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Abstract 

 
Background and purpose: The new coronavirus (Covid-19) has resulted in great global concerns. Due to the 
mortality of this virus, scientists from all over the world have been trying to employ different strategies                         
to tackle down this concern. This virus enters cells via phagocytosis through binding to the                            
angiotensin-converting enzyme II receptor. After invading the body, it can stay hidden in there for a period of 
up to 24 days (incubation period).  
Experimental approach: In this report, by the use of in silico studies we selected several FDA-approved 
compounds that possess antiviral properties. We chose the viral Spike protein as the target of drug compounds 
and carried out the screening process for the FDA databank in order to find the most effective ligand.  
Findings/Results: The results from dock and MD revealed 10 compounds with high affinity to the                    
receptor-binding domain motif of S protein. The best inhibitors were the ingredients of Depinar, which 
managed to effectively block the interactions between cells and virus.  
Conclusion and implication: The results of this study were approved by in silico studies and due to the lack 
of time; we did not test the efficiency of these compounds through in vitro and in vivo studies. However, the 
selected compounds are all FDA approved and some are supplements like vitamin B12 and don’t cause any 
side effects for patients. 
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INTRODUCTION 
 

Sars-Cov-2 virus was initially detected in 
Hubei Province, China toward the end of the 
year 2019 and is currently spreading 
dramatically in many other countries (1). Due 
to the lack of effective clinically approved 
drugs, its fast regeneration rates, and its 
lethality listed among public health life-
threatening factors by the World Health 
Organization (WHO). This virus is a member of 

the Coronaviridae family, which are 
membrane-coated RNA viruses that mostly 
attack the respiratory systems of birds and 
mammals (2). Unlike the influenza virus that 
has a multi-segmented genome (3), the Corona 
virus’s genome is single-stranded and 
contiguous (4). 
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After binding to angiotensin-converting 
enzyme II (ACE2) receptor, the virus enters the 
cell via endocytosis (5). Toward entering the 
body, it can stay hidden for a period of up to 24 
days (incubation period). After an incubation 
period, most patients show weak clinical 
symptoms and therefore won’t need medical 
care. However, in others, symptoms usually 
start in one week followed by the invasion of 
this virus to the body. Patients might experience 
fever, coughs, nasal congestion, exhaustion, 
hard breathing, and in some cases severe chest 
symptoms corresponding to pneumonia (6-8). 
Sars-Cov-2 virus is less lethal than other 
pathogenic viruses in the same family. SARS 
and MERS mortality rates are 9.6% and 34.4% 
among infected patients, respectively (9-11). 
However, Sars-Cov-2 virus mortality rate is 
estimated at 2.3% (in China), but its total death 
was higher than SARS and MERS in few 
months after virus detection (12). 

While this virus has disrupted the lives of 
people in many countries, spreads out 
incredibly fast, and threatens the lives of many 
in different places, however, there is not enough 
time to design, examine, and mass produces a 
new drug against this virus. The discovery and 
industrial production of a new drug usually 
takes a few years (13-15). Furthermore, 
producing and carrying out a vaccination 
process might also take a few months (16). 
Therefore, screening existing drugs for finding 
possibly effective medicine that can be used for 
the treatment of Covid-19 infection is of 
significant importance. Moreover, it has often 
occurred that a drug designed for the treatment 
of a certain disease, has shown good therapeutic 
effects for the treatment of another disease (in 
some cases because of target homology or 
similar disease mechanism) (17). This 
phenomenon happens with the discovery of a 
new application for a previously used drug and 
is called drug repositioning (18). This study was 
constructed to identify inhibitory compounds 
with medicinal potential against Sars-Cov-2 
virus. The viral Spike protein was chosen as the 
target of drug compounds (19,20). This protein 
plays a key role in the binding of Sars-Cov-2 
virus to cell receptors and integration of the 
virus with the cell membrane (21). Spike is a 
trimer protein that has different functional 
parts. An important priority of ours in this study 

was the prevention of this virus from binding to 
receptors in human host cells. A part of the S1 
domain, known as the receptor-binding domain 
(RBD), is in charge of receptor binding. This 
domain in Sars-Cov-2 has widely mutated from 
that of Sars-Cov virus and these differences 
have caused higher binding affinity to human 
ACE2 receptor (22). Inhibiting this domain of 
Spike protein can probably prevent binding and 
subsequently cell insertion of this virus, or slow 
down its reproduction cycle. 
 

MATERIALS AND METHODS 

 

Protein preparation 
Crystallographic structure of the Spike 

protein was recently published with 3.5Å 
resolution and with the PDB code of 6VSB (1). 
RBD domain in Covid-19 virus consists of 183 
amino acids and according to the reported 
crystallographic structure; it has a few gaps that 
can play major roles in different interactions 
and also in how the virus binds to its human cell 
receptors. Therefore, due to the existence of 
gaps between amino acids in RBD, loop 
refinement was carried out using modeler 
version 9.11, all the while taking the FASTA 
sequence of the main protein and structures of 
other monomers of this protein, into 
consideration. Some changes were made in the 
crystallographic structure and then for 
approving the stereochemical structure, 
volume, area, dihedral angle reporter 
(VADAR) server was employed for checking 
the volume, areas, and dihedral angle reporters. 

For obtaining the 3D structure of the ACE2 
receptor; chain “A” of the PDB structure of 
SARS coronavirus’s Spike protein’s receptor-
binding complex (2AJF) was extracted. Both 
PBD structures were obtained from the protein 
databank (http://www.rcsb.org), and co-
crystallized ligands, water molecules, and ions 
were removed from the structures. 
 

RBD binding (interface) site detection 
For predicting all possible interactions 

between this viral protein and its human cell 
receptors that are responsible for virus binding 
and subsequent membrane fusion, the refined 
RBD of 3D crystallographic structures of 
SARS Spike protein and “A” chain of ACE2 
complex were selected (2AJF). The S trimer 
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protein has two domains and different areas. 
Our priority in this study was preventing this 
virus from binding to receptors in human 
epithelial cells which is taking place through a 
part of the S1 domain known as RBD. This area 
in Covid-19 has some differences from that of 
SARS virus and these differences have caused 
the corona virus’s higher binding affinity 
toward human ACE2 receptors. Inhibiting this 
part of the Spike protein can probably prevent 
the fusion and subsequently lethality of this 
virus. Prior to carrying out the virtual screening 
process, HADDOCK 2.2 (high ambiguity-
driven biomolecular docking) was employed to 
identify the best conformational position for 
RBD binding site to ACE2 receptor. Key amino 
acids involved in the interaction between these 
two proteins were identified based on ACE2-
SARS coronavirus Spike protein complex. 
 

Ligand’s library  
Given the current condition and extreme 

urgency for finding possible treatments, virtual 
screening was carried out for FDA-approved 
drugs. A 3D FDA library containing more than 
1400 drugs was chosen and their 3D structures 
were obtained from BD data bank databases in 
SDF format.  

 

Virtual screening and docking 
A free version of Molegro Virtual Docker 

(MVD) was used for predicting protein-drug 
interactions. The ligand-to-protein binding site of 
RBD was obtained from the results of 
HADDOK2.2. Before the virtual screening 
process, proteins and ligand libraries were energy 
minimized. Virtual screening was carried out 
using the MolDock SE algorithm and MolDock 
scoring functions. 

Molecular dynamics simulation 
Molecular dynamics techniques were 

applied to evaluate the stability of the protein-
ligand complex utilizing GROMACS 4.6.5 
software package. The GROMOS 54A7 force 
field was used to create proper topologies. The 
complexes were placed at the center of a cubic 
box and solvated with the TIP3P water model. 
4 Cl+ ions were used for neutralizing the 
system. The solvated-neutralized system was 
subjected to energy minimization with 5000 
steps to remove all short contacts using the 
steepest descent algorithm. Subsequently, the 
equilibration of systems was done under NVT 
and NPT at a temperature of 300 K and pressure 
of 1 bar, respectively, with restraint forces of 
1000 kJ/mol.  

The electrostatic interactions were 
calculated using the Particle Mesh Ewald 
(PME) method. Finally, a 40 ns molecular 
dynamics (MD) run with no restraints was 
performed for evaluating the stability of the 
protein-drug complex. Also, MD trajectory data 
were used to calculate the binding free energy 
of protein-inhibitor complex using g-mmpbsa 
tool of molecular mechanics Poisson-
Boltzmann surface area (MM-PBSA). 
 

RESULTS 

 
Refined RBD evaluation 

After the loop refinement using modeler 
software, the new structure must be evaluated 
and confirmed. We used VADAR and                 
ProSA web tools for the reliability of the new 
structure. The -4.95 Z-score predicted by 
ProSA indicates the good quality of the                 
model (Fig. 1A). 

 
Fig. 1. Overall quality and quantity checking of refined receptor-binding domain structure, (A) z score from PROSA web 

server and (B) Ramachandran plot generated using VADAR server.   
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In addition to showing the quality of the 

model, the Z score also measures the total 

energy divergence of the structure with respect 

to the energy distribution obtained from random 

conformations. Ramachandran plot obtained 

from VADAR represents the positions of 

refined RBD amino acids (Fig. 1B). Most 

amino acids were plotted in the core region and 

only one amino acid present in the disallowed 

region (Fig. 1B and Table 1). The α-helix, β-

sheet, and coil in the refined RBD subdomain 

of S protein obtained from the modeler were 

7%, 30%, and 61%, respectively. The total 

volume was 25805.8 Å3, while the expected 

volume was estimated to be 25981.6 Å3.                    

The accessible surface area (ASA) was 

measured in the fractional ASA range                              

of 0 to 1 and the results indicated that a large 

part of the structure is hydrophobic                           

(Table 2 and Fig. 2A). The plots of fractional 

residue volume, 3D profile quality, 

stereo/packing quality index in Fig. 2,                          

and orientation of dihedral angles are given in 

Table 3. 

 
Table 1. Resolution values assessment of refined receptor-binding domain structure. 

Statistics 
Resolution values 

Observed Å2 Expected Å2 

res in phipsi core 163 (84%) 174 (90%) 

res in phipsi allowed 27 (13%) 14 (7%) 

res in phipsi generous 2 (1%) 2 (1%) 

res in phipsi outside 1 (0%) 0 (0%) 

res in omega core 185 (95%) 185 (96%) 

res in omega allowed 6 (3%) 6 (3%) 

res in omega generous 0 (0% 0 (0%) 

res in omega outside 2 (1%) 2 (1%) 

packing defects 13 13 

Free energy of folding -177.47 -175.05 

res 95% buried 43 53 

Buried charges 0 0 

 

 

 
Table 2. Accessible surface area computed in refined receptor-binding domain structure using VADAR server. 

Statistics 
Accessible surface area (ASA) 

ObservedÅ2 ExpectedÅ2 

Total ASA 10189.6 Angs**2 9235.6 Angs**2 

ASA of backbone 1257.7 Angs**2 - 

ASA of sidechains 8931.8 Angs**2 - 

ASA of C 6144.0 Angs**2 - 

ASA of N 804.2 Angs**2 - 

ASA of N+ 454.3 Angs**2 - 

ASA of O 2347.3 Angs**2 - 

ASA of O- 363.5 Angs**2 - 

ASA of S 76.2 Angs**2 - 

Exposed nonpolar ASA 6107.3 Angs**2 6215.6 Angs**2 

Exposed polar ASA 2868.7 Angs**2 2037.9 Angs**2 

Exposed charged ASA 1213.6 Angs**2 1936.0 Angs**2 

Side exposed nonpolar ASA 6081.7 Angs**2 - 

Side exposed polar ASA 1686.7 Angs**2 - 

Side exposed charged ASA 1163.4 Angs**2 - 

Fraction nonpolar ASA 0.60 0.61 sd=0.03 

Fraction polar ASA 0.28 0.20 sd=0.05 

Fraction charged ASA 0.12 0.19 sd=0.05 

Mean residue ASA 52.8 sd=46.3 - 

Mean frac ASA 0.3 sd=0.3 - 

side ASA hydrophobic 27.82 - 

VADAR, Volume, area, dihedral angle reporter. 
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Fig. 2. Analysis of refined receptor-binding domain using VADAR server. Plotted estimation results of (A) fractional 

accessible surface area data, (B) stereo/packing quality index, (C) 3D profile quality index, and (D) fractional residue 

volume.VADAR, Volume, area, dihedral angle reporter. 

 

Table 3. Dihedral Angle reports of refined receptor-binding domain structure calculated by VADAR server. 

Statistics 
Dihedral angles 

ObservedÅ2 ExpectedÅ2 

Mean Helix Phi -74.7 ±16.4 -65.3 ± 11.9 

Mean Helix Psi -42.9 ±37.6 -39.4 ± 25.5 

res with Gauche+ Chi 79(50%) 85(55%) 

res with Gauche- Chi 28(17%) 31(20%) 

res with Trans Chi 49(31%) 39(25%) 

Mean Chi Gauche+ -64.3 ± 17.2 -66.7 ± 15.0 

Mean Chi Gauche- 59.5 ± 15.5 64.1 ± 15.7 

Mean Chi Trans 167.4 ± 13.4 168.6 ± 16.8 

Std. dev of Chi pooled 15.70 15.70 

Mean omega (omega>90) 179.7 ± 4.8 180.0 ± 5.8 

res with omega<90 2(1%) 180.0 ± 5.8 

VADAR, Volume, area, dihedral angle reporter. 

 

HADDOCK 

Table 4 shows docking energy values of 

docking complexes by HADDOCK 2.2. Cluster 

5 was considered the best binding pattern 

according to its scoring functions (Fig. 3). The 

space around this interface residue and its 

adjacent residues was considered as the solution 

space of ligand-protein docking. 

Docking-based virtual screening 

Results from molecular docking and virtual 

screening demonstrated high inhibitory 

properties in Depinar drug which is a 

combination of tannic acid and 

cyanocobalamin. These compounds showed 

high binding affinities to the RBD domain. For 

further confirmation of these results, tannic 
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acid-RBD complex was chosen for dynamic 

molecular docking and was shown to be highly 

stable. A list of 10 best compounds obtained 

from docking results is presented in Table 5 

which also mentions their binding affinities. 

The 2D structure of ligands tannic acid and 

cyanocobalamin in interaction with the refined 

RBD residues is shown in Fig. 4. 

Different studies have reported the 

efficiency of tannic acid against various 

viruses. The suggested compound for the 

treatment of Covid-19 doesn’t need clinical trial 

phases and is a beneficial compound for the 

body and testing it on patients under 

coronavirus infection conditions has no harmful 

side effects in specified doses.  

 
Table 4. Docking energy values of docking complexes using HADDOCK. 

Complex Cluster HADDOCK 

score 

Cluster 

size 

RMSD Van der Waals 

energy 

Electrostatic 

energy 

Buried surface 

area 

Z score 

1 5 -102.9 10 10.5 -98.4 -554.0 3350.2 -1.8 

2 9 -95.6 5 0.6 -109.0 -708.6 3639.4 -1.4 

3 1 -82.2 91 15.9 -108.5 -492.4 3318.4 -0.6 

4 7 -71.3 7 7.6 -100.4 -437.8 2988.9 -0.0 

5 3 -71.1 13 20.0 -108.2 -383.8 3248.7 -0.0 

6 8 -70.1 5 20.0 -102.9 -551.1 3069.8 0.1 

7 11 -63.8 4 22.4 -97.0 -441.2 3202.6 0.4 

8 10 -57.8 4 10.5 -94.8 -555.9 3163.7 0.8 

9 4 -48.9 12 18.1 -99.9 -405.1 3088.7 1.3 

10 2 -46.9 15 5.8 -111.7 -263.1 3216.1 1.4 

 

 
Table 5. Best results obtained from the docking and virtual screening process and each of their bonding tendencies. 

Drugs Moldock score Rerank score H bond 

Depinar; tannic acid  -333.421 239.181 -19.2379 

Depinar; cyanocobalamin -277.24 116.354 -15.0319 

Eraxis; anidulafungin  -246.308 -67.9741 -5.57019 

Oxytocin  -215.519 -101.682 -9.23662 

Eptifibatide  -215.181 -102.354 -8.81754 

Octreotide acetate  -214.889 -51.1152 -4.48438 

Concentraid; desmopressin acetate  -202.624 -66.1945 -5.35674 

Marqibo kit; vincristine sulfate  -195.042 -106.219 -2.22595 

Ganirelix acetate  -190.619 -51.7166 -7.08877 

Kinevac; sincalide  -187.144 -102.308 -7.39883 

 

 

 
Fig. 3. The best-predicted complex suggested by HADDOCK 2.2 and possible interactions between angiotensin-

converting enzyme II protein receptor and viral receptor-binding domain. The green color shows the angiotensin-

converting enzyme II and blue shows the viral receptor-binding domain.    
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Fig. 4. Top scoring drugs tannic acid (A) and cyanocobalamin (B) and their interactions with the refined receptor-binding 

domain of Covid-19 viral Spike protein. Hydrogen bonds are shown as green dotted lines. 

 

 

 

Fig. 5. RMSD plot of protein in complex with ligand during 40ns of simulation. As clearly shown, the RMSD value 

reached about 0.8 nm after 25 ns of simulation and showed no significant fluctuations afterward. RMSD, Root mean 

square deviation. 

 

Root mean square deviation results 

The backbone root means square deviation 

(RMSD), which indicates structural stability, is 

a crucial analysis to evaluate the MD 

simulations. Therefore, the backbone deviation 

of protein inbounded from the initial structure 

was plotted as a function of time. As shown in 

Fig. 5 the RMSD value for this protein was in 

the range of 0.15 to 0.85 nm during simulation. 

Also, the RMSD value reached 0.8 nm after                  

25 ns simulation and showed no significant 

fluctuations afterward.  
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Fig. 6. (A) RMSF plot and binding residues of the protein in complex with ligand, the regions highlighted in red show 

the binding residues with lower RMSF values, and the regions highlighted in blue show residues with higher values 

located in the loop region. (B) Binding residues are shown in stick forms and ligands are shown in wire forms. RMSF, 

Root mean square fluctuation. 

 

Table 6. MM/PBSA free energies of tannic acid-

receptor-binding domain complex calculated from 

molecular dynamics trajectory data. 

Energies (kcal/mol) 

van der Waals energy )∆EVDW( -218.825 

Electrostatic energy )∆EELE( -75.581 

Polar solvation energy )∆EPBCAL ( 136.920 

SASA energy)∆EELE( -23.782 

SAV energy 0.000 

WCA energy 0.000 

Binding energy -181.268 

 

Root mean square fluctuation  

We also calculated the root mean square 

fluctuation (RMSF) of this system. This plot 

shows flexible regions of this complex and                

the residues with small degrees of fluctuation 

are regarded as stable. As indicated in Fig. 6A 

and B residues involved in interaction with 

ligand including Tyr 135, Arg 136, Gln 156, 

and Thr 152 showed significantly lower RMSF 

values, while the residues located in the loop 

region showed higher RMSF values. In 

conclusion, the results showed the stability of 

this protein-ligand complex. 

 

MM/PBSA 

The binding free energy and its related 

components calculated through the MM/PBSA 

method were listed in Table 6. The results 

indicated that relative binding free energies of 

the tannic acid-RBD complex supported the  
 

potent binding in the dynamic system. The 

electrostatic interactions, van der Waals, and 

SASA energy had a negative effect and only 

polar solvation energy had a positive effect on 

total interaction energy. 

 
DISCUSSION 

 
It appears that Covid-19 has no effective 

treatment and due to the fast spreading of this 

virus all around the world and its mortality, the 

emergency of finding a drug that inhibits virus 

activity to some extent is pivotal. Up to now, 

many compounds have been registered to have 

antiviral activities. Effective drugs must inhibit 

an enzyme or a functional protein in this virus 

or even block the path of virus interaction with 

host cells. Some studies have attempted to 

either work on antiviral activities or indirectly 

reduce the disease’s symptoms like 

inflammation. For instance, artificial 

intelligence suggests that AP2-associated 

protein kinase 1 inhibiting drug can disrupt the 

invasion of this virus into cells. Drugs with the 

potential for preventing cytokine storms such as 

ALK and suramin inhibitors are possibly 

effective in preventing the acute and lethal 

phase of this disease (23). Galidesvir, lopinavir, 

and ritonavir are drugs that cause disruption in 

viral polymerase activity and have been 

suggested for treatment (24). A combination of 
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anti-retrovirus drugs such as lopinavir and 

ritonavir has shown positive clinical therapeutic 

responses in Sars-Cov patients and is probably 

also effective in treating Covid-19 (25,26). 

Galidesivir is a viral RNA polymerase inhibitor 

nucleotide and has shown successful 

therapeutic effects in lethal viral diseases                  

and can be a possible candidate for treating 

corona (26). 

Due to the fact that S protein plays a central 

role in virus entrance to host cells, this is an 

interesting target for drug discovery and virtual 

screening. The RBD subdomain of S protein is 

responsible for the initial interaction of virus 

and host receptor (27). The anti-ACE2receptor 

components can inhibit this interaction and 

subsequently block the entrance of the virus to 

human cells. But there is no evidence which 

supports ACE2 receptor is the only receptor for 

this virus (28). Moreover, the recent reports 

have nominated CD147 as the other receptor to 

interact with S protein. Thus, selecting the S 

protein inhibitor to inhibit the entrance of the 

virus to the host cell seems more logical. 

Antiviral drug (Arbidol) with a similar 

mechanism can inhibit fusion and entrance of 

the influenza virus to the host cell (29). 

Virtual screening processes have been 

carried out for FDA-approved drugs via 

molecular docking systems intending to find 

Covid-19 viral Spike inhibitors. A number of 

possible compounds have been represented, 

some of which are well-known retrovirus 

inhibitors (30-32). Some of these compounds 

that have better binding affinities than 

inhibitors are designed for retroviruses (like 

HIV) protease inhibition (33). Also, Prajapat et 

al. suggested potential inhibitors using virtual 

screening and molecular dynamics of FDA-

approved drugs against Spike protein (34). In a 

similar study, a library of FDA-approved drugs 

has been docked with papain-like protease 

(PLpro). A few preferred compounds such as 

chloroquine and formoterol have been 

suggested as possible inhibitors of this protease 

(26). In another similar work, more than 1600 

FDA-approved compounds have been docked 

with the virus’s main protease substrate binding 

site and an antihepatitic drug called 

Csimeprevir was represented as a possible 

inhibitor of this virus’s main protease (35-36). 

In our study, FDA-approved compounds were 

screened virtually and it was found that Depinar 

(a drug composed of cyanocobalamin, zinc 

acetate, and tannic acid) is the best drug for 

inhibition of virus RBD domain and ACE2 

receptor interactions. 

Clinical trial studies revealed vitamin 

B12supplementation could significantly 

improve responses to antiviral therapy in 

patients infected with hepatitis C virus (37). 

Moreover, low levels of vitamin B12 and its 

malabsorption were detected in HIV patients 

along with gastrointestinal symptoms (38).   

Another component of Depinar drug; zinc as 

a crucial micronutrient regulates diverse 

biological functions and has been shown to 

have antiviral properties. Zinc has an important 

role in the replication of many viruses, and the 

antiviral action of this compound was 

previously reported as it can inhibit replication 

in viruses, moreover, Zn2+ can interfere with 

some of the replicase enzyme’s polyprotein 

cleavages (39,40). Our results suggested 

Depinar as the best inhibitor for RBD and 

ACE2 receptor interactions and docking results 

revealed either Depinar alone or its components 

cyanocobalamin and tannic acid have high 

binding affinities to RBD domain of the S 

protein. Previous researches have revealed that 

zinc can inhibit virus activity through binding 

to RNA polymerase of the virus.  

 
CONCLUSION 

 

The results of this in silico study suggest that 

Depinar, a complex drug composed of tannic 

acid, cyanocobalamin, and zinc acetate can 

effectively bind to the Spike protein of Sars-

Cov-19 and probably block the RBD and ACE2 

receptor interactions. This activity can inhibit 

the invasion of the virus to cells and 

consequently block the virus reproduction 

cycle; therefore, this compound may act as a 

potent antiviral drug for the treatment of 

coronavirus infection 
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