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 Cardiomyopathy specifically affects the structure and function of the 

heart muscle. It is the leading cause of death. Our aim was to elucidate 

role and therapeutic mechanisms of empagliflozin on cardiac 

dysfunction induced experimentally in non-diabetic rats by three 

different models for 13 weeks. 64 male Albino rats were divided in 8 

groups (n=8). 1A received 1ml saline daily by oral gavage for 8 weeks. 

2A, 3A were subjected to High Salt and Fat diet for 8,7 weeks 

respectively, 4A were injected with Doxorubicin intraperitoneally at 

weekly doses of 5 mg/kg for 5 weeks then treated with Empagliflozin 

daily from 8th week at a dose of (10 mg/kg) daily by oral gavage for 5 

weeks in groups 1B, 2B, 3B, 4B. Body weight (BW), Systolic blood 

pressure (SBP), Electrocardiograph (ECG), Echocardiography were 

recorded at the start, 8th week and at the end of the experiment. At the 

end of the study, Heart /Body weight (HW/BW) ratio was measured, 

blood samples for estimation of serum glucose, cholesterol, triglycerides 

and (BNP) levels, while heart homogenate for (TNFα) and (MDA) 

estimation. Empagliflozin lowered BW (except increased in DOX), 

blood pressure, HW/BW ratio in all groups. Improved ECG ischemic 

changes (HFD), QT prolongation in (DOX), Systolic and diastolic 

function in ECHO. Biochemically, glucose, cholesterol and triglycerides 

levels were decreased in (HFD) in addition to reduced serum BNP, TNF 

and MDA of heart homogenate in all groups. Empagliflozin had a cardio 

protective that may be related to its anti-inflammatory, antioxidant 

effect. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Cardiomyopathy affects the structure and function of the heart muscle. Heart failure is a leading cause of 
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death in developed countries with increased prevalence in developing countries [1]. Obesity and 

hypertension are major risk factors for mortality from CardioVascular Diseases (CVD) [2]. High salt diet as 

in packaged foods are associated with HTN and CVD [3]. Moreover, epidemiologic studies revealed a 

strong correlation between CVD and intake of high fat diet [4]. In cancer patients, cardiac affection is 

related to: (i) cardiac status of the patient (ii) cancer itself and (iii) cancer therapy. Doxorubicin constitutes 

the typical model of chemotherapy-induced cardiotoxicity [5]. Early detection of cardiotoxicity in high-risk 

patients and treatment by a drug with cardioprotective effect that could temporize the disease progression 

and decrease the hospital burden of CVD is urgently needed. Empagliflozin is one of the anti-diabetic drugs 

with potent and highly selective SGLT2i, which reduces CVD and overall mortality in T2DM patients [6]. 

 

2. Aim of the Work 

The aim of the present study is to elucidate the cardiovascular role and therapeutic mechanisms of 

empagliflozin on ameliorating cardiac dysfunction induced experimentally in nondiabetic rats by three 

different models (High Salt Diet, High Fat Diet and Doxorubicin) which represent common risk factors of 

heart failure. 

 

3. Methods 

 

3.1 Ethics statement 

The experimental protocols were conducted in accordance with The Cairo University Institutional Animal 

Care and Use Committee (CU-IACUC) with Approval number (CU III F 80 18). 

 

3.2 Experimental animals 

64 male Sprague Dawley Albino rats, weighing 170-200 g were used. All rats were housed in a room at a 

constant temperature of 23 ± 10 C, humidity of 60% ± 10%, and a 12 hr light/dark cycle. The animals were 

housed in groups and kept at constant nutritional conditions through out the experimental period 

 

3.3 Drugs 

1. Empagliflozin powder dissolved in distilled water (suspended in water and given freshly to rats) 

(Glaxo- Wellcome, Egypt). 

2. Doxorubicin hydrochloride vial (Preservative-Free Solution) (United Pharmaceuticals, Egypt). 

3.Ketamine and Xylazine for anaesthesia (United Pharmaceuticals, Egypt). 

4. Urethane for euthanasia (United Pharmaceuticals, Egypt).  

5. Kits for Blood glucose (Bio diagnostic Co. Egypt) 

6. Kits for Fasting cholesterol, triglycerides (Biodiagnostic Co. Egypt)  

7. Kits for Brain natriuretic peptide (BNP) (Biodiagnostic Co. Egypt) 

8. Kits for Tumor necrosis factor alpha (TNFα) Biodiagnostic Co. Egypt)  

9. Kits for Malondialdehyde (MDA) (Biodiagnostic Co. Egypt).  

 

3.4 Experimental design 

• 64 male Albino rats were divided in 8 groups (each group contained 8 rats) 

• Total time of the experiment was 13 weeks 

 

Animal groups and study Design 

1-Control 2-Salt 3-Fat 4-DOX 

1-A 1-B 2-A 2-B 3-A 3-B 4-A 4-B 
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Control Control 

Empagliflozin 

treated 

HSD-control HSD- 
Empagliflozin 

treated 

HFD- 
control 

HFD- 
Empagliflozin 

treated 

DOX- 
control 

DOX- 
Empagliflozin 

treated 

 

1A received 1ml saline daily by oral gavage for 8 weeks, 2A were subjected to High Salt Diet (HSD) 

(containing 8% NaCl) and drink 1% saline water [7] for 8 weeks [8], 3A High Fat Diet group (HFD) 

(contais 35% carbohydrate, 20% protein, 45% fat divided as saturated fatty acids (SAT), 36.3%; 

monounsaturated fatty acids (MUFA) 45.3%; polyunsaturated fatty acids (PUFA) 18.5%). The HFD 

provided 4.73 kcal/g of energy [9] for 7 weeks [10], 4A were injected with Doxorubicin (DOX) 

intraperitoneally at doses of 5 mg/kg for weekly 5 weeks [11] then groups 1B, 2B, 3B& 4B were treated 

with empagliflozin daily from 8th week at a dose of (10 mg/kg) daily by oral gavage for 5 weeks [12]. 

 

3.5 Measurements 

A-Experimental Measurements 

In each group, Body weight (BW), Systolic blood pressure (SBP), Electrocardiography (ECG), 

Echocardiographic study were measured and identified in each rat at the start, at the 8th week and at the end 

of the experiment 

 

1- BW(gm): 

Rats were weighed in grams 

 

2- SBP(mmHg): 

SBP was measured non-invasively using a rat tail sphygmomanometer. The animals were kept in restrainers 

after acclimatizing them, the tail was passed through the hole of the cuff. The cuff was inflated by the pump 

and the pressure in the cuff was raised until the pulse was eliminated which denotes the systolic BP. [13]. 

The SBP then calculated as the mean of at least 3 readings. 

 

3-  ECG: 

Rodents were placed in a dorsal recumbence position on a wooden table covered with plastic material then 

the animals were anaesthetized with ketamine/xylazine (60/6mg/kg respectively). Gel was applied, and 

three electrodes were subcutaneously connected to the limbs of animals attached for recording lead II ECG. 

The Red Black and Green needle electrodes plugged into Channel 1 positive, Ch1 negative and ground 

respectively for ECG recording [14]. The ECG is digitized and stored with the use of standard PC- based 

hardware (AD Instruments. ECG is subjected to off-line analysis of heart rate (HR), QT intervals, ST 

segment changes and R wave amplitude. 

 

4- Echocardiography: 

Echocardiography was done for evaluation of functional and structural cardiac changes. The heart was first 

imaged in two-dimensional (2D) mode using parasternal short-axis view of the left ventricle, once the 

papillary muscle was well visualized, the 2 D and M-mode images were recorded to measure anterior and 

posterior wall thicknesses as well as LV internal dimensions according to the American Society of 

Echocardiography (ASE) [15]. 

(i) Assessment of cardiac Functional changes 

a-Estimation of systolic Function - Ejection Fraction (EF): 

Left ventricular ejection fraction (LVEF) is calculated from: LVEF: [SV/EDV] x 100. LVEF was 

automatically measured at M-Mode after measurement of LVISd and LVIDs [16]. 

b-Estimation of Diastolic Function (E/A ratio). 
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Two-dimensionally guided pulsed-wave Doppler spectra of mitral inflow were recorded from an apical four 

chamber view near the tips of the mitral leaflets. Measurements include large peak early filling velocity (E 

velocity), smaller late filling velocity (A velocity), their ratio (E/A). Normal diastolic function E/A ratio 

more than1. Reversed E/A ratio means impaired relaxation pattern for left ventricle and diagnose grade 1 

diastolic dysfunction [17]. 

 

(ii) Assessment of structural changes 

a- Evidence of LV Hypertrophy: By measurement of Interventricular septum (I.V.S) at M -mode [15] 

b- Evidence of LV dilatation: By measurement of Left Ventricular Internal Dimension in diastole 

(LVIDd) at M -mode 

 

B-Biochemical Measurements: 

1- Estimation of Glucose, cholesterol, and triglycerides (mg/dl). 

They were measured in serum (mg/dl), using commercially available kits according to the manufacturers’ 

protocols (Biodiagnostic, Egypt). 

 

2- Brain Natriuretic Peptide (BNP) Level by ELISA (PG/ML). 

This ELISA kit used was Sandwich-ELISA as the method. It was measured spectrophotometrically at a 

wavelength of 450 nm (SunLong Biotech CO, user manual). 

 

3- (MDA) Lipid peroxides Malondialdehyde measurement (nmol/gm tissue). 

Heart tissue MDA was assayed by a commercial kit supplied by (Biodiagnostic, Egypt). 

Thiobarbituric acid (TBA) reacts with malondialdehyde (MDA) in acidic medium at temperature of 95°C 

for 30 min to form thiobarbituric acid reactive product. The absorbance of the resultant pink product can be 

measured at 534 nm. 

 

4- (TNF alpha) Tumour necrosis factor alpha in rat heart tissue by QRT-PCR gene expression 

(nmol/gm tissue). 

 

The heart tissue was processed for RNA extraction followed by reverse transcription (for cDNA synthesis) 

and quantitative real time PCR. 

 

3.6 Statistical Analysis 

Data were coded and entered using the statistical package SPSS (Statistical Package for the Social Sciences) 

version 24. Data was summarized using mean and standard error of mean (SEM) in quantitative data using 

frequency (count) and relative frequency (percentage) for categorical data. Comparisons between groups 

were done using ANOVA with post hoc test [18]. P-values less than 0.05 were considered as statistically 

significant. 

 

4. Results 

At the beginning of the study there was no statistically significant difference in BW, BP, ECG, 

Echocardiographic parameters between all studied groups. 

 

Part 1: Experimental Parameters 

1- BW (gm) 

Ⅰ-BW at the 8th week in untreated groups (after induction) (gm) 

There was significant weight loss in salt and doxorubicin group (21% &32% respectively) compared to 
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control group, while there was significant weight gain in fat induced group (5.4%) compared to control 

group. Table (1) 

 

Ⅱ- BW at the end of the study (after treatment with Empagliflozin) (gm) 

There was significant weight loss in control and fat groups treated with empagliflozin compared to their 

control groups, but there was significant weight gain at the end of the study in Doxorubicin group treated 

with empagliflozin compared to untreated Doxorubicin group while there was no significant weight 

difference between both Salt groups Table (2). 

 

2- Heart/Body Weight (HW/BW) Ratio 

Ⅰ- HW/BW Ratio in untreated groups 

There was significant increase in HW/BW ratio in all untreated groups compared to control group and more 

noted in DOX group (150%) Table (3) 

 

Ⅱ- HW/BW Ratio in empagliflozin treated groups compared to untreated groups. 

There was no significant difference in HW/BW Ratio in control group treated with empagliflozin compared 

to control group but there was significant decrease in HW/BW ratio (33%) in salt and fat groups but (40%) 

in Doxorubicin treated with empagliflozin groups compared to Salt, Fat, and Doxorubicin untreated groups 

respectively Table (4). 

 

3- SBP(mmHg) 

Ⅰ-SBP -8th week in untreated groups 

There was significant increase in SBP in salt and fat cardiac dysfunction induced groups (+24% & +22% 

respectively) compared to control group, while there was no significant change in SBP in DOX group. 

Table (5). 

 

Ⅱ- SBP in mmHg at the end of the study 

There was significant decrease in SBP (17.5% reduction) in control treated, (40% reduction) in salt treated 

(32% reduction) in fat treated empagliflozin groups compared to control, Salt and Fat untreated groups 

respectively while no significant difference in SBP in Doxorubicin untreated and Doxorubicin treated 

empagliflozin group was noticed. Table (6) 

 

4- ECG 

Ⅰ-ECG 8th week (after induction) and End of the study (after treatment with empagliflozin) 

ECG changes showed that Salt induction caused significant increase in R wave amplitude denoting left 

ventricular wall hypertrophy (LVH), Fat induction caused significant ischemic changes and increase in R 

wave amplitude Table (7). At the end of the study, DOX induction caused significant prolonged QT interval 

compared to control group. Treatment with empagliflozin prevented QT prolongation in DOX group, 

improved ST segment changes in HFD group. Table (8). ECG Tracing after induction for control, salt, fat 

and dox groups shown in Figure (1- A,B,C and D )respectively and also ECG tracing after empagliflozin 

treatment effect on ischemic changes in fat treated compared to untreated groups shown in Figure (2 A and 

B ) respectively. 

 

5- Echocardiography 

Ⅰ-Echocardiographic changes after induction -8th week 

There was significant decrease in systolic function estimated by Ejection Fraction in salt, fat and 

doxorubicin groups compared to control group. As regarding diastolic function, reversed E/A ratio noted in 
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salt, fat and doxorubicin groups compared to control group. There was increase in LVIDd in fat and 

doxorubicin induced groups compared to control group. while there was no significant difference in IVS 

(parameter for hypertrophy) between all studied groups Table (9). 

 

Ⅱ- Echocardiographic changes after treatment with Empagliflozin at the end of the study 

There was no statistically significant difference between control and control treated groups. There was 

significant increase (improvement) in EF (Systolic function) in all empagliflozin treated groups and 

improved E/A ratio (diastolic function) in salt and fat treated groups compared to their untreated groups. 

Significant decrease in LVIDd in Doxorubicin treated empagliflozin group was found compared to 

Doxorubicin untreated group (Figure 3) and in IVS diameter in Salt treated empagliflozin group compared 

to salt induction untreated group (Table 10) 

 

Part 2: Biochemical parameters 

Ⅰ-Effect of empagliflozin on serum glucose levels 

HFD untreated group showed significant increase in serum glucose levels compared to control group. 

Empagliflozin significantly decreased glucose levels in fat treated empagliflozin group. There was no 

significant difference in other studied groups figure (4A). 

 

Ⅱ-Effect of empagliflozin on lipid profile (cholesterol &Triglycerides). 

HFD untreated group showed significant increase in serum cholesterol & triglycerides levels compared to 

control group. That was significantly decreased in HFD treated empagliflozin group (4B). 

 

Ⅲ-Effect of empagliflozin on BNP levels (pg/ml) 

All induced untreated groups showed significant increase in BNP levels compared to control group. While 

empagliflozin significantly decreased BNP levels in all treated groups as shown figure (4C). 

 

Ⅳ-Effect of empagliflozin on TNF & MDA in heart homogenate (nmol/gm tissue) 

All induced untreated groups showed significant increase in TNF & MDA in heart homogenate levels 

compared to control group. While empagliflozin significantly decreased TNF & MDA levels in all treated 

groups as shown in figure (4 D and E) respectively. 

 

5. Discussion 

The present study aims to show the effect of empagliflozin in non-diabetic induced cardiac dysfunction by 

three different models: high salt diet, high fat diet and Doxorubicin to detect the ability of the drug to treat 

heart failure whatever the etiology. HSD group showed no significant weight changes, with significant 

increase in HW   and SBP which was in accordance with other studies showed that HSD on male mice led 

to decreased digestive efficiency and weight loss [19]. Also noted that HW, LV weight and HW index were 

higher in HS group. This may be related to exposure to HSD which led to increase in BP with 

compensatory hypertrophy [20]. High fat diet (HFD) group was associated with increased BW, significant 

increase in HW/BW ratio and SBP. These results agreed with several studies that showed rats on 

hypercaloric fat diet gained weight [21]. In DOX untreated group, there was significant weight loss with 

significant increase in HW/BW ratio. The same results were noted in previous studies that showed that 

oxidative load induced by DOX could affect digestive tract that reduced food intake and induced loss of 

weight [22]. After 5 weeks of empagliflozin treatment, there was significant decrease in BW in control and 

fat treated groups and significant weight gain in DOX treated group. Moreover, there was significant 

reduction in HW/BW ratio in salt, fat and Dox treated groups compared to untreated groups indicating that 

empagliflozin lessen the evidence of cardiac hypertrophy. Empagliflozin, the sodium glucose cotransporter 
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2 inhibitor (SGLT2i), through its renal effect of glucose excretion (glycosuric), resulted in loss of calories 

and decreased body weight [23]. Also mitigates the reduction of Na delivery to the distal nephron 

(natriuretic effect) and promotes weight and blood pressure reduction that leads to improvement of 

cardiovascular outcomes in high risk T2DM [24]. Increased delivery of sodium and chloride to the macula 

densa by empagliflozin could influence other neurohormonal factors such as local RAAS inhibition with the 

reduction of aldosterone and the risk of heart failure [25]. 

 

Significant increase in serum blood glucose, cholesterol and triglycerides levels were noted only in fat 

untreated group which significantly improved after treatment with empagliflozin. It has been suggested that 

hemoconcentration led to   increased plasma lipid levels [26]. However, in other clinical trials no changes in 

LDL-C or TGs were observed between DM patients and those treated with empagliflozin [27]. However, no 

change in blood glucose level in control group as the liver increase glucose production Untreated high fat 

diet group showed significant ST segment depression which could be due ischemia or left ventricular 

hypertrophy [28]. In DOX untreated group, there was significant prolonged QT interval. These results were 

in accordance with other studies who noted that the most consistent ECG changes in DOX were widening 

of QRS complex and QT prolongation which indicated delayed repolarization and a negative chronotropic 

effect [29]. A major risk of fatal ventricular arrhythmias is long QT that is characterized by delayed cardiac 

repolarization [30]. Oxidative stress causes IKr (determinant of the phase 3 of cardiac action potential) 

dysfunction and the consequent QT prolongation. Untreated High Salt Diet group showed significant LVH 

as evident by tall R wave and increased septal wall thickness. These results were consistent with other study 

that concluded untreated HSD rats showed LV hypertrophic remodeling characterized by a marked 

increased wall thickness compared to Normal Salt (NS) diet rats [20]. Concerning cardiac functional 

changes, there was significant decrease in systolic function estimated by decreased ejection fraction (EF) 

and grade I diastolic function estimated by reversed E/A ratio noted in salt, fat and DOX untreated groups 

compared to control group. Same finding was noted in HSD model [31]. HSD could give rise to increased 

cardiomyocyte hypertrophy, oxidative stress with related DNA damage, and apoptosis that led to more 

impairment of systolic and diastolic functions [32]. HFD induced a hypertrophy-like cardiac phenotype, 

characterized by a higher basal contractile force, with impaired recovery from further workloads and 

reduced insulin-mediated protection against Ca2+ overload (10). DOX exposure can lead to increased 

sensitivity to cardiomyocyte apoptosis, which may cause a gradual loss in cardiomyocytes over time and 

dilated cardiomyopathy [33]. 

 

BNP is a good biochemical marker for heart failure, BNP is a natriuretic peptide predominantly increased in 

failing or hypertrophied heart [34]. The natriuretic peptides (atrial natriuretic factor, ANP and brain 

natriuretic peptide, BNP) control the extracellular fluid volume and electrolyte homeostasis. Accordingly, 

significant elevated BNP level was found in all models of cardiac dysfunction. The same was noted by other 

studies that found that NPPA and NPPB (genes encoding for ANP and BNP) can be increased 

predominantly in heart failure and cardiac hypertrophy. Empagliflozin significantly lowered BNP levels 

[35]. The cardioprotective effect of empagliflozin in ameliorating adverse cardiac remodeling and enhance 

systolic function in all studied models, together with reduction of BNP. was in accordance with other 

studies demonstrating a cardioprotective effect of empagliflozin in non-diabetic animal models with HF 

[36], [37]. Metabolic switch from glucose utilization to FFA (which produce more energy compared with 

glucose) could explain that beneficial effect. Morever, ketone bodies utilization (results from decrease in 

the portal insulin-to-glucagon ratio that causes lipolysis and ketogenesis also increased hematocrit) could 

enhance oxygen delivery to the myocardium [38]. SGLT2 inhibitors affect intracellular Ca2+ metabolism. 

Overexpression and activation of Ca2+/calmodulin dependent kinase II (CaMKII) are hallmarks of HF. 

Empagliflozin reduces CaMKII activity and CaMKII dependent Ca2+ leak from the sarcoplasmic reticulum 
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that may contribute to its beneficial effect [40]. As a marker of oxidative stress, MDA in cardiac tissue was 

measured and showed significant increase in all untreated groups compared to control group which were in 

accordance with other study showed that in HFD-induced obesity, a significant increase in MDA in hepatic, 

heart, and renal tissues, this may probably contribute to the additional progression of obesity related CVD 

[41]. In untreated DOX group, the same finding of marked increase in cardiac tissue MDA [42]. DOX 

cardiotoxicity may be related to increased ROS that caused myocardium damage and necrosis [22]. These 

findings were consistent with similar studies that have shown that acute and chronic administration of DOX 

could affect intracellular Ca2+ metabolism on a dose-dependent manner which had a negative effect on the 

contractility of cardiac muscles that could progress to congestive heart failure [43], also DOX cardiotoxicity 

led to cardiomyocytes apoptosis through the oxidative stress e.g. ROS and depletion of endogenous 

antioxidants [44]. In support, studies have shown that antioxidants could ameliorate the DOX cardiotoxicity 

[22]. 

 

As a marker of inflammatory process, there was a significant increase in TNF-α in heart homogenate in all 

three models. These findings were in accordance with other study showed that TNF-α was increased in 

SHR atrial and ventricular tissue compared to control group [45]. Cardiac TNF-α over-expression can 

induce apoptosis, progressive chamber dilation, and contractile dysfunction [46]. TNF- alpha is the major 

protein associated with obesity, which plays a very important role in regulating body fat metabolism [47]. 

DOX caused the elevation of TNF-α in heart tissue compared to the control group. In support, several 

studies showed that involvement and up-regulation of proinflammatory cytokines such as (TNF-α) in DOX 

cardiotoxicity due to the activation of nuclear factor kappa-B (NF-κB) that is associated with 

cardiomyopathy [48], [49]. The expression of TNF-α‚ a pivotal proinflammatory cytokine‚ regulates a 

series of inflammatory reactions which leads to cardiomyopathy and decrease in antioxidant capacity [50]. 

At the level of clinical studies, serum TNF-α significantly increased in serum in patients with HF [51]. 

Interestingly, empagliflozin significantly attenuated TNF-α release in cardiac tissue. upregulation of atrial 

and ventricular expression of PPARα, natriuretic peptides and TNF‑α were all restored by empagliflozin 

treatment [40]. Finally, it may be concluded that not only the natriuretic, osmotic effects of empagliflozin 

but also the anti-inflammatory, antioxidant properties and novel therapeutic targets are involved in its 

cardioprotective effect. 

 

6. Conclusion 

In this study, we suggest that empagliflozin had the ability to treat heart failure whatever the cause by three 

different models in non-diabetic rats through anti-inflammatory and antioxidant effect which was evident by 

measurements of biochemical and parameters together with systolic blood pressure measurements, ECG 

and Echo. 
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Table (1): Body Weight 8th week in untreated groups (after induction)-gm 

BW Control Salt Fat Dox 

start 
(gm) 

171.67±2.89 170.17±4.71 173.33±5.16 171.67±4.08 

8th 

(gm) 
275±30 217.5±28.24* 290.83±15.63* 186.67±8.76* 

Values are presented as mean ±SD (P<0.05) 

*: statistically significant compared to corresponding value in control group. 

 

Table (2): Body weight in grams at end of the study (after empagliflozin treatment) 

 Control Control-ttt Salt salt-ttt Fat fat-ttt Dox Dox-ttt 

 

BW end 

(gm) 

295± 

18.03 

211.67± 

2.89 * 

189.17 

±9.17 

218.33 

±42.74 

263.33 

±21.37 

238.33 

±11.69 $ 

190.83 

±10.21 

242.5 

±17.82 @ 

Values are presented as mean ±SD (P<0.05) 

*, $, @: statistically significant compared to corresponding to control, fat non-treated group and 

doxorubicin non-treated group respectively. 

 

Table (3): Heart/Body Weight Ratio in untreated groups 

 Control Salt Fat Dox 

HW/BW ratio 
0.002± 

0 

0.004± 

0.001 * 

0.004± 

0.001 * 

0.005± 

0.001 * 

Values are presented as mean ±SD (P<0.05) 

*: statistically significant compared to corresponding value in control group 

 

Table (4): Heart/Body Weight (HW/BW) Ratio in empagliflozin treated groups compared to untreated 

groups. 

 
Control Control-ttt Salt salt-ttt Fat fat-ttt Dox Dox-ttt 

HW/BW 

ratio 

0.002± 

0 

0.002± 

0 

0.004± 

0.001 

0.003± 

0.001# 

0.004± 

0.001 

0.003± 

0$ 

0.005± 

0.001 

0.003± 

0 @ 

Values are presented as mean ±SD (P<0.05) 

#, $, @: statistically significant compared to corresponding value in salt non-treated, fat non-treated and 

doxorubicin non-treated groups respectively. 

 

Table (5): SBP in mmHg 8th week (after induction) 
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 Control Salt Fat Dox 

SBP 
(mmHg) 

102±6.24 135.83±21.07* 131±20.59* 99.17±5.85 

Values are presented as mean ±SD (P<0.05) 

*: statistically significant compared to corresponding value in control group 

 

Table (6): SBP at the end of the study (after treatment with Empagliflozin) 

 
Control Control-ttt Salt salt-ttt Fat fat-ttt Dox Dox-ttt 

SBP 

(mmHg) 

105.67± 

5.13 

89± 

5.29 * 

159.33± 

8.76 

95.67± 

7.12 # 

140.83± 

18.55 

94.17± 

5.85 $ 

97.33± 

9.2 

88.33± 

6.06 

Values are presented as mean ±SD (P<0.05) 

*, #, $: statistically significant compared to corresponding value in control, salt non-treated and fat non- 

treated groups respectively. 

 

Table (7): ECG on 8th week (after induction of cardiac dysfunction) 

 Control Salt Fat Dox 

R Amplitude (mV) 
0.27± 
0.08 

0.8± 
0 * 

0.62± 
0.15 * 

0.35± 
0.02 

QT (s) 
0.068± 

0.02 
0.061± 

0.03 
0.0629± 

0.04 
0.0465± 

0.01 

ST height (mV) 
-0.034± 
0.01 

-0.040± 
0.02 

-0.037± 
0.02 

-0.045± 
0.04 

Values are presented as mean ±SD (P<0.05) 

*: statistically significant compared to corresponding value in control group 

 

Table (8): ECG at the end of the study -13th week (after treatment with empagliflozin) 

 
Control 

Control 
+ttt 

Salt 
Salt 
+ttt 

Fat 
Fat 
+ttt 

Dox 
Dox 
+ttt 

QT (s) 0.07± 
0.01 

0.06± 
0 

0.07± 
0.01 

0.06± 
0.01 

0.06± 
0 

0.05± 
0.01 

0.09± 
0.01* 

0.06± 
0 @ 

R 

(mV) 
0.3± 

0.05 

0.28± 

0.06 

0.77± 

0.07* 

0.67± 

0.07* 

0.66± 

0.05* 

0.61± 

0.06 * 

0.35± 

0.07 

0.32± 

0.04 

ST 

(mV) 

0.044 
±0.03 

0.051 
±0.01 

0.055 
±0.02 

0.52 
±0.03 

-0.1661 
±0.07* 

-0.0454 
±0.05$ 

0.0435 
±0.04 

0.0393 
±0.02 

Values are presented as mean ±SD (P<0.05) 

*, #, $, @: statistically significant compared to corresponding value in control, salt non treated, fat non- 

treated and doxorubicin non-treated groups respectively. 

 

Table (9): Echocardiographic changes 8th week (after induction) 

 Control Salt Fat Dox 

 

EF (%) 

 

78.83±1.26 

 

50.17±4.58 * 

 

46.5±5.01* 

 

34.83±1.72 * 
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E/A ratio 

 

1.53±0.06 

 

0.64±0.02* 

 

0.68±0.07* 

 

0.37±0.05* 

LVID -D 

(mm) 

 

19.33±1.53 

 

19.33±1.86 

 

24±1.55* 

 

23.5±2.51* 

IVS 

(mm) 

 

13.33±1.15 

 

12.83±0.41 

 

12.67±0.52 

 

12.83±1.47 

Values are presented as mean ±SD (P<0.05) 

*: statistically significant compared to corresponding value in control group 

 

Table (10): Echocardiographic changes end of the study (after treatment with Empagliflozin) 

 Control Control-ttt Salt salt-ttt Fat fat-ttt Dox Dox-ttt 

EF 
(%) 

78.33± 
1.15 

80.33± 
1.53 

31.33± 
2.8* 

74.33± 
2.73 # 

21.5± 
4.55* 

73.67± 
1.63 $ 

21± 
3.29* 

53.5± 
1.64 @ 

E/A 

ratio 

1.39± 

0.03 

1.41± 

0.09 

0.57± 

0.16* 

1.46± 

0.06 # 

0.57± 

0.08* 

1.45± 

0.13 $ 

0.35± 

0.16* 

0.53± 

0.08 

LVID - 

D mm) 

18.67± 

1.53 

21.67± 

5.03 

17.67± 

3.01 

17.83± 

0.98 

20.5± 

5.13 

21.5± 

6.12 

41.83± 

10.25* 

24± 

3.95 @ 

IVS 

(mm) 

12.67± 

2.31 

12.33± 

2.08 

15.17± 

0.75* 

13.83± 

0.75 # 

13.83± 

1.33 

13.5± 

1.38 

13.83± 

1.47 

13.83± 

1.6 

Values are presented as mean ±SD (P<0.05) 

*, #, $, @: statistically significant compared to corresponding value in control group, salt non-treated group, 

fat non-treated group and doxorubicin non-treated group respectively. 

EF: Ejection Fraction, LVID -D: left ventricular internal dimension in diastole, IVS: Inter ventricular 

septum 

 

 
Figure-1: ECG tracing after induction (8th week) – A-control (normal   R wave   amplitude) B- salt group 

(high R wave amplitude –LV hypertrophy). C- Fat group (high R wave amplitude –LV hypertrophy) D- 

DOX group (normal R wave amplitude). 
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Figure-2: ECG tracing for Fat group(end) 

A- Fat untreated:(ST depression - ischemic changes) 

B- Fat - Empagliflozin treated: (normal ST degment -No ischemic changes) 

 

 
Figure -3: Echocardiography in rat- Doxorubicin untreated at the end of the study A-significant dilated 

cardiomyopathy in untreated group B- normal dimension and function in empagliflozin treated group 
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Figure-4: Biochemical parameters in all studied groups A- Serum blood glucose levels B- Serum 

cholesterol and triglycerides levels C- Serum BNP (pg/dl) levels D- TNF alfa heart homogenate levels 

(nmol/gm tissue) E- MDA heart homogenate levels (nmol/gm tissue) 

Values are presented as mean ±SD (P<0.05) 

*, #, $, @: statistically significant compared to corresponding value in control group, salt non-treated group, 

fat non-treated group and doxorubicin non-treated group respectively. 


