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Abstract
Cancer cell proliferation and apoptosis are induced by overload Ca2+ entry. Transient receptor potential vanilloid 1 (TRPV1) as a
Ca2+ permeable cation channel is activated by capsaicin and reactive oxygen species (ROS), although it is blocked by
capsazepine and sodium selenite (Na-Se). Bisphenol A (BPA) induces estrogenic action and further stimulates the proliferation
of estrogen receptor positiveMCF-7 cell through excessive production ROS and Ca2+ influx. However, whether or not Na-Se can
influence BPA-induced oxidative stress and apoptosis through modulation of TRPV1 in breast cancer cells has not drawn much
attention. TheMCF-7 andMDA-MB-231 breast cancer cells were divided into four treatment groups as control, Na-Se (1μM for
2 h), and BPA (0.1 mM for 24 h) and BPA +Na-Se. The Na-Se reduced BPA-induced increase of cell number, mitochondria
oxidative stress, and TRPV1 channel activity modulation of MCF-7 cells, which was proved by the suppression of cell viability,
excessive ROS production, mitochondrial membrane depolarization, lipid peroxidation, early apoptosis (Annexin-V), late apo-
ptosis (propidium iodide) and upregulation of reduced glutathione, glutathione peroxidase, and cell death (propidium iodide/
Hoechst rate). The similar effects of Na-Se were observed in the MCF-7 cells by capsazepine treatment. However, the effects of
BPAwere not observed in theMDA-MB-231 breast cancer cells. In conclusion, cell proliferative and oxidant effects of BPAwere
increased by activation of TRPV1, but its action on the values was decreased by the Na-Se treatment. The results may be a good
set of preliminary data for designing animal studies on estrogenic effect of bisphenol A and antiestrogenic of selenium.
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Introduction

Bisphenol A (BPA) as a synthetic compound contains two
hydroxyphenyl groups. BPA used several live materials such
as baby feeding bottles, food packaging, and medical facili-
ties. Hence, BPA is one of popular environmental toxicant [1,

2]. Thus, its continuous exposure in the environment has
raised major public health concerns in cancer development
[3]. There is a chemical structure similarity between BPA
and estrogen hormone [4]. Hence, several reports have sug-
gested that BPA can interact with several hormone receptors,
including estrogen receptors and androgen receptors, causing
adverse health effects and leading to a variety of irregularities
in the reproductive system [4–6].

Calcium ion (Ca2+) is an important second messenger
for several physiological functions [7]. The Ca2+ has also
important action in cancer pathophysiology, and an in-
crease in the intracellular Ca2+ concentration through ac-
tivation of calcium channels in cancer cells might attenu-
ate key aspects of tumor progression, including prolifera-
tion and metastasis [8–10]. One of those calcium channels
is the non-selective cation transient receptor potential
(TRP) super family [11]. One subfamily of the TRP super
subfamily is TRP vanilloid 1 (TRPV1) that was first
expressed in sensory neurons [12]. The TRPV1 is activat-
ed by several stimuli such as hot chili pepper component
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(capsaicin, Cap), reactive oxygen (ROS), and nitrogen
species [12, 13]. The presence of the TRPV1 channel
expression has also been indicated in estrogen receptor
positive MCF-7 breast cancer cells [14, 15]. It has been
reported that cancer cell proliferation, apoptosis, and ne-
crosis is induced in the MCF-7 cells by increased activa-
tion of the TRPV1 [15–18]. Accumulating evidences in-
dicated that there is a direct relationship between estrogen
production and breast cancer tumor development [19].
TRPV1 was activated by estrogen [20, 21], although it
was blocked in dorsal root ganglion and hippocampus of
rats by treatments of estrogen receptor blockers [22]. BPA
may induce breast cancer proliferation via TRPV1 chan-
nel activation-induced Ca2+ influx and estrogenic ef-
fects, because of the presence of the chemical structure
between estrogen and BPA. The subject should be clar-
ified in the estrogen receptor positive MCF-7 and estro-
gen receptor negative (MCF-7) and negative (MDA-
MB-231) cells.

Selenium is an essential trace element. An inorganic form
of selenium is sodium selenite (Na-Se). Because Na-Se is the
most common supplemental form of selenium, it can be used
for treatment of several diseases. Selenium is a co-factor of
glutathione peroxidase (GSHPx) antioxidant enzyme and sev-
eral ROS are scavenged by the GSHPx. In addition, several
cancer metabolisms such as tumor progression, DNA repair,
apoptosis, and several hormone productions are modulated in
the breast cancer cells by Na-Se treatments [23–25]. Oxidant
effects of BPA were reported in several human, rodent, and
cell line models [1, 5]. However, the protective actions of Na-
Se against BPA-induced cytotoxicity and oxidative stress
were reported in the lung [26], testis [27, 28], and liver of rats
[29]. Antitumor and anti-apoptotic actions of selenium
through modulation TRPV1 channel in MCF-7 cells [25]
and dorsal root ganglion neuron [30] were recently reported,
and the similar actions might occur in BPA-induced toxicity of
MCF-7 cancer cells.

There is no report of selenium on the apoptosis, mitochon-
drial oxidative stress, and Ca2+ entry through modulation of
TRPV1 channel in the MCF-7 and MDA-MB-231 cells fol-
lowing BPA treatment. Therefore, we propose that inhibition
of TRPV1 in the selenium treatment might represent the
mechanisms controlling upregulation of mitochondrial oxida-
tive stress and apoptosis, and Ca2+ fluorescence concentration
in the BPA-treated MCF-7 breast cancer cells.

Materials and Methods

Cell Culture

Estrogen receptor positive breast cancer (MCF-7) cell and
estrogen receptor negative breast cancer (MDA-MB-231)

cells were gift from (Dr. Gamze Güney Eskiler, Sakarya
University, Sakarya, Turkey). Both cell lines were cultured
in a medium consisting of 90% DMEM medium with low
glucose (1 g/l) (Thermo Fischer Scientific, Istanbul, Turkey),
10% heat-inactivated fetal bovine serum (Cegrogen Biotech,
Stadtallendorf, Germany), and 1% antibiotic combination
(streptomycin+penicillin) (Sigma-Aldrich, Istanbul, Turkey).
The cells in the medium mixture were kept in a humidified
atmosphere in 5% CO2 at 37 °C. The cells were tested within
24 h after plating onto the coverslips before counting in an
automatic cell counter (Casy Modell TT, Roche, Germany).
The cells were seeded in 4 flasks at a density of 1 × 106 cells
per flask (Thermo Fischer). In confocal microscope analyses,
the cells were seeded in 35-mm glass bottom dishes (Mattek
Corporation Inc., Ashland, MA, USA).

Groups

The MCF-7 and MDA-MB-231 cells were used in the
investigation of the effects of BPA in the current study.
The cells were mainly divided into four groups as control,
Na-Se, BPA, and BPA + Na-Se. The cells in the control
group were kept in a flask containing the same cell culture
medium and conditions for 26 h. Non-toxic doses of Na-
Se were reported between 200 and 2 mM in literature [23,
25], although BPA was used as 0.1 mM in the MCF-7 and
MDA-MB-231 cells [31]. Hence, cells in the Na-Se group
were kept 24 h in the same culture condition without
treatment, and then they were pre-incubated with Na-Se
(1 μM) for 2 h as described in a previous study [25]. Cells
in the BPA group were incubated with BPA (0.1 mM) for
24 h [31]. The cells in the combination group were incu-
bated with BPA (0.1 mM) for 24 h and then incubated
with Na-Se (1 μM) for a further period of 2 h.

Assay of Cell Viability and Cell Number

For proliferation assay, the MCF-7 and MDA-MB-231 cells
were counted by using the automatic cell counter (Casy
Modell TT) as described in a previous study [32]. Briefly,
the DMEM medium of the cells was removed at the end of
the incubation periods for BPA and Na-Se. After diluting the
cells with Casy tone solution, the cells were automatically
counted in solution by the automatic cell counter. In addition
to cell number, cell debris (membranes and residues of death
cell) and cell viability were monitored through electrical cur-
rent exclusion by the cell counter. Debris count and cell via-
bility were expressed as 106/ml and %, respectively.

Determination of Live (Hoechst)/ Death (PI) Cell Rate

Live cells were investigated in a laser confocal microscope
(LSM 800, Zeiss, Ankara, Turkey) fitted with a × 20 objective
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by using Hoechst-33342 staining, although death cells in the
microscope (LSM 800) were investigated by propidium io-
dide (PI) staining as described in a previous study [33]. In
brief, the cells were seeded in the 35-mm glass bottom dishes
and they were incubated in the culture medium and conditions
were further incubated for 30 min with PI (5 μg/ml) and
Hoechst 33342 (1 μM) (Cell Signaling Technology). Images
were recorded by using a ZEN program. Rate of live and death
cell was expressed as %.

Apoptosis (Annexin V and PI) Assay by Laser Confocal
Microscope

Annexin V-FITC is an early apoptotic dye and it connects to
the membranes of apoptotic cells, displaying a green charac-
teristic staining pattern. PI is a membrane impermeable dead
cell stain instead of apoptosis. The state of the cell determines
the ability of PI staining to distinguish between viable and
apoptotic cells and it has been used indicator of late apoptosis
[34]. The protective effects of Na-Se against BPA-induced
early and late apoptosis were measured in the laser confocal
microscope (LSM-800) fitted with a × 20 objective by using
the commercial Annexin V-FITC (1 μl for 15 min incubation)
and PI (10 μl for 15 min incubation) apoptosis dyes at room
temperature in dark (Santa Cruz Biotechnology Inc. Istanbul,
Turkey) as described in a previous study [32]. Florescence
intensity of each cell as arbitrary unit was measured by using
ZEN program and analyzed using Image J/Imaris software.
The results of Annexin V-FITC and PI were expressed as
the mean fluorescence intensity as arbitrary unit/cell.

Detection of Intracellular Ca2+ Fluorescence Intensity
Concentration Through TRPV1 Activation

Intracellular changes in the Ca2+ fluorescence concentration in
theMCF-7 cell lines were analyzed in the glass bottom dishes by
using Fluo-3 florescent dye (Calbiochem, Darmstadt, Germany).
Fluorescence intensity of Fluo-3 was excited by a 488-nm argon
laser from the confocal microscope (LSM 800), because Fluo-3
is a single wavelength excitation and emission dye [30, 32, 33].
In some experiment of BPA group, the cells were treated with

TRPV1 antagonist (Cpz and 100 μM) to inhibit Ca2+ entry be-
fore stimulation of TRPV1 (Cap and 10 μM). Changes in the
fluorescence intensity of Fluo-3 in 15 μm2 of cytosol were ana-
lyzed at 515 nm by the laser confocal microscopy fitted with a ×
40 oil objective. The results of Fluo-3 were expressed as the
mean fluorescence intensity as arbitrary unit per cell.
Intracellular fluorescence intensities of 25 cells were measured
in the laser confocal microscope by ZEN program.

Detection of Intracellular Reactive Oxygen Species
(ROS) and Mitochondrial Membrane Potential Levels

Mitochondrial membrane depolarization and intracellular ROS
production levels were assayed as described in previous studies
[32, 33]. Briefly, cells were re-suspended in 0.2 ml of extracel-
lular buffer and then incubated with DHR123 (1 μl) and JC1
(5μl) dye solutions for 15min at room temperature in dark. The
samples were then analyzed by the laser confocal microscopy.
JC1 (505 nm excitation, 535 emission) [35] and DHR123
(514 nm excitation, 570 emission) was excited with a diode
laser at 488 nm, an Argon laser at 488 nm [34]. Florescence
intensity in 15 μm2 of each cell as arbitrary unit was measured
by using ZEN program and analyzed using Image J/Imaris
software. The results of JC1 and DHR123 were expressed as
the mean fluorescence intensity as arbitrary unit/cell.

Bride Field Imagines

Axiocam 702 mono is a high-performance sCMOS micro-
scope camera with 2.3 megapixels and a sensor size of
1/1.2″ (diagonal 13.3 mm). By the Zeiss company, the camera
was adapted to the laser confocal microscope, and 3D bride
field (BF) images.

Caspase Assays

Caspase -3 and -9 activations are two reliable markers of apopto-
sis. Ac-DEVD-AMC and Ac-LEHD-AMC as two fluorogenic
substrates can be used to continuously assay the activity of cas-
pase -3 and -9 in cell extracts by using a spectrofluorometer or
plate reader, respectively. The caspase -3 and -9 activities were

Table 1 Effects of selenium (Na-Se) and bisphenol A (BPA) on reduced glutathione (rGSH), lipid peroxidation (LPx), and glutathione peroxidase
(GSHPx) activity in the MCF-7 cells. (mean ± SD and n = 6)

Parameters Control Na-Se BPA BPA +Na-Se BPA +Cpz

rGSH
(μmol/g protein)

12.40 ± 0.45 13.10 ± 0.55 9.66 ± 0.30a 9.80 ± 0.24b 12.00 ± 0.51b

GSHPx
(IU/g protein)

19.73 ± 1.65 21.57 ± 1.72 13.58 ± 1.71a 19.98 ± 1.33b 17.15 ± 1.13b

LPx
(μmol/g protein)

20.40 ± 1.44 18.20 ± 0.20 23.20 ± 1.59a 17.20 ± 0.70b 18.80 ± 0.79b

a p ≤ 0.05 versus control and Na-Se groups. b p ≤ 0.05 versus BPA group. (Kruskal-Wallis ANOVA test was used for the statistical analyses)
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assayed in a microplate reader (Infinite pro200; Tecan Austria
GmbH, Groedig, Austria) by measuring the degradation of the
Ac-DEVD-AMC and Ac-LEHD-AMC as previously described
[36]. The data were calculated as fluorescence units/mg protein
and presented as a % increase of control.

Analyses of Reduced Glutathione (rGSH), Lipid
Peroxidation (LPx) and Glutathione Peroxidase
(GSHPx) Activity

rGSH and LPx levels in the MCF-7 cells were spectrophoto-
metrically (Cary 60 UV-Vis Spectrophotometer, Agilent,
İzmir, Turkey) analyzed at 412 nm and 532 nm by using the
methods of Sedlak and Lindsay [37] and Placer et al. [38],

respectively. rGSH and LPx levels in the MCF-7 cells were
indicated as μmol/g protein.

A spectrophotometric (Cary 60 UV) method was used in the
cells for assaying GSHPx activity [39]. The activity of GSHPx is
expressed as an international unit (IU) of GSH oxidized/min/g
protein. The total protein in the supernatant of the cell homoge-
nate was spectrophotometrically (Shimadzu UV-1800) assessed
using the Bradford reagent at 595 nm.

Statistical Analyses

All data were indicated as means ± standard deviation (SD).
To assess the differences between treatment groups for each
treatment, we used the one-way ANOVA. We used a post hoc

Fig. 1 Effects of sodium selenite
(Na-Se) on bisphenol A (BPA)-
induced cell count (a), cell debris
number (b), and cell viability
level (c) in MCF-7 cells. (mean ±
SD and n = 3). The cells were
incubated with BPA (0.1 mM for
24 h) and then they were further
incubated by Na-Se (1 μM for
2 h). (ap ≤ 0.05 versus control and
Na-Se groups. bp ≤ 0.05 versus
BPA group. The data were
analyzed by ANOVA)

Fig. 2 Effects of bisphenol A (BPA) on the cell count (a), cell debris number (b), and cell viability level (c) in the MDA-MB-231 cells. (mean ± SD and
n = 3). The cells were incubated with BPA (0.1 mM for 24 h). Student’s t test was used for the statistical analyses
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test only when an ANOVA gave a statistically significant dif-
ference. When data did not pass the parametric test, we per-
formed a Kruskal-Wallis ANOVA on ranks followed by a

Dunn’s test (in Table 1 and Fig. 5). We used a Student t test
when comparing two groups (in Figs. 2 and 4). Statistical
probability of p ≤ 0.05 was considered significant.

Fig. 3 Sodium selenite (Na-Se) diminished bisphenol A (BPA)-induced
cell death rate (PI/Hoechst) in the MCF-7 cells. The cells were stained
with PI (5 μg/ml) and Hoechst 33342 (1 μM) (a and b) for detection of
cell death and life cell ratio. Mean ± SD of fluorescence per cell as
arbitrary unit is presented. Summary of the mean values of PI and
Hoechst cells under indicated conditions from n = 6 independent

experiments, with each experiment examining 25 cells for each condition.
The samples in the neuron death (× 20 objective) were analyzed by the
laser confocal microscopy. (ap ≤ 0.05 versus control and Na-Se groups.
bp ≤ 0.05 versus BPA group. The data were statistically significant by
ANOVA)
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Results

Na-Se Treatment Modulates BPA-Induced Changes
of Cell Viability, Debris and Number in the MCF-7 255
but not in the MDA-MB-231 Cells

The cell number (Fig. 1a), debris amount (Fig. 1b), and cell
viability (Fig. 1c) values in the MCF-7 cells were markedly
higher in the BPA groups as compared to the control and Na-
Se groups (p ≤ 0.05). However, the values were significantly
(p ≤ 0.05) lower in the BPA +Na-Se group than in the BPA
group. There was no difference in the cell number (Fig. 2a),
debris amount (Fig. 2b), and cell viability (Fig. 2c) results of
MDA-MB-231 cells between control and BPA groups.

BPA-Induced Fluorescence Intensity of Cell Death
(PI/Hoechst Rate) in the MCF-7 Cells but not
in the MDA-MB-231 Cells Was Decreased by the Na-Se
Treatment

Detections of cell death and cell viability in laser confocal mi-
croscopy analyses are more visible than in the cell counter

analyses. Hence, we imaged cell count as bride field (BF) and
cell death in the laser confocal microscope analyses by using a
camera and stain of death cells (PI) and stain of live cells
(Hoechst). In the current study, the rate of cell death (Fig. 3a, b)
in the MCF-7 cells of BPA group was higher than in the control
and Na-Se groups (p ≤ 0.05). However, fluorescence intensities
of the PI of Hoechst were diminished in the BPA+Na-Se groups
ofMCF-7 cells by theNa-Se treatment (p ≤ 0.05). However, there
was no difference in the number of the death and liveMDA-MB-
231 cells between control and BPA groups (Fig. 4a, b). These
imaging results further confirmed the protective role of Na-Se on
the BPA-induced cell death in the MCF-7 cells.

BPA-Induced Early and Late Apoptosis in the MCF-7
Cells Was Diminished by the Na-Se and Cpz
Treatments

After observing a decrease of cell viability, but increase of cell
death, we suspected increase of apoptosis in the MCF-7 cells.
Hence, we imaged early (Annexin V-FITC) and late (PI) apopto-
sis levels in the laser confocalmicroscope analyses. In the current
study, both Annexin V-FITC and PI levels were markedly (p ≤

Fig. 4 There is no effect of bisphenol A (BPA) on the cell death (PI/
Hoechst) in the MDA-MB-231 cells. The cells were stained with PI
(5 μg/ml) and Hoechst 33342 (1 μM) (a and b) for detection of cell death
and life cell ratio. Mean ± SD of fluorescence per cell as arbitrary unit is
presented. Summary of the mean values of PI and Hoechst cells under

indicated conditions from n = 6 independent experiments, with each ex-
periment examining 25 cells for each condition. The samples in the cancer
cell death (× 20 objective) were analyzed by the laser confocal microsco-
py. Student’s t test was used for the statistical analyses
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0.05) increased in the BPAgroups as compared to the control and
Na-Se groups (Fig. 5a, b). However, fluorescence intensities of
PI and Annexin V-FITC were decreased in the BPA +Na-Se

groups by the Na-Se and Cpz treatments (p ≤ 0.05).
Fluorescence intensity of PI (late apoptosis) was markedly (p ≤
0.05) higher than in the Annexin V-FITC (early apoptosis).

Fig. 5 Effect of selenium (Na-Se,
1 μM) and capsazepine (Cpz) on
the levels of bisphenol A-induced
caspase-3 and -9 activity in the
MCF-7 (a) and MDA-MB-231
(b) cells. The cells in the caspase -
3 and -9 assay were incubated
with fluorogenic substrates (Ac-
DEVD-AMC and Ac-LEHD-
AMC). The samples were ana-
lyzed in the microplate reader
(Infinite pro200). The cells were
stimulated by Cap (10 μM) and
they were inhibited by Cpz
(100 μM). (ap ≤ 0.05 versus
control (Cont) and Na-Se groups.
bp ≤ 0.05 versus BPA group. *p ≤
0.05 versus Cpz groups of Cont,
Na-Se, BPA, and BPA +Na-Se).
(Kruskal-Wallis test was used for
the statistical analyses)
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These imaging results further confirmed the protective roles of
Na-Se and TRPV1 channel blocker (Cpz) on the BPA-induced
apoptosis and cell death in theMCF-7 cells. In addition, it seems
that cell death and apoptosis effects of BPA mostly occurred as
late apoptosis instead of early apoptosis.

BPA Increased Caspase -3 and -9 Activities
in the MCF-7 Cells but not in the MDA-MB-231 Cells

It is well known that the cell death, cell viability, and apoptosis
values are induced in several cells by the increase of caspase -
3 and -9 activities. After an observing increase of cell death
and apoptosis in the MCF-7 cells but not in the MDA-MB-
231 cells, we suspected increase of caspase -3 and -9 activities
in the MCF-7 cells. Hence, we assayed the caspase activities
in the MCF-7 cells. The results of caspase -3 and -9 activities
in the four groups are shown in Fig. 6 through TRPV1 stim-
ulation (Cap) and inhibition (Cpz). The caspase -3 and -9
activities in the MCF-7 cells were higher in the BPA groups

than in the control and Na-Se groups (p ≤ 0.05) (Fig. 6a). The
caspase -3 and -9 activities in the MCF-7 cells were lower in
the Na-Se groups than in the BPA group (p ≤ 0.05). In addi-
tion, the caspase -3 and -9 activities in the MCF-7 cells of four
groups were further diminished by the Cpz treatments (p ≤
0.05). However, there was no change in caspase -3 and -9
activities of MDA-MB-231 cells in the four groups (Fig.
6b). In addition, the caspase -3 and -9 activities of MDA-
MB-231 cells were not affected by Cap and Cpz treatments.

Na-Se Treatment Diminished BPA-Caused Increase
of the Ca2+ Fluorescence Intensity Through Inhibition
of TRPV1 Activation

It is well known that an increase of intracellular Ca2+ concen-
tration through activation of TRPV1 channel causes several
physiological and pathophysiological functions including can-
cer cell proliferation [20, 21]. After observing an increase of cell
numbers, we suspected increase of intracellular Ca2+

Fig. 6 Sodium selenite (Na-Se)
and capsazepine (Cpz) treatments
diminished bisphenol A (BPA)-
induced apoptosis level in MCF-7
cells. (mean ± SD and n = 3). a
The cells were stained with PI
(10 μg/ml) and aV (1 μM) (a and
b) for detection of early (Annexin
V, aV) and late (PI) apoptosis
level. b Mean ± SD of fluores-
cence per cell as arbitrary unit is
presented. b Summary of the
mean values of aV and PI cells
under indicated conditions from
n = 6 independent experiments,
with each experiment examining
25 cells for each condition. The
samples in the cancer cell death
(× 40 oil objective) were analyzed
by the laser confocal microscopy.
(ap ≤ 0.05 versus control and Na-
Se groups. bp ≤ 0.05 versus BPA
group. *p ≤ 0.05 versus PI group.
The data were analyzed by
ANOVA)
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concentration in the MCF-7 cells. As the third step in the cur-
rent study whether activation of TRPV1 is related to BPA treat-
ment. The influences of the channel on intracellular Ca2+ accu-
mulation were examined by measurement of Ca2+ concentra-
tion using the TRPV1 channel activator (Cap) and inhibitor
(Cpz), respectively. The confocal microscope images (Fig. 7a)
and columns (Fig. 7b) indicated that the Ca2+ concentration was
increased in the BPA group by Cap stimulation (activation of
TRPV1) and the Ca2+ fluorescence intensity was significantly
(p ≤ 0.05) higher in the BPA group as compared to control and
Na-Se groups. However, the Ca2+ concentration was decreased
in the BPA +Na-Se group as compared to the BPA group (p ≤
0.05). In addition, the fluorescence intensity of Ca2+ concentra-
tion was decreased by Cpz treatment and its concentration was
markedly (p ≤ 0.05) lower in the Cpz groups (BPA + Cpz,
Cont+Cpz, Na-Se + Cpz, and BPA +Na-Se + Cpz) than in the
control and BPA group (p ≤ 0.05) (Fig. 7c). The Cpz results
were obviously indicated involvement of BPA through activa-
tion of TRPV1 channel in the Ca2+ influx of MCF-7 cells.

Na-Se Treatment Decreased BPA-Induced
Mitochondrial Membrane Depolarization (JC-1) Level
and Intracellular ROS (DHR123) Production

The level fluorescence intensity of laser confocal micro-
scope images of JC-1 and DHR123 is shown in
Fig. 8a, b. The fluorescence intensities of JC-1 and

DHR were markedly (p ≤ 0.05) increased by BPA group.
The JC-1 and DHR123 levels were markedly (p ≤ 0.05)
lower in the BPA + Na-Se group as compared to BPA
group. In addition, the JC-1 and DHR123 levels were
markedly decreased by Cpz treatment and their levels
were lower in the BPA + Cpz treatment groups than in
the BPA group (p ≤ 0.05).

Na-Se Treatment Decreased BPA-Induced Increase
of LPx, Its Treatment Increased BPA-Induced Decrease
of rGSH Level and GSHPx Activity in MCF-7 Cells

Results of LPx, rGSH, and GSHPx are shown in Table 1.
The LPx level was markedly (p ≤ 0.05) higher in the BPA
groups as compared to control and Na-Se groups, al-
though its level was significantly (p ≤ 0.05) decreased in
the BPA + Na-Se and BPA + Cpz groups by the Na-Se and
Cpz treatments. However, the rGSH level and GSHPx
activity were lower in the BPA group than in the control
and Na-Se groups (p ≤ 0.05). However, the GSHPx activ-
ity and rGSH level were markedly (p ≤ 0.05) increased in
the BPA + Na-Se and BPA + Cpz groups by the Na-Se and
Cpz treatments. These findings clearly indicated that
BPA-induced decrease of rGSH and GSHPx are increased
by Na-Se treatment through downregulation of LPx and
oxidative stress.

Fig. 7 Effect of selenium (Na-Se,
1 μM) on the increase of
bisphenol A (BPA)-induced Ca2+

fluorescence intensity through
TRPV1 stimulation in the MCF-7
cells. (mean ± SD and n = 6). The
cells were stained with Ca2+

indicator fluorescent dye and
mean ± SD of fluorescence in
10 mm2 of each cell as arbitrary
unit are presented; n = 25 inde-
pendent experiments (a). The
cells were activated by Cap
(10μMfor 10min), but they were
inhibited by Cpz (100 μM for
10min) after washing the Cap (a).
The samples were analyzed by the
laser confocal microscopy fitted
with a × 20 objective. Changes of
the Ca2+ fluorescence intensity
after Cap (b) and Cpz (c)
treatments were shown by
columns. (ap ≤ 0.05 versus control
and Na-Se groups. bp ≤ 0.05
versus BPA. The data were
analyzed by ANOVA)
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Discussion

In the present study, we observed that BPA treatment ac-
tivated the TRPV1 channel, resulting in the MCF-7 cancer

cell proliferation, overload Ca2+ entry, cell death, and mi-
tochondria oxidative stress. More importantly, we found
that the Na-Se could protect the MCF-7 cells from BPA-
induced oxidative injury via maintaining the intracellular
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Ca2+ hemostasis and via stimulating late apoptosis path-
ways, as well as downregulating mitochondrial oxidative
stress pathway. Na-Se induced TRPV1 modulator action
through upregulation rGSH and GSHPx but downregula-
tion of lipid peroxidation and mitochondria ROS
production.

TRPV1 channel is activated in several cells, including
MCF-7 by ROS and Cap [12, 13]. BPA induces excessive
ROS production in the MCF-7 cell [40]. In addition, BPA
induced estrogenic activity and Ca2+ influx in MCF-7
cells through activation of Erk and PI3K/Akt signals
[41]. It was reported that BPA was further stimulated
glutamate-induced Ca2+ influx through activation of
NMDA receptors in rat hippocampus [42] and mouse pan-
creatic β-cells [43]. To our knowledge, there is no report
interaction between the TRPV1 channel activity and
MCF-7 oxidative toxicity. In the current study, we ob-
served increased excessive mitochondria ROS production
and Ca2+ influx through the TRPV1 channel activation in
the MCF-7 cells. There are limited reports interactions
between TRPV1 channel activator (Cap) and BPA and

the reports are containing conflict results. It was reported
that Cap-induced HT-29 human colon cancer death was
completely blocked by BPA diglycidyl ether as a specific
PPARgamma antagonist [44]. In rat testis cells, absence of
relationship between Cap and BPA on Ca2+ influx was
reported [45].

Na-Se is an inorganic form of selenium and it has an-
tioxidant and Ca2+ channel modulator actions in several
cells including MCF-7 [23, 25]. Oxidant effects of BPA
were blocked in the lung [26], testis [27, 28], and liver of
rats [29] by the Na-Se treatment. Antitumor and anti-
apoptotic actions of Na-Se through upregulation of
rGSH and GSHPx but downregulation of TRPV1 activity
in MCF-7 cells [25], dorsal root ganglion neuron [30],
and human osteoblast-like cell line [46] were recently re-
ported. Increases of cancer cell proliferation, apoptosis,
caspase -3 and -9 through activation of TRPV1 channel
were also reported in the MCF-7 cells [15–18]. ROS are
scavenged by rGSH and GSHPx. In the current study,
GSHPx and rGSH values were downregulated in the
MCF-7 cells by BPA, although their values were upregu-
lated by the antioxidant property of Na-Se. After scaveng-
ing ROS by rGSH and GSHPx, the mitochondria mem-
brane depolarization, ROS, and TRPV1 channel activity
were diminished by the Na-Se and Cpz treatments.

It is well known that cancer cell proliferation needs
excessive Ca2+ influx. It was also reported that there is a
direct relationship between estrogen production and breast
cancer tumor development [19]. In addition to the Cap
and ROS, TRPV1 is also activated by estrogen [20, 21],
although its activity was modulated in dorsal root gangli-
on and hippocampus of rats by estrogen receptor blockers
[23]. In the current study, proliferation, cell death, and
apoptosis values of estrogen receptor negative (MDA-
MB-231) breast cancer cell were not affected by BPA
and Na-Se treatments. However, estrogenic effect of
BPA induced MCF-7 breast cancer cell proliferation and
apoptosis via TRPV1 channel activation-induced Ca2+ in-
flux, although the effects were modulated by the Na-Se
treatment.

It is well known that increase of intracellular Ca2+ concen-
tration stimulates breast cancer cell proliferation (Fig. 9). In
addition, mitochondrial membrane depolarization in MCF-7
cells is induced by increase of intracellular Ca2+ concentration
[47]. In turn, it results in activation of two molecular path-
ways; (1) excessive ROS production in the mitochondria is
induced by the increase of Ca2+-influx-caused mitochondrial
membrane depolarization. (2) Apoptosis and cell death are
activated through activation of caspase -3 and -9 [11] (Fig.
9). The TRPV1 activation-induced increase of mitochondria
membrane depolarization, ROS production, apoptosis, cas-
pase -3 and -9 activation were modulated in the MCF-7 cells
by the Na-Se treatment [20]. In the current study, we observed

Fig. 9 Molecular pathways on the inhibition of bisphenolA (BPA) caused
the overload Ca2+ entry and cancer cell proliferation via TRPV1 channel
activity modulation in the MCF-7 cells by sodium selenite (Na-Se)
treatment. The overload Ca2+ entry causes increase of mitochondria
membrane depolarization resulting in activation of two molecular
pathways; (1) excessive ROS production in the mitochondrial through
decrease of reduced glutathione (rGSH) and glutathione peroxidase
(GSHPx), (2) apoptosis through activation of caspase -3 and -9.
However, Na-Se and TRPV1 antagonist (capsazepine, Cpz) protected
the MCF-7 cells from BPA-induced injury downregulating mitochondrial
oxidative stress and TRPV1 activity pathway

�Fig. 8 Effect of selenium (Na-Se, 1 μM) and capsazepine (Cpz) on the
fluorescence intensity changes of bisphenol A-induced mitochondrial
membrane depolarization (JC-1) (a) and intracellular ROS production
(DHR123) (b) in the MCF-7 cells. The cells in the mitochondrial mem-
brane depolarization and ROS analyses at room temperature in dark were
stained with JC-1 and DHR123, respectively. Mean ± SD of fluorescence
per cell as arbitrary unit are presented; n = 25 independent experiments.
The samples were analyzed by the laser confocal microscopy fitted with a
× 20 objective. (ap ≤ 0.05 versus control and Na-Se groups. bp ≤ 0.05
versus BPA. The data were analyzed by ANOVA)
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similar modulator action of Na-Se on the BPA-induced chang-
es in the MCF-7 cells. The modulator action was attributed to
the antioxidant and TRPV1 channel blocker actions of Na-Se.

In conclusion, BPA acted breast cancer proliferative effect in
the estrogen receptor positive (MCF-7) breast cancer cells but not
in the estrogen receptor negative (MDA-MB-231) breast cancer
cell through stimulating Ca2+ entry (via TRPV1 activation) and
mitochondria ROS production. The results provided a new mo-
lecular pathway for the study of breast cancer proliferation.
However, Na-Se induced apoptotic, antioxidant, and anti-cell
proliferative actions through modulation of the TRPV1 channel
in the MCF-7 cells. Therefore, inhibition of TRPV1-mediated
Ca2+ entry through Na-Se treatment may be a potential strategy
for inhibiting BPA-induced proliferation the breast cancer cells.
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