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Introduction

With 1.36 million new cases in worldwide each year, 
breast cancer (BC) is the most common malignancy in the 
female. Surgery, radiation, chemotherapy and hormonal 
therapy are currently used for BC clinical treatments 
[1-2]. Among numerous chemotherapy drugs which are 
widely used for cancer therapy, Cis-platin is one of the 
most persuasive ones. Cis-plaltin was firstly approved by 
the FDA in 1978 [3-4] and has been broadly applied in 
the treatment of various human malignancies including 
bladder, breast, ovarian, lung, cervix, head and neck 
carcinoma and is best known for curing testicular cancer 
[5-6]. 

In spite of the great success of treating various 
kinds of cancer and although many types of cancers have 
recently received better prognosis, significant challenges 
remain with the clinical use of cis-platin due to their side 
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effects i.e. neurotoxicity and nephrotoxicity [6]. as well 
as intrinsic and acquired resistance [7]. However, these 
days its combination with other cancer drugs have been 
applied as novel therapeutic strategies, in attempt to 
combat drug resistance, reduce cytotoxic side effects 
and/or find the drug for particular forms of cancer, over 
the years, thousands of other platinum (Pt) compounds i.e. 
carboplatin and oxaliplatin have been developed. In this 
regard, we previously described the synthesis of some 
new platinum (II) derivatives with potential anti-cancer 
activities against BC [8-9]. 

Treatment protocols for BC are currently determined 
by the status of hormone/growth factor receptors 
expression (predominantly estrogen, progesterone and 
human epidermal growth factor (HER2) receptors). 
Accordingly, at least four BC subtypes are introduced. 
While the basal-like and Her2 enriched subtypes are 
the benefits of hormone therapy, the lack and/or weak 
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expression of these receptors, in triple negative BC 
(TNBC), needs more toxic chemotherapy. Here, we chose 
two of the best platinum(II) compounds from our previous 
study, 3b, and 2a, to further evaluate their cytotoxic 
activities against various molecular subtypes of human 
BC cell lines. 

Materials and Methods

Cell lines and cell culture
Four breast cancer cell lines including MCF-7 

(Michigan Cancer Foundation-7, ER+/PR+ HER2‾, 
ATCC HTB 22), SKBR-3 (ER‾/PR‾ ER2+, ATCC HTB 
30), MDA- MB-231 (ER‾/PR‾ HER2‾, ATCC HTB 26), 
MDA-MB- 468 (ER‾/PR‾ HER2‾, ATCC HTB 132) were 
obtained from cell bank of Pasteur Institute of Iran. All 
of these cells grow in monolayer and characterized by 
an epithelioid morphology. The cells were cultured in 
Roswell Park Memorial Institute (RPMI)-1640 medium 
(Biosera, France) supplemented with 100 unit/ml 
penicillin, 100 µg/ml streptomycin as well as 10% fetal 
bovine serum (FBS) for MCF-7, MDA-MB-231 and 
MDA-MB-468 cell lines except for SKBR-3 which 20% 
FBS was used (all from Biosera, France). The cells were 
then incubated at 37 in the CO2 incubator with a humidified 
atmosphere. Once the cells reached 80% confluency, 
they were treated by 0.25% trypsin-EDTA solution to be 
detached and counted. 

Cell counting 
To distinguish viable and dead cells, trypan blue dye 

exclusion staining was used. Trypan blue can incorporate 
into dead cells due to their damaged membrane and stain 
dead cells while the live cells remain unstained. To do 
this, after trypsinization, the cells were gently swirled 
to earn a homogeneous mixture. Then 10 µl trypan blue 
solution were mixed with 10 µl cell suspension and 
applied to a hemocytometer. The live unstained cells were 
counted and the number of viable cells per 1 milliliter was 
measured using the following formula:

Number of viable cells= Counted unstained cells/#of 
squares × 10000 × 2 (as dilution factor) × Total volume of 
cell suspension

Formazan-based viable cell assay (MTT assay)  
The cytotoxic effect of each Ptx compounds was 

determined using a3-(4, 5-dimethylthiazol-2-yl)-2, 
5-diphenyl-2H-tetrazolium bromide (MTT) 

assay. In the first step, the optimal cell number was 
determined for the MTT assay.

Determining optimal cell counts
To determine the optimal cell count and incubation 

period for each cell line, adherent cells were released by 
trypsinization. Harvested cells were washed and a serial 
dilution of the cells (1 x 106 to 1 x 103 cells per ml) was 
prepared in culture medium. 100 µl of each dilution was 
then added into each well of a 96-well microplate in 
a sextuplicate manner. Three control-wells of medium 
alone were also included to provide the blanks. The cells 

were then incubated for 24 hours to recover under 
appropriate conditions. After cells reattached, the culture 
media was completely discarded and 100 µl MTT reagent 
(500 µg/ml) was added to each well, including controls 
and blanks. The plate was returned to the CO2 incubator 
for 4 hours and periodically was checked under an inverted 
microscope for the appearance of visible formazan 
crystals. After complete removing the MTT solution, 
150 µl DMSO was added to all wells and the plate was 
ledft at room temperature in the dark for 1 hour. After 
dissolving all crystals, the plate cover was removed and the 
absorbance in each well including blanks was measured 
at 490 nm in a microplate ELISA reader. A plot of optical 
density (OD) versus cell concentration was obtained and 
the optimal number of cells for the assay was determined 
within the linear portion of the curve with an absorbance 
value between 0.75 and 1.25. The optimal cell number 
was obtained 15 x 103 cells for all cell lines except for 
MDA-MB-468 which was 10 x 103 cells.

Cytotoxic effect of Ptx complexes
After determining the optimal cell number, depending 

on the cell line, 10-15 x 103 cells were plated per well and 
incubated for 24 hours. The cells were then treated with 
different concentrations of each compound in a triplicate 
manner and incubated for more 24 hours. A 20 mM stock 
solution of each Ptx complexes was prepared in dimethyl 
sulfoxide (DMSO) (Sigma-Aldrich, Germany) and diluted 
into the culture medium with a final concentration of 
1 to 200 µm/ml. Three cell-based wells treated with 
equivalent DMSO concentration were also used as the 
controls. Three wells with only culture medium were 
included as blanks. After 24 hours, the treatment media 
were completely discarded and 100 μl of culture media 
containing 500 µg/ml MTT reagent was added to each 
well including controls and incubated for 4 hours until 
purple precipitates were visible. The MTT media were 
then discarded and 150 μl DMSO solution was added to 
each well and left at room temperature in the dark for 1 
hour. Finally, the OD of each well was read at 492 nm 
using an ELISA plate reader.

Data analysis and interpretation
Each experiment was separately repeated at least 

three times. For each compound, the inhibitory effect was 
measured by using the following formula:

I n h i b i t i o n  ( % ) = 1 0 0 - ( ( O D t e s t - O D b l a n k ) /
ODnegative×100)

A curve of concentration versus inhibition was then 
generated using individual data points in GraghPad Prism 
ver. 6 (Inc., USA). The concentration which was required 
for 50% inhibition of the cell growth was reported as 
IC50 of each compound. The data expressed as mean ± SD, 
using Microsoft Excel 2010. GraphPad Prism 6 software 
(GraphPad Software, San Diego, CA, USA) was used for 
statistical analyses and drawing the graphs. P values less 
than 0.05 were considered statistically significant. 
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A and luminal B tumors, due to the expression of ER 
and/PR, are responsive to hormone therapy. Similarly, 
the HER2 enriched tumors are potential candidates 
for treatment with anti-HER2 agents i.e. trasuszumab; 
whilst basal tumors are mostly characterized by poor 
prognosis and more aggressive phenotypes and their 
treatment are more difficult. Regarding BC cell-lines, 
MDA-MB-231 and MDA-MB-468 belong to a basal-like 
classification with ER–/PR–/HER2– phenotype; MCF-7 
is a luminal classified cell line with ER+/PR+/HER2– 
profile; and SKBR-3 belongs to Her2 enriched subtype 
(ER–/PR– ER2+) [14].

The in-vitro cytotoxic activity of the selected 
platinum (II) derivatives against four mentioned human 
BC cell lines were evaluated using colorimetric MTT 
cytotoxic assay. From the data obtained (Figure 1), it 
is clear that 3b and 2a, both, exhibited more promising 
anti-cancer activities against breast carcinoma cell lines 
comparing to cis-platin, as a standard drug which is 
commonly used in the clinic for treatment of patients with 
BC especially triple negative patients [15]. As could be 
observed in the Table1, 3b had the most cytotoxic effect 
on MCF-7 and MDA-MB-231 with IC50s of 7.1±0.12 and 
7.92±0.24 (µM ± SD), respectively. The best result for 2a 
was also obtained on MDA-MB-231, a representative of 
basal-like BC, with the IC50 of 22.04 ± 0.2. As illustrated 
in Figure 1, statistical analysis also indicated that 3b 
complex had significantly better activity on BC cell lines 
than cis-platin (4.5 to 13.5 times, P<0.0001). Though these 
ratios are less in the case of 2a, this compound also showed 
better activity than cis-platin (2.2 to 4.44 times, P<0.0001). 
The results collectively introduce these compounds as 
potentially valuable agents to be more evaluated in in-vitro 
and in-vivo studies as a promising anti-cancer agent in 
particular for triple negative breast cancers.
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