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Drug repurposing is a fast way to rapidly discover a drug for clinical use. In such circumstances of the
spreading of the highly contagious COVID-19, searching for already known drugs is a worldwide demand. In
this study, many drugs were evaluated by molecular docking. Among the test compounds, aliskiren (the best),
dipyridamole, mopidamol and rosuvastatin showed higher energies of binding than that of the co-crystallized
ligand N3 with COVID-19 main protease Mpro. Rolitetracycline showed the best binding with the catalytic
center of the protease enzyme through binding with CYS 145 and HIS 41. Metamizole showed about 86 % of
the binding energy of the ligand N3 while the protease inhibitor darunavir showed little bit lower binding energy
than N3. These results are promising for using these drugs in the treatment and management of the spreading
of COVID-19 virus. Also, it could stimulate clinical trials for the use of these drugs by systemic or inhalation
route.The results stimulate the evaluation of these drugs as anti COVID-19 especially aliskiren which showed
the highest score of binding with the binding site of N3. This will be added to its renin inhibition and advantage
of renin inhibition and possibility of the reduced expression of ACE2[12]. Dipyridamole and mopidamol
showed a potential to be more Mpro inhibitor than ligand N3 and darunavir. Also, dipyridamole has the
property of antiviral activity beside its use to decrease the hypercoagulabilty that happens due to COVID
infection in addition to the property of promoting type I interferon (IFN) responses and protect mice from viral
pneumonia [30]. Rolitetracycling is an amazing in its binding mode in the active site of the protease pocket it
seemed as it is tailored to be buried in that pocket. Mopidamol and rosuvastatin are slightly better than the
co-crystallized ligand N3 and darunavir in binding mode which nominate the as COVID-19 protease inhibitors.
Hopefully this study will help in the repurposing a drug for the treatment of COVID-19.

File list (1)

download fileview on ChemRxivManuscript.docx (2.05 MiB)

http://doi.org/10.26434/chemrxiv.12061302.v1
https://chemrxiv.org/authors/Omar_Aly/8649477
https://chemrxiv.org/ndownloader/files/22169805
https://chemrxiv.org/articles/Molecular_Docking_Reveals_the_Potential_of_Aliskiren_Dipyridamole_Mopidamol_Rosuvastatin_Rolitetracycline_and_Metamizole_to_Inhibit_COVID-19_Virus_Main_Protease/12061302/1?file=22169805
haode
下划线

haode
高亮

haode
高亮

haode
高亮



Molecular docking reveals the potential of 

aliskiren, dipyridamole, mopidamol, rosuvastatin,

rolitetracycline and metamizole to inhibit COVID-19

virus main protease

Omar M. Aly

Medicinal Chemistry Department, Faculty of Pharmacy, Minia University, Minia, 61519, Egypt.
Corresponding author. Tel.: +201065607771. Fax: +2086-2369075

E-mail address: omarsokkar@yahoo.com, omarsokkar@mu.edu.eg 
Postal address: Medicinal Chemistry Department, Faculty of Pharmacy, Minia University, Minia, 61519,
Egypt.

Abstract

Drug repurposing is a fast  way to rapidly discover a drug for clinical use. In such

circumstances  of  the  spreading of  the  highly contagious  COVID-19,  searching for

already  known  drugs  is  a  worldwide  demand.   In  this  study,  many  drugs  were

evaluated  by  molecular  docking.  Among  the  test  compounds,  aliskiren  (the  best),

dipyridamole, mopidamol and rosuvastatin showed higher energies of binding than that

of the co-crystallized ligand N3 with COVID-19 main protease Mpro. Rolitetracycline

showed the  best  binding  with  the  catalytic  center  of  the  protease  enzyme through

binding with CYS 145 and HIS 41. Metamizole showed about 86 % of the binding

energy of the ligand N3 while the protease inhibitor darunavir showed little bit lower

binding  energy than  N3.  These  results  are  promising  for  using  these  drugs  in  the

treatment  and  management  of  the  spreading  of  COVID-19  virus.  Also,  it  could

stimulate clinical trials for the use of these drugs by systemic or inhalation route.

Keywords:  Docking;  Aliskiren;  Dipyridamole;  Mopidamole;  Rosuvastatin;

Metamizole; Rolitetracycline; Darunavir; N3, COVID-19; Protease

 

Introduction

COVID-19 virus is the causative agent of the 2019-2020 viral pneumonia outbreak that

commenced in Wuhan [1-4]. Finding out known drug that inhibit the COVID-19 virus
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main protease (Mpro) will result in a pivotal role in controlling viral replication and

transcription  [5,6].  Here,  I  selected  the  most  promising  drugs  among  my  vast

screenings to recommend them relying on the molecular docking results obtained in

comparison with the ligand N3.
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Fig.1:  Chemical structures of compounds: Aliskiren a, Dipyridamole b, mopidamol c, 
rosuvastatin d, metamizole e, rolitetracycline f, darunavir g, and N3 h. 

 Zhenming Jin, et  al,  determined  the  crystal  structure  of  COVID-19  virus  Mpro in

complex with this compound [7]. The functional polypeptides are released from the

polyproteins by extensive proteolytic processing, predominantly by a 33.8-kDa main

protease (Mpro), also referred to as the 3C-like protease. Mpro digests the polyprotein at

no less than 11 conserved sites, starting with the autolytic cleavage of this enzyme

itself  from pp1a and pp1ab [8].  The functional importance of Mpro in the viral  life
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cycle, together with the absence of closely related homologues in humans, identify the

Mpro as an attractive target for antiviral drug design [9].

The novel coronavirus 2019 (2019-nCoV) uses the SARS-coronavirus receptor ACE2

and the cellular protease TMPRSS2 for entry into target cells [10]. 

Here,  the  most  promising  drugs  were  selected  to  recommend  them  for  potential

treatment of the new COVID-19 infection relying on the molecular docking results

obtained in  comparison with the ligand N3.  Chemical  structures of the compounds

tested in this study are shown in Fig. 1. Aliskiren is an oral renin inhibitor that be used

for the treatment of hypertension [11]. The reduced expression of ACE2 with aliskiren

treatment could be an interesting option in the context of SARS-CoV-2 infection that

requires  further  investigation [12].  Dipyridamole is  platelet  aggregation  and  a

phosphodiesterase  (PDE)  inhibitor  [13],  also  it  showed  broad  spectrum  antiviral

activity  [14-17].   Most  importantly,  dipyridamole  may  prevent  acute  injury  and

progressive fibrosis of the lung, heart, liver, and kidney associated with COVID 19

infection [18]. 

Mopidamol  is  a  chemical  congener  (Fig.  l)  of  dipyridamole,  similarly,  acts  as  a

coronary vasodilator  and platelet  aggregation inhibitor.  In  addition,  mopidamol has

shown antimetastatic properties by inhibiting the adherence of cancer cells to platelets

or  endothelial  cells.  Although  both  compounds  cause  inhibition  of  CAMP

phosphodiester  but mopidamol is 10 times more potent than dipyridamole[19,20]. 

Rosuvastatin is  a  synthetic HMG-CoA reductase inhibitor that are effective in the

reduction of total and LDL cholesterol [21]. 

While no clinical data yet exists for a protective role for statins for COVID-19 infection,

there are some data that are suggestive that they may be associated with less severe viral

pneumonia (perhaps for similar  reasons described in point  C).  A large matched cohort

study found a reduced risk of COPD death and influenza death for patients on moderate

dose statins compared to not [22].

Metamizole,  or dipyrone,  is  a painkiller, spasm reliever,  and fever  reliever that  also

has anti-inflammatory effects. It is most commonly given by mouth or by injection. 
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Although it is available over the counter in some countries, it is prescription or banned

in other countries,  due to its  potential  for adverse events,  including agranulocytosis

[23]. 

 Rolitetracycline,  launched  in  the  late  1950s,  was  the  first  of  the  semi-synthetic

tetracyclines. Rolitetracycline is formed by a Mannich condensation of formaldehyde

and  pyrrolidine  with  tetracycline.  Rolitetracycline  is  a  pro-drug  of  tetracycline,  in

which  the  pyrrolidine  moiety  improves  bioavailability  compared  with  tetracycline.

Rolitetracycline has broad-spectrum Gram-positive activity in vivo, but pH instability

limits use to parenteral administration [24].

Rolitetracycline is only found in individuals that have used or taken this drug. It is a

pyrrolidinylmethyl  tetracycline.  Rolitetracycline  is  a  semisynthetic  broad-spectrum

tetracycline antibiotic used especially for parenteral administration in cases requiring

high  concentrations  or  when  oral  administration  is  impractical.  Rolitetracycline

passively diffuses through porin channels in the bacterial  membrane and reversibly

binds  to  the  30S  ribosomal  subunit,  preventing  binding  of  tRNA to  the  mRNA-

ribosome complex, and thus interfering with protein synthesis [25]

Darunavir is  a  once-daily  second-generation  protease-inhibitor  [26,27]  that  is

administered  with  low-dose  ritonavir   and  two  nucleoside  reverse  transcriptase

inhibitors (NRTI) for treatment of HIV infection [28]. 

Currently, targeted therapeutics and effective treatments remain very limited. Here, in

order  to  rapidly discover  lead  compounds  for  clinical  use.  attempts  were  made to

identify new drug leads that target the COVID-19 virus main protease (Mpro). Here,

computer-aided drug design was used to find out a known drug  to be used as target for

the clinical usefulness as COVID-19  inhibitor. The compounds shown in Fig. 1 were

compared with the Mpro co-crystallized ligand N3. 

Results and discussion

COVID-19 virus Mpro has a Cys–His catalytic dyad, and the substrate-binding site is

located in a cleft between Domain  and . N3 is fitted inside the substrate-bindingⅠ Ⅱ

pocket  of  COVID-19  virus  Mpro showing  asymmetric  unit  containing  only  one

polypeptide.  All compounds (a-f) showed nearly similar binding to N3. Results of

interaction energies with Mpro are shown in Table 1. Molecular docking simulation of
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compound a-f into Mpro active site was done. They got stabilized at the N3-binding site

of Mpro by variable several electrostatic bonds (Fig. 2-4). 

a

b

c d

e f

g
h
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Fig. 2:  2D representation of docking of compounds: Aliskiren a, Dipyridamole b,
mopidamol c, rosuvastatin d, metamizole e, rolitetracycline f, darunavir g,

and N3 h into the N3 binding site in the COVID-19 protease.
 Aliskiren  was  showed  the  highest  binding  energy  in  comparison  with  the  other

compounds which showed nearly equal or moderately lesser binding energies.

a b

c d

e f
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g h

Fig. 3: 3D Docking poses of aliskiren a, dipyridamole b, mopidamol c,  rosuvastatin d,
metamizole e, rolitetracycline f, darunavir g, and N3 h into the N3 binding site 
in the COVID-19 protease.
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g
h

Fig. 4: Surface and maps of compounds aliskiren a, dipyridamole b, mopidamol c, 
rosuvastatin d, metamizole e, rolitetracycline f, darunavir g, and N3 h into the 
N3 binding site in the COVID-19 protease.

Docking studies 

Target compounds optimization 

The  target  compounds  were  constructed  into  a  3D  model.  After  checking  their

structures and the formal charges on atoms by 2D depiction, the following steps were

carried  out:  The target  compounds  were  subjected  to  a  conformational  search.  All

conformers  were  subjected  to  energy  minimization,  all  the  minimizations  were

performed until a RMSD gradient of 0.01 Kcal/mole and RMS distance of 0.1 Å with

MMFF94X  force-field  and  the  partial  charges  were  automatically  calculated.  The

obtained database was then saved as MDB file to be used in the docking calculations. 

Optimization of the enzymes active site 

The X-ray crystallographic structure of Mpro complexed with N3 was obtained from the

Protein Data Bank through the internet (http://www. rcsb.org/, PDB code 6LU7) [7].

The enzyme was prepared for docking studies by: Hydrogen atoms were added to the

system with their standard geometry.  The atoms connection and type were checked for

any errors with automatic correction.  Selection of the receptor and its atoms potential

were fixed.  Site Finder was used for the active site search in the enzyme structure

using all default items. Dummy atoms were created from the site finder of the pocket.

Docking of the target molecules to tubulin protein in colchicine binding site
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Docking  of  the  conformation  database  of  the  target  compounds  was  done.  The

following methodology was generally applied: The enzyme active site file was loaded,

and the Dock tool was initiated. The program specifications were adjusted to: Dummy

atoms as the docking site, alpha triangle as the placement methodology to be used.

London dG as scoring methodology to be used and was adjusted to its default values.

The MDB file of the ligand to be docked was loaded and Dock calculations were run

automatically.  The obtained poses were studied,  and the poses showed best ligand-

enzyme interactions were selected and stored for energy calculations. 

Table 1:  Receptor interaction with aliskiren a, dipyridamole b, mopidamol c,
rosuvastatin d, metamizole e, rolitetracycline f, darunavir g, and N3 h into the N3

binding site in the COVID-19 protease

Compound.
dG

Kcal/mol
e

Receptor Interaction

Amino acid/ Bond Distance 
Å

E
Kcal/mole

Aliskiren -8.4965 GLU  166  (A)/  pi-H      4.50      -0.8

Dipyridamole -8.1152 GLU 166  (A)/  H-donor
MET 165  (A) / H-donor
HIS  41   (A) / H-pi
GLU  166  (A)  /pi-H

3.21
3.71
4.21
3.96

-1.8
-0.9
-0.6
-1.0

Mopidamole -7.7676 MET 165  (A)/ H-donor
CYS 145 (A)/ H-donor
GLY143 (A) / H-
Acceptor
HIS  163 (A)/ H-
acceptor
GLU 166 (A)/  pi-H
GLU 166 (A)/  pi-H

3.24
3.40
3.06
3.43
4.31
4.28

-1.2
-1.6
-2.3
-0.6
-0.8
-0.9

Rosuvastatin -7.7865 GLU 166 (A)/ H-donor
CYS 145 (A)/ H-donor

2.85
3.13

-3.9
-1.3

Metamizole -6.5052 HIS163(A)/H-acceptor   
HIS163(A)/H-acceptor   
HIS163(A)/  ionic         
HIS163(A) / ionic         
HIS 41 (A)/  H-pi           

3.07
3.40      
3.07      
3.40      

4.68

-2.5
-3.4
-4.0
-2.3
-0.8
   

Rolitetracyclin
e

-7.1222 CYS  145  (A)  H-donor
CYS145(A)/H-donor

     HIS  41 (A)/H-pi 
HIS  41 (A)/ H-pi

4.05

3.92
3.73

                

-0.7

-0.9
-0.6
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N3 -7.7716 GLN 189 (A) / H-donor
GLY 143 (A)/ H-
acceptor
HIS  41 (A)/ H-pi
HIS  41 (A)/ H-pi
THR  25 (A)/ pi-H
THR  26 (A)/ pi-H

3.26
3.04
3.89
4.28
4.92
4.43

-3.1
-1.2
-0.6
-0.6
-0.6
-1.1

Conclusion

The molecular modeling of the selected compounds  a-f resulted in the discovery of

already approved drugs of potential  potent  activity to be repurposed as COVID-19

protease inhibitors. This will stimulate the evaluation of these drugs as anti COVID-19

especially aliskiren which showed the highest score of binding with the binding site of

N3. This will be added to its renin inhibition and advantage of renin inhibition and

possibility  of  the  reduced  expression  of  ACE2[12].  Dipyridamole  and  mopidamol

showed a  potential  to  be  more  Mpro  inhibitor  than  ligand  N3 and  darunavir.  Also,

dipyridamole  has  the  property  of  antiviral  activity  beside  its  use  to  decrease  the

hypercoagulabilty that happens due to COVID infection in addition to the property of

promoting type I interferon (IFN) responses and protect mice from viral pneumonia

[30].   Rolitetracycling is  an  amazing in  its  binding mode in the active site  of  the

protease pocket it seemed as it is tailored to be buried in that pocket. Mopidamol and

rosuvastatin  are  slightly better  than  the  co-crystallized  ligand N3 and darunavir  in

binding mode which nominate the as COVID-19 protease inhibitors. Hopefully this

study will help in the repurposing  a drug for the treatment of COVID-19.
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