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A B S T R A C T   

By September 1, 2021, SARS-CoV-2, a respiratory virus that prompted Coronavirus Disease in 2019, had infected 
approximately 218,567,442 patients and claimed 4,534,151 lives. There are currently no specific treatments 
available for this lethal virus, although several drugs, including remdesivir and hydroxychloroquine, have been 
tested. The purpose of this study is to assess the activity of FDA-approved drugs cetilistat, abiraterone, diiodo-
hydroxyquinoline, bexarotene, remdesivir, and hydroxychloroquine as potential SARS-CoV-2 main protease in-
hibitors. Additionally, this study aims to provide insight into the development of potential inhibitors that may 
inhibit ACE2, thereby preventing SARS-CoV-2 entry into the host cell and infection. To this end, remdesivir and 
hydroxychloroquine were used as comparator drugs. The calculations revealed that cetilistat, abiraterone, 
diiodohydroxyquinoline, and bexarotene inhibit main protease and ACE2 receptors more effectively than the 
well-known drug hydroxychloroquine when used against COVID-19. Meanwhile, bexarotene and cetilistat bind 
more tightly to the SARS-CoV-2 main protease and the ACE2 receptor, respectively, than remdesivir, a potential 
treatment for COVID-19 that is the first FDA-approved drug against this virus. As a result, the molecular dynamic 
simulations of these two drugs in the presence of proteins were investigated. The MD simulation results 
demonstrated that these drugs interact to stabilize the systems, allowing them to be used as effective inhibitors of 
these proteins. Meanwhile, bexarotene, abiraterone, cetilistat, and diiodohydroxyquinoline’s systemic effects 
should be further investigated in suitable ex vivo human organ culture or organoids, animal models, or clinical 
trials.   

1. Introduction 

SARS-CoV-2 (COVID-19) is a respiratory virus that originated in 
Wuhan, in 2019 [1,2]. This pandemic has spread aggressively 
throughout the world (Iran, Italy, India, Republic of Korea, United States 
of America, India, among others). Despite numerous significant efforts 
worldwide, there are currently no specific treatments for this lethal 
virus. Until September 1, 2021, this virus had infected 218,567,442 
people worldwide and killed 4,534,151 people (https://www.wor 
ldometers.info/coronavirus/) due to lung failure caused by 
SARS-CoV-2 disease. COVID-19 attacks and destroys the protective 
proteins on T-lymphocytes in the human lung. This condition causes an 
accumulation of fluid in the lungs, resulting in breathing difficulties [3]. 

Numerous drug combinations have been used to treat this virus, 
including Ritonavir, Oseltamivir, and lopinavir [4], Darunavir, 
Remdesivir, Saquinavir [5], Sofosbuvir [6], Azithromycin and Hydrox-
ychloroquine [7], and (Hydroxychloroquine and Chloroquine) [8–10]. 
The virus enters host cells via its surface spike glycoprotein and attacks 
the protein on the surface of human cells. It then begins its activity. 
Numerous drugs are directed against the main protease required for 
viral replication and the processing of polyproteins from the virus’s RNA 
[11]. Thus, inhibiting this protease results in virus replication is pre-
vented [12]. The kidney, lung cells, intestines, heart, lung cells, and 
arteries all have an outer membrane that contains an enzyme named 
ACE2. This critical enzyme plays a key role in cardiovascular/renal 
diseases and hypertension by regulating blood pressure and body fluid. 
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The essential step in the infection of the host cell by SARS-CoV-2 is 
binding to the ACE2 receptor. Therefore, the ACE-2 receptor is a key 
target for researchers looking for therapeutic opportunities to combat 
this lethal virus. Anti-COVID-19 therapeutics that employ various stra-
tegies, including experimental and computational approaches, is critical 
for containing this pandemic disease [7,13]. Drug repurposing using a 
computer-aided drug design (CADD) approach, i.e., a computational 
drug repurposing study, is an appealing method for exploring potential 
therapeutic opportunities and new medications against COVID-19 that 
requires less time and expense. Multiple types of research have 
employed in silico approaches to investigate a promising candidate with 
a high binding affinity and interaction with the ACE-2 receptor and 
SARS-CoV-2 proteins. Bhardwaj et al. described the inhibitory activity of 
bioactive molecules derived from tea plants against SARS-main CoV-2’s 
protease [14] and RNA-dependent RNA polymerase [15]. In another 
study, Bhardwaj et al. used a comparative in silico approach to evaluate 
the inhibitory activity of acridinedione analogs against the SARS-CoV-2 
main protease [16]. Singh et al. [17] and Sharma et al. [18] recently 
reported on an in silico investigation of bioactive compounds from tea as 
potential inhibitors of SARS-CoV-2 nonstructural protein 15 and 16. In 
another research, Singh et al. [19] described a series of molecules based 
on α,β,γ-himachalenes scaffolds derived from a plant (Cedrus deodara) as 
potential SARS-CoV-2 nonstructural protein 1 inhibitors. Hussien et al. 
investigated the drug brincidofovir, which targets the ACE2 receptor 
and the main protease of SARS-CoV-2 [20]. Kalhor et al. used in silico 
strategies to determine the effect of the approved small molecule on the 
SARS-CoV-2 chimeric receptor-binding domain complexed with ACE2 
[21]. Yuan et al. used a robust two-tier screening system in vitro to 
demonstrate the inhibitory activity of FDA-approved drugs cetilistat, 
abiraterone, diiodohydroxyquinoline, and bexarotene against COVID-19 
infection [22]. A docking simulation approach was employed in this 
paper to investigate the interaction of four FDA-approved drugs, bex-
arotene (antineoplastic retinoid), abiraterone (synthetic androstane 
steroid), diiodohydroxyquinoline (anti-parasitic), and cetilistat (anti--
pancreatic lipase), with the SARS-CoV-2 main protease and spike re-
ceptor domain complexed with ACE2 (ACE2-RBD). The results were 
compared to those obtained with hydroxychloroquine (an antimalarial 
medication) [7] and remdesivir (an antiviral drug). Additionally, the 
dynamic simulation elucidates the molecules’ dynamic behavior. 
Several clinical trials indicated that antiviral, antimalarial, and anti-HIV 
medications were effective against the COVID-19 virus. Among them, 
remdesivir (Veklury®) is the first FDA-approved drug to treat COVID-19 
disease in hospitalized adults and children aged 12 years and older who 
weigh at least 40 kg [23]. According to Nguyen et al., remdesivir may 
target RNA polymerase and the main protease, which may help explain 
why this drug is effective against COVID-19 [24]. Chloroquine and 
hydroxychloroquine were previously considered the most likely candi-
dates for reducing the frequency of human SARS-CoV-2 infections [7]. 
Chloroquine was the first drug to be used on the front lines in China and 
abroad to treat severe SARS-CoV-2 infections. 

While in vitro and preclinical evidence for these drugs was prom-
ising, clinical benefit has been limited, and the researchers concluded 
that hydroxychloroquine and chloroquine do not appear to be effective 
in reducing the mortality rate of COVID-19 patients hospitalized. 
Another solidarity trial, the French discovery trial, supported the find-
ings (https://who.int/news-room/q-a-detail/coronavirus-disease-covi 
d-19-hydroxychloroquine). Despite the study’s limitations, researchers 
did not discourage using chloroquine or hydroxychloroquine, which 
were used in several countries to treat COVID-19. Hydroxychloroquine 
has a better clinical safety profile than chloroquine (over a long period), 
allows for a higher daily dose [25], and poses fewer concerns about 
drug-drug interactions [26]. Baildya et al. [27] and Beura et al. [28] 
employed an in silico approach to demonstrate the inhibitory activity of 
hydroxychloroquine on the COVID-19 main protease and the human 
ACE2 receptor. The drug-protein interaction was simulated in this study 
to better understand the mechanism of the proposed SARS-CoV-2 drugs 

and investigate the inhibitory effect of bexarotene, abiraterone diiodo-
hydroxyquinoline, and cetilistat on the SARS-CoV-2 main protease. 
Additionally, this study aims to provide insight into the development of 
potential inhibitors that can inhibit ACE2 and thus prevent viral infec-
tion. The findings of this research can be used to introduce new candi-
date agents for ex vivo and in vivo surveys and provide necessary details 
for future research. 

2. Methods 

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

2.1.1. Receptors (proteins) preparation 
AutoDock Vina [29] with MGL tools 1.5.4 was used to perform blind 

docking calculations. AutoDock Vina runs faster than AutoDock soft-
ware and also makes more precise docking calculations [30]. The 
SARS-CoV-2 main protease and the ACE2-RBD were obtained from the 
Protein Data Bank (PDB ID: 6LU7, 6LZG) [31], and inhibitors were 
selected and removed. AutoDock Tools (v.1.5.4) was used to prepare the 
receptors. MGL Tools (v.1.5.4) combined non-polar hydrogen atoms and 
added Kollman charged atoms to protein crystal structures. SARS-CoV-2 
main protease and ACE2-RBD coordinate files were then saved in 
PDBQT format. The 6LU7 was surrounded in a 55 × 68 × 65 box di-
rection with a grid spacing of 1.00 Å and grid set centers of − 26.02, 
12.57, and 59.17, while the 6LZG was surrounded in a 64 × 74 × 110 
box direction with a grid spacing of 1.00 Å and grid set centers of 
− 25.41, 18.43, and − 6.37. 

2.1.2. Ligands (drugs) preparation 
The three-dimensional SDF structures of cetilistat, abiraterone, 

diiodohydroxyquinoline, bexarotene, remdesivir, and hydroxy-
chloroquine were obtained from PubChem (https://pubchem.ncbi.nlm. 
nih.gov) and converted to PDB format. MGL Tools (v.1.5.4) was then 
used to save the drugs in PDBQT format, and docked results were 
visualized through the BIOVIA Discovery Studio software. 

2.2. Molecular dynamics (MD) simulations 

Molecular docking analysis revealed that bexarotene and cetilistat 
have the lowest energy in their interactions with the SARS-CoV-2 main 
protease and ACE2-RBD, respectively. As a result, the molecular dy-
namic simulations of these two drugs were investigated in the presence 
of proteins. Classical MD simulations [32,33] were conducted using the 
CHARMM27 force field [34,35]. SwissParam was used to generate the 
ligand topology [36]. TIP3P water [37] was used to solve the free pro-
tein and protein-ligand complexes in the cubic box with periodic 
boundary conditions in three directions. The solutes were positioned in 
the box’s center, with a minimum distance of 1.0 nm between the sol-
utes’ surface and the box. Na+ ions were added to the system to 
neutralize the charge. The systems were balanced at 300 K and 1.0 bar 
after energy minimization through the steepest descent method. The 
Parrinello-Rahman barostat was used to maintain a pressure of 1.0 bar, 
and a temperature of 300 K was maintained using a modified Berendsen 
thermostat. The LINCS algorithm enabled the computation of bond 
lengths, while the particle-mesh Ewald scheme (PME) was used to 
compute long-range electrostatic forces (grid spacing 0.16 nm) [38]. 
The short-range nonbonded interactions were computed using cutoff 
ratios of 1.0 nm for van der Waals and Coulomb potentials. Finally, a 30 
ns MD simulation with a time step of 2 fs was performed with random 
generation of velocities through a Maxwell distribution. 

2.3. Interaction analysis by MM-PBSA binding energy 

Using the Molecular Mechanics Poisson Boltzmann Surface Area 
(MM-PBSA) technique, the binding free energy of protein-ligand systems 
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was calculated. This in silico method was a combined energy system 
described by the binding free energy, composed of electrostatic, SASA, 
van der Waals, and polar solvation energies. The MM-PBSA binding free 
energies were calculated using the GROMACS script g_mmpbsa [39]. 
Using the MM-PBSA method, the following equation was employed to 
determine the binding free energy of the interacting proteins:  

ΔGbinding = Gcomplex - (Greceptor + Gligand)                                                 

ΔG binding denotes the total binding energy of the protein-ligand com-
plexes; Greceptor and Gligand denote the binding energy of the free re-
ceptor and unbounded ligand, respectively. 

3. Results 

3.1. Molecular docking studies 

While significant efforts are being made to develop drugs and vac-
cines against COVID-19, only a few available therapeutic agents are 
currently available. One of the most effective strategies for resolving this 
issue and combating this lethal virus is drug repurposing or using drugs 
already in clinical use for a different therapeutic indication. In drug 
discovery, molecular simulation approaches (docking and MD simula-
tion) significantly reduce experimental time and cost [40]. Several 
research groups recently reported discovering inhibitors of the 
SARS-CoV-2 main protease and the ACE2 receptor [41–44]. As is well 
known, the surface of the lung contains a large number of ACE2 re-
ceptors. Compounds that interact with the ACE2 receptor inhibit its 
function, decrease its surface area, and ultimately prevent virus entry 
into the host cell [45]. The main protease is a critical SARS-CoV-2 
protein that plays a vital role in virus replication. Viral replication and 
infection may be inhibited by compounds that interact with this key 
protein [46]. Yuan et al. demonstrated that FDA-approved drugs cetili-
stat, abiraterone, diiodohydroxyquinoline, and bexarotene inhibited 
SARS-CoV-2 infection in vitro [22]. However, the question remains 
regarding the fundamental objective of this study. In this research, the 
binding affinity and interaction of cetilistat, abiraterone, diiodohy-
droxyquinoline, bexarotene, remdesivir, and hydroxychloroquine with 
the SARS-CoV-2 protease and ACE2 receptor were evaluated, which are 
responsible for virus replication and entry into the host cell, respec-
tively. This computational study aids in clarifying the mechanism of the 
proposed SARS-CoV-2 drugs and investigates their inhibitory effect. As 
comparator drugs, remdesivir and hydroxychloroquine were used. 
Cetilistat is one of the pancreatic lipase inhibitors used to treat obesity. It 
inhibits fat digestion and absorption [47]. Diiodohydroxyquinoline is a 
quinolone derivative that is employed to treat amoebiasis as a luminal 
amebicide [48]. Diiodohydroxyquinoline is poorly absorbed into the 
circulatory system, and cetilistat is rapidly hydrolyzed into its metabo-
lites when bile is present [47,49]. Approximately 15–20% of COVID-19 
patients have been reported to exhibit gastrointestinal symptoms, with 
some also displaying infectious virus particles and detectable viral RNA 
[50]. The results of research on hamsters infected with SARS-CoV-2 
revealed that their intestines expressed high levels of viral nucleo-
capsid protein and inflammation, as well as detectable viral RNA [51]. 
As with SARS, feces may be an essential source of SARS-CoV-2 infection 
[52,53], oral diiodohydroxyquinoline and cetilistat may be topical 
luminal antivirals in reducing viral shedding in the gastrointestinal 
tract. Bexarotene and abiraterone acetate are non-chemotherapeutic 
antineoplastic drugs with limited proven immunosuppressive effects 
[22]. Bexarotene is a third-generation retinoid that effectively treats 
breast cancer, non-small cell lung cancer, and cutaneous T cell lym-
phoma [54–57]. Abiraterone acetate inhibited the androgen synthesiz-
ing enzyme CYP17A1 when combined with a corticosteroid. This 
procedure results in the treatment of refractory prostate cancer via 
androgen deprivation [58,59]. Yuan et al. reported that tamibarotene 
and AM580, both members of the same drug class as bexarotene, 

demonstrated remarkable antiviral activity against influenza viruses, 
Zika virus, coronaviruses (SARS-CoV and MERS-CoV), adenovirus, and 
enterovirus A71 [60]. The docked drugs with the SARS-CoV-2 main 
protease are depicted in Figs. S1–S6. The docking score of cetilistat, 
abiraterone, diiodohydroxyquinoline, bexarotene, remdesivir, and 
hydroxychloroquine with the SARS-CoV-2 main protease was calculated 
to determine their docking power on the crystal structure of the main 
protease. The binding free energy of bexarotene, remdesivir, abirater-
one, cetilistat, diiodohydroxyquinoline, and hydroxychloroquine was 
− 8.10,-7.80, − 7.00, − 6.60, − 5.30, and − 5.00 kcal/mol, respectively 
(Table 1). 

Cetilistat, abiraterone, diiodohydroxyquinoline, and bexarotene had 
lower binding free energy than hydroxychloroquine, which had in-vitro 
activity against COVID-19. The negative free energy values indicated a 
strong affinity for the binding pocket. These findings revealed that 
bexarotene formed a more stable complex with the SARS-CoV-2 main 
protease than remdesivir, the first FDA-approved drug against COVID- 
19, indicated by its lower free energy. In other words, the SARS-CoV-2 
main protease favors bexarotene to the well-known drug remdesivir. 
The docking energies, atoms involved in bonding with ligands, the na-
ture of interactions, and bond lengths are shown in Tables S1–S6. It is 
evident that hydrophobic interactions play a role in forming the complex 
between bexarotene and cetilistat and the SARS-CoV-2 main protease. 
Meanwhile, hydrophobic and hydrogen-bonding interactions play a 
significant role in forming the complex between abiraterone and 
hydroxychloroquine and SARS-CoV-2 protease. Additionally, electro-
static, hydrophobic, and hydrogen bonding interactions are dominant in 
the formation of the SARS-CoV-2 protease-diiodohydroxyquinoline and 
SARS-CoV-2 protease-remdesivir complexes. The amino acid residues 
surrounding drugs-SARS-CoV-2 protease systems are represented in 
Tables S1–S6. As illustrated in Fig. S2, the main protease system of 
bexarotene-SARS-CoV-2 is surrounded by the amino acids PHE294, 
ILE249, PRO252, PRO293, and VAL297. Overall, this research indicates 
that bexarotene with the highest binding free energy may inhibit viral 
replication and infection at levels comparable to those found in FDA- 
approved and clinically trialed drugs. 

As illustrated in Tables S7–S12 and Figs. 1–6, docking results for 
cetilistat, bexarotene, abiraterone, diiodohydroxyquinoline, remdesivir, 
and hydroxychloroquine with ACE2-RBD were obtained. 

According to molecular docking studies, cetilistat, bexarotene, 
abiraterone, diiodohydroxyquinoline, remdesivir, and hydroxy-
chloroquine do not interact with SARS-CoV-2 spike protein but do bind 
to the ACE2 receptor, preventing SARS CoV-2 spike protein from bind-
ing to ACE2. Cetilistat, bexarotene, abiraterone, remdesivir, diiodohy-
droxyquinoline, and hydroxychloroquine had binding free energies of 
− 8.70, − 8.40, − 8.10, − 8.00, − 6.70, and − 5.30 kcal/mol, respectively 
(Table 2). 

Cetilistat, bexarotene, and abiraterone had a lower binding free en-
ergy than remdesivir and hydroxychloroquine. Additionally, diiodohy-
droxyquinoline had a lower binding free energy than 
hydroxychloroquine. These findings indicated that cetilistat, bexar-
otene, and abiraterone form a more stable complex with ACE2 than 
remdesivir and hydroxychloroquine, indicated by their lower binding 
free energy values. 

Meanwhile, the diiodohydroxyquinoline-ACE2 complex formed is 

Table 1 
Interaction energy between CoV-2 main protease and drug 
molecules.  

Drugs ΔG (kcal/mol) 

Abiraterone − 7.00 
Bexarotene − 8.10 
Cetilistat − 6.60 
Diiodohydroxyquinoline − 5.30 
Remdesivir − 7.80 
Hydroxychloroquine − 5.00  
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more stable than the hydroxychloroquine-ACE2 complex. These findings 
strongly suggest that cetilistat, which had the lowest binding free en-
ergy, interacts efficiently with ACE2 receptors and disrupts SARS-CoV-2 
attachment. Tables S7–S12 summarize the results of docking simula-
tions, including the nature of interactions, the atoms involved in 
bonding with drugs, docking energies, and bond lengths. As can be seen, 
hydrophobic interactions play a role in the formation of the cetilistat- 
ACE2 system. Furthermore, one hydrogen bond was formed between 
the cetilistat-ACE2 system. SER47 and TRP349 amino acid residues 
surrounded the cetilistat-ACE2 system. Both hydrophobic and hydrogen 

bonding interactions were dominant in the formation of a complex be-
tween bexarotene and ACE2. The bexarotene-ACE2 system was sur-
rounded by amino acids ALA348, HIS401, ARG393, PHE40, and 
PHE390. PHE504, TYR510, TYR127, and HIS505 were involved in the 
formation of hydrophobic interactions between abiraterone and ACE2 of 
SARS-CoV-2. The diiodohydroxyquinoline - ACE2 system resulted in the 
formation of one hydrogen and halogen bond. Moreover, the formation 
of the diiodohydroxyquinoline - ACE2 complex involved hydrophobic 
interactions. Five amino acids influenced the hydrophobic interactions 
between diiodohydroxyquinoline and ACE2: THR434, HIS540, PHE438 

Fig. 1. Molecular docking perspective of abiraterone – (ACE2-RBD).  

Fig. 2. Molecular docking perspective of bexarotene – (ACE2-RBD).  
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ILE291, and PRO415. By blocking the angiotensin-converting enzyme-2 
receptor, the proposed FDA-approved drugs cetilistat, bexarotene, 
abiraterone, and diiodohydroxyquinoline may inhibit the attachment of 
SARS-CoV-2 to this receptor and thus neutralize viral entry into the host 
cell. As a result, these drugs may be promising candidates for inhibiting 
covid-19 infection at concentrations comparable to those found in FDA- 
approved and clinically tested drugs such as remdesivir and hydroxy-
chloroquine. On the whole, these drugs interacted with both the main 
protease and the ACE2 receptor, indicating that they could be used as 
multitarget drugs against COVID-19, and their systemic effects should be 

further investigated in suitable ex vivo human organ culture or orga-
noids, animal models, or clinical trials. The researchers hope that this 
study will aid in the development of potential SARS-CoV-2 vaccines and 
therapeutics. 

3.2. Molecular dynamics simulations 

3.2.1. Radius of gyration (Rg) 
The radius of gyration (Rg) of both ACE2-cetilistat and protease- 

bexarotene complexes quantifies the molecule’s overall extension 

Fig. 3. Molecular docking perspective of cetilistat – (ACE2-RBD).  

Fig. 4. Molecular docking perspective of diiodohydroxyquinoline – (ACE2-RBD).  
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during a 30ns MD run (Fig. 7). A low Rg value demonstrates better 
structural entirety and folding treatment [61]. Throughout the 30ns MD 
simulation, two complexes maintain a stable mean Rg of 2.2 nm for 
6LU7-Bex and 3.2 nm for 6LZG-Ceti. During simulation, a slight 
enhancement in the Rg value of the 6LZG-Ceti complex was observed, 
indicating its structural integrity. The MD simulation results entirely 
support that bexarotene and cetilistat form stable complexes with 6LU7 

and 6LZG, indicating their inhibitory properties for the main protease 
and ACE2 receptor, respectively. 

3.2.2. RMSD 
RMSD analysis revealed insights and structural changes in the pro-

tein that confirm the protein’s stability and equilibrium during simula-
tion. The RMSD plot of the backbone atoms in the 6LU7 complex with 

Fig. 5. Molecular docking perspective of remdesivir – (ACE2-RBD).  

Fig. 6. Molecular docking perspective of hydroxychloroquine – (ACE2-RBD).  
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bexarotene and the 6LZG complex with cetilistat is shown in Fig. 8. 
RMSD was calculated for the 6LU7-Bex and 6LZG-Ceti structures that 
converged during the 30ns MD simulation. The results indicated that 
both structures stabilized after 1000ps. 6LU7-Bex averaged 0.37 A0, 
while 6LZG-Ceti averaged 0.36 A0 throughout the 30ns simulation. The 
low RMSD values indicated that bexarotene and cetilistat were stable in 
MD simulations with proteins. 

3.2.3. RMSF 
RMSF analysis was used to determine the flexibility of the total 

protein concerning its average structure. Low RMSF values demon-
strated narrowed movements, whereas high RMSF values demonstrated 
increased flexibility [62]. Ligand binding poses energy, and interaction 
has a direct correlation with residual fluctuation (RMSF) values. The 
RMSF plots for each residue in the 6LU7 complex with bexarotene and 
6LZG complex with cetilistat are shown in Fig. 9. The RMSF values for 
the 6LU7-Bex and 6LZG-Ceti complexes were extremely low; as a result, 
they exhibited minimal movement, indicating that both complexes were 
stable. RMSF values were 0.29 and 0.28 A0 on average for 6LU7-Bex and 
6LZG-Ceti during a 30 ns simulation. During the simulation, it was 
observed that residues in the loop region of 6LU7 were more fluctuated 
than those in the alpha-helix and beta-sheet regions. This indicated that 
the protein remained stable throughout the 30ns simulation period [31]. 
Except for the loop region, the residues 584 in alpha-helix and 131 in 
beta-sheet region of 6LZG exhibited significant variation up to 0.48 A0 

and 0.45 A0, respectively. Overall, the RMSF values for both proteins 
indicated that the complexes 6LU7-Bex and 6LZG-Ceti were stable [63]. 

3.3. MM-PBSA binding free energy 

MmPbSaStat.py was used to calculate the average free binding en-
ergy of the 6LU7-Bex and 6LZG-Ceti (Table 3). The average free binding 
energy and the standard deviation/error of the files were calculated 
using the information obtained from g_mmpbsa. The binding free energy 

Table 2 
Interaction energy between (ACE2-RBD) and drug molecules.  

Drugs ΔG (KJ/mol) 

Abiraterone − 8.10 
Bexarotene − 8.40 
Cetilistat − 8.70 
Diiodohydroxyquinoline − 6.70 
Remdesivir − 8.00 
Hydroxychloroquine − 5.30  

Fig. 7. Radius of gyration (Rg) for (A) bexarotene – CoV-2 main protease and 
(B) cetilistat – (ACE2-RBD) during 30 ns MD simulation. 

Fig. 8. RMSD plots for (A) bexarotene – CoV-2 main protease and (B) cetilistat 
– (ACE2-RBD) during 30 ns MD simulation. 

Fig. 9. RMSF plots for (A) bexarotene – CoV-2 main protease and (B) cetilistat – 
(ACE2-RBD) during 30 ns MD simulation. 
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can evaluate the durability of the ligand-receptor interaction, which is a 
critical parameter in drug discovery. The lower the binding energy, the 
more effectively the ligand and protein bind [14]. Except for the polar 
solvation energy, the van der Waals, SASA, and electrostatic energies 
were used to bind 6LU7 and 6LZG to bexarotene and cetilistat. van der 
Waals energy augmentation to the overall binding free energy was 
greater than that of electrostatic contribution energy. The binding free 
energies of 6LU7-Bex and 6LZG-Ceti were determined to be − 63.40 ±
11.70 and − 95.92 ± 12.04 kJ/mol, respectively, indicating that the 
studied drugs interacted uniquely with the 6LU7 and 6LZG proteins. The 
binding energy against time graphs for 6LU7-Bex and 6LZG-Ceti are 
depicted in Fig. S7. The findings above indicate that bexarotene and 
cetilistat may be candidates for inhibiting the main protease of 
SARS-CoV-2 and ACE2 receptors. 

4. Conclusion 

The docking studies revealed that the binding free energies of FDA- 
approved drugs cetilistat, abiraterone, diiodohydroxyquinoline, and 
bexarotene are more potent than those of hydroxychloroquine, which 
has been used against COVID-19. In other words, these drugs formed 
more stable complexes with the main protease of SARS-CoV-2 and the 
ACE2 receptor. Additionally, cetilistat and bexarotene have a higher 
affinity for and interactions with the ACE2 receptor and the main SARS- 
CoV-2 proteases than remdesivir, the first FDA-approved anti-COVID-19 
drug. In this study, Gromacs software was used to simulate the inter-
action of bexarotene and cetilistat with the SARS-CoV-2 main protease 
and ACE2-RBD. Furthermore, the radius of gyration of ACE2-cetilistat 
and protease-bexarotene have values that indicate the systems’ stabil-
ity. Moreover, low RMSF and RMSD values indicate that bexarotene and 
cetilistat are stable in the presence of proteins during MD simulation. 
Finally, these drugs may be tested in vivo as a potent and promising anti- 
COVID-19 candidate. 
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