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Abstract: Objectives: To explore the effects of calcium-sensing receptors (CaSR) on apoptosis in rat hippocampus
during hypoxia/reoxygenation (H/R). Methods: After rat hippocampus was isolated, the cultures were subjected to
H/R, and meanwhile gadolinium chloride (GdCl3, agonist of CaSR) and NPS 2390 (antagonists of CaSR) were added
to reperfusion solution. The number of hippocampal neuron, cell viability and apoptosis rate were determined
by inverted microscope, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) and flow cytometer
(FCM), respectively. Besides, caspase-3, Bax, cytochrome C (Cyt-c), extracellular signal-regulated protein kinase
(ERK) 1/2, pERK1/2, P38 and pP38 were analyzed by Western blotting. Results: The hippocampal neuron number
and cell viability were significantly decreased during H/R, and were further significantly reduced when co-treatment
with CaSR agonist GdCl3. But the effects of GdCl3 were attenuated by NPS-2390. Whereas, apoptosis rate, the
expression level of caspase-3, Bax and Cyt-c were all significantly increased under H/R condition, and was further
significantly increased by GdCl3, but were reversed by NPS-2390 (P < 0.05). Moreover, there were no significant differences in expression of ERK1/2, P38 and pP38 among different groups. However, the expression of pERK1/2 was
significantly increased during H/R, but was significantly reduced by NPS 2390 (P < 0.05). Conclusion: The results
suggest that CaSR might play significant roles in the induction of hippocampus apoptosis in rat during H/R through
phosphorylation of ERK1/2.
Keywords: Calcium-sensing receptors, hypoxia/reoxygenation, hippocampus, apoptosis, GdCl3, NPS 2390

Introduction
Ischemic cerebrovascular disease (ICVD) is a
heterogeneous multifactorial disease, which is
harmful to human health [1, 2] and significantly
contributes to death and long-term disability
(such as learning and memory impairment)
worldwide [3]. Hippocampus is an important
brain structure for learning and memory.
Reperfusion after ischemia causes an increase
of injury to cell and organ, and apoptosis has
been well documented in myocardium after
ischemia⁄reperfusion (I/R) [4, 5]. Additionally,
previous studies have confirmed that calciumsensing receptor (CaSR) is involved in the
induction of cardiomyocyte apoptosis exposed
to hypoxia/reoxygenation (H/R) via diverse signaling pathways, such as endoplasmic reticulum (ER) stress-associated apoptotic pathways,

and the sarcoplasmic reticulum (SR)-mitochondrion interface [6-9].
Recently, roles of the CaSR in the central nervous system (CNS) have been studied [10-13].
It has been well demonstrated that CaSR could
regulate neuronal cell growth and migration
[13]. Besides, CaSR is expressed by almost all
areas of brain, practically in postnatal brain
development [14, 15]. It is abundant in the subfornical organ (SFO) and olfactory bulbs, followed by the hippocampus and hypothalamus
[16]. However, little information is available
regarding the effects of CaSR on apoptosis in
hippocampus during H/R, as well as the underling signaling pathways.
Therefore, the aims of our study were to explore
the effects of CaSR on apoptosis in rat hippo-
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Figure 1. Relative cell number (A) and cell viability (B) after post-culturing for 24 h in each group; H/R, hypoxia/
reoxygenation.

campus exposed to H/R, and to determine the
possible signaling pathways using a suitable
and reliable model of hippocampal H/R.
Materials and methods
Primary hippocampal culture and H/R experiments
Primary cultures were prepared from newborn
Wistar rats of either gender (24-hour-old). The
animals were purchased from Laboratory
Department of Qingdao University Medical
College. The animal care and use was in accordance with the Guide for Care and Use of
Laboratory Animals published by the China
National Institutes of Health. The rats were
killed by decapitation under anesthesia (2%
pentobarbital sodium, 50 mg ⁄kg intraperitoneally). The hippocampus were collected and submerged in ice-cold Hank’s Buffered Salt
Solution (HBSS) for 5 min. Thereafter, the hippocampus were minced with ophthalmic scissors and treated with 0.125% trypsin for 15-30
min at 37°C. Digestion was terminated by adding Dulbecco’s modified Eagle medium (DMEMF12) supplemented with 10% fetal bovine
serum (FBS, Gibco Co. Ltd.). The sample was
sequentially filtered through a 74-μm (200
meshes) cell strainer and collected by centrifugation for 10 min at 1,000 rpm. The precipitate
was resuspended in neurobasal medium
(Invitrogen) supplemented with B-27, 1.0 mM
glutamine, 10,000 units/L penicillin, and 10
g/L streptomycin. Then the viable cells were
counted with trypan blue staining. Cells were
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attainted at a final density of 1 × 106 cells per
mL. The plates were maintained in a 5% CO2
incubator at 37°C. The medium was substituted for fresh complete DMEM after 24 h and
then every three days. To obtain hypoxic conditions, oxygen (O2) was changed with nitrogen
(N2). Simultaneously, the medium was switched
to a pH 6.8 D-Hanks solution (mM: 5.37 KCl,
0.44 KH2PO4, 136.89 NaCl, 4.166 NaHCO3,
0.338 Na2HPO4, 5 D-glucose) saturated with
95% N2 + 5% CO2. Later, cultures were allowed
to a hypoxic incubator that was consisted of 1%
O2/5% CO2/94% N2. After treatment with hypoxia, the culture medium was substituted for
fresh DMEM supplemented with 20% FBS (20%
FBS/DMEM) to initiate reoxygenation.
Experimental protocols
After post-culturing in 20% FBS/ DMEM for 72
h, the cultures were randomly divided into four
groups: (1) normal control group, the cultures
were continuously maintained in 20% FBS/
DMEM for 9 h; (2) model group (H/R group), the
cultures were allowed to a hypoxic incubator for
4 h and then reoxygenated for 10 h with 20%
FBS/DMEM; (3) gadolinium chloride (GdCl3)
group, the cultures received hypoxic treatment
for 4 h, and then reoxygenated for 10 h with
20% FBS/DMEM + 300 μM GdCl3 (agonist of
CaSR); (4) NPS 2390 group, the cultures
received hypoxic treatment for 4 h, and then
reoxygenated for 10 h with 20% FBS/DMEM +
10 μM NPS 2390 (antagonists of CaSR). After
post-culturing for 24 h, the number of cells in
each group was calculated by inverted micro-
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Figure 2. The apoptosis results detected by FCM. FCM, flow cytometry; H/R, hypoxia/reoxygenation.

scope (Olympus Corporation of the Americas,
Inc., Central Valley, PA).
Cell proliferation assay
Cells were seeded in 24-well plate (200 μl per
well). Forty μl of 5 mg/ml 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) solution (Sigma, St. Louis, USA) was
added to each well, and the 24-well plate was
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incubated at 37°C for 4 hours. After centrifugation for 10 min at 1,000 rpm, 0.2 ml dimethyl
sulfoxide (DMSO) was added to each well. The
24-well plate was incubated at 37°C for 30
min, and then was measured by an microplate
reader instrument (SpectraMax M5, Molecular
Device, USA) with the absorbance at 570-nm to
construct the cell viability. Experiments were
carried out 3-5 times.
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Figure 3. Expression of caspase-3, Bax and Cyt-c detected by western blotting. A. Relative expression level of caspase-3 in each group. B. Relative expression level of Bax in each group. C. Relative expression level of Cyt-c in each
group. D. The presence of caspase-3, Bax and Cyt-c confirmed by western blotting. H/R, hypoxia/reoxygenation.

Flow cytometry (FCM) detection

Western blotting assay detection

To assess the apoptosis rate, phosphatidylserine (PS) exposure was analyzed using Annexin
V-fluorescein-5-isothiocyanate (Annexin V-FITC)
apoptosis detection kit (Sigma, St Louis, MO,
USA) according to the manufacturer’s protocol.
Briefly, cells (5 × 105) were harvested and
rinsed with cold phosphate buffer saline (PBS)
for two times. After resuspension with 500 μL 1
× binding buffer, the mixture was incubated
with 5 μL Annexin and 5 μL propidium iodide
(PI, 10 mg/L) at room temperature in the dark
for 5-15 min. Then the cells were read by FCM
(Becton Dickinson, San Jose, CA, USA) through
FL-1 filter (530 nm) and FL-2 filter (585 nm). The
numerical values were determined using
CELLQuest 3.0 software (Becton Dickinson,
San Jose, CA). Annexin V-positive and PI negative cells were considered as early apoptosis
cells, whereas annexin V positive and PI positive were regarded as late apoptotic cells [17].

Twenty-four hours after culture, cells in each
group were collected for protein extraction. The
concentration of protein was measured with
the Bio-Rad DC protein Assay kit (Bio-Rad,
Hercules, CA, USA). Thereafter, 20 µg proteins
were resolved with a 10% standard electrophoresis sodium dodecyl sulfate polyacrylamide
(SDS-PAGE) gel, and then transferred onto polyvinylidene difluoride (PDVF) membranes (Milipore, Bedford, MA). Membranes were sealed in
5% defatted milk powder for 2 h at room temperature and incubated overnight at 4°C with
the following antibodies: anti-CaSR (1:1000,
Santa Cruz, CA), anti-caspase-3 (1:1000, Santa
Cruz, CA), anti-Bax (1:1000, Santa Cruz, CA),
anti-Cyt-c (1:1000, Santa Cruz, CA), anti-extracellular signal-regulated protein kinase (ERK)
1/2 (1:800, Santa Cruz, CA), anti-P38 (1:80,
Santa Cruz, CA), anti-p-ERK1/2 (1:1000, Santa
Cruz, CA), anti-p-P38 (1:1000, Santa Cruz, CA),
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Figure 4. Expression of ERK1/2, pERK1/2, P38 and
pP38 detected by western blotting. H/R, hypoxia/reoxygenation.

and anti-β-actin (1:1000, Sigma) for 2 h at
room temperature followed by incubation with
a secondary antibody (1:800, Beijing Zhongshan
Golden Bridge Biotechnology Co., Beijing,
China). Then the samples were performed by
enhanced chemiluminescence and densitometric analysis.
Statistical analysis
All collected data were expressed as mean ±
standard deviation (SD). The collected data
were firstly tested for normal distribution using
one-sample K-S test. Chi-square test or ranksum test was used for enumeration data.
Measurement data were tested by student
t-test (for two groups) or analysis of variance
(ANOVA, for more than three groups). Comparisons were performed by post-hoc Tukey
test. GraphPad Prism software (Version 5, San
Diego, CA) was performed to determine the statistical significance. A statistical significance
was defined when P < 0.05.
Results
Effects of GdCl3 and NPS 2390 on hippocampal neuron
To explore the effects of CaSR on hippocampal
neuron apoptosis evoked by H/R, we used agonist (GdCl3) and antagonist (NPS 2390) of CaSR
to demonstrate the role of CaSR in the induction of apoptosis during H/R. Here we set the
baseline of cell numbers in control group to be
1. Under H/R condition, the hippocampal neuron numbers and cell viability were significantly
decreased compared with the normal control
group (P < 0.05). When the hippocampal neuron were exposed to GdCl3, cell numbers and
cell viability were further significantly reduced
(P < 0.05), but the effects were attenuated by
10812

NPS-2390 (P < 0.05) (Figure 1A and 1B).
Additionally, FCM results showed that the apoptosis rate of hippocampal neuron was significantly increased when the hippocampal neuron
was exposed to H/R condition compared with
normal condition. Furthermore, the apoptosis
rate was more statistically higher than when
exposed to the GdCl3 (P < 0.05), but was significantly lower than when exposed to the NPS2390 (P < 0.05) (Figure 2). Therefore, these
results showed that CaSR was involved in H/Rinduced hippocampal neuron apoptosis, but
the effects were effectively relieved by NPS
2390.
Expression of caspase-3, Bax and Cyt-c
In order to identify apoptosis-related proteins
(caspase-3, Bax and Cyt-c) in hippocampal neuron, western blotting analysis was performed
(Figure 3A-D). Here we set the baseline of relative expression level in control group to be 1.
The results showed that the expression levels
of caspase-3, Bax and Cyt-c were all significantly increased under H/R condition compared
with normal control condition (P < 0.05), and
were further significantly increased under activation of CaSR (GdCl3 group) compared with
under H/R condition (P < 0.05), but were further significantly reduced under inhibition of
CaSR (NPS 2390 group) (P < 0.05).
Expression of ERK1/2, pERK1/2, P38 and
pP38
To determine whether CaSR induced apoptosis
through the ERK signal pathway, the expression
levels of ERK1/2 and p38 were analyzed by
western blotting. As shown in Figure 4, there
were no significant differences in expression
levels of ERK1/2, P38 and pP38 among different groups. However, when the cells were
exposed to H/R, the expression level of
pERK1/2 was significantly upregulated (P <
0.05), but was significantly reduced by NPS
2390 (P < 0.05). The results indicated that the
activation of CaSR contributed to the hippocampal neuron apoptosis through phosphorylation of ERK1/2.
Discussion
In the present study, we investigated the effects of CaSR on apoptosis in rat hippocampus
exposed to H/R. After post-culturing of hippocampus, the cultures were subjected to H/R,
Int J Clin Exp Pathol 2015;8(9):10808-10815
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H/R + GdCl3, and H/R + NPS 2390. The number
of hippocampal neuron, cell viability and apoptosis rate were determined, as well as apoptosis-related proteins (caspase-3, Bax and Cyt-c)
and signaling pathway protein (ERK1/2,
pERK1/2, P38 and pP38). The results suggested that CaSR might involve in the induction of
hippocampus apoptosis in rat during H/R
through phosphorylation of ERK1/2.
It has been well acknowledged that extracellular calcium ion (Cao2+) metabolism plays an
important role in cellular proliferation and differentiation. CaSR, a membrane-bound, seventransmembrane G-protein coupled receptor
(GPCR) superfamily, is critical for maintenance
of Cao2+ homeostasis in the body [18]. CaSR
has been reported to be involved in the cell differentiation, proliferation, apoptosis, and hormone secretion in numerous cell types [19-22].
In recent years, the role of CaSR in the brain
has been investigated, since calcium is an
essential regulator for numerous neuronal
functions. The induction of apoptosis caused
by intracellular calcium overload has been well
confirmed during H⁄R in myocardium; however,
there is little investigation about the effect of
CaSR on apoptosis during H⁄R in neuron.
A previous study has revealed that CaSR mRNA
and protein are present in hippocampus [23],
but the relevance of the CaSR on the function
of hippocampus is still unknown. In our study,
we performed a suitable and reliable model of
hippocampal H/R. In addition, GdCl3 and NPS
2390 were added. The addition of GdCl3 has
similar effects on hippocampal neuron as calcium, but these effects were eliminated by
NPS2390, a CaSR specific antagonist. After
culturing for 24 h, we found that the hippocampal neuron numbers and cell viability were significantly decreased when exposed to H/R
compared with the normal group. In addition,
cell numbers and viability were further significantly reduced when hippocampal neuron were
exposed to GdCl3 and H/R, but were effectively
increased when exposed to NPS 2390 and
H/R. Whereas, apoptosis rate was significantly
increased when exposed to H/R condition, and
was further statistically increased by GdCl3, but
were attenuated by NPS-2390. In line with previous studies, the same phenomenon was also
observed in mesangial cells, cardiac tissue,
pulmonary artery, and aortic vascular smooth
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muscle cells [24-27]. The results indicated that
CaSR activation induced hippocampal neuron
apoptosis during H/R, while NPS 2390 could
effectively inhibit the cell apoptosis. Therefore,
we speculated that NPS-2390 might be a
potential drug for the treatment of ICVD, especially when exposed to I/R, but the effect must
be further verified by animal experiments and
clinical trials before introducing it in clinical
practice.
Moreover, in order to explore the relationship
between CaSR activation and apoptosis pathway, we analyzed the expression of apoptosis
related protein (caspase-3, Bax and Cyt-c) and
signal protein (ERK 1/2, pERK1/2, P38 and
pP38) by western blotting. Caspase-3 is a key
effector molecule in apoptosis, which could be
activated by the release of Cyt-c via Cyt-c/Apaf1/caspase-9 [28]. Bax is a regulator of the programmed cell death pathway, and belongs to
Bcl-2 family protein, which can initiate the
release of Cyt-c from mitochondria both in vitro
and in vivo [29]. The ERK and p38 play significant roles in cell proliferation and apoptosis
[30, 31]. Our study demonstrated that caspase-3, Bax and Cyt-c were all increased when
exposed to H/R, and was further significantly
increased by GdCl3 group, but the effect was
alleviated by NPS 2390 group. Besides, we
found that the expression level of ERK1/2, P38
and pP38 were equivalent among different
groups. When the cells were exposed to H/R,
the pERK1/2 expression was significantly
upregulated, but was significantly reduced by
NPS 2390. The results indicated that the apoptosis of hippocampal neuron induced by CaSR
activation might be through phosphorylation of
ERK1/2.
In conclusion, our results suggest that CaSR
might be involved in the induction of hippocampus apoptosis in rat during H/R through phosphorylation of ERK1/2.
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