
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Informatics in Medicine Unlocked 36 (2023) 101147

Available online 8 December 2022
2352-9148/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Repurposing FDA-approved drugs cetilistat, abiraterone, 
diiodohydroxyquinoline, bexarotene, and remdesivir as potential inhibitors 
against RNA dependent RNA polymerase of SARS-CoV-2: A comparative in 
silico perspective 

Nahid Shahabadi a,b,*, Saba Zendehcheshm a,b, Mohammad Mahdavi a, Fatemeh Khademi b 

a Inorganic Chemistry Department, Faculty of Chemistry, Razi University, Kermanshah, Iran 
b Medical Biology Research Center, Health Technology Institute, Kermanshah University of Medical Sciences, Kermanshah, Iran   

A R T I C L E  I N F O   

Keywords: 
Drug repurposing 
Coronavirus 
RNA-Dependent RNA polymerase 
Docking 
Dynamic 
Virtual screening 

A B S T R A C T   

Vaccines are undoubtedly the most effective means of combating viral diseases like COVID-19. However, there 
are risks associated with vaccination, such as incomplete viral deactivation or potential adverse effects in 
humans. However, designing and developing a panel of new drug molecules is always encouraged. In an 
emergency, drug repurposing research is one of the most potent and rapid options. RdRp (RNA-dependent RNA 
polymerase) has been discovered to play a pivotal role in viral replication. In this study, FDA-approved drugs 
bexarotene, diiodohydroxyquinoline, abiraterone, cetilistat, and remdesivir were repurposed against the RdRp 
by molecular modeling, docking, and dynamic simulation. Furthermore, to validate the potency of these drugs, 
we compared them to the antiviral remdesivir, which inhibits RdRp. Our finding indicated that the selected drugs 
have a high potential to be developed as RdRp inhibitors and, with further validation studies, could serve as 
potential drugs for the treatment of COVID-19.   

1. Introduction 

COVID-19 is an infectious disease caused by Coronaviruses (family: 
Coronaviridae), which has recently been identified as a cause of severe 
acute respiratory syndromes (SARS Cov-2). Coronaviruses are named as 
such because their surface is characterized by protrusions resembling 
crowns [1]. Corona was first reported in China (Wuhan), and 
COVID-2019 is unlikely to have been transmitted from animal to human 
in a seafood market [2,3]. The outbreak has been rapidly spread across 
the countries and territories due to its high human to human contagious 
nature. Until Oct 13, 2022, 628,556,214 people have been infected, and 
6,566,411 have died (https://www.worldometers.info/coronavirus/). 
Vaccines are without question the most efficient tool for combating viral 
diseases. However, there are inherent threats with vaccination, 
including non-complete viral deactivation or potential adverse effects in 
people; even after a vaccine has been produced, exact quality control is 
required to ensure the treatment’s safety. As a result, developing vac-
cines is a lengthy process; a vaccine may not be commercially available 
for years following the emergence of a new disease. The current vaccines 

are not providing adequate protection against COVID-19 due to logis-
tical difficulties in their distribution, diminishing immunity, and the 
possibility of transmission from asymptomatic infected patients [4,5]. 
The advent of vaccines may have broken the transmission chains in this 
viral pandemic, but there is currently concern about their effectiveness 
against mutant variants, reported adverse reactions, and possible 
long-term effects. We must, therefore, find safe, effective, preferably 
affordable, and most importantly, specific drugs rather than the 
non-specific drugs currently prescribed in order to save the lives of the 
infected [6,7]. 

A computer-assisted drug discovery strategy is the most common 
method of predicting potential compounds before they are synthesized 
and tested in vitro [8]. Drug repurposing is the most efficient method of 
rapidly identifying the unique clinical applications of currently licensed 
medications to treat COVID-19. Since the toxicity and pharmacokinetics 
of repurposed pharmaceuticals are already known, this method could 
minimize the time and expense required to develop a new medicine [9]. 
The repurposing of existing medications is made possible through mo-
lecular docking research against viral protein targets [10]. In terms of 
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mathematics, molecular computation has several forms, some of which 
can be used in biology and protein research because of their ability to 
handle a wide range of particle systems. The interactions between these 
molecules are predicted using molecular docking and molecular dy-
namics modeling. In silico screening of different potential active 
chemicals can be accomplished cost- and time-efficient using these 
strategies [11,12]. Numerous scientific disciplines are using molecular 
modeling techniques, including drug discovery and design [13–15]. The 

Coronavirus genome is translated into two classes of proteins within the 
host cell: structural proteins such as spikes (S), envelopes (E), matrixes 
(M), and nucleocapsids (N), and nonstructural proteins such as 3-C 
proteases (3CLpro, NSP5) and RNA Dependent RNA Polymerases 
(RdRp, NSP12) [16]. 

Among these proteins, RNA-dependent RNA polymerase (RdRp) has 
been demonstrated to contribute significantly to the replication of the 
viral genome (single-stranded RNA) and to the multiplication of the 
virus in various cells [17,18]. It is essential to inhibit RdRp in order to 
control the progression of infection in human cells and, as a conse-
quence, the viral load in patients, as RdRp replicates viral genomes by 
synthesizing new RNA nucleotides. It has been established that 
RNA-dependent RNA polymerase (RdRp) is an essential enzyme that 
plays a significant role in the replication and translation of viral ge-
nomes; this makes it an excellent therapeutic target for COVID-19. 
Numerous clinical trials have shown that COVID-19 can be effectively 
treated with antiviral, antimalarial, and anti-HIV drugs. The FDA has 
approved Remdesivir (Veklury®) for treating COVID-19 in hospitalized 
patients aged 12 and older and weighing at least 40 kg. Several viral 
infections, including SARS-CoV-2, have been successfully treated with 
an analog of nucleotides (NA) known as Remdesivir. In the presence of 
NAs, a 5-triphosphate is formed in the cell, which replaces the RdRp 
substrate and competes with the endogenous nucleotides for incorpo-
ration into viral RNA. In a comprehensive two-tier screening approach, 
Yuan et al. demonstrated that FDA-approved medications cetilistat, 
abiraterone, diiodohydroxyquinoline, and bexarotene inhibited 
COVID-19 infection in vitro [19]. As part of this study, we investigated 
the interaction between four FDA-approved medications, bexarotene 
(anticancer retinoid), abiraterone (synthetic androstenedione steroid), 
diiodohydroxyquinoline (antiparasite), and cetilistat (antipancreatic 
lipase) with SARS-CoV-2 RdRp using docking simulation. In this study, 
remdesivir (an antiviral drug) was compared to the outcomes obtained 
with remdesivir. Dynamic simulations also clarify the dynamics of 
molecule behavior. In light of our findings, we may be able to develop a 
new method for combating COVID-19. 

2. Methods 

2.1. Docking of cetilistat, abiraterone, diiodohydroxyquinoline, 
bexarotene, and remdesivir 

2.1.1. Macromolecule (drug target) selection and preparation 
The screening of the drugs against RdRp of SARS-CoV-2 was per-

formed by AutoDock Vina [20] with MGL tools 1.5.4 which makes more 
precise docking calculations and runs faster than AutoDock software 
[21]. The crystal structure of RdRp (PDB ID: 6NUR) was downloaded 
from the Protein data bank [22]. The receptor preparation was done by 

Table 1 
Interaction energy between RdRp of SARS-CoV-2 and molecules.  

Molecules ΔG (kcal/mol) 

Abiraterone ¡7.9 
Bexarotene ¡8.4 
Cetilistat ¡7.6 
Diiodohydroxyquinoline ¡5.5 
Remdesivir ¡7.6  

Table 2 
Predicted bonds between interacting atoms of abiraterone and RdRp of SARS- 
CoV-2.  

S. 
No. 

Amino 
acid 

Amino 
acid atom 

Abiraterone 
atom 

Distance Nature of 
interaction 

1 TYR728 Pi-Orbital Pi-Orbital 5.22 Hydrophobic 
(Pi-Pi) 

2 LEU240 Alkyl Alkyl 5.49 Hydrophobic 
(Alkyl)  

Table 3 
Predicted bonds between interacting atoms of bexarotene and RdRp of SARS- 
CoV-2.  

S. 
No. 

Amino 
acid 

Amino acid 
atom 

Bexarotene 
atom 

Distance Nature of 
interaction 

1 LEU240 C–H Pi-Orbitals 3.81 Hydrophobic 
(Pi-Sigma) 

2 TYR129 Pi- 
Orbitals 

C10(Alkyl) 4.47 Hydrophobic 
(Pi-Pi) 

3 LEU240 Alkyl C10(Alkyl) 4.26 Hydrophobic 
(Alkyl) 

4 LEU240 Alkyl C11(Alkyl) 5.14 Hydrophobic 
(Alkyl) 

5 LEU708 Alkyl C12(Alkyl) 5.57 Hydrophobic 
(Alkyl) 

6 VAL128 Alkyl C18(Alkyl) 4.94 Hydrophobic 
(Alkyl) 

7 ALA125 Alkyl C20(Alkyl) 3.77 Hydrophobic 
(Alkyl) 

8 LEU207 Alkyl C20(Alkyl) 4.72 Hydrophobic 
(Alkyl) 

9 LEU240 Alkyl C20(Alkyl) 4.90 Hydrophobic 
(Alkyl) 

10 LEU240 Alkyl Alkyl 5.02 Hydrophobic 
(Alkyl) 

11 LEU708 Alkyl Alkyl 5.00 Hydrophobic 
(Alkyl) 

12 ALA125 Alkyl Pi-Orbitals 4.84 Hydrophobic 
(Pi-Alkyl) 

13 TYR129 Pi- 
Orbitals 

C18(Alkyl) 4.82 Hydrophobic 
(Pi-Alkyl) 

14 HIS133 Pi- 
Orbitals 

C12(Alkyl) 4.98 Hydrophobic 
(Pi-Alkyl) 

15 HIS133 Pi- 
Orbitals 

C18(Alkyl) 4.39 Hydrophobic 
(Pi-Alkyl) 

16 TYR728 Pi- 
Orbitals 

C9(Alkyl) 4.81 Hydrophobic 
(Pi-Alkyl) 

17 TYR728 Pi- 
Orbitals 

C10(Alkyl) 4.25 Hydrophobic 
(Pi-Alkyl) 

18 TYR732 Pi- 
Orbitals 

C10(Alkyl) 4.71 Hydrophobic 
(Pi-Alkyl)  

Table 4 
Predicted bonds between interacting atoms of cetilistat and RdRp of SARS-CoV- 
2.  

S. 
No. 

Amino 
acid 

Amino 
acid atom 

Cetilistat 
atom 

Distance Nature of 
interaction 

1 HIS133 H-Donor O3(H- 
Acceptor) 

2.17 Hydrogen bond 

2 LEU240 C–H Pi-Orbital 3.61 Hydrophobic(Pi- 
Sigma) 

3 LEU240 C–H Pi-Orbital 3.54 Hydrophobic(Pi- 
Sigma) 

4 LEU708 Alkyl C29(Alkyl) 4.09 Hydrophobic 
(Alkyl) 

5 LEU708 Alkyl Pi-Orbital 5.32 Hydrophobic(Pi- 
Alkyl) 

6 HIS725 Pi-Orbital C20(Alkyl) 4.70 Hydrophobic(Pi- 
Alkyl) 

7 TYR728 Pi-Orbital C20(Alkyl) 4.85 Hydrophobic(Pi- 
Alkyl)  
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utilizing the AutoDock Tools (v.1.5.4). The addition of Kollman charged 
atoms to protein crystal structure and the combination of non-polar 
hydrogen atoms was done by MGL Tools (v.1.5.4). To perform molec-
ular docking analysis the RdRp of SARS-CoV-2 was converted into 
PDBQT format (.pdbqt). The grid box was set to 100 × 90 × 122 with a 

grid spacing of 1.00 Å and center parameters of 150.05, 152.94, and 
163.03. 

2.1.2. Ligands selection and preparation 
The 3D structure of bexarotene, diiodohydroxyquinoline, abirater-

one, cetilistat, and remdesivir were received from PubChem as SDF files 
(.sdf) (https://pubchem.ncbi.nlm. nih.gov) and converted to PDB 
format (.pdb) before perform docking utilizing MGL Tools (v.1.5.4). The 
BIOVIA Discovery Studio software was employed to visualize the docked 
results. 

2.2. Molecular dynamics (MD) simulations 

Because molecular docking results revealed that bexarotene has the 
best energy in interaction with RdRp of SARS-CoV-2, we investigated the 
molecular dynamic simulation of this drug with protein. We did the 
Classical MD simulations [23,24] with the CHARMM27 force field using 
ran GROMACS 2018.2 software [25,26]. SwissParam [27] was used to 
generate the ligand topology. The free protein and protein-drug complex 
were solved using TIP3P water [28] in the cubic box with periodic 
boundary situations in three directions. The solutes were placed in the 
box’s center, with a minimum distance of 1.0 nm between their surfaces. 
Markedly, we added Na+ ions to the system to neutralize the charge. The 
systems were balanced at 300 K and 1 bar, following energy minimi-
zation using the steepest descent method. The temperature was kept at 
300 K using a modified Berendsen thermostat, and the pressure was kept 
at 1.0 bar using a Parrinello-Rahman barostat. Bond lengths were 
calculated using the LINCS algorithm, and long-range electrostatic 
forces were computed employing the particle-mesh Ewald scheme 
(PME) (grid spacing 0.16 nm) [29]. For short-range non-bonded in-
teractions, cutoff ratios of 1.0 nm for Coulomb and van der Waals 

Table 5 
Predicted bonds between interacting atoms of diiodohydroxyquinoline and RdRp of SARS-CoV-2.  

S. No. Amino acid Amino acid atom Diiodohydroxyquinoline atom Distance Nature of interaction 

1 HIS133 H-Donor N4(H-Acceptor) 2.22 Hydrogen bond 
2 ASN705 H-Acceptor H-Donor 3.23 Hydrogen bond 
3 HIS133 H-Donor Pi-Orbital 2.89 Hydrogen bond 
4 LEU240 C–H Pi-Orbital 3.79 Hydrophobic(Pi-Sigma) 
5 ALA125 Alkyl I2(Alkyl) 4.19 Hydrophobic(Alkyl) 
6 LEU207 Alkyl I2(Alkyl) 4.92 Hydrophobic(Alkyl) 
7 LEU240 Alkyl I2(Alkyl) 4.73 Hydrophobic(Alkyl) 
8 TYR728 Pi-Orbital I1(Alkyl) 5.14 Hydrophobic(Pi-Alkyl)  

Table 6 
Predicted bonds between interacting atoms of remdesivir and RdRp of SARS- 
CoV-2.  

S. 
No. 

Amino 
acid 

Amino acid 
atom 

Remdesivir 
atom 

Distance Nature of 
interaction 

1 LEU708 H- 
Acceptor 

H52(H- 
Donor) 

3.06 Hydrogen bond 

2 HIS133 H-Donor H-Acceptor 2.33 Hydrogen bond 
3 LEU708 H- 

Acceptor 
C21(H- 
Donor) 

3.46 Hydrogen bond 

4 TYR708 Pi-Orbital C–H 3.72 Hydrophobic(Pi- 
Sigma) 

5 LEU240 C–H Pi-Orbital 3.70 Hydrophobic(Pi- 
Sigma) 

6 LEU240 C–H Pi-Orbital 3.80 Hydrophobic(Pi- 
Sigma) 

7 LEU240 C–H Pi-Orbital 3.77 Hydrophobic(Pi- 
Sigma) 

8 TYR129 Pi-Orbital Pi-Orbital 4.46 Hydrophobic(Pi- 
Pi Stacked) 

9 LEU708 Alkyl C37(Alkyl) 3.91 Hydrophobic 
(Alkyl) 

10 ALA125 Alkyl Pi-Orbital 5.04 Hydrophobic(Pi- 
Alkyl) 

11 VAL128 Alkyl Pi-Orbital 5.50 Hydrophobic(Pi- 
Alkyl) 

12 TYR728 Pi-Orbital C37(Alkyl) 4.42 Hydrophobic(Pi- 
Alkyl)  

Fig. 1. Molecular docking perspective of abiraterone – RdRp of SARS-CoV-2.  
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potentials were used. Finally, a 50 ns MD simulation with a time-step of 
2 fs was running, with velocities generated randomly using a Maxwell 
distribution. 

3. Results 

3.1. Evaluation of the docking performance 

Because of its critical role in virus replication, RdRp is considered a 
key target for developing antiviral drugs [18,30,31]. We recently re-
ported the in-silico screening of bexarotene, diiodohydroxyquinoline, 
abiraterone, cetilistat, and remdesivir against different SARS-CoV-2 
drug targets [32]. However, RdRp, an important drug target, was 
excluded from this study. The current study used the same strategy to 
screen the bexarotene, diiodohydroxyquinoline, abiraterone, cetilistat, 
and remdesivir for their potential to inhibit RdRp of SARS-CoV-2, 
thereby filling the gap. Molecular docking simulation is widely used in 
computational drug discovery and design. This technique was used to 
predict the binding of the selected drugs bexarotene, 

diiodohydroxyquinoline, abiraterone, cetilistat, and remdesivir with 
SARS-CoV-2 RdRp-RNA protein. Recently, researchers reported virtual 
screening inhibitors of SARS-CoV-2 RdRp [33–36]. In our study, the 
FDA-approved RdRp inhibitor drug remdesivir was used as a comparator 
drug. Remdesivir is effective against many RNA viruses, including the 
newly discovered SARS-CoV-2 (COVID-19) and previous coronaviruses 
[37,38]. We hypothesized that the drugs mentioned above could disrupt 
SARS-CoV-2 RdRp. 

Cetilistat, a pancreatic lipase inhibitor, can be prescribed for obesity 
treatment. This compound inhibits fat digestion and absorption [39]. 
Diiodohydroxyquinoline is a quinolone derivative used to treat amoe-
biasis as a luminal amebicide [40]. When bile is available, diiodohy-
droxyquinoline is unlikely to be absorbed into the circulation, whereas 
cetilistat is rapidly hydrolyzed into its metabolites [39,41]. Gastroin-
testinal complaints have been reported in 15–20% of COVID-19 patients, 
and some of these individuals have also shown infectious virus particles 
and identifiable viral RNA [42]. In the intestines of SARS-CoV-2-infected 
hamsters, high levels of viral nucleocapsid protein, inflammatory pro-
cesses, and identifiable viral RNA were found [43]. Cetilistat and oral 

Fig. 2. Molecular docking perspective of bexarotene – RdRp of SARS-CoV-2.  

Fig. 3. Molecular docking perspective of cetilistat – RdRp of SARS-CoV-2.  
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diiodohydroxyquinoline may be effective topical luminal antivirals in 
suppressing viral shedding in the gastrointestinal system in the same 
way feces may be a significant source of SARS-CoV-2 infection [44,45]. 
Nonchemotherapeutic antineoplastic medicines, including bexarotene 
and abiraterone acetate, have been shown to have minimal immuno-
suppressive properties [19]. Breast cancer, non-small cell lung cancer 
(NSCLC), and cutaneous T-cell lymphoma are effectively treated with 
bexarotene, a third-generation retinoid [46–49]. Abiraterone acetate 
suppressed the activity of the enzyme CYP17A1, which is responsible for 
androgen synthesis when coupled with a corticosteroid. Androgen 
deprivation is the mechanism employed in this therapy to treat resistant 
prostate cancer [50,51]. As described by Yuan et al. [52], members of 
the same medication class as bexarotene, such as tamibarotene and 
AM580, have demonstrated outstanding antiviral effectiveness against 
several viruses, including influenza, Zika, coronaviruses (SARS-CoV and 
MERS-CoV), adenoviruses, and enterovirus A71. 

According to molecular docking studies, the binding energies of 
bexarotene, abiraterone, cetilistat, remdesivir, and 

Fig. 4. Molecular docking perspective of diiodohydroxyquinoline – RdRp of SARS-CoV-2.  

Fig. 5. Molecular docking perspective of remdesivir – RdRp of SARS-CoV-2.  

Fig. 6. Radius of gyration (Rg) for RdRp of SARS-CoV-2 and bexarotene – 
(RdRp of SARS-CoV-2) during 50 ns MD simulation. 
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diiodohydroxyquinoline to the RdRp were - 8.4, - 7.9, − 7.6, − 7.6 and - 
5.5 kcal/mol, respectively, which demonstrate good binding potential 
towards the RdRp. The binding energy values of the five compounds 
mentioned with the SARS-CoV-2 RdRp protein are shown in Table 1. 

According to our findings, bexarotene was the most effective com-
pound against RdRp, with the lowest binding energy. Also, bexarotene 
and abiraterone were discovered to have the lowest binding energies 
than remdesivir. In the meantime, the binding energies of cetilistat are 
equal to those of remdesivir. Moreover, the binding energy value for 
diiodohydroxyquinoline (− 5.5 kcal/mol) suggests that the ligand- 
protein complex is stable. Tables 2–6 represent the amino acid resi-
dues involved, bond lengths, and the type of interactions. Figs. 1–5 
depict the RdRp amino acid residues that interacted with drugs. As 
evident, The SARS-CoV-2 RdRp protein had hydrophobic interactions 
with abiraterone and bexarotene. Meanwhile, cetilistat, diiodohydrox-
yquinoline, and remdesivir interacted with the RdRp of SARS-CoV-2 via 

hydrogen bonds and hydrophobic interactions. The chosen drugs 
interacted with various amino acid residues of the RdRp of the SARS- 
CoV-2 protein (Tables 2–6). It is evident from Fig. 2 that the bexar-
otene interacted with RdRp with LEU240, TYR129, LEU708, VAL128, 
ALA125, LEU207, TYR129, HIS133, TYR728, and TYR732 amino acids. 
These interactions can disrupt the biological activity of the SARS-CoV-2 
protein RdRp, and, consequently, the viral replication process. Then, we 
used MD models to confirm the docking poses and analyze the dynamics 
of interactions between RdRp, RNA, and medicines. 

3.2. Molecular dynamics simulations 

We conducted an MD simulation study to evaluate system dynamics 
and improve the accuracy of the docking computation. For further 
investigation, bexarotene was chosen as the compound with the highest 
interaction energy. 

3.2.1. Radius of gyration (Rg) 
The system compactness can be determined based on the radius of 

gyration (Rg). The conformational stability of the complex structure 
during MD modeling is indicated by the graph’s stability [53]. Improved 
structural integrity and folding treatment are indicated by a low Rg 
value [54]. During a 50ns MD running, the molecule’s total extension 
can be quantified using the protein and ligand-protein complex’s gyra-
tion radius (Rg) (Fig. 6). A constant average Rg of 3.276 nm is main-
tained by the ligand-protein complex during the whole 50 ns of the MD 
modeling. Similarly, 3.303 nm was the measured Rg value for the free 
6NUR. This demonstrates how more ligand binding increases the pro-
tein’s stability. The findings from the MD simulations provide un-
equivocal proof that bexarotene may construct a stable complex with 
6NUR, which is an indication of its inhibitory effects on the RdRp 
receptor. 

3.2.2. RMSD 
During simulation, the protein’s structural alterations and insights 

from RMSD analysis support the protein’s stability and equilibrium. The 
higher stability of the protein-ligand complex is indicated by the lower 
RMSD value of the protein backbone [55]. Fig. 7 illustrates the RMSD 
graph of the backbone atoms in the 6NUR complex containing bexar-
otene and 6NUR. The RMSD, during the 50ns MD simulation, was 
determined for the converged 6NUR-Bex structure. According to the 
findings, after 100 ps, both structures reached a stable state. During the 
entire 50ns simulation, 6NUR-Bex had a mean of 0.197 A0, while 6NUR 
had a mean of 0.216 A0. The RMSD value is regarded as acceptable and 
appropriate if it is less than 1.5 Å. However, it is obviously disregarded if 
the RMSD number is greater than 3 Å. In addition to studying the 
conformational changes of the receptors, RMSD measurements are uti-
lized to determine the stability of the receptors with and without ligands 
[56]. In the MD simulations, the fact that the RMSD value of 6NUR-Bex 
was significantly lower than that of the protein suggested that bexar-
otene contributes to the protein’s stability. 

3.2.3. RMSF 
The flexibility of the entire protein concerning its typical structure 

was assessed using RMSF analysis. High RMSF values showed enhanced 
flexibility, but low RMSF values showed constricted motions [57]. En-
ergy is released during ligand binding, and the amount of energy 
released has a direct association with the values of residual fluctuation 
(RMSF). Fig. 8 displays the RMSF plots generated for each individual 
residue that makes up the 6NUR complex with bexarotene and 6NUR. 
The RMSF values for 6NUR-Bex were exceptionally minimal (Average 
RMSF = 0.28 A0); thus, the ligand-protein complex displayed negligible 
movement, which demonstrates its stability. Residues inside the loop 
domain of 6NUR in 6NUR-Bex were found to fluctuate more than 
alpha-helix and beta-sheet domains during the simulation. This 
demonstrated that during the 50ns simulation, the protein maintained 

Fig. 7. RMSD plots for RdRp of SARS-CoV-2 and bexarotene – (RdRp of SARS- 
CoV-2) during 50 ns MD simulation. 

Fig. 8. RMSF plots for RdRp of SARS-CoV-2 and bexarotene – (RdRp of SARS- 
CoV-2) during 50 ns MD simulation. 

Table 7 
Binding free energy (MM-PBSA) calculations for 6NUR-Bexarotene.  

van der Waal energy − 115.280±0.302 kJ/mol 
Electrostattic energy − 6.488±0.312 kJ/mol 
Polar solvation energy 46.747±0.352 kJ/mol 
SASA energy − 14.616±0.033 kJ/mol 
SAV energy 0.000±0.000 kJ/mol 
WCA energy 0.000±0.000 kJ/mol 
Binding energy − 89.635±0.295 kJ/mol  
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its stability [58]. The 6NUR residues 895 in the alpha-helix and 714 in 
the beta-sheet region, except for the loop area, showed considerable 
fluctuation up to 0.451 A0 and 0.426 A0, respectively. The complex 
6NUR-Bex appeared stable overall based on the protein RMSF values 
[59]. 

3.3. MM-PBSA binding free energy 

The average free binding energy of the 6NUR-Bex was calculated 
using MmPbSaStat.py (Table 7). The information collected from gmmpbsa 
was used in the calculation of the average free binding energy as well as 
the standard deviation/error for each of the files. In the drug discovery 
process, one of the most important factors to consider is the durability of 
the ligand-receptor contact, which may be evaluated using the binding 
free energy. 

The ligand and protein bind more tightly when the binding energy is 
lower [60]. To bind 6NUR to bexarotene, the van der Waals, SASA, and 
electrostatic energies, except for the polar solvation, were utilized. The 
polar solvation energy was the only energy that was not utilized. The 
involvement of van der Waals energy to the entire free binding energy 
was found to be significantly higher than electrostatic contribution en-
ergy. The bexarotene linked exclusively with the 6NUR protein, as 
shown by the binding free energies of 6NUR-Bex, which were found to 
be − 89.635 ± 0.295 kJ/mol. Fig. 9 depict the binding energy versus 
time plots for 6LU7-Bex. Bexarotene may be a candidate for blocking the 
RdRp of the SARS-CoV-2 receptor, as shown by the results mentioned 
above. 

4. Conclusion 

Because they have already been evaluated in terms of toxicity and 
safety in humans for the treatment of various diseases, repurposing FDA- 
approved medications will be the best option for developing COVID-19 
therapies at this time. This research computationally evaluated the 
inhibitory potential of the FDA-approved drugs bexarotene, diiodohy-
droxyquinoline, abiraterone, and cetilistat against RdRp of SARS-CoV-2. 

With further ex vivo and in vivo examinations, our finding suggests that 
the selected drugs could be the potential drug of choice for the treatment 
of COVID-19. Gromacs software was used in this study to simulate the 
interaction of bexarotene with the RdRp of SARS-CoV-2. Furthermore, 
the RdRp-Bex radius of gyration has values that indicate the systems’ 
stability. The binding free energy of 6NUR-Bex was determined to be 
− 89.635 ± 0.295 kJ/mol, indicating that the bexarotene interacted 
with the 6NUR protein uniquely. 
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