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A B S T R A C T

In this work, a new platinum(II) complex was prepared by the reaction of K2PtCl4 with 1,4-benzodioxan-6-amine
(bda) at room temperature in the molar ratio 2:1 (L:M). The complex was characterized by physicochemical
(elemental analysis, TGA/DTA, and conductivity measurements) and spectroscopic methods (UV–Vis, FTIR, 1H,
13C and 195Pt NMR). According to the spectroscopic data, two bda ligands coordinate to the platinum ion in a
monodentate manner through the nitrogen atom to give the complex cis-[PtCl2(bda)2]. Stability studies were
carried out under different conditions and showed that the complex is stable in pure DMF, although it undergoes
slow solvolysis in DMSO. The interaction of this complex with calf thymus DNA (CT-DNA) was studied using
circular dichroism (CD), electronic absorption and fluorescence spectroscopy. The complex binds to CT-DNA with
a Kb value of 1.06 � 103 M�1 and according to data from CD and fluorescence spectroscopy, appears to interact
with DNA by electrostatic forces and or other no intercalative binding mode. Compared to cisplatin, the complex
exhibited good cytotoxic activity and selectivity against the MCF-7 tumor cell line, displaying an IC50 value of
17.33 � 1.1 μM, as well as inhibited MCF-7 cells migration.
1. Introduction

The discovery of the antitumor activity of cisplatin is a milestone in
the chemotherapy of cancer, since this metal-based drug exhibited a
remarkable therapeutic efficacy for various types of solid tumors and
outstanding activity against metastatic testicular germ-cell cancer
achieving a high cure rate [1,2]. Although cisplatin is highly effective
against several types of human cancer, this complex present an acquired
or intrinsic resistance and severe side effects that reduce its effectiveness
[3–6]. In an attempt to overcome these drawbacks, the synthesis of more
effective and safer compounds is highly desirable for the development of
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new anticancer drugs. In this sense, the drugs carboplatin and oxaliplatin
were later developed and released for clinical use. However, they also
have severe side effects and resistance, although when compared to
cisplatin, both are less nephrotoxic [7–10].

Despite the advances in anticancer drug development, the serious side
effects, the tumor cell resistance against clinically used platinum drugs
and the high mortality rates involving various types of cancer stimulate
the search for new platinum complexes. In this sense, complexes of the
type [PtCl2(L)2] (L ¼ N-donor ligands) are very interesting in terms of
their anticancer potentials and arouse great interest. An example is the
cis-ammine-dichlorido-2-methylpyridineplatinum(II) complex, also
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called picoplatin, which was developed to overcome development of
resistance to other Pt-based drugs [11,12]. Picoplatin showed high
anticancer activity in vitro and in vivo, as well as in several advanced
clinical trials in patients suffering from, for example, small-cell lung
cancer [13]. In another studies, a series of [Pt(cis-1,3-dia-
minocycloalkane)Cl2] complexes were prepared and the analogue con-
taining the cyclobutyl moiety showed significant antiproliferative
activity in tumor cells, besides the hallmarks typical of immunogenic cell
death (ICD) inducers [14]. Platinum(II) complexes with benzylimi-
noether derivatives were evaluated in terms of cell growth inhibition
against several types of human cancer cell lines. One of them, the
cis-[PtCl2{E-N(H)C(OMe)CH2Ph}2] complex was significantly more
potent than cisplatin against all tumor cell lines evaluated, showing IC50
values from about 2- to 17-fold lower than the cisplatin. In addition, this
complex induced apoptosis in a dose-dependent manner, accompanied
by the activation of caspase-3 [15]. Farrell et al. synthesized platinum(II)
complexes with bulky amine ligands that exhibited activity against both
cisplatin resistant and sensitive cell lines [16]. Lastly, another interesting
example is the complex [Pt(3-aminoflavone)2Cl2] that showed cytotox-
icity against human and murine cancer cell lines. Furthermore, it proved
to be much less toxic for normal lymphocytes in comparison to cisplatin,
which reduces the number of potential adverse effects. Additionally,
biochemical and morphological methods showed that the proapoptotic
activity of [Pt(3-aminoflavone)2Cl2] is markedly higher than that of
cisplatin [17].

The results described above clearly show that platinum complexes
having a [PtCl2(L)2] (L ¼ N-donor ligand) chemotype can be useful as
anticancer agents. Thus, we have designed a new platinum(II) complex
containing bda that is easily prepared and very stable. Subsequently,
their modes of interaction with DNA were studied and their anticancer
effects against breast cancer cell lines were evaluated. Surprisingly, we
have not found any studies in the literature involving 1,4-benzodioxan-6-
amine acting as a ligand.

2. Experimental section

2.1. Starting materials

K2[PtCl4] and 1,4-benzodioxan-6-amine were purchased from Sigma-
Aldrich. All other chemicals reagents and solvents were of analytical
grade, purchased from different sources, and used without prior
purification.
2.2. Synthesis of the complex [PtCl2(bda)2]

To an aqueous solution of K2[PtCl4] (0.25 mmol, 0.1037g) was added
dropwise 0.50 mmol of bda (0.0756g) dissolved in a minimum amount of
methanol. Next, the mixture was stirred for 24 h at room temperature.
After this time, a solid was filtered, washed with distilled water, meth-
anol and ethyl ether and dried under reduced pressure.

Yield: 86.42 %. Color: Grayish brown. Molar weight (g mol�1):
568.315. Anal. Calc. for [PtCl2(C8H9NO2)2]: C, 33.81; H, 3.19; N, 4.93 %;
Found: C, 33.71; H, 3.06; N, 4.88 %. 1H NMR (400 MHz; DMF-d7) δ
(ppm): 4.25–4.29 (m, CH2–O, H7, H8); 6.67 (d, 3J ¼ 8.5 Hz, CH, H4);
6.69 (dd, 3J¼ 8.6 Hz, 4J¼ 2,6 Hz, CH, H5); 6.93 (d, 4J¼ 2.6 Hz, CH, H1);
7.06 (s, NH2). 13C NMR (100 MHz; DMF-d7) δ (ppm): 63.8 (C8); 64.0
(C7); 111.7 (C1); 115.4 (C5); 116.0 (C4); 135.1 (C3); 140.9 (C6); 142.7
(C2). 195Pt NMR (86MHz; DMF-d7) δ (ppm):�2073. 195Pt NMR (86MHz;
DMSO‑d6) δ (ppm): - 2065. IR spectra in ATR, ν (cm�1): 3243-3184
(νNH2), 3055-2862 (νCH), 1063 (νsC–O–C), 335-321(νPt–Cl). UV–Vis
(ACN), λmax(ε) ¼ 290 (8.25 � 103 M�1 cm�1), 255 (8.41 � 103 M�1

cm�1), 224 (2.68� 104 M�1 cm�1) nm. Molar conductivity, ΛM, (DMSO)
¼ 0.99 S cm2 mol�1.
2

2.3. Physical measurements

Molar conductivity measurement was carried out in DMSO (10�3 M)
with tetramethylammonium bromide (ΛM ¼ 79.12 S cm2 mol-1) as a
standard, using a Tecnal Tec-4MP conductivity meter. Microanalyses of
C, H and N were performed in a CHNSO PerkinElmer 2400 Analyzer. IR
spectra (4000–220 cm�1) were obtained on a PerkinElmer Frontier MIR
spectrometer equippedwith an attenuated total reflectance (ATR) sample
holder with a diamond crystal. UV–Vis spectra were obtained on a Shi-
madzu UV-2501 PC spectrophotometer. The TGA/DTA curves were ob-
tained on a Shimadzu thermobalance, model DTG-60H, using an
aluminum crucible. For this, 6 mg of complex were heated at 10 �Cmin�1

from room temperature to 600 �C, in a dynamic nitrogen atmosphere
(flow rate of 50 mL min�1). NMR spectra were recorded on a Bruker
spectrometer and were obtained by dissolving the platinum complex in
DMF-d7 (1H, 13C and 195Pt) or DMSO‑d6 (195Pt), depending on the study.
The chemical shifts were expressed as δ (in ppm) from internal reference
standard TMS (1H and 13C NMR) and K2PtCl6 (195Pt NMR).
2.4. Cytotoxic activity

The cell viability was assessed by the MTT method as proposed by
Mosmann [18]. Herein, 5.0 � 105 cells (MCF-7 or MDA-MB231) were
incubated for 24 h in 96-well plates. After this incubation period, the
complex, bda or cisplatin (positive control) was added (concentration
from 500 μM to 3.90 μM in serial dilution; compounds solubilized in 0.5
% DMF) in a final volume of 200 μL. Cells were incubated for 48 h at 37
�C. After incubation with the compounds, the medium was removed and
50 μL of MTT (2.0 mg mL�1) diluted in phosphate buffered saline (PBS)
was added. The precipitate blue MTT formazan was then dissolved in 50
μL of DMF, and the absorbance was measured at 570 nm in a VARIAN
CARY-50 plate reader MPR multiwell. Cell viability was expressed as the
percentage of absorption values in treated cells compared to untreated
(control) cells. The adjustment of the IC50 curve was performed using the
GraphPad Prism 5 software (GraphPad Software Inc., San Diego, CA).
2.5. DNA binding studies

2.5.1. DNA solution
The Calf thymus (CT) DNA solution was freshly prepared in 5.0 �

10�3 M Tris–HCl and 50 � 10�3 M NaCl in pH 7.3. The CT-DNA con-
centrations was determined spectrophotometrically with ε ¼ 6600 M�1

cm�1 at 260 nm, ratio UV absorbance at 260 and 280 nm. CT-DNA was
free of proteins because, the ratio between 260 nm and 280 nm ab-
sorption bands (A260/A280) was found between 1.80 and 1.91 [19].
CT-DNA was purchased from Sigma Chemical Co. (USA) and used as
received.

2.5.2. Circular dichroism (CD) spectroscopy
CD spectra were recorded in the range 235–320 nm on a JASCO J-815

spectropolarimeter with 5 accumulations and scanning speed of 100 nm/
min, using a 0.1 cm path length quartz cuvette at room temperature. The
CT-DNA solution (Tris-HCl buffer 5.0 � 10�3 M/NaCl 50 � 10�3 M, pH
¼ 7.3) was prepared at a concentration of 50 � 10�6 M. The stock so-
lutions were prepared in dimethylformamide (DMF) and the complex
concentration varied from 0 to 20 � 10�6 M. The samples were prepared
with the [complex]/[DNA] molar ratios from 0 to 0.3 and incubated for
48 h at 310 K.

2.5.3. DNA spectroscopic titration
The electronic spectra were recorded on a Thermo Scientific Evolu-

tion Array UV–Visible Spectrophotometer at room temperature. In
UV–Vis absorption titration experiments were used a quartz cell of 10



Fig. 1. 1,4-benzodioxan-6-amine (bda) and proposed structure
for [PtCl2(bda)2].

Fig. 2. TG/DTA curves for [PtCl2(bda)2].
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mm path length with Tris-HCl buffer and 2 % DMF. The concentration of
platinum complex was fixed at (2.0 � 10�6 M) and the electronic spectra
were recorded after each addition of CT-DNA (molar ratios from 0 to 3.0).
Spectral changes in absorbance were monitored at the maximum wave-
lengths of 288 for the complex. The intrinsic equilibrium binding con-
stant (Kb) of complex to CT-DNA was obtained by the Benesi-Hildebrand
equation [20].

A0

A� A0
¼ εG
εH�G � εG

þ εG
εH�G � εG

� 1
Kb½DNA�

Where A an A0 are absorbance of the complex solution in the presence
and absence of CT-DNA, respectively. ƐG and ƐH-G are the molar ab-
sorptivity coefficients of the free complex and complex–CT-DNA,
respectively. The Kb constant was determined by the ratio between the
linear and angular coefficient from the plot of A0/(A-A0) versus 1/[DNA].

2.5.4. Hoechst 33258 displacement assay
Fluorescence spectra were recorded in range 358–660 nm, with

excitation wavelength of 338 nm, 5.0 nm bandwidth and room temper-
ature on a fluorescence accessory of the Jasco spectropolarimeter (J-
815), using a quartz cell of 10 mm path length. DNA and Hoechst 33258
concentrations were fixed in 60� 10�6 M and 6.0� 10�6 M, respectively
and titrated with successive aliquots of complex in DMF (0 � 60 � 10�6

M).

2.6. Flow cytometer assay

To evaluate the apoptosis, MCF-7 cells were screened in 12- well
plates at 5.0 � 106 cell/well for 24 h. Next, they were treated with
[PtCl2(bda)2] or cisplatin as positive control for 48 h. Thereafter, the cells
were tripsinized, washed with ice cold PBS and resuspended in binding
buffer, according to the kit instructions. The cells were then incubated
with FITC-conjugated Annexin V (1:100) for another 15 min as recom-
mended by FITC Annexin V Apoptosis Detection Kit (BD Pharmin-
genTM). Propidium iodide (1 μg/mL) was added immediately before BD
FAXCANTOTM flow cytometer analysis. The excitation/emission was
582/617 nm. A total of 10,000 events were counted per sample, and
analyzed by software BD FACSDIVA (BD System).

2.7. In vitro wound healing assay

To investigate wound healing potential of [PtCl2(bda)2], we per-
formed scratch wound healing assay. In brief, 5.0 � 105 MCF-7 cells per
well were seeded in 24-well plates and were grown to reach confluent
monolayer. Then using a 200 μl pipette tip, the scratches were created.
Cells were washed three times with PBS and treated with 10 μM of
cisplatin (positive control) and [PtCl2(bda)2]. After 48h after the creation
of wounds, three different areas were images through Axiovert 200 M.
Wound healing distances were measured and expressed as the average
percent of wound closure by comparing the zero time.

3. Results and discussion

Under mild conditions and with good yield, a new platinum(II)
complex was prepared by the reaction of K2[PtCl4] with 1,4-benzo-
dioxan-6-amine (bda). The isolated complex (Fig. 1) is very soluble in
DMF and DMSO and was characterized by molar conductivity, elemental
and thermal analysis (TGA/DTA), UV–Vis, FT-IR and 1H, 13C and 195Pt
NMR.

The elemental analysis data (C, H and N) are in accordance with the
molecular formula [PtCl2(C8H9NO2)2]. A freshly prepared solution of the
complex in DMSO exhibited a molar conductivity value far below the 1:1
standard electrolyte, indicating that the complex behaves as a nonelec-
trolyte [21,22]. The thermal stability of the complex was evaluated in the
temperature range of 25–600 �C. As can be seen in Fig. 2, endothermic
3

events between 200 and 500 �C are due to thermal decomposition of the
complex. At 600 �C there is a residue (elemental platinum) corresponding
to 34.39 % (Calculated: 34.33 %), corroborating the proposed structure,
since the percentage of metal fits well with the proposed formula [23].
The TG curve also reveals a high thermal stability for the sample, since no
weight loss was observed in the TG curve up to 200 �C.

The UV–Vis spectra of bda and its platinum complex were performed
in acetonitrile (10�5 M). As can be seen in Fig. 3, bda exhibited three
bands between 200 and 400 nm that can be assigned to n→π and π→π*
transitions (ILCT). In the spectrum of the complex, a red or blue shift in
comparison to the free ligand confirms its presence in solution [24].

As to the FT-IR spectra (see Fig. S1), bda exhibits two characteristic
absorptions in the range of 3351 to 3222 cm�1 that can be assigned to
νNH2. The vibrational frequencies between 3055 and 2872 cm�1 are due
to aromatic and aliphatic CH groups. An absorption band around 1063
cm�1 can be attributed to νs(C–O–C) [25]. In the FT-IR spectrum of
[PtCl2(bda)2], the absorption bands corresponding to νNH2 showed
considerable shift in relation to the free ligand, corroborating the coor-
dination of the amino group to the metal ion. New absorptions close to
335 and 321 cm�1 can be assigned to νPt–Cl stretching, which suggests a
cis geometry [26].

The nuclear magnetic resonance (NMR) spectra were recorded in
DMF-d7. In the 1H NMR spectrum of the uncoordinated ligand, the NH2
protons appeared as a singlet at δ 4.69. In the spectrum of complex, this
signal was significantly shifted downfield (δ 7.06), suggesting coordi-
nation through the nitrogen atom. The resonances related to other



Table 1
Cytotoxic activity of the platinum(II) complex, bda and cisplatin against breast
cell lines.

Compounds IC50 (μM)

MFC-10 MFC-7 MDA-MB-231

[PtCl2(bda)2] 44.78 � 3.1 17.33 � 1.1 56.60 � 0.07
bda 69.20 � 4.2 40.28 � 2.9 73.55 � 4.4
cisplatin 92.62 � 3.1 58.27 � 3.1 53.32 � 4.6

Legends to the Figures.

Fig. 3. UV–Vis spectra of bda and its platinum complex (ACN, 10�5 M).
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protons (see the experimental section) were only slightly affected, which
reinforces the involvement of nitrogen in coordination. Analyzing the 13C
NMR spectrum of the uncoordinated ligand, it was possible to observe
eight signals at 63.60, 64.19, 102.26, 107.10, 116.56, 134.44, 143.07
and 143.50 ppm attributable to the carbons C8, C7, C1, C5, C4, C3, C2
and C6, respectively. In the 13C NMR spectrum of the complex, only the
signals assigned to carbons C1 (111.7 ppm), C5 (115.4 ppm) and C6
(140.9 ppm) showed considerable changes, which also suggests coordi-
nation through the nitrogen atom. As to the 195Pt NMR spectrum, a signal
at δ �2073 is in the expected range for platinum(II) with an N2Cl2 co-
ordination environment [27].

3.1. Stability

The behaviour of the complex in aqueous solutions (containing 1 %
DMSO or DMF) was investigated by molar conductivity measurements
over a period of 48 hs. In all cases, the conductivity values found revealed
a non-electrolytic behaviour for the complex, suggesting that both
chlorides remain coordinated to platinum.

The stability of [PtCl2(bda)2] was also determined by 195Pt NMR over
72 h at room temperature. According to the experiments performed, we
can conclude that the complex is stable in pure DMSO for at least 20 min
(Fig. S2). However, after 20 min, in addition to the signal at δ �2065, a
new signal appeared at δ �2982, probably due to the replacement of a
bda ligand by a DMSO molecule, producing [PtCl2(bda)(DMSO)]. This
proposal is in agreement with the conductivity experiments discussed
above. Subsequently, another signal appeared within 2 h (Pt signal,
�3094 ppm) and may be attributed to a cis-trans equilibrium involving
[PtCl2(bda)(DMSO)] [28,29]. Within 12 h at room temperature, the
complex [PtCl2(bda)2] was completely consumed, as is evident from the
disappearance of signal at δ�2065. Despite the solvolysis in pure DMSO,
the complex is very stable in pure DMF as verified by 195Pt NMR over a
period of 72 h, where only a signal close to δ �2073 was observed
(Fig. S3).

Additionally, the stability of complex was also investigated by UV–Vis
in a PBS buffer solution containing 1 % DMSO or DMF at 37 �C. A band
located at 288 nm allowed the monitoring of the solution behaviour of
this complex. Thus, as can be seen in Fig. S4, the absorption band at 288
nm remains unchanged in the first 2 h and gradually increase in the last
(between 4 and 48 h), indicating that complex undergoes solvolysis in
DMSO, according to the results discussed above. On the other hand, in
PBS buffer solution containing 1 % DMF, the UV–Vis spectral data
(Fig. S5) reveals that the band located around 288 nm was not affected
4

over a period of 48 h, indicating no dissociation (loss of bda ligand) of
this complex. Furthermore, no change in color of the solution or forma-
tion of precipitate was observed during the experiment.

3.2. Cytotoxic activity

To assess the potential in vitro antitumor activity of bda and its plat-
inum(II) complex, we evaluated their cytotoxic effects against two breast
cancer cell lines (MCF-7 and MDA-MB-231) and in a non-tumor cell line
(MCF-10) using the MTT method. Thus, IC50 values were determined for
each cell line cultured after 48 h of continuous exposure to compounds.
Cisplatin was used as a positive control and we have checked that the
solvent had no effect on cell growth.

Analyzing the data (Table 1), it is possible to verify that the platinum
complex showed greater cytotoxic activity against the MCF-7 breast
cancer cell line when compared to free ligand and cisplatin. More spe-
cifically, in the MCF7 cell line, the complex (IC50(MCF-7) ¼ 17.33 μM) was
approximately 2.3 times more effective than free bda (IC50(MCF-7) ¼
40.28 μM) and about 3.4 times more active than cisplatin (IC50(MCF-7) ¼
58.27 μM). As to the MDA-MB-231 cell line, the complex (IC50(MDA-

MB231) ¼ 56.60 μM) was slightly more effective than free ligand
(IC50(MB231) ¼ 73.55 μM) and as active as cisplatin (IC50(MB231) ¼ 53.32
μM). When compared to platinum(II) complexes containing amines and
chlorides tested against breast cancer cell lines, [PtCl2(bda)2] is among
the most potent [30–34] and has been shown to be a potential candidate
against breast cancer. In fact, the results reported here are relevant, since
breast cancer is the most common among women, being that some sub-
types have high metastatic potential and limited pharmacological treat-
ment [35–38].

3.3. DNA binding studies

DNA is the main pharmacological target of cisplatin and its analogues
[39]. Taking this into account, the interaction of the complex with
CT-DNA has been studied by several spectroscopic methods. Titration of
metal complexes with DNA and monitoring their UV–Vis absorption
spectra can provide important clues about their mode of interaction.
Binding of an intercalating molecule to DNA is suggested a hypochromic
effect accompanied by bathochromism (red shift) [40,41]. Compound
[PtCl2(bda)2] exhibits an intraligand charge transfer (ILCT) band at 290
nm which may be perturbed in the presence of DNA. Fig. 4 shows the
electronic spectrum of the complex [PtCl2(bda)2]. On increasing CT-DNA
concentration, it was noticed a hypochromic effect on the ILCT absorp-
tion of complex close to 290 nm. The calculated binding constant Kb
value was 1.06 � 103 M�1 (correlation coefficient (R) ¼ 0.9888). This
value is lower than the binding constants values reported for classical
intercalators and metallointercalators (105�107 M�1) [39].

Circular dichroism (CD) spectroscopy is a powerful technique that is
widely used to evaluate modifications of the DNA secondary structure
induced by metal complexes binding [42,43]. In the region at 230–300
nm, the typical CD spectra of the CT-DNA exhibits two bands, one



Fig. 4. UV–Vis absorption spectra of solutions (pH ¼ 7.3) containing the
complex (20 � 10�6 M) and increasing concentrations of CT-DNA. Insert: A0/A-
A0 versus 1/[DNA].

Fig. 5. CD spectra after addition of increasing of complex (1.0 � 10�3 M, DMF)
to CT-DNA (50 � 10�6 M) in Tris-HCl buffer 5 � 10�3 M/NaCl 50 � 10�3 M, r ¼
molar ratio concentrations [complex]/[DNA].

Fig. 6. Fluorescence spectra of the Hoechst-DNA systems in aqueous buffer in
absence and presence of increasing amounts of complex. λex ¼ 338 nm,
[Hoechst] ¼ 6.0 � 10�6 M, [DNA] ¼ 60 � 10�6 M, [Complex] ¼ 0–60 � 10�6.
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positive at ~275 nm and other negative at ~245 nm attributed to the
stacking of DNA pairs bases and the right-handed B form DNA, respec-
tively [42]. An increase in the ellipticy of both bands is indicative of
intercalation. On the other hand, little or no change in CD spectra sug-
gests groove binding or electrostatic interaction [43]. Fig. 5 shows CD
spectrum of complex. On increasing the concentration of the platinum
complex, few or no significant change on CD spectral profile was noticed,
suggesting an electrostatic interaction and/or groove binding.

The competitive displacement assay with bis-benzimidazole (Hoechst
33258) was performed to obtain more information about the binding
mode involved between the platinum complex and CT-DNA. Hoechst
33258 is a fluorescence probe that binds with high selectivity to minor
groove of DNA structure. The binding of this probe leads to a significant
increase of fluorescence intensity of DNA-Hoechst system [44]. Fluo-
rescence quenching is observed when a compound is able to release
Hoechst 33258 from DNA structure [11]. In addition, Hoechst can also be
released by other molecules which are able to bind in other sites of DNA
5

[45]. Fig. 6 shows fluorescence spectrum of complex.
On increasing the concentration of the platinum complex, no

quenching is observed, suggesting that the complex is not capable of
release the Hoechst 33258 from DNA structure. This finding suggests that
the platinum complex is not able to bind to the DNA minor groove.
Nevertheless, another non-intercalative binding mode cannot be ruled
out.
3.4. Flow cytometer assay and in vitro wound healing potency

As platinum (II) complex showed cytotoxic potency against MCF-7
tumor cells, we evaluated what was the signaling way that
[PtCl2(bda)2] leads the breast cancer cell to death. For this, MCF-7 cells
were treated with cisplatin (positive control) and platinum(II) complex
for 48 h. Tumor cells were then stained with Annexin V and PI (iodide of
propidium) simultaneously and analyzed for early apoptosis, late
apoptosis or necrosis signaling pathway cells (Fig. 7A). The treatment
with [PtCl2(bda)2] leads to a discrete necrosis, approximately 15 % in 48
h of assay (Fig. 7A). In this time, the most viable cells have not entered
death pathways showing a high potential of viability at a lower dose of
treatment. Under the same conditions, the cisplatin treatment showed
both early (32 %) and late (approximately 30 %) apoptosis of MCF-7 cells
(Fig. 7B and C).

For further examination, we measured migration capacity of plati-
num(II) complex treated MCF-7 cells by in vitro scratch wound healing
assay (Fig. 8A). [PtCl2(bda)2] treatment displayed significantly delayed
wound closure as compared as cisplatin or the negative control treatment
(Fig. 8B), importantly to invasive and metastasis characteristic of this
MCF-7 cells. MCF-7 expressed E-cadherin, vimentin and fibronectin
which are closely related to the migratory and invasive capacity of these
cells [46]. Further studies may demonstrate the mechanisms by plati-
num(II) complex can help inhibit cell migration and serve as an adjuvant
in the treatment of breast cancer.

4. Concluding remarks

A new platinum(II) complex was prepared and characterized by
physicochemical and spectroscopic methods. The coordination sphere of
the platinum ion is occupied by two chlorides and two amine ligands,
which coordinate to the platinum ion through the nitrogen atom. The
complex interacted with DNA and exhibited cytotoxic activity against the



Fig. 7. Platinum(II) complex maintained the viability
of MCF-7 cells and leads to discrete necrosis pathway.
Dot plot of Annexin V, PI stain in MCF-7 treat with
medium, cisplatin and [PtCl2(bda)2] (A). Treatment
with [PtCl2(bda)2] leads to discrete necrosis (B), but
not to induces to early (C) or late apoptosis. Results
presented as the mean of triplicated experiments.
Student's t-test and nonparametric data were
compared with Mann-Whitney U test. Significant dif-
ferences compared to the medium are denoted * p <

0.05 or **p < 0.01 and compared to the cisplatin are
denoted &p < 0.05.

Fig. 8. Migratory abilities of MCF-7 cell in wound healing assay. (A) Optical microscopic images of in vitro wound healing at 0 h and 48 h after the creation of wounds.
(B) Comparison of images to quantify the migration rate of the cells. Wound distances were measured at each time point and expressed as percent wound closure by
comparing b zero time. Data are the means � SD (n ¼ 3). Statistical analysis was performed by Student's test, *p < 0.05 and ***p < 0.001 compared the cisplatin and
platinum compounds with medium treatment.
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MCF-7 and MDA-MB-231 tumor cell lines. Considering the high meta-
static potential and limited pharmacological treatment for some types of
breast cancer, the complex reported here represents a starting point for
new synthesis and biological studies.
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