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Effects of sevoflurane pretreatment on the apoptosis of rat
H9c¢2 cardiomyocytes and the expression of GRP78
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Abstract. The protective effect of sevoflurane on apoptosis
of rat H9¢2 cardiomyocytes induced by H,O, and the effect
on the expression of glucose-regulated protein 78 (GRP78)
were investigated. H9¢c2 cells were routinely cultured and
divided into the control, model and sevoflurane groups. Cells
in the model group were treated with 400 xM H,0,, and cells
in the sevoflurane group were pretreated with sevoflurane
prior to treatment with 400 uM H,O,. MTT assay was used
to assess cell viability. Annexin V-propidium iodide (AV-PI)
double staining flow cytometry was used to detect apoptosis.
The intracellular free Ca®* concentration was measured by
the fluorescence-based assay using Fluo-3 AM as a calcium
ion fluorescence probe. The mRNA expression level of
GRP78 and protein expression levels of GRP78, CHOP
and caspase-12 were measured using reverse transcription
quantitative polymerase chain reaction (RT-qPCR) and
western blot analysis, respectively. The assays showed that
after sevoflurane pretreatment the H9¢c2 cell viability was
significantly increased, whereas the H,O,-induced apoptosis,
intracellular Ca®* concentration, mRNA expression of GRP78,
and the protein expression of GRP78, CHOP and caspase-12
were all reduced. The results show that pretreatment with
sevoflurane inhibited H,O,-induced apoptosis in H9c2 cells.
The mechanism may be related to inhibition of the stress-related
protein GRP78 expression in endoplasmic reticulum, resulting
in decreased intracellular Ca®* concentration and the
downregulation of CHOP and caspase-12 expression levels.

Introduction
Oxidative stress injury refers to tissue and cell damage due

to an imbalance between oxidation and anti-oxidation in
the body when exposed to a variety of internal and external
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stimuli (1). Oxidative stress is considered the main cause of
various cardiovascular diseases such as myocardial reperfu-
sion injury, myocardial infarction and atherosclerosis (2). A
large amount of reactive oxygen species (ROS) is generated
in the process of myocardial ischemia-reperfusion, resulting
in the apoptosis of myocardial cells due to oxidative damage.
Therefore, oxidative stress is the main culprit of myocardial
cell death in myocardial ischemia-reperfusion (2,3).

Hydrogen peroxide (H,0,) is a molecule belonging to ROS
that can easily pass through the cell membrane. It converts into
other more reactive ROS in the body, which directly oxidize
the lipids and proteins on the cell membrane, resulting in apop-
tosis through multiple pathways (4). At present, H,0O,-induced
oxidative stress injury of myocardial cells has become a
commonly used in vitro experimental model of myocardial
ischemia-reperfusion injury (5). Endoplasmic reticulum stress
is an imbalance stress process in cell endoplasmic reticulum,
which leads to physiological dysfunction (6). It was found
that endoplasmic reticulum stress plays a key role in multiple
disease processes such as myocardial ischemia-reperfusion
injury and myocardial infarction (7).

In clinical applications, sevoflurane was found to exert
protective effect on myocardial cells. For example, sevoflurane
treatment played a role in enhancing myocardial contrac-
tility (6), slowing heart rate (7), lowering left ventricular
diastolic pressure (8), and reducing ischemia-reperfusion injury
to myocardial cells (9). It was reported that the mechanism
underlying inhibition of myocardial cell apoptosis through
sevoflurane treatment may be due to the upregulated expres-
sion of anti-apoptotic Bcl-2 protein, downregulated expression
of pro-apoptotic Bax protein, and resulted inhibition of the
mitochondrial apoptotic signaling pathways (10). At present
there is no study on whether sevoflurane can reduce endo-
plasmic reticulum stress to inhibit oxidative stress-induced
cardiomyocyte apoptosis. In this study, rat H9c2 cardiomyo-
cytes were used to establish an in vitro experimental model of
H,0,-induced oxidative stress to examine the inhibitory effect
of sevoflurane pretreatment on H,O,-induced cardiomyocyte
injury and apoptosis. In particular, the expression levels of
glucose-regulated protein 78 (GRP78) mRNA and protein as
stress indicators in endoplasmic reticulum, the intracellular
free Ca®* concentration, and the downstream protein expres-
sion levels of CHOP and caspase-12 in endoplasmic reticulum
stress were measured, in order to investigate whether sevo-
flurane-mediated inhibition of H,0O,-induced cardiomyocyte
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apoptosis was associated with the reduction of endoplasmic
reticulum stress.

Materials and methods

Materials. The following materials were purchased from
commercial sources: Rat embryonic ventricular myocar-
dium H9c2 from the Chinese Academy of Sciences Cell
Bank (Beijing, China); Dulbecco's modified Eagle's
medium (DMEM) medium and fetal bovine serum (FBS)
from HyClone Laboratories (Logan, UT, USA); GRP78,
CHOP, caspase-12, glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) primary antibody, and HRP secondary
antibody from Proteintech Group, Inc. (Wuhan, China); BCA
protein concentration assay kit, Annexin V-FITC apoptosis
detection kit, and Fluo-3 AM calcium ion detection kit from
Beyotime Biotechnology, Inc. (Nantong, China); TRIzol kit,
reverse transcription kit, and RT-PCR kit from Invitrogen
(Carlsbad, CA, USA); primer synthesis from Takara (Dalian,
China); hydrogen peroxide, sevoflurane, and 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) from
Sigma (St. Louis, MO, USA).

Cell culture. H9c2 cells were cultured in DMEM supple-
mented with 10% fetal bovine serum at 37°C in a humidified
incubator containing 5% CO,. When cells covered 80% of the
bottom of the culture container, the cells were treated with
trypsin to obtain a single cell suspension, and then seeded into
different culture plates for group experiments according to the
experimental requirement.

Viability of H9c2 cells determined by MTT assay. H9c2 cells
in the logarithmic growth phase were collected and seeded
into 96-well plates. After 24 h incubation, the cells were
divided into the control, model and sevoflurane groups. The
cells in the control group received no treatment, cells in the
model group were treated with 400 xuM H,0O,, and cells in the
sevoflurane group were pretreated with sevoflurane followed
by treatment with 400 uM H,0,. The sevoflurane pretreat-
ment was performed as previously mentioned (11). H9c2 cells
were placed in a sterile sealed container connected with the
breathing circuit of an anesthesia machine. The sevoflurane
vaporizer was filled with sevoflurane and the vaporizer dial
was set at 2.5%. The concentration of sevoflurane in the outlet
of the closed container was monitored. When it reached 2.5%,
the sevoflurane flow was maintained for 20 min, after which
the cells were returned to a normal incubator for another
10 min (11). The hydrogen peroxide treatment was carried out
by incubation of the cells with a final concentration of 400 M
H,0, to generate the H,O, stress injury model (12). After 4 h
incubation with H,0,, the culture medium was discarded, and
the wells were washed three times with phosphate-buffered
saline (PBS), followed by the addition of 100 gl MTT solu-
tion (5 mg/ml) per well and incubation for 4 h. Then, 100 pl
dimethyl sulfoxide (DMSO) was added to each well, followed
by agitation for 10 min and measurement of absorbance value
at 570 nm using a microplate reader (model 680; Bio-Rad
Laboratories, Hercules, CA, USA). The cell survival rate was
calculated using the formula: Survival rate (%) = 100 x (OD
value of experimental group/OD value of control group).
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Table I. RT-qPCR primer sequences.

Genes Primer sequences

GRP78 F: 5-CTGGGTACATTTGATCTGACTGG-3'

R: 5-GCATCCTGGTGGCTTTCCAGCCATTC-3'

GAPDH F: 5'-GCACCGTCAAGGCTGAGAAC-3'
R: 5-TGGTGAAGACGCCAGTGGA-3'

gRT-PCR, quantitative real-time polymerase chain reaction; GRP78,
glucose-regulated protein 78; GAPDH, glyceraldehyde 3-phosphate
dehydrogenase; F, forward; R, reverse.

Apoptosis of H9¢c2 cells determined by Annexin V-propidium
iodide (AV-PI) double staining assay. H9c2 cells in the loga-
rithmic phase were collected and seeded into 6-well plates.
The cells were grouped and processed following the protocol
described above. After H,O, treatment, the cells were treated
with 0.25% trypsin, followed by three washes with PBS. The
cell concentration was then adjusted to 5x10° cells/ml by the
addition of 300 ul binding buffer. Then, 10 1 Annexin V-FITC
and 5 ul PI were added to each sample well. After incubation
for 15 min at room temperature in the dark, the samples were
diluted with another 300 p1 binding buffer, followed by filtra-
tion through a 300 mesh cell strainer. The apoptotic rate of each
sample was measured by flow cytometry (Becton-Dickinson
and Company, Franklin Lakes, NJ, USA).

Intracellular Ca** levels of H9c2 cells measured by fluores-
cence-based calcium ion probe using Fluo-3 AM. H9c2 cells
in the logarithmic phase were collected and seeded into 6-well
plates. The cells were grouped and processed following the
protocol described above. After treatment with H,O,, the
cells were digested with trypsin followed by centrifugation at
8,000 x g for 10 min. The remaining steps were performed
following the instructions of the calcium assay kit. The
collected cells were re-suspended in 500 ul staining buffer
containing 2.5 M Fluo-3 AM. After incubation at 37°C
for 40 min, the samples were analyzed by flow cytometry
(Becton-Dickinson and Company).

Expression levels of GRP78 mRNA in H9c2 cells measured by
RT-gPCR. HO9c2 cells in the logarithmic phase were collected
and seeded into 6-well plates. The cells were grouped and
processed following the protocol described above. After treat-
ment with H,O,, the cells were digested with trypsin, followed
by centrifugation 8,000 x g. Total RNA was extracted from
the collected cells in each group with TRIzol reagent. Then
cDNA was synthesized from the RNA template via reverse
transcription using oligo(dT) primers. PCR amplification was
carried out on the obtained cDNA using the primers listed
in Table I. PCR conditions were as follows: 95°C for 10 min;
then 40 cycles of 95°C for 15 sec and 60°C for 1 min. The
GAPDH gene was used as the reference gene. Cq values were
obtained from the instrument outputs. Relative quantification
of gene expression between different groups was estimated by
calculation of 22, where ACQger gene = Clarget gene~Clreference

gene*
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Figure 1. Viability of H,O,-treated H9¢c2 cells compared with untreated cells
("P<0.01 and *P<0.01).

Apoptotic (% of total cells)

0 T
Control group Model group Sevoflurane group

Figure 2. Apoptotic rates of H9¢c2 cells treated with H,0, ("P<0.01 and
#P<0.01).

Expression levels of proteins GRP78, CHOP and caspase-12
measured by western blot analysis. H9c2 cells in the loga-
rithmic phase were collected and seeded into 6-well plates.
The cells were grouped and processed following the protocol
described above. After treatment with H,O,, the cells were
digested with trypsin, followed by centrifugation. The
collected cells were lysed using RIPA cell lysis buffer. Proteins
were extracted, and the concentrations were measured using
BCA assay. A sample containing 40 ug of proteins from each
group was loaded onto a 12% gel for sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) analysis.
The protein bands were transferred to PVDF membrane
using a wet system. After the membrane was blocked with
5% skimmed milk powder for 2 h, the primary antibodies of
GRP78,CHOP, caspase-12 and GAPDH (dilution, 1:1,000; cat.
nos. 11587-1-AP, 15204-1-AP, 55238-1-AP and 10494-1-AP)
were added, respectively, followed by incubation overnight at
4°C. After the membrane was washed three times with TBST
buffer, the HRP-labeled secondary antibody (1:1,000 dilu-
tion) was added, followed by incubation at room temperature
for 2 h. The ECL reagent was applied to the membrane in the
dark after it was washed three times with TBST. The image
of the membrane was scanned with a digital imager and was
used in statistical analysis.

Statistical analysis. The experimental data were expressed
as mean = standard deviation, and were processed using
SPSS 13.0 software (International Business Machines Corp.,
New York, NY, USA). Data were analyzed with single factor
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Figure 3. Intracellular Ca** concentrations in H,O,-treated H9¢2 cells
measured by fluo-3 AM fluorescent probe (“P<0.01 and ""P<0.01).
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Figure 4. Glucose-regulated protein 78 (GRP78) mRNA relative expression
levels in H,O0,-treated H9¢2 cells measured by qRT-PCR ("P<0.01 and
P<0.01).

analysis of variance, and t-test was used in paired comparison.
Differences were statistically significant at P<0.05.

Results

Effect of sevoflurane on viabilities of H9c2 cells treated with
H,0,. Viabilities of H,O,-treated H9c2 cells determined using
MTT assay are shown in Fig. 1. Viabilities of H9c2 cells in the
model and sevoflurane groups were significantly lower than
that in the control group (P<0.01). Moreover, the viability in
the sevoflurane-pretreated group was higher than that in the
model group (P<0.01).

Effect of sevoflurane on H,0,-induced apoptosis of H9c2
cells. Apoptotic rates of H,O,-treated H9c2 cells determined
by AV-PI double staining assay are shown in Fig. 2. Evidently,
after H9c2 cells were treated with H,O,, the apoptotic rate in
the model group was significantly increased as compared with
that in the control group (P<0.01). By contrast, cells pretreated
with sevoflurane prior to H,O, challenge, showed an increased
apoptotic rate (sevoflurane group), but which was much lower
than that in the model group (P<0.01).

Effect of sevoflurane on intracellular Ca®* concentration in
H,O,-treated H9c2 cells. As shown in Fig. 3, after H9c2 cells
were treated with H,O,, the intracellular Ca** concentration
in the model group was significantly increased (P<0.01),
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Figure 5. Protein expression levels of glucose-regulated protein 78 (GRP78), CHOP and caspase-12 in H,0,-treated H9c2 cells measured by western blot

analysis ('P<0.05, “P<0.01 and #P<0.01).

compared to the normal value in the control group. By contrast,
when cells were pretreated with sevoflurane prior to H,O,
challenge, the intracellular Ca** concentration as seen in the
sevoflurane group, was higher than that in the control group,
but much lower than that in the model group (P<0.01). This
result suggested that sevoflurane pretreatment could balance
the increase of the intracellular Ca** concentration induced
by H,0,.

Effect of sevoflurane on the expression levels of GRP78
mRNA in H,O,-treated H9c2 cells. RT-qPCR results show that
following H,O,-treatment, the expression level of intracellular
GRP78 mRNA in the model group was significantly increased
(P<0.01) (Fig. 4). By contrast then the cells were pretreated
with sevoflurane prior to the H,O, challenge, the expression
level of GRP78 mRNA as shown in the sevoflurane group
was increased, but much lower than that in the model group
(P<0.01). This result suggested that pretreatment with sevoflu-
rane could balance the increase of intracellular GRP78 mRNA
expression induced by H,0,.

Effect of sevoflurane on the protein expression levels of
GRP78, CHOP and caspase-12 in H,O,-induced H9c2 cells.
Protein expression levels of GRP78, CHOP and caspase-12
measured by western blot analysis are shown in Fig. 5. The
results showed that, after H,O,-treatment the intracellular
protein expression levels of GRP78, CHOP and caspase-12 in
the model group were all substantially increased (P<0.01). By
contrast, when the cells were pretreated with sevoflurane prior
to H,O, challenge, the three protein levels were increased as
shown in the sevoflurane group, but much lower than those in
the model group (P<0.01).

Discussion

Recent findings have shown that oxidative stress was closely
associated with the onset and progression of cardiovascular
diseases. In the process of myocardial ischemia-reperfusion,
a large amount of ROS were produced, and the antioxidant
capacity of tissues and cells became weak as well, leading
to oxidative stress response that caused myocardial apop-
tosis (13,14). Hydrogen peroxide (H,0,) belongs to ROS
and is a common molecule. It modulates the activity of

transcription factor and related gene expression in the body.
Excessive H,0, can induce apoptosis (15-17). According
to the literature, currently known mechanisms underlying
myocardial apoptosis mainly include the death receptor, mito-
chondrial and endoplasmic reticulum pathways. Due to rich
endoplasmic reticulum in cardiomyocytes, the endoplasmic
reticulum pathway may play a key role in cardiomyocyte
apoptosis (3).

GRP78 is an important molecular chaperone in endo-
plasmic reticulum, which modulates endoplasmic reticulum
stress by maintaining correct synthesis and folding of
endoplasmic reticulum proteins and stabilizing intracellular
calcium concentration (18). It was found that the GRP78
protein expression level in the stress state can be increased
several times to cope with modulation of the accumulation and
release of calcium in the endoplasmic reticulum, thus main-
taining calcium balance in the endoplasmic reticulum (19).
Intracellular calcium overload is one of the major causes
of myocardial ischemia-reperfusion injury. Prevention of
intracellular calcium overload has become an important
target for the treatment of myocardial ischemia-reperfusion
injury (20). CHOP is induced by endoplasmic reticulum
stress and mediates apoptosis. It plays a key role in cell
proliferation and apoptosis (21). CHOP is downstream of the
apoptotic pathway induced by endoplasmic reticulum stress.
Therefore, the expression level of CHOP can reflect the degree
of apoptosis induced by endoplasmic reticulum stress (22).
In addition, caspase-12 located in the endoplasmic reticulum
membrane plays an important role in endoplasmic reticulum
stress-induced apoptosis (23).

In this study, rat H9¢c2 cardiomyocytes were employed to
establish a model of oxidative stress injury induced by H,0,.
The model was used to investigate the effect of sevoflurane
pretreatment on myocardial injury and apoptosis induced by
H,0,. Viabilities of H,0O,-treated H9c2 cells were determined
using MTT assay. The results indicated that viability of H9c2
cells in the model and sevoflurane groups was significantly
lower than that in the control group. Moreover, the viability
in the sevoflurane-pretreated group was higher than that
in the model group. This suggested that sevoflurane had a
protective effect on H9¢c2 cardiomyocytes from H,0,-induced
injury. The results of AV-PI double staining assay showed that
pretreatment with sevoflurane could reverse H,O,-induced
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apoptosis of H9c2 cells. After H9¢c2 cells were treated with
H,0,, the intracellular Ca** concentration in the model group
was significantly increased, compared to the normal value
in the control group. By contrast when cells were pretreated
with sevoflurane prior to H,0, challenge, the intracellular Ca**
concentration as seen in the sevoflurane group was higher than
that in the control group, but much lower than that in the model
group. This result suggests that sevoflurane pretreatment can
balance the increase of the intracellular Ca** concentration
induced by H,0,. The RT-qPCR results suggest that sevoflurane
pretreatment can balance the increase of intracellular GRP78
mRNA expression induced by H,0,. Western blot analysis
revealed that H,O, induced the expression of GRP78 and the
downstream proteins CHOP and caspase-12 in the endoplasmic
reticulum stress. By contrast, when the cells were pretreated
with sevoflurane prior to H,O, challenge, expression levels of
the three proteins were increased as compared with the control
group, but much lower than those in the model group.

It was reported that sevoflurane pretreatment reduced
myocardial injury caused by myocardial ischemia-reperfusion.
This effect of sevoflurane was probably associated with the
inhibition of cardiomyocyte apoptosis, but the mechanism was
not clear (11,24). Myocardial ischemia-reperfusion induced
overexpression of intracellular GRP78 protein, triggering
the endoplasmic reticulum stress response and increase the
expression of CHOP protein, the phosphorylation of JNK and
activation of caspase-12. The three proteins were involved
in endoplasmic reticulum stress-induced myocardial apop-
tosis (25). Thus, the results not only confirmed that sevoflurane
reduced the injury and apoptosis of H9¢c2 cardiomyocytes
induced by H,0,, but also confirmed that sevoflurane down-
regulated the expression of GRP78 mRNA and that of proteins
GRP78, CHOP and caspase-12 as well.

In conclusion, results of this study have shown that
sevoflurane can reduce H,O,-induced injury and apoptosis
of H9¢2 cardiomyocytes. The mechanism may be related to
inhibition of the expression of GRP78, a regulating protein for
endoplasmic reticulum stress, thereby reducing intracellular
Ca? concentration, and the downregulation of CHOP and
caspase-12 expression levels.
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