
 

 

International Journal of Health and Pharmaceutical Research E-ISSN 2545-5737 

P-ISSN 2695-2165 Vol. 9. No. 4 2024  www.iiardjournals.org  Online Version 

 

 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 37 

Cardiac Dysfunction and Mitochondrial Impairment in A Rat 

Model of Doxorubicin-Induced Cardiotoxicity 
 

Araa Mahdi Hussein AI-Rubaye 

Forensic Medicine Department - Forensic Toxicology Unit 

M.sc Biology neuroscience & Toxicology 

DOI: 10.56201/ijhpr.v9.no4.2024.pg37.46 

 

Abstract 

Doxorubicin (DOX) is an effective chemotherapeutic agent widely used to treat various 

cancers. However, its clinical use is significantly dependent cardiotoxic 

effects, which lead to cardiac dysfunction and mitochondrial impairment. This study 

investigates the relationship between DOX-induced cardiotoxicity and mitochondrial 

dysfunction in a rat model. Key cardiac function parameters and mitochondrial oxidative stress 

markers were assessed to determine the impact of DOX treatment. The results reveal 

significant deterioration in cardiac function and mitochondrial integrity, suggesting that 

mitochondrial damage is central to DOX-induced cardiotoxicity. 
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Introduction 

Doxorubicin (DOX), also known by the trade name Adriamycin, is one of the most potent and 

widely used chemotherapeutic agents in oncology. It is classified as an anthracycline antibiotic, 

a family of drugs known for their broad spectrum of anti-tumor activity. DOX is highly 

effective against breast cancer, Hodgkin's and non-

Hodgkin’s lymphomas, leukemia, sarcomas, and cancers of the lung, ovary, and bladder. Its 

efficacy stems from its ability to intercalate into DNA, inhibit topoisomerase II (an enzyme 

crucial for DNA replication), and generate free radicals that cause oxidative damage to cancer 

cells. While DOX is a cornerstone of many chemotherapy regimens, its clinical use 

to irreversible heart damage 

(1,2). 
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function. 

In the low-dose group ( and fractional 

shortening (FS) were moderately reduced 

and FS were markedly decreased, indicating severe cardiac 

dysfunction. Heart rate variability (HRV), an indicator of autonomic regulation of heart rate, 

was also significantly reduced in DOX-treated rats, further highlighting impaired cardiac 

function (Table 1). 

http://www.iiardjournals.org/
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Table 1: Cardiac Function Parameters 

Parameter Control DOX Low Dose (5 mg/kg) DOX High Dose (10 mg/kg) 

LVEF (%) 85 ± 5 65 ± 8 45 ± 10 

FS (%) 40 ± 4 28 ± 5 20 ± 4 

HRV (ms) 120 ± 10 95 ± 8 60 ± 5 

Oxidative Stress Markers 

Oxidative stress markers in the mitochondrial fractions of cardiac tissue showed a dose-

dependent increase in malondialdehyde (MDA) levels, a marker of lipid peroxidation. 

Conversely, dismutase (SOD) and 

reduced glutathione (GSH), were significantly reduced in the DOX-treated groups compared 

to controls. The mitochondrial membrane potential (MMP) was also diminished in a dose-

dependent manner, indicating mitochondrial dysfunction (Table 2). 

Table 2: Mitochondrial Oxidative Stress Markers 

Parameter Control DOX Low Dose (5 mg/kg) DOX High Dose (10 mg/kg) 

MDA (nmol/mg) 5 ± 0.5 10 ± 1.0 20 ± 2.0 

SOD (U/mg) 150 ± 15 100 ± 10 50 ± 5 

GSH (nmol/mg) 25 ± 2 15 ± 1.5 5 ± 0.5 

MMP (JC-1 ratio) 2.5 ± 0.2 1.8 ± 0.1 1.0 ± 0.1 

Discussion 

Impact of Doxorubicin on Cardiac Function 

The results of this study demonstrate a clear, dose-dependent deterioration in cardiac function 

following doxorubicin (DOX) treatment, reflecting the drug's well-established cardiotoxicity. 

As shown in 

nificantly decreased with increasing doses of DOX. In the low-dose group (5 mg/kg), there 

was a moderate reduction in both 
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