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Abstract 

Cancer ranks second in frequency among non-communicable diseases after cardiovascular disorders. The 

increased life expectancy has made cancers more common, making it crucial to avoid side effects of the 

medications used to treat them. SGLT2i medications lower the risk of significant cardiovascular events and 

heart failure-related hospitalizations, as shown in clinical trials. Dapagliflozin is one such medication that 

is primarily regulated by blood glucose levels but may also impact cardiac disorders through other 

processes. This study will evaluate the potential protective effects of Dapagliflozin on DOX-induced 

cardiotoxicity in female rats, manifested by changes in biochemical parameters in tissue and serum 

samples, histopathological differences, and compare their changes. Twenty-four rats were divided into 

three weight-based groups. The first group received saline, the second group received doxorubicin, and the 

third group received dapagliflozin for three days before receiving doxorubicin for two weeks. Doxorubicin 

causes cardiotoxicity, as evidenced by increased caspase-3 and inflammatory markers. Dapagliflozin 

reduces cardiotoxicity by increasing SOD and GSH and decreasing caspase 3, as well as improving the 

CMYO score and lesions. Dapagliflozin successfully mitigated DOX-induced cardiotoxicity in rats at the 

concentrations utilized in this investigation. This phenomenon potentially pertains to inhibiting and 

safeguarding against oxidative stress, the pathway of apoptosis, and the inflammatory response. 
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Introduction 

With 17.9 million cases globally, cancer ranks second 

in terms of frequency among non-communicable 

diseases behind cardiovascular disorders. As a result 

of the increased life expectancy, cancers are more 

common, making it more crucial to avoid the side 

effects of the medications used to treat them. These 

four diseases, along with respiratory system disorders 

and diabetes, account for 80% of early deaths from 

non-communicable diseases. Cardiac toxicity is an 

emerging concern that is linked to the utilization of 

diverse classes of chemotherapeutic agents, which 

negatively impact prognosis and quality of life (WHO, 

2022). We believe there are minimal additional 

interventions to safeguard the heart during the 

asymptomatic phase as opposed to when 

complications arise. As a result, additional reasonable 

research and development into cardioprotective 

adjuvants is crucial in this instance of limited clinical 

application (Liu et al., 2020). 

 

The adverse impact of various classes of 

chemotherapeutic agents on prognosis and quality of 

life has led to an increasing concern regarding cardiac 

toxicity (Pizzino et al., 2014). Chemotherapy-induced 

cardiac dysfunction is a significant reason for patient 

mortality and morbidity (Yeh et al., 2004; Ferlay et 

al., 2013). Doxorubicin has a dual impact. It is 

effective in treating tumors, but its chronic use causes 

cardiomyopathy and heart failure; scientists are 

trying to find cardioprotective agents to combat 

doxorubicin-induced cardiotoxicity without 

compromising its efficacy (Liu et al., 2020). 

 

Thorough randomized clinical trials have shown that 

a selective inhibitor of sodium-glucose cotranspoter2 

(SGLT2i) medications, whether taken by people with 

or without type 2 diabetes, lowers the risk of 

significant cardiovascular events and heart failure-

related hospitalizations. The principal regulator of 

blood glucose is SGLT2 dapagliflozin (DAPA). 

However, experts estimate that numerous other 

processes may also have a substantial effect on 

cardiac disorders, which may not always be associated 

with a reduction in blood glucose levels (McMurray et 

al., 2019). 

Patients with type 2 diabetes mellitus (T2DM) are 

being treated with a novel class of pharmaceuticals 

(SGLT2i). These drugs induce glucosuria, natriuresis, 

and diuresis by impeding glucose reabsorption in the 

proximal tubule of the nephron (Scheen, 2020). 

 

Dapagliflozin was the first SGLT2 inhibitor to be 

granted approval for the management of type 2 

diabetes (T2D) (Hasan et al., 2014). A relatively new 

class of medications is antihyperglycemic agents 

(AHAs) that obstruct sodium-glucose cotransporter-2 

(SGLT2) for the treatment of type 2 diabetes (T2D). 

(Hsia et al., 2017; Scheen, 2015). Unlike insulin, 

SGLT2 inhibitor compounds promote glucose 

excretion in the urine by inhibiting the proximal 

convoluted tubule-localized high-capacity glucose 

transporter SGLT2. This mechanism of action 

opposes insulin. Consequently, glucose levels 

decrease in the absence of insulin action (Hsia et al., 

2017; Wilding et al., 2018). Complementing other 

classes of AHAs, this distinctive mechanism of action 

of SGLT2 inhibitors permits their combination 

therapy with other AHAs, such as insulin. Among 

these SGLT2 inhibitors, dapagliflozin (Forxiga®) has 

received approval for treating T2D in numerous 

countries, including the European Union and the 

United States (Plosker, 2014). 

 

In order to increase the use of doxorubicin as a highly 

effective chemotherapeutic agent, it is crucial to 

investigate potential medications that can mitigate its 

severe cytotoxic effects. This study aimed to assess 

whether dapagliflozin could have cardioprotective 

effects in preventing cardiac impairment following 

DOX administration. 

 

Materials and methods  

Twenty-four female Sprague Dawley rats, aged 10-12 

weeks and weight (150-200g) have been used. After 

that, they were divided according to their weight into 

three groups, each containing eight animals. The rats 

in the control group were administered 0.9% normal 

saline. For duration of two weeks, 2.5 mg per kg of 

doxorubicin (DOX) was administered 

intraperitoneally to each rat in the induced group at 

three injections per week (Abdulkareem Aljumaily et 

al., 2021; Hekmat et al., 2021).  
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The dapagliflozin with doxorubicin-group (induced 

pretreated), DAPA given by oral route in a dose of 

1mg/kg for three days prior and continued for two 

weeks in addition to doxorubicin administered in the 

same manner in the (induced) group (Belen et al., 

2022). Dapagliflozin (Astra-Zeneca®) was dissolved 

in a normal saline solution (Lahnwong et al., 2020). 

After 48 hours of doxorubicin's last dose, rats were 

sacrificed in all groups, and the body weight of each 

animal was recorded (Oliveira et al., 2013).  

 

Anesthetizing the animal with ketamine (90 mg/kg) 

and xylazine (20 mg/kg) was performed. The 

gathered serum was placed in deep freeze until the 

inflammatory parameters, which were analyzed with 

Eliza-Kits (BT LAB®), could be determined. For 

histopathological analyses and the quantification of 

apoptotic and oxidative stress parameters, heart 

tissue samples were utilized.  

 

The histopathological study was according to the 

severity levels of cardiomyopathy scores method as in 

studies by Oner et al. (2019) and Abdulkareem et al. 

(2021). The histological appearance collected each 

number in the scoring method as follows: 

0 = No significant occupied lesion (SOL) 

1= Mild pathological changes 

3= Severe Pathological changes 

4= Highly severe pathological changes 

5= Tissue damage (Point of no return) 

Statistical analysis  

The statistical analysis was performed using 

GraphPad Prism version 8.1. One-way ANOVA test 

followed by the Bonferroni post hoc test was used to 

compare the markers and histopathological changes 

in different groups. 

 

Results and Discussion 

Table 1 indicate a significant increase (p<0.0001) of 

the caspase-3 enzyme activity in both the DOX and 

DOX + DAPA groups relative to the control group, 

whereas the DOX + DAPA group exhibited 

statistically significant decreases (p<0.0001) in 

comparison to the DOX group. The DOX group 

exhibited a statistically significant reduction in SOD 

levels (Table 2) when compared to the control group.  

 

Table 1. Effects of apoptotic marker caspase-3 for 

three groups after two weeks 

Bonferroni's multiple 
comparison tests 

Mean ± SEM 

Control 0.7672 ± 0.03141**** 
DOX 1.690 ± 0.06614 *** 

DOX + DAPA 1.138 ± 0.07773 #### 

 

The data are expressed as the mean ± standard error 

mean for eight rats in each group, One Way ANOVA 

with Bonferroni post hoc test. ((****P < 0.0001)) 

group VS. control group and ((####P < 0.0001)) 

groups VS. DOX group. DOX: Doxorubicin, DAPA: 

Dapagliflozin. 

Table 2. Effects of oxidative stress markers SOD & GSH for three groups after two weeks. 

Bonferroni's multiple comparison tests Mean ± SEM for SOD Mean ± SEM for GSH 

Control 2.662 ± 0.1374 * 176.3 ± 3.360 **** 

DOX 1.562 ± 0.1008 ns 100.8 ± 2.598 ns 
DOX + DAPA 3.470 ± 0.2247 **** 165.8 ±7.342#### 

 

The data are expressed as the mean ± standard error mean for eight rats in each group, One Way ANOVA with 

Bonferroni post hoc test. ((****P < 0.0001)) group VS. control group and ((####P < 0.0001)) groups VS. DOX 

group. DOX: Doxorubicin, DAPA: Dapagliflozin. 

 

Table 3. Effects of Inflammatory Markers ICAM-1& TNFα for three groups after two weeks. 

Bonferroni's multiple comparison tests Mean ± SEM for ICAM-1 Mean ± SEM for TNFα 

Control 1.621 ± 0.1917 **** 124.8 ± 4.168 **** 
DOX 2.750 ± 0.07003 *** 176.4 ± 4.854 **** 

DOX + DAPA 2.380 ± 0.1187 ns 169.9 ± 3.341 ns 
 

The data are expressed as the mean ± standard error mean for eight rats in each group, One Way ANOVA with 

Bonferroni post hoc test. ((****P < 0.0001)) group VS. control group and ((####P < 0.0001)) groups VS. DOX 

group. DOX: Doxorubicin, DAPA: Dapagliflozin. 
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Table 4. The Histopathological lesion scores on the rat's cardiomyopathy according to study groups. 

Groups Scores 

Control DOX DAPA 

Cardiac muscle fiber hypotrophy 0 0 0 
Hydropic degeneration 0 0 1 

Blood Vessels Congestion (BVC) 0 3 0 
Inflammation (Acute Myocarditis) 0 4 0 

Thrombosis  0 4 0 
Myocardial infarction (coagulative necrosis) 0 5 0 
 

However, the DOX+DAPA group did not differ 

significantly from the control group. In contrast, the 

group treated with DOX+DAPA showed a significant 

increase (p<0.0001) in SOD level compared to the 

DOX group. The data in the same table indicate a 

significant decrease (p<0.0001) in GSH levels in the 

DOX-treated group compared to the control group. 

Also, the group DOX+DAPA showed significantly 

(p<0.0001) higher GSH levels than the DOX group, 

and the DOX+DAPA group did not differ significantly 

from the control group. The data in (Table 3) 

indicates a statistically significant increase 

(P<0.0001) in the level of heart ICAM-1 in the DOX 

and DOX+DAPA groups when compared to the 

control group. In contrast, the DOX+DAPA group 

exhibited no statistically significant disparities when 

compared to the DOX group. Also, the TNFα level 

significantly increased (p<0.0001) in the groups 

treated with DOX, DOX+DAPA compared to the 

control group, while there were no significant 

differences between DOX group and DOX+DAPA 

group. The histopathological study was according to 

the severity levels of cardiomyopathy scores method 

was shown in Table 4. 

 

Histopathological study 

Fig. 1. The histological section with H&E stain of the 

rat's heart for the control group with magnification 

scale (A) 10X, (B) 40X. 

The cardiac muscle fibers of the heart of a rat in the 

control group show normal texture and structure 

without significant occupied lesions (Fig. 1). In 

contrast, the doxorubicin-treated group had 

significant histopathological abnormalities, including 

severe damage in the muscle fibers as coagulative 

necrosis surrounded by a line of inflammatory cells. 

Also, due to cytoplasmic hydropic degenerative 

changes, several thrombi spots can be seen in the 

heart tissue as pinkish aggregation spots with pre-

nuclear space as vacuoles (Fig. 2).  

Fig. 2. The histological section with H&E stain of the 

rat's heart for the DOX group with magnification 

scale (A) 10X, (B) 40X. 
 

Fig. 3. The histological section with H&E stain of the 

rat's heart for the DAPA group with magnification 

scale (A) 10X, (B) 40X. 
 

In addition, the myocardial lesions were significantly 

different from those of the control group. The 

Myocardial lesions were significantly reduced from 

80% in the DOX group to 15% in the DAPA-treated 

group (Fig. 3). 
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Fig. 4. Caspase-3 level in heart tissue of the 

experimental groups. 

 

The current study (Fig. 4) indicates increased 

caspase-3 activity following doxorubicin treatment 

compared to the control group, which agreed with a 

recent study (Albakaa et al., 2023). The 

pathophysiology of doxorubicin-induced 

cardiotoxicity has been associated with apoptosis as 

the increase in caspase-3 activation in rats following 

doxorubicin treatment is consistent with reported 

recent studies (Mobaraki et al., 2017; Nicol et al., 

2021). The increased caspase-3 level for the DOX + 

DAPA  and DOX groups compared to the control 

group these findings agreed with the Chang study 

(Chang et al., 2021); DOX treatment increased 

proapoptotic proteins, but dapagliflozin suppressed 

protein expression in rats. Dapagliflozin can help 

prevent cardiotoxicity in diabetic cancer patients 

(Chang et al., 2021; Shibusawa et al., 2019).  

Fig. 5. Oxidative stress marker levels in the heart 

tissue of the experimental groups. 

 

Two pathways have been implicated in apoptosis: the 

death receptor and the mitochondrial pathways. 

Mitochondria dysfunction induces the release of 

cytochrome C, which triggers caspase-9 and caspase-

3, ultimately resulting in intranucleosomal DNA 

fragmentation and the concluding stages of apoptosis 

(Jiang and Wang, 2004; Wu et al., 2002). Caspase-3 

activation due to DOX leads to impaired 

mitochondrial function and apoptosis. SGLT2i may 

offer cardiac protection by reducing caspase-3 activity 

through renin-angiotensin system inhibition, anti-

inflammatory and antioxidant effects, and reduced 

sympathetic overactivity (Bertero et al., 2018; 

Lahnwong et al., 2018). 

 

In comparison to the control group, doxorubicin 

significantly increased lipid peroxidation levels in 

rats, as measured by a decrease in concentrations of 

GSH and SOD in cardiac tissue (Fig. 5).  

Fig. 6. Inflammatory Markers level in heart tissue of 

the experimental groups. 

 

A recent study (Ko et al., 2023) found that the 

DOX+DAPA group exhibited more favorable results 

in comparison to the DOX-only group, which 

refrained from utilizing alternative drug 

combinations. Due to many complex molecular 

mechanisms, doxorubicin induces carcinogenicity 

(Hassani et al., 2021). An imbalance between the 

antioxidant defense system of the body and the 

production of reactive nitrogen species (RNS) and 

reactive oxygen species (ROS) results in oxidative 

stress. Cardiolipin, a phospholipid located in the 

mitochondrial membrane, employs its strong affinity 

for DOX to facilitate the dysfunction of mitochondria 

caused by oxidative stress (Aryal and Rao, 2016; 

Antonucci et al., 2021). Expression of inflammatory 

cytokines could be directly induced by oxidative 

stress; this effect was substantially amplified 

following doxorubicin injection (Wang et al., 2016). 

In accordance with the aforementioned results, pro-

inflammatory cytokine levels (TNF-), VACM-1, and 

ICAM-1 were substantially elevated in rodents 
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induced with doxorubicin, whereas they were notably 

decreased in groups that received treatment (Ma et 

al., 2017). 

 

During cancer chemotherapy, doxorubicin has been 

shown to cause inflammation in the heart; it was 

revealed in these current investigations that 

doxorubicin administration raises ICAM-1, as 

demonstrated with Doxorubicin treatment 

significantly increased heart ICAM-1 level and TNFα 

level in rats compared to the control group; that 

agreed with the results of recent studies (Malek et al., 

2019; Alyasiry et al., 2022). The upregulation of TNF-

, ICAM-1, and caspase-3 in cardiac tissues indicates 

inflammation and apoptosis induced by DOX. The 

group receiving dapagliflozin treatment showed 

significant decreases in plasma concentrations of 

CTnT, pro-BNP, and TNFα compared to the DOX 

control group (P<0.001) (Belen et al., 2022).  

 

Recent research (Chen et al., 2023; Reis-Mendes et 

al., 2021) indicates that pretreatment with DAPA 

substantially reduced the proportion of myocardial 

infarction size and histopathological alterations. 

According to these results, Dapagliflozin may reduce 

the damage induced by myocardial 

ischemia/reperfusion and enhance cardiac function in 

rats. In non-diabetic rodents, dapagliflozin can 

ameliorate DOX-induced cardiac dysfunction and 

pathological changes. This result suggests that 

dapagliflozin may have the potential as a preventative 

measure against myocardial harm that may occur 

during cancer treatment (Belen et al., 2022). Due to 

the critical involvement of inflammation in 

developing left ventricular dysfunction and heart 

failure, dapagliflozin demonstrates efficacy in DOX-

induced cardiac dysfunction due to the significant 

decrease in TNF-α levels. This finding opposed our 

own (Fig. 6), as the DOX+DAPA group exhibited no 

significant difference from the DOX group. Unlike the 

majority of currently available glucose-lowering 

agents, SGLT2I reduces tissue inflammation. 

Atherosclerosis-associated inhibitory effects of 

SGLT2I on the expression of circulating inflammatory 

molecules, such as TNFα, MCP-1, PECAM-1, VCAM-1, 

ICAM-1, IL-1β, and IL-6, were observed in mouse 

models (Spigoni et al., 2020; Dimitriadis et al., 2019). 

Conclusion  

Dapagliflozin successfully mitigated DOX-induced 

cardiotoxicity in rats at the concentrations utilized in 

this investigation. This phenomenon potentially 

pertains to inhibiting and safeguarding against 

oxidative stress, the pathway of apoptosis, and the 

inflammatory response.  

 

Recommendations 

Our recommendations are as follows, in accordance 

with the findings of this study: Additional clinical 

investigations are suggested in this study to explore 

the potential of dapagliflozin to prevent cardiotoxicity 

induced by doxorubicin, examine the effects of 

dapagliflozin on echocardiographic and cardiac 

hemodynamic parameters in groups treated with 

doxorubicin, conduct western blot or 

immunohistochemical analysis of pro-apoptotic 

molecules (e.g., Bax) and antiapoptotic Bcl2 

expression in cardiomyocytes to assess apoptosis in 

cardiomyocytes and conduct a longer-term study with 

a higher dapagliflozin dose. 

 

Acknowledgments 

All individuals with whom we have had the honor to 

collaborate on this and other pertinent efforts are in 

deep gratitude. My advisors have imparted invaluable 

knowledge regarding scientific inquiry and existence 

at large, in addition to offering substantial personal 

and professional counsel. 

 

References 

Abdulkareem Aljumaily SA., Demir M, Elbe H, 

Yigitturk G, Bicer Y, Altinoz E. 2021. Antioxidant, 

anti-inflammatory, and anti-apoptotic effects of crocin 

against doxorubicin-induced myocardial toxicity in 

rats. Environmental Science and Pollution Research 

International 28(46), 65802–65813. 

https://doi.org/10.1007/s11356-021-15409-w. 

 

Albakaa RN, Rizij FA, Hassan RMA. 2023. 

Potential Role of Empagliflozin to Ameliorate 

Doxorubicin Induced Cardiotoxicity in Male Rats. 

DOI: 10.26655/JMCHEMSCI.2023.3.18 

 

Alyasiry E, Janabi A, Hadi N. 2022. 

Dipyridamole ameliorates doxorubicin-induced 

cardiotoxicity. Journal of Medicine and Life 15(9), 

1184–1190. https://doi.org/10.25122/jml-2021-0199. 



 

7 Al-Shimaysawee et al.  
 

Int. J. Biosci. 2024 

Antonucci S, Di Sante M, Tonolo F, Pontarollo 

L, Scalcon V, Alanova P, Menabò R, Carpi A, 

Bindoli A, Rigobello MP, Giorgio M, 

Kaludercic N, Di Lisa F. 2021. The Determining 

Role of Mitochondrial Reactive Oxygen Species 

Generation and Monoamine Oxidase Activity in 

Doxorubicin-Induced Cardiotoxicity. Antioxidants 

and Redox Signaling, 34(7), 531–550. 

 

Aryal B, Rao VA. 2016. Deficiency in Cardiolipin 

Reduces Doxorubicin-Induced Oxidative Stress and 

Mitochondrial Damage in Human B-

Lymphocytes. PloSone 11(7), e0158376. 

 

Aziz MM, Abd El Fattah MA, Ahmed KA, Sayed 

HM. 2020. Protective effects of olmesartan and l-

carnitine on doxorubicin-induced cardiotoxicity in 

rats. Canadian Journal of Physiology and 

Pharmacology 98(4), 183-193. 

https://doi.org/10.1139/cjpp-2019-0299 

 

Belen E, Canbolat IP, Yigittürk G, Cetinarslan 

Ö, Akdeniz CS, Karaca M, Sönmez M, Erbas O. 

2022. Cardio-protective effect of dapagliflozin against 

doxorubicin induced cardiomyopathy in 

rats. European Review for Medical and 

Pharmacological Sciences 26(12), 4403–4408. 

https://doi.org/10.26355/eurrev_202206_29079 

 

Bertero E, Prates Roma L, Ameri P, Maack C. 

2018. Cardiac effects of SGLT2 inhibitors: the sodium 

hypothesis. Cardiovascular Research 114(1), 12-18. 

https://doi.org/10.1093/cvr/cvx149. 

 

Chang WT, Lin YW, Ho CH, Chen ZC, Liu PY, 

Shih JY. 2021. Dapagliflozin suppresses ER stress 

and protects doxorubicin-induced cardiotoxicity in 

breast cancer patients. Archives of Toxicology 95(2), 

659–671. 

 

Chen H, Tran D, Yang HC, Nylander S, 

Birnbaum Y, Ye Y. 2020. Dapagliflozin and 

Ticagrelor Have Additive Effects on the Attenuation 

of the Activation of the NLRP3 Inflammasome and 

the Progression of Diabetic Cardiomyopathy: an 

AMPK-mTOR Interplay. Cardiovascular Drugs and 

Therapy 34(4), 443–461. 

https://doi.org/10.1007/s10557-020-06978-y 

Chen W, Zhang Y, Wang Z, Tan M, Lin J, Qian 

X, Li H, Jiang T. 2023. Dapagliflozin alleviates 

myocardial ischemia/reperfusion injury by reducing 

ferroptosis via MAPK signaling inhibition. Frontiers 

in Pharmacology 14, 1078205. 

 

Dimitriadis GK, Nasiri-Ansari N, Agrogiannis 

G, Kostakis ID, Randeva MS, Nikiteas N, Patel 

VH, Kaltsas G, Papavassiliou AG, Randeva HS, 

Kassi E. 2019. Empagliflozin improves primary 

haemodynamic parameters and attenuates the 

development of atherosclerosis in high fat diet fed 

APOE knockout mice. Molecular and Cellular 

Endocrinology 494, 110487. 

https://doi.org/10.1016/j.mce.2019.110487 

 

Ferlay J, Steliarova-Foucher E, Lortet-

Tieulent J, Rosso S, Coebergh JW, Comber H, 

Forman D, Bray, F. 2013. Cancer incidence and 

mortality patterns in Europe: estimates for 40 

countries in 2012. European Journal of Cancer 

(Oxford, England: 1990) 49(6), 1374-1403. 

https://doi.org/10.1016/j.ejca.2012.12.027. 

 

Hasan FM, Alsahli M, Gerich JE. 2014. SGLT2 

inhibitors in the treatment of type 2 

diabetes. Diabetes Research and Clinical 

Practice 104(3), 297-322. 

https://doi.org/10.1016/j.diabres.2014.02.014 

 

Hassani Moghadam F, Taher MA, Karimi-Maleh 

H. 2021. Doxorubicin Anticancer Drug Monitoring by 

ds-DNA-Based Electrochemical Biosensor in Clinical 

Samples. Micromachines 12(7), 808. 

https://doi.org/10.3390/mi12070808 

 

Hekmat AS, Navabi Z, Alipanah H, 

Javanmardi K. 2021. Alamandine significantly 

reduces doxorubicin-induced cardiotoxicity in 

rats. Human and Experimental Toxicology 40(10), 

1781-1795. 

https://doi.org/10.1177/09603271211010896 

 

Hsia DS, Grove O, Cefalu WT. 2017. An update 

on sodium-glucose co-transporter-2 inhibitors for the 

treatment of diabetes mellitus. Current Opinion in 

Endocrinology, Diabetes, and Obesity 24(1), 73–79.  

https://doi.org/10.1371/journal.pone.0158376. 



 

8 Al-Shimaysawee et al.  
 

Int. J. Biosci. 2024 

Jiang X, Wang X. 2004. Cytochrome C-mediated 

apoptosis. Annual Review of Biochemistry 73, 87-106. 

https://doi.org/10.1146/annurev.biochem.73.011303  

 

Ko SF, Sung PH, Yang CC, Chiang JY, Yip HK. 

2023. Combined therapy with dapagliflozin and 

entresto offers an additional benefit on improving the 

heart function in rat after ischemia-reperfusion 

injury. Biomedical Journal 46(3), 100546. 

https://doi.org/10.1016/j.bj.2022.06.002 

 

Lahnwong S, Chattipakorn SC, Chattipakorn 

N. 2018. Potential mechanisms responsible for 

cardioprotective effects of sodium-glucose co-

transporter 2 inhibitors. Cardiovascular 

Diabetology 17(1), 101. 

https://doi.org/10.1186/s12933-018-0745-5 

 

Lahnwong S, Palee S, Apaijai N, Sriwichaiin S, 

Kerdphoo S, Jaiwongkam T, Chattipakorn SC, 

Chattipakorn N. 2020. Acute dapagliflozin 

administration exerts cardioprotective effects in rats 

with cardiac ischemia/reperfusion 

injury. Cardiovascular Diabetology 19(1), 91. 

https://doi.org/10.1186/s12933-020-01066-9. 

 

Liu C, Ma X, Zhuang J, Liu L, Sun C. 2020. 

Cardiotoxicity of doxorubicin-based cancer 

treatment: What is the protective cognition that 

phytochemicals provide US. Pharmacological 

Research 160, 105062. 

https://doi.org/10.1016/j.phrs.2020.105062 

 

Ma H, Kong J, Wang YL, Li JL, Hei NH, Cao 

XR, Yang JJ, Yan WJ, Liang WJ, Dai HY, Dong 

B. 2017. Angiotensin-converting enzyme 2 

overexpression protects against doxorubicin-induced 

cardiomyopathy by multiple mechanisms in 

rats. Oncotarget 8(15), 24548–24563. 

https://doi.org/10.18632/oncotarget.15595 

 

Mobaraki M, Faraji A, Zare M, Dolati P, Ataei 

M, Manshadi HD. 2017. Molecular mechanisms of 

cardiotoxicity: a review on major side-effect of 

doxorubicin. Indian J. Pharm. Sci. 79, 335-344. 

McMurray JJV, Solomon SD, Inzucchi SE, 

Køber L, Kosiborod MN, Martinez FA, 

Ponikowski P, Sabatine MS, Anand IS, 

Bělohlávek J, Böhm M, Chiang CE, Chopra 

VK, de Boer RA, Desai AS, Diez M, Drozdz J, 

Dukát A, Ge J, Howlett JG, DAPA-HF Trial 

Committees and Investigators. 2019. 

Dapagliflozin in Patients with Heart Failure and 

Reduced Ejection Fraction. The New England journal 

of Medicine 381(21), 1995-2008. 

https://doi.org/10.1056/NEJMoa1911303 

 

Nicol M, Sadoune M, Polidano E, Launay JM, 

Samuel JL, Azibani F, Cohen-Solal A. 2021. 

Doxorubicin-induced and trastuzumab-induced 

cardiotoxicity in mice is not prevented by 

metoprolol. ESC Heart Failure 8(2), 928-937. 

https://doi.org/10.1002/ehf2.13198 

 

Oliveira MS, Melo MB, Carvalho JL, Melo IM, 

Lavor MS, Gomes DA, de Goes AM, Melo MM. 

2013. Doxorubicin Cardiotoxicity and Cardiac 

Function Improvement After Stem Cell Therapy 

Diagnosed by Strain Echocardiography. Journal of 

Cancer Science and Therapy 5(2), 52–57. 

https://doi.org/10.4172/1948-5956.1000184 

 

Oner Z, Altınoz E, Elbe H, Ekinci N. 2019. The 

protective and therapeutic effects of linalool against 

doxorubicin-induced cardiotoxicity in Wistar albino 

rats. Human and Experimental Toxicology 38(7), 

803-813. DOI: 10.1177/0960327119842634 

 

Pizzino F, Vizzari G, Bomzer CA, Qamar R, 

Carerj S, Zito C, Khandheria BK. 2014. 

Diagnosis of Chemotherapy-induced Cardiotoxicity. J 

Patient Cent Res Rev. 1, 121-27. 

 

Plosker GL. 2014. Dapagliflozin: a review of its use in 

patients with type 2 diabetes. Drugs 74(18), 2191–2209. 

https://doi.org/10.1007/s40265-014-0324-3 

 

Reis-Mendes A, Padrão AI, Duarte JA, 

Gonçalves-Monteiro S, Duarte-Araújo M, 

Remião F, Carvalho F, Sousa E, Bastos ML, 

Costa VM. 2021. Role of Inflammation and Redox 

Status on Doxorubicin-Induced Cardiotoxicity in 

Infant and Adult CD-1 Male 

Mice. Biomolecules 11(11), 1725. 

https://doi.org/10.3390/biom11111725 



 

9 Al-Shimaysawee et al.  
 

Int. J. Biosci. 2024 

Scheen AJ. 2015. Pharmacodynamics, efficacy and 

safety of sodium-glucose co-transporter type 2 

(SGLT2) inhibitors for the treatment of type 2 

diabetes mellitus. Drugs 75(1), 33–59. 

https://doi.org/10.1007/s40265-014-0337-y 

 

Scheen AJ. 2020. Sodium-glucose cotransporter 

type 2 inhibitors for the treatment of type 2 diabetes 

mellitus. Nature reviews. Endocrinology 16(10), 

556–577. https://doi.org/10.1038/s41574-020-0392-2 

 

Shibusawa R, Yamada E, Okada S, Nakajima 

Y, Bastie CC, Maeshima A, Kaira K, Yamada 

M. 2019. Dapagliflozin rescues endoplasmic 

reticulum stress-mediated cell death. Scientific 

reports, 9(1), 9887. 

https://doi.org/10.1038/s41598-019-46402-6 

 

Spigoni V, Fantuzzi F, Carubbi C, Pozzi G, 

Masselli E, Gobbi G, Solini A, Bonadonna RC, 

Dei Cas A. 2020. Sodium-glucose cotransporter 2 

inhibitors antagonize lipotoxicity in human myeloid 

angiogenic cells and ADP-dependent activation in 

human platelets: potential relevance to prevention of 

cardiovascular events. Cardiovascular 

Diabetology 19(1), 46. 

https://doi.org/10.1186/s12933-020-01016-5 

 

Wang L, Zhang TP, Zhang Y, Bi HL, Guan XM, 

Wang HX, Wang X, Du J, Xia YL, Li HH. 2016. 

Protection against doxorubicin-induced myocardial 

dysfunction in mice by cardiac-specific expression of 

carboxyl terminus of hsp70-interacting 

protein. Scientific Reports 6, 28399. 

https://doi.org/10.1038/srep28399 

 

 

Wilding J, Fernando K, Milne N, Evans M, Ali 

A, Bain S, Hicks D, James J, Newland-Jones P, 

Patel D, Viljoen A. 2018. SGLT2 Inhibitors in Type 

2 Diabetes Management: Key Evidence and 

Implications for Clinical Practice. Diabetes Therapy: 

Research, Treatment and Education of Diabetes and 

Related Disorders 9(5), 1757–1773. 

https://doi.org/10.1007/s13300-018-0471-8 

World Health Organization. Available at: https:// 

www.who.int/news-room/fact-

sheets/detail/noncommunicable- diseases.  

 

Wu S, Ko YS, Teng MS, Ko YL, Hsu LA, Hsueh 

C, Chou YY, Liew CC, Lee YS. 2002. Adriamycin-

induced cardiomyocyte and endothelial cell 

apoptosis: In vitro and in vivo studies. Journal of 

Molecular and Cellular Cardiology 34(12), 1595–

1607. https://doi.org/10.1006/jmcc.2002.2110 

 

Yeh ET, Tong AT, Lenihan DJ, Yusuf SW, 

Swafford J, Champion C, Durand JB, Gibbs H, 

Zafarmand AA, Ewer MS. 2004. Cardiovascular 

complications of cancer therapy: diagnosis, 

pathogenesis, and management. Circulation 109(25), 

3122–3131. 

https://doi.org/10.1161/01.CIR.0000133187.74800.B9 

 

 

 

 

 

 

 

 

 

 


