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Abstract A recent outbreak of a new strain of Coronavirus

(SARS-CoV-2) has become a global health burden, which

has resulted in deaths. No proven drug has been found to

effectively cure this fast-spreading infection, hence the

need to explore old drugs with the known profile in tack-

ling this pandemic. A computer-aided drug design

approach involving virtual screening was used to obtain the

binding scores and inhibiting efficiencies of previously

known antibiotics against SARS-CoV-2 main protease

(Mpro). The drug-likeness analysis of the repurposed drugs

were done using the Molinspiration chemoinformatics tool,

while the Absorption, Distribution, Metabolism, Excretion,

and Toxicity (ADMET) analysis was carried out using

ADMET SAR-2 webserver. Other analyses performed

include bioactivities of the repurposed drug as a probable

anti-SARS-CoV-2 agent and oral bioavailability analyses

among others. The results were compared with those of

drugs currently involved in clinical trials in the ongoing

pandemic. Although antibiotics have been speculated to be

of no use in the treatment of viral infections, literature has

emerged lately to reveal the antiviral potential and

immune-boosting ability of antibiotics. This study identi-

fied Tarivid and Ciprofloxacin with binding affinities of -

8.3 kcal/mol and - 8.1 kcal/mol, respectively as signifi-

cant inhibitors of SARS-CoV-2 (Mpro) with better

pharmacokinetics, drug-likeness and oral bioavailability,

bioactivity properties, ADMET properties and inhibitory

strength compared to Remdesivir (- 7.6 kcal/mol) and

Azithromycin (- 6.3 kcal/mol). These observations will

provide insight for further research (clinical trial) in the

cure and management of COVID-19.

Keywords COVID-19 � SARS-CoV-2 main protease

(Mpro) � Molecular docking � Antibiotics � ADMET

profiling

Introduction

The outbreak of a respiratory tract infection identified in a

cluster of pneumonia patients in Wuhan China has become

a global health challenge that cut across all continents of

the world [10]. The previously unknown causative virus

was later identified as novel CoV-19 by the world health

organization [11] and since it has symptoms close to

Severe Acute Respiratory Syndrome Coronavirus, hence

the name SARS-CoV-2. According to John Hopkins

Coronavirus Resource Centre (https://coronavirus.jhu.edu/

map.html), the number of confirmed and death cases are

increasing globally on daily basis, with more than

174,433,374 confirmed and 3,758,217 death cases reported

so far as at the time of this report. The disease was referred

to as pandemic rather than epidemic because of the rate and

speed of transmission. These figures revealed that SARS-

CoV-2 is a life-threatening disease that has become a major

health concern worldwide. Despite efforts from govern-

ment officials and private establishments to curtail the

spread and effects of this virus, our world is yet to be free,

the figures continue to rise as the world is currently

experiencing the second wave of the pandemic with no
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permanent cure so far. Millions of lives have been lost

coupled with numerous social and economic crises, thus

putting researchers on the red alert and necessitate con-

tinuous research through repurposing old drugs, developing

vaccines, identifying novel lead compounds from plants,

and synthesizing new drug molecules. Symptoms include

cough, fever, short breathing, chest pain, sore throat, and

lower respiratory tract symptoms [13].

Over the years, antibiotics have been a strong resort in a

bid to cure the infection pathway and have tremendously

saved several millions of lives [9]. Administration of these

antibiotics recorded great success both in the developed

and developing world due to low morbidity and mortality

rate [2]. Despite its efficacy as an antimicrobial agent,

antibiotics have been speculated to either be of no use or

inappropriate in the treatment of viral infections including

respiratory tract infections, except for pneumonia which

regardless of its etiology is still treated with antibiotics

[7, 54]. Hence its place in the treatment/management of

SARS-CoV-2 (COVID-19) is questionable.

More recently, literature has emerged that offers con-

tradictory findings of the inappropriate use of antibiotics in

viral infections; In 2016, an experiment undertaken by

Karst pointed out that there exists a relationship between

commensal bacteria and viruses, and that this relationship

enhances and facilitate the binding of the virus to the host

cell, he, however, revealed that the depletion of commensal

bacterial with antibiotics reduced viral load and replication

in the host cell [29]. Also, Gopinath and his team reported

that topical administration of aminoglycoside antibiotics

reduced viral replication and also increased host resistance

to viral infections like influenza A, Zika virus, and herpes

virus without depletion of commensal bacteria [21]. Sim-

ilarly, topical administration of neomycin (a nontoxic

vagina aminoglycoside antibiotics) on immunized rats

induced with the herpes virus, enhance the immune

response of the host and hence conferred protection against

the virus, noting that there was no protection in the absence

of immunization vaccine [22], this research complement

the findings of Miller, that Childhood bacillus Calmette-

Guerin (BCG) vaccination reduced the number of reported

cases, morbidity, and mortality in the ongoing COVID-19

pandemic [42]. In another research, azithromycin, a mac-

rolide antibiotic was found to inhibit replication of the Zika

virus [46] as well as the reduction in viral load and inac-

tivation of endocartic activity of newly budded progeny in

the human influenza virus [57]. Collectively, these studies

highlight the unexpected antiviral potential of antibiotics.

As the struggle in finding a lasting solution to this world

threat (COVID-19) continues, many commercial drugs

(antibiotics & antiviral) and vaccines have been used and

subjected to randomized clinical trials. A lot has been done

on vaccine development using different

immunoinformatics framework. The use of SARS-CoV-2

spike glycoprotein for the development of a robust and

efficient vaccine against this deadly viral infection has been

reported [31], while credible vaccine mechanism that can

trigger the immune response to apprehend this deadly virus

has also been identified [34]. other notable research in the

development of vaccines against unmet medical needs

includes the development of effective cytotoxic T-lym-

phocyte epitope to engender a prudent response against

carcinogenic melanoma-associated antigen-A11, as well as

formulation and optimization of multi-epitope subunit

vaccine using computational techniques to arrest Human

Herpes Virus-5 [33, 35]. Also, to curtail this deadly virus

ravaging the globe, measures have been put in place to

reduce the rate of transmission via social distancing, reg-

ular hand washing as well as the use of personal protective

equipment like hand gloves and nose mask. However,

repositioning old drugs whose safety profile, pharmacoki-

netics, side effects, drug interactions, and optimal dosage

level are well known is an efficient tool in drug discovery

[15, 20] especially with this fast-spreading pandemic.

Among the candidate drugs already considered for

repositioning/repurposing against SARS-CoV-2 are

chloroquine, azithromycin, remdesivir, lopinavir, favipi-

ravir, ritonavir, ivermectin, and ruxolitinib. A considerable

amount of literature has been published on the effect of

chloroquine on SARS-CoV-2 [16]; these studies provide

evidence for its effectiveness against SARS-CoV-2virus

replication. Clinical trials involving the use of azi-

thromycin has also been reported [20]. In the same vein,

remdesivir, favipiravir, and ivermectin, previously shown

to possess broad-spectrum antiviral activity inhibit the

SARS-CoV-2 virus in vitro [8, 59]. Ruxolitnib, lopinavir,

and ritonavir (clinicaltrials.gov/ct2/show/NCT04334044)

have been undergoing trials in the management of the

SARS-CoV-2 virus [41].

Nevertheless, as the world is witnessing the second

wave of the pandemic despite the available vaccines, the

struggle of total apprehension of this critical situation of

the world remains a major concern of drug design experts

and researchers. The use of a mechanistic approach via

Computer-Aided Drug Design (CADD) remains an indis-

pensable in-silico method employed in every stage of the

modern drug discovery process. It is used in the design of

small-molecule ligands, identification & optimization of

lead, and sorting-out of suitable drug candidates toward the

development of new drug/vaccine [56]. However, various

researchers have utilized this technique as a reliable

mechanistic approach for exploring the inhibitory potential

of a ligand against a target receptor during ligand-receptor

interaction as seen in [1, 18, 32, 34, 36, 43–45, 53].

However, the ‘‘Molecular Docking Method’’ is a CADD

approach that helps to understand potential drug-receptor
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interactions in the active site of the target receptor. It shows

how a potential drug candidate (ligand) obstructs the

activities of the target receptor through the binding site

responsible for biological and catalytic activities. There-

fore, the present study is aimed at investigating the inhi-

bitory potential of some selected antibiotics against the

novel SARS-CoV-2 main protease (Mpro) via target-based

drug discovery approach (virtual screening), drug-likeness

analysis, oral-bioavailability studies, ADMET profiling,

and bioactivity studies.

Materials and methods

Preparation of ligands

In this study, sixteen commercial antibiotics were used as

ligands, while two clinically drugs (Remdesivir and Azi-

thromycin) whose randomized clinical trials as probable

inhibitors of SARS-CoV-2 main protease have been

established were used as standards. The 3D structures of

the ligands and standards were obtained from the PubChem

database (https://pubchem.ncbi.nlm.nih.gov). The confor-

mational search was performed using Spartan 14 Con-

former Distribution with Molecular Mechanics/MMFF, and

the most stable conformers were chosen and optimized.

Optimization was carried out on Spartan 14’ software using

density functional theory (DFT) method with the B3LYP

functional and the 6–31 ? G (d) as the basis set.

Preparation of target receptor

SARS-CoV-2 Mpro (PDB ID: 6LU7) was used as the target

receptor in this study. The crystal structure was retrieved

from the protein data bank (RCSB) (http://www.rcsb.org/

pdb). SARS-CoV-2(Mpro) [37] is an important protease that

mediates replication and transcription of the virus in the

host. It plays an indispensable regulatory function in

SARS-CoV-2 infection, and progression [60], and has been

widely reported as an important target enzyme in the

development of anti-SARS-CoV-2 therapeutic agents as

seen in [1, 12, 18, 32], therefore, it is an important and

reliable enzyme and the main target of potential inhibitors.

The co-crystallized (N3) molecules were removed to avoid

any unwanted molecular interactions with the target

receptor during virtual screening exercise using Biovia

Discovery Studio [4]. The quality of the SARS-CoV-2 Mpro

structure was validated using the Ramachandran plot

(Fig. 1). The grid box (binding pocket) of the native ligand

inhibitor used with the target receptor was employed as a

basis to define the binding pocket for the X, Y, and Z

coordinate as - 26.284, 12.603 and 58.96 respectively and

the whole protease (target receptor) was enclosed in the

grid.

Determination of (6LU7) Mpro active sites

Computed Atlas for Surface Topography of Proteins

(CASTp) (http://sts.bioe.uic.edu/castp/index.html?2011)

[55] and Biovia Discovery Studio (2019) were used to

determine binding pocket, amino acids and all ligands

interactions in the active site of SARS-CoV-2Mpro. The

result obtained was validated using experimental results

reported for SARS-CoV-2Mpro in complex with N3 native

ligand [39].

Molecular docking simulation

Docking simulations of the optimized most stable con-

formers (ligands and standards) against the target receptor

(SARS-CoV-2 Mpro) were done using Autodock (MGL

tool- 1.5.6) and AutodockVina [58]. The inhibiting abilities

of the ligands and standards against the target receptor

using their respective binding affinities (kcal/mol) were

assessed using Eq. 1, while other molecular interactions

that occurred during the simulation were viewed using

Biovia-2019 Discovery Studio [4].

Ki ¼ 10 B:E:=1:366ð Þ ð1Þ

Ki is the inhibition constant in lM and B.E. is the

binding energy in kcal/mol.

Fig. 1 The Ramachandran plot of SARS-CoV-2 Mpro (6LU7).

Glycine = triangles, Squares = proline, All other residues = circles
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Assessment of pharmacokinetic properties

ADMET SAR2 [14] was used to predict the absorption,

distribution, and metabolism and toxicity properties of the

selected compounds. SwissADME webserver was used to

investigate the oral bioavailability properties of the com-

pounds while important features related to drug-likeness of

the selected compounds were evaluated using Molinspira-

tion online tool (http://molinspiration.com/).

Results and discussion

SARS-CoV-2 main protease (Mpro) structure

and active gauge analysis

The structure of SARS-CoV-2 main protease (PDB ID:

6LU7) is shown in Table 1. 6LU7 is a 306 amino acid

protease complexed with a native inhibitor N3 (N3-(N-[(5-

Methylisoxazol-3-Yl) Carbonyl] Alanyl-L-Valyl-N*1*-

((1r, 2z)-4-(Benzyloxy)-4-Oxo-1-{[(3r)-2-Oxopyrrolidin-

3-Yl] Methyl} But-2-Enyl)-L-Leucinamide). Its X-ray

structure contains 23% a-helix, 31% b-sheets, 45% Coil

and 28% Turns, with 2.16 Å resolution and crystal

dimension of The study of its X-ray diffraction,

a = 97.93 Å, b = 79.48 Å and c = 51.08 Å and angles a
(900), b (114.550) and c (900) respectively. 6LU7 has

TASA (total accessible surface area) of 14,043(Å) 2 and

R-values (fee = 0.235, work = 0.202, and

observed = 0.204).

The SARS-CoV-2 main protease has three domains with

residues (8–110), (102–184) and (185–200) in domain 1, 2

and 3[39]. Its active site/binding region is located in the

cleft between Domain 1 and 2. The gauge is characterized

with Cys-His catalytic dyad [39] which is very essential to

its catalytic and biological activities. This agrees with what

has been reported earlier [18].

Molecular docking analysis

The Discovery and development of new therapeutic agents

using the traditional method have been very challenging. It

is very expensive, time-consuming, and with a low success

rate, thus making the mechanistic approach i.e. the use of

Computer-Aided Drug Design (CADD), an indispensable

method. Recent developments in drug discovery/design

have led to a renewed interest in this computational strat-

egy (CADD), as it has been proved to easier, faster and

cheaper with an outstanding success rate in the screening of

molecules for biological and chemical interactions com-

pared to the traditional methods [19]. It speeds up the

process of designing small-molecule ligands, identification

of lead and optimization and sorting out of drug candidates

of best fit toward the development of novel therapeutic

agents. Molecular docking is an important tool in compu-

tational drug discovery that provide predictive information

Table 1 The structure and active site of SARS-CoV-2 main protease (Mpro) in complex with N3 native ligand

PDB

ID

Macromolecule and native ligand Active site amino acids

6LU7 Thr24, Thr25, Thr26, His41, Met49, Tyr54, Phe140, Leu141,

Asn142, Gly143, Ser144, Cys145, His163, His164, Met165,

Glu166, Leu176, Pro168, His172, Asp187, Arg188, Gln189,

Thr190, Ala191, Gln192
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on the binding of small molecules to target receptor [40].

The molecular docking approach has found wide applica-

tion because it offers predictions with a higher degree of

accuracy of binding affinities, intermolecular interaction,

and conformations of ligand’s molecule at receptor’s

binding sites [19, 26, 40]. The docking scores of the ligands

and standards against SARS-CoV-2 Mpro (PDB ID:

6LU7) were as presented in Table 2. From the results, a

good number of ligands displayed activity comparable to

those of standards. Binding affinities for the standards

range between - 7.6 kcal/mol (Remdesivir) and -

6.3 kcal/mol (Azithromycin) while those of the ligands

were between - 8.3 kcal/mol and - 4.9 kcal/mol. Overall,

tarivid with binding affinity - 8.3 kcal/mol had the most

outstanding inhibitory activity, amino acids involved in its

hydrogen bond interaction with receptor molecules are

Glu166, Tyr54, Asp187, and Met49, while electrostatic/

hydrophobic interactions include Phe140, Asn142, His41,

Met165, Arg188. It is interesting to note that tarivid

(ofloxacin) and ciprofloxacin displayed better inhibitory

activity against SARS-CoV-2virus Mpro (as shown by the

binding affinity and inhibition constant) than remdesivir

even though more recovery rate had recently been recorded

in the use of the latter but not without some fatality and

side effects (https://www.nature.com/articles/d41586-020-

01295-8). The high binding affinity recorded, could be

attributed to the multiple hydrogens, electrostatic and

hydrophobic bonds involved in binding to amino acids at

the active site of SARS-CoV-2 Mpro. Tetracycline also

demonstrated inhibitory activity almost equal in strength to

remdesivir against SARS-CoV-2 while doxycycline and

Penicillin G inhibited the virus much better than Azi-

thromycin. To validate the significance of using in-silico

approach to elucidate the binding affinity and interactions

of ligands to the receptor as reported above, it worthy of

mentioning that this method has been widely used in

notable research in the studies and design of therapeutic

agents for viral diseases as observed in [1, 31, 50].

More recently, literature has emerged on the potential of

tetracycline in the treatment of COVID-19 and this has

further supported findings from this study [51]. Other

ligands used in this study displayed notable inhibition

better than azithromycin. The inhibition potential of the

drugs as ranked by the binding affinity (Fig. 2) and inhi-

bition constant are as shown below.

Tarivid[Ciprofloxacin[Remdesivir[ Tetracy-

cline[Doxycycline = Penicillin G[Pefloxacin[
Amoxicillin[ Zinacef[Nitrofuratoin[ Sulfamethoxa-

zole[Penicillin V[Azithromycin[ Trimethoprim =

Gentamycin[Chloroquine[ClauvanilicAcid[
Fosfomycin.

This study furnishes tarivid, ciprofloxacin, tetracycline,

and doxycycline (Figs. 3 and 4) as significant potential

inhibitors of SARS-CoV-2 as compared to remdesivir and

zithromycin. Tarivid (ofloxacin) and ciprofloxacin are

floroquinolones, with good oral and pharmacokinetic

properties, they demonstrated broad-spectrum activity

against bacterial infections including lower and upper

respiratory tract infections (RTI) [24], the efficacy of cef-

tazidime and ciprofloxacin in clinical trials involving RTI

patients has been reported in the literature, although, cef-

tazidime was not as effective as ciprofloxacin [30].

Drug-likeness and oral bioavailability analysis

of the selected compounds and standards

Analysis of the pharmacokinetic properties of potential

drug candidates is very essential in the early stage of drug

discovery. According to Lipinski and his team, drug-like

compounds must obey the rule of five (RO5) i.e. molecular

weight (MW) B 500 Da, number of hydrogen bond donor

(HBD’s) B 5, number of hydrogen bond acceptor

Fig. 2 The bar chart showing

the molecular docking scores

between Mpro (6LU7) and

selected drug candidate

compounds. (The value for

binding energy (DG) is
indicated in minus kcal/mol)
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Table 2 Docking scoring, binding sites, hydrogen bond distances and

the inhibition constants of the interaction of selected antibiotics and

standard drugs with SARS-CoV-2(Mpro) (PDB ID: 6LU7), a promi-

nent target receptor of inhibitors of the Severe Acute Respiratory

Syndrome Coronavirus (SARS-CoV-2)

Ligands Binding Affinity

(DG), kcal/mol

6LU7 Receptor amino acids forming H-bond with ligands

(H-bond Distance, Å)

Electrostatic/

Hydrophobic

Interactions involved

Inhibition

Constant (Ki),

lM

Tarivid - 8.3 Glu166 (2.0 Å), Tyr54 (2.8 Å)

Asp187 (3.0 Å), Met49 (3.3 Å)

Glu166 (3.6 Å)

Phe140, Asn142, His41,

Met165, Arg188

0.83

Ciprofloxacin - 8.1 Phe140 (2.5 Å), Tyr54 (2.8 Å) Asp187 (3.1 Å), Gln189

(3.1 Å)

Met49, Met165,

His41,Cys145,

Asn142,Leu141

1.16

Remdesivir - 7.6 Lys137 (2.3 Å), Thr199 (2.4 Å), Arg131 (2.5 Å), Asn238

(2.6 Å), Thr199 (3.2 Å),Glu290 (3.3 Å), Thr198 (3.4)

Leu286, Asp289,

Asp197

2.70

Tetracycline - 7.5 Cys145 (2.1 Å), Thr26 (2.4 Å),

Thr26 (2.6 Å), Ser144 (2.8 Å), Thr26 (2.9 Å), Thr26

(3.1 Å), Leu141 (3.1 Å), Thr24 (3.1 Å),

Thr24 (3.1 Å)

Gly143 3.2

Doxycycline - 7.0 Thr190 (2.2 Å), Glu166 (3.0 Å),

Gln189 (3.0 Å), His164 (3.0 Å)

Leu167, Pro168, Cys145 7.43

Penicillin G - 7.0 Gln11O (2.1 Å), Arg105 (3.0 Å),

Thr111 (3.3 Å)

Val104, Phe294 7.43

Pefloxacin - 6.9 Gly143 (2.2 Å), Ser144 (2.4 Å),

Cys145 (2.5 Å), His163 (2.8 Å),

Leu141 (2.9 Å), Asn142 (3.5 Å)

Glu166, Thr190 8.80

Amocixillin - 6.8 Leu272 (3.0 Å), Leu271 (3.0 Å),

Asp289 (3.0 Å), Thr199 (3.3 Å),

Arg131(2.6 Å)

Leu286, Tyr237 10.41

Zinacef - 6.6 Gly143 (2.3 Å), Thr26 (2.3 Å),

Glu166 (2.5 Å), Asn142 (3.0 Å),

Leu141 (2.9 Å), Leu141 (3.1 Å),

Thr26 (3.2 Å), Thr24 (3.3 Å),

Thr26 (3.5 Å)

His41 14.59

Nitrofuratoin - 6.5 Ser144 (1.8 Å), Cys145 (2.3 Å)

Ser144 (2.3 Å), Gly143 (2.5 Å), Phe140 (3.3 Å)

His41 17.27

Sulfamethoxazole - 6.4 Gln110 (2.0 Å), Thr111 (2.1 Å),

Asp153 (2.5 Å), Asn151 (3.1 Å), Thr111 (3.4 Å)

Val104, Phe294 20.45

Penicillin V - 6.4 Gly143 (2.2 Å), Thr26 (2.8 Å), Gln189 (3.3 Å) Met165, His164, His41,

Met49

20.45

Azithromycin - 6.3 Asp197 (3.0 Å), Tyr237 (3.0 Å),

Asp289 (3.5 Å)

Met276, Leu286,

Leu287, Tyr239

24.20

Gentamycin - 6.2 Thr337 (2.1 Å), Leu287 (2.2 Å), Asn238(2.2 Å), Asn238

(2.6 Å), Asp197 (2.8 Å), Asp197 (3.2)

Nil 28.65

Trimethoprim - 6.2 His163 (2.1 Å), Asn142 (2.2 Å),

Glu166 (2.4 Å), Phe140 (2.5)

Leu141, Met165,

Cys145, His41

28.65

Chloroquine - 5.5 His164 Asn142, His41, Met165 93.34

Clavulanic Acid - 5.4 His163 (2.0 Å), Ser144 (2.2 Å),Cys145 (2.4 Å), Leu141

(2.9 Å), Phe140 (3.0 Å),

Glu166 (3.2 Å), Leu141 (3.3 Å), Asn142 (3.3 Å)

Met165 110.50

Fosfomycin - 4.9 Thr111 (1.9 Å), Gln110 (2.1 Å),

Gln110(2.4 Å),Thr111 (2.8 Å), Asn151(2.9 Å), Thr111

(3.1 Å)

Phe294, Asp295 256.86
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Table 3 Drug-likeness evaluation of the significant antibiotics and standards using Molinspiration online tool

Compounds Heavy atoms

(HA)

Molecular weight

(MW)

RO5

Violations

Hydrogen bond donor

(HBD)

Hydrogen bond acceptor

(HBA)

miLog

P

C-1 26 361.37 0 1 7 - 0.26

C-2 24 331.35 0 2 6 - 0.70

C-3 32 444.44 1 7 10 - 0.24

C-4 32 444.44 1 7 10 - 0.43

S-1 42 602.59 2 5 14 2.82

S-2 52 749.00 2 5 14 2.73

Table 4 Oral bioavailability analysis of the selected compounds and standards using SwissADME

Ligand C-1 C-2 C-3 C-4 S-1 S-2

Formula C18H20FN3O4 C17H18FN3O3 C22H24N2O8 C22H24N2O8 C27H35N6O8P C38H72N2O12

VINA Score - 8.3 - 8.1 - 7.5 - 7.0 - 7.6 - 6.3

Mass 361.37 331.34 444.43 444.43 602.58 748.98

TPSA 75.01 74.57 181.62 181.62 213.36 180.08

#Rotatable bonds 2 3 2 2 14 7

XLOGP3 - 0.39 - 1.08 - 1.30 0.54 1.91 4.02

WLOGP 1.2 1.18 - 0.32 - 0.5 2.21 1.52

ESOL Log S - 1.99 - 1.32 - 1.78 - 2.94 - 4.12 - 6.55

ESOL class Very soluble Very soluble Very soluble Soluble Moderately soluble Poorly soluble

Lipinski #violations 0 0 1 1 2 2

Bioavailability Score 0.55 0.55 0.11 0.11 0.17 0.17

PAINS #alerts 0 0 0 0 0 0

Brenk #alerts 0 0 1 1 1 0

Fraction Csp3 0.44 0.41 0.41 0.41 0.48 0.97

Synthetic accesibility 3.63 2.51 5.04 5.25 6.33 8.91

Table 5 Bioactivity analysis of the selected compounds and standards

Bioactivity C-1 C-2 C-3 C-4 S-1 S-2

AutoDockVina docking score (kcal/mol) - 8.3 - 8.1 - 7.5 - 7.0 - 7.6 - 6.3

Ki (lM) 0.83 1.16 3.2 7.3 2.70 24.20

miLog P - 0.26 - 0.70 - 0.24 - 0.43 2.82 2.73

Ligand efficiency (LE) /kcal/mol/heavy atom) 0.319 0.338 0.234 0.219 0.180 0.121

LE-scale 0.380 0.404 0.316 0.316 0.229 0.161

Fit quality (FQ) 0.80 0.80 0.74 0.692 0.787 0.752

Ligand-efficiency-dependent lipophilicity (LELP) - 0.815 - 2.071 - 1.025 - 1.963 15.667 22.561

C-1 = Tarivid, C-2 = Ciprofloxacin, C 3 = Tetracycline, C-4 = Doxycycline, S-1 = Standard 1 (Remdesivir), S-2 = Standard 2 (Azithromycin)
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(HBAs) B 10 and octanol–water partition coefficient (Log

P) B 5 and no more than one violation is allowed [38]. As

shown in Table 3, the HA, MW, HBD, HBA, and Log

P values of all the selected compounds are within the

acceptable range as stated in the RO5 and no compound

violate more than one rule, whereas, the two standard drugs

used (Remdesivir, S-1, and Azithromycin, S-2) have two

violations respectively.

The oral bioavailability and other physicochemical

properties of the selected compounds and standards

obtained using the SwissADME web tool are shown

in Table 4. The bioavailability radar (Fig. 5) gives a swift

catch sight of the important physicochemical properties

and drug-likeness of the selected compounds and standards

[17]. As shown in (Fig. 5), the coloured portion (Pink)

shows the most desirable area for each of the bioavail-

ability properties (LIPO, SIZE, INSOLU, POLAR,

INSATU, and FLEX). The octanol–water partition coeffi-

cient (XLOGP3) (Table 4) was used to determine the LIPO

(Lipophilicity) of the selected compounds and standards.

Table 6 ADMET prediction of selected compounds

Parameters C-1 C-2 C-3 C-4 S-1 S-2

Absorption/distribution

BBB ( ±) 0.9680

(BBB ?)

0.3324

(BBB-)

0.9939

(BBB-)

0.9930

(BBB-)

0.9625

(BBB ?)

0.9930

(BBB-)

HIA( ±) 0.9903

HIA ?

(99.03%)

0.9807

HIA ?

(98.07%)

0.9864

HIA ?

(98.64%)

0.9885

HIA ?

(98.9%)

0.9135

HIA ?

(91.4%)

0.6142

IA-

(61.42%)

Aqueous

Solubility(LogS)

- 3.511 - 3.464 - 3.071 - 3.057 - 3.474 - 2.06

Metabolism

CYP450 2C19

Inhibitor

0.9026

Non-Inhibitor

0.9025

Non-Inhibitor

0.9099

Non-Inhibitor

0.9089

Non-Inhibitor

0.7362

Non-Inhibitor

0.9023

Non-Inhibitor

CYP450 1A2 Inhibitor 0.9045

Non-Inhibitor

0.7735

Non-Inhibitor

0.9045

Non-Inhibitor

0.9046

Non-Inhibitor

0.7447

Non-Inhibitor

0.9295

Non-Inhibitor

CYP450 3A4 Inhibitor 0.8309

Non-Inhibitor

0.8309

Non-Inhibitor

0.8567

Non-Inhibitor

0.8686

Non-Inhibitor

0.7224

Non-Inhibitor

0.9533

Non-Inhibitor

CYP450 2C9 Inhibitor 0.9070

Non-Inhibitor

0.9070

Non-Inhibitor

0.9144

Non-Inhibitor

0.9071

Non-Inhibitor

0.7246

Non-Inhibitor

0.9021

Non-Inhibitor

CYP450 2D6 Inhibitor 0.9268

Non-Inhibitor

0.9231

Non-Inhibitor

0.9293

Non-Inhibitor

0.9231

Non-Inhibitor

0.8503

Non-Inhibitor

0.8904

Non-Inhibitor

Excretion

Biodegradation* 0.9500

NB

0.8500

NB

0.9750

NB

0.9750

NB

0.7750

NB

0.8250

NB

Toxicity

AMES toxicity 0.7300

Non-Ames Toxic

0.8900

Ames Toxic

0.6300

Non-Ames Toxic

0.7200

Non-Ames Toxic

0.7400

Non-Ames Toxic

0.8300

Non-Ames Toxic

Acute oral toxicity 0.7916

III

0.7731

III

0.7981

III

0.7834

III

0.5357

III

0.7761

III

Eye irritation (YES/NO) NO NO NO NO NO NO

Eye corrosion (YES/NO) NO NO NO NO NO NO

hERG Inhibition 0.8179

NO

0.8225

NO

0.3636

NO

0.3965

NO

0.5000

NO

0.6048

NO

carcinogenicity 0.7286

Non-

Carcinogenic

0.8043

Non-

Carcinogenic

0.8539

Non-

Carcinogenic

0.9429

Non-

Carcinogenic

0.9714

Non-

Carcinogenic

0.9857

Non-

Carcinogenic

*NB: Not biodegradable

C-1 = Tarivid, C-2 = Ciprofloxacin, C-3 = Tetracycline, C-4 = Doxycycline, S-1 = Standard 1 (Remdesivir), S-2 = Standard 2 (Azithromycin)
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Surprisingly, all the selected compounds and standards

were in the coloured region and fall within the LIPO rec-

ommended range of - 0.7 to ? 5.0. According to Lipinski

rule of five (RO5), the SIZE (Molecular Weight) of a good

drug candidate is expected not to be more than 500gmol-1,

of which of all selected compounds (C-1to C-4) obey

except the two standards (S-1 = 602.58, S-2 = 748.98).

The INSOLU (insolubility) requirement of the selected

compounds and standards as depicted in their ESOL (Log

S) and ESOL Class revealed that C-1, C-2, and C-3 are

very soluble, while C-4 is soluble and S-1 and S-2 are

moderately soluble and insoluble respectively. The Total

Polarity Surface Area (TPSA) whose recommended value

is between the range of 20 and 130 Å 2 was used to

examine the POLAR (polarity) of the selected compounds

and standards. As shown in Table 4 and Fig. 5, only C-1

and C-2 fall within the optimal range while others fell

apart. The fraction of carbon Sp3 (CSP3) which is expected

to be the range of 0.25 and 1 and the number of the

rotatable bond which should not exceed nine are used to

determine the INSATU (unsaturation) and FLEX (flexi-

bility) of the selected compounds are standards. Interest-

ingly, all the selected compounds fall within the INSATU

recommended range of values while only Remdesivir (S-1)

disobey the FLEX requirement. Put together, Tarivid (C-1)

and Ciprofloxacin (C-2) have the best oral bioavailability

since all their physicochemical properties fall within the

optimal coloured (pink) region.

Bioactivity of the selected compounds and standards

The bioactivity properties of the selected Antibiotics are

summarized in Table 5. The relationship between the

docking score and binding affinity confirmed its usage in

calculating the inhibition constant (Ki) using (Eq. 1). For a

compound to be a Hit, its Ki value should be a micro-molar

range of 0.1–1.0 lM and not more than 10 nM for a drug

[5, 27, 49, 52]. Also, the lower values of Ki indicate better

inhibitory activity [6]. The inhibition constant values of the

significantly selected antibiotics range from

(0.83–7.43 lM).

From Table 5, both C-1 (0.83 lM) and C-2 (1.16) are

qualified as Hit while C-1 is the most potent of all the

selected compounds. For other bioactivity parameters like

Ligand Efficiency (LE), Fit Quality (FQ), and Ligand-ef-

ficiency-dependent lipophilicity (LELP) (Eq. 2–5), their

recommended values for a hit are C 0.3, C 0.8 and - 10 to

10 respectively [25, 48]. Similarly, the (LE), (FQ) and

Fig. 3 The bar chart showing the selected Antibiotics as a significant

potential inhibitor of SARS-CoV-2MPro

Fig. 4 The Structures of

Selected Compounds a Tarivid,

b Ciprofloxacin, c Tetracycline,

d Doxycycline
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(LELP) values observed for C-1 and C-2 are within the

recommended range, although all the selected compounds

obey (LELP) recommended value except S-1 and S-2 with

LELP values of 15.667, and 22.5619 respectively (see

Table 5).

Ki ¼ e
�DG
RT½ � ð2Þ

where R = Gas constant (1.987 9 10–3 kcal/K-mol);

T = 298.15 (Absolute Temperature); ki = Inhibition

constant

Ligand Efficiency LEð Þ ¼ �B:E � Heavyatoms H:Að Þ ð3Þ

LEscale ¼ 0:873e�0:026�H:A � 0:064 ð4Þ
FQ ¼ LE � LEscale ð5Þ
LELP ¼ LogP� LE ð6Þ

Fig. 5 The bioavailability radar

for the selected compound. Pink

area = Most desirable area for

each of the bioavailability

properties,

LIPO = Lipophilicity,

POLAR = Polarity,

INSOLU = Insolubility,

FLEX = Flexibility,

SIZE = Molecular weight,

INSATU = Unsaturation
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ADMET properties of the selected compounds

and standards

The results of ADMET (absorption, distribution, metabo-

lism, excretion, and Toxicity shown in Table 6 are com-

puted using the ADMETSAR2 web server [14]. ADMET

properties play significant roles in the early stage of drug

discovery and development since high-quality drug candi-

dates are to possess both sufficient efficacies against the

therapeutic target as well as appropriate ADMET proper-

ties at a therapeutic dose [23]. Interestingly, all the selected

Antibiotics and standards have an excellent probability of

being absorbed in the human intestine with HIA ? values

of 99.03%, 98.07%, 98.64%, 98.9% and 91.4% for C-1,

C-2, C-3, C-4, and S-1 respectively, except S-2 with HIA-

(61.42%). Also, C-1 and S-1 have an excellent probability

of crossing the blood–brain barrier (BBB ? 96.8% and

96.3% respectively), an important pharmacokinetic prop-

erty in drug discovery. Other selected drug candidates and

standard show negative BBB potential; although this may

not be a threat since our focus in this study is not directed

towards finding potential drug candidates that target

receptors in the brain, like antipsychotics, antiepileptic, and

antidepressant drugs do. Furthermore, a drug molecule is

expected to be in an aqueous solubility range of - 1 to - 5

[3] and the Log S values of all the selected Antibiotics and

standards fall within the range, indicating that the selected

Antibioticshave good absorption and distribution potential.

Furthermore, microsomal enzymes (Cytochrome P450

inhibitors) were used to predict the metabolic activities of

the selected drug candidates. All the selected drugs and

standards are non-inhibitors of all the cytochrome P450

which enhances their metabolism as potential therapeutic

drugs. Although all the selected Antibiotics and standards

are predicted to be non-biodegradable nevertheless, they

are non-carcinogenic. Considering the AMES toxicity of

the selected Antibiotics and standards i.e. their mutagenic

abilities, all except compound C-2 are non-AMES-toxic.

Also, all the selected compounds and standards possess

type III oral acute toxicity indicating that they are slightly

toxic although they show no eye irritation and corrosion.

However, type III toxicity can easily be upgraded to type

IV and become (non-toxic) during the lead optimization

stage of drug discovery [44]. The ability of a drug molecule

to inhibit human ether a-go-go (hERG) is very dangerous,

as it can lead to blockage of the potassium ion channel of

the myocardium which disrupts the electrical activity of the

heart and may result in untimely death [47]. Interestingly,

all the selected Antibiotics and standards are non-inhibitor

Fig. 6 The binding pockets (a, b) and binding mode (c) of C-1 (Tarivid) with amino acids in SARS-CoV-2Mpro (6LU7)
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of hERG with compound C-1 and C-2 having the better

potential of being non-inhibitor of hERG. Summarily, all

the selected compounds are safer and excellent drug can-

didates against the target receptor.

Binding modes and molecular interactions

The binding mode and molecular interactions give more

information on the interacting mode of the selected

Antibiotics with a bond to the main protease (Mpro). Since

compound C-1 and C-2 give better inhibitory potential and

promising physicochemical and bioactivity properties

among the four selected compounds, only their binding

mode and molecular interactions are discussed. As shown

in Figs. 6 and 7, the binding modes of the two selected hit

compounds (C-1 and C-2) and fully embedded in the

binding pocket located at the cleft between domains I and

II which is the active site of the target protease (Mpro) (see

Table 1). The non-bonded molecular interactions of

C-1(Fig. 8) as seen in AutoDock Vina docking results

include Conventional Hydrogen Bond with Glu166, Car-

bon-Hydrogen Bond with Phe140, Asn142 and Arg188, Pi-

Pi T-Shaped with His41 and Alkyl and Pi-Alkyl interac-

tions with Met49 and Met165. Similarly, C-2(Fig. 7) form

Conventional Hydrogen Bond with Gln189, Glu166 and

Phe140, Carbon-Hydrogen Bond with Leu141, and

Asn142, Pi-Pi T-Shaped interaction with His41 and Alkyl

and Pi-Alkyl interactions with Cys145, Met49 and Met145.

However, the presence of His41, Met49, Phe140, Asn142,

Met165, and Glu166 amino acid residues in both com-

pounds (C-1 and C-2) established that the two compounds

have a similar binding pocket and confirmed the similarity

in their mode of interactions. Various interactions exhibit

by other selected compounds (C-3 and C-4) are shown

in (Fig. 8). Finally, a close examination of the amino acid

residues obtained in the interactions of C-1, C-2, C-3 and

C-4 (Fig. 8), and the amino acids in the active

site (Table 2) affirmed that all the selected antibiotics share

the same binding pocket with N3 native ligand, although

C-1 (Tarivid) and C-2 (Ciprofloxacin) are more potent and

interact better with target receptor (Mpro).

In conclusion, as the world enters the second wave of

the global pandemic (COVID-19) with no officially

approved drug to apprehend the disease, the need for

improving on intensive research through screening of

phytochemicals, laboratory synthesis of novel drug candi-

dates and repurposing odd drugs among other means

becomes a necessity. Computer-Aided Drug Design

(CADD) is an indispensable tool to accelerate the discov-

ery and development of a new therapeutic agent to cure this

Fig. 7 The binding pockets (a, b) and binding mode (c) of C-2 (Ciprofloxacin) with amino acids in SARS-CoV-2 Mpro (6LU7)
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lingering disease that has claimed lives in millions. It is a

mechanistic tool widely used in all stages of the modern

drug discovery process, for the design of small-molecule

ligands, hit identification, lead optimization and selection

of suitable drug candidate toward the development of a

new therapeutic agent. The molecular Docking method, an

indispensable CADD approach helps to study drug-recep-

tor interactions in the active/binding site of the target

receptor. It shows how the potential drug candidates (li-

gands) inhibit the replication and transcription of the target

receptor in its active gauge where biological and catalytic

activates takes place. Some drugs have been proved and

approved to be effective for curing more than one disease.

Therefore, the current research used CADD approach via

molecular docking coupled with other relevant analyses to

screen some commercial antibiotics against SARS-CoV-2

main protease (Mpro) (6LU7). This study identified two

antibiotics (Tarivid and Ciprofloxacin) as probable inhibi-

tors of the target receptor responsible for replication and

transcription of the virus. As reported by Burlingham and

Widlanski, 2003, compound with lower inhibition constant

value has higher inhibitory efficiency, thus, the binding

affinities(kcal/mol) and inhibition constant(lM) of both

compounds (Tarivid, - 8.3 kcal/mol, 0.83 lM) and

(Ciprofloxacin, - 8.1 kcal/mol, 1.16 lM) obtained from

their interaction with the active site of the target receptor

qualified them as hits. The two hit compounds interacted

and shared the same pocket with the active site of the

receptor located at the cleft between domains I and II. Both

compounds obeyed the drug-likeness rule (RO5 rule of

Lipinski) and show outstanding bioactivity and oral-

bioavailability properties as compared to the two standards

(Remdesivir and Azithromycin) whose randomized clinical

trials have been completed [28]. Also, ADMET profiling of

the two hits revealed their ability to be absorbed easily in

the human intestine. Both are non-inhibitors of cytochrome

P450, non-carcinogenic and non-hERG inhibitors,

although, their potency, efficacy, pharmacokinetics and

reduced toxicity can be improved during the Hit-Lead

optimization stage of drug discovery, while molecular

Fig. 8 The molecular interactions of C-1 (Tarivid), C-2 (Ciprofloxacin), C-3 (Tetracycline) and C-4 (Doxycycline) with amino acids in SARS-

CoV-2Mpro (6LU7)
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dynamics and free energy calculation could be employed

for further stability studies. The importance of in vivo and

in vitro experiments to further establish the potency of the

two hits compounds are dully acknowledged, but lack of

financial aid limited our scope. We thereby recommend

these two hit compounds for further experimental studies

and clinical trials in the quest of finding a lasting solution

to the ravaging pandemic (COVID-19).
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40. López-vallejo F, Caulfield T, Martı́nez-Mayorga K, Giulianotti

MA, Nefzi A, Houghten RA, Medina-Franco JL. Integrating

virtual screening and combinatorial chemistry for accelerated

drug discovery. Comb Chem High Throughput Screen.

2011;14:475–87.

41. Lythgoe MP, Middleton P. Ongoing clinical trials for the man-

agement of the COVID-19 pandemic. Trends Pharmacol Sci.

2020;41:363–82.

42. Miller A, Reandelar MJ, Fasciglione K, Roumenova V, Li Y,

Otazu GH. Correlation between universal BCG vaccination pol-

icy on reduced morbidity and mortality for covid-19: an epi-

demiology study. MedRxi. 2020.

43. Onawole AT, Kolapo TU, Sulaiman KO, Adegoke RO. Structure-

based virtual screening of the ebola virus trimeric glycoprotein

using consensus scoring. Comput Biol Chem. 2018;72:170–80.

44. Onawole AT, Sulaiman KO, Adegoke RO, Kolapo TU. Identifi-

cation of potential inhibitors against the Zika virus using con-

sensus scoring. J Mol Graph Mod. 2017;73:54–61.

45. Oyebamiji AK, Adeleke BB. Theoretical bio-significance evalu-

ation of quinazoline analogues. Int Res J Pure Appl Chem.

2019;18:1–8.

46. Retallack H, Di E, Arias C, Knopp KA, Laurie MT, Sandoval-

Espinosa C, Mancia Leon WR, Krencik R, Ullian EM, Spatazza

J, Pollen AA, Mandel-Brehm C, Nowakowski TJ, Kriegstein AR,

DeRisi JL. Zika virus cell tropism in the developing human brain

and inhibition by azithromycin. Proc Natl Acad Sci.

2016;113:14408–13.

47. Sanguinetti MC, Tristani-firouzi M. hERG potassium channels

and cardiac arrhythmia. Nature. 2006;440:463–9.

48. Schultes S, De Graaf C, Haaksma EEJ, De Esch IJP, Leurs R,

Kramer O. Ligand efficiency as a guide in fragment hit selection

and optimization. Drug Discov Today Technol. 2010;7:e157–62.

49. Schultes S, Kooistra A, Vischer HF, Nijmeijer S, Haaksma EE,

Leurs R, De Esch IJP, de Graaf C. Combinatorial consensus

scoring for ligand-based virtual fragment screening: a compara-

tive case study for serotonin 5-HT 3 A, histamine H 1 and his-

tamine H 4 receptors. J Chem Inf Model. 2015;55:1030–44.

50. Singh VK, Kumar N, Chandra R. Structural Insights of Induced

pluripotent stem cell regulatory factors Oct4 and its Interaction

with Sox2 and Fgf4 Gene. Adv Biotechnol Biochem.

2017;J119:1–9.

51. Sodhi M, Etminan M. Therapeutic potential for tetracyclines in

the treatment of Covid-19. Pharmacother. 2020;40:1–2.

52. Stevens E. Lead discovery. In: Jaworski A, editor. Medicinal

chemistry: modern drug discovery process. Pearson. 2014.

247–272.

53. Sulaiman KO, Kolapo TU, Onawole AT, Islam A, Adegoke RO,

Badmus SO. Molecular dynamics and combined docking studies

for the identification of zaire ebola virus inhibitors. J Biomol

Struct Dyn. 2019;37:3029–40.

54. Tanday S. Resisting the use of antibiotics for viral infections.

Lancet Respir Med. 2016;4:179.

55. Tian W, Chen C, Lei X, Zhao J, Liang J. CASTp 3.0: computed

atlas of surface topography of proteins. Nucl Acids Res.

2018;46:W363–7.

56. Tong JC. Applications of computer-aided drug design. In: Grover

A, editor. Drug design: principle and applications. Springer

Nature Singapore Pte Ltd; 2017. 1–5.

57. Tran DH, Sugamata R, Hirose T, Suzuki S, Noguchi Y, Sugawara

A, Ito F, Yamamoto T, Kawachi S, Akagawa KS, Ōmura S,
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