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Introduction

Being one of the most urging health problems 
worldwide, Cancer is still one of the most difficult medical 
challenges (Abd El-Baky et al., 2020; Avendan and 
Menéndez, 2008). Early cancer detection and developing 
new anticancer drugs remains a critical and challenging 
goal in medicinal chemistry and thus creating novel 
effective anticancer drugs is a vital cancer treatment 
strategy (Abdel-Hamid et al., 2013; Abdellatef et al., 
2021). 

Quinolones are known for their antibacterial and 
antitumor activities through adjusting the normal functions 
of bacterial gyrase, and are found to be a topoisomerase II 
inhibitor in human cells (Paul et al., 2007). Ciprofloxacin, 
a commonly used broad spectrum fluoroquinolone 
antibiotic, has shown anticancer action in several cancer 
cell lines (El-Rayes et al., 2002; Herold et al., 2002a). 
It was shown to induce cell cycle arrest, break DNA 
double-strands, and trigger apoptosis of cancer cells 
(Smart et al., 2008). 

There are many causes indicating that ciprofloxacin 
might be used as an adjuvant therapy in some cancers 
(Kloskowski et al., 2011). Aranha et al. noticed that 
ciprofloxacin can inhibit growth of human hepatocellular 
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carcinoma cell line HepG2 at high doses (Aranha et al., 
2000). For getting ciprofloxacin anticancer action, it has to 
be administered at a much higher concentration than those 
used for the treatment of bacterial diseases (Smart et al., 
2008). At high concentrations (usually 200-300 μg/ml), 
ciprofloxacin can cause apoptosis of bladder carcinoma 
cells and may lead to the arrest of the cell cycle at the S/
G2 stage (Aranha et al., 2000). 

Major attention has recently been given to the 
change from antibacterial fluoroquinolones (ABFQs) 
to antitumor fluoroquinolones (ATFQs), based on their 
mechanistic similarity and sequence homologies of their 
target topoisomerase (Mugnaini et al., 2009). Structural 
modification of clinical ABFQS, especially in the 
heterocyclic ring, such as piperazine at the 7 position 
of the quinolone scaffold, has resulted in many ATFQs 
(Chang et al., 2009). Several studies have suggested that 
the introduction of a substitution for N-4-piperazinyl 
moiety of quinolones has altered the physiochemical 
properties of quinolones, which may influence the 
cytotoxicity of these compounds and the selectivity of 
these derivatives to topoisomerase I and II (Yogeeswari 
et al., 2005). Structure- activity relationship studies 
revealed that substituting carboxylic acid group with 
hydroxamic acid, inhibit cell proliferation of lung and 
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colon cancer (Alaaeldin et al., 2021; Alaaeldin et al., 
2020). Other studies have documented the synthesis of 
certain C-7-piprazinyl-ciprofloxacin-chalcone hybrids to 
enhance the physiochemical properties of ciprofloxacin 
and/or the synergistic effect by combining ciprofloxacin 
and chalcone in one structure. The compound was tested 
for in vitro anticancer activity using cancer cell lines 
(Abdel-Aziz et al., 2013; Moustafa Fathy et al., 2020).

The cancer-related inflammation is one of the most 
important mechanisms for carcinogenesis (Fathy and 
Nikaido, 2013, 2018; Landskron et al., 2014). TNF-α is a 
protein which weighs 17-kDa, and consists of 157 amino 
acids. In humans, the gene is located on chromosome 
6 (van Horssen et al., 2006). TNF-α action is mediated 
through two cell surface receptors, TNF-R1 and TNF-R2 
that vary in their signaling activity. TNF-R1 is usually 
proapoptotic while TNF-R2 has an anti-apoptotic action 
(Cabal-Hierro and Lazo, 2012; Soares et al., 1998). The 
human COX 2 gene is placed on chromosome 1q25.2 
q25.3 and aids in the occurrence and development of 
tumors by encouraging cell prolif¬eration, stopping 
cell apoptosis, inducing angiogenesis and suppressing 
immune reactions (Yu et al., 2016; Chen et al., 2015). 
The best-known tumor suppressor gene P53, it is located 
on chromosome 17p13.1 (Morán et al., 2010). In reaction 
to DNA damage, this gene codes for P53 protein which 
induces cell-cycle arrest in the G1 phase and promotes 
DNA repair genes. If a cell with damaged DNA cannot be 
repaired, the cell is guided by p53 to experience apoptosis 
(Lukin et al., 2015; Choi et al., 2005).

Consequently, we investigated the anti-proliferative 
and apoptotic inducing effects of CCH on HepG2 
hepatocellular carcinoma and MCF7 breast carcinoma 
cell lines. We also investigated the effect of this newly 
synthesized CCH on the expression levels of TNF α, COX 
2 and p53 in HepG2 and MCF7 cell lines.

Materials and Methods

Cell lines
Liver cancer cell line HepG2 and breast cancer cell 

line MCF7 were purchased from Egyptian Company for 
Production of Vaccines, Sera, and Drugs, (VacSera). Cells 
were cultivated in high glucose Dulbecco’s modified 
Eagle’s medium (DMEM), augmented with 100 U/ml 
penicillin (both from Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), 100 μg/ml strep¬tomycin (Sigma 
Aldrich), 2 mM L glutamine and 10% fetal bovine serum 
(both Thermo Fisher Scientific, Inc.) in a humidified 5% 
CO2 incubator at 37oC. Both cell lines were allowed to 
grow in plastic tissue culture T-flasks25 cm2 (Nunc) at 
36oC and 5% CO2 (Kloskowski et al., 2010).

Chemistry
Ciprofloxacin chalcone hybrid (CCH) was prepared 

as previously reported (Abdel-Aziz et al., 2013). The 
synthetic pathway is through alkylation of ciprofloxacin 
with acylated chalcone derivative 1 in acetonitrile using 
triethylamine as a base (Scheme 1). The final product 
(CCH) was identified by 1H-NMR, 13C-NMR and mass 
spectrometry (Abdel-Aziz et al., 2013).

Cell viability assay
A s s a y  w a s  a c c o m p l i s h e d  u s i n g  M T T 

[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide]. The stock solutions used in this research were 
diverse concentrations of CCH (in H2O). HepG2 and 
MCF7 cells in expanding phase were washed three times 
with phosphate buffered saline (PBS) then detached with 
0.25% trypsin followed by centrifugation. The cells were 
re-suspended in RPMI- medium and were implanted 
(5×103/well) into 96-well plate. The cells were incubated 
in a humidified atmosphere of 5% CO2 for minimum 
six hours, followed by the addition of CCH at final 
concentrations 2,000, 1,000, 500, 250, 125, 60, 30 and 
15 μM and incubated for 24 h and 48 h at 37°C. After 
incubation, 10 μl MTT solution (1 mg/ml) was added to 
each well, followed by further incubation for 4 h. After 
incubation, the cell culture was evacuated by aspiration 
and 100 μl dimethyl sulfoxide (DMSO) was included in 
each well to resolve the formazan crystals (Zandi et al., 
2017).

The cytotoxicity of CCH against cancer cell lines was 
set up on the principle of a comparison of the viability of 
the cells in the various concentrations of CCH to lifetime 
of cells derived from control and calculated from the 
formula:

X = LC/LK × 100%

Where X = cytotoxicity of CCH, LC = the average 
number of cells in the test sample, LK = the average 
number of cells in control (Kloskowski et al., 2010).

Cell Cycle Analysis
Liver cancer cell line HepG2 and breast cancer cell 

line MCF7 cells were seeded at a density of 6x105 in 
100-mm culture dishes and developed to 50%confluence. 
Thus, the cells were cultured in medium free of serum 
for 24 h then MCF7 and HepG2 cells treated with IC50, 
i.e., 54ug/ml and 22ug/ml of CCH respectively for 
24–48 h in complete medium. The cells were gathered 
by trypsinization, subjected to centrifugation at 2000 
rpm for 5 min, washed in PBS, and suspended in cold 
70% ethanol.(Aranha et al., 2000). The cells were then 
analyzed by flow cytometry on FACStar Plus (Becton 
Dickinson, San Francisco, CA) after propidiumiodide 
staining. Cell termination was determined by lysing cells 
in a hypotonic solution containing 0.1% sodium citrate, 
0.1% Triton X-100 and50 mg ml71 propidium iodide after 
washing the cells with PBS and Trypsin-EDTA solution 
two times. Analyzing the labelled nuclei was performed on 
a FACSCalibur fluorescence-activated cell sorter (FACS) 
using CELLQuest software (from Becton Dickinson). 
Apoptotic cells percentage was determined by measuring 
the portion of nuclei that contained a sub-diploid DNA 
content. Ten thousand events were collected for each 
sample analyzed (Herold et al., 2002b).

Annexin V assay
Apoptosis was assessed using Annexin V-FITC 

Apoptosis Detection Kit, according to the manufacturer’s 
protocol (Sigma-Aldrich, Germany). Annexin V-FITC 
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model used three micrograms of total RNA for reverse 
transcription in a total quantity of 20 μl. (LifeFeng 
biological technology corporation, Shanghai, China). 
Aliquots of 2 μl cDNA were then amplified using the 
2xTaq PCR kit to a total volume of 25 μl (LifeFeng 
biological technology corporation, Shanghai, China) 
following the manufacturer’s suggested circumstances. 
Cycling conditions: 94°C for 5 min, followed by 30 cycles 
of 94°C for 30 seconds, 53°C for 30 seconds and 72°C for 
1 min, and a final extension of 72°C for 10 minutes. PCR 
products have been separated from the 1.5% agarose gel 
and viewed by DNA green staining. Tocan 360 gel imager 
was used (version 3.2.1 software)(Fu et al., 2013). Primers’ 
sequences (Fuccelli et al., 2015; Li et al., 2020; Oku et 
al., 2004)are listed in Table 1.

Statistical analysis
Results were collected from at least three separate 

experiments. Data were documented as mean± standard 
deviation. Differences were evaluated using Student’s 
t-test following a one-way study of variance (ANOVA), 
along with the use of GraphPad Prism5 statistical software 
(GraphPad, La Jolla, CA, USA) and Excel software 
(Microsoft, Redwood, WA, USA). Differences were said 
to be significant when the probability values (p) were less 
than 0.01 (Figure 1).

Results

Cell viability assay and IC50 for CCH in HepG2 and 
MCF7 cell lines

In the case of HepG2 cell line, viability decreased 
significantly (p<0.001) with increasing concentration of 
the drug, but the half maximal inhibitory concentration, 
IC50 was in concentration of 22μg/mL and 5.6 μg/mL 
after 24 and 48 h of incubation, respectively. After 24 h 
incubation, the number of living cells was 22.35% with the 
highest CCH concentration. Only small number of living 
cells (4.75%) were noticed with CCH concentrations of 
2,000 μg/mL and incubation time for 48 hours.

In the case of MCF7 cell line, viability decreased 
significantly (p<0.001) with increasing concentration 
of CCH. At low concentrations (1-30 μg/mL) cytotoxic 
effect of CCH was weak. At concentration 54 μg/mL, the 
number of cells decreased by about half compared to the 
control after 24 h of incubation. After 48 h of incubation 
cell viability was 15%. After 24 h incubation with the 
highest concentration of CCH, after 48 h the number of 

kit permits fluorescent detection of annexin V bound 
to apoptotic cells and quantitative determination by 
flow cytometry. The Phosphatidylserine sites on the 
membrane surface was labeled by AnnexinV-FITC kit 
that uses annexin V conjugated with dye fluorescein 
isothiocyante (FITC). The kit includes propidium iodide 
(PI) to label the cellular DNA in necrotic cells wherever 
the cell membrane has been entirely compromised. This 
combination permits the differentiation among early 
apoptotic cells (annexin V positive, PI negative), late 
apoptosis (annexin V positive, PI positive), necrotic 
cells (annexin V negative, PI positive), and viable cells 
(annexin V negative, PI negative) The assay was done for 
both untreated and treated cells with the IC50 of the target 
drug for 24 hr (Dai et al., 2015).

Protein Extraction and Western Blot Analysis
HepG2 and MCF7cells were cultivated in complete 

medium and permitted totie up for 24 h, followed by 
the addition of MCF7 and HepG2 cells together with 
54 μg/ml and 22ug/ml of CCH. Cells were incubated for 
24 hours. Control cells were kept up in regular medium. 
Cells were collected by scratching the cells from culture 
dishes with a scraper and collected by centrifugation. 
Cells were resuspended in 125 mM Tris-HCl buffer, 
sonicated with 10–20% yield, and lysed using an equal 
volume of 8% SDS to make a final concentration of 4% 
SDS in the sample. Cell extracts were left to boil for 10 
min, cooled by ice, and allowed to centrifuge at 2000 rpm 
for 5 min then the supernatant is collected. Quantification 
of sample protein content took place using the BCA 
protein assay kit (Pierce, Rockford, IL). Equal amounts 
of protein (20-30 µg of total protein) were exposed to 
14% SDS-PAGE and transferred by electrophoresis to a 
nitrocellulose membrane (Schleicher and Schuell, Keene, 
NH). Membranes were blocked with 10% dry milk before 
incubation with antibodies to COX2 (1:1000 dilution; 
Abcam, Co), p53 (1:500 dilution; Abcam, Co), TNFα  
(1:1,000 dilution; Abcam, Co), and beta-actin (1:2,000 
dilution; Abcam, Co), membranes were washed by TBST 
(Tris buffered saline, Tween 20), left to incubate with 
secondary antibodies and conjugated with peroxidase.To 
detect reactive bands, ECL chemiluminescence reagent 
was used (Amersham Pharmacia Biotech, Freiburg, 
Germany).Thus intensities of bands were analyzed using 
densitometry. Normalization was achieved to b- actin. 
Chemiluminescent detection system was used to detect 
the signal (Pierce)(Aranha et al., 2003).

Reverse transcriptase-polymerase chain reaction 
(RT-PCR) 

To identify the underlying mechanism, especially 
in early phase, IC50 dose was applied with the Hep G2 
and MFC7 cells with a short time period incubation. The 
RT-PCR was done to know the changes of cox2, p53 and 
TNFα at mRNA level. B-actin’s basal gene expression was 
set as control in untreated cells and analyzed with various 
levels of CCH after 24 h incubation. Total RNA from 
the cells was extracted utilizing Trizol reagent (Sangon, 
Shanghai, China) according to the Manufacturer’s 
protocol. The M-MLV reverse transcriptase (Rnase H-) 

Primers Sequence of primers

COXII Forward 5′-TGAAACCCACTCCAAACACAG-3′

Reverse 5′-TCATCAGGCACAGGAGGAAG-3′

P53 Forward 5'-CACAGCGTGGTGGTACCTTATGAG-3'

Reverse5'-TGGTAAGGATAGGTCGGCGGTTC-3'

TNF Forward  5'-GAGCACTGAAAG CATGATCCG-3

Reverse 5'-AAAGTAGACCTGCCCAGACTCGG-3'

β- actin Forward 5'-GTGCTATGTTGCTCTAGACTTCG-3'

Reverse 5'- ATGCCACAGGATTCCATACC-3'

Table 1. Primers Used in Real Time qPCR
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living cells was 17.87%. About 9.94% of living cells were 
observed with CCH concentrations of 2,000 μg/mL. CCH 
treatment showed important growth inhibition of HepG2 
and MCF7 cell lines in dose-dependent manner compared 
to untreated cells (Figure 1).

Following 24 and 48 h of CCH treatment, the IC50 
values were obtained based on the median-effect plot. After 
24 h, the IC50 were 22±1.33 and 54±3.5 μg/ mL respectively 
for Hep G2 and MCF7 compared to doxorubicin 
(67.5±5.47 and 269.5±20.42). While the IC50 values for 
HepG2 and MCF7cell were 5.6±0.42 and 11.5±0.9μg / 

mL after 48 h CCH treatment compared to doxorubicin 
(15.3±1.33  and 70±5.5) (Table 2).

Cell cycle analysis after CCH treatment in HepG2 and 
MCF7 Cells 

When MCF7 and HepG2 cell lines were treated with 
IC50 (54 ug/ml and 22ug/ml) of CCH respectively for 24h, 
we found a substantial amount of cells arrested during 
the G2/M phase. In untreated cells, 59.64% and 43.94 % 
of HepG2 and MCF 7 cells respectively were in G0-G1 
phase, 31.39% and 37.36 % were in S phase, and 9.15 
and 18.7% were in G2-M phase at 24hr. In CCH-treated 
cells, the number of cells in G0-G1 phase was reduced 
to 51.66 and 38.71%, the number of cells in S phase was 
reduced to 28.55 and 35.01% and the number of cells 
in G2/M phase was increased to 19.79% and 26.28% in 
HepG2 and MCF7 respectively after 24h of treatment. 
The outcomes of a typical experiment are summarized 
in (Figures 2 and 3).

DAPI nucleic staining was used to evaluate MCF7 
and HepG2 cells treated with 54μg / ml and 22μg / ml 

Figure 1. A, Viability percentage of MCF7 cells after 24 and 48 treatment with different concentrations of CCH; B, 
Viability percentage of HepG2 cells after 24 and 48 treatment with different concentrations of CCH; C, IC50 values 
of tested drug against after 24 hours in MCF7 and HepG2 cells; D, IC50 values of tested drug against after 48 hours in 
MCF7 and HepG2 cells.

IC50 (μg/mL)#

Cell line HepG2 MCF7

Incubation time 24 hrs 48 hrs 24 hrs 48 hrs

CCH 22±1.33 5.6±0.42 54±3.5 11.5±0.9

Doxorubicin 67.5±5.47 15.3±1.33 269.5±20.42 70±5.5

Table 2. In vitro Anti-Proliferative Activity and IC50 of 
CCH after 24 and 48 hours in both HepG2 and MCF7 
Cell Lines

# IC50 values are the mean ± SD of three separate experiments 
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of CCH for 24h showed significant pre-G1 apoptosis. 
The cells treated with CCH display nuclei fragmentation 
with this concentration. Significant pre G1 apoptosis was 

noted with IC50 dose of CCH after 24 hours (8.97±0.25%, 
p<0.05) for HepG2 cells and (14.27± 0.375%, p<0.05) for 
MCF7 cells compared to (2.59±0.25 and 3.07±0.25 %) 

Figure 2. DNA Content in Different Phases of Cell Cycle after Treatment with CCH in IC50 Concentrations of 54ug/ml 
and 22ug/ml for MCF7 and HepG2 Cells respectively. Bar graph represents mean ± SEM from three independent 
experiments.

Figure 3. Cell Cycle Analysis, Effect of CCH on the Pases of Cell Cycle in Both MCF7 and HepG2 Cells.
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of HepG2 and MCF7 in corresponding untreated control 
cells at 24h (Figures 2, 3).

AnnexinV-FITC/propidium iodide analysis of apoptosis 
in both HepG2 and MCF7 cells

In this study, AnnexinV-FITC/PI dual staining assay 
was performed to evaluate the effect of CCH on both early 
and late apoptosis percentages in HepG2 and MCF7 cells. 
CCH treatment resulted in a significant increase (p<0.001) 
in the percentage of annexinV-FITC-positive apoptotic 
cells in HepG2 cells, including both the early and late 
apoptotic phases (LR; from 1.32% to 3.49%, and UR; 
from 0.76% to 4.79%), that represents about 4 fold total 

increase compared to untreated control. The same increase 
pattern was detected in MCF7 cells (LR; from 1.43% to 
4.41%, and UR; from 1.05% to 7.6%), that represents 
about 5 fold total increase compared to untreated control 
(Table 3) and (Figure 4).

Effects of CCH on protein expression of COX2, P53 and 
TNFα in MCF7 and HepG2 cells by western blotting

The protein expression levels of COX2, p53 and 
TNFαin both MCF7 and HepG2 cells treated without or 
with IC50 doses of CCH for 24 h was studied by western 
blot analysis, and compared to the effect of treating cell 
lines with doxorubicin as a positive control. P53 was 

Table 3. Distribution of Apoptotic Cells in the Annexin V-FITC Experiment in Both in Both HepG2 and MCF7 Cell 
Lines

Apoptosis Necrosis
Early Apoptosis
(Lower Right %)

Late Apoptosis
(Upper Right %)

Total 
(L.R % ‏ U.R %)

CCH/HepG2 3.49 4.79 8.97 0.69
HepG2 1.32 0.79 2.59 0.48
CCH/MCF7 4.41 7.60 14.27 2.26
MCF7 1.43 1.05 3.07 0.59

Figure 4. Effect of CCH on the Percentage of Annexin V-FITC-positive Staining in both HepG2 and MCF7 Cells. 
The experiments were done in triplicates. The four quadrants identified as: LL, viable; LR, early apoptotic; UR, late 
apoptotic; UL, necrotic.
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significantly up-regulated in both treated cells compared 
to untreated controls (p<0.05). There was significantly 
lowered expression of COX2 in both treated cells compared 
to untreated controls (p<0.05). On the other hand, TNF-α 
showed significant higher expression in both treated cells 
compared to untreated cells (p>0.05)(Figure5).

Effects of CCH on mRNA expression of COX2, P53 and 
TNFα in MCF7 and HepG2 cells by RT-PCR

There was significantly lowered COX2 mRNA 
expression levels in both treated cells compared to 
untreated control (p<0.05), using doxorubicin as positive 
control. In contrast, p53 and TNFα were significantly 

Figure 5. Expression of COXII, p53, and TNF Proteins in Untreated Cells, Cells which have been Treated for 24 hours 
with IC50 of CCH, and Cells Treated with Doxorubicin as a Positive Control. (A) Representative western blots for 
COXII, p53, and TNF in MCF7, and HepG2. β- actin was used as internal loading control, doxorubicin was used as 
positive control. (B) Relative protein expression in MCF7 and HepG2 after being treated for 24 hours with IC50 of 
CCH compared to untreated cells. β- actin protein expression was used to normalize expressed proteins. Doxorubicin 
was used as a positive control. Bars represent mean± SD. One way ANOVA test was used to analyze significant 
difference, where: ****p<0.0001, ***p<0.001, **p<0.01 compared to untreated cells. 
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up-regulated in both treated cells compared to untreated 
control (p<0.05)(Figure 6).

Discussion

Despite huge revolution in cancer therapeutics, cancer 
is still a demanding approach (Nagura et al., 2013; Oba 
et al., 2020; Okabe et al., 2017; Otaka et al., 2013). 
Screening new natural or synthetic anti-cancer agents 
looking for better therapeutic options is still attractive 
for many researchers (Naseem et al., 2020; Othman et al., 
2021). Fluoroquinolones are broad spectrum antibiotics 
which are active against multiple gram positive and 
gram negative bacteria, particularly by aiming bacterial 
DNA gyrase and topoisomerase IV (Blondeau, 2004). 
This mechanism of action seems to be helpful in treating 

Figure 6. qRT-PCR Analysis of mRNA Expression Levels of COX2, p53 and TNF-α, in HepG2 and MCF7 Cells 
Treated with IC50 of CCH for 24 hours compared to Untreated Cells.Doxorubicin was used as positive control. 
Corresponding β- actin gene expression was used to normalize the tested gene expression. Bars show mean± SD. 
One-way ANOVA test was used to analyze significant difference, where; ****p<0.0001, ***p<0.001, and **p<0.01 
compared to untreated cells. 

certain kinds of malignant (Aranha et al., 2000; Yadav 
et al., 2015). Besides their antibacterial activity, FQs are 
also known to have several immunomodulatory impacts 
in different cell lines (Dalhoff, 2005). In addition, earlier 
studies highlighted the capacity of fluoroquinolones and 
their derivatives to cause apoptosis and cell cycle arrest in 
different cancer cell lines (Reuveni et al., 2010).

In the current study, we explored the impact of 
CCH on MCF7 and HepG2 cell lines on the basis of 
the information documenting the prospective cytotoxic 
impact of ciprofloxacin itself and because the molecular 
mechanism underlying the action of this medication is not 
brought to light fairly. MCF7 and HepG2 were selected 
because breast cancer and Hepatocellular carcinoma are 
widely spread in Egypt. We also investigated the effect of 
CCH on the expression levels of TNF α, COX 2 and p53 
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to elucidate the role of inflammation in cancer progression 
and how it impacts proliferation and apoptosis.

Firstly, we studied the effect of the synthesized CCH 
on cell viability, cell cycle distribution and apoptosis. It 
caused a time- and concentration-dependent decline in 
the viability of MCF7 and HepG2 cells. Similar findings 
have been noted with ciprofloxacin in previous studies, 
one of them on three cell lines of colorectal cancer (CC-
531, SW-403, HT-29) (Aranha et al., 2003; Herold et al., 
2002a). Another study on the cell line HTB9 of human 
bladder cancer (Aranha et al., 2000), and androgen 
independent prostate carcinoma PC3 cells (Aranha et 
al., 2003), colon carcinoma cell lines CC-531, SW-403 
and HT-29 (Herold et al., 2002a) or pancreatic cancer 
cell lines MIA PaCa-2 and Panc-1(Yadav et al., 2015). 
Ciprofloxacin was used in concentrations of 400 μg/ml 
(above 1.0 mM). Significant decreases in cell viability and 
apoptosis induction were shown for levels of ciprofloxacin 
greater than 200 μg / ml (Beberok, Wrześniok, Minecka, et 
al., 2018). This effect may be explained by topoisomerase 
inhibitor anticancer activity which may happen through 
inhibition of mitochondrial DNA synthesis, which 
eventually induces mitochondrial injury, respiratory 
chain disorders, and depletion of ATP stores intracellular. 
Energy depletion promotes apoptosis because it can lead 
to the arrest of cells in the S- and/or G2/M phases (Fathy 
et al., 2017). 

Then, we further assessed whether cell cycle 
alterations could be related to the proven reduction in 
cell viability. We found that CCH caused G2/M phase 
cycle arrest in MCF7 and HEPG2 cells) suggesting a 
topoisomerase II inhibition mechanism (Fathy et al., 
2017). Similarly, ciprofloxacin caused cells to be arrested 
at the G2/M checkpoint in human non-small lung cancer 
cells (Kloskowski et al., 2012). In addition, ciprofloxacin 
was found to be capable of inducing S-phase arrest as well 
as fragmentation of DNA in human pancreatic cancer cells 
(Yadav et al., 2015). This difference in mechanistic action 
could be ascribed to the difference in cell type origin. It 
has also been shown that different molecular pathways 
in the same cell line can be activated by fluoroquinolone 
derivatives (Blau et al., 2007). Koziel et al also showed 
that ciprofloxacin inhibited Jurkat cell proliferation in 
G2/M stage which impaired mitotic spindle formation 
and caused aneuploidy (Koziel et al., 2010). 

The cancer-related inflammation causes the release of 
inflammatory cells and inflammatory mediators, including 
chemokines, cytokines and prostaglandins, which are 
involved in angiogenesis and carcinogenesis (Fathy and 
Nikaido, 2013, 2018; Landskron et al., 2014). Among 
these cytokines, tumor necrosis factor-alpha (TNF-α) is 
a vital multifunctional cytokine (Eldafashi et al., 2021), 
which has an important role in regulation of cell survival, 
apoptosis, inflammation and immune reaction (Crusz and 
Balkwill, 2015). Cyclooxygenase-2 (COX-2), has a known 
role in chronic inflammation-related carcinogenesis. 
Over-expression of COX-2 has been noticed in various 
cancers (Yu et al., 2016). p53 protein induces cell-cycle 
arrest in the G1 phase and promotes DNA repair genes. 
If a cell with damaged DNA cannot be repaired, the cell 
is guided by p53 to experience apoptosis (Lukin et al., 

2015). A few studies have identified complex relation 
between p53 and COX-2, whereby p53 may either up- or 
down-regulate COX-2, which conversely controls p53 
transcriptional activity (Choi et al., 2005; de Moraes et 
al., 2007; Duarte et al., 2009).

In the current study, CCH also induced apoptosis in 
HepG2 and MCF7 cells through up-regulation of p53. 
Apoptotic cell death is one of the suggested anticancer 
therapeutic mechanisms of ciprofloxacin (Moustafa Fathy 
et al., 2019). This could be attributed to Bax up-regulation, 
modifying the Bax/Bcl-2 ratio favoring apoptosis (Zandi 
et al., 2017). Beberok et al have proved the cytotoxic 
impacts of ciprofloxacin on MDA-MB-231 breast cancer 
cells (Beberok et al., 2018). The researchers showed that 
ciprofloxacin in MDA-MB-231 cells at concentrations of 
0.83 and 0.14 μmol / ml caused a 50 percent reduction 
in cell viability after 24 and 48 h incubation respectively. 
Cytotoxic impact of ciprofloxacin was independent of 
incubation period and antibiotic concentration in the case 
of hepatocellular carcinoma lineHepG2 (Kloskowski et 
al., 2011). Similar outcomes were achieved by Herold et 
al, where the mitochondrial apoptosis pathway mediated 
the cytotoxic response of human colorectal carcinoma 
cells to ciprofloxacin therapy (Herold et al., 2002a) and 
by Beberok et al, who identifyed that after 24 h treatment 
with ciprofloxacin, the percentage of late apoptotic cells 
rose to a peak (Beberok et al., 2018). One of the main 
reactions of drug-induced DNA damage is the expression 
of p53 that contributes to apoptosis induction through the 
mitochondrial intrinsic pathway. This may explain in part 
the proapoptotic effect of CCH (Aubrey et al., 2018).

In the current research, CCH caused G2/M cell cycle 
arrest in MCF7 and HepG2 cells (Evan and Vousden, 
2001). Anticancer therapies can be used to interrupt the 
cancer cell cycle. It has been demonstrated by Kloskowski 
et al., (2011) that ciprofloxacin induces cell cycle arrest 
at the G2/M checkpoint in human non-small lung cancer 
cells. While reduced concentrations of ciprofloxacin 
caused S-phase cell cycle arrest in MDA-MB-231 cells 
(Beberok et al., 2018). Tumor tissues are heterogeneous 
thus depending on the type and origin of the cell, distinct 
molecular mechanisms of drug action may dominate 
(Noto et al., 2013; Wang et al., 2017). In addition, distinct 
molecular pathways in the same cell line can be triggered 
by separate fluoroquinolone derivatives (Beberok et al., 
2017). Chemotherapy agents can behave in two ways: 
inhibit (cytostatic) cell growth or kill (cytotoxic) cells 
(Drlica, 1999). This anti-proliferative and pro-apoptotic 
activity of CCH in tumor cell lines could be mediated 
by S-G2/M cell cycle arrest. Bax translocation to 
mitochondrial membrane in some cancer cells leads to 
a rise in the Bax/Bcl-2 proportion (Aranha et al., 2003). 

The current results showed significant higher 
expression levels of TNF-α in both cell lines after 
treatment with CCH. TNF-α has various biological 
effects in different tissues ranging from inflammatory and 
cytotoxic impact to tissue remodeling and proliferation 
(Fathy et al., 2019; Fathy et al., 2020; Fathy et al., 2020). 
Some cancer cells are especially susceptible to TNF-α’s 
cytotoxic impact. This paradox is due to two distinct and 
separate TNF-α-mediated pathways in cells. One way 
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contributes to apoptosis and the other leads to NF-kB 
activation of protective antiapoptotic genes. Which path 
is activated relies on that specific cell’s TNF-a threshold. 
Lower or normal concentrations of TNF-α typically 
stimulate the NF-kB protective pathway to prevent the 
cell from unnecessary apoptosis where greater or toxic 
concentrations cause apoptosis (Balkwill, 2006). TNF-α 
provokes a number of signal transmission processes, 
which lead to either apoptosis or proliferation according 
on TNF-α threshold of a cell. Most cells do not go 
through apoptosis when exposed to low levels of TNF-α 
(Muenchen et al., 2000). This is likely a protective 
mechanism by the cell based on TNF-α induction of 
anti-apoptotic genes. Apoptosis is induced by high levels 
of TNF-αbinding to its receptor, TNF-RI, and activating 
members of the caspase family of proteases (Soares et 
al., 1998). 

On the other hand, the current results showed 
significant lower expression levels of COX-2 after CCH 
treatment in both cell lines. Previous studies suggested 
that COX-2 may induce tumorgenesis by its inhibitory 
impacts on p53-induced apoptosis, and anti-tumorigenic 
effects of COX-2 inhibitors may be due to the potentiation 
of p53-induced apoptosis under genotoxic stresses (Choi 
et al., 2005). COX-2 is regarded as a powerful oxidizer 
and neighboring cellular substrates can be oxidized 
by the enzyme, resulting in DNA damage. Increased 
COX-2 concentrations can also lead to arachidonic 
acid metabolites depletion which can lead to decreased 
cell apoptosis (Yang et al., 2010). The oxidation stress 
is known to stimulate the activation of the TP53 gene 
and therefore the production of the protein p53 tumor 
suppressor, to avoid further damage to DNA (Vane et 
al., 1998). Previous research showed that COX-2 is a 
downstream p53 target protein, the expression of which 
is caused by different genotoxic stresses. Also, COX-2 
inhibits apoptosis caused by p53- or DNA damage. These 
data proposed that COX-2 could stimulate tumorigenesis 
by inhibiting ordinary p53 function (Choi et al., 2005).

In conclusion, the current study, we investigated 
the anti-proliferative and pro-apoptotic effects of the 
synthesized 3,4,5 tri-methoxy ciprofloxacin chalcone 
hybrid (CCH) (Ar = 3,4,5-tri-OCH3-C6H2),on HepG2 
and MCF7 cell lines and its effect on protein and 
mRNA expression levels of P53, COX-2 and TNF-α. 
CCH showed an obvious anti-proliferative activity as it 
caused a concentration and time-dependent reduction in 
the viability of human HepG2 and MCF7 cells. It also 
caused pre-G1 apoptosis and cell cycle arrest at G2/M 
stage. It also caused up-regulation of P53 mRNA and 
protein expression levels which may be a basic regulatory 
element for its apoptosis inducing effect. Higher mRNA 
and protein expression of TNF-α may participate in its 
apoptotic potential. In addition, CCH showed possible anti-
inflammatory potential manifested by down-regulation 
of COX2 mRNA and protein expression levels, which 
may contribute partially to its anti-proliferative activity. 
Together, these findings provide a powerful experimental 
evidence for a possible anti-cancer therapeutic potential 
of CCH in HepG2 and MCF7 cells, giving a new insight 
into the therapeutic characteristics of this synthesized 

ciprofloxacin chalcone hybrid. Further research is needed 
to confirm these observations and to suggest detailed 
mechanistic interpretation for such effects.  We believe 
this is significant because persistent chemoresistance of 
conventional chemotherapy is still a major obstacle in 
cancer therapeutics, thus recognition of novel anti-cancer 
agents is an urging continuous need.

Author Contribution Statement

Marwa A. Eisa: Collected the data, verified analysis 
tools, performed analysis, performed statistical analysis 
and interpretation of data, contributed in paper writing and 
drafting. Maiiada H. Nazmy: Conceived the presented idea, 
proposed the experimental design, verified the analytical 
methods, supervised analytical performance, contributed 
in data interpretation, contributed in writing, drafting, 
revision and submission of the paper. Moustafa Fathy: 
Conceived the presented idea, proposed the experimental 
design, verified the analytical methods. Gamal El-Din A. 
A. Abu-Rahma: Chemical synthsis of  3,4,5 tri-methoxy 
ciprofloxacin chalcone hybrid. Mohamed Abdel-Aziz: 
Chemical synthsis of 3,4,5 tri-methoxy ciprofloxacin 
chalcone hybrid

Acknowledgments

This project was funded through a governmental 
funding in Biochemistry department, Faculty of Pharmacy, 
Minia University, Egypt. This project is a part of a student 
PhD thesis which was approved by the Ethical Committee 
of Faculty of Pharmacy, Minia University.

Disclosure statement
No potential conflict of interest was reported by the 

authors.

References

Abd El-Baky RM, Hetta HF, Koneru G, et al (2020). Impact of 
interleukin IL-6 rs-1474347 and IL-10 rs-1800896 genetic 
polymorphisms on the susceptibility of HCV-infected 
Egyptian patients to hepatocellular carcinoma. Immunol 
Res, 68, 118-125. 

Abdel-Aziz M, Park SE, Abuo-Rahma GEDA, Sayed MA, Kwon 
Y (2013). Novel N-4-piperazinyl-ciprofloxacin-chalcone 
hybrids: synthesis, physicochemical properties, anticancer 
and topoisomerase I and II inhibitory activity. Eur J Med 
Chem, 69, 427-38. 

Abdel-Hamid N, Fathy M, Amgad SW (2013). Glycoregulatory 
enzymes as early diagnostic markers during premalignant 
stage in hepatocellular carcinoma. Am J Cancer Prev, 1, 
14-9. 

Abdellatef, AA, Fathy, M, Mohammed, AEI, et al (2021). 
Inhibition of cell-intrinsic NF-kappaB activity and metastatic 
abilities of breast cancer by aloe-emodin and emodic-acid 
isolated from Asphodelus microcarpus. J Nat Med, 75, 
840–53

Alaaeldin R, Abuo-Rahma GEA, Zhao QL, Fathy M (2021). 
Modulation of apoptosis and epithelial-mesenchymal 
transition E-cadherin/TGF-beta/Snail/TWIST pathways by a 
new ciprofloxacin chalcone in breast cancer cells. Anticancer 
Res, 41, 2383-95. 



Asian Pacific Journal of Cancer Prevention, Vol 22 3403

DOI:10.31557/APJCP.2021.22.10.3393
Anti-Cancer Activity of Ciprofloxacin Chalcone Hybrid

Alaaeldin R, Nazmy MH, Abdel-Aziz M, et al (2020). Cell 
cycle arrest and apoptotic effect of 7-(4-(N-substituted 
carbamoylmethyl) piperazin-1-yl) ciprofloxacin-derivative 
on HCT 116 and A549 cancer cells. Anticancer Res, 40, 
2739-49. 

Aranha O, Grignon R, Fernandes N, et al (2003). Suppression 
of human prostate cancer cell growth by ciprofloxacin is 
associated with cell cycle arrest and apoptosis. Int J Oncol, 
22, 787-94. 

Aranha O, Wood DP, Sarkar FH (2000). Ciprofloxacin mediated 
cell growth inhibition, S/G2-M cell cycle arrest, and 
apoptosis in a human transitional cell carcinoma of the 
bladder cell line. Clin Cancer Res, 6, 891-900. 

Aubrey BJ, Kelly GL, Janic A, Herold MJ, Strasser A (2018). 
How does p53 induce apoptosis and how does this relate to 
p53-mediated tumour suppression?. Cell Death Diff, 25, 104. 

Avendan C, Menéndez JC (2008). Medicinal chemistry of 
anticancer drugs. Elsevier. 

Balkwill F (2006). TNF-α in promotion and progression of 
cancer. Cancer Metastasis Rev, 25, 409-16. 

Beberok A, Wrześniok D, Minecka A, et al (2018). Ciprofloxacin-
mediated induction of S-phase cell cycle arrest and apoptosis 
in COLO829 melanoma cells. Pharmacol Rep, 70, 6-13. 

Beberok A, Wrześniok D, Rzepka Z, Respondek M, Buszman 
E (2018). Ciprofloxacin triggers the apoptosis of human 
triple-negative breast cancer MDA-MB-231 cells via the 
p53/Bax/Bcl-2 signaling pathway. Int J Oncol, 52, 1727-37. 

Beberok A, Wrześniok D, Szlachta M, et al (2017). Lomefloxacin 
induces oxidative stress and apoptosis in COLO829 
melanoma cells. Int J Mol Sci, 18, 2194. 

Blau H, Klein K, Shalit I, Halperin D, Fabian I (2007). 
Moxifloxacin but not ciprofloxacin or azithromycin 
selectively inhibits IL-8, IL-6, ERK1/2, JNK, and NF-κB 
activation in a cystic fibrosis epithelial cell line. Am J Physiol 
Lung Cell Mol, 292, L343-L352. 

Blondeau JM (2004). Fluoroquinolones: mechanism of 
action, classification, and development of resistance. Surv 
Ophthalmol, 49, 73-8. 

Cabal-Hierro L, Lazo PS (2012). Signal transduction by tumor 
necrosis factor receptors. Cell Signal, 24, 1297-1305. 

Chang,YH, Hsu MH, Wang SH, et al (2009). Design and synthesis 
of 2-(3-benzo [b] thienyl)-6, 7-methylenedioxyquinolin-4-
one analogues as potent antitumor agents that inhibit tubulin 
assembly. J Med Chem, 52, 4883-91. 

Chen, J, Wu, F, Pei, HL, et al (2015). Analysis of the correlation 
between P53 and Cox-2 expression and prognosis in 
esophageal cancer. Oncol Lett, 10, 2197-2203. 

Choi EM, Heo JI, Oh JY, et al (2005). COX-2 regulates p53 
activity and inhibits DNA damage-induced apoptosis. 
Biochem Biophys Res Commun, 328, 1107-12. 

Crusz SM, Balkwill FR (2015). Inflammation and cancer: 
advances and new agents. Nat Rev Clin Oncol, 12, 584. 

Dai JQ, Huang YG, He AN (2015). Dihydromethysticin 
kavalactone induces apoptosis in osteosarcoma cells 
through modulation of PI3K/Akt pathway, disruption of 
mitochondrial membrane potential and inducing cell cycle 
arrest. Int J Clin Exp, 8, 4356. 

Dalhoff A (2005). Immunomodulatory activities of 
fluoroquinolones. Infection, 33, 55-70. 

de Moraes E, Dar NA, de Moura Gallo CV, Hainaut P (2007). 
Cross-talks between cyclooxygenase-2 and tumor suppressor 
protein p53: Balancing life and death during inflammatory 
stress and carcinogenesis. IJC, 121, 929-37. 

Drlica K (1999). Mechanism of fluoroquinolone action. Curr 
Opin, 2, 504-8. 

Duarte ML, De Moraes E, Pontes E, et al (2009). Role of p53 in 
the induction of cyclooxygenase-2 by cisplatin or paclitaxel 

in non-small cell lung cancer cell lines. Can Lett, 279, 57-64. 
El-Rayes BF, Grignon R, Aslam N, Aranha O, Sarkar FH (2002). 

Ciprofloxacin inhibits cell growth and synergises the effect 
of etoposide in hormone resistant prostate cancer cells. Int 
J Oncol, 21, 207-11. 

Eldafashi N, Darlay R, Shukla R, et al (2021). A PDCD1 role 
in the genetic predisposition to NAFLD-HCC?. Cancers, 
13, 1412. 

Evan GI, Vousden KH (2001). Proliferation, cell cycle and 
apoptosis in cancer. Nature, 411, 342. 

Fathy M, Awale S, Nikaido T (2017). Phosphorylated Akt protein 
at Ser473 enables heLa cells to tolerate nutrient-deprived 
conditions. Asian Pac J Cancer Prev, 18, 3255-60. 

Fathy M, Fawzy MA, Hintzsche H, et al (2019). Eugenol exerts 
apoptotic effect and modulates the sensitivity of HeLa cells 
to cisplatin and radiation. Molecules, 24, 3979. 

Fathy M, Khalifa E,  Fawzy MA (2019). Modulation of inducible 
nitric oxide synthase pathway by eugenol and telmisartan 
in carbon tetrachloride-induced liver injury in rats. Life Sci, 
216, 207-14. 

Fathy M, Nikaido T (2013). In vivo modulation of iNOS pathway 
in hepatocellular carcinoma by Nigella sativa. Environ 
Health Prev Med, 18, 377-85. 

Fathy M, Nikaido T (2018). In vivo attenuation of angiogenesis 
in hepatocellular carcinoma by Nigella sativa. Turk J Med 
Sci, 48, 178-86. 

Fathy M, Okabe M, Othman EM, Saad Eldien HM, Yoshida T 
(2020). Preconditioning of adipose-derived mesenchymal 
stem-like cells with eugenol potentiates their migration and 
proliferation in vitro and therapeutic abilities in rat hepatic 
fibrosis. Molecules, 25. 

Fathy M, Okabe M, Saad Eldien HM, Yoshida T (2020). AT-
MSCs antifibrotic activity is improved by eugenol through 
modulation of TGF-beta/Smad signaling pathway in rats. 
Molecules, 25. 

Fathy M, Sun S, Zhao QL, et al (2020). A new ciprofloxacin-
derivative inhibits proliferation and suppresses the migration 
ability of heLa cells. Anticancer Res, 40, 5025-33. 

Fu Y, Zhou S, Li D, et al (2013). Ciprofloxacin inhibits 
proliferation and synergistic effect against hepatocellular 
carcinoma cancer lines with cisplatin. AJPP, 7, 11801 -17893. 

Fuccelli R, Fabiani R, Sepporta M, Rosignoli P (2015). The 
hydroxytyrosol-dependent increase of TNF-α in LPS-
activated human monocytes is mediated by PGE2 and 
adenylate cyclase activation. Toxicol In Vitro, 29, 933-937. 

Herold C, Ocker M, Ganslmayer M, et al (2002). Ciprofloxacin 
induces apoptosis and inhibits proliferation of human 
colorectal carcinoma cells. Br J Cancer, 86, 443-8. 

Kloskowski T, Gurtowska N, Nowak M, et al (2011). The 
influence of ciprofloxacin on viability of A549, HepG2, 
A375. S2, B16 and C6 cell lines in vitro. Acta Pol Pharm, 
68, 859-865. 

Kloskowski T, Gurtowska N, Olkowska J, et al (2012). 
Ciprofloxacin is a potential topoisomerase II inhibitor for the 
treatment of NSCLC. Int J Oncol, 41, 1943-1949. 

Kloskowski T, Olkowska J, Nazlica A, Drewa T (2010). The 
influence of ciprofloxacin on hamster ovarian cancer cell 
line CHO AA8. Acta Pol Pharm, 67, 345-9. 

Koziel R, Szczepanowska J, Magalska A, et al (2010). 
Ciprofloxacin inhibits proliferation and promotes generation 
of aneuploidy in Jurkat cells. J physiol pharmacol, 61, 233. 

Landskron G, De la Fuente M, Thuwajit P, Thuwajit C, Hermoso, 
MA (2014). Chronic inflammation and cytokines in the tumor 
microenvironment. J Immunol Res, 2014. 

Li Z, Zhao J, Liu H, Wang J, Lu W (2020). Melatonin inhibits 
apoptosis in mouse Leydig cells via the retinoic acid-related 
orphan nuclear receptor α/p53 pathway. Life Sci, 246, 



Marwa A. Eisa et al

Asian Pacific Journal of Cancer Prevention, Vol 223404

117431. 
Lukin DJ, Carvajal LA, Liu Wj, Resnick-Silverman L, Manfredi 

JJ (2015). p53 Promotes cell survival due to the reversibility 
of its cell-cycle checkpoints. Mol Cancer Res, 13, 16-28. 

Morán A, Ortega P, de Juan C, et al (2010). Differential colorectal 
carcinogenesis: Molecular basis and clinical relevance. 
World J Gastrointest Oncol, 2, 151. 

Muenchen HJ, Lin DL, Walsh MA, Keller ET, Pienta KJ (2000). 
Tumor necrosis factor-α-induced apoptosis in prostate cancer 
cells through inhibition of nuclear factor-κB by an IκBα 
“super-repressor”. Clin Cancer Res, 6, 1969-77. 

Mugnaini C, Pasquini S, Corelli F (2009). The 4-quinolone-3-
carboxylic acid motif as a multivalent scaffold in medicinal 
chemistry. Curr Med Chem, 16, 1746-67. 

Nagura S, Otaka S, Koike C, et al (2013). Effect of exogenous 
Oct4 overexpression on cardiomyocyte differentiation of 
human amniotic mesenchymal cells. Cell Reprogram, 15, 
471-80. 

Naseem M, Othman EM, Fathy M, et al (2020). Integrated 
structural and functional analysis of the protective effects 
of kinetin against oxidative stress in mammalian cellular 
systems. Sci Rep, 10, 13330. 

Noto Z, Yoshida T, Okabe M, et al (2013). CD44 and SSEA-4 
positive cells in an oral cancer cell line HSC-4 possess cancer 
stem-like cell characteristics. Oral Oncol, 49, 787-95.

Oba J, Okabe M, Yoshida T, et al (2020). Hyperdry human 
amniotic membrane application as a wound dressing for a 
full-thickness skin excision after a third-degree burn injury. 
Burns Trauma, 8, tkaa014. 

Okabe M, Yoshida T, Suzuki M, et al(2017). Hyperdry human 
amniotic membrane (HD-AM) is supporting aciclovir 
included device of poly-N-p-vinylbenzyl-D-lactonamide 
(PVLA) sphere for treatment of HSV-1 infected rabbit 
keratitis model. J Biotechnol Biomater, 7, 251. 

Oku H, Tsuji, Y, Kashiwamura, SI, et al (2004). Role of IL-18 
in pathogenesis of endometriosis. Hum Reprod, 19, 709-14. 

Otaka S, Nagura S, Koike C, et al (2013). Selective isolation 
of nanog-positive human amniotic mesenchymal cells and 
differentiation into cardiomyocytes. Cell Reprogram, 15, 
80-91. 

Othman EM, Fathy M, Bekhit AA, et al (2021). Modulatory 
and toxicological perspectives on the effects of the small 
molecule kinetin. Molecules, 26, 670.

Paul M, Gafter-Gvili A, Fraser A, Leibovici L (2007). The anti-
cancer effects of quinolone antibiotics?. Eur J Clin Microbiol 
Infect Dis, 26, 825-31. 

Reuveni D, Halperin D, Shalit I, Priel E, Fabian I (2010). 
Moxifloxacin enhances etoposide-induced cytotoxic, 
apoptotic and anti-topoisomerase II effects in a human colon 
carcinoma cell line. Int J Oncol, 37, 463-71. 

Smart DJ, Halicka HD, Traganos F, Darzynkiewicz Z, Williams 
GM (2008). Ciprofloxacin-induced G2 arrest and apoptosis 
in TK6 lymphoblastoid cells is not dependent on DNA 
double-strand break formation. Cancer Biol Ther, 7, 113-9. 

Soares MP, Muniappan A, Kaczmarek E, e al (1998). Adenovirus-
mediated expression of a dominant negative mutant of 
p65/RelA inhibits proinflammatory gene expression in 
endothelial cells without sensitizing to apoptosis. J Immunol 
Res, 161, 4572-82. 

van Horssen R, ten Hagen TL, Eggermont AM (2006). TNF-α 
in cancer treatment: molecular insights, antitumor effects, 
and clinical utility. Oncologist, 11, 397-408. 

Vane J, Bakhle Y, Botting R (1998). CYCLOOXYGENASES 1 
AND 2. Annu Rev Pharmacol Toxicol, 38, 97-120. 

Wang F, Yoshida T, Okabe M, et al (2017). CD24+SSEA4+cells 
in ovarian carcinoma cells demonstrated the characteristics 
as cancer stem cells. J Cancer Res Ther, 9, 343-52. 

Yadav V, Varshney P, Sultana S, Yadav J, Saini N (2015). 
Moxifloxacin and ciprofloxacin induces S-phase arrest and 
augments apoptotic effects of cisplatin in human pancreatic 
cancer cells via ERK activation. BMC Cancer, 15, 581. 

Yang W, Tiffany-Castiglioni E, Lee MY, Son IH (2010). Paraquat 
induces cyclooxygenase-2 (COX-2) implicated toxicity in 
human neuroblastoma SH-SY5Y cells. Toxicol Lett, 199, 
239-46. 

Yogeeswari P, Sriram D, Kavya R, Tiwari S (2005). Synthesis 
and in-vitro cytotoxicity evaluation of gatifloxacin Mannich 
bases. Biomed Pharmacother, 59, 501-10. 

Yu T, Lao X, Zheng H (2016). Influencing COX-2 activity by 
COX related pathways in inflammation and cancer. Mini 
Rev Med Chem, 16, 1230-43. 

Zandi A, Moini Zanjani T, Ziai SA, et al (2017). Evaluation of 
the cytotoxic effects of ciprofloxacin on human glioblastoma 
A-172 cell line. Middle East J Cancer, 8, 119-26. 

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.


