
Abstract. Background/Aim: This study aimed to investigate
the effect of a new 7-(4-(N-substituted carbamoylmethyl)
piperazin-1-yl) ciprofloxacin-derivative on the proliferation
and migration abilities of HeLa cells. Materials and
Methods: Cell viability and morphological alterations were
examined. Changes in migration were detected using wound
healing and colony formation assays. Flow cytometry and
western blotting were used to investigate the molecular
mechanisms underlying this ciprofloxacin-derivative’s action
in HeLa cells. Results: The examined ciprofloxacin-
derivative reduced viability of HeLa cells in a concentration-
dependent manner and altered cellular morphology,
indicating cell death. Furthermore, it significantly inhibited
wound closure, even in a non-cytotoxic concentration, and
reduced HeLa cell colony formation. In addition, apoptosis
was increased probably through significant up-regulation of
Bax protein expression and the generation of active cleaved
caspase-3 protein. Conclusion: Our new derivative inhibits
proliferation and induces apoptosis of HeLa cells.
Furthermore, it suppressed the migration and colony
formation abilities of HeLa cells. Therefore, it represents an
attractive agent for drug development against cervical
cancer based on its anti-metastatic effect. 

Cancer is a leading cause of death worldwide (1, 2). A total
of 528,000 new cases of cervical carcinoma (CC) are
diagnosed every year making it the second most common
cancer in women (3, 4), and its prognosis is indigent when
diagnosis occurs at the metastatic stage, which involves
distant organs such as the brain, liver, lung and bone. Among
women, it is the fourth leading cause of death related to
cancer worldwide (5, 6). Due to the absence of an efficient
treatment for patients with metastasis, CC has a five-year
survival rate of 50% (7). Despite the great clinical surgical
treatment achievements, recurrent, and metastatic cervical
cancer remains one of the leading causes of deaths related to
cancer (8). Therefore, novel therapeutic agents targeting
metastases and migration of cancer cells are urgently needed.

Ciprofloxacin belongs to the category of 4-
fluoroquinolone antibiotics that are remarkably employed in
the treatment of many bacterial infections. It inhibits the
bacterial DNA gyrase enzyme, which shows antimicrobial
activity. However, this drug has additionally been shown to
affect mammalian topoisomerase II (9). Recently, several
studies have discussed in detail the role of fluoroquinolones,
either alone or in combination with anti-cancer drugs, in
inducing cell death in numerous cancer cell lines (10-12). It
has been documented that the substituent insertion on the N-
4-piperazinyl moiety of ciprofloxacin improved the
physicochemical properties of the parent quinolone and
produced major therapeutic changes (13-16).

According to these findings, our hypothesis was that the
substituent insertion on the N-4-piperazinyl moiety of
ciprofloxacin may potentially cause cancer cell death. Thus,
the goal of this study was to investigate the anticancer effect
of the new 7-(4-(N-substituted carbamoylmethyl) piperazin-
1 yl)-derivative of ciprofloxacin. Therefore, we investigated
the anti-proliferative effect of this new ciprofloxacin-
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derivative on HeLa cells, human cervical carcinoma cells,
and examined its ability to reduce their migration potential
and induce apoptosis.

Materials and Methods

Chemistry. The examined compounds, compound 1 and 2, were
prepared as reported previously through alkylation of ciprofloxacin
with acetylated chalcone derivatives in acetonitrile using
triethylamine as a base, as shown in Figure 1. They were identified
by 1H-NMR, 13C-NMR and mass spectrometry as previously
reported (15).

Cell culture. HeLa cells, obtained from the American Type Culture
Collection (ATCC, Manassas, VA, USA), were cultured in fresh
Dulbecco’s Modified Eagle’s Medium (DMEM, Sigma-Aldrich Co.,
St Louis, MO, USA) supplemented with 10% Fetal Bovine Serum
(FBS, Biosolutions International, Melbourne, Australia), 1% L-
glutamine (Sigma-Aldrich Co.), and 1% Penicillin-Streptomycin
mixture (Invitrogen, Grand Island, NY, USA) and incubated in a
humidified 5% CO2 atmosphere at 37˚C.

Cell viability assay and morphological assessment. Cell viability
assay was performed as previously described (17, 18) using the cell
counting kit-8 (Dojindo Co., Kumamoto, Japan). Briefly, 5×103
cells/100 μl/well were seeded in triplicate in 96-well plates and
allowed to proliferate for 24 h in fresh DMEM medium. Then the
medium was replaced with DMEM containing serially diluted test
compounds and cells were incubated for 72 h. The medium was
then replaced with DMEM containing 10% WST-8 solution. Cells
were incubated for 3 h and the absorbance was measured at 450 nm.
Cell viability was expressed as a percentage relative to that of
control untreated cells and the IC50 was calculated (i.e., the
compound concentration which kills 50% of the cells). Cell
morphology was examined after 72 h incubation with the examined
compound by capturing images using the EVOS FL cell imaging
system (20× objective) in phase-contrast mode.

Colony formation assay. Cells were seeded in triplicate in 12-well
plates (5×103 cells/well) and allowed to attach for 24 h in fresh
DMEM medium. Then the medium was changed to DMEM
containing the examined compound (at concentrations of 0, 2.5, 5,
or 10 μM), and cells were incubated for 24 h. Then cells were
washed with phosphate-buffered saline (PBS) twice and allowed to
grow in fresh DMEM medium without the examined compound for
12 days at 37˚C in humidified 5% CO2 atmosphere. Then, cells
were fixed in 4% formaldehyde, washed with PBS, and stained for
15 min with crystal violet. The colony area was estimated as
previously described (19).

Wound healing assay. Cells (1×106 cells) were seeded in triplicate
in 35 mm cell culture dishes in DMEM medium and incubated at
37˚C in a humidified 5% CO2 atmosphere for 24 h to attach. Then
a wound was created in the formed monolayers, using 200 μl tips.
Cells were washed with PBS, treated with a non-cytotoxic
concentration of the examined compound (2.5 μM) in DMEM, and
incubated for 96 h. Photos were captured every 10 min using the
CytoSMART live-cell imaging system (Lonza Walkersville, Inc.,
Walkersville, MD, USA) in the phase-contrast mode for 96 h. The

rate of the closure of the scratch at different time points was
calculated using ImageJ, and the data were analyzed using
GraphPad Prism 6 software.

Apoptosis determination using Annexin V-FITC/PI staining.
Apoptosis was detected by flow cytometry (FCM) using the
Apoptosis Detection Kit, according to the manufacturer’s
instructions (Immunotech, Marseille, France). Briefly, Cells (5×105
cells) were seeded in triplicate in 35 mm cell culture dishes in
DMEM medium and incubated for attachment at 37˚C in
humidified 5% CO2 atmosphere for 24 h. Then the medium was
changed to DMEM containing the examined compound (at
concentrations of 0, 2.5, 5, 10, or 20 μM), and cells were incubated
for 72 h before they were collected, washed with cold PBS and
suspended in the binding buffer. Staining, in the dark, with the
labeled Annexin V and PI was performed for 30 min at 4˚C. Cells
were analyzed using the FACS Calibur flow cytometer (Becton
Dickinson, Franklin Lakes, NJ, USA), counting at least 104 cells.
Dot plots were created, and the fraction of total apoptosis was
estimated as previously described (20, 21).

Western blot analysis. Cells (5×105 cells) were seeded in triplicate
in 35 mm cell culture dishes in DMEM medium and incubated for
attachment at 37˚C in humidified 5% CO2 atmosphere for 24 h.
Then the medium was changed to DMEM containing the examined
compound (at concentrations of 0, 2.5, 5, 10 or 20 μM) and cells
were further incubated for 24 or 48 h before they were collected for
protein extraction in RIPA lysis buffer, containing 1 M Tris–Cl;
0.05% SDS, 5 M NaCl, 1% sodium deoxycholate, 1 mM
phenylmethylsulfonyl fluoride, and 1% Nonidet P-40, supplemented
with the complete protease inhibitor cocktail (Roche, Mannheim,
Germany) for 30 min. The lysates, after sonication, were centrifuged
and the protein concentration in the supernatants was determined
using a Bio-Rad assay kit (Bio-Rad, Hercules, CA, USA). After
denaturation, the lysates were separated by electrophoresis in SDS-
polyacrylamide gel (Daiichi Pure Chemicals Co., Ltd., Tokyo,
Japan) and transferred to nitrocellulose membranes (Amersham
Biosciences, Bucks, UK) using the Bio-Rad Trans-Blot SD Cell
apparatus (Bio-Rad, Hercules, CA, USA). The membranes were
incubated for 1 h at room temperature in Blocking Solution before
incubation at room temperature with anti-Bax, anti-caspase-3, or
anti-β-actin antibodies (New England Biolabs, Ipswich, MA, USA).
After washing, membranes were incubated at room temperature for
1 h with the HRP-conjugated secondary antibody (New England
Biolabs). According to the manufacturer’s instructions,
immunoreactive proteins were detected using an enhanced
chemiluminescence kit (Amersham Biosciences) and a luminescent
image analyzer (LAS-4000, Fujifilm Co., Tokyo, Japan) (21, 22).
Bands corresponding to protein expression were analyzed
densitometrically, using the ImageJ program, relative to that of cells
cultured in DMEM containing the examined compound at a
concentration of 0 μM, after normalization to β-actin levels.

Statistical analysis. Results were obtained from at least three
independent experiments. Data were expressed as mean±standard
deviation. The statistical significance of the differences was
analyzed by post hoc Tukey’s test after one-way analysis of variance
(ANOVA) using GraphPad Prism 6 statistical software (GraphPad
Software Inc., San Diego, USA). Differences were considered
significant when the probability values (p) were less than 0.05.
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Results

The effect on viability and morphology of HeLa cells. The
effect of various concentrations of the examined compounds
on the survival of HeLa cells following incubation for 72 h
is shown in Figure 2A. Compound 1 showed a weak
inhibitory effect on the proliferation of HeLa cells displaying
an IC50 value greater than 100 μM. Compound 2 strongly
inhibited the proliferation of HeLa cells in a concentration-
dependent manner, displaying an IC50 value of 4.4 μM. So,
compound 2 was used for all subsequent experiments to
investigate its potential effect on HeLa cells.

As shown in Figure 2B, compared to the untreated cells,
HeLa cells treated with different concentrations of the
examined compound showed apparent abnormal alterations
of cell morphology in a concentration-dependent manner. 

The effect on colony formation ability. The effect of different
concentrations of the examined compound on the colony
formation ability of HeLa cells was investigated and the
results are shown in Figure 3. Notably, after the initial
treatment with 2.5, 5, and 10 μM of the examined compound
for 24 h, the cells were further incubated for 12 days in
culture and their colony formation ability was measured.
Compared to the untreated cells, the compound significantly
(p<0.0001) decreased colony formation in a concentration-
dependent manner. Furthermore, treatment with 10 μM
concentration significantly decreased the colony formation
ability when compared to the treatment with 2.5 μM
(p<0.01) or 5 μM (p<0.05).

The effect on HeLa cell migration. The ability of the examined
compound to inhibit cell migration was investigated using a
wound healing assay (Movie 1: https://www.researchgate.net/
publication/340620331_Movie_1_Supporting_Movie, a time-
lapse video showing the detailed events upon exposure of
HeLa cells to 2.5 μM of the examined compound which is
available as a video file in the HTML version of the paper).
Figure 4 demonstrates that the control cells showed migration
rate of 23%, 35%, 60%, and 96% at 24, 48, 72 and 96 h,
respectively. However, treatment with the non-cytotoxic
concentration 2.5 μM of the examined compound significantly
inhibited migration to 5%, 19%, 28%, and 32% at 24, 48, 72
and 96 h, respectively. 

The effect on cell apoptosis. Cell apoptosis was determined
using FCM with Annexin V-FITC and PI staining. The
treatment of HeLa cells with different concentrations of the
examined compound induced apoptosis in a concentration-
dependent manner, as shown in Figure 5. Compared to the
untreated cells, the percentage of apoptosis was significantly
(p<0.0001) increased to 22.51±1.5%, 32.73±1.4%, 43.53±2.9%
or 48.4±2.08% when the cells were treated, for 72 h, with 2.5,
5, 10 or 20 μM of the examined compound, respectively.

The effect on the expression of apoptosis-associated proteins.
Western blotting was performed to investigate the effect of
the examined compound on the expression of the apoptosis-
related proteins Bax and caspase-3 in HeLa cells. Figure 6
shows that the expression of Bax protein, after normalization
to β-actin and compared to untreated cells, was significantly
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Figure 1. Synthesis of the examined compounds (Compounds 1 and 2).



increased in a concentration-dependent manner after
treatment with the examined compound for 48 h (p<0.01 for
2.5, 5 and 10 μM and p<0.001 for 20 μM). There was a non-
significant increase when the cells were treated for 24 h.

Furthermore, the expression of cleaved caspase-3 protein,
which is a pro-apoptotic protein, was significantly
(p<0.0001) increased in a concentration-dependent manner
when the cells were treated for 48 h with 2.5, 5, 10 and 20
μM of the examined compound. There was also a significant
(p<0.05) increase in its expression when the cells were
treated for 24 h with 20 μM of the examined compound.

Discussion

In general, up to 90% of cancer-associated mortality is
attributed to metastasis of highly invasive cancer cells from
the primary site of cancer to distant tissues. Metastasis is a

multistep phenomenon in which metastatic cancer cells
separate away from the primary cancer tissue and move to
another organ where they form secondary tumours (23, 24).
In patients with malignant tumours, cancer metastasis, which
is a malignancy hallmark, is the leading cause of mortality.
Regarding cervical cancer, when patients are diagnosed at
late stages with local invasion or metastasis, prognosis
tumbles dramatically. Therefore, metastasis is the main
reason of cervical cancer-related mortality (25, 26).
Therefore, discovering new candidates affecting metastasis
of cervical cancer is essential for improving effective
treatment and increasing the survival rate.

Developing new anticancer drugs, which affect migration
and reduce metastases, remains a challenging and a critical
goal and thus the development of novel anticancer agents is
very important (27). Fluoroquinolones are broad-spectrum
synthetic antibiotics that are widely used as therapeutic

ANTICANCER RESEARCH 40: 5025-5033 (2020)

5028

Figure 2. Survival and morphological alterations of HeLa cells. (A) Survival of HeLa cells after treatment with different concentrations of the examined
compounds for 72 h. Survival is expressed as a percentage relative to that of the untreated cells. Data represent mean±SD. (B) Morphological changes
of HeLa cells after treatment with different concentrations of the examined compound (2) for 72 h (Scale bars represent 200 μm). 



Fathy et al: Inhibition of HeLa Cells’ Migration Ability

5029

Figure 3. The effect of the examined compound on colony formation ability of HeLa cells. (A) Colonies formed by HeLa cells after treatment with
different concentrations of the examined compound. (B) Graph showing the area occupied by colonies formed by HeLa cells. Bars represent
mean±SD. ***p<0.0001; **p<0.01; *p<0.05.

Figure 4. The effect of the examined compound on the migration ability of HeLa cells. (A) Representative photos were taken at 0, 24, 48, 72 and 96
h for untreated cells (control) and cells treated with 2.5 μM of the examined compound after making the scratch area. (B) Quantification of the
wound healing by measuring the open scratch area every 10 min for 96 h.



agents for various infections. Certain members of these
antibiotics exhibit antitumor activity in vitro in several
different cancer cell lines and also in vivo (11, 28), making
them unique among other classes of antibiotics. This
antitumor activity might be linked to the inhibition of the
eukaryotic analog of DNA gyrase, topoisomerase IIα activity
(29, 30). 

This study investigated the effect of our new ciprofloxacin
derivative (Compound 2) on the viability and cell
morphology of HeLa cells. Treatment with the examined
compound led to a concentration-dependent decrease in cell
viability and significantly altered cellular morphology,
indicating cell death.

Cervical cancer cells are characterized by high metastatic
ability. During metastasis, metastatic cancer cells migrate into
distant sites, invade healthy tissues and form tumor colonies.
As a result, compounds inhibiting cancer cell migration could
provide therapeutic benefits against cancer metastasis. To
assess the efficacy of our compound against HeLa cell
migration, a wound-healing assay was performed. The
exposure of HeLa cells even to a non-cytotoxic concentration
of our compound significantly inhibited migration.

During cancer invasion and metastasis, micrometastases,
which are small colonies of cancer cells formed after
adaptation of the invading cancer cells into the foreign tissue
microenvironment, grow into large tumors. This process is
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Figure 5. The effect of the examined compound on HeLa cells apoptosis by flow cytometry analysis. (A) Representative dot plots for HeLa cells
treated with different concentrations of the examined compound for 72 h after Annexin V-FITC / PI staining. (B) Graph showing the percentage of
apoptosis occurred in HeLa cells after treatment with different concentrations of the examined compound. Bars represent mean±SD. ***p<0.0001;
**p<0.001; *p<0.01.



known as "colonization" (31). In the present study, the effect
of this new ciprofloxacin-derivative (Compound 2) against
HeLa cell colony formation was thus further investigated.
More specifically, treatment with our compound significantly
and drastically reduced the colony formation ability of HeLa
cells in a concentration-dependent manner. These results
suggest that our new compound has anti-metastatic potential.

To understand the mechanism of the effects of this
compound on proliferation, migration and colony formation
abilities of HeLa cells, FCM and western blot analysis were
performed. One of the most common pathways of
programmed cell death is apoptosis which is one of the main
anticancer therapy mechanisms (32). Accordingly, the ability
of the examined compound to induce apoptosis was
investigated by FCM following Annexin V/PI staining. Our
results demonstrated that the percentage of apoptosis was
increased in a concentration-dependent manner after
treatment of HeLa cells with the examined compound.

Therefore, it may have reduced the viability, migration and
colony formation ability of HeLa cells through the induction
of apoptosis. To affirm this conclusion, western blot analysis
was carried out. Mechanistically, one of the noteworthy
features of apoptosis is Bax up-regulation and cleavage of
caspase-3 into active cleaved caspase-3, which are well-
known pro-apoptotic proteins. The results of this study
indicated that the treatment of HeLa cells with the examined
compound significantly up-regulated the expression of Bax
protein and the levels of active cleaved caspase-3 protein in
a concentration-dependent manner. These results indicated
that this derivative induces apoptosis of HeLa cells. Similar
results were obtained in different cancer cell lines including
MDA-MB-231 breast cancer, colorectal carcinoma, and
prostate cancer cells (29, 33, 34).

It has been reported that fluoroquinolones inhibit bacterial
type II topoisomerase (DNA gyrase); however, there is also
evidence to suggest that they may affect the viability of cells,
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Figure 6. Effect of the examined compound on the expression of apoptosis-related proteins. (A) Representative western blots of Bax and caspase-3
protein levels in HeLa cells treated with different concentrations of the examined compound for 24 and 48 h. β-actin was used as an internal control.
(B) Expression of Bax and cleaved caspase-3 proteins in HeLa cells after treatment with different concentrations of the examined compound for 24
and 48 h relative to untreated cells after normalization to the corresponding β-actin protein expression. Bars represent mean±SD. ****p<0.0001;
***p<0.001; **p<0.01; *p<0.05 when compared to the untreated cells.



including cancer cells (35). The antitumor activity of
topoisomerase inhibitors may potentially occur via the
inhibition of mitochondrial DNA synthesis, which subsequently
induces mitochondrial injury, disorders in the respiratory chain,
and depletion of ATP stores. Energy depletion favors apoptosis,
as it may cause cell cycle arrest in the G2/M and/or S-phases
(11, 18, 36). Furthermore, it has been shown that induction of
apoptosis in pancreatic cancer cells is involved in the anti-
proliferative effect of moxifloxacin and ciprofloxacin (11).

The present study is the first to indicate that this newly
synthesized ciprofloxacin-derivative (Compound 2)
decreased HeLa cell viability, migration and colony
formation in a concentration-dependent manner. Therefore,
this compound has a pronounced anti-metastatic activity.
Mechanistically, it strongly induced apoptosis through the
up-regulation of Bax and cleaved caspase-3 protein
expression. Together, these results provide convincing
experimental evidence and a novel perspective on the
therapeutic properties of this new ciprofloxacin-derivative to
treat cervical cancer. Still, further studies using animal
models are required for estimating the in vivo application and
further understanding the molecular mechanism that
underlies the effects of this new derivative.
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