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increase the cell viability in ALD-induced car-
diomyocytes (P < 0.05, compared with ALD 
group, Figure 5A-C). Further research showed 
that TSG and p53 specific inhibitor pifithrin-α 
alone or in combination can down regulate 
ALD-induced the expression of caspase-3 and 
bax as well as up regulate the level of bcl-2 in 
compare with ALD group (Figure 5D-F).

Discussion 

In the recent study, we report the protective 
effect of TSG on the ALD induced cardiomyo-
cytes injury for the first time. The protective 
effects relevant to decrease the leakage of 
LDH and prevent ALD induced apoptosis of car-
diomyocytes through interfering p53 signaling 
pathway.

Traditional Chinese medicines (TCMs) and their 
ingredients have been used as the most impor-
tant therapeutic agents for thousand years in 
China. TSG, a water-soluble constituent mainly 

from �3�R�O�\�J�R�Q�X�P���P�X�O�W�L�Á�R�U�X�P���7�K�X�Q�E, is well-rec-
ognized for its cardiovascular activity. TSG was 
previously reported to protect the heart against 
I/R injury by reducing ROS generation and in- 
hibiting cell apoptosis [20, 21]. While ALD is a 
mineralocorticoid hormone, and the function of 
ALD is regulate sodium and potassium trans-
ports in the epithelial cells of renal tubules [22-
24]. While excess aldosterone not only causes 
the abnormal water homeostasis, but also 
increases the risk of cardiovascular events 
independent of hypertension [25, 26]. Research 
showed that ALD also plays a key role in the 
process of heart failure, and heart is one of 
direct targets of ALD, which can evoke hypertro-
phy and apoptosis of Cardiomyocytes [27-29]. 
In this investigate, we found a protective effect 
of TSG on ALD treated cardiomyocytes. As we 
all known that Cardiomyocytes loss including 
necrosis and apoptosis is one of the most 
important reason of heart failure, so the protec-
tive effect of TSG in ALD treated cardiomyo-
cytes is of great important.

Figure 4. Regulation of TSG on ALD-induced bax, bcl-2 and cleaved-caspase-3 levels in cardiomyocytes. The cells 
were pre-treated with TSG (1.0, 10.0 or 100.0 μmol/L) for 1 h and then were stimulated with ALD (10.0 μmol/L) 
for 12 h. At the end of the incubation period, each protein level was analyzed by western blot. Levels of protein are 
shown as folds of control from 3 independent experiments and expressed as mean ± S.E.M. *P < 0.05 OR **P < 
0.01 compared with ALD alone.



Protective effect of TSG on cardiomyocytes injury

9034 Int J Clin Exp Med 2017;10(6):9029-9037

Figure 5. Involvement of p53 pathway in ALD-induced cardiomyocytes 
injury. The cells were pre-treated with TSG at 10.0 μmol/L or/and p53 
specific inhibitor pifithrin-α at 15 μmol/L for 1 h and then were stimulated 
with ALD (10.0 μmol/L) for 12 h. At the end of the incubation period, each 
protein level was analyzed by western blot and cell viability was identified 
by MTT method. Levels of protein are showed as folds of control from 3 
independent experiments and cell viability was showed as folds of control 
from 6 independent experiments; data were expressed as mean ± S.E.M. 
*P < 0.05 or **P < 0.01 compared with ALD alone.
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Apoptosis, a form of programmed cell death, 
can occur in a wide range of physiological and 
pathological situations, which characterized by 
cell shrinkage, programmed DNA degradation, 
cytoplasmic cytochrome C release increased 
and activation of caspases and so on [30-32]. 
The tumor suppressor p53 plays a pivotal role 
in DNA damage-induced apoptosis. P53 aims 
at its transcriptional target pro-apoptotic bax 
ortranslocates to mitochondria to interact with 
anti-apoptotic bcl-2 in non-transcriptional way. 
Anti-apoptotic members bcl-2 can promote sur-
vival by inhibiting the function of the pro-apop-
totic bax proteins [33, 34]. Our results showed 
that the ALD-induced p53 and bax elevation 
were significantly diminished in the present of 
TSG, which suggests that TSG pretreatment 
may depress p53 to inhibit the ALD-induced 
apoptosis. Furthermore, the activating of cas-
pase-3 in the mitochondrial apoptotic pathway 
can lead to loss of ATP and reactive oxygen spe-
cies generation [35]. The abnormal leakage of 
lactate dehydrogenase (LDH) is an index of 
plasma membrane damage and cell apoptosis 
[36]. In our research we found that TSG could 
decrease the leakage of LDH and down regu-
late the protein of caspase-3 in ALD-treated 
cardiomyocytes.

Conclusion

TSG could effectively alleviate the plasma 
membrane damage induced by ALD; which was 
indicated by the release of LDH. TSG could 
decrease the level of bax and caspase-3 in 
ALD-treated cardiomyocytes and also increase 
the expression of bcl-2, and the above mecha-
nism may be via interfering P53 patnway. This 
founding provides a new evidence for the 
potential effects of TSG in treating cardiovascu-
lar diseases.
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supplementary Figure 1. Characterization of primary cultured rats’ cardiomyocytes derived from the male Sprague-
Dawley rats. The cells were stained with cardiac muscle sarcomeric a-actin and labeled with the cy3 conjugated 
antibody. The cells were observed at magnification of 200× under a fluorescence microscope.


