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INTRODUCTION

D -

treatment of hematological malignan-
-

cantly limited by its well-
established dose-dependent cardiotoxic adverse 
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oxidative 
-

-
-

levels of superoxide anion radicals (•O2
–

-
chondrial dysfunction and extensive cellular dam-

represents a promising strategy for the preven-

have demonstrated potential in mitigating cardiac 

focused on identifying and characterizing cardio-
protective agents capable of preventing anthracy-

-
-

emerged as promising candidates for preventing 
or reducing anthracycline-induced cardiac damage 

FDA approval for the prevention of anthracycline-
-

-
protective agents. Although encouraging results 

the necessity for more comprehensive and well-

-

properties have been demonstrated in numerous 

-
-

showed that QR could potentiate the protective ef-
-

polyphenol predominantly found in grapes and ber-

and reduce oxidative damage in the heart across 

induced cardiotoxicity in experimental models [38-
-

-

suppression is a crucial mechanism underlying 

-
rived polyphenols as adjunctive therapies along-

-
cumulating experimental evidence highlights that 

-

to their combined anticancer and cardioprotective 
-

ber of in vitro studies investigating the combined 

RES has prompted further research into these po-
tential interactions.

cardiotoxicity in an in vitro model. We employed 

-

-
sible therapeutic roles in protecting cardiovascular 
health during chemotherapy.

MATERIALS AND METHODS

Materials
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high chemical grade and did not require additional 

ion exchange method.

Cell lines and culture conditions 
Rat H9c2 cardiomyoblast cells were obtained from 

-

medium in an atmosphere of 5% CO2 in air saturated 

MTT cell viability assay

to the required density and seeded into 96-well plates 

plates were then incubated for 24 h to ensure proper 
-

 

 

 

 

-

were then incubated under standard conditions 

additional 24 h.

-

-
metric measurement using a Synergy 2 multiplate 

-
-

length of 690 nm.

DOX-induced cell injury

following the experimental protocols outlined be-

groups.

were then incubated with the antioxidants for an ad-
ditional 24 h before viability assessment using the 

-

incubate with the antioxidants for another 24 h before 

evaluation of cell viability across both treatment dura-

conditions.

Statistical analysis
Statistical analyses of the H9c2 cell line data were 

-
-

cance was evaluated using one-way analysis of vari-

was set at 0% viability.

RESULTS

-

-

-

-

positive control did induce mortality and the result 
was taken as 0%. 
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Our results show that the 24 h treatment with 0.25 

determined a higher degree of toxicity for the same 

protective property values for the same concentra-

It was observed that as the concentration of QR 
-

Results show that QR induces cardioprotection 
against oxidative stress-induced cell death and car-
diotoxicity after 24 h and prolonged exposure.  

       
Fig. 1. B

   

   

Fig. 2.

the H9c2 cell line. All experiments were 

expressed as mean ± standard devia-

was conducted using one-way ANOVA 
followed by Dunnett’s post hoc test. 

-
ences were considered statistically sig-
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Our experiment was conducted in a relatively low 

that as the concentration of CRC increased up to 

-

in protective properties was observed at CRC con-

   

   
Fig. 3. 

-

-

-
tration for 24 h demonstrated that this concentra-

protection was observed in this case (Figure 4A 

observed only at two of the RES concentrations – 
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DISCUSSION

administration is the development of cardiomyopa-
thy and heart failure. It has been widely suggested 

-

-
blast cells when antioxidants were administered 

phenolic compounds have previously demonstrated 
-

-

-

a detailed evaluation of the potential protective roles 
of antioxidants under varying conditions of exposure.

various in vitro models for their cardioprotective ef-
-

tocol to further investigate the cardioprotective prop-

-

H9c2 cells were treated with increasing concentra-

    

    
Fig. 4. 



59

damage. Our results showed that QR enhanced car-
diomyocyte survival against oxidative stress-induced 

-

-
ly declined.

It is likely that QR exerted its cardioprotective ef-

have been reported across various cellular models 

direct ROS scavenging may contribute to QR’s car-
dioprotective actions. QR has been shown to induce 

-

of antioxidant enzymes such as gamma-glutamylcys-

-
noids like QR are known to modulate intracellular sig-

-

-

the same experimental conditions. CRC exhibited 

-

-

-

induced injury in H9c2 cells by downregulating the 

notable protection following 24-hour exposure to 0.25 

-
-

ited under conditions of more severe oxidative stress. 
Previous studies have suggested that RES alleviates 

-
dants in terms of their cardioprotective potential are 

-
-

signaling networks. QR is primarily associated with 

and RES with broader metabolic and stress response 
regulation.

-
mizing therapeutic strategies to prevent or mitigate 

of oxidative injury and the desired therapeutic out-
come.

Further studies are warranted to explore the complex 
interplay of multiple signaling pathways modulated 

potential applications of these natural compounds 

cardiotoxicity.

CONCLUSION

successfully established using the rat cardiomyoblast 

-

potential as promising candidates for the prevention 

of QR are likely attributed to its enhanced cellular 
-
-

-

-
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-
tential use of QR and CRC as adjunctive therapies to 

a promising strategy for enhancing the safety of che-
motherapy regimens.
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