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Myocardial ischemia occurs when coronary blood 
flow to the heart is impaired due to atherosclerosis, 
thrombosis or vascular spasm. The imbalance between 
oxygen demand and supply as a result of myocardial 
ischemia can result in damage and necrosis of cardiac 
tissues. Cardiovascular disease, in particular ischemic 
heart disease (IHD), is one of the leading causes of 
morbidity and mortality worldwide.(1,2) There is mounting 
evidence which suggests that cardiomyocyte apoptosis 
occurs during the first few hours of myocardial 
ischemia, which can lead to widespread myocardial 
cell damage, cardiac dysfunction and ultimately 
heart failure. Current treatments for IHD often involve 
the use of antianginal drugs to relieve or prevent 
acute ischemic episodes via increasing myocardial 
oxygen supply and/or decreasing myocardial oxygen 
demand.(3) Cardiomyocyte hypoxia is therefore 
one of the most important aspects of ischemia 
in the treatment of IHD. However, despite recent 
technological advances and research into myocardial 
ischemia, there have been little or no fundamental 
breakthroughs in drug treatment.(4) Thus, the ability to 
protect cardiomyocytes from hypoxic injury is a crucial 
therapeutic strategy for the treatment of IHD.

Shexiang Tongxin Dropping Pill (麝香通心滴

丸, STP) is a prescription medicine approved by the 
Chinese Food and Drug Administation (No. Z20080018), 
which consists of Moschus, Radix rhizoma ginseng, 
Calculus bovis, Fel ursi, Venenum bufonis, Borneolum 
syntheticum and Salvia miltiorrhiza. We had previously 
analyzed and identified the major constituents of 
STP using high performance liquid chromatography 
coupled with quadrupole time-of-flight tandem mass 
spectrometry  (HPLC-Q-TOF-MS/MS), which included 
triterpene saponins, bufadienolides, bile acids and 
phenylally compounds, and quantified the identified 
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constituents using UPLC-QqQ-MS/MS.(5) STP has been 
widely used for the clinical treatment of cardiovascular 
diseases, particularly coronary heart disease in China 
and Southeast Asia.(6-9) STP has been shown to 
protect endothelial cells from atherosclerotic lesions by 
decreasing the levels of endothelin-1 (ET-1), C-reactive 
protein (CRP) and tumor necrosis factor-α (TNF-α), 
while increasing nitrogen oxide content in the blood.(10) 
STP has also been shown to attenuate atherosclerotic 
lesions in ApoE defi cient mice, suggesting its multi-target 
effects during atherosclerosis, including lipid regulation 
and protecting against fibrosis, inflammation and 
oxidative stress.(11) However, the precise mechanisms of 
STP in protecting cardiomyocytes against hypoxic injury 
remain largely unknown.

In  our  present  s tudy,  we examined the 
cardioprotective effects of STP on Na2S2O4-induced 
hypoxia in cardiomyoblast H9c2 cells, and elucidated 
its underlying mechanisms of action in protecting 
against ischemic-hypoxic injury. This study provided 
a theoretical basis for the enhanced use of STP in the 
treatment and prevention of IHD.

METHODS

Materials
STP was provided by Inner Mongolia Conba 

Pharmaceutical Co., Ltd. (lot No. 20140522337, 
Shanghai, China). Dulbecco's modified Eagle's 
medium (DMEM), fetal bovine serum (FBS), penicillin-
streptomycin, trypsin-ethylene diaminete traacetic 
acid (EDTA) and Trizol reagent were purchased 
from Invitrogen (Carlsbad, USA). SuperScript Ⅱ 
reverse transcriptase was obtained from Promega 
(Madison, USA). Bcl-2 and Bax antibodies, horseradish 
peroxidase (HRP)-conjugated secondary antibodies 
were obtained from Cell Signaling Technology (Beverly, 
USA). Unless indicated otherwise, all chemicals were 
obtained from Sigma Chemicals (St. Louis, USA). 
Bax and Bcl-2 antibodies were purchased from Cell 
Signaling Technology (Beverly, MA, USA). Annexin 
V-FITC apoptosis detection kit and Hoechst 33258 
were obtained from KeyGen Biotech. Co. Ltd. (Nanjing, 
China). All primers used for real-time polymerase 
chain reaction (RT-PCR) were synthesized by Sangon 
Biotechnology (Shanghai, China).

STP Extraction
The STP powder was first dissolved in double-

distilled water with 0.5% dimethyl sulphoxide (DMSO), 

and the resulting solution was centrifuged, then 
sterilized by fi ltering through a 0.22 μm syringe fi lter 
and stored at –20 ℃ until further use.

Cell Culture and Treatments
H9c2 cells (ATCC, USA) were cultured in high-

glucose DMEM (4.5 g/L glucose) supplemented with 
10% (v/v) fetal bovine serum, penicillin G (100 U/mL), 
and streptomycin (100 mg/mL in a 37 ℃ humidified 
incubator with 5% CO2. Cells were seeded in 96-well 
plates at a density of 2×104 cells/well and treated 
with STP for 24 h to fi rst determine the optimal safe 
concentrations for use in subsequent bioassays.

The effect of STP on Na2S2O4-induced cell injury 
model was explored based on four experimental 
groups: control group, model group, model + low-dose 
STP group (25 μg/mL), model + high-dose STP group 
(50 μg/mL). H9c2 cells were seeded in 96-well plates 
at a density of 1×105 cells/well or in 6-well plates at a 
density of 5×105 cells/well, and pretreated with STP 
(25 or 50 μg/mL) at 37 ℃ for 12 h. The cell culture 
medium was then replaced with 1 mmol/L Na2S2O4 
for 4 h to induce cell hypoxia. Following induction of 
hypoxia, cells were reoxygenated for 6 h.(12) H9c2 cells 
cultured in 96-well plates were subsequently used for 
microculture tetrazolium (MTT) and Hoechst staining 
assays, and those cultured in 6-well plates underwent 
flow cytometry analysis and determination of mRNA 
and protein expression.

Cytotoxicity Assay
In order to test the cytotoxicity of STP and 

Na2S2O4-induced hypoxia on H9c2 cardiomyoblast 
cells, the survival rate of H9c2 cells were measured 
using MTT assays (Solarbio, USA). Following treatment 
of STP or Na2S2O4, MTT solution (2.5 mg/mL) was 
added to each well and incubated for 4 h at 37 ℃. The 
formazan precipitate was resuspended in DMSO and 
the absorbance (OD) was measured at 490 nm using 
a microplate reader. Cell viability (%) was calculated 
based on the absorbance of treatment sample 
group/control group×100.

Hoechst 33258 Staining Analysis
To observe nuclear changes that occurred 

during apoptosis, H9c2 cells were treated with the 
chromatin specifi c dye Hoechst 33258. After Na2S2O4 
treatment, cells were fi xed with 4% paraformaldehyde 
solution for 10 min at room temperature prior to 
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Hoechst staining assay (Beyotime, China), according 
to the manufacturer's instructions. Images were taken 
using a fl uorescence microscope.

Flow Cytometry Analysis
For quantifi cation of cell apoptosis, we performed 

annexin V-fl uorescein isothiocyanate (V-FITC) staining 
assay (Invitrogen Life Technologies, Carlsbad, CA, 
USA) according to the manufacturer's instructions. 
Viable cells were indicated as both annexin V and 
propidium iodide (PI) negative, whereas cells in early 
apoptosis were annexin V positive and PI negative 
(LR), and cells in late apoptosis or non-viable cells 
were both annexin V and PI positive (UR). Following 
staining, the cell characteristics were analyzed using 
a fl ow cytometer (BD Biosciences, USA).

RT-PCR
Total RNA of H9c2 cells was extracted using 

Trizol reagent according to the manufacturer's 
instruction. Oligo(dT)-primed RNA (1 μg) was 
reverse transcribed to cDNA using SuperScript Ⅱ 
reverse transcriptase according to the manufacturer's 
instructions. Real-time PCR analysis was performed 
to determine the level of mRNA expression of Bcl-
2 and Bax using 7500 fast real time PCR system and 
SYBR Green RT-PCR reagents kit (ABI, USA). Data 
were represented as the fold change compared to the 
control. GAPDH was used to normalize all sample data.

Western Blot Analysis
Cells were lysed using mammalian cell lysis 

buffer containing protease and phosphatase inhibitor 
cocktails. Protein concentration was measured 
using Bradford assay (Bio-Rad). Equal amounts 
of protein lysates were loaded onto and separated 
using 10% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis, then transferred to polyvinylidene 
fl uoride membrane (Millipore, MA, USA). Membranes 
were blocked in 5% non-fat dry milk for 1 h, and 
probed with primary antibodies at 4 ℃ overnight. 
Signals were ampl i f ied with HRP-conjugated 
secondary antibodies (1:1000 dilution) and observed 
under enhanced chemiluminescence Western Blot 
Detection System (Bio-rad, USA). Band intensity was 
measured and densitometry analysis was performed 
using Scion-Image software for Windows.

Statistical Analysis
All data were representative of at least three 

separate experiments. Data were expressed as 
mean ± standard deviation (x–±s ). A one-way 
analysis of variance (ANOVA) with Dunnett's test 
was used to compare between groups. Data were 
analyzed using SPSS 18.0 software. P<0.05 was 
considered to be statistically signifi cant.

RESULTS

Effect of STP on H9c2 Cell Viability
At concentrations of 100 μg/mL or lower, STP 

treatment for 24 h had no noticeable cytotoxic effect on 
H9c2 cells, whereas concentrations above 200 μg/mL 
resulted in a signifi cant decrease in cell viability (Figure 
1A). Na2S2O4-induced hypoxia significantly reduced 
cardiomyocyte viability (64.30%±3.59%), which was 
rescued following STP pretreatment (Figure 1B). STP 
significantly attenuated Na2S2O4-induced hypoxia in a 
dose-dependent manner, and restored cell viability to 
83.06%±8.77% and 91.57%±5.17% at concentrations 
of 25 and 50 μg/mL, respectively. Therefore, STP at 
concentrations of 25 and 50 μg/mL were used for the 
subsequent experiments.

Figure 1. Effect of STP on H9c2 Cell Viability ( ±s)
Notes: (A) H9c2 cel ls were treated with various 

concentrations of STP for 24 h. (B) H9c2 cells were pretreated 
with STP prior to Na2S2O4-induced hypoxia. Cell viability was 
determined using MTT assay. Data were normalized to the 
viability of control cells. P<0.05 vs. control cells, △P<0.05 vs. 
Na2S2O4 treated model cells
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The percentage of cells undergoing apoptosis 
(both early and late apoptotic cells) was 3.59%±0.36% 
following Na2S2O4-induced hypoxia (Figure 3). 
However, following STP pretreatment, the percentage 
of cells undergoing apoptosis decreased signifi cantly to 
1.38%±0.34% and 1.85%±0.37% at concentrations 
of 25 and 50 μg/mL, respectively (P<0.05).

 

STP Increases Anti-apoptotic Bcl-2 and Decreases 
Pro-apoptotic Bax Expression Following Na2S2O4-
Induced Hypoxia

Following Na2S2O4 treatment, the level of 
Bcl-2 was signifi cantly reduced, whereas the level of 
Bax was signifi cantly increased compared with control 
group (P<0.05, Figure 4). In contrast, cells pretreated 
with STP (both 25 and 50 μg/mL) had significantly 
increased levels of Bcl-2 and decreased levels of Bax 
compared with the model group (P<0.05).

 

Figure 2. STP Pretreatment Attenuates Na2S2O4-Induced Apoptosis in H9c2 Cells
Notes: Morphology of Na2S2O4-induced hypoxia in H9c2 cells pretreated with STP observed under a bright-fi eld microscope (A) 

and by Hoechst staining observed under a fl uorescence microscope (B). Original magnifi cations: 200×.

Figure 3. Effect of STP on Na2S2O4-Induced 
Apoptosis in H9c2 Cells

Notes: (A) Representative flow cytometry graphs 
following Na2S2O4-induced apoptosis in H9c2 cells. Images are 
representative of three independent experiments. (B) Quantifi cation 
of cell apoptosis analysis by flow cytometer. P<0.05 vs. control 
cells, △P<0.05 vs. model cells
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Figure 4. Effect of STP on mRNA Expression 
Levels of Bcl-2 and Bax Following 

Na2S2O4-Induced Hypoxia in H9c2 Cells
Notes: (A) Level of Bcl-2 mRNA expression. (B) Level of 

Bax mRNA expression. P<0.05 vs. control cells, △P<0.05 vs. 
model cells
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Effect of STP on Bcl-2 and Bax Protein Expression
The level of anti-apoptotic Bcl-2 was signifi cantly 

reduced using Western Blot analysis, whereas 
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hypoxic injury.

Hypoxia is a common pathological feature of 
cardiovascular diseases which mediates cardiac 
remodeling and adverse cardiomyocyte function. 
Similar to ischemic-reperfusion injury, cardiomyocyte 
reoxygenation often does not reverse hypoxia-induced 
changes but rather worsens cardiomyocyte damage. 
Numerous studies have indicated that apoptosis plays 
a crucial role in cardiomyocyte death during hypoxia-
reoxygenation.(13,14) Na2S2O4 is a chemical that is 
commonly used to mimic the hypoxic response in 
various cells.(15) In preliminary study, we investigated 
the cell hypoxic injury induced by 0.1% O2 oxygen-
deprived environments, Na2S2O4 and Cocl2. The 
results showed that the Na2S2O4-induced hypoxia 
model we established was successful compared with 
the other two models. Therefore, the use of Na2S2O4 
treatment to model hypoxia-induced myocardial 
injury in H9c2 cells provides a simple and convenient 
method to elucidate the molecular mechanisms of 
hypoxia-associated cell death.(12,16)

STP had no cytotoxic effect on H9c2 cells 
below 200 μg/mL based on MTT assay, while STP 
pretreatment at a concentration between 25 and 
50 μg/mL effectively prevented Na2S2O4-induced 
cell damage and apoptosis in a dose-dependent 
manner. These results suggest that STP has a strong 
protective effect against Na2S2O4-induced apoptosis. 
In preliminary study, we investigated the effects of 
pre-, co- and post-treatment with STP on Na2S2O4-
induced hypoxia model. Then the results showed that 
pretreatment of STP can increase hypoxic cell viability.

In addition, STP pretreatment prevented the 
deterioration in cell morphology and necrosis of H9c2 
cells following Na2S2O4 treatment, which is likely due 
to the anti-apoptosis properties of STP. Hoechst 
staining also revealed that STP pretreatment resulted 
in decreased H9c2 cardiomyoblast apoptosis. As 
we know, myocardial apoptosis often occurs during 
the early stage, which can lead to extensive loss of 
cardiomyocytes, contribute to the pathogenesis of 
hypoxic injury and ultimately result in the deterioration 
of cardiac function. These results suggest that STP 
is cardioprotective by alleviating myocardial ischemic 
injury and preventing myocardial apoptosis.

There has been considerable evidence that 

Figure 5. Effect of STP on Protein Expression 
Levels of Bcl-2 and Bax Following 

Na2S2O4-Induced Hypoxia in H9c2 Cells
Notes: Protein expression levels of Bcl-2 (A) and Bax (B). 

P<0.05 vs. control cells, △P<0.05 vs. model cells
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indicate myocardial apoptosis plays a crucial role in 
the pathogenesis of various cardiovascular diseases, 
such as myocardial hypertrophy, myocardial ischemia 
and heart failure.(17-19) Therefore, prevention of hypoxia-
induced cardiomyocyte apoptosis might be a critical 
step in the management of cardiomyocyte hypoxia-
reoxygenation injury, myocardium remodeling after 
myocardial infarction and heart failure. Preventing 
cardiomyocyte death is therefore a key strategy in 
proventing from cardiovascular diseases.(20,21)

In order to better understand the mechanism of 
mitochondrial-mediated apoptosis, we analyzed the 
expression of Bcl-2 family of proteins, which have 
important functions in the regulation of myocardial 
apoptosis. Notably, the Bcl-2 family of proteins 
includes anti-apoptotic members such as Bcl-2 and 
pro-apoptotic members such as Bax, and these 
proteins act on the outer mitochondrial membrane to 
initiate or inhibit cellular apoptosis.(22,23) Typically, the 
balance between the pro-apoptotic and anti-apoptotic 
proteins determines the fate of the cells, to either 
undergo apoptosis or survive under pathophysiological 
stress following injury.(24,25) Our study showed that 
STP pretreatment up-regulated the expression of Bcl-
2 and down-regulated the expression of Bax following 
Na2S2O4-induced hypoxia, thereby demonstrating the 
anti-apoptotic and cardioprotective properties of STP 
following hypoxic-ischemic injury. However, the exact 
mechanism by which STP regulate the expression of 
apoptosis-associated genes is still unclear. Additional 
studies are required in order to better understand the 
mechanisms of STP in protecting against myocardial 
ischemic and hypoxic injury.

In conclusion, our study demonstrated that 
STP protected against Na2S2O4-induced hypoxic 
injury by preventing apoptosis in cardiomyoblast 
H9c2 cells. Furthermore, the cardioprotective effect 
of STP on myocardial hypoxic-ischemic injury was 
mediated by rescuing the abnormal upregulation 
of pro-apoptotic Bax and downregulation of anti-
apoptotic Bcl-2. Thus, our study implicates STP as an 
effective and promising drug for the clinical treatment 
and prevention of IHD. In the future, further studies 
are required to investigate the signaling pathways 
involved in STP-induced protection against Na2S2O4-
induced hypoxic injury. The mechanisms of STP on 
the mitochondrial-mediated apoptosis pathway will be 
further studied. 
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