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Abstract
Background: Post-cardiac arrest myocardial dysfunction (PAMD) is a leading cause of death in
resuscitated patients after cardiac arrest (CA). Prostaglandin E1 (PGE1) is a clinical drug used to mitigate
ischemia injury. However, its effect on PAMD remains unknown. 

Methods: We investigated the protective effects of PGE1 on PAMD in a rat model of cardiac arrest and a
hypoxia-reoxygenation (H/R) H9c2 cell model. Forty-two male Wistar rats were randomly assigned to CA,
CA+PGE1, and sham groups. Asphyxia for 8 min followed by cardiopulmonary resuscitation was
performed in the CA and CA+PGE1 groups. PGE1 (1 μg/kg) was intravenously administered at the onset
of return of spontaneous circulation (ROSC). Ejection fraction (EF) and cardiac output (CO) were
measured at baseline, 1, 2, 3, and 4 h after ROSC; survival was monitored for 72 h. Cardiomyocyte
apoptosis, mitochondrial permeability transition pore (mPTP) opening, and protein levels of glycogen
synthase kinase 3β (GSK3β), cytochrome c, and cleaved caspase-3 were measured 4 h after ROSC. H9c2
cells were treated with PGE1(0.5 μM) at the start of reoxygenation. Apoptosis, mPTP opening, and protein
levels of GSK3β, cytochrome c, and cleaved caspase-3 of H9c2 cells were detected.

Results: Compared to the CA group, PGE1 treatment signi�cantly increased the EF and CO within 4 h after
ROSC and improved the survival rate. It activated GSK3β, prevented mPTP opening, suppressed
cytochrome c and cleaved caspase-3 expression, and reduced cardiomyocyte apoptosis in the rat
model. In vitro, Changes in GSK3β, mPTP opening, cytochrome c and cleaved caspase-3 expression, and
apoptosis in H9c2 cells were consistent with those in the rat model.

Conclusions: Our results indicate that PGE1 attenuates PAMD via inhibiting mitochondria-mediated
cardiomyocyte apoptosis.

Background
Cardiac arrest (CA) poses a signi�cant public health burden. Although modern cardiopulmonary
resuscitation (CPR) improves the return of spontaneous circulation (ROSC) rate in patients who suffered
from CA, the outcome remains poor (Andersen et al, 2019; Neumar, 2016). Signi�cant left ventricular
systolic and diastolic dysfunction early after ROSC, termed post-cardiac arrest myocardial dysfunction
(PAMD), is common (Jentzer et al, 2016). Although PAMD is temporary after resuscitation, approximately
two-thirds of the patients that achieve ROSC die from PAMD within the �rst 72 h (Dragancea et al, 2013;
Gonzalez et al, 2008; Gupta et al, 2019; Jentzer et al, 2015; Laurent et al, 2002; Ruiz-Bailen et al, 2005).
Currently, pharmacological treatments to attenuate PAMD are not available (Chonde et al, 2019; Jentzer et
al., 2015).

Mitochondria-mediated cardiomyocyte apoptosis is one of the primary mechanisms underlying PAMD
due to CA (Heusch et al, 2010; Jentzer et al., 2015; Liu et al, 2018). Global myocardial ischemia due to CA
induces mitochondrial permeability transition pore (mPTP) opening, which results in cytochrome c
leaking from the mitochondrial matrix to the cytoplasm, leading to caspase-3 activation and apoptosis
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(Morciano et al, 2017; SileikyteandForte, 2019; Wu et al, 2018). Inhibiting mPTP opening and apoptosis is
a potential therapeutic target for PAMD (Cour et al, 2011; Huang et al, 2011).

Prostaglandin E1 (PGE1), an essential member of the prostaglandin family, has many physiological and
pharmacological activities. PGE1 is widely used in clinic for the treatment of ischemia injury
(HewandGerriets, 2019; Schutte et al, 2001; Weiss et al, 2002). PGE1 decreases mPTP opening and
apoptosis in animal models of myocardial infarction and coronary microembolization (Johnson, 2000;
Schutte et al., 2001; Zhu et al, 2017). However, the protective effects of PGE1 on PAMD have not been
reported.

In the present study, we hypothesized that PGE1 treatment can attenuate PAMD and improve survival
rates in a rat model of CA. In addition, we tested the hypothesis that PGE1 exerts cardioprotective effects
by inhibiting mitochondria-mediated cardiomyocyte apoptosis.

Methods
Animals  

Male Wistar rats weighing 380–430 g were purchased from the Department of Experimental Animals of
Shandong University. The rats were housed in independent ventilation cages at an ambient temperature
of 23 ± 1 °C and a humidity of 55 ± 5% under a 12-h light/dark cycle. They were allowed access to food
and tap water ad libitum. 

Asphyxia-induced CA model establishment and treatments

Rats were anesthetized with 5% iso�urane in room air (21% oxygen) in a plastic induction box. The
trachea was orally intubated. The rats were mechanically ventilated and maintained under anesthesia
with 2% iso�urane. A PE-50 catheter was advanced through the left femoral artery into the aorta for
measurement of the mean aortic pressure (MAP). A microcatheter was inserted into the left femoral vein
for drug administration. A conventional lead II electrocardiogram (ECG) was continuously recorded.
Pancuronium-bromide (2 mg/kg) was intravenously administered for complete muscle relaxation. After
pancuronium-bromide administration, the rats were administered 0.5% iso�urane in room air (21%
oxygen) for 5 min.

Rats were randomly allocated to three groups (Fig. 1): (i) CA+PGE1 group: rats underwent 8 min of
asphyxia followed by CPR, and lipo-PGE1 (1 μg/kg, purchased from Qilu Pharmaceutical, Jinan, China)
was intravenously administered at the onset of ROSC (Fang et al, 2010; Zhu et al., 2017); (ii) CA group:
rats underwent 8 min of asphyxia and CPR; and (iii) sham group: rats underwent the same surgical
procedure without asphyxia or CPR. The rat model of asphyxia-induced CA was established as
described previously (Kim et al, 2016; Wei et al, 2019). After Pancuronium-bromide administration, the
rats were administered 0.5% iso�urane in room air (21% oxygen) for 5 min. CA was induced by asphyxia,
which occurred after turning off the ventilator and clamping the endotracheal tube. The hypotension and
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heart rate dropped quickly. Cardiac arrest was de�ned as a MAP of <20 mmHg. After 8 min of asphyxia,
chest compression was started at a rate of 200 beats/min. The MAP was maintained at >25 mmHg
during resuscitation. Mechanical ventilation with 100% oxygen and a bolus injection of epinephrine (10
μg/kg) via a venous line were initiated 30 s before chest compression. Chest compressions were
continued, and epinephrine was injected every 5 min until ROSC was achieved. ROSC was de�ned as the
return of supraventricular rhythm with an increase in mean artery pressure of more than 50 mmHg for 5
min. Only rats that achieved ROSC within 10 min (n = 42) were used for further study. At 4 h after ROSC,
21 rats (n = 7/group) were sacri�ced and the hearts were collected. The remaining 21 rats were used for
72-h survival analysis.

Cardiac function monitoring

Cardiac function was measured using an ultra-high frequency ultrasound system for small animals (Vevo
2100; Visual Sonics, Toronto, Canada). Left ventricular end-diastolic diameter (LVEDD), left ventricular
end-systolic diameter (LVESD), left ventricular end-diastolic volume (LVEDV), left ventricular end-systolic
volume (LVESV) and heart rate (HR) were recorded from M-mode images. Ejection fraction (EF) and
cardiac output (CO) were calculated as follows: EF = (LVEDV–LVESV)/LVEDV ×l00%; CO = (LVEDV–
LVESV) × HR. All measurements were reviewed and con�rmed separately by two investigators. 

Survival analysis

For the 72-h survival study, all catheters were removed and wounds were surgically closed at 4 h after
ROSC. The rats were then returned to their cages and closely monitored during 72 h.

Hypoxia-reoxygenation (H/R) cell model establishment

Rat cardiomyoblasts (H9c2) were obtained from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China) and were grown in high-glucose DMEM supplemented with 10% fetal bovine serum
and 1% penicillin/streptomycin at 37°C in an atmosphere of 5% CO2 in air. 

H/R procedures were performed as described previously (Huang et al, 2016; Pu et al, 2019). Brie�y, H9c2
cells in no-glucose DMEM were exposed to 1% O2, 94% N2, and 5% CO2 in an anaerobic glove box (Don
Whitley Scienti�c, Bingley, UK) for 12 h to mimic ischemia. Then, the medium was replaced with high-
glucose DMEM and the cells were transferred to a regular incubator (95% air, 5% CO2, 37°C) for 12 h to
mimic reperfusion. H9c2 cells were treated with PGE1 (0.5 μM) at the start of reoxygenation.

Terminal deoxynucleotide nick-end labeling (TUNEL) assay 

Cardiomyocyte apoptosis in rats was detected by a TUNEL assay using an In Situ Apoptosis Detection Kit
(Millipore, MA, USA) according to the manufacturer’s instructions. Heart tissue sections were stained with
3-3¢-diaminobenzidine to detect TUNEL-positive cells, then counter-stained with methyl-green and
examined with light microscopy (Olympus BX41, Tokyo, Japan).
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H9c2 cell apoptosis was detected by a TUNEL assay using an Apoptosis Assay Kit (Roche, CA, USA) per
the manufacturer’s instructions. After TUNEL staining and DAPI staining, the cells were imaged under a
�uorescence microscope (Olympus IX73, Tokyo, Japan) using 540-nm excitation and 580-nm emission.
Cells exhibiting red �uorescence were de�ned as TUNEL-positive, apoptotic cells.

The levels of apoptosis were calculated by counting TUNEL-positive myocyte nuclei in three randomly
selected �elds (400×) in each slide. The levels were reported as a percentage of total myocyte nuclei.

Measurement of mPTP opening 

Mitochondria of rat myocardium or H9c2 cells were isolated by differential centrifugation using a
Tissue/Cell Mitochondria Isolation Kit (Beyotime, Beijing, China) according to the manufacturer’s
instructions. Fresh mitochondria were used for the measurement of mPTP opening, and the rest
components (cytoplasmic protein without mitochondria) were used for the measurement of cytochrome
c.

mPTP opening was measured using a Puri�ed Mitochondrial Membrane Pore Channel Colorimetric Assay
kit (Genmed, Shanghai, China). mPTP opening causes mitochondrial swelling, which results in a
reduction of the absorbance at 520 nm (A520). Changes in A520 at various time points were measured for
each sample. The value at –1 min normalized to the value at 10 min was used for statistical analysis.

For H9c2 cells, we used an additional immuno�uorescence method to measure mPTP opening. In brief,
cells were washed with phosphate-buffered saline and then stained with 1 μmol/l calcein-AM (Invitrogen,
Eugene, OR, USA) in the presence of 8 mmol/l CoCl2 (Sigma, MO, USA) at room temperature for 20 min in
the dark. CoCl2 was added to quench the cytoplasmic signal so that only �uorescence in the
mitochondria was captured. A change in �uorescence intensity is an index of mPTP opening.

Western blotting analysis

Total protein was extracted from heart tissues and H9c2 cells. Total protein was used to measure the
expression of GSK3β and cleaved-caspase3. Cytoplasmic protein without mitochondria was used to
measure cytochrome c expression. Samples with equal amounts of protein (50ug) were loaded onto 10%
sodium dodecyl sulfate–polyacrylamide gels, subjected to electrophoresis and subsequently blotted onto
0.22 μM polyvinylidene �uoride (PVDF) membranes (Millipore, USA). After blocking with 5% nonfat milk,
the membranes were incubated with the following primary antibodies: anti-total GSK3β (#12456, Cell
Signaling Technology, USA), anti-phospho-GSK3β (Ser9, #55558, Cell Signaling Technology), anti-cleaved
caspase-3 (#9664, Cell Signaling Technology, USA), anti-cytochrome c (#11940, Cell Signaling
Technology, USA). Anti-β-actin (60008-1, Proteintech, China) was used to detect reference protein
expression. Relative band intensities were quanti�ed using the ImageJ software. 

Statistical analysis 

Data are expressed as the mean ± SD of at least three independent experiments.
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Group comparisons were performed by one-way analysis of variances (ANOVA) with Tukey’s post hoc test
or Student’s t-test. Comparisons between time-based measurements within each group were performed
by repeated-measures ANOVA.

Survival analyses were conducted based on Kaplan–Meier plots and log-rank tests. Two-sided P-values
less than 0.05 were considered statistically signi�cant. Statistical analyses were performed using
GraphPad Prism 7.0.

Results
Baseline characteristics of rats and resuscitation characteristics

In total, 42 rats were used in the present study. There were no signi�cant differences in body weight,
baseline MAP, and heart rate between the treatment groups (P > 0.05, Table 1). There were no signi�cant
differences in the duration of CA, epinephrine dose, duration of CPR, MAP, and heart rate at 1 h after
ROSC between the CA group and the CA + PGE1 group (P > 0.05, Table 1). There were no signi�cant
differences in baseline cardiac function between the groups (P > 0.05, Fig. 2).

Table 1
Baseline characteristics of rats and resuscitation characteristics.

  CA(n = 14) CA + PGE1(n = 14) Sham(n = 14)

Body weight(g) 400.7 ± 17.8 411.4 ± 14.7 413.5 ± 10.1

Heart rate(bpm) before asphyxia 357.2 ± 33.4 363.5 ± 45.6 340.8 ± 29.9

MAP (mmHg) before asphyxia 133.7 ± 15.6 131.8 ± 18.9 137.3 ± 10.1

MAP (mmHg) at 1 h after ROSC 96.2 ± 15.2 94 ± 17.83 -

Cardiac arrest time(s) 274.9 ± 37.2 271.1 ± 29.8 -

CPR duration(s) 43.0 ± 12.1 43.7 ± 16.5 -

Adrenaline dose(µg) 4.1 ± 0.2 4.1 ± 0.2 -

MAP: mean aortic pressure. CPR: cardiopulmonary resuscitation

PGE1 ameliorates cardiac dysfunction 

As shown in Figure 2, CO and EF were measured in the three treatment groups at baseline and 1, 2, 3, and
4 h after ROSC. The results showed that CO and EF were signi�cantly impaired within 4 h after ROSC in
the CA group when compared to the sham group, but were signi�cantly preserved by PGE1 treatment (P <
0.05, Fig. 2). When comparing the mean EF values between the CA and CA+PGE1 groups, we found a
more signi�cant difference at 4 h after ROSC (65.8 % ± 16.2 % vs. 81.2 % ± 9.91 %, P < 0.01, Fig. 2B).
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Discussion
PAMD is common and worsens survival in resuscitated patients after CA. There are currently no effective
strategies for PAMD (Jentzer et al., 2015; Kang, 2019). In the present study, we found that PGE1 treatment

PGE1 improves the survival rate

Survival statuses were followed up for 72 h. Kaplan–Meier survival curves revealed a rapid decline in the
survival rate in the CA group within 24 h after ROSC (Fig. 3). The survival rate in the CA+PGE1 group was
signi�cantly higher than that in the CA group (P < 0.01, Fig. 3).

PGE1 suppresses cardiomyocyte apoptosis

Myocardial apoptosis was detected by TUNEL staining. In vivo, the level of apoptosis in the CA group was
signi�cantly increased when compared to that in the sham group (12.11 ± 4.37% vs. 48.33 ± 19.07%, P <
0.05, Fig. 4A). In contrast, cardiac apoptosis decreased after treatment with PGE1 (48.33 ± 19.07 vs.
31.02 ± 13.51%, P < 0.05, Fig. 4A). In vitro, the fraction of apoptotic H9c2 cells was signi�cantly higher in
the in H/R group than in the control group (6.38 ± 2.02 vs. 52.13 ± 7.86%, P < 0.01, Fig. 4B). The fraction
of apoptotic H9c2 cells in the H/R+PGE1 group was signi�cantly smaller than that in the H/R group
(52.13 ± 7.86% vs. 31.20% ± 12.62, P < 0.01, Fig. 4B).

PGE1 blocks mPTP opening

In vivo, the mitochondrial swelling rate after exposure to CaCl2 was increased in the CA group compared
to the sham group (0.61 ± 0.11 vs. 0.82 ± 0.13, P < 0.05, Fig. 5C, D). PGE1 treatment reduced mPTP
opening (0.76 ± 0.11 vs. 0.61 ± 0.12 in the CA group, P < 0.05, Fig. 5C, D). In vitro, mPTP opening was
blocked by PGE1 treatment (0.58 ± 0.10 vs. 0.77 ± 0.13 in the H/R group, P < 0.05, Fig. 5A, B). Consistent
with the mitochondrial swelling assay results, the relative �uorescence intensity of calcein AM was
signi�cantly higher in the H/R+PGE1 group than in the H/R group (0.41 ± 0.12 vs. 0.72 ± 0.24, P < 0.01,
Fig. 5E–H).

PGE1 regulates cytochrome c, caspase 3, and GSK3β

In vivo, the protein levels of cytochrome c (cytoplasmic) and cleaved caspase-3 were signi�cantly
increased in the CA group as compared to the levels in the sham group (P < 0.01, Fig. 6A). PGE1
treatment partially suppressed these increases (P < 0.01, Fig. 6B). In vitro, consistent results were
obtained. PGE1 treatment alleviated the increase in cytochrome c (cytoplasmic) and cleaved caspase-3
induced by H/R (P < 0.01, Fig. 6B).

To evaluate the upstream pathway, GSK3β protein phosphorylation was analyzed. In vivo, GSK3β
phosphorylation was decreased in the CA group compared to the sham group (P < 0.01, Fig. 6A). GSK3β
phosphorylation was higher in the CA+PGE1 than in the CA group (P < 0.01, Fig. 6A). In vitro, GSK3β
phosphorylation was decreased in the H/R group (P < 0.01), but was partly restored by PGE1 treatment (P
< 0.01, Fig. 6B).
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improved cardiac function and the survival outcome after ROSC in a rat model of CA induced by
asphyxia. Moreover, based on in vitro experiments, we found that inhibition of mitochondria-mediated
cardiomyocyte apoptosis is involved in the mechanism underlying the protective effect of PGE1.

The rat model of asphyxia-induced CA used in the present study is a common animal model for CA
(Vognsen et al, 2017). We measured the EF and CO in the experimental animals, which con�rmed a
signi�cant impairment of cardiac function after CA. Interestingly, PGE1 treatment attenuated cardiac
dysfunction as of 1 h after ROSC. Further, PGE1 signi�cantly improved the EF at 4 h after ROSC. These
results indicated that PGE1 has protective effects against PAMD.

The underlying mechanism was investigated in the in-vivo and in-vitro models. The primary causes of
PAMD are myocardial apoptosis and stunning following ischemia-reperfusion injury (Jentzer et al., 2015;
Piao et al, 2019). Inhibiting apoptosis can effectively alleviate organ disorders (Zhao et al, 2019). Gu et al.
(Gu et al, 2012) reported that inhibition of cardiomyocyte apoptosis can improve cardiac function after
CA. In the present study, we focused on cardiomyocyte apoptosis after CA. Our results indicated that
PGE1 treatment signi�cantly ameliorated cardiomyocyte apoptosis after CA.

As mitochondrial disorder plays a vital role in myocardial apoptosis (Kuznetsov et al, 2019; Piao et al.,
2019; Zheng et al, 2019; Zhou et al, 2019), we investigated mPTP opening. mPTP opening in the inner
mitochondrial membrane results in collapse of the membrane potential, matrix swelling, and the release
of cytochrome c into the cytoplasm, where it activates caspase-3, leading to apoptosis (Kuznetsov et al.,
2019; SileikyteandForte, 2019). Growing evidence indicates that inhibition of mPTP opening is an
effective treatment to reduce apoptosis in many pathological conditions (Cour et al., 2011; Sun et al,
2019; Wang et al, 2019). We observed increases in mPTP was after CA or H/R. However, PGE1 treatment
effectively blocked the excessive mPTP opening. Similarly, Cour et al. (Cour et al, 2014) reported that
cyclosporine A (an inhibitor of mPTP opening) attenuated post-CA syndrome and improved short-term
outcomes in a rabbit model. Zhu et al. (Zhu et al., 2017) reported that PGE1 pretreatment prevented
mPTP opening in a rat model of coronary microembolization. These �ndings support our hypothesis that
PGE1 inhibits mPTP opening.

Cytochrome c and caspase-3 are downstream proteins in mitochondria-mediated cardiomyocyte
apoptosis. When a cell is stimulated by particular pathological factors, macromolecules, including
cytochrome c, procaspase-2, and procaspase-9, are released through the mPTP. Cytochrome c plays a
central role in apoptosis. Once released into the cytosol, it forms a complex known as the apoptosome.
These events allow for the catalytic maturation of caspase-3, which eventually mediates apoptosis
(Morciano et al., 2017; SileikyteandForte, 2019; Wu et al., 2018). To identify the mechanism underlying the
antiapoptotic effects of PGE1, we detected the protein levels of (cytosolic) cytochrome c and cleaved
caspase-3. CA increased cytochrome c and cleaved caspase-3 expression in the heart, which is consistent
with �ndings reported by Garcia et al. (Garcia et al, 2017). PGE1 treatment signi�cantly attenuated the
pathologic increases in cytochrome c and cleaved caspase-3 induced by CA.
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To evaluate how PGE1 treatment inhibited mPTP opening, we measured the activation of GSK3β, which
is a primary upstream mPTP regulator (Nikolaou et al, 2019; Tanaka et al, 2018; Yang et al, 2017). GSK3β
(Ser9) phosphorylation was decreased after CA, but PGE1 treatment preserved the activation of GSK3β.
Therefore, we speculate that PGE1 inhibits mPTP opening by activating GSK3β.

Our study had certain limitations. First of all, our CA model was induced by asphyxia. It remains unknown
whether the cardioprotective effects of PGE1 are the same in CA induced by ventricular �brillation.
Second, we did not use inhibitors to further evaluate the role of the GSK3β pathway in the
cardioprotective mechanism of PGE1. Third, side effects of PGE1 on hemodynamics were not fully
assessed. In clinic, PGE1 has a risk of decreasing blood pressure. We stopped recording MAP at 1 h after
ROSC because of technical matters. Although the MAP at 1 h after ROSC was not signi�cantly different
between the CA and CA + PGE1 groups, the safety of PGE1 remains to be further evaluated before the
cardioprotective effects of PGE1 can be investigated in clinical studies.

Conclusions
In conclusion, PGE1 treatment at the onset of ROSC attenuated PAMD and improved the survival rate
after CA. Its bene�ts were partially attributed to inhibition of mitochondria-mediated cardiomyocyte
apoptosis, which likely involves the GSK3β pathway. These �ndings offer signi�cant insights into
developing new strategies for PAMD.
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Figures

Figure 1

Experimental design of in vivo study. CA: cardiac arrest. CPR: cardiopulmonary resuscitation. ROSC:
return of spontaneous circulation
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Figure 2

Changes of cardiac function. (A): Cardiac output (CO) in three groups from baseline to 4 hours after
ROSC (n = 7 per each group). (B): Ejection fraction (EF) in three groups from baseline to 4 hours after
ROSC (n=7 per each group). * P < 0.05, vs. sham group; # P < 0.05 vs. CA+PGE1 group; & P < 0.01 vs.
CA+PGE1 group. CPR: cardiopulmonary resuscitation. ROSC: return of spontaneous circulation
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Figure 3

Survival rate during the �rst 72 hours after ROSC. * P < 0.01, vs. sham group; # P < 0.01, vs. CA group.
ROSC: return of spontaneous circulation
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Figure 4

Apoptosis Assayed with TUNEL Staining. (A): Apoptosis analysis of rat myocardium using light
microscopy. Scale bars: 20 μm. * P < 0.05 vs. Sham group, * P < 0.05 vs. control group. (B): Apoptosis
analysis of H9c2 cells using �uorescent microscopy. Scale bars: 50 μm. * P < 0.01 vs. control group, # P <
0.01 vs. H/R group.
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Figure 5

Effects of PGE1 on isolated mitochondrial permeability transition pore (mPTP) opening. (A, C):
Downward sloping curves indicating mPTP opening induced by CaCl2 in H9c2 cells and rats. (B, D): A520
change (A520 at -1 min /A520 at 10 min) indicating mPTP opening in H9c2 cells and rats. # P < 0.05 vs.
control group or sham group, * P < 0.05 vs. H/R group or CA group. (E, F, G, H): The opening of mPTP was
assessed by �uorescence intensity of calcein-AM in H9c2 cells. # P < 0.01 vs. control group, * P < 0.01 vs.
H/R group.
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Figure 6

Effects of PGE1 on expression of GSK-3, cytochrome c and cleaved-Caspase3. (A): p-GSK3β, cytochrome
c, cleaved-Caspase3 proteins expression in rats, #p<0.01 vs. sham group, *p<0.01 vs. CA group. (B):
GSK3β, cytochrome c, cleaved-Caspase3 protein expression in H9ce cells. #p<0.01 vs. control group,
*p<0.01 vs. H/R group.


