
Statins and the COVID-19 main protease: in silico
evidence on direct interaction

Reiner, Željko; Hatamipour, Mahdi; Banach, Maciej; Pirro, Matteo; Al-
Rasadi, Khalid; Jamialahmadi, Tannaz; Radenkovic, Dina; Montecucco,
Fabrizio; Sahebkar, Amirhossein

Source / Izvornik: Archives of Medical Science, 2020, 16, 490 - 496

Journal article, Published version
Rad u časopisu, Objavljena verzija rada (izdavačev PDF)

https://doi.org/10.5114/aoms.2020.94655

Permanent link / Trajna poveznica: https://urn.nsk.hr/urn:nbn:hr:105:508202

Rights / Prava: Attribution-NonCommercial-ShareAlike 4.0 International / Imenovanje-Nekomercijalno-
Dijeli pod istim uvjetima 4.0 međunarodna

Download date / Datum preuzimanja: 2024-05-07

Repository / Repozitorij:

Dr Med - University of Zagreb School of Medicine 
Digital Repository

https://doi.org/10.5114/aoms.2020.94655
https://urn.nsk.hr/urn:nbn:hr:105:508202
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
https://repozitorij.mef.unizg.hr
https://repozitorij.mef.unizg.hr
https://repozitorij.unizg.hr/islandora/object/mef:2987
https://dabar.srce.hr/islandora/object/mef:2987


Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons  
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).

Covid-19/SARS-CoV-2

Research paper

Corresponding authors:
Prof. Maciej Banach
Department of Hypertension 
WAM University Hospital
Medical University of Lodz
113 Zeromskiego St
90-549 Lodz, Poland
Phone: +48 42 639 37 71
Fax: +48 42 639 37 71
E-mail: maciejbanach77@ 
gmail.com 

Prof. Amirhossein Sahebkar
Biotechnology Research 
Centre
Pharmaceutical Technology 
Institute
Mashhad University 
of Medical Sciences
Mashhad 9177948564, Iran
Phone: +98 5138002299
Fax: +98 5138002287
E-mail: sahebkara@mums.ac.ir; 
amir_saheb2000@yahoo.com

  1�Department of Internal Medicine, University Hospital Centre Zagreb, Zagreb, Croatia
  2�Nanotechnology Research Centre, Pharmaceutical Technology Institute,  

Mashhad University of Medical Sciences, Mashhad, Iran
  3�Department of Medicinal Chemistry, School of Pharmacy, Mashhad University  

of Medical Sciences, Mashhad, Iran
  4�Department of Hypertension, WAM University Hospital in Lodz, Medical University 

of Lodz, Lodz, Poland
  5�Polish Mother’s Memorial Hospital Research Institute (PMMHRI), Lodz, Poland
  6�Unit of Internal Medicine, Angiology, and Arteriosclerosis Diseases,  

Department of Medicine, University of Perugia, Perugia, Italy
  7�Department of Clinical Biochemistry, Sultan Qaboos University Hospital, Muscat, Oman
  8�Biotechnology Research Centre, Pharmaceutical Technology Institute,  

Mashhad University of Medical Sciences, Mashhad, Iran
  9�Department of Nutrition, Faculty of Medicine, Mashhad University of Medical 

Sciences, Mashhad, Iran
10Guy’s & St Thomas’ NHS Foundation Trust, London SE1 7EH, UK
11�First Clinic of Internal Medicine, Department of Internal Medicine and Centre  

of Excellence for Biomedical Research (CEBR), University of Genoa, Genoa, Italy
12�IRCCS Ospedale Policlinico San Martino Genoa – Italian Cardiovascular Network, 

Genoa, Italy
13�Halal Research Center of IRI, FDA, Tehran, Iran
14�Biotechnology Research Centre, Pharmaceutical Technology Institute,  

Mashhad University of Medical Sciences, Mashhad, Iran
15�Neurogenic Inflammation Research Centre, Mashhad University of Medical Sciences, 

Mashhad, Iran

Submitted: 12 April 2020
Accepted: 20 April 2020

Arch Med Sci 2020; 16 (3): 490–496
DOI: https://doi.org/10.5114/aoms.2020.94655
Copyright © 2020 Termedia & Banach

Statins and the COVID-19 main protease:  
in silico evidence on direct interaction

Željko Reiner1, Mahdi Hatamipour2,3, Maciej Banach4,5, Matteo Pirro6, Khalid Al-Rasadi7,  
Tannaz Jamialahmadi8,9, Dina Radenkovic10, Fabrizio Montecucco11,12, Amirhossein Sahebkar13,14,15

A b s t r a c t

Introduction: No proven drug and no immunisation are yet available for 
COVID-19 disease. The SARS-CoV-2 main protease (Mpro), a key coronavirus 
enzyme, which is a potential drug target, has been successfully crystallised. 
There is evidence suggesting that statins exert anti-viral activity and may 
block the infectivity of enveloped viruses. The aim of this study was to as-
sess whether statins are potential COVID-19 Mpro inhibitors, using a molec-
ular docking study. 
Material and methods: Molecular docking was performed using AutoDock/
Vina, a computational docking program. SARS-CoV-2 Mpro was docked with 
all statins, while antiviral and antiretroviral drugs – favipiravir, nelfinavir, 
and lopinavir – were used as standards for comparison. 
Results: The binding energies obtained from the docking of 6LU7 with na-
tive ligand favipiravir, nelfinavir, lopinavir, simvastatin, rosuvastatin, pravas-
tatin, pitavastatin, lovastatin, fluvastatin, and atorvastatin were –6.8, –5.8, 
–7.9, –7.9, –7.0, –7.7, –6.6, –8.2, –7.4, –7.7, and –6.8 kcal/mol, respectively. 
The number of hydrogen bonds between statins and amino acid residues 
of Mpro were 7, 4, and 3 for rosuvastatin, pravastatin, and atorvastatin, 
respectively, while other statins had two hydrogen bonds.
Conclusions: These results indicate, based upon the binding energy of pi-
tavastatin, rosuvastatin, lovastatin, and fluvastatin, that statins could be 
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efficient SARS-CoV-2 Mpro inhibitors. This is supported by the fact that the effects of some statins, especial-
ly pitavastatin, have a binding energy that is even greater than that of protease or polymerase inhibitors. 
However, further research is necessary to investigate their potential use as drugs for COVID-19.

Key words: COVID-2019, main protease, statins, 6LU7, docking.

flammatory, anti-thrombotic, and immunomodu-
latory functions [8–15]. Furthermore, statin treat-
ment can interfere with viral infectivity through 
inhibition of glycoprotein processing. Disruption 
of protease activity and decreased ratios of the 
mature glycoproteins to precursor form are pos-
sible mechanisms of the antiviral effect of statins. 
Disruption of the viral protease activity is an im-
portant therapeutic goal [16]. 

The main protease (Mpro) of a virus, in this case 
CoV, plays an important role in proteolytic matu-
ration [17]. Consequently, it has been examined 
as a potential protein target to prevent infection 
expansion by inhibiting the cleavage of the viral 
polyprotein [18]. This might explain why statins 
could be useful in the treatment of COVID-19. The 
aim of this study was to assess whether statins 
might be potential COVID-19 Mpro inhibitors. 
Namely, most recently the SARS-CoV-2 main pro-
tease (Mpro), a  key coronavirus enzyme, which 
is a  potential drug target, has been successfully 
crystallised [19, 20]. Therefore, the idea was to in-
vestigate whether statins could be useful in the 
treatment of COVID-19 by directly affecting the 
virus particle.

Material and methods 

Ligand preparation

All the molecules were constructed with the 
ChemDraw v2015 program, and these geome-
tries energies were minimised by using the MOE 
v2015, with Force Field type AMBER 10. The creat-
ed .pdb file was submitted to ADT to set number 
of torsion and for .pdbqt file construction.

Protein preparation

Three-dimensional coordinates of COVID-19 
Mpro (PDB ID: 6LU7) were obtained in .pdb for-
mat from the Protein Data Bank (https:/www.
rcsb.org/). The .pdb file was entered into Autodo-
ckTools (ADT ver.1.5.6) for preparation of a .pdbqt 
file and grid box creation. Water molecules and 
other atoms were excluded, and ADT measured 
the Gasteiger charges for protein atoms; Auto-
Grid was used with a grid box to create the grid 
map. The size of grid was determined at 60  ×  60  
×  60 xyz points with a grid spacing of 0.375 Å, 
and a grid centre at dimensions (x, y, and z, re-
spectively): –9.732, 11.403, and 68.925 was des-
ignated. 

Introduction

A new strain of coronavirus called SARS-CoV-2 
(Severe Acute Respiratory Syndrome CoronaVirus 2)  
causing an infectious disease called COVID-19 
(COronaVIrus Disease 2019) was first identified 
in Wuhan, the capital of China’s Hubei province, 
in December 2019 as the aetiological agent re-
sponsible for the viral pneumonia outbreak [1]. 
The World Health Organisation (WHO) declared 
the outbreak in China on 30 January 2020 to be 
a Public Health Emergency of International Con-
cern (PHEIC) [2]. Due to the rapid increase in the 
numbers of patients outside China and the grow-
ing number of countries that were involved, on  
12 March 2020 the WHO stated that COVID-19 
was characterised as a pandemic. To date, more 
than 2.3 million people have contracted this dis-
ease, and more than 170,000 have died because 
of it. No proven specific drugs and no immuni-
sation are available so far, while therapeutic op-
tions are very limited [3, 4]. In fact, only preven-
tive and supportive therapies directed to prevent 
complications of the disease and organ damage 
are available. Although antimalarial drugs chloro-
quine and hydroxychloroquine are used in some 
countries for the treatment of this disease, at 
present there is not sufficient evidence to deter-
mine whether they are effective treatments for 
COVID-19 [5]. 

However, the antagonisms with other drugs 
and serious adverse effects (SAEs) of these drugs 
are also well known. Lopinavir/ritonavir, prote-
ase inhibitors that have been widely used for the 
treatment of human immunodeficiency virus-1 
(HIV-1) infection, as a  combination and in com-
bination with azithromycin, have been used on 
a small scale for treatment of COVID-19 patients 
with some success [6]. Favipiravir, which elective-
ly and potently inhibits the RNA-dependent RNA 
polymerase,  has also been used to treat some 
patients with this disease [7], as have nucleoside 
analogues, neuraminidase inhibitors, remdesivir, 
some peptides (EK1), umifenovir, and RNA syn-
thesis inhibitors (such as TDF and 3TC), but for 
all these drugs the results of studies on more pa-
tients are awaited because their useful effects on 
COVID-19 are still anecdotal. 

Statins are conventionally known as effective 
cholesterol-lowering drugs. Moreover, these drugs 
possess other beneficial effects independent of 
their cholesterol-lowering effect, including anti-in-
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Table I. Interaction of tested ligands with SARS-CoV-2 main protease

Ligand Affinity
[kcal/mol]

No. of  
interactions

Binding  
residues

Interaction with 6LU7

Standard liganda –6.8 8 GLU 166
GLN 189
CYS 145
HIS 164
MET 49
GLU 166
CYS 145
HIS 41

Favipiravir –5.8 3 PHE 140
HIS 163
HIS 172

Nelfinavir –7.9 4 GLN 189
GLU 166
GLN 189
CYS 145

Lopinavir –7.9 3 GLN 189
GLU 166
HIS 41

Simvastatin –7.0 2 CYS 145
HIS 163
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Ligand Affinity
[kcal/mol]

No. of  
interactions

Binding  
residues

Interaction with 6LU7

Rosuvastatin –7.7 7 GLU 166
MET 165
GLU 166
CYS 145
THR 26

GLN 192
CYS 145

Pravastatin –6.6 4 THR 190
GLU 166
LEU 141
GLU 166

Pitavastatin –8.2 2 ARG 188
GLU 166

Lovastatin –7.4 2 HIS 163
HIS 164

Fluvastatin –7.7 2 GLU 166
HIS 163

Atorvastatin –6.8 3 GLN 189
GLU 166
GLN 189

as n-[(5-methylisoxazol-3-yl)carbonyl]alanyl-l-valyl-n~1~-((1r,2z)-4-(benzyloxy)-4-oxo-1-{[(3r)-2-oxopyrrolidin-3-yl]methyl}but-2-enyl)-l-leuci- 
namide.

Table I. Cont.
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Molecular docking

AutoDock/Vina, a  computational docking pro-
gram, was used for docking using COVID-19 Mpro 
and ligand data along with grid box characteris-
tics in the configuration file. Results analysis was 
performed on the AutoDock Vina Result File using 
ADT. Finally, the top score poses were evaluated by 
using MOE to visualise protein-ligand interactions.

Results

We studied the affinity of seven statins (sim-
vastatin, rosuvastatin, pravastatin, pitavastatin, 

lovastatin, fluvastatin, and atorvastatin), standard 
ligand, and protease inhibitors with the COVID-19 
Mpro. Table I summarises the affinity (Kcal/mol), 
hydrogen bonds, and binding residues of these 
seven statins, standard ligand, and protease in-
hibitors with the COVID-19 Mpro, involved in 
COVID-19 infection. Statins had strong drug-like 
properties when docked along with known inhibi-
tors against the Mpro. The ligands were sorted on 
the basis of binding strength and were compared 
with known inhibitors. 

The binding energies from the interaction of 
6LU7 docking site with standard ligand, favipira-

Figure 1. Docking analysis visualisation of 6LU7 binding with atorvastatin (A), fluvastatin (B), lovastatin (C), 
pitavastatin (D), pravastatin (E), rosuvastatin (F), simvastatin (G), standard ligand (H), lopinavir (I), favipiravir (J), 
and nelfinavir (K)

A

D

G

J

B

E

H

K

C

F

I



Statins and the COVID-19 main protease: in silico evidence on direct interaction

Arch Med Sci 3, April / 2020� 495

vir, nelfinavir, lopinavir, simvastatin, rosuvastatin, 
pravastatin, pitavastatin, lovastatin, fluvastatin, 
and atorvastatin were: –6.8, –5.8, –7.9, –7.9, –7.0, 
–7.7, –6.6, –8.2, –7.4, –7.7, and –6.8 kcal/mol, re-
spectively. The docking results based on the bind-
ing energy of pitavastatin, rosuvastatin, lovas-
tatin, and fluvastatin suggest that these statins 
might be potential COVID-19 Mpro inhibitors. 
Docking visualisation of the binding of different 
statins, standard ligand, and protease inhibitors 
with 6LU7 is shown in Figure 1. 

Discussion

We performed an in silico molecular docking 
experiment on the interaction of statins with the 
main protease enzyme of SARS-CoV-2. Predispo-
sition to acute cardiac complications related to 
existing atherosclerotic cardiovascular disease 
(ASCVD) may significantly increase the severi-
ty of COVID-19 as well as the mortality of these 
patients. This is particularly true for patients with 
high and very high risk for ASCVD, such as those 
with familial hypercholesterolaemia [21]. The 
main treatment for these patients is high-intensi-
ty statin therapy [22].

Statins  have been suggested as useful drugs 
in COVID-19 patients mainly because of their ca-
pacity to decrease complications due to existing 
ASCVD (atheroma plaque stabilisation and reduc-
tion of CVD events and mortality) [23, 24] but also 
because of their anti-inflammatory and immuno-
modulatory effects, which might help to prevent 
acute lung injury in COVID-19 infection [25]. In 
addition, statins not only block virus replication 
upon antiviral activity but also reduce the harmful 
effects of inflammation on the host [26].

However, we investigated whether statins 
could directly interact with the main protease 
enzyme of SARS-CoV-2. We found that there is 
a strong effect of some statins, especially pitavas-
tatin, with a  binding  energy (the more negative 
delta G means stronger interaction), which is even 
greater than that of protease inhibitors. Docking 
studies may be of crucial value because until now 
no studies have investigated the effects of the 
chemical structure and inhibition of docking ac-
tivity of statins on the main protease enzyme of 
SARS-CoV-2.

Because pitavastatin has already been shown 
to have a potent antiviral effect against Ebola virus 
[26], according to our results it could have a direct 
antiviral effect on SARS-CoV-2 as well. Based upon 
our results, rosuvastatin, lovastatin, and fluvasta-
tin might also be useful in COVID-19 treatment.

The limitation of this study is in its in silico na-
ture. Therefore, our results need to be confirmed 
by experimental studies, which might support 
our findings, as well as studies on patients with 

COVID-19, for whom until today no specific treat-
ment exists.

In conclusion, besides their indirect effects on 
COVID-19, such as decreasing complications due 
to existing ASCVD mostly because of their anti-in-
flammatory  and immunomodulatory effects, our 
results suggest that statins can directly affect the 
virus particle. Therefore, their efficacy concerning 
COVID-19, especially for pitavastatin, warrants 
further investigation.
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