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Glioblastoma multiforme (GBM)

is a highly lethal brain tumor (grade
IV astrocytoma). The median survival

Abstract
Background: Combination therapy has generated remarkable motivation in the

clinical setting since it boosts the therapeutic potential of anticancer drugs. Glioblastoma
multiforme is the most common, aggressive malignant brain tumor which affects
patients of all ages. This brain tumor is principally resistant to treatment. 

Methods: In this study, we combined temozolomide as a standard chemotherapeu-
tic drug for human glioblastoma multiforme, with ciprofloxacin in an attempt to
determine whether ciprofloxacin could potentiate the cytotoxic effects of temozolomide.
The glioblastoma A-172 cell line was exposed to ciprofloxacin and temozolomide either
alone or in combination for 24, 48 and 72 h. Cytotoxicity was measured by the MTT
assay. 

Results: Ciprofloxacin and temozolomide induced tumor cell death in a dose-
dependent manner with an IC50 value of 259.3 μM for ciprofloxacin and 62.5 μM for
temozolomide at 72 h. These values shifted to 22.8 μM for ciprofloxacin and 8.6 μM
for temozolomide in the presence of the IC50 of the other drug. The combination
index values were <1. 

Conclusion: These results showed synergism across a broad range of concentrations
of ciprofloxacin and temozolomide in a glioblastoma tumor cell line. In this study,
ciprofloxacin increased the anti-tumor cytotoxic effects of temozolomide in the
glioblastoma A-172 cell line. 
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of GBM patients is only 12–15 months despite
optimal treatment, which includes surgical
resection along with radiation and temozolomide
(TMZ)-based chemotherapy.1 Among several
difficulties of current standard treatment of GBM
patients with incomplete tumor removal, the most
important concerns include: peritumoral edema,
blood-brain barrier (BBB) disruption, inadequacy
of maximum radiation dose to destruct the tumor,
the toxic side effects of chemo- or radiotherapy,
and drug resistance. Temozolomide is the current
standard of care for the treatment of GBM.
According to reports, patients’ survival can be
prolonged for approximately 2 months when
combined with surgery and radiation.1,2 The
mechanism of action of TMZ as an alkylating
agent is based on its capacity to methylate DNA,
which causes cellular cytotoxicity by forming
O6-methylguanine adducts.2 Unfortunately, GBM
cells show resistance to TMZ which is mediated
by a DNA repair protein, O6-methylguanine-
DNA methyltransferase (MGMT) that removes the
TMZ-generated DNA adduct.3 Resistance to TMZ
is a major barrier to cure in GBM patients. It has
been reported that GBM patients with a methylated
MGMT promoter have an increased total survival
and better response to combined TMZ and
radiation therapy in comparison with radiation
itself.4 Lack of MGMT expression is considered
a good prognostic factor in TMZ-treated GBM
patients.5

Ciprofloxacin (CPF) is a quinolone antibiotic
used against many bacterial infections.6 It has
been suggested that the 4-fluoroquinolones (FQs)
target the bacterial enzyme DNA gyrase and also
stabilize DNA strand breaks created by DNA
gyrase and topoisomerase IV, however they have
lesser affinity to the eukaryotic DNA gyrase
homologue, topoisomerase II. In general, at
concentrations higher than average found in blood,
inhibition of topoisomerase II can lead to the
formation of stabilized cleavage complexes and
the ultimate production of DNA double-strand
breaks.7 In addition to the antibacterial activity of
CPF, evidences have proven a substantial anti-
proliferative activity among a variety of cancer

cells, such as prostate, bladder, colorectal,
osteosarcoma and leukemic cancer cell lines.8-12

Ciprofloxacin, as an anticancer agent, is used at
concentrations higher than for treatment of
infectious diseases.13 At these concentrations
(200-300 μg/ml), CPF can effectively induce
apoptosis of bladder carcinoma cells and yield to
cell cycle arrest in the S/G2 stage.14 Based on
previous researches, this study intends to examine
whether the addition of CPF can improve the
potency and efficacy of TMZ in the human
glioblastoma A-172 cell line.

Materials and Methods
Drugs and reagents

Temozolomide, 3-(4,5 dimethylthiazol-2-yl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT),
and dimethylsulfoxide (DMSO) were purchased
from Sigma-Aldrich (St. Louis, MO, USA).
Ciprofloxacin hydrochloride was purchased from
(Daroupakhsh Pharmaceutical Co., Ltd., Tehran,
Iran).

Cell culture 
The human glioblastoma A-172 cell line

(Avicenna Research Institute, Tehran, Iran) was
cultured in RPMI 1640 medium supplemented
with 10% heat inactivated fetal bovine serum
(FBS) and penicillin/streptomycin (100 μg/ml).
Temozolomide was freshly dissolved in DMSO.
The final DMSO concentration was kept below
0.25% in the cell culture. At this concentration
DMSO did not demonstrate any toxic effects on
cell growth or viability. Cells were grown at 37°C
in a humidified atmosphere of 5% CO2 and 95%
air. Cells were harvested and used at their
exponential phase of growth in order to evaluate
the cytotoxicity.

Cytotoxicity assay
The stock solutions used in this study consisted

of 400 mM TMZ in DMSO and 2.5 mM CPF in
cell culture medium. A-172 cells were washed
three times with phosphate-buffered saline (PBS),
after which 0.25% trypsin was applied to detach
the cells, followed by centrifugation at 1500 rpm
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for 10 min. The cells were re-suspended in cell
culture medium, seeded (1×104cells/well) into
96-well plates and incubated in a humidified
atmosphere of 5% CO2 for 24 h to allow for cell
adherence. In order to obtain the half maximal
inhibitory concentrations (IC50) we added CPF at
concentrations of 2073.5, 1036.7, 518.3, 259.1,
129.5, 64.7, 32.3, and 16.1 μM and TMZ at final
concentrations of 1000, 500, 250, 125, 62.5, and
31.25 μM. The drugs were added in triplicate.
After 24, 48 and 72 h we added 100 μl MTT (1
mg/ml) to each well, followed by an additional
incubation period of 4 h. After the incubation
time, we removed the cell culture medium and
added 100 μl DMSO to solubilize the formazan
crystals that formed during the MTT assay. The
absorbance was measured by a microplate reader
(ELX 800 Biotek, USA) at 530 nm. 

Analysis of combined drug effects
Drug synergism was recognized by the

isobologram and combination index (CI) methods,
produced from the median effect basic principle
of Chou-Talalay using CalcuSyn software
(Biosoft, Ferguson, MO).15 Data obtained from the
growth inhibitory experiments were used to
perform these analyses. The isobologram method
is a graphical representation of the pharmacologic
interaction to be shaped by choosing the desired
fractional cell kill (Fa) and plotting the individual

drug doses required to create the Fa on their
respective x- and y-axes. A straight line is then
drawn to connect the points. The observed dose
combination of the two agents that achieve the
particular Fa is then plotted on the isobologram.
Combination data points which fall on the line
represent additive drug-drug interactions, whereas
data points that fall below or above the line show
synergism or antagonism, respectively. The CI
method is a mathematical and quantitative
representation of a two-drug pharmacologic
interaction. Using data from the growth inhibitory
experiments and computerized software, we have
generated CI values over a range of Fa levels
from 0.25-0.97 (25%-97% growth inhibition). A
CI of 1 indicates an additive effect between two
agents, whereas a CI <1 or CI >1 shows synergism
or antagonism, respectively.

Statistical analysis
All data were expressed as mean±standard

deviation (SD). Statistical significance was set
at P<0.05. GraphPad Prism 6.01 (GraphPad
Software, Inc., USA) was used to analyze the
single drug effects. Data of combined and single
drug effects were analyzed using one-way analysis
of variance (ANOVA) and the independent
samples t-test, and were calculated using SPSS
21.0 (IBM, Armonk, NY, USA).
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Figure 1. The effects of temozolomide (TMZ) and ciprofloxacin (CPF) treatment on proliferation of the A-172 cell line. Cells were grown
in 96-well plates and treated with TMZ and CPF at different concentrations for 24, 48 and 72 h. “A” shows growth inhibition of different
concentrations of TMZ. “B” indicates growth inhibition of distinct concentrations of CPF. Values represent mean±SD. 
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Figure 2. A comparison of the combined temozolomide (TMZ) and ciprofloxacin (CPF) treatment on proliferation of the A-172 cell line.
Half maximal inhibitory concentration (IC50) of TMZ concentrations-viability curve in the presence of CPF IC50 decreased from 62.5
μM to 8.6 μM (A), and the IC50 of CPF concentrations-viability curve in the presence of TMZ IC50 decreased from 259.3 μM to 22.8
μM (B). Isobolographic analysis of combined TMZ and CPF treatment on the A-172 cell line. Combination index (CI) plots obtained
from median-effect analysis of Chou–Talalay,15 respectively. CI <1 indicates synergistic effects (C-E). Points 1, 2, 3, 4, 5 are the drug
combination effects.; Comb1 = CPF + TMZ IC50; Comb2 = TMZ + CPF IC50
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Results
Cytotoxic effects of temozolomide (TMZ)

treatment on the A-172 cell line
Temozolomide showed a significant dose-

dependent cytotoxic effect on the viability of
A-172 cells. We determined the IC50 value to be
62.5 μM at 72 h. Temozolomide at the highest dose
(1000 μM) showed maximum cell death compared
to the control following 72 h of exposure (P<0.05;
Figure 1A).

Cytotoxic effects of ciprofloxacin (CPF) treatment
on the A-172 cell line

Ciprofloxacin produced a dose-dependent,
significant cell death after 72 h of exposure in the
A-172 cell line. The IC50 value was found to be
259.3 μM at 72 h. We observed maximum cell
death at the 2073.5 μM concentration compared
to the control following 72 h of exposure (P<0.05;
Figure 1B).

Cytotoxic effects of combined temozolomide (TMZ)
and ciprofloxacin (CPF) on the A-172 cell line

The isobologram generated for Fa values of
0.25, 0.50, 0.75, 0.90 and 0.97 represented growth
inhibition of CPF + TMZ IC50 and TMZ + CPF
IC50 (Figure 2C,D). 

The effects of different concentrations of TMZ
combined with the CPF IC50 at 72 h significantly
shifted the TMZ IC50 from 62.5 μM to 8.6 μM
(P<0.001; Figure 2A) and resulted in CI values of
0.910, 0.943, 0.832 and 0.367 (Figure 2E).

Graded concentrations of CPF combined with
the TMZ IC50 at 72 h significantly changed the
CPF IC50 from 259.3 μM to 22.8 μM (P<0.001;
Figure 2B) and resulted in CI values of 0.786,
0.789, 0.832, 0.438 and 0.343 (Figure 2E). These
values indicated a strong synergistic effect on
growth inhibition (Figure 2E). 

Discussion
In this study, for the first time, we assessed the

effects of CPF individually and in combination
with TMZ on the human glioblastoma A-172
cancer cell line. We found cytotoxic and

synergistic effects of CPF on growth inhibition. 
Glioblastoma multiforme is the most common

cancer of the central nervous system that affects
patients of all ages. Being essentially resistant to
treatment, the clinical outcome seems
disappointing regardless of age at the time of
diagnosis. The median survival of a patient with
glioblastoma is 15 months, which has improved
in the past four decades.16 Common treatment
measures include surgical resection and
radiotherapy, most often with the use of
nitrosourea-based chemotherapy. Recently,
although the use of TMZ has emerged as a new
standard of care in patients, unfortunately a modest
improvement in median survival has been seen.1
In vitro studies showed cytotoxic properties of
CPF on other cancer cell lines such as a bladder
carcinoma cell line, Jurkat T cell leukemia cell
line, hormone-refractory prostate cancer cell lines
(HRPC); including the PC-3 and LNCaP cell
lines, two transitional cell carcinoma cell lines;
MBT-2 and T24, sarcoma, osteosarcoma,
colorectal carcinoma, and CHOAA8 ovarian cell
lines.6,17-19,8,20,21 Ciprofloxacin inhibited
proliferation of cells, increased population
doubling time and reduced saturation density of
the cells.22

Ciprofloxacin inhibits mitochondrial
topoisomerase II thus affecting cellular energy
metabolism. Administration of 25 μg/ml of CPF
inhibits the proliferation of Jurkat cells, while
concentrations exceeding 80 μg/ml induce
apoptosis. The inhibition of Jurkat cell
proliferation by CPF has been seen in the G2/M-
phase of the cell cycle which compromised the
formation of mitotic spindle and induced
aneuploidy.6

Ciprofloxacin displays anti-proliferative and
apoptotic effects observed in malignant cells, but
not normal cells. Fortunately, normal and non-
tumorigenic cells are not targeted by CPF. In a
study, PC-3 cells as well as normal prostate
epithelial cells (MLC8891) were treated with 25
to 400 μg/ml CPF, and cell counting was
performed 3 days after treatment. This study
showed that CPF, as an FQ, induced anti-
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proliferative and apoptosis activity on prostate
cancer cells (PC-3) but not on non-tumorigenic
prostate epithelial cells (MLC8891). This finding
suggested that CPF could probably be used as a
possible adjuvant for tumor therapy without any
side effects on normal cells.8

Considering the previous relevant study, the
data showed that CPF induced morphological
changes in the GL26 murine glioma cell line. It
was cytotoxic against GL26 murine glioma cells
which decreased their viability and had dose and
time-dependent cytotoxicity effects. They showed
that GL26 cells lost their regular shape, size, and
cell-cell contact after incubation with CPF. Many
cells also lost their adherence. Most cells showed
a rounded phenotype and were aggregated.23

Studies revealed that CPF has anti-proliferative
and apoptotic activities in tumor cell lines which
are mediated by cell cycle arrest at the S-G2/M
phase. Bax translocation to mitochondrial
membrane leads to the increase in the Bax/Bcl-2
ratio in some cancer cells such as PC-3 prostate
cells.8

There are a number of different mechanisms
involved in the beneficial effects of CPF according
to its anti-microbial activity on cancer patients who
undergo chemotherapy.20 One of these
mechanisms is immune modulation which protects
patients against new infections by reducing
cytokine production and improving their immune
response to infections normally found in cancer
patients.24, 25 Another mechanism is based on the
action of quinolones on hematopoiesis. In terms
of quinolones, particularly CPF by means of a
cyclopropyl moiety at position N1, has been
shown to increase the production of colony-
stimulating factors, myeloid progenitors,
hemoglobin, white blood cells (shorten
neutropenia), and increase survival of cyclophos-
phamide-treated mice which was similar to data
obtained when granulocyte colony-stimulating
factor was used in these mice.20,26 Finally, the
quinolone anti-tumor effect mediated by inhibition
of mammalian DNA polymerase, topoisomerases
I and II, are considered to be another CPF action
in cancer treatment. Quinolones appear to probably

reduce the mortality rate among cancer patients.20

Additional data reported the use of FQs with
some chemotherapeutic agents in several human
cancer cell lines, including head and neck cancers,
colon cancer, prostate cancer and hepatocellular
carcinoma.27-30 In these experiments, CPF
sensitized multi-drug resistant cancer cells to
chemotherapy or increased the efficacy of the
chemotherapeutic agents.28-30

In our research, we obtained synergistic
cytotoxic effects when CPF was used in
combination with TMZ in the glioblastoma A-172
cancer cell line, which correlated with previous
studies.

Conclusion
Ciprofloxacin exhibited cytotoxic properties

and enhanced the inhibitory effects of TMZ on the
cell viability of human glioblastoma A-172 cells.
Our data indicated a strong inhibitory effect of
CPF individually and in combination with TMZ
on the proliferation of A-172 cells. 

We suggest that, in relation to the anti-
proliferative features of CPF, this drug can be a
novel adjuvant administered in a therapeutic
regimen in clinical trials relevant to the curative
strategy in human GBM and other cancers. The
mechanisms underlying these effects are not well
understood and further investigations are needed
to assess the exact mechanism of CPF in tumor
cells.
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