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Abstract
Background Cardiomyocyte apoptosis plays an important role in alcoholic cardiac injury. However, the association between
calcium-sensing receptor (CaSR) and alcohol-induced cardiomyocyte apoptosis remain unclear. Therefore, we investigated
the role and its moleculer mechanism of CaSR in rat cardiomyocyte apoptosis induced by alcohol.
Methods Alcohol-induced cardiomyocyte apoptosis in vivo and in vitro model of rats were applied in this study. The
expression of CaSR, endoplasmic reticulum stress markers and apoptosis were tested by immunohistological staining,
western blot, TUNEL and flow cytometry, respectively. [Ca2+]i were detected by confocal laser scanning microscopy.
Results Compared with the control group, alcohol intake (AI) led to abnormal arrangements of cardiomyocytes and obvious
increase of myocardial apoptosis. Moreover, AI also significantly upregulated protein expression of CaSR, GRP94, caspase-
12 and CHOP. Alcohol induced apoptosis of cultured cardiomyocytes of rats in a dose-dependent way. Activation of CaSR
markedly enhanced cardiomyocyte apoptosis and ERS induced by alcohol, ERS inducer also significantly increased car-
diomyocyte apoptosis without activating CaSR. Furthermore, GdCl3 augmented alcohol-induced increase of [Ca2+]i in
cardiomyocytes, which was attenuated by NPS2390 but not 4-PBA pre-treatment.
Conclusions Alcohol could induce cardiomyocyte apoptosis in rats in vivo and in vitro, which was mediated probably via
activating CaSR, and then ERS and the increase of the cytosolic [Ca2+]i. This provides a potential target for preventing
cardiomyocyte apoptosis and cardiomyopathy induced by alochol.
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Introduction

Alcoholic cardiomyopathy is caused by long-term heavy
drinking with an important cause of dilated cardiomyopathy
[1]. Alcohol intake (AI) may lead to progressive cardiac
injury, and then impaired contractile dysfunction and
enlarged cardiac cavity, at last resulting in heart failure [2].
Therefore, exploring molecular and cellular mechanism in

the development of alcoholic cardiac injury contributes to
provide new treatment targets for alcoholic
cardiomyopathy.

Many studies have indicated the pathogenesis mechan-
ism of alcoholic myocardial injury involves myocardial
apoptosis [3], changes in intracellular calcium ([Ca2+]i) [4]
and endoplasmic reticulum stress (ERS) [5]. Increasing
evidence from aminals and patients has demonstrated that
alcohol can result in a higher percentage of myocardial
apoptosis [6, 7]. Moreover, apoptosis plays an important
role in the development of heart failure (HF) and cardiac
remodeling [8, 9]. Endoplasmic reticulum (ER) is respon-
sible for protein synthesis, folding, maturation and trans-
port. ERS, which is induced by the perturbations of ER
function and structure, could cause cell death [10] by acti-
vating distinct signals, such as the activation of transcription
factors [11], ER-resident caspases [12] and the Bax/Bcl-2
family proteins [13, 14]. Recently, ERS was demonstrated
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to be pathologically involved in cardiac diseases and
damage under numerous conditions, including MI [9] and
AI [14]. However, the relation of ERS with alcohol-induced
myocardial apoptosis is unclear, and then the detailed
mechanisms need further research.

Calcium-sensing receptor (CaSR) is a member of G
protein-coupled receptors family [15]. It is expressed in all
kind of tissues and cells and regulates cell functions, such as
proliferation, differentiation and apoptosis [16, 17]. In 2003,
Wang R et al. firstly reported CaSR is functionally
expressed in rat cardiac tissue [18]. Since then, increasing
studies have demonstrated that CaSR plays an important
role in the development of cardiovascular diseases, for
example: CaSR is involved in ischemia-reperfusion injury
[19], hypertension [20], diabetic cardiomyopathy [21] and
lipopolysaccharide-induced myocardial cell injury [22].
Moreover, our previous studies indicated that CaSR took
part in ventricular remodeling including myocardial fibrosis
after myocardial infarction [23]. However, the association
between CaSR and alcoholic cardiomyocye apoptosis
remains unknown. In this study, we used a rat alcohol
intake (AI) in vivo model and alcohol-induced cardiomyo-
cyte apoptosis in vitro model of rats to investigate the role
and its mechanism of CaSR in alcohol induced cardio-
myocyte apoptosis, which will provide a new target for the
treatment of alcohol-related heart disease.

Methods

Experimental Animals and Groups

Wistar Rats (male, 180 ± 20 g) were provided by the Animal
Research Institute of Harbin Medical University, and the
experimental procedure was approved by the Institution
Animal Care and Use Committee of Harbin Medical Uni-
versity, Animal Management Rule of the People’s Republic
of China (Ministry of Health, People’s Republic of China,
document No. 55, 2001) and Ethics Committee of the First
Affiliated Hospital of Harbin Medical University (permit
ethical number: 2015-3-6) [24]. All rats were housed in a
temperature-controlled room under a 12 h/12 h-light/dark
with access to a standard chow diet and tap water ad libi-
tum. Upon completion of the acclimation for one week, rats
were randomly assigned into the following two groups: (i)
The AI group (n= 20): rats were administrated with 5 ml/kg
5%, 10% and 20% alcohol (vol/vol) twice per day by
gavage and ad libitum during the first, second and third
weeks, respectively; then, 40% alcohol (vol/vol) was given
(5 ml/kg twice per day) by gavage and ad libitum from the
fourth week until the 12th week. (ii) The control group
(n= 20): rats received the same volume of an isocaloric
isonitrogenous solution administered intragastrically instead

of alcohol as a control for 12 weeks. Rats were housed
individually in standard plastic cages and maintained under
identical conditions.

HE Staining

After 12 weeks of administration, rats were anaesthetized.
Immediately after sacrificing, hearts were harvested, and
fixed in 4% buffered paraformaldehyde for 24 h. The tissues
were then embedded and sectioned (4 μm). Heart sections
were stained with HE and viewed by light microscopy
(Olympus BX60, Beijing, China).

Immunohistological Staining

Expression of CaSR in rat myocardium was determined by
immunohistochemistry in both groups. Briefly, heart sec-
tions were stained with an antibody against CaSR (1:100,
Alomone Labs Ltd., Hadassah Ein Kerem, Jerusalem). After
washing, the sections were incubated with biotin-
conjugated goat anti-rabbit IgG (1:200, ZSGB-Bio, Beij-
ing, China) and then with avidin-biotin-peroxidase complex
from a Vector ABC Elite Kit (Sigma, USA). After incu-
bating with DAB solution, nuclei were counterstained with
haematoxylin. Rabbit IgG (1 mg/ml) was instead of the
primary antibody in a negative control. Five areas of LV
tissues were chosen randomly to count the CaSR positive
cells under × 400 magnification as previously described
[25].

TUNEL Assay

TUNEL assay (Roche, USA, 11684817910) was performed
to determine the cardiomyocyte apoptosis in heart as
described previously [26]. Homogeneously stained areas
without signs of necrosis were counted as positive for
apoptosis. Five areas of LV tissues were chosen randomly
to count the TUNEL positive cells under × 400 magnifi-
cation. Calculation was performed by an observer who
blinded to the treatment groups.

Isolation and Culture of Cardiomyocytes

1- to 3-day-old neonatal rat hearts were isolated to achieve
cardiomyocytes as previously described by Ieda 26. Briefly,
after hearts were digested, cardiomyocytes were collected
by selective adhesion after 90 min pre-culture in a humidi-
fied incubator (95% air-5% CO2). BrdU (5-Bromo-2’-
deoxyuridine) was supplemented to increase the purity. The
culture medium was replaced after 48 h, and the cells were
further cultured for 24 h. Then, the cardiomyocytes were
cultured with low-serum DMEM (1.5% FBS) for 12 h
before experiments.
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Detection of Cultured Cardiomyocyte Apoptosis of
Rats Induced by Different Concentrations of Alcohol

Apoptosis was measured after cultured rat cardiomyo-
cytes exposure to different concentrations of alcohol
(0 mM, 50 mM, 100 mM and 200 mM), using the
Annexin V/PI kit (BioLegend, California, USA, 640914)
under guidance of the manufacturer’s protocol. Briefly,
after collecting and resuspending in 1 × binding buffer at
a concentration of 1 × 106 cells/ml, the cells were incu-
bated with 5 μl of both Annexin V-FITC and PI respec-
tively for 15 min at room temperature in the dark,
followed by the addition of another 400 μl of 1 × binding
buffer. Cells were analysed by flow cytometry (BD
Biosciences) within 1 h. Apoptotic cells were stained
positively for Annexin V and negatively for PI.

Cardiomyocyte Treatment

After being cultured with low-serum DMEM for 12 h, to
explore the relationship between ERS and apoptosis, car-
diomyocytes were grouped as follows: (i) The control
group: a control vehicle was added to the cardiomyocytes at
the same osmolality; (ii) The alcohol group: the cardio-
myocytes were treated with 100 mM alcohol for 24 h; (iii)
The alcohol+ dithiothreitol (DTT) group: the cardiomyo-
cytes were pre-incubated with DTT (an ERS inducer,
Sigma-Aldrich, St. Louis, MO, USA) 2 mM for 3 h before
with 100 mM alcohol treatment for 24 h.

To clarify the relationship between CaSR and ERS, the
cardiomyocytes were divided into four groups: (i) The
control group: a control vehicle was added to the cardio-
myocytes at the same osmolality; (ii) The alcohol group: the
cardiomyocytes were treated with 100 mM alcohol for 24 h;
(iii) The alcohol+GdCl3 group: the cardiomyocytes were
pre-incubated with 100 μM GdCl3 (an activator of CaSR,
Sigma-Aldrich, St. Louis, MO, USA) for 4 h before with
100 mM alcohol treatment for 24 h; (iv) The alcohol +
GdCl3+NPS2930 group: after pre-incubating the cardio-
myocytes with NPS2390 (an inhibitor of CaSR, 10 mM,
Sigma-Aldrich, St. Louis, MO, USA) for 1 h, 200 μM
GdCl3 was added for 4 h, followed by 100 mM alcohol for
24 h.

All samples were collected for further detection at the
end of in vitro experiments.

Western Blotting

After treatment, four LVs of each group and cell lysates of
treated cardiomyocytes were collected to obtain protein
with lysis buffer. Then, the lysates were centrifuged at
12,000 rpm for 20 min at 4 °C to remove the nuclei. The
protein concentration was determined by BCA protein assay

kit (Beyotime, P0012). The proteins were electrophoresed
and transferred to PVDF membranes. After blocking for 2 h,
the membranes were incubated with primary antibodies,
which were as following: CaSR (1:1000), anti-GRP94
(1:1000, Abcam, ab13509), anti-caspase12 (1:1000,
Abcam, ab18766), anti-CHOP (1:1000, Abcam, ab10444),
anti-Bax (1:500, Santa Cruz, sc-7480), anti-caspase-3
(1:500, Santa Cruz, sc-7148), anti-Bcl-2 (1:500, Santa
Cruz, sc-492), and anti-β-actin (1:1000, Santa Cruz, sc-
1616) at 4 °C overnight separately. The membranes were
washed and incubated with fluorescence-conjugated goat
anti-mouse or anti-rabbit IgGs (1:10,000, Rockland,
611144122) for 1 h. Odyssey Infrared Imaging System and
Odyssey v3.0 software were used to quantify the bands.
β-actin was used as loading control.

Measurement of the Intracellular Ca2+

Concentration ([Ca2+]i)

The different groups of cardiomyocyte samples were
incubated with 10 μM Flou-3/AM (Sigma Chemical, St.
Louis, MO, USA, 73881) at 37 °C for 30 min. Then, to
remove the residual dye the Ca2+-free PBS were used to
rinse the cardiomyocytes and further incubated in
DMEM. Spectrofluorometric measurements were recor-
ded for 5 min and collected using the Delta Scan System
spectrofluorometer (Photon Technology International,
London, Ontario), with exciting at 488 nm and emission
at 530 nm.

Data Analysis

The data are presented as the mean ± SEM. If the data
were normally distributed, the differences between two
groups were evaluated using t-tests; significance between
multiple groups was evaluated by one-way ANOVA
followed by Tukey’s test. If the data were not normally
distributed, the Mann-Whitney test was used for 2
groups, and the Kruskal-Wallis test was used for more
than 3 groups. A value of P < 0.05 was considered sta-
tistically significant.

Results

AI Provoked Myocardial Apoptosis in Rats

No animals died during the experiment. Compared with
those in the control group, rat myocardium in the AI
group developed an irregular, disorganized cardiomyo-
cyte pattern (Fig. 1A). As shown in Fig. 1B, TUNEL
staining results showed that there were more immuno-
positive cells in the AI group than the control group.

Cell Biochemistry and Biophysics (2023) 81:707–716 709



Further semi-quantitative result analysis revealed that
there was significant difference in TUNEL positive cell
percentage between the two groups (Fig. 1C). As shown
in Fig. 1D–F, the expression levels of pro-apoptosis
protein caspase-3 and Bax were higher in the AI group
than those in the control group. However, the anti-
apoptosis protein Bcl-2 markedly decreased in rat myo-
cardial tissues of the AI group compared to the control
group.

AI Upregulated CaSR Expression and ERS in Rats

Immunohistological staining revealed that compared with the
control group, the immunopositive areas of CaSR were sig-
nificantly larger in the myocardial section of rats in the AI
group (Fig. 2A). Western blot results indicated that protein
expression of CaSR was significantly upregulated in the AI
group compared with the control group (Fig. 2B, C). In
addition, the expressions of ERS pathway markers GRP94,

caspase-12 and CHOP were significantly upregulated in the AI
group compared with those in the control group (Fig. 2D–G).

Alcohol Dose-dependently Induced Cardiomyocyte
Apoptosis In Vitro

Cardiomyocytes were exposed to different alcohol doses
(0 mM, 50 mM, 100 mM, 200 mM) for 24 h. Then, cardio-
myocyte apoptosis was detected by flow cytometry. The
results demonstrated that the level of myocardial apoptosis
induced by 50 mM alcohol was obviously higher compared
to that induced by 0 mM, moreover, myocardial apoptosis
was further aggravated by 100 mM alcohol than 50 mM
alcohol, which increased by 3 times. The 200 mM alcohol
induced the cardiomyocyte apoptosis pecentage was 20.3%,
which increased by 3.3% compared with the 100 mM
alcohol (Fig. 3A, B). Therefore, cardiomycyte apoptosis
model induced by 100 mM alcohol was applied in the fol-
lowing study.

Fig. 1 Effect of AI on myocardial morphology and myocardial
apoptosis. A HE staining of the control and AI rat myocardium (a, c:
×100; b, d: ×400). a, b: Control group; c, d: AI group. Scale
bar= 200 μm. B TUNEL staining of rat myocardium (×400). a:
Control group; b: AI group. Scale bar= 200 μm. C Statistical analysis
of the TUNEL positive cells. At least 20 fields of vision were counted.

*P < 0.05 versus the control group. D Expression of apoptosis-
associated proteins in the control and AI groups. Four samples of each
group were collected randomly to detect Bax, Bcl-2 and caspae-3
expression. E, F Statistical analysis of the expression of Bax/Bcl-2 and
caspase-3. The graphs show the mean ± SEM of the four samples of
each group. *P < 0.001 versus the control group
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Activation of ERS Amplified Alcohol-induced
Apoptosis of Cultured Cardiomyocytes in Rats

To explore the relationship between ERS and apoptosis,
ERS inducer DTT was used in in vitro experiment, and
the expression of CaSR, ESR markers and apoptosis
related proteins were detected by western blot. The
results showed that the expressions of GRP94, caspase-
12, CHOP, Bax/Bcl-2 and caspase-3 were significantly
increased in alcohol-treated cardiomyocytes compared to
control cardiomyocytes, moreover, their expression
levels were upregulated by DTT compared to the alcohol
treatment alone (Fig. 4). Interestingly, the protein
expression of CaSR was significantly upregulated in
alcohol-treated cardiomyocytes compared to control car-
diomyocytes, while DTT did not strengthen CaSR
expression of cardiomyocytes compared with alcohol
treatment alone (Fig. 4A, B). These results implied that
alcohol could provoke cardiomyocyte apoptosis probably
via activation of ERS.

ERS was Mediated by CaSR During the Alcohol-
induced Cardiomyocyte Apoptosis

To clarify the relationship between CaSR and ERS, we
tested the expression of CaSR, ERS proteins and apop-
tosis related markers in the presence of alcohol with
CaSR activator (GdCl3) and inhibitor (NPS2390). The
results revealed that compared to the control group, CaSR
expression was markedly upregulated by alcohol. More-
over, GdCl3 significantly enhanced CaSR protein
expression of cardiomyocytes induced by alcohol treat-
ment while NPS2390 markedly attenuated CaSR protein

expression (Fig. 5). Similarly, ERS proteins (GRP94,
caspase-12 and CHOP) and apoptosis related markers
(Bax/Bcl-2 and caspase-3) increased in the alcohol group
than those in the control group. Protein expressions of
GRP94, caspase-12, CHOP, Bax/Bcl-2 and caspase-3
were augmented by GdCl3, but reduced by NPS2390 (Fig.
5A, C–H). These data suggested that alcohol could
induce rat cardiomyocyte apoptosis through activation of
CaSR-mediated ERS.

Alcohol-induced Increase in Cytosolic [Ca2+]i was
Mediated by CaSR Rather than ERS in Cultured
Cardiomyocytes of Rats

To investigate whether ERS activation depends on [Ca2+]i
or not, confocal laser scanning microscopy was used to
detect cytosolic [Ca2+]i in rat cardiomyocytes which were
exposed to alcohol, CaSR activator (GdCl3) and inhibitor
(NPS2390), and ERS inhibitor (4-PBA). The results
demonstrated that alcohol led to an significant increase of
[Ca2+]i in cultured cardiomyocytes of rats compared with
the control, which was further enhanced by GdCl3. How-
ever, the increase of [Ca2+]i in cultured cardiomyocytes
induced by alcohol was attenuated by pre-treatment with
NPS2390 but not 4-PBA (Fig. 6).

Discussion

Our present data showed that AI provoked myocardial
apoptosis, also increased protein expression of CaSR and
ERS in rats. Moreover, the in vitro experimental data
indicated alcohol can induce the cardiomyocyte apoptosis

Fig. 2 AI provoked CaSR expression and ERS in rats. A CaSR
immunohistochemistry of control and AI myocardium (×400). a:
Control group; b: AI group. Scale bar= 200μm. B Protein expression
of CaSR in control and AI myocardium. C Statistical analysis of the
expression of CaSR. The graphs show the mean ± SEM of the four
samples of each group. *P < 0.05 versus the control group.

D Expression of ERS pathway markers in control and AI myocardium.
Four samples of each group were collected randomly to detect the
markers. E–G Statistical analysis of the expression of GRP-94,
caspase-12 and CHOP. The graphs show the mean ± SEM of the four
samples of each group. *P < 0.05 versus the control group
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of rats in a dose-dependent way. Further study showed that
alcohol-induced apoptosis was mediated probably by acti-
vation of CaSR, the increase of the cytosolic [Ca2+]i
and ERS.

Cardiomyocyte apoptosis participates in the patho-
genesis of many diseases including atherosclerosis,
myocardial ischemia and alcoholic cardiomyopathy [27].
In this study, we found that AI induced myocardial
apoptosis as shown in TUNEL-stained positive cells,
increased expression of caspase-3 and Bax, and decreased

expression of Bcl-2 in rats. Moreover, we also found
alcohol dose-dependently induced cardiomyocyte apop-
tosis in vitro. It was reported that AI also increased
apoptosis in hearts from humans [28], male and female
mice [29, 30] and male rats [31]. In addition, alcohol
increased cardiomyocyte loss and the susceptibility of
cells to undergo apoptosis [21, 32]. In this study, we
found cardiomyocytes apoptosis in AI rats at 12 weeks.
However, Zhang RH et al. reported that the apoptosis
increased within 6 weeks (4% vol/vol liquid diet) in mice

Fig. 3 Alcohol induced
cardiomyocyte apoptosis in a
dose-dependent way. A
Cardiomyocyte apoptosis
accessed by flow cytometry
using an Annexin V/PI kit. Cells
were treated as indicated, n= 3.
B Statistical analysis of the
apoptotic cells. The graphs show
the mean ± SEM of the three
experiments. *P < 0.05,
**P < 0.005, and ***P < 0.001
versus the 0 mM alcohol group
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[33]. Raymond AR et al. reported apoptosis increased
within 16 weeks (5% vol/vol alcohol in drinking water) in
rats [31]. These can be a consequence of methodological
variations and different animals.

In our study, we showed that the expression of CaSR
was upregulated in the process of myocardial apoptosis
induced by AI. Moreover, in vitro study showed that
alcohol induced activation of CaSR, suggesting that
CaSR was involved in alcohol-induced cardiomyocyte
apoptosis. It has been reported that CaSR activates car-
diomyocyte apoptosis in diabetic rats [34], hypoxia/
reperfusion [35] and HF [36]. Fernandez-Sola et al.
reported that CaSR R990G gene expression is increased
in chronic pancreatitis patients with moderate-to-heavy
alcohol consumption [28]. To our knowlegde, we firstly
reported that CaSR played a role in alcohol induced
myocardial apoptosis.

Our in vivo results suggested that AI could provoke
protein expressions of GRP94, caspase-12 and CHOP in
myocardial tissue of rats, indicating activation of ERS
takes part in alcoholic myocardiopathy. At the same time,
alcohol-induced ERS activation was also observed during
alcohol-induced cardiomyocyte apoptosis in vitro. In
previous studies, alcohol exposure significantly increases
the expression of ERS markers and activates signaling
pathways associated with ERS [37]. Moreover, CaSR can
promote hypoxia/reoxygenation-induced apoptosis of
cultured cardiomyocytes in rats [38]. CaSR can also
promote lipopolysaccharide-induced cardiomyocyte
injury through ERS [22]. To elucidate the relationship
between CaSR and ERS in alcohol-induced cardiomyo-
cyte apoptosis, activator and inhibitor of CaSR and
agonist of ERS were used to treat cardiomyocytes
in vitro. The results demonstrated that GdCl3, an agonist

Fig. 4 CaSR activation enhanced alcohol-induced ERS and apoptosis
of cultured cardiomyocytes in rats. A Expression of CaSR and ERS
markers in the different groups. B–E Statistical analysis of the
expression of CaSR, GRP-94, caspase-12 and CHOP. The graphs
show the mean ± SEM from three independent experiments. *P < 0.05,
**P < 0.005, and ***P < 0.001 versus the control group; #P < 0.05,
##P < 0.005, and ###P < 0.001 versus the alcohol group; and

@P < 0.05 and @@P < 0.005 versus the GdCl3 group. F Expression of
apoptotic markers in different groups. G, H Statistical analysis of the
expression of Bax/Bcl-2 and caspase-3. The graphs show the mean ±
SEM from three independent experiments. ***P < 0.001 versus the
control group; #P < 0.05 and ##P < 0.005 versus the alcohol group;
and @P < 0.05 and @@P < 0.005 versus the alcohol + GdCl3 group
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Fig. 6 CaSR activation augmented the [Ca2+]i in alcohol-treated
cardiomyocytes in vitro. A CaSR activation augmented the [Ca2+]i
in alcohol-treated cardiomyocytes. Statistical analysis of the fluor-
escence intensities of [Ca2+]i in different treated cardiomyocytes.
n= 3, ***P < 0.001 versus the control group of the same time point;
#P < 0.05 and ##P < 0.001 versus the alcohol group of the same

time point; and @P < 0.05 versus the alcohol+GdCl3 group of the
same time point. B The schematic diagram of the mechanism of
alcohol induced cardiomyocyte apoptosis by CaSR-ERS pathway.
In cardiomyocytes, CaSR induced by alcohol triggers [Ca2+]i
increase; [Ca2+]i promotes ERS activation, which leads to cardio-
myoctye apoptosis

Fig. 5 ERS activation amplified alcohol-induced apoptosis of cultured
cardiomyocytes in rats. A Expression of CaSR and ERS markers in the
different groups. B–E Statistical analysis of the expression of CaSR,
GRP-94, caspase-12 and CHOP. The graphs show the mean ± SEM
from three independent experiments. **P < 0.005, and ***P < 0.001
versus the control group; ##P < 0.005, and ###P < 0.001 versus the

alcohol group. F Expression of apoptotic markers in different groups.
G, H Statistical analysis of the expression of Bax/Bcl-2 and caspase-3.
The graphs show the mean ± SEM from three independent experi-
ments. **P < 0.005 and ***P < 0.001 versus the control group;
#P < 0.05 versus the alcohol group
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of CaSR, further enhanced the activation of CaSR, ERS
markers and cardiomyocyte apoptosis induced by alco-
hol. While ERS activator DTT increased the alcohol
induced expressions of GRP94, caspase-12, CHOP and
apoptosis markers (Bax/Bcl-2 and caspase-3) but not
protein expression of CaSR. Caspase-12, which is loca-
lized in the ER membrane, is cleaved and activated in
response to the [Ca2+]i mobilization [39]. Caspase-12
knockout mice resist to ERS, suggesting that caspase-12
is involved in cell death caused by ERS [40]. CHOP also
plays a role in cell apoptosis caused by ERS [41], and
overexpression of CHOP makes cells sensitive to ERS
through down-regulation of Bcl-2 expression. Therefore,
we assumed that CaSR could induce activation of the
ERS pathway and aggravate cardiomyocyte
apoptosis in AI.

Through activation of the phospholipase C (PLC)
signaling, CaSR accumulates inositol phosphate (IP) and
mobilizes Ca2+. Moreover, CaSR-activated Ca2+ leakage
[42] and massive Ca2+ release from the ER are potent
inducers of ERS [43]. In order to elucidate the mechan-
ism of CaSR mediated ERS, [Ca2+]i was detected in
alcohol treated cardiomyocytes with the activator and
inhibitor of CaSR and inhibitor of ERS. We demonstrated
that alcohol stimulated the increase of [Ca2+]i which was
consistent with previous studies [41]. GdCl3, a CaSR
agonist, further promoted the alcohol-induced increase of
[Ca2+]i in cultured cardiomyocytes while NPS2390, an
antagonist of CaSR, reversed its effect. Interestingly, 4-
PBA, a inhibitor of ERS, pre-treatment did not inhibit the
alcohol-induced [Ca2+]i increase in the presence of the
CaSR activator GdCl3, suggesting alcohol induced [Ca2+]

i increase depends on activation of CaSR more than ERS.
Therefore, activation of ERS during alcohol-induced rat
cardiomyocyte apoptosis can be caused by CaSR-
mediated increase of [Ca2+]i.

Conclusions

In summary, we demonstrated that AI provoked myocardial
apoptosis, upregulation of CaSR and activation of ERS in rats.
Moreover, alcohol could induce rat cardiomyocyte apoptosis
in a dose dependent way. Alcohol induced apoptosis was
mediated by activation of CaSR, and then increase of the
cytosolic [Ca2+]i and ERS. These will provide a potential
target for preventing cardiomyocyte apoptosis and myo-
cardiopathy induced by alochol.
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