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Abstract
The ongoing Coronavirus disease 2019 (COVID-19) outbreak has led to global epidemics with high
morbidity and mortality. However, there are no e�cacious therapeutic options available for the treatment
of COVID-19. Considering this medical emergency, drug repurposing is the need of the hour. Therefore,
this study aimed to determine possible COVID-19 drug candidates using virtual screening of selected FDA
approved drugs by targeting the main protease (Mpro) of novel coronavirus (SARS-CoV-2). In this study,
�rst, we have done an extensive literature search to �nd out the marketed FDA approved drug compounds
available for human therapeutic applications having anti-viral and anti-bacterial properties. The
preliminary reports paved the way for further studies that revealed some of the drugs approved to treat
other viral or bacterial infections may be a promising drug candidate and can be repurposed for the
treatment of COVID-19. Using a computer-aided drug designing approach, novel candidates for drug
repurposing were identi�ed. Based on our preliminary screening supported by previous works of literature,
we selected Rifampicin, Ciclesonide, Reserpine, Loperamide, Elvitegravir, Brivudine, Pentoxifylline,
Eugenol, Isoniazid, Tinidazole, Diethylcarbamazine, and Vancomycin to target the SARS-CoV-2 main
protease (Mpro). These compounds were examined based on docking studies using Autodock 4.2
Autodock 4.2., visualization of the docked results using Pymol version 1.7.4.5 Edu and prediction of two
main toxicity aspects hepatotoxicity and cytotoxicity to check the safety of the hit compounds. Selected
drugs were ranked for potential e�cacy against COVID-19 based on their binding energy. The docking
results were found in the order of Rifampicin (-11.16), Ciclesonide (-8.77), Reserpine (-7.76), Loperamide
(-7.63), Elvitegravir (-6.58), Brivudine (-6.06), Pentoxifylline (-5.64), Eugenol (-4.78), Isoniazid (-4.71),
Tinidazole (-4.51), Diethylcarbamazine (-4.66), Vancomycin (-4.11). ). In the current study, Rifampicin
appeared as the most promising drug showing a very good binding energy. Based on our preliminary
insights from in silico studies, we propose that Rifampicin may be repurposed for the treatment of COVID-
19 however it is pertinent to mention here that our �ndings need further validation by in vitro studies and
clinical trials. In summary, the �ndings of this study suggest Rifampicin might be a promising drug for
targeting the COVID-19 protease.          

1. Introduction
A newly identi�ed coronavirus strain (or severe acute respiratory syndrome, SARS-CoV-2) was reported in
Wuhan, China, in late December 2019 (Paraskevis et al. 2020). As of 8 April 2020, a total of 1,478,469
cases of COVID-19 were con�rmed in the world including 86,748 deaths. The disease caused by noble
coronavirus was named as the coronavirus disease 2019 (COVID-19) by the World Health Organization
(WHO) released on 11 February 2020 (World Health Organization (WHO) 2020). According to the current
situation, this pandemic is still ongoing, lacking e�cacious therapeutic options. However, the steps taken
to reduce the severity of infection remain limited to supportive strategies intended to avoid further
complications of coronavirus infection (Zhang et al. 2020).

Now researchers are racing against time to discover an effective drug candidate by targeting protease
inhibitors to block the SARS-CoV-2 main protease (Mpro). The molecular structure of COVID-19 main
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protease (Mpro) as determined by Liu et al. (2020) represents a potential target for the inhibition of
coronavirus replication (Xu et al. 2020). Some retrospective �ndings of past outbreaks have helped to
examine possible combinations like the protease inhibitor lopinavir/ritonavir, commonly used in the
treatment of HIV patients (Lu. 2020). Taken together, these �ndings indicate that protease inhibitors may
block the main protease of the novel coronavirus and this could be an effective approach in checking the
virus replication cycle (Sheahan et al. 2020). The therapeutic strategies have been focused to identify the
viral protease inhibitor that does not inhibit important human protease activity.

Drug repurposing (also known as drug repositioning or repro�ling) is a technique to identify new
applications for certi�ed or investigational drugs outside the original medical indication. Thus, in this
study, using in silico approach, several FDA approved drugs that exhibit the potential for drug
repurposing, e.g., Brivudine, Ciclesonide, Diethylcarbamazine, Elvitegravir, Eugenol, Isoniazid, Loperamide,
Lopinavir, Pentoxifylline, Reserpine, Rifampicin, Ritonavir, Tinidazole, Vancomycin
(https://www.drugbank.ca/) have been virtually screened for prediction of the potential drug candidate
and binding a�nity against coronavirus main protease (Mpro). Therefore, great attention has been paid to
the drug repurposing approach (Talevi and Bellera 2020). The initially conceived technique of using
proven medications to treat other symptoms for one disorder has found success across medical �elds.
Such repurposing medication promises to provide patients with quicker access to drugs while reducing
costs in the long and di�cult drug development cycle (Parvathaneni et al. 2019). Therefore, the current
study aimed to elucidate the Novel Drug Repurposing Strategy to investigate the candidate drugs for in
vitro studies, in vivo studies and clinical trials and to attain mechanistic insights into the outcomes of
such research studies. In this study, we employed in silico methods to investigate novel protease inhibitor
for the suppression of the antiviral effect of coronavirus in order to target SARS-CoV-2 main protease
(Mpro).

2. Materials & Methods
2.1 Proteins/Macromolecules: The crystal structure of COVID-19 main protease (Mpro) (PDB ID: 6LU7)
structures were retrieved from PDB (https://www.rcsb.org/), in .pdb format. PDB is an archive for the
crystal structures of biological macromolecules, worldwide. The structures of the target protein SARS-
CoV-2 Mpro with a covalent inhibitor, N3, was available in the PDB and it contains two chains, A and B,
which form a homodimer. Thereafter the chain A of PDB �le was optimized for macromolecule
preparation.

2.2 Literature search and drug selection: The list and structures of FDA approved drugs were obtained
from the drug bank (https://www.drugbank.ca/). The 12 FDA-approved drug compounds (Table 1) used
in the present study were Brivudine, Ciclesonide, Diethylcarbamazine, Elvitegravir, Eugenol, Isoniazid,
Loperamide, Lopinavir, Pentoxifylline, Reserpine, Rifampicin, Ritonavir, Tinidazole, Vancomycin against
viral protease that could block SARS-CoV-2 protease. Thereafter, the molecules which were optimized,
saved in the PDB format for further processing.

https://www.drugbank.ca/
https://www.drugbank.ca/
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Table 1: List of FDA-approved (marketed) drug compounds
Drug Bank ID Drug name

DB03312 Brivudine
DB01410 Ciclesonide
DB00711 Diethylcarbamazine
DB09101 Elvitegravir
DB09086 Eugenol
DB00951 Isoniazid
DB00836 Loperamide
DB01601 Lopinavir
DB00806 Pentoxifylline
DB00206 Reserpine
DB01045 Rifampicin
DB00503 Ritonavir
DB00911 Tinidazole
DB00512 Vancomycin

2.3 Toxicity analysis: Toxicity analysis of selected FDA approved market available drug compounds was
done by the ProTox-II http://tox.charite.de/protox_II/ web server. ProTox-II analyses and predicts various
toxicity parameters like organ toxicity, cytotoxicity etc,. and association of the selected molecule with
various adverse pathways, if, any.

2.4 Determination of Active Sites: Active sites were determined by the binding pocket analysis using
CASTp 3.0 software (http://sts.bioe.uic.edu/castp/ server). The active site residues were used to evaluate
the Grid box and docking results. The binding pocket of the ligand in the catalytic site was manually
obtained followed by veri�cation by docking analysis.

2.5 Molecular Docking: Molecular docking analysis was done using a local search algorithm to
investigate the most preferred binding mode of the selected FDA approved drugs. The binding a�nity of
the ligand with the active site of the enzyme was determined by energy score (S, Kcal/mol), low energy
score indicates good a�nity. Molecular docking was performed using the crystal structure of COVID-19
main protease Mpro using Autodock 4.2. (Pymol version 1.7.4.5 Edu) were utilized for visualization of the
docked results.

3. Results
3.1 Toxicity evaluation of FDA approved drugs involved in the study

The individual toxicities of FDA approved (marketed) drugs were predicted by using ProTox-II. The toxicity
analysis was performed in order to predict the safety aspects of the FDA approved drug. The major
toxicity endpoints were taken into consideration and the drugs which were not following the safety
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parameters of toxicity endpoints were not taken for further analysis in our priority list. As shown in Table
2, ProTox-II toxicity prediction software gave result mainly associated with three main toxicity aspects
cytotoxicity, carcinogenicity and mutagenicity to check the safety aspects of the FDA approved market
available drug compounds. According to the toxicological data, none of the selected FDA approved
market available drug compound was shown potential cytotoxicity, carcinogenicity, and mutagenicity.

Table 2: Toxicity predictions for selected FDA approved (marketed) drug compounds

S.No. Compounds Toxicity class LD50 (mg/kg) Cytotoxicity Carcinogenicity Mutagenicity

1. Ritonavir* 4 1000 Inactive Inactive Inactive

2. Lopinavir* 5 5000 Inactive Inactive Inactive

3.
Rifampicin 4 500 Inactive Inactive Inactive

4. Ciclesonide 4 2000 Inactive Active Inactive

5. Reserpine 2 50 Active Active Inactive

6. Loperamide 4 1190 Inactive Inactive Inactive

7. Elvitegravir 4 800 Inactive Inactive Inactive

8. Brivudine 6 8400 Inactive Inactive Inactive

9. Pentoxifylline 4 780 Inactive Inactive Inactive

10. Eugenol 4 1930 Inactive Inactive Inactive

11. Isoniazid 3 133 Inactive Active Inactive

12. Diethylcarbamazine 4 660 Inactive Inactive Inactive

13. Tinidazole 5 2710 Inactive Active Active

14. Vancomycin 5 5000 Inactive Inactive Inactive

3.2 Binding Site Prediction: The structures and amino acid residues found in the active site pockets of
6LU7 were visualized in �gure 1. Both area and volume shown are (Richards') solvent-accessible surface
area/volume.

Table 3: The structure and binding pockets of the SARS-CoV-2 protease (PDB ID: 6lu7)
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3.3 Docking analysis: All the 12 compounds and the standard reference compounds were further docked
by Autodock 4.2. The 12 compounds obtained from drug bank were screened for molecular docking.
Among them, 4 compounds approved by the FDA have a docking score better than -7.0 kcal/mol. Thus
among 12 compounds and the standard reference compounds, 4 hits were found to have good a�nities
in terms of docking scores. The results of our docking study revealed that among selected drugs,
interestingly, two drugs Rifampicin and Ciclesonide showed the best a�nity even better than the
reference compounds Ritonavir and Lopinavir.

Table 4: Molecular docking analysis of several compounds against COVID-19 main protease (Mpro) (PDB ID:
6LU7) *Standard Compounds

Drug name Protein Affinity (kcal/mol) Chain
Ritonavir* COVID-19 main protease Mpro 

(PDB ID: 6LU7)

-8.52 A
Lopinavir* -8.5 A
Rifampicin -11.16 A
Ciclesonide -8.77 A
Reserpine -7.76 A

Loperamide -7.63 A
Elvitegravir -6.58 A
Brivudine -6.06 A

Pentoxifylline -5.64 A
Eugenol -4.78 A
Isoniazid -4.71 A

Diethylcarbamazine -4.66 A
Tinidazole -4.51 A

Vancomycin -4.11 A

4. Discussion
The outbreak of COVID-19 has been declared a global pandemic by the WHO, and the development of
effective treatment for COVID-19 is in an urgent need (World Health Organization 2020). COVID-19 main
protease Mpro is responsible for proteolytic processing, viral replication, and the establishment of the
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infection cycle. In a recent study by Liu et al. (2020), the crystal structure of COVID-19 main protease Mpro

has been reported (PDB ID: 6LU7) (Jin et al. 2020) and this may signi�cantly facilitate the discovery of
potential drug compounds to prevent COVID-19 infection by targeting its main protease Mpro through
existing drug libraries for drug repurposing. Lopinavir and ritonavir are well-established protease
inhibiting drugs for HIV(Sheean et al. 2008). In several studies, both drugs were also proposed to treat
SARS and the Middle East respiratory syndrome (MERS)(Chu et al. 2004). This combination has also
been used in COVID-19 patients in order to control COVID-19 infection (Lim et al. 2020). Therefore, in this
study, we have taken these drugs as a standard reference to compare the e�cacy of the binding of our
selected FDA approved drugs. After identi�cation of the active sites of COVID-19 main protease Mpro

(PDB: 6LU7), we further performed docking study of our selected compounds Rifampicin, Ciclesonide,
Reserpine, Loperamide, Elvitegravir), Brivudine, Pentoxifylline, Eugenol, Isoniazid, Tinidazole,
Diethylcarbamazine, and Vancomycin as potential inhibitors of the COVID-19 main protease Mpro. The
binding energies obtained from docking 6LU7 with selected FDA approved drugs showed inhibition
potential of these drugs in the order of, ranked by a�nity (ΔG) i.e. Rifampicin, Ciclesonide, Reserpine,
Loperamide, Elvitegravir, Brivudine, Pentoxifylline, Eugenol, Isoniazid, Tinidazole, Diethylcarbamazine, and
Vancomycin was -11.16, -8.77, -7.76, -7.63, -6.58, -6.06, -5.64, -4.78, -4.71, -4.51, -4.66, and -4.11 kcal/mol
respectively. One of the very interesting �ndings of our study is that among the selected FDA approved
drugs, two drugs Rifampicin and Ciclesonide were giving binding a�nity even better than the reference
drugs. To sum up, our in silico preliminary �ndings suggest that Rifampicin may be used as a repurposed
drug for the treatment of COVID-19. However, these �ndings should further be validated at the in vitro and
clinical trials.

5. Conclusion
Drug repurposing is an attractive option for life-threatening pandemics like COVID-19 for the rapid
identi�cation of potential therapeutics. This study aimed to examine several FDA approved drug
compounds that could be used as repurposed drugs to inhibit COVID-19 infection. In this in silico study,
Rifampicin was identi�ed as the best hit among the selected drugs. Interestingly, the binding a�nity of
Rifampicin was found to be much better than the selected reference drugs as per docking results. Further,
the major toxicity end pint prediction results were also good for rifampicin. Therefore the results of this
study indicate that Rifampicin, a well-established medicine for the treatment of tuberculosis has a
stronger binding a�nity for COVID-19 main protease Mpro in comparison to the other drug compounds
taken in this study. To sum up, our preliminary in silico �ndings suggest that Rifampicin may be used as
a repurposed drug for the treatment of COVID-19. However, it is pertinent to mention here that these
�ndings warrant further in vitro and clinical trials in order to precisely conclude our �ndings.
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Figures

Figure 1

Sequence and active site pockets of SARS-CoV-2 protease (PDB ID: 6lu7) retrieved from Castp
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Figure 2

Histogram showing molecular docking results between COVID-19 main protease Mpro (PDB ID: 6LU7)
and several drug compounds (the binding energy value ΔG is shown in minus kcal/mol). * Standard
compounds
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Figure 3

Docking analysis visualisation of COVID-19 main protease (Mpro) (PDB ID: 6LU7) binding with Ritonavir,
Lopinavir, Rifampicin, Ciclesonide, Reserpine, Loperamide, Elvitegravir, Brivudine, Pentoxifylline, Eugenol,
Isoniazid, Diethylcarbamazine, Tinidazole, Vancomycin using Pymol.



Page 12/13

Figure 4

FDA approved drugs having a docking score better than lopinavir/ritonavir (more than -8.0 kcal/mol)
against COVID-19 main protease (Mpro) (PDB ID: 6LU7).
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Figure 5

Schematic representation of the overall work�ow of Toxicity prediction, sequential virtual screening


