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Background: Carbamazepine is one of the most widely used antiepileptic drugs. Carbamazepine has been shown
to be toxic to cells. Cilostazol, an antiplatelet agent, has known antioxidant, antiproliferative, anti-inflammatory,

Objective: This study aimed to explore whether carbamazepine and cilostazol exert genotoxic and/or cytotoxic
effects in human cultured blood lymphocytes and the impact of combining both drugs on such effects.

Methods: Genotoxicity was examined using sister chromatid exchange (SCE) assay, while cytotoxicity was
evaluated by cell kinetic assays (mitotic and proliferative indices).

Results: Study findings have revealed that carbamazepine markedly increased SCEs (p<0.01), while cilostazol
significantly decreased their frequencies (p<0.01). In addition, the frequency of SCEs of the combination of both
drugs was similar to that of the control group (p>0.05). Carbamazepine increased the cell proliferative index
(p<0.01) while cilostazol decreased it (p<0.01). The proliferative index was normalized to the control level
when both drugs were combined.

Conclusion: We suggest that cilostazol has the potential to protect human lymphocytes from carbamazepine-

Cytotoxic

induced toxic effects.

1. Introduction

Carbamazepine is one of the most widely prescribed antiepileptic
medications approved by Food and Drug Administration (FDA) for the
management of several disorders including partial, generalized, and
mixed seizures, trigeminal neuralgia, and bipolar I disorder [1,2]. Car-
bamazepine acts by inhibiting voltage-gated sodium channels leading to
inhibition of action potential generation and synaptic transmission [2].
Previous research studies have indicated that carbamazepine is geno-
toxic in various systems including cultured human blood lymphocytes,
human embryonic stem cells, hepatocytes, and other systems [3-10].
Moreover, some of the available evidence has demonstrated
carbamazepine-induced cytotoxicity, while others have not [6-8].

Cilostazol, an antiplatelet agent and a vasodilator, is FDA approved
for treating intermittent claudication of peripheral vascular disease
[11]. It is also indicated for the secondary prevention of stroke in
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patients with a history of transient ischemic attacks or
non-cardioembolic ischemic stroke [11,12]. It increases intracellular
cyclic adenosine monophosphate (cAMP) by selectively inhibiting
type-III phosphodiesterase enzyme (PDE3). Its clinical uses depend on
its antiplatelet, anti-inflammatory, antioxidants, antiproliferative and
vasodilatory effects [12-14]. By inhibiting PDE3 and the subsequent
cAMP rise in platelets and blood vessels, cilostazol increases activated
protein kinase A (PKA) which inhibits platelets aggregation and in-
activates myosin light-chain kinase leading to vascular smooth muscle
cells dilation [11]. Cilostazol has been demonstrated to suppress
oxidative stress and exert protective properties in many models and
systems [13,15-19]. In addition, cilostazol has been shown to have
protective properties against genotoxicity caused by the anticancer drug
methotrexate in vitro [20].

In this study, we have investigated the geno- and cyto-toxic effects of
the combination of the antiepileptic agent carbamazepine and the
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cardiovascular medication cilostazol. Studying this combination is
reasonable because people with epilepsy are at higher risk of cardio-
vascular disease (CVD) such as myocardial infarction, stroke, ischemic
heart disease, and thromboembolism and have a higher mortality rate
from these conditions compared to the general population. They also
have an increased CV risk factors including higher risk of diabetes
mellitus which significantly increases the risk of CVD and stroke
[21-23]. This means that it is expected to have comorbid patients taking
both carbamazepine as the antiepileptic agent and cilostazol as the
antiplatelet/vasodilator medication for CVD prevention/treatment.
Furthermore, cytochrome P450 enzyme-inducing antiepileptic agents
(such as carbamazepine) have known to increase the CV risk [21,24].
Thus, it is rational to study carbamazepine as a commonly and widely
prescribed antiepileptic medication with the antiplatelet agent/vasodi-
lator cilostazol that is indicated for CVD prevention/treatment. Of note,
cilostazol is a promising antiplatelet agent as it has demonstrated
favorable clinical outcomes in atherosclerotic vascular disease like
coronary and cerebral artery disease. For ischemic vascular protection,
it has been used as adjunctive therapy with other antiplatelet medica-
tions such as clopidogrel (cilostazol has a synergistic antiplatelet
mechanism of action when combined with clopidogrel) without
increasing bleeding risk in high thrombotic risk patients [25,26].

Here, we hypothesized that cilostazol has beneficial effects that
mitigate carbamazepine-induced genotoxicity. Thus, we investigated
the genotoxic and cell survival effects of carbamazepine, cilostazol, and
the combination of both drugs using human cultured blood lympho-
cytes, sister chromatids exchange (SCE) and mitotic/proliferative
assays.

2. Materials and methods
2.1. Blood samples

Blood samples were withdrawn peripherally under aseptic condi-
tions from 5 healthy adult male volunteers and were placed in hepa-
rinized test tubes. The donor ages ranged from 20 to 28 years. Exclusion
criteria were subjects with medical conditions, on medications, drinking
alcohol, or smoking tobacco. Venous blood samples were taken in the
morning on the same test day to avoid diet interference. Participation in
the study was voluntary and written informed consent was obtained
from each subject after explaining the aims and procedure of the study.
The study was approved by the Institutional Review Board (IRB
approval no. 27/132/2020; Dated: 31/3/2020) at Jordan University of
Science and Technology, and the study was implemented according to
the Code of Ethics of the World Medical Association (Declaration of
Helsinki) for Research Studies involving human.

2.2. Cell culture and treatment

Each freshly obtained whole blood sample was cultured immediately
and was considered as one set of experiments. Lymphocyte cultures were
prepared in 50 mL tissue-culture flasks by adding 1 mL of fresh hepa-
rinized blood to 9 mL optimized RPMI 1640 medium (PB-MAX™ Kar-
yotyping Medium, Gibco-Invitrogen, UK) supplemented with 15 % fetal
bovine serum, L-glutamine, gentamicin sulfate, and phytohemagglutinin
[27]. Cultures were incubated in darkness in 5 % CO2 at 37 °C for
72 hours.

Drug treatment of lymphocytes culture involved a stoke solution of
carbamazepine (95 %, Sigma-Aldrich, USA) that was dissolved in
ethanol (95 %, Sigma-Aldrich, USA) with a working concentration in the
culture flask of 12 ug/mL corresponding to the therapeutic plasma
carbamazepine concentration at steady stat [6,28,29]. Carbamazepine
was added to the culture 24 hours before cell harvesting. Cilostazol
(98 % pure, Santa Cruz Biotechnology, USA) stock solution (1.2 mg/mL)
was prepared in dimethyl sulfoxide (DMSO) with a final working con-
centration (1.2 pg/mL) that complied with the serum cilostazol level of
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the standard dosage of this drug in human [30]. Cilostazol was added to
the cell culture media at the start of culturing. Control cultures were
treated with vehicle (ethanol) in equivalent quantity to that used in the
drug treated groups.

The study groups were divided into four: one control group and three
experimental groups. The experimental groups were carbamazepine,
cilostazol, and a combination of both drugs.

2.3. Sister chromatid exchange (SCE) assay

Before incubating the cells, 25 L of the light sensitive bromodeox-
yuridine (0.01 g/mL) (BrdUrd, Sigma-Aldrich, USA) were added to the
cultured cells in darkness to avoid photolysis [31]. Two hours before
harvesting the culture cells, they were treated with the spindle inhibitor
Colcemid (Gibco-Invitrogen, UK) with a final concentration of
0.1 pg/mL for cells’ metaphase arresting. After the incubation period,
cultured cells were transferred to 15 mL tubes which were then centri-
fuged at 1000 rpm for 10 minutes. Then, the cellular pellet was resus-
pended in pre-warmed hypotonic solution (0.56 % KCl) before being
incubated for 30 minutes at 37 °C. Following that, cells centrifugation at
1000 rpm for 10 minutes was done before fixing the resultant cellular
pellet with a freshly prepared ice-cold fixative solution of methanol and
acetic acid (3:1) and was left in darkness at room temperature for
20 minutes. The pellet was then rinsed 3 times with the fixative solution
before being suspended in 1 mL of this same solution. The fixed cells
were then dropped on pre-chilled slides for metaphases spreading after
which they were allowed to air dry. Next, the cells were stained with
Hoechst 32285 dye solution (10 pg/mL) for 20 minutes. After rinsing the
slides with distilled water, they were mounted in Mcllvaine buffer (pH
8.0). Then, slides were UV irradiated (350 nm) at 7 cm and 40 °C for
30 minutes. Following that, slides were rinsed with distilled water and
then dried at room temperature before being stained with 5 % Giemsa
stain in Gurr buffer (pH 6.8) for 4 minutes. Lastly, slides were washed
with distilled water and were allowed for air-dry at room temperature
[32].

To analyze SCE, 1000x oil magnification of a high-resolution light
microscope (Nikon, Japan) was used to score the second division
metaphase (M2) cells per group/donor. The M2 (42-46 chromosomes)
appeared with two differentially stained sister chromatids of light and
dark stains. For the first division metaphase (M1), stained chromosomes
appeared as two dark sister chromatids. When chromosomes appeared
light, dark, and differentially stained, then this represented the third/
fourth division metaphase (M3/M4) [33].

2.4. Cell kinetic analysis

For the evaluation of cytotoxicity on human cultured blood lym-
phocytes, the mitotic index (MI) and proliferative index (PI) were
determined. The MI of blood lymphocytes was determined by the
random analysis of 1000 cells per culture and by counting the metaphase
cells. MI is the ratio of the number of cells undergoing mitosis per high
power field of view divided by the total number of cells in the examined
cell population*100 [34].

PI was calculated to assess the drugs’ effect on the rate of the cell
division process by scoring the first-, second-, and third-division mitoses
(M1, M2, and M3, respectively) in 100 metaphases from each donor
according to the following equation [35]

1*M1+ 2*M2+ 3* >M3)/100 (€D)]

2.5. Health and safety

All mandatory laboratory health and safety procedures have been
complied with all occupational health and safety instructions, and
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university policies and procedures.

2.6. Statistical analysis

The data of the study were analyzed statistically using GraphPad
Prism 8.4.3 (686). Data were represented as mean + standard deviation
(SD). One-way analysis of variance (ANOVA) and Tukey’s post hoc test
were used for statistical analysis. The threshold for statistical signifi-
cance was fixed at a p<0.05.

3. Results
3.1. Carbamazepine-induced genotoxicity and cilostazol impact

We evaluated the genotoxic effects of the two drugs cilostazol, and
carbamazepine expressed as the mean frequency of sister chromatid
exchanges (SCEs) on human cultured blood lymphocytes. The four study
groups of untreated human cultured blood lymphocytes (control),
cilostazol-treated (1.2 pg/mL), carbamazepine-treated (12 pg/mL), and
carbamazepine- and cilostazol-treated cells have showed significant
changes in the mean frequency of SCEs as it is shown in Fig. 1. The mean
frequency of SCEs in the cilostazol-treated cells has been significantly
reduced (1.73 + 0.55, p < 0.0001) contrary to the carbamazepine-
treated cells which has been significantly increased (4.90 + 0.17, p <
0.0001) when both were compared to the control (3.38 + 0.39). In
addition, SCEs have been significantly different between these two drugs
in which carbamazepine caused more SCEs than cilostazol (4.90 + 0.17
versus 1.73 + 0.55, respectively, p < 0.0001). However, when the two
drugs were combined, the demonstrated cilostazol geno-protective ef-
fect and carbamazepine genotoxic effect of each agent alone were
eliminated and were similar to the control (3.47 + 0.51 versus 3.38 +
0.39, respectively, p > 0.05). Moreover, the two-drug combination
significantly increased SCE frequency mean compared to cilostazol
alone (3.47 + 0.51 versus 1.73 + 0.55, respectively, p<0.0001) while
reduced it in regard to carbamazepine only (3.47 + 0.51 versus 4.90 +
0.17, respectively, p<0.001).

3.2. Cilostazol antimitogenic effects and the impact of carbamazepine

The cytotoxic effects of cilostazol and carbamazepine on human
cultured blood lymphocytes were evaluated using MI and PI. MI de-
termines the mitotic activity of blood lymphocytes, and it is the ratio of
the number of cells undergoing mitosis per high power field of view
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divided by the total number of cells in the examined cell population. Our
results have demonstrated a statistically significant difference for the
cilostazol-treated group compared with the others (Fig. 2). The MI of
cilostazol-treated group (3.35 + 0.89) was lower than that of the un-
treated control (4.33 + 0.56, p<0.05) or carbamazepine-treated group
(4.62 + 1.05, p<0.05). However, there were no statistically significant
differences (p > 0.05) in the cells’ mitotic activity between
carbamazepine-treated (4.62 + 1.05), and carbamazepine- and
cilostazol-treated cells (3.77 + 0.48). In addition, the mitotic activity of
these two groups was similar to the basal activity of the control group
(4.33 + 0.56, p > 0.05). This suggests that treating cells with carba-
mazepine has not caused cytostatic action, but on the contrary, it miti-
gated the cytotoxic effects of cilostazol to the baseline level. ANOVA and
Tukey’s post hoc test were used for statistical analysis.

The evaluation of human cultured blood lymphocytes proliferative
activity upon treatment with cilostazol, carbamazepine, or both agents
was determined by the PI. It was calculated to assess the drugs’ effect on
the rate of cell division process by scoring the first-, second-, and third-
division mitoses (M1, M2, and M3, respectively) in 100 metaphases
according to the previous equation (Section 2.4). Results (Fig. 3) have
shown that the mean PI of the carbamazepine-treated group (2.53 +
0.09) has shown significantly higher PI than the control (2.20 &+ 0.11, p
< 0.001), the cilostazol-treated cells (1.94 + 0.14, p < 0.001), and the
cells treated with combined carbamazepine and cilostazol (1.81 + 0.14,
p < 0.0001). In addition, the reduction in the mean PI of cells treated
with cilostazol was statistically different from the control (1.94 + 0.14
versus 2.20 + 0.11, respectively, p<0.001). However, when cilostazol
was combined with carbamazepine, it reduced the carbamazepine-
induced increase in PI to the level of cilostazol-treated cells (1.81 +
0.14 versus 1.94 + 0.14, respectively, p>0.05). Notably, combining
cilostazol and carbamazepine has significantly reduced the mean PI
when compared to the control (1.81 + 0.14 versus 2.20 + 0.11,
respectively, p < 0.0001).

4. Discussion

Despite being a commonly prescribed antiseizure medication, car-
bamazepine can cause genotoxicity. Consequently, reducing this toxicity
is a necessity. Research studies investigating the potential geno- and
cyto-toxic effects of carbamazepine on human cultured blood lympho-
cytes are limited. Furthermore, the effects of the antioxidant and anti-
proliferative agent cilostazol on potential geno- and cyto-toxicities of
carbamazepine are scarce. Therefore, this study aimed to address these
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Fig. 1. Quantitative comparison of the means of sister chromatid exchange (SCE) frequency in human cultured blood lymphocytes upon treatment with

cilostazol and/or carbamazepine. ANOVA and Tukey’s post hoc test were used for statistical analysis. *: Denotes the statistical significance of each pairwise
comparisons of cilostazol with the control (p<0.0001), carbamazepine (p<0.0001), and carbamazepine+ cilostazol (p<0.0001) groups. $: Denotes the statistical
significance of each pairwise comparisons of carbamazepine with the control (p<0.0001), cilostazol (p<0.0001), and carbamazepine+ cilostazol (p<0.001) groups.
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Fig. 3. Quantitative comparison of the means of cell proliferative index (PI) in human cultured blood lymphocytes upon treatment with cilostazol and/or
carbamazepine. Error bars indicate standard deviation (n = 5-10). *: Denotes the statistical significance of each pairwise comparisons of cilostazol with the control
(p<0.001), carbamazepine (p<0.0001), and carbamazepine+ cilostazol (p>0.05) groups. $: Denotes the statistical significance of each pairwise comparisons of
carbamazepine with the control (p<0.001), cilostazol (p<0.0001), and carbamazepine+ cilostazol (p<0.0001) groups.

effects of both drugs on human cultured blood lymphocytes and exam-
ined cilostazol ability to avoid, stop or reverse the potential geno- or
cyto-toxic effects induced by carbamazepine. Our findings bring to light
cilostazol ameliorative effects of carbamazepine-induced genotoxicity
under the experimental conditions, offering a promising agent to pre-
vent this adverse effect. However, cilostazol exerted antimitogenic
properties compared to carbamazepine.

4.1. Carbamazepine- induced genotoxicity and cilostazol impact

Although carbamazepine is one of the oldest antiepileptic drugs, it is
still one of the common agents used to manage epilepsy. The demon-
strated genotoxicity of the carbamazepine in our findings is in alignment
with previous research results using the same research technique in the
same model [6]. Moreover, it is also in line with other studies’ results
using various techniques and/or different systems [5,9]. This consis-
tency between various methods and systems confirms that carbamaze-
pine is genotoxic to cells. It has been debated whether there is an
association between antiepileptic drugs and cancer with evidence
showing many agents demonstrating this risk [36]. For carbamazepine,
the available evidence is limited, and it is summarized into the risk of
hepatocellular and testes tumors in rats [36]. Carbamazepine’s

genotoxic impact on blood lymphocytes could stem from its potential
direct binding to DNA. Alternatively, it might exert immunomodulatory
effects. The concept of localized drug metabolism beyond the liver adds
an intriguing dimension to our understanding. It has been documented
that the mRNA and protein of cytochrome P450s and Phase 2 hepatic
metabolizing enzymes are expressed in white blood cells including pe-
ripheral blood lymphocytes [37]. The products of this localized meta-
bolism can contribute to oxidative stress and toxicities which can lead to
activating antigen presenting cells and an immune response [38].
Furthermore, carbamazepine is an enzyme inducer, and the potential
induction of local metabolizing enzymes can generate reactive metab-
olites which can bind to macromolecules in leukocytes and contribute to
toxicities or immune-medicated reactions [39,40]. The closely related
drug to carbamazepine and relatively newer antiepileptic agent oxcar-
bazepine was also found to be genotoxic [36,41]. In addition, its me-
tabolites which are common to those of carbamazepine were also
reported to be genotoxic [41]. However, oxcarbazepine has been
increasingly used due to its weak enzyme-inducing properties [36]. The
manifested genotoxic effect of carbamazepine was mitigated by the
protective effects of the well-documented antioxidant and
anti-inflammatory agent cilostazol, a finding that matches well with
previous literature [13,15-20]. There are several mechanistic pathways
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that have been proposed for cilostazol pleiotropic protective roles
including prevention of oxidative stress. These includes (i) preventing
mitochondrial reactive oxygen species (ROS) production and depolari-
zation; thus, preventing oxidative stress-induced mitochondrial
dysfunction, (ii) in a dose-dependent manner, ameliorating the expres-
sions of the inflammatory mediators tumor necrosis factor-alpha
(TNF-a) and nuclear factor-kappa f (NF-xB) (partly by increasing
cAMP levels) and the apoptotic marker caspase-3 (by activating
cAMP-dependent protein kinase), and lowering the lipid peroxidation
marker malondialdehyde and nitrite levels with a rise in glutathione
concentration; thus, targeting the inflammatory and cell death signaling
pathways and restoring an unbalanced oxidative status, (iii) suppressing
oxidative DNA breakage induced by hydroxyl radicals, (iv) reducing
oxidative stress biomarkers and increased antioxidant capacity regard-
less of cilostazol used dose. [13,15-17,19,42] The broad-spectrum
antiepileptic medication valproic acid is also widely used for treating
most forms of epilepsy and bipolar disorders [43]. It shares the mech-
anism of action of carbamazepine on voltage-gated sodium channels and
histone deacetylase [43,44]. It is unclear if this antiepileptic drug has
also geno- or cyto-toxic effects on blood lymphocytes similar to carba-
mazepine particularly as both agents can cause hematological abnor-
malities [45,46]. Valproic acid can cause coagulopathy and
hematological abnormalities including thrombocytopenia and predis-
pose patients treated with it to hemorrhagic risks [47,48]. The mecha-
nisms of valproic acid hematological effects are still unclear;
nonetheless, studies have suggested that valproate coagulopathy and
thrombocytopenia risks are dose-dependent and may result from
inhibiting cyclooxygenase and thromboxane A2 synthesis, reductions in
the levels and activities of factors VII, VIII, XIII, protein C, fibrinogen,
von Willebrand factor antigen, and von Willebrand factor ristocetin
cofactor [45,47-55]. On the other hand, carbamazepine-induced
thrombocytopenia is dose-independent and is an immune-mediated re-
action [46]. Studies on valproic acid toxicities have indicated that
oxidative stress and production of ROS, and inhibiting mitochondrial
respiration, have contributed to its germ cell and hepatocytes damage
[56-58]. Further research is needed to investigate valproic acid effects
and other related antiepileptic medications to carbamazepine on blood
lymphocytes and whether cilostazol will have the ability to mitigate any
toxicities that may result.

4.2. Cilostazol antimitogenic effects and the impact of carbamazepine

The cytotoxic properties of cilostazol as they were demonstrated in
our study come in agreement with previous evidence [59-61]. Cilostazol
inhibited cell viability and exerted anticancer effects in colon and breast
cancer cells [59,60]. In addition, it induced apoptosis leading to
anti-proliferative and -tumor effects in hepatocellular carcinoma cells
[61]. In our study, carbamazepine has not adversely affected lympho-
cytes viability and proliferation, on the contrary, it enhanced cell ki-
netics. Previous studies have indicated that carbamazepine did not show
antiproliferative and antitumor effects on cells in malignant glioma
[62]. Moreover, it did not affect cell viability in concentrations up to
80 pM but not in concentrations above 100 pM when cells’ survival rates
were reduced [63]. Carbamazepine’s feature of autoinduction through
inducing hepatic metabolizing enzymes may have contributed to its
absent effects on inhibiting cell kinetics at the utilized dose [29].
However, carbamazepine, as a histone deacetylase inhibitor, generated
ROS and caspase 3 in human colon adenocarcinoma cell line HT-29 and
caused marked cytotoxicity and anticancer effect [64]. This discrepancy
with our results can be related to the different doses used in which much
higher doses (36 and 76 pg/mL; 152 and 322 pM) than our dose of
carbamazepine (12 pg/mL; 50.8 pM) were utilized [64]. Furthermore,
valproate is an antiepileptic agent that seems to exert antiproliferative
and anticancer effects in vitro and in vivo through inhibiting histone
deacetylase, a mechanism that is also a characteristic of carbamazepine
[36,58,65,66]. Thus, the combined cilostazol and carbamazepine
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treatment abolished the later effects on cell kinetics and preserved the
former antiproliferative properties.

This study was conducted in human cells under controlled experi-
mental conditions rather than in the natural setting of a human being;
thus, it is unclear if its findings can be extrapolated to the human in vivo
sitting, particularly in human clinical studies. Some researchers have
suggested that the in vitro to in vivo concordance may be established by
"humanized" in vitro systems; using human cells [67,68]. However, it is
still challenging to generalize and translate the in vitro outcomes to in
vivo owing to contextual variations. Nonetheless, important insights into
the in vivo system can be gained for potential translatability.

5. Conclusion

Our study has indicated that carbamazepine is genotoxic to human
cultured blood lymphocytes and is a promoter of cell proliferation. On
the other hand, our findings have illustrated that cilostazol is not only
geno-protective and prevents carbamazepine-induced genotoxicity but
also exerts antiproliferative effects. Therefore, cilostazol may be bene-
ficial in terms of ameliorating oxidative stress and inflammation, pre-
senting a promising agent for the treatment of many oxidative stress-
related conditions. However, the clinical utility of this combination
has not been examined. Future experimental and clinical studies are
required for a possible risk and benefit assessment of patients receiving
carbamazepine and cilostazol. In addition, further research studies are
required to understand the exact mechanisms of cilostazol protective
effects in human subjects for its practical implications as a new treat-
ment strategy. It would also be valuable to extend and compare the
results of this study to other related antiepileptic medications.

Abbreviation

ANOVA: analysis of variance; cAMP: cyclic adenosine mono-
phosphate; CVD: cardiovascular disease; DMSO, dimethyl sulfoxide;
FDA, food and drug administration; IRB, institutional review board; M1,
first division metaphase; M2, second division metaphase; M3, third di-
vision metaphase; M4, fourth division metaphase; MI, mitotic index; NF-
kB, nuclear factor-kappa f; PDE3, phosphodiesterase enzyme type 3; PI,
proliferative index; PKA, protein kinase A; ROS, reactive oxygen species;
SCE, sister chromatids exchange; SD, standard deviation ; TNF-a, tumor
necrosis factor-alpha
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