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Abstract
Background: Daunorubicin (DNR)-induced cardiotoxicity, which is closely associated 
with cardiomyocyte apoptosis, limits the drug’s clinical application. The activation of the 

effect of DNR. Sodium ferulate (SF) has recently been found to attenuate both DNR-induced 
cardiotoxicity and mitochondrial apoptosis in juvenile rats. Nonetheless, the precise mechanism 
underlying SF-induced cardio-protection remains unclear. Methods: The DNR-injured H9c2 

and apoptotic parameters of the cells was studied by monitoring apoptosis regulation via 
Results: SF attenuated DNR-induced cell death (particularly apoptotic 

mitochondrial membrane potential depolarization, cytochrome c leakage, and caspase-9 and 
p53 and Bax expression and 

increased Bcl-2 expression. These effects were similar to the results observed when using the 
Conclusion: We determined that 

SF protects H9c2 cells from DNR-induced apoptosis through a mechanism that involves the 

Introduction

Daunorubicin (DNR), a commonly prescribed anthracycline antibiotic, is an 
indispensable component of various chemotherapeutic regimens that are used to treat 
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amounts of evidence indicate that cardiomyocyte apoptosis may be a prominent contributor 

an important role in anthracycline-induced cardiotoxicity by exacerbating cardiomyocyte 

p

cardiotoxicity, as demonstrated previously in multiple in vivo and in vitro

Angelica sinensis, Ferula 
asafoetida and Lignsticum chuangxiong 

induced cardiomyopathy, cardiac dysfunction and mitochondrial myocardial apoptosis in 

underlying its anti-apoptotic effects that protect against DNR-induced cardiotoxicity, remain 

2+ handling, mitochondrial protection and the apoptotic signaling [20, 
et al.

Materials and Methods

Reagents
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Cell culture and viability assay

2

50

Annexin V/PI double-staining assay

Mitochondrial membrane potential assay

Western blot analysis
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c
p

Mitochondrial cytochrome c, Bax and Bcl-2 assay

cytochrome c

Enzymatic assay for caspase-3 and caspase-9 activity

6

Statistical analysis

P

Results

SF depressed DNR-induced cell death in H9c2 cells

,

P
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SF did not undermine the antineoplastic 
effect of DNR in either the HL 60 cells or 
the K562 cells
DNR is most commonly used to treat 

antineoplastic effects in the setting of cancer 

,

,

50

,

and dose-dependent anti-proliferative 
50 values 

Fig. 1.
 vitro -

P P

Fig. 2. -
-

Table 1. 50

-
-

pendent experiments

P

SF reversed DNR-induced morphological changes
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margination, apoptotic bodies,

SF mitigated the c nI and - ubulin degradation caused by DNR

2+ handling disorders and stress-strain effects in 

P
P

SF attenuated DNR-mediated cellular damage via apoptosis inhibition

P vs.

Fig. 3. 

P P vs. P  
P vs



Cell Physiol Biochem 2015;36:2121-2136
DOI: 10.1159/000430179
Published online: July 21, 2015

© 2015 S. Karger AG, Basel
www.karger.com/cpb 2127

Wu et al.: Ferulate Prevents Daunorubicin Cardiotoxicity

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

,

SF limited the pro-apoptotic effects of DNR on mitochondrial membrane potential collapse, 
mitochondrial cytochrome c release, and caspase-9 activation

c

of mitochondrial cytochrome c

Fig. 4.

+ + +

P
P P P
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activity (P
gradual recovery of mitochondrial membrane potential, as demonstrated by the increased 

c

three concentrations indicated previously (P vs.

Fig. 5. c

c -
-

on of mitochondrial cytochrome c
P P P

P
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Fig. 6.
p

p

P  
P P P
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SF exerted a regulatory effect on the expression of ERK1/2, phospho-ERK1/2, p53, Bax and 
Bcl-2 in DNR-treated H9c2 cells

p ,
p , and 

P

P

P

Fig. 7. The effects of 

p

-

absence and presence of 

left
The results of an optical 
density analysis of pro-

right -

and represent three in-
dependent experiments,  

P P
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p
P ,

to facilitate a recovery from the DNR-induced decreases in the protein expression of the 

p

p

The effects of AZD6244 on DNR-treated H9c2 cells

Fig. 8. The effects of 
-

sion patterns of apopto-
sis regulatory proteins 

-

-

-

representative image of 
-

titative analysis of the 

p

expressed as the means 
-

dependent experiments,  
P P



Cell Physiol Biochem 2015;36:2121-2136
DOI: 10.1159/000430179
Published online: July 21, 2015

© 2015 S. Karger AG, Basel
www.karger.com/cpb 2132

Wu et al.: Ferulate Prevents Daunorubicin Cardiotoxicity

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

vs. DNR, P

decreased apoptotic cell numbers and improved cell viability (P
p

vs. DNR, P

vs. P

vs. P

vs  P
p P

vs P

.

Fig. 9. The effects 

both cell viabili-

-

p re - i n c u b a t i o n 

-

The combined re-
sults of three se-

-
lyses depicting the 
mean levels of the 
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Discussion

induced cardiotoxicity and cardiomyocyte apoptosis using an in vitro 

curbed the DNR-induced mitochondrial membrane potential collapse, cytochrome c release 

p

DNR-induced mitochondrial apoptosis via a mechanism that entails the interruption of the 

destroys myocytes and eventually leads to the development of cardiac dysfunction and heart 

counteracted the pro-apoptotic effects of DNR and may therefore protect against DNR-

,

myoblasts and therefore contributes to anthracycline-induced toxicity in immature hearts 

m) and cytochrome c
cytochrome c

cytochrome c

mitochondrial apoptosis are not yet fully understood, the available information indicates 

are responsible for the anthracycline-induced p
The tumor suppressor p  c 

 p

c
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p
p

membrane potential and cytochrome c

.
most of anthracycline cardiotoxicity clinically develops on a time span of months or years, 

our results and conclusion should be acceptable as hypothesis-generating rather than 

Acknowledgements

Disclosure Statement

References

1 

2 



Cell Physiol Biochem 2015;36:2121-2136
DOI: 10.1159/000430179
Published online: July 21, 2015

© 2015 S. Karger AG, Basel
www.karger.com/cpb 2135

Wu et al.: Ferulate Prevents Daunorubicin Cardiotoxicity

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

3 
redox signaling, and metal chelation in anthracycline cardiotoxicity and pharmacological 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 



Cell Physiol Biochem 2015;36:2121-2136
DOI: 10.1159/000430179
Published online: July 21, 2015

© 2015 S. Karger AG, Basel
www.karger.com/cpb 2136

Wu et al.: Ferulate Prevents Daunorubicin Cardiotoxicity

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

27 

28 

29 
umbilical vein endothelial cells from radiation induced oxidative stress by phosphatidylinositol 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 
differentiation promotes mitochondria development and ameliorates oxidative capacity in h9c2 

43 

44 

45 

46 

47 


