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ABSTRACT

Cisplatin and carboplatin are integral parts of many antineoplastic management regimens. Both platinum analogues are potent DNA
alkylating agents that robustly induce genomic instability and promote apoptosis in tumor cells. Although the mechanism of action
of both drugs is similar, cisplatin appears to be more cytotoxic. In this study, the genotoxic potential of cisplatin and carboplatin was
compared using chromosomal aberrations (CAs) and sister-chromatid exchange (SCE) assays in cultured human lymphocytes. Results
showed that cisplatin and carboplatin induced a significant increase in CAs and SCEs compared to the control group (p<0.01). Levels of
induced CAs were similar in both drugs; however, the magnitude of SCEs induced by cisplatin was significantly higher than that induced
by carboplatin (p<0.01). With respect to the mitotic and proliferative indices, both cisplatin and carboplatin significantly decreased
mitotic index (p<0.01) without affecting the proliferative index (p>0.05). In conclusion, cisplatin was found to be more genotoxic than

carboplatin in the SCE assay in cultured human lymphocytes, and that might explain the higher cytotoxicity of cisplatin.
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Introduction

Cisplatin is a widely used antineoplastic drug that belongs
to the DNA alkylating family (Rjiba-Touati et al., 2013).
It binds to nucleophilic groups in DNA, introducing
intrastrand and interstrand DNA cross-links which lead
to growth inhibition and apoptosis. Cisplatin is first line
in the treatment of several types of cancer, including ovar-
ian, lung, head and neck, CNS, endometrial, esophageal,
bladder, breast, and cervical cancers, as well as osteogenic
sarcoma and neuroblastoma (de Castria et al., 2013;
Aguiar et al., 2016; Castrellon et al., 2017).

Carboplatin is a similar organoplatinum that possesses
DNA alkylating properties and interferes with DNA
duplication in a similar fashion to cisplatin (Bruning &
Mylonas, 2011). Carboplatin is currently implicated in
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the treatment of several types of cancers, most of which
overlap with those of cisplatin (Duan ef al., 2016; Fennell
et al., 2016). Carboplatin is also used in preparation for a
stem cell or bone marrow transplantation (Agarwala et
al., 2011). Chemically, the two drugs are different in that
carboplatin has a bidentate dicarboxylate in place of the
two chloride ligand groups of cisplatin (Kralovanszky et
al., 1988).

While the two compounds share great similarity,
cisplatin and carboplatin have a slightly different phar-
macology. Carboplatin is relatively more stable inside the
cells and is cleared more rapidly from the body (Duffull &
Robinson, 1997). However, despite the lower toxicity pro-
file, carboplatin can still cause myelosuppression which
leads to neutropenia and consequently severe infections
by opportunistic microbes (Pastor et al., 2015).

More importantly, meta-analyses have shown a slight
advantage of cisplatin-based therapy (Hotta et al., 2004;
Ardizzoni et al., 2007) suggesting a different tumori-
cidal profile between the two drugs. Both drugs can
equally induce platinum-DNA adducts but at different
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aquation rates (Hongo et al., 1994). Furthermore, both
drugs strongly activate components of the DNA damage
response; however, phosphorylation of Chkl, H2AX and
RPA2 is induced earlier by cisplatin than by carboplatin
(Cruet-Hennequart et al., 2009). Therefore, the aim of the
current study is to further examine possible differences
of the genotoxic effects of carboplatin and cisplatin at the
chromosome level. Furthermore, the genotoxic effects of
antineoplastic drugs in non-tumor cells are of special sig-
nificance due to the risk of induction of secondary tumors
in cancer patients.

To obtain relevant information, we utilized cultured
human lymphocytes and sister-chromatid exchange
(SCE) and chromosomal aberration (CA) assays. The SCE
assay measures the exchange of genetic material between
two identical sister chromatids and is greatly affected by
mutagenic agents , while CA is used to measure chromo-
somal damage induced by clastogenic agents (Clare, 2012).

Material and methods

Blood donors

Five healthy subjects donated their blood for the study.
Donors were recruited from the university campus using
wall advertisements. All donors were non-smokers and
non-alcoholic adults, aged 22-24 years. Donors had not
been taking any medications or supplements for the past
three months prior to blood donations. Ten milliliters
of heparinized blood were collected from each donor in
sterile vacutainer tubes. All donors gave written informed
consents according to the Institutional Review Board
prior to their participation in the study.

Drugs

Cisplatin (Ebewe Pharma) and carboplatin (Thymoorgan
Pharmazie- Hikma) were dissolved in normal saline
before beginning of the experiments. These drugs were
initially in therapeutic concentrations and then they were
serially diluted. The concentrations used in this study to
evaluate the potential genotoxic side effects on normal
lymphocytes were based on their known therapeutic half
maximal inhibitory concentrations ( IC50) on leukemia
cell lines (CEM, HL60, U937, K562). The concentrations
were evaluated on normal leukocytes. Procedures for SCE
and CA analysis, described later, were carried out. The
microscopic slides were divided using horizontal lines 1
mm apart and the number of dead versus live cells in each
line was counted. A ratio of approximately 50% was used
as a cutoff to accept the concentrations used for the pur-
pose of this study. The chosen final concentrations of the
drugs in cell culture were the mean concentrations used
on different leukemia cell lines and these were 0.4 ug/mL
for cisplatin and 6.2 pg/mL for carboplatin (Wu-Chou Su
et al., 2000).

Cell cultures
Fresh blood was used to initiate lymphocytes cul-

tures. About one mL of withdrawn blood was added
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to tissue-culture flasks containing nine ml of media
(Chromosome Medium P — EuroClone, Italy: RPMI 1640
medium supplemented with suitable amount of fetal
bovine serum, glutamine, penicillin-streptomycin and
phytohemagglutinin).

Sister-chromatid exchange assay

The procedure that was followed to conduct SCEs in
cultured human lymphocytes was described previ-
ously (Khabour et al., 2011). In brief, a fresh solution of
Bromodeoxyuridine (BrdU, Sigma-Aldrich, final concen-
tration 20 ug/ml) was added to cultured human lympho-
cytes directly after culture initiation. Cultures were then
incubated at 37°C in dark CO2 incubator for 72 hours.
Cisplatin/Carboplatin were added to cultures in the last
24 hours of incubation time (Al-Sweedan et al., 2012).
Before harvesting cultured lymphocytes, Colcemid
(obtained from Euro clone, Italy, final concentration
10 pg/mL) was added to cultures for 90 minutes. Cultures
were then centrifuged and the pellet was introduced to a
hypotonic solution (0.075M KCI, Euro clone, Italy) and
incubated at 37°C for 20 min. Tubes were then centri-
fuged and the cellular pellet was fixed with three changes
of ice-cold methanol:acetic acid (3:1, Carlo erba, China).
Metaphase spreads were prepared on pre-chilled slides as
previously described (Azab et al., 2017). The slides were
stained with the fluorescent-plus-Giemsa technique and
SCEs were scored blindly using medical microscope at
1000x magnification. Fifty M2 metaphases were ana-
lyzed per each drug concentration/donor. In addition,
M1, M3 and M4 metaphases were counted for analysis
of mitotic and proliferative indices (Azab et al., 2009;
Alzoubi et al., 2014).

Chromosomal aberrations (CAs) assay

CA assay cultures were prepared and treated similarly
to those of SCE but without the addition of BrdU to the
culture. After staining with 2% Giemsa solution (Medical
Expertise House, Jordan, pH 6.8), 500 metaphase spreads
(100 for each treatment/donor) were analyzed for CAs
(Alzoubi et al., 2012; Mhaidat et al., 2016). Only breaks
and exchanges were included in the analysis of CAs.

Cell kinetics analysis

The mitotic index and proliferative index were examined
to reflect cytotoxicity of Cisplatin and Carboplatin. To
determine the mitotic index for each concentration,
at least 5,000 cells (1,000 cells from each donor) were
included and the number of metaphases was counted. The
mitotic index was calculated as the ratio of the number of
metaphases seen vs. total number of intact cells seen. For
the cell proliferation index the following calculation was
used: (M1 +2*M2+3*M3)/100 for each slide, with a total of
500 metaphase cells used (Azab et al., 2009).

Statistical analysis

Statistical comparisons were performed using GraphPad
Prism statistical software (version 4) ANOVA, fol-
lowed by Tukey post hoc test for analysis of the three



groups. A p<0.05 was used as a threshold for statistical
significance.

Results

Chromosomal breaks and exchanges were scored using
metaphases stained with Giemsa. Chrosomal/chromatid
breaks and exchanges were included in the CAs assess-
ment. First, both cisplatin and carboplatin significantly
increased CAs by 3.0 and 2.3 fold, respectively (p<0.01,
Figure 1). Interestingly, the level of the increase in CAs
was slightly higher in the cisplatin-treated group than that
in the carboplatin-treated group, despite lack of statistical
significance (p>0.05).

Figure 2 shows the frequency of SCEs induced by
each treatment. Cisplatin and carboplatin significantly
increased SCEs 4.05 and 3.1 fold, respectively (p<0.01).
The level of the increase in SCEs was significantly higher
in the cisplatin-treated group than in the carboplatin-
treated group (p<0.01). Thus cisplatin induced more
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Figure 1. Chromosomal aberrations (CAs) induced by cisplatin
and carboplatin. Cisplatin and Carboplatin significantly increased
CAs frequency in cultured human lymphocytes (p<0.01). No sig-
nificant differences were detected between the magnitude of
CAs induced by Cisplatin and Carboplatin (p>0.05). * Indicates
significant difference from control group. j
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Figure 2. Sister-chromatid exchanges (SCEs) induced by cis-
platin and carboplatin. Cisplatin and Carboplatin significantly
increased SCEs frequency in cultured human lymphocytes (p<0.
01). In addition, the magnitude of SCEs induced by Cisplatin was
significantly higher than that induced by Carboplatin (p<0.01).
* Indicates significant difference from control group. $ Indicates

significant difference from Cisplatin group. /
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genotoxicity in terms of SCEs than did carboplatin, a
result that consistently agrees with previous observa-
tions (Shinkai et al., 1988).

Finally, we wanted to examine if these genotoxic dif-
ferences between cisplatin and carboplatin have variable
outcomes on the proliferative potential of cultured cells.
Both cisplatin and carboplatin significantly decreased
the mitotic index (p<0.01, Figure 3) without affecting the
proliferative index (p>0.05, Figure 4). However, mitotic
and proliferative indices were similar in cisplatin and
carboplatin groups (p>0.05), indicating that the discrep-
ancy in the genotoxic profiles of the two compounds is
not necessarily responsible for the difference in their
cytotoxic effect.

Discussion
In the current study, the genotoxicity of cisplatin and

carboplatin was compared in cultured human lympho-
cytes. Results showed that cisplatin was more genotoxic
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Figure 3. Effect of cisplatin and carboplatin on mitotic index.
Treatment of cultured human lymphocytes with Cisplatin or
Carboplatin significantly decreases mitotic index (p<0.01). No
significant differences were detected between mitotic index of
Cisplatin and Carboplatin (p>0.05). * Indicates significant differ-

ence from control group. /
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Figure 4. Effect of cisplatin and carboplatin on proliferative
index. Treatment of cultured human lymphocytes with Cisplatin
or Carboplatin did not affect proliferative index (p>0.05).
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than carboplatin in the induction of SCEs. However, both
drugs induced comparable levels of CAs, MI and PI.

The genotoxicity of cisplatin is well documented both in
vivo and in vitro systems. This includes induction of SCEs,
CAs, micronuclei and oxidative DNA damage in different
models such as mice, rats, humans and cell lines (PC12,
Ehrlich ascites tumor, HepG2) (Brozovic et al., 2009; Desai
& Gadhia, 2012; Ghosh et al., 2013; Khabour et al., 2014).
Similarly, carboplatin was shown to induce chromosomal
DNA damage in humans, animals and cell lines. For exam-
ple, CAs and SCEs were shown to be induced by carbopla-
tin in cultured human lymphocytes (Shinkai et al., 1988),
Ehrlich ascites tumor cells (Mylonaki-Charalambours et
al., 1998), and Chinese hamster ovarian cells (Gonzalez
Cid et al., 1995). The results that cisplatin is more potent
in inducing SCEs is in agreement with a previous report
conducted on Chinese hamster V 79 cells (Chibber & Ord,
1989). Thus the data presented in this study and those of
other authors suggest that cisplatin is more genotoxic than
carboplatin on normal cells. However, as previous works
have shown, the genotoxic effects of cisplatin have not
been correlated with increased incidence of cancer devel-
opment in patients who received it. By extent, due to its
lower genotoxic properties, carboplatin can be considered
safe with regard to risk of secondary cancer development
(Shinkai et al., 1988).

The mechanisms for the induction of CAs and SCEs
were suggested to be different. SCEs arise when damaged
DNA induces the replicative bypass repair mechanisms
during cell replication (Sasaki, 1980), whereas CAs are
induced by damage repaired by post-replication repair
processes. The differences in the ability of cisplatin and
carboplatin in the induction of SCEs could be related to
the type/magnitude of DNA damage they induced and
how they interact with DNA. For example, carboplatin was
shown to exhibit lower reactivity and slower DNA bind-
ing kinetics than cisplatin, although both form similar
reaction products in vitro at equivalent doses (Hah et al.,
2006). With respect to treatment effectiveness, as noted
earlier, it is well accepted that carboplatin has a relatively
lower potency than cisplatin in treatment of some cancers
(Moncharmont et al., 2011). Therefore, all these mecha-
nisms might contribute to the higher frequency of SCEs
induced by cisplatin compared to carboplatin.

On the other hand, the comparable MI and PI can be
attributed to the fact that the actual damage of the chro-
mosomes measured by CA was similar between cisplatin
and carboplatin. This means that the magnitude of dam-
aged chromosomes in the two groups is comparable. Thus
this translates to a comparable cytotoxic effect evaluated
by PI and MI.

In the current investigation, only one dose of cisplatin
and carboplatin were investigated and for one period.
Future studies that examine a comprehensive concen-
tration-effect of both drugs and for different periods are
strongly recommended.

In conclusion, cisplatin was found to be more genotoxic
than carboplatin in the SCE assay in cultured human
lymphocytes.
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