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Abstract
The fat-soluble diterpenoids tanshinone IIA (TSA) is the major active element of Danshen, which has widespread cardioprotective

effect. However, the mechanism of its beneficial effect on cardiomyocytes has not been fully investigated. Here, we aim to demon-

strate that TSA ameliorates apoptosis of cardiomyocytes activated by endoplasmic reticulum stress (ERS). Primary cultures of

neonatal rat cardiomyocytes are used, in which ERS-mediated apoptosis is induced by tunicamycin (Tm). Apoptosis of cardio-

myocytes are detected by Hoechst staining and caspase 3 activity analysis. Protein expression of ERS markers are detected by

Western blot, and level of miroRNA-133 (miR-133) is detected by real-time polymerase chain reaction. Tm treatment significantly

triggers the apoptosis and ERS of cardiomyocytes. TSA dramatically ameliorates apoptosis and ERS of cardiomyocytes induced

by Tm. Interestingly, level of miR-133 is reduced by Tm treatment, which is reversed by TSA. The cardioprotective effect of TSA on

apoptosis and ERS of cardiomyocytes is blocked by anti-miR-133. These results suggest that TSA protects cardiomyocytes

through ameliorated ERS-mediated apoptosis, which may be resulted from upregulation of miR-133.
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Introduction

Endoplasmic reticulum stress (ERS) is activated because of a
disturbance of homeostasis in the endoplasmic reticulum
(ER), resulting from accumulation of unfolded/misfolded
proteins in the ER lumen. To restore the homeostasis of
ER, ERS triggers a series of accommodative mechanisms
known as the unfolded protein response (UPR), including
attenuation of translation, elevated expression of ER chap-
erones and associated proteins, and degradation of
unfolded/misfolded proteins by quality-control system.1

However, when the ER function is seriously damaged,
ERS stimulates apoptotic signals pathway,2,3 which has
been implicated in many cardiovascular pathological pro-
cesses such as ischemic heart disease, atherosclerosis, myo-
cardial ischemia/reperfusion (I/R) injury, cardiomyopathy,
and heart failure.4 Previous study has demonstrated that
ERS contributed to myocardial injury, and some factors
also improved impairment of myocardium by inhibiting
ERS.5,6 Therefore, ERS has be considered as one of main
target for prevention and therapy of myocardial injury
and diseases.

The fat-soluble diterpenoids tanshinone IIA (TSA) is the
major active element of Danshen, the dry roots of Salvia
miltiorrhiza Bunge, which constitutes 15% of the weight of

advantageous ingredients.7,8 TSA has a multi-dimensional
beneficial actions on the cardiovascular system through
anti-atherosclerosis, anti-arrhythmia, anti-inflammation,
anti-smooth muscle hyperplasia, anti-myocardial hypertro-
phy, and so on.9–12 The protective effect of TSA on impair-
ment of myocardium has been extensively reported,13–16

and the cardioprotection is mainly related to anti-apoptosis
of cardiomyocytes.17–19 However, its detailed mechanism
for anti-apoptosis has not been fully demonstrated.

Recently, several published articles have demonstrated
the prevented effect of TSA on ERS. In the kidneys pre-
served with TSA, the protein markers of ERS, caspase 12,
and CHOP are decreased compared with that in the kidneys
maintained with Celsior solution solely.20 In L6 myotubes,
TSA prevents the activation of ERS induced by tunicamycin
(Tm), a widespread used activator of ERS.21 In cardiac fibro-
blasts, TSA treatment also weakens the radiation-induced
ERS and fibrosis damage.22 All these results demonstrate
that TSA reduces the stimulation of ERS, resulting in ameli-
oration of tissue impairment. Given the key role of ERS in
cardiomyocytes apoptosis, we hypothesize that TSA
improves cardiomyocytes apoptosis through inhibiting
ERS. Presently, primary cardiomyocytes of neonatal rats
were used to study the ameliorative role of TSA in ERS
and apoptosis induced by Tm.
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Materials and methods
Animals and agents

One- to three-day-old Sprague-Dawley (SD) rats (180–200 g)
were obtained from the Animal Center, Huazhong
University of Science and Technology (Wuhan, China).
All animal procedures were complied with the Animal
Management Rule of the Ministry of Health, People’s
Republic of China (documentation No. 55, 2001) and the
Care and Use of Laboratory Animals published by the
US National Institutes of Health (NIH Publication No.
85-23, revised 1996), and approved by the Animal Care
Committee of Huazhong University of Science and
Technology.

TSA (purity 99%) was from Xian Guanyu Bio-tech Co.
Ltd (Xian, CN). Tunicamycin (Tm) was from Cayman
Chemical (Ann Arbor, MI). Antibody against GRP78 was
from Epitomic Inc (Burlingame, CA). Antibodies against
active-caspase 12 and beta-actin were from GeneTex
Inc (Irvine, CA). Antibody against CHOP was from
Affinity Biosciences Inc (Cincinnati, OH). The second anti-
body was from Kirkegaard & Perry Laboratories Inc
(Gaithersburg, MD). Potent enhanced chemiluminescence

(ECL) kit was from MultiSciences Biotech Co (Hangzhou,
China). Hoechst staining kit and caspase 3 activity kit was
from Applygen (Beijing, China). Dulbecco’s modified eagle
medium (DMEM) and fetal bovine serum (FBS) were from
Hyclone (Logan, UT). Bromodeoxyuridine was from Sigma
(St Louis, MO). Trizol and lipofectamine 2000 were from
Invitrogen (Carlsbad, CA). miRNA Detection Kit was from
Ambion (Austin, TX). anti-microRNA-133 (miR-133) antisense
oligonucleotides (50-ACAGCUGGUUGAAGGGGACCAA-30)
were synthesized by Guangzhou Ribo Bio Co., Ltd
(Guangzhou, China). Others chemicals and reagents were of
analytical grade.

Isolation and culture of neonatal rat cardiomyocytes

Primary cultures of neonatal rat cardiomyocytes were sepa-
rated from one- to three-day-old SD rats by trypsin.
The ventricular myocardium was minced in
DMEM, which contains 25� 10�3 mol/L D-glucose and
4�10�3 mol/L L-glutamine. After each of six continuing
10 min incubation, the cells were suspended in DMEM
involving 10% FBS and centrifuged. Amalgamative
cells were plated onto cultured dishes at a density

Figure 1 Tanshinone IIA (TSA) prevented tunicamycin (Tm)-induced endoplasmic reticulum stress (ERS). (a) is the representative imaging of Western blot. (b), (c), and

(d) are the statistical analysis of protein expressions of GRP78, CHOP, and active-caspase 12, respectively. *P<0.05 vs. Con group; #P<0.05 vs. Tm alone treatment

group (n¼6)
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of 105 cells/cm2, cultivated at 37�C in humidified air with
5% CO2 for 72 h, and bromodeoxyuridine (100� 10�6 mol/
L) was added into the medium to remove non-myocytes.
Before the test, the cells starved to serum-free DMEM for
another 24 h, and were then administrated with varieties of
reagents. Neonatal cardiomyocytes were cultured under a
condition of Tm (1�10�9 mol/L) for 24 h. TSA (10�
10�6 mol/L) were given 30 min preceding Tm treatment.

Hoechst staining and caspase 3 activity analysis

Cardiomyocytes apoptosis were detected by fluorescent
staining with Hoechst 33342, and colorimetric assay of

caspase 3 activity. The operation was accorded to manufac-
turer’s instruction.

Western blot

To prepare whole cell lysate, cultured primary cardiomyo-
cytes were washed with PBS, collected by scraping and cen-
trifugation, and then resuspended in 100mL/106 cells RIPA
buffer. Equivalent quantity of protein specimens were
loaded on 10% SDS gels, and then transferred to the nitro-
cellulose membrane. Nonspecific proteins were blockaded
with 5% nonfat dried milk for 1 h. The membranes were

Figure 2 Tanshinone IIA (TSA) ameliorated apoptosis in primary neonatal rat cardiomyocytes induced by tunicamycin (Tm). (a) is the representative imaging of

Hoechst staining, and (b) is the statistical analysis. (c) is the caspase-3 activity. *P<0.05 vs. Con group; #P<0.05 vs. Tm alone treatment group (n¼6). (A color version

of this figure is available in the online journal.)

Figure 4 Anti-miR-133 inhibited the expressions of miR-133 in primary neo-

natal rat cardiomyocytes. *P<0.05 vs. scramble miR treatment group; #P<0.05

vs. anti-miR-133 treatment group (n¼ 6)

Figure 3 Expressions of miR-133 in primary neonatal rat cardiomyocytes.

*P<0.05 vs. Con group; #P<0.05 vs. Tunicamycin (Tm) alone treatment group

(n¼6)
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hatched with the special primary antibodies overnight at
4�C, and with the accordingly secondary antibodies (horse-
radish peroxidase [HRP]-conjugated anti-goat or anti-rabbit
IgG) for 1 h at room temperature. The reaction was visua-
lized by ECL, and autoradiograph was scanned. Protein
expressions were assessed by NIH image software, and
normalized to that of b-actin. All results were repeated at
least three times.

Quantitative real-time PCR

Total RNA samples were extracted using Trizol from cul-
tural cardiomyocytes. The mirVana quantitative real-time
polymerase chain reaction (Qrt-PCR) miRNA Detection
Kit in conjunction with SYBR Green I was used to quantify
miR-133 levels. The following primers were utilized for
Qrt-PCR detection: 50-GGGTTTGGTCCCCTTCAA-30 (for-
ward); 50-AGTGCGTGTCGTGGAGTC-30 (reverse). U6 was

utilized as the internal control. The levels of miR-133 were
normalized by the levels of U6.

Transfection of miRNA

After starved in serum-free medium for 24 h, cardiomyo-
cytes (1�105 per well) were transfected with anti-miR-133
by Lipofectamine 2000 according to the manufacturer’s
instructions.

Statistical analysis

Statistical analysis was operated by the Graphpad software
(v5.00 for Windows; GraphPad Software Inc., San Diego,
CA). Unpaired Student’s t-test was used to analyze com-
parisons between two groups. One-way analysis of vari-
ance (ANOVA) followed by Newman–Keuls test was
used to analyze comparisons among more than two

Figure 5 Anti-miR-133 blocked the inhibited effect of tanshinone IIA (TSA) on tunicamycin (Tm)-induced endoplasmic reticulum stress (ERS). (a) is the representative

imaging of Western blot. (b), (c), and (d) are the statistical analysis of protein expressions of GRP78, CHOP, and active-caspase 12, respectively. *P<0.05 vs. Tm alone

treatment group; #P<0.05 vs. Tm plus TSA treatment group (n¼ 6)
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groups. Data are expressed as mean� standard deviation
(SD). A P< 0.05 was considered statistically significant.

Results
Tm induced ERS and apoptosis in cardiomyocytes

Compared with control group, protein expressions of
GRP78, CHOP, and active-caspase 12 were upregulated in
Tm treatment group (P< 0.05, Figure 1). Hoechst staining
showed that Tm treatment induced apoptosis in cardio-
myocytes (Figure 2a and b). Accordingly, caspase 3 activity
was also significantly more increased in Tm treatment
group than that in control group (P< 0.05, Figure 2c).

TSA ameliorated the ERS and apoptosis
in cardiomyocytes caused by Tm

Compared with Tm treatment group, protein expressions of
GRP78, CHOP, and active-caspase 12 were downregulated
in TmþTSA group (P< 0.05, Figure 1). Tm treatment
induced apoptosis of cardiomyocytes were also prevented
by TSA treatment determined by Hoechst staining (Figure 2a
and b and caspase 3 activity analysis (Figure 2c).

Expression of miR-133 in cardiomyocytes

Compared with control group, expressions of miR-133 were
significantly downregulated in cardiomyocytes treated
with Tm (P< 0.05). TSA could reverse the decreased level
of miR-133 caused by Tm treatment (P< 0.05, Figure 3).

Anti-miR-133 antagonized the ameliorated effect of TSA
on ERS and apoptosis in cardiomyocytes

Compared with vehicle treatment group, the expressions of
miR-133 were significantly downregulated in anti-miR-133
treatment group (P< 0.05, Figure 4). There was no differ-
ence between vehicle and scramble miR group (P< 0.05,
Figure 4). The preventive effect of TSA on activation of
ERS was blocked by the anti-miR-133 (P< 0.05, Figure 5).
Accordingly, anti-miR-133 dramatically reduced the ameli-
orative impact of TSA on apoptosis in cardiomyocytes
(P< 0.05, Figure 6).

Discussion

We presently objected to study whether the cardioprotective
effect of TSA is mediated by ameliorating ERS. TSA directly
inhibits ERS and apoptosis triggered by Tm in primary car-
diomyocytes. Additionally, expression of miRNA133 in car-
diomyocytes is decreased by Tm treatment, and TSA
reverses the downregulation of miRNA133 induced by Tm.
Anti-miR-133 blocks the above beneficial effect of TSA on
cardiomyocytes.

The ERS signaling triggers a set of pro-apoptosis
programs while the cells fail to successfully adapt to restore
homeostasis of ER.23 CHOP and caspase 12 function as the
main mediators mediating ERS-induced apoptosis, and
many factors ameliorate apoptosis in cardiomyocytes
through inhibiting the upregulation of CHOP24–26 or
the activation of caspase 12.27–29 Here, our results also
demonstrate that Tm induces apoptosis in cardiomyocytes
resulted from triggering ERS, including upregulation
of CHOP and activated caspase-12. It is suggested

Figure 6 Anti-miR-133 prevented the ameliorated effect of tanshinone IIA (TSA) on apoptosis in primary neonatal rat cardiomyocytes induced by tunicamycin (Tm).

(a) is the representative imaging of Hoechst staining, and (b) is the statistical analysis. (c) is the caspase-3 activity. *P<0.05 vs. Tm alone treatment group; #P<0.05 vs.

Tm plus TSA treatment group (n¼6). (A color version of this figure is available in the online journal.)
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that Tm can induce cardiomyocytic apoptosis via
activating ERS.

TSA is a plentiful lipophilic abietane diterpene element
which was separated from Danshen (Salvia miltiorrhiza), a
Traditional Chinese Medicine usually utilized for therapy of
cardiovascular diseases.30–32 Its protective mechanisms have
been broadly investigated. Several reports reveal the inhib-
ited effect of TSA on ERS. TSA attenuates radiation-induced
upregulation of ERS-related molecules, GRP78, and CHOP
in cardiac fibroblasts.22 In Tm-treated L6 myotubes, TSA
suppresses the activation of ERS.21 It is also demonstrated
that ameliorative effect of TSA on kidneys of rat during
hypothermic preservation is mediated by inhibiting
ERS.20 In this experiment, TSA improved Tm-induced
apoptosis and activation of ERS in cardiomyocytes. By
our knowledge, these results first suggest that TSA protects
cardiomyocytes against ERS mediated apoptosis.

Interestingly, the converse effect of TSA on ERS has been
reported in carcinoma cells. TSA prevents proliferation of
carcinoma cell and stimulates its apoptosis through exagger-
ated ERS in gastric carcinoma AGS cells,33 advanced cervix
carcinoma CaSki cells,34 human prostate cancer cells,35 and
so on. All the results indicate the biphasic effect of TSA on
ERS, which may be depended on different kinds of cells. It is
necessary to broadly investigate the effect of TSA on ERS in
different cells, and thoroughly study its mechanism.

MicroRNAs are small non-coding RNAs that take part in
various physiological and pathophysiological processes,
and provide delicate comprehensive regulation of cellular
pathways, usually by controlling elements of signaling
pathways. miR-133 is one of the canonical myomiRs that
are primary to the health and development of mammalian
cardiac and skeletal muscles.36 Downregulation of miR-133
involves in cardiomyocyte apoptosis,37 whereas upregula-
tion of miR-133 protects cardiomyocytes against apop-
tosis.38 Our results also confirm the association of miR-133
and cardiomyocytic apoptosis. Expression of miR-133 sig-
nificantly reduces in Tm-treated cardiomyocytic apoptosis.
It has been reported that TSA can reverse the downregula-
tion of miR-133, and ameliorate apoptosis of cardiomyo-
cytes.39 Furthermore, the cardioprotective effect of TSA on
apoptosis is blocked by anti-miR-133 that effectively
reduced expression of miR-133.39 Therefore, impacts of
miR-133 on the cardioprotection of TSA against ERS-
induced apoptosis are investigated presently. Our results
indicate the possible ameliorated effect of miR-133 on
ERS. However, there is less knowledge about the associ-
ation of miR-133 and ERS, which need further investigate
in future.

In conclusion, we originally demonstrate that TSA ameli-
orates ERS and apoptosis in cardiomyocytes, which may be
resulted from upregulation of miRNA133. Our results
might provide new strategy for prevention and therapy of
myocardial injury and ERS.
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