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Abstract
Background/Aim: SARS-CoV-2 is one of the coronavirus families that 
emerged at the end of 2019. It infected the respiratory system and caused 
a pandemic worldwide. Fluoroquinolones (FQs) have been safely used as 
antibacterial agents for decades. The antiviral activity of FQs was observed. 
Moreover, substitution on the C-7 position of ciprofloxacin enhanced its anti-
viral activity. Therefore, this study aims to investigate the antiviral activity of 
7-(4-(N-substituted-carbamoyl-methyl)piperazin-1yl)-chalcone in comparison 
with ciprofloxacin against SARS-CoV-2 main protease (Mpro).
Materials and methods: Vero cells were infected with SARS-CoV-2. After 
treatment with ciprofloxacin and the chalcone at the concentrations of 1.6, 
16, 160  nmol/L for 48  h, SARS-CoV-2 viral load was detected using real-
time qPCR, SARS-CoV-2 infectivity was determined using plaque assay, and 
the main protease enzyme activity was detected using in vitro 3CL-protease 
inhibition assay. The activity of the chalcone was justified through molecular 
docking within SARS-CoV-2 Mpro, in comparison with ciprofloxacin.
Results: The new chalcone significantly inhibited viral load replication where 
the EC50 was 3.93 nmol/L, the plaque formation ability of the virus was in-
hibited to 86.8%  ±  2.47. The chalcone exhibited a significant inhibitory ef-
fect against SARS-CoV-2  Mpro in vitro in a dose-dependent manner. The 
docking study into SARS-CoV-2 Mpro active site justified the importance of 
adding a substitution to the parent drug. Additionally, the assessment of the 
drug-likeness properties indicated that the chalcone might have acceptable 
ADMET properties.
Conclusion: The new chalcone might be useful and has new insights for the 
inhibition of SARS-CoV-2 Mpro.
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1  |   INTRODUCTION

Fluoroquinolones (FQs) are a group of approved com-
pounds by the FDA for their antibacterial activity; they 
target bacterial topoisomerase and DNA gyrase en-
zymes [1]. FQs are considered a multi-faceted family, 
they showed antiprotozoal, antiparasitic, antifungal, an-
ticancer and antiviral activities [2–6]. A previous study 
indicated the effectiveness of FQs against papovavirus, 
human cytomegalovirus and varicella-zoster virus [7]. 
Others indicated the efficacy of some FQs including 
ciprofloxacin, ofloxacin, levofloxacin and gatifloxacin 
in the treatments of single-stranded RNA hepatitis C 
virus (HCV); they suppressed the growth and prolifer-
ation of hepatoma Huh-7 and Huh-8 cells of HCV by 
targeting HCV helicase activity [8, 9]. Ciprofloxacin was 
demonstrated to inhibit BK viral replication in a dose-
dependent manner [10]. Additionally, ciprofloxacin in-
hibited African swine fever virus. A study by Mottola 
et al., examined thirty different members of FQs family 
against African swine fever virus, six members severely 
reduced the cytopathic effect of the virus. The genome 
of the virus was completely undetectable after 7 days of 
treatment [11]. A recent study by Scroggs et al. showed 
that FQs were effective in the inhibition of flaviviruses 
zika viral replication, where enoxacin inhibited the virus 
in an intermediate step during viral life span [12]. FQs 
were also demonstrated to inhibit dengue virus [12] and 
rhinovirus [13]. Clinical trials data revealed that FQs ex-
erted activity against DNA and RNA viruses [14]. Ali 
et al. demonstrated that FQs can inhibit simian virus 40 
(SV40) growth and DNA replication through inhibition of 
SV40 helicase activity [14].

Fluoroquinolones are considered a central scaffold 
and an endless source of production of various bio-
active molecules. The ease and the flexibility of their 
chemical synthesis led to the development of several 
thousands of derivatives in literature, where many 
could exert potent activity towards different diseases, 
in particular, viral diseases. A structural modification 
in the C-7 position of the parent drug, ciprofloxacin, 
to obtain new derivatives has been shown to enhance 
its potency, spectrum, pharmacokinetic, antiviral and 
antibacterial activity against ciprofloxacin-resistant 
pathogen with improved antianaerobic activity [15, 
16]. It was reported that the presence of a carboxylic 
group at C-3 and bulky substituent on C-7 position and 
N1 position of the quinolone moiety contributed to the 
enhancement of the antiviral activity [16]. Many quino-
lones with different substituents were investigated as 
antiviral agents against human immunodeficiency virus 
(HIV)-1, which could be used in Acquired Immune 
Deficiency Syndrome (AIDS) [16]. Substitution on po-
sition 7 was observed to inhibit retroviruses such as 
HIV-1 and HIV-2 transcription with no effect on the vi-
ability and proliferation of the host cell [17]. Hagihara 
et al. demonstrated that substitution on piperazine ring 

seems necessary for anti-HIV-1 activity, where differ-
ent substitution exerted variable selectivity towards 
HIV-1 [18]. Also, sulphamidomethyl substitution on a 
piperazine ring yielded an active derivative against in-
fluenza H1N1, H3N2 and H5N1 viruses [19]. FQs sub-
stituted with (2-hydroxyethoxy) methyl fragment at 
N-1  showed activity against herpes virus with IC50 
2.3 μmol/L [20]. While tricyclic FQs were found to exert 
a high activity against hepatitis B virus where the IC50 
is 0.1 μmol/L [21].

Coronaviruses are a large family of viruses that 
infected the liver, digestive system, central nervous 
system and respiratory system, in both humans and 
animals [22]. SARS-CoV-2, a new strain that emerged 
at the end of 2019, caused a pandemic worldwide [23]. 
Remdesivir was approved by the FDA for COVID-19 
treatment; however, it is only administrated intrave-
nously to hospitalized patients over the age of 12 years 
[24]. These limitations desperately urge scientists 
worldwide to investigate potential therapies. The main 
protease (Mpro) of SARS-CoV-2 offers a frequent target 
for developing specific anti-SARS-CoV-2 agents due to 
its considerable role in the viral life cycle, gene replica-
tion and expression [25–27].

All previous data of the antiviral activity of FQs are 
prompted this study. Herein, we proposed the possi-
bility of ciprofloxacin activity against SARS-CoV-2. 
Also, since structural alteration at the C-7 position 
has enhanced the antiviral activity of FQs against 
various viral diseases, we hypothesized that struc-
ture modification and incorporation of an extension at 
C-7 position of the parent drug, ciprofloxacin, could 
heighten its effectiveness towards the viral infection, 
SARS-CoV-2. Therefore, the present study aims to 
investigate the antiviral activity of 7-(4-(N-substituted 
carbamoyl methyl) piperazin-1 yl)- chalcone (the chal-
cone) against SARS-CoV-2 Mpro in vitro, in compari-
son with the parent drug ciprofloxacin, supported by a 
molecular docking study.

2  |   MATERIALS AND METHODS

2.1  |  Chemistry

Ciprofloxacin-chalcone was prepared from a reac-
tion between the appropriate amine and bromoacetyl 
bromide using potassium carbonate as a base in di-
chloromethane followed by alkylation of ciprofloxacin 
(#17850, Sigma-Aldrich, Inc, St Louis, MO, USA) with 
2-bromoacetamide derivatives in acetonitrile in the 
presence of triethylamine (TEA) [28, 29]. The structure 
of ciprofloxacin and the chalcone is shown in Figure 1, 
where the incorporated substitution to C-7 position is 
highlighted. This chalcone was identified by 1HNMR, 
13C-NMR and mass spectrometry as previously re-
ported [29, 30].
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2.2  |  Cell culture, viral infection and 
drug treatment

Vero cells were obtained from American type cul-
ture collection (#CCL-81, ATCC, Manassas, VA, 
USA). Fresh Dulbecco's Modified Eagle's Medium 
(#D5030, DMEM, Sigma-Aldrich, Inc) was used as 
a culture medium, augmented with 10% foetal bo-
vine serum (#FBS-12A, BioSolutions International, 
Melbourne, Australia), 1% penicillin-streptomycin mix-
ture (#15140148, Invitrogen, Grand Island, NY, USA) 
and 1% L-glutamine (#G7513, Sigma-Aldrich, Inc) in 
a humidified 5% CO2 atmosphere at 37°C. Cells were 
seeded into 24-well tissue culture plates for 24 h, fol-
lowed by transfection with SARS-CoV-2 (ATCC, nCoV-
WA1-2020) at Multiplicity of infection (MOI) of 0.01 for 
24 h. The inoculum was discarded and replaced with 
fresh media containing 1.6, 16, 160  nmol/L of cipro-
floxacin and the new chalcone, while Remdesivir 
(#GS5734, Sigma-Aldrich, Inc) was used as positive 
control [31] followed by incubation for 48 h. The experi-
ment was done in triplicate.

2.3  |  Viral RNA isolation and real-time 
qPCR assay

Viral RNA was extracted from cell pellet using QIAamp 
Viral RNA Mini Handbook (#52904, Qiagen, Hilden, 
Germany)  according to manufacturer's instruction, 
then the viral load of SARS-CoV-2 was detected using 
abTES™ COVID-19 qPCR I Kit (#300142, AITbiotech, 
Singapore) according to manufacturer's instruction. 
This kit enables simultaneous detection of two SARS-
CoV-2-specific signature regions from its non-structure 
polypeptide (orf1a) in a single reaction. It also includes 
detection of human housekeeping gene, GAPDH, as 
an Internal Control (IC) to identify possible PCR in-
hibitions from sample processing. Real-time qPCR 

assays were performed on an Applied Biosystems ABI 
7500 Fast real-time PCR system (Applied Biosystems, 
Foster City, CA, USA) using cycling conditions with 
an initial reverse transcription at 59°C for 10 min for 1 
cycle, then 95°C for 2 min for 1 cycle, followed by 95°C 
for 10 s, 57.5°C for 30 s for 45 cycles. Fluorescence 
was measured using FAM and Texas Red for NS1 and 
NS2, respectively, while using (HEX/VIC) for the inter-
nal control, GAPDH. Viral RNA concentration equiva-
lent per mL of SARS-CoV-2 was determined using 
RT-PCR [32].

2.4  |  Plaque assay

Vero cells were seeded (106 cells /well) into 6-well plate 
and left overnight at 37°C with 5% CO2. SARS-CoV-2 
was diluted with complete DMEM and added to each 
well (200 μL/well), the plate was incubated for 1 h at 
37°C with 5% CO2. Different concentrations of cip-
rofloxacin and the chalcone 1.6, 16, 160  nmol/L was 
added to the sample wells. Remdesivir was used as 
positive control. The overlay media was prepared (1 mL 
PBS, 31.5 2× MEM (#M5650, minimum essential me-
dium, Sigma-Aldrich), 17.5 mL Oxid agar (#LP0011B, 
ThermoFischer Scientific)) and added to each well 
(2 mL/well), then incubated at 37°C for 72 h. The plate 
was then fixed with 5% formaldehyde (1.5 mL/well) and 
left overnight to ensure virus inactivation. The plate was 
stained with crystal violet for 1 h. Number of plaques 
was determined using ImageJ software, virus titre 
(PFU/ml) was determined. The experiment was done 
in triplicate.

2.5  |  In vitro 3CL-protease 
inhibition assay

To understand the mechanism of action of the 
chalcone on the inhibition of viral replication of 
SARS-CoV-2, 3CL- Protease inhibition (Mpro) was ex-
amined using 3CL- Protease (SARS-CoV-2) Assay Kit 
(#78042, Bioscience, San Diego, CA, USA) accord-
ing to manufacturer's instructions [33], 3CL inhibitor 
#GC376 was used as positive inhibitor. 0.5 M of dithi-
othreitol (DTT) was resuspended with 3CL-Protease 
assay buffer to a final concentration of 1 mmol/L. The 
3CL-Protease was diluted with 1mM DTT at 3–5 ng/
μL. 30  μL diluted 3CL-Protease enzyme solution 
was added to all wells, followed by10 µL GC376 was 
added to the positive control wells, 10 μL no inhibi-
tor buffer was added to the negative control wells, 
and the new chalcone was used at different concen-
trations (0.016, 0.16, 1.6, 16) μmol/L to the sample 
wells. The experiment was done in triplicate. Plate 
was sealed and incubated overnight. Fluorescence 
intensity was measured at 450  nm in a microtiter 

F I G U R E  1   Chemical structure of (a) ciprofloxacin and (b) 
7-(4-(N-substituted carbamoyl methyl) piperazin-1 yl) chalcone of 
ciprofloxacin, where the incorporated substitution to C-7 position is 
highlighted
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plate-reading fluorimeter (ROBONIK P2000 ELISA 
READER, India).

2.6  |  Cell viability assay

Cell viability assay was achieved using MTT reagent 
[3-(4, 5-dimethyl thiazol-2yl)-2, 5-diphenyltetrazolium 
bromide] (#11465007001, Sigma-Aldrich). Vero cells 
(10 000 cells/well) were seeded in 96-well plates and 
allowed to grow in fresh DMEM medium for 24 h. Then, 
medium was changed with fresh DMEM containing dif-
ferent concentrations (0.016, 0.16, 1.6, 16, 160 μmol/L) 
of ciprofloxacin and the chalcone. After incubation for 
24, 10 μL of MTT (5 μg/mL) was added per well and 
incubated in the dark for 3 h at 37°C. To dissolve the 
Formazan crystals that were formed, 100 μl of DMSO 
were used and absorbance was measured using an 
ELISA reader at 450 nmol/L [34].

2.7  |  Molecular docking

Molecular modelling and visualization processes 
were performed on COVID-19  Mpro using Molecular 
Operating Environment (MOE) 2019.0102. The co-
crystal structure was retrieved from the RCSB Protein 
Data Bank (PDB ID: 6LU7). Ciprofloxacin and its chal-
cone were prepared with the standard protocol in MOE 
2019 and the energy of the docked compounds was 
minimized with gradient RMS of 0.0001 kcal/mol. [35] 
Then, protein structure was prepared by using the MOE 
QuickPrep protocol. The native ligand N3 was re-docked 
into the active site using the same set of parameters 
as described above to validate the present docking 
study at the active site. The root mean square devia-
tion (RMSD) of the best-docked pose was 0.9010  Å 
and the energy score was −9.3 Kcal/mol, thus validat-
ing the docking study with MOE software (RMSD is the 
measure of the average distance of the docked confor-
mation compared to the reference conformation). The 
two compounds were docked in the active site using the 
method of Alpha triangle placement with Amber10: EHT 
forcefield. Refinement was performed with Forcefield 
and scored using the Affinity dG scoring system.

2.8  |  Statistical analysis

Results were obtained from at least three independent 
experiments. Data were expressed as mean ± standard 
deviation. Differences were normalized and analysed 
by Student's t test after one-way analysis of variance 
(ANOVA), with the use of GraphPad Prism 9 statistical 
software (GraphPad Software, San Diego, CA, USA). 
Differences were considered significant when the prob-
ability values (P) were less than 0.05.

3  |   RESULTS

3.1  |  The chalcone suppressed SARS-
CoV-2 viral load in Vero cells

Ciprofloxacin and the new chalcone were investigated 
for their efficacy in inhibiting viral replication of SARS-
CoV-2 in Vero cells. The infected cells were treated 
with both compounds for 48  hours at different con-
centrations, while Remdesivir was used as a positive 
control. As shown in Figure 2, both compounds sup-
pressed viral load in a dose-dependent manner. At the 
concentration of 160 nmol/L, SARS-CoV-2 viral load in 
cells treated with ciprofloxacin and the chalcone was 
reduced (P < 0.001) to 398 782 ± 32 059  IU/mL and 
133 172 ± 12 873 IU/mL, respectively, where the viral 
titre was 1 948 834 IU/mL in infected untreated cells. 
The percentage of inhibition of ciprofloxacin and the 
chalcone against viral SARS-CoV-2 was 79.5 ± 3.81% 
and 93.1 ± 2.92%, respectively, while it was 100% for 
Remdesivir at the same concentration. The EC50 of 
ciprofloxacin, the chalcone and Remdesivir was calcu-
lated using GraphPad Prism 9 software as presented 
in Table 1.

3.2  |  Plaque assay

To better examine the infectivity of the virus after 
treatment with ciprofloxacin and the chalcone, plaque 
assay was established. As shown in Figure  3, the 
plaque formation ability of SARS-CoV-2 was reduced 
in a concentration-dependent manner. When com-
pared to infected untreated cells, it was significantly 
reduced (P < 0.001) after treatment with ciprofloxacin 
and the chalcone at the concentration of 160 nmol/L 
to 1 388 000 ± 140 171 PFU/mL and 452 000 ± 43 714 
PFU/mL, respectively, where it was 3  811  000 PFU/
mL in infected untreated Vero cells. The percentage 

F I G U R E  2   Antiviral activity of different concentrations 
of ciprofloxacin and the chalcone against SARS-CoV-2 viral 
replication in Vero cells after 48 treatment. Data represents 
mean ± SD. Remdesivir was used as positive control
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of plaque formation inhibition of ciprofloxacin and the 
chalcone was 63.5  ±  3.1% and 88.1  ±  4.4%, respec-
tively. Remdesivir was used as positive control.

3.3  |  Inhibition of viral 3CL-
protease activity

For better understanding of the biochemical basis 
underlying the activity of ciprofloxacin and the chal-
cone against SARS-CoV-2, we investigated their 
activity against the virus Mpro. As shown in Figure 4, 
ciprofloxacin and the chalcone inhibited (P  <  0.001) 
SARS-CoV-2 Mpro by 62.65% ± 2.51 and 81.6% ± 4.50, 
respectively, at the concentration of 1.6 μmol/L, where 
100% represents complete inhibition of the virus Mpro. 
Remdesivir was used as a positive control. The Mpro 
IC50 (inhibition concentration 50 value against SARS-
CoV-2 main protease enzyme) of ciprofloxacin, the chal-
cone and Remdesivir was calculated using GraphPad 
Prism 9 software as presented in Table 2.

3.4  |  Cell viability assay

To examine the safety of the chalcone on Vero cells, 
cell viability assay was performed. After 24 h treatment 
with wide range of different concentrations of cipro-
floxacin and the chalcone against Vero cells, there was 
no change in cell viability at the concentrations of 16, 
160, 1600 nmol/L, as shown in Figure 5. Only the chal-
cone exerted non-significant reduction in cell viability to 
93.3% ± 4.16 at the concentration of 16 μmol/L. While 
at the concentration of 160 μmol/L, cytotoxic activity of 
ciprofloxacin and the chalcone was observed where 
cell viability was significantly reduced (P  <  0.001) 
after treatment with ciprofloxacin and the chalcone to 
81.6% ± 4.72 and 63% ± 3.6, respectively.

3.5  |  Docking study

Ciprofloxacin and the chalcone were docked into 
SARS-CoV-2  Mpro active site (PDB code: 6LU7) to 
gain insight into their potential binding mode [36]. To 
evaluate the docking performance, the native ligand N3 
was self-docked into the Mpro active site showing an 
acceptable RMSD value of 0.9010 Å (Figure S1). [37] 

The native ligand N3 is a peptidomimetic inhibitor that 
interacts irreversibly within the Mpro active site, result-
ing in blockage of the active site [38]. The chalcone 
showed more interactions to occupy the Mpro active 
site and possessed a comparable interaction energy 
compared to the native ligand N3 (−8.9 and −9.3 Kcal/
mol, respectively), as shown in Table 3 & Figure 6. Our 
chalcone possessed several important interactions in-
side the active site; the carbonyl oxygen in the amide 
linker formed two hydrogen bonds with Gly143 and the 
key amino acid Cys145 with bond distance of 3.64 and 
3.58  Å, respectively (Figure  7). The piperazine ring 
showed a H…pi interaction with His41 amino acid (bond 
length = 3.85 Å). The carbonyl oxygen presents in the 
quinoline moiety formed a hydrogen bond with Thr190 
amino acids. Also, the quinoline ring showed H…pi in-
teractions with Met165 and Gln189 amino acids. It is 
worth noticing that this new chalcone was able to make 
the same interactions as that of the native ligand N3 
(Table 3).

The docking pose of ciprofloxacin revealed the for-
mation of several hydrogen bonds with Cys145, Met49, 
Met165 and Glu166 amino acids (Figure 8).

3.6  |  Drug-likeness properties

Lipinski rule parameters and drug-likeness properties 
were calculated by the Swiss ADME predictor (http://
www.swiss​adme.ch/) and PreADMET server (https://
pread​met.bmdrc.kr/adme). [39–42] The entry of the 
structures of the ciprofloxacin and its chalcone was 
through their smiles. These properties comprise mo-
lecular weight (MW), number of hydrogen-bond accep-
tors (HBA) and donors (HBD), rotatable bonds (nrotb), 
lipophilicity (ilogP) and topological polar surface area 
(TPSA). Besides, the blood-brain barrier (BBB) perme-
ability, cytochrome-P2D6 inhibitor (CYP2D6), human 
intestinal absorption and aqueous solubility were in-
vestigated. Prediction of the abovementioned ADMET 
properties assists in predicting the transport properties 
of the molecules within the membranes such as BBB 
and gastrointestinal tract. As shown in Table  4, both 
ciprofloxacin and its chalcone were marked by having 
H-bond acceptor and donor atoms less than 10 and 
5, respectively. The chalcone displayed 10 rotatable 
bonds, which might lead to an advanced adaptation in 
the Mpro active site. Also, both compounds possessed 
convenient TPSA (less than 140 Å2), along with sub-
stantial bioavailability scores (F > zero) that collectively 
propose a higher possibility of biological activities. The 
log P values of both compounds are less than 5. It is 
worth mentioning that the chalcone derivative showed 
only one violation through the increased molecular 
weight (>500). However, it still obeys the Lipinski rule. 
The distribution properties of ciprofloxacin and its chal-
cone revealed that they have no ability to cross BBB 

TA B L E  1   EC50 values for ciprofloxacin, the chalcone and 
Remdesivir against SARS-CoV-2 viral replication in Vero cells

Virus Drug EC50

SARS-CoV-2 Ciprofloxacin 50.07 nmol/L

The chalcone 3.93 nmol/L*

Remdesivir 1.55 nmol/L*

*P < 0.001, when compared to ciprofloxacin.
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and showed high intestinal absorption (96% and 97%, 
respectively). Favourably, none of the two compounds 
are classified as Pan-Assay Interference Compounds 
(PAINS). Simply put, both ciprofloxacin and its chal-
cone are predicted to interact with specific biological 
sites instead of binding to random targets, and hence, 
likely to have fewer off-target effects.

4  |   DISCUSSION

Repurposing drugs and screening agents for alternative 
activities [43–47] and new therapeutic goals [48–52] 
have become an attractive approach. FQs are known to 
target and inhibit the replication of RNA viruses; how-
ever, the fundamental basis of their antiviral activity is 
not fully understood. A mechanism was proposed that 

F I G U R E  3   Plaque formation ability of SARS-CoV-2 after treatment with ciprofloxacin and the chalcone. Remdesivir was used as 
positive control. (a) Representative photos of plaque formation after treatment with different concentrations of ciprofloxacin and the 
chalcone. (b) The plaque formation ability (PFU/ml) of SARS-CoV-2 after treatment with different concentrations of ciprofloxacin and 
the chalcone. (c) Percentage of inhibition of SARS-CoV-2 plaque formation after ciprofloxacin and the chalcone treatment at different 
concentrations. Data represents mean ± SD. Significant difference was analysed by one-way ANOVA test and student t-test. **P < 0.01, 
***P < 0.001, compared to infected untreated cells
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FQs could interfere and inhibit viral helicase enzymes 
[53]. FQs, including ciprofloxacin, are approved by the 
FDA as an antibacterial agent and their antiviral activ-
ity against SARS-CoV-2 has been previously reported. 
Marciniec et al., proposed that ciprofloxacin and moxi-
floxacin could interact with SARS-CoV-2 main protease 
through in silico analysis, they revealed that ciprofloxa-
cin binds to Mpro with many hydrogen bonding and hy-
drophobic interactions [54]. Their findings suggested 
the potential activity of ciprofloxacin and moxifloxacin 
against SARS-CoV-2  main protease. Another in sil-
ico study by Kumar identified the hypothetical activity 
of enoxacin against SARS-CoV-2 [55]. Touret et al., 
evaluated the inhibitory activity of many FDA approved 
drugs against SARS-CoV-2 in vitro, their findings iden-
tified acceptable inhibitory activity of some FQs such 
as enoxacin and levofloxacin [56]. Bradfute et al. in-
vestigated ambroxol and ciprofloxacin against SARS-
CoV-2 in Vero cells, their findings revealed antiviral 
inhibitory activity of ambroxol and ciprofloxacin against 
SARS-CoV-2 at clinically relevant concentrations. They 
proposed that the activity of ciprofloxacin was resulted 
from its interaction with the virus RNA and certain viral 
proteins such as helicase [57]. These investigations are 
in accordance with our results, where the parent drug, 
ciprofloxacin, exerted an acceptable antiviral activity 
towards SARS-CoV-2 viral replication. Our findings re-
vealed that ciprofloxacin inhibited SARS-CoV-2 RNA 
replication and the plaque formation ability.

However, Scroggs et al., evaluated four FQ members 
such as enoxacin, ciprofloxacin, levofloxacin and moxi-
floxacin in Vero cells and A549 cells overexpressing 
ACE2, their findings indicated that all four FQs inhibited 
the replication of SARS-CoV-2 at high micromolar con-
centration. They concluded that the moderate antiviral 
activity of FQs was not convincing to warrant the in vivo 
studies [58]. Ciprofloxacin showed promising scaffold 
[59]. As mentioned, there are numerous available stud-
ies about structure modification of FQs to enhance 
their antiviral activity. Herein we examined a chalcone 
derived from ciprofloxacin, which exerted an enhanced 
activity against SARS-CoV-2.

F I G U R E  4   The inhibitory activity of ciprofloxacin and the 
chalcone against SARS-CoV-2 Mpro enzyme activity. Data 
represent mean ± SD. Remdesivir was used as positive control
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TA B L E  2   Inhibition concentration 50 values for ciprofloxacin, 
the chalcone and Remdesivir against SARS-CoV-2 main protease 
enzyme (Mpro IC50)

Virus Drug Mpro IC50

SARS-CoV−2 Ciprofloxacin 5.13 ± 0.19 μmol/L

The chalcone 0.6 ± 0.05 μmol/L*

Remdesivir 1.01 ± 0.97 μmol/L*

*P < 0.001, when compared to ciprofloxacin.

F I G U R E  5   Survival of Vero cells after 24-h treatment with 
different concentrations of ciprofloxacin and the chalcone. Data 
represent mean ± SD. Significant difference was analysed by one-
way ANOVA test, compared to untreated cells
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TA B L E  3   Energy scores (kcal/mol) and receptor interactions for ciprofloxacin and its potent chalcone, compared to the native ligand 
N3, within the COVID-19 Mpro binding site

Compound Energy score (S) (kcal/mol) Interacting residues

Ciprofloxacin −7.0 Cys145, Met49, Met165, Glu166

Chalcone −8.9 Cys145, His41, Gln189, Met49, Met165, 
Asn142, Thr190, Gly143

N3 −9.3 Cys145, His163, Gln189, Met49, Glu166, 
Gly143, Thr25, Thr190, Leu141
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The results of the present study, for the first 
time, showed significant inhibition of the new 
7-(4-(N-substituted carbamoyl methyl) piperazin-1 yl)- 
chalcone against the RNA replication of SARS-CoV-2 
at the concentration of 160 nmol/L by 93.1%, where the 
EC50 was 3.93 nmol/L. This was further confirmed by 
the plaque assay, where the chalcone inhibited plaque 
formation ability of the virus by 88.1%. Interestingly, the 
ease of synthesizing this chalcone, which exhibited a 
significantly high percentage of inhibition in viral load 
replication than the parent drug, could help with the re-
cent pandemic COVID-19. Although ciprofloxacin has 
a safety profile, it has been known to be toxic at high 
molar concentrations, we examined the toxic activity of 
ciprofloxacin and the chalcone against Vero cell at wide 

range of different concentrations to eliminate any other 
possible factor affecting SARS-CoV-2 viral load. Our 
findings revealed that the tested concentrations of ci-
profloxacin and the chalcone against SARS-CoV-2 did 
not affect cell viability, which confirm that the inhibition 
in viral load and plaque forming unit occurred solely by 
the effect of ciprofloxacin and the chalcone, and cell 
cytotoxicity started to occur at the concentration of 
160 μmol/L.

To get more insights about the mechanism of ac-
tion on the inhibition of SARS-CoV-2 replication, the in 
vitro binding capacity towards SARS-CoV-2 Mpro 3CL 
was investigated, using a wide range of concentrations 
(0.016, 0.16, 1.6, 16) μmol/L of ciprofloxacin and the 
new chalcone, supported by a molecular docking study.

F I G U R E  6   3D representation of the new ciprofloxacin-derivative occupying COVID-19 Mpro active site, PDB code: 6LU7

F I G U R E  7   Binding mode in 3D representation of the new ciprofloxacin-derivative inside the Mpro active site, PDB code: 6LU7
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SARS-CoV-2 Mpro, also known as 3-chymotrypsin-like 
protease—3CLpro, is considered a potential target for 
viral replication inhibition. The polyprotein was cleaved 
by the 3CLpro at 11 different sites to obtain many non-
structural proteins, which are critical for the replication 
of the virus [60]. Our results showed, for the first time, 
that the chalcone exhibited an efficient inhibitory effect 
against SARS-CoV-2 Mpro (3CL pro) in vitro and in sil-
ico, which can be explained by the marked ability of the 
new chalcone to occupy the active site of the virus Mpro, 
thus, blocking the enzyme activity to a greater extent. 
Moreover, the docking pose of new chalcone revealed 
its ability to form several crucial interactions. The addi-
tion of an extension to ciprofloxacin (acetamido chal-
cone moiety) allowed the chalcone to make additional 
binding interfaces within the active site. Moreover, this 
extension enabled it to be oriented roughly the same 
as the native ligand with favourable interaction energy. 
These promising interactions would warrant for the po-
tent activity of this new chalcone. It is worth noticing 
that our new chalcone was able to make most of the 
interactions as the native ligand N3.

While, the parent drug, ciprofloxacin revealed the for-
mation of several essential hydrogen bonds. However, 

it did not interact with the key amino acid His41 and 
was not able to occupy the whole Mpro active site that 
might explain the decreased activity of ciprofloxacin 
compared to its chalcone.

Providentially, the obtained calculations by the Swiss 
ADME predictor indicated that the new ciprofloxacin-
chalcone obeyed the Lipinski rule and met the es-
sential bioavailability requirements. Favourably, both 
ciprofloxacin and its chalcone were not listed as PAINS 
(compounds that interact non-specifically with various 
biological targets) [41].

5  |   CONCLUSION

For the first time, the present study investigated the 
in vitro antiviral activity of 7-(4-(N-substituted carba-
moyl methyl) piperazin-1 yl)- chalcone against SARS-
CoV-2 Mpro, supported by a molecular docking study. 
The new ciprofloxacin-chalcone exhibited significant 
inhibition in SARS-CoV-2 viral replication and virus 
Mpro enzyme in vitro and in silico in a dose-dependent 
manner. Docking analysis justified the potent inhibitory 
activity of the chalcone against SARS-CoV-2  Mpro, 

F I G U R E  8   Binding mode in 3D representation of ciprofloxacin (pink) inside the Mpro active site, PDB code: 6LU

TA B L E  4   Lipinski Parameters of ciprofloxacin and the chalcone

Compound
MW (g/
mol) HBA HBD Nrotb

TPSA 
(Å²) iLogP F BBB

CYP2D6 
inhibitor

HIA 
% Log S PAINS

Ciprofloxacin 331.34 5 2 3 74.57 2.24 0.55 No No 96 −1.32 No

The chalcone 594.63 7 2 10 111.95 2.70 0.55 No No 97 −4.53 No

BBB, blood-brain barrier permeability; CYP2D6 inhibitor hepatotoxicity, central nervous system toxicity; F, Abbott bioavailability scores; HBA, H-
bond acceptor; HBD, H-bond donor; HIA, human intestinal absorption; iLogP, n-octanol/water partition coefficient; Log S, aqueous solubility scale: 
Insoluble < - 10 < Poorly < - 6 < Moderately < - 4 < Soluble < - 2 < Very Soluble < 0 < Highly soluble; MW, Molecular weight; Nrotb, no. of rotatable bonds; 
PAINS, Pan-Assay Interference Compounds; TPSA, topological polar surface area.
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when compared to ciprofloxacin. Docking pose in-
dicated the importance of structural alteration and 
modification to enhance the antiviral activity. These 
bewildering findings may provide a novel perspective 
into the therapeutic properties of this new chalcone, 
suggesting a further investigation of ciprofloxacin-
containing chalcones to curb the COVID-19 crisis. 
Further research is required to improve understanding 
of the molecular mechanism that underlies the antivi-
ral activity of this chalcone against SARS-CoV-2.
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