Myricetin had the lowest MM-
GBSA score for both receptors and Hesperidin had 
lowest XP Gscore and IFD score. For this, three of the 
ligands were chosen as the best candidate to inhibit both 
receptor proteins of SARS COVID-19.

The PASS computer tool was used to calculate the 
probable biological activities related to drug- like 
compounds. Two parameters Pa expresses probability 
of to be “active” and Pi expresses the probability of to 
be “inactive” (Filimonov et al.,2014). All of three ligands 
were run in pass prediction tool keeping Pa>7 threshold. 
They showed fifteen beneficial biological activities.

Cytochrome P450(CYP) plays vital role in drug 
metabolism. The oxidation phase of drug metabolism 
is catalyzed by the CYP system. Cytochrome P450 are 
differentiated by several isoform or individual isoform 
(McDonnell et al.,2013). Among them nine of the 
isoforms are widespread and we tested them on online 
tool RS-WebPredictor. Hesperidin showed three sites 
of metabolism for 1A2, 2A6, 2C9, 2C19, 2D6, 3A4 and 
four for 2B6, 2C8, 2E1. Myricetin showed four sites of 
metabolism for 1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6, 
2E1, 3A4. Quercetin showed three sites of metabolism 
for 1A2, 2A6, 2B6, 2C8, 2C9, 2D6, 2E1, 3A4 and four 
sites for 2C19. Therefore, three of them performed well 
in this assessment. Lipinski’s Rule of 5 was used to 
predict the drugability of compounds. In drug discovery 
system, this rule states: molecular weight of compound 
< 500 g/mol, number of H-bond donors ≤ 5, number 
of H-bond acceptors ≤ 10, molar refractivity = 40-130, 
lipophilicity < 5 (Benet et al.,2017). Quercetin obeyed 
five of them. However, Myricetin violated one of the 
rules and Hesperidin violated three of them. Hesperidin 

also violated four of Ghose and Muegge filter and one 
parameter of Veber and Egan filter. On the other hand, 
Quercetin violated none of them. Quercetin also had 
TPSA and bioavailability score which was 131.36 Å² and 
0.55 respectively. However, Hesperidin violated both 
criteria and Myricetin one of the criteria. According to 
this examination Quercetin seemed better candidate as 
drug-like compound.

HIA (Human intestinal absorption) is one of the key 
elements of ADME analysis. It plays significant role 
during drugs transporting to targets and influences 
bioavailability of the compounds (Yan et al.,2008). 
Blood-brain barrier (BBB) separates the central nervous 
system (CNS) from the peripheral tissues to control 
transfer of material, nutrients from the blood to the 
brain and from the brain to the blood. It blocks entry of 
toxins, metabolites and other cellular impurities in CNS 
(Małkiewicz et al.,2019, Prottoy et al., 2019; Sarkar et al., 
2019). Caco-2 cell monolayer model is used in predicting 
the in vitro human intestinal permeability of a drug and 
for this, its permeability shows the extent of absorption 
of drug in intestine. (Wang et al.,2019). P- glycoprotein 
(P-gp), an efflux membrane transporter being expressed 
throughout the body and is responsible for limiting cellular 
uptake and the distribution of xenobiotics and toxic 
substances (Amin et al.,2013). Our three phytochemicals 
Hesperidin, Myricetin, Quercetin showed positive results 
in HIA category. They shared negative BBB probability 
predicted that they did not cross blood brain barrier. 
However, they showed negative result in Caco-2 category 
depicting their poor absorption characteristics. They all 
had no P-glycoprotein inhibitor. Among them, Quercetin, 
Hesperidin performed as CYP3A4 substrate and showed 
no inhibition for CYP2C9, CYP2C19, CYP2D6.

Considering all data, we concluded that Quercetin 
performed better than other two ligands though at some 
point like ADMETSAR analysis, Hesperidin outperformed 
Quercetin. But in overall context, Quercetin showed 
promising results. The simulation results of both 
Quercetin-protein complexes were also promising. 
The fluctuation of their RMSD, RMSF values was less 
that ensured their proper stability. Also their nature of 
temperature fluctuation over time was very low that 
confirmed their stable structure. Molecular dynamics 
simulation further ensured their stable conformation. So 
it can be concluded that Quercetin was the best candidate 
against SARS-CoV-2 virus.

CONCLUSION
The SARS-CoV-2 virus has been posed a great threat to 
the human race. In spite of the severity of this deadly 
virus there is still no drug or vaccine available for us. 
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In this case, this study allowed us to find a novel drug 
against this virus. The concept of screening plant 
derived phytochemicals is based on their antiviral 
activity with fewer side effects within the body. The 
recent development in computational biology and 
bioinformatics paved the way to materialize the idea of 
drug discovery using these computational tools. The total 
procedure implied on freely accessible and open source 
tools to get all the data and process them. To find the best 
drug, we examined drug- likeness properties, ADMET 
analysis and PASS prediction with sites of metabolism 
analysis. At the end, molecular docking and dynamics 
simulation were performed to analyze the affinity and 
stability of the drugs. In our study, the proposed drug 
elicits satisfactory results against the SARS- CoV-2 virus 
and is a suitable candidate for in vitro and in vivo studies.
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