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Abstract Cisplatinum (Cispt) is an anti-cancer drug with

a low level of solubility. One of Cispt’s solvents is dime-

thyl sulfoxide (DMSO) which can be substituted with

chlorine of drug as Cispt’s solvent. Applying such a solvent

in biological studies is impossible due to intense reduction

in activity. On the other hand, it is specified that Cispt’s

stability is increased in aqueous media by increasing

sodium chloride (NaCl) concentration up to 0.9 %. Con-

sequently, we intended to study the effect of DMSO on

cytotoxicity of Cispt in presence of sodium. MTT assay

was employed to study cytotoxicity effect of Cis-

pt ? NaCl ? DMSO and Cispt ? DMSO on G-292 cell

line. Cytotoxicity in dilutions of 300 and 9 (p \ 0.01) of

Cispt in Cispt ? NaCl ? DMSO formulation was equal to

78 and 7 %. These values were estimated 79 and 18 % for

Cispt ? DMSO formulation and 79 and 24 % for free

drug. IC50 values demonstrated reduction of 45 % in

cytotoxicity of Cispt in Cispt ? DMSO formulation.

Studying chemical structure of Cispt and Cispt dissolved in

DMSO showed that NaCl cannot inhibit inactivating effect

of DMSO on Cispt and effect of this solvent on Cispt is

independent from presence of NaCl. Results represented

that using NaCl does not result in stability and keeping

cytotoxicity properties of Cispt in DMSO. Findings suggest

more studies for using DMSO as a solvent of Cispt.
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Introduction

Cisplatinum is a platinum containing drug with a widespread

anti-tumor activity [1]. This drug is an alkylation agent,

applied against solid tumors of testicular, ovarian, bladder

and epithelial malignancies and cancers of the esophagus,

lung, and head and neck. Cisplatinum enters cell via diffu-

sion. The chlorine atom substitutes water and subsequently

gives it a positive charge. Positively charged complex can

react DNA and form cross bridges within (N atoms of

adjacent bases) and between the strings. This process results

in an inhibition in DNA replication. Furthermore cisplati-

num can connect free sulfhydryl group of tubulin in cell

environment which leads to relative depolymerization of

microtubules [2]. This can change assembly of microtubules

by direct change of tubulin and some alterations in cell

skeleton pattern of tumor cells [3]. Although this drug is an

effective anti-tumor, side effects such as kidney and liver

toxicity, neurological toxicity, nausea and vomiting cause

constrain in prescription doses [1, 4–6]. The drug has other

side effects like low level of solubility and intravenous

injection, too [7]. Solubility of this drug in water at 25 �C

can only reach 0.253 g/100 g [8]. To achieve high con-

centrations, appropriate solvents like DMSO can be used.
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Cisplatinum can connect DMSO rapidly and produce an

additional compound. During this process DMSO substitutes

chlorine of cisplatinum [9]. However using DMSO in bio-

logical studies is rejected due to sever reduction of cisplati-

num’s cytotoxicity activity [10]. On the other hand, it is

identified that cisplatinum stability in aqueous solutions is

enhanced by increasing sodium chloride concentration (up to

concentration of 0.9 %). The reverse procedure occurs in

basic solutions like sodium bicarbonate and reduces stability

[11]. As a result, it is probable that an increasement in sodium

chloride concentration lowers negative effect of this solvent

on cisplatinum however no study has been focused on it. In

this study, MTT assay was employed to investigate cyto-

toxicity effect of cisplatinum in DMSO in presence and

absence of NaCl on G-292 cell line which is reported for the

first time. The results illustrated that sodium chloride not

only does not decrease adverse effect of DMSO on sodium

chloride, but also lead to reducing cytotoxicity effect of

cisplatinum.

Materials and Methods

Materials

Cisplatinum, sodium chloride and DMSO were purchased

from Merck (Germany), DMEM culture medium from PAA

(Austria) and FBS from Gibco (USA). G-292 cells were

supplied by Pasteur institute of Iran. All other materials had

an analytical grade and the water was used in distillated form.

Methods

Preparing Different Cisplatinum Compounds

Different compounds in DMEM culture medium containing

10 % bovine serum were prepared according to Table 1. For

the mixture of Cispt ? NaCl ? DMSO, DMSO was the last

added component in order to guarantee presence of adequate

chlorine. For this compound, as well as Cispt ? DMSO,

incubation lasted 3 h which was a sufficient time for

implementing reaction of cisplatinum and DMSO [10].

Concentration of NaCl for all wells (containing this com-

pound) was 100 mOsmol which is 1
3

of normal saline con-

centration and as a result, totally safe in biological

environment. Afterwards, cells were treated for MTT assay.

MTT Assay

MTT assay was used to evaluate and compare cytotoxicity

effect of addressed formulations. G-292 cells—which are

fibroblastic cells of human bone tumor—with dilution rate of

1 9 104 for each well of a 96-well plate, were cultivated in

DMEM [12]. Culture medium containing 10 % fetal bovine

serum and 1 % penicillin/streptomycin was incubated at

37 �C with 10 % CO2. After cultivating cells for 24 h and

because of cell adhesion, the supernatant was removed.

Identical concentrations of cells and 0, 9, 18, 37, 75, 150 and

300 lmol/l of cisplatinum in both formulations were treated.

After 48 h of incubation and removing supernatant, 100 ll

of MTT solution (0.5 mg/ml PBS, pH 7.4) was added to

each well. After 3 h incubation in 37 �C MTT was removed

and 200 ll isopropanol (100 %) was added to each well to

dissolve formazan crystals. Then absorbance was measured

in 570 nm by Elisa reader (BioTek Instruments, VT, USA).

All the experiments were triplex and repeated for three times.

Survival percentage and cytotoxicity effect were determined

according to formula 1 and 2 and considering portion of

treated cells absorption to control cells absorption [13].

Cytotoxicity percentage ¼

ð1� average absorption of treated cells

average absorption of control cells
Þ � 100 ð1Þ

Survival percentage ¼ 100� cytotoxicity percentage

ð2Þ

Results

DMSO is an appropriate solvent for cisplatinum. Concen-

tration of 300 lmol/l of cisplatinum in this solvent was

prepared easily. It was recognized that cytotoxicity of cis-

platinum in both formulations was reduced compared with

free drug and NaCl containing drug, represented the highest

level of reduction (Fig. 1). NaCl plays a key role in

Table 1 Formulation and initial concentration of compounds used for MTT assay

Formulation Formulation components

Cisplatinum initial

concentration (lmol/l)

Dimethyl sulfoxide initial

concentration (V/V)

Sodium chloride

concentration

Cisplatinum ? sodium chloride ? dimethyl sulfoxide 300 1.25 100 mOsmol

Cisplatinum ? dimethyl sulfoxide 300 1.25 –
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cytotoxicity effect of Cispt ? NaCl ? DMSO and Cis-

pt ? DMSO. In presence of NaCl, cytotoxicity effect of

cisplatinum decreases considerably. Such a difference was

more evident in lower concentrations of cisplatinum. In

concentrations of 9 and 18 lmol/l of cisplatinum in Cis-

pt ? NaCl ? DMSO formulation, cytotoxicity was esti-

mated 7 and 21 %, respectively while these values identified

to be 18 and 40 % for Cispt ? DMSO formulation.

Additionally, IC50 level of both formulations as well as

free drug was investigated. Free drug demonstrated the

lowest level (34 lM) while NaCl—containing formula

demonstrated highest level (82 lM). This value was 45 lM

for Cispt ? DMSO. It was identified that absence of NaCl

results in doubling cytotoxicity effect of cisplatinum

(Fig. 2).

Discussion

Since cisplatinum in not capable to be dissolved in aqueous

solvents, it is commonly dissolved in DMSO as a carrier to

gain identified concentrations [14, 15]. This standard method

is recently developed for studying biological effect of cis-

platinum by national institute of cancer [16]. Some studies

represent reduction in cytotoxicity effect of the drug on

tumor cells in case of combination with DMSO [10]. In this

reaction, DMSO substitutes one of the cisplatinum chlorines

due to desirability of reaction between platinum of cisplati-

num and sulfur of DMSO. This reaction results in formation

of DMSO-. This compound readily passes through cell

membranes and accumulates in the cell. Formation of this

compound inhibits activity of cisplatinum against DNA due

to interdiction by DMSO. Findings illustrate that due to the

rapid formation of cisplatinum-DMSO, this solvent may not

be used for therapeutic applications [10, 17, 18]. Other

studies indicate instability of cisplatinum in aqueous media.

First form of decomposition for cisplatinum can be related to

chloride replacement. Increasing chloride in environment

can cause enhancement of cisplatinum stability in aqueous

media. In other words, cisplatinum has a high level of sta-

bility in 0.9 % sodium chloride solution [11]. Also studies in

rodents have shown that using cisplatinum in NaCl solution

reduces the main side effect of cisplatinum, kidney damage

[19] however in vitro study of cisplatinum in DMSO in

absence and presence of NaCl looks essential. According to

mentioned points, we tried to increase concentration of

chloride using NaCl in order to improve stability of cis-

platinum as well as decreasing adverse effects of DMSO on

cytotoxicity of cisplatinum. Additionally it is necessary for

this formula to be able to avoid kidney damage as an

important side effect of using cisplatinum. However inves-

tigating cytotoxicity effect of cisplatinum and cisplatinum

dissolved in DMSO in the presence of NaCl, represented

different results. Cytotoxicity in presence of NaCl not only

did not increase, but also decreases significantly. In this

study, cytotoxicity of free cisplatinum after 48 h of incuba-

tion was estimated which was considerably higher in com-

parison with both prepared formulas. On the other hand, it

was determined that NaCl is safe for cells in concentrations

of less than 100 mOsmol which probably comes from a

difference in in vitro and in vivo responses. In in vivo

environment concentrations of less than 300 mOsmol are

safe for cell [20]. Based on results, sodium chloride is not

able to inhibit inactivating effect of DMSO on cisplatinum.

Conversely, in the presence of this compound cisplatinum

showed lower cytotoxicity. It can also be concluded that

effect of solvent on cisplatinum is independent from pres-

ence of NaCl. These observations suggest further studies for

finding improved approaches to use DMSO as a solvent for

cisplatinum.

Fig. 1 Cytotoxicity effect of cisplatinum in Cispt ? DMSO and

Cispt ? NaCl ? DMSO formulation on G-292 cells survival after

48 h incubation. Results are presented in form of average ±5 % error

for at least three independent experiments
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Fig. 2 IC50 level in Cispt ? DMSO, Cispt ? NaCl ? DMSO for-

mulations and free drug. IC50 level for Cispt ? DMSO was

estimated to be 45 % of the IC50 level of Cispt ? NaCl ? DMSO

which presents negative effect of NaCl on cisplatinum cytotoxicity.

Results are presented in form of average ±5 % error for at least three

independent experiments
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