Possible cardiac benefits of combination of oral semaglutide and empagliflozin in treatment of type2 diabetic rats
Abstract:
Background: Throughout the last thirty years, the occurrence of diabetes has significantly risen in low- and middle-income countries. Diabetes is associated with both micro- and macrovascular complications. For numerous people with type 2 diabetes, the use several glucose-lowering treatments can be necessary to attain good glycemic control. Oral semaglutide is the 1st GLP-1RA accessible in tablet form, potentially enhancing management intensification had GLP-1RAs and giving an alternative for cases who prefer oral glucose-lowering treatment to attain superior glycemic control. Empagliflozin, a selective sodium-glucose cotransporter 2 inhibitor (SGLT2I), decreases hyperglycemia in cases had type 2 diabetes mellitus by diminishing renal glucose reabsorption and rising urinary glucose excretion. Aim of the study: The objective of the present research is to evaluate the possible benefits of the combination of oral empagliflozin and semaglutide in the management of type 2 diabetic rats and some of its associated CVS complications. Methods: Rats have been categorized into: Group 1: control normal group. Group 2: wasn’t managed diabetic (diseased group). Group 3: was managed with oral semaglutide. Group 4: was managed with empagliflozin. Group 5: was managed with oral semaglutide and empagliflozin. Treated groups received medications for four weeks. Results: Treated groups illustrated significant enhancement in almost all measured variables and the histopathology of the myocardium at the end of the fourth week of treatment. Conclusion: Our research demonstrated that the combined treatment by oral semaglutide and empagliflozin was superior to each drug alone in improving all parameters.
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1. Introduction

Diabetes mellitus is considered a worldwide health challenge because of its great occurrence (1). Throughout the last thirty years, the occurrence of diabetes has significantly risen in countries with low- and middle-income. The Eastern Mediterranean is one of the hot spots of diabetes, with approximately 13.7 percent of adults influenced (2).
Unluckily, the majority of cases have already developed vascular complications by the time they receive a diagnosis of Type 2 Diabetes Mellitus. Comorbidities like hypertension, obesity, as well as dyslipidaemia significantly elevate the risk of cardiovascular disease (CVD) in cases had Type 2 Diabetes Mellitus. nevertheless, unlike non-diabetic cases, those with Type 2 Diabetes Mellitus possess an elevated risk of CVD that is additional to and independent of conventional risk factors. (3). 
The main aim of illness treatment in type 2 diabetes is to prevent or delay macrovascular and microvascular complications by achieving good glycemic control, facilitating weight reduction, and managing cardiovascular (CV) risk factors (4). Many persons had type 2 diabetes may necessitate treatment with numerous glucose-lowering medicines to achieve good glycemic control (5).
         The rising occurrence of type 2 diabetes and its associated complications demonstrates the urgent necessity for effective management methods for this devastating illness has never been higher (6). One of the recently scrutinized families of antihyperglycemic medications regarding safety is the glucagon-like peptide-1 (GLP-1) receptor agonists (GLP-1RAs).  These medicines are generated from the gut-derived incretin hormone GLP-1, that effectively trigger insulin secretion and suppresses glucagon release (7). GLP-1RA effectively lowers glucose levels by decreasing stomach emptying and hepatic gluconeogenesis (8). In addition to efficient glucose management, GLP-1RA therapy is correlated with diminutions in blood pressure and body weight (9). Oral semaglutide is the 1st glucagon-like peptide-1 receptor agonists accessible in tablet form, potentially enhancing management intensification with GLP-1RA and giving an alternative for cases who prefer oral glucose-lowering treatment to attain improved glycemic control (5).
Empagliflozin, a selective sodium-glucose cotransporter 2 inhibitor (SGLT2I), decreases hyperglycemia in cases with type 2 diabetes mellitus by diminishing renal glucose reabsorption and improving urinary glucose excretion (10). SGLT2 inhibitors additionally are utilized for the management of type I diabetes (11), obesity (12), atherosclerosis, myocardial infarction, heart failure, in addition to hypertension (13). 
2. Aim of the work
· The objective of the current research is to evaluate the possible benefits of the combination of oral empagliflozin and semaglutide on experimentally induced type 2 diabetes and its associated complications like experimentally triggered myocardial infarction and experimentally triggered diabetic cardiomyopathy.
·  In addition, the study will investigate the influence of the tested drugs on some parameters related to possible pathophysiological mechanisms such as, the level of LC III as a marker of autophagy, the level of caspase 3 and Bcl2 as markers of apoptosis and the concentration of malondialdehyde as a marker of oxidative stress.

3. Materials and method
3.1. Animals:
           It is a prospective investigation performed on (40) Adult male albino mice weighing ranged from 150- 200 grams (at the initiating of the research), have been utilized for in-vivo experiments. They have been acclimatized for 1 week and have beencaged (eight rat per cage) in fully ventilated room at room temperature in the pharmacology department, Benha Faculty of Medicine. The investigation has been conducted from 1st of September 2023 to 7th of January 2024. Mice have been nourished a standard chow with water. This research has been permitted from ethical committee of Benha Faculty of Medicine {MD.11.2.2023}.
3.2. Drugs
Sucrose has been gained from El Nasr Pharmaceutical Chemicals Co. (ADWIC, Egypt). Streptozotocin and isoprenaline were purchased from Sigma-Aldrich (USA). Neutral buffered formalin solution (10%) was provided by El-Gomhoria Pharmaceutical Chemical Co. (Egypt). Oral semaglutide has been supplied by Novo Nordisk (Denmark), and empagliflozin has been gained from Eva Pharma (Egypt). Urethane (ethyl carbamate) was purchased from Prolabo (Paris, France), and heparin ampoules were gained from Novo Industry (Denmark).
3.3. Experimental groups and procedures:
The mice have been categorized into five equal groups (number=8) as follow;
· Control group(G1); formed of normal animals. They have been permitted standard water and normal diet. hey did not receive any medications., 
· Diseased group(G2); Non treated diabetic rats; Diabetes has been triggered via administration of high-fat and high sucrose diet for six weeks subsequently mice have been given intraperitoneal injection of a low dose of streptozotocin (STZ, thirty milligrams per kilogram body weight) (14) (15). 
· Oral semaglutide treated diabetic group(G3); oral semaglutide has been administered by gastric gavage in a dose 0.6 milligrams per kilogram per day for four weeks (5, 16 and 17). 
· Empagliflozin treated diabetic group(G4); empagliflozin has been taken via gastric gavage in a dose ten milligrams per kilogram per day for four weeks (18). 
· Combined treated diabetic group(G5); oral semaglutide has been taken as group 3 and empagliflozin was separately administered as group 4.

HFD/STZ rat model is asuitable animal model for the last stage of type 2 diabetes. The rats in this model were suspected to have hyperglycemia, and cardiomyopathy. 

  The treated groups will receive medications for four weeks, after which myocardial infarction will be triggered in all diabetic groups via subcutaneous injection of isoprenaline (150 milligram per kilogram in the abdominal area, dissolved in two milliliters of saline.  It has been injected as one dose (19).
        One day before the end of experiment, all animals have been fasted overnight. At 8 am of the last day of the experiment, measurement of body weight and blood pressure was done, then induction of MI by isoprenaline was done. After that, Animals have been anesthetized with urethane at a dosage of 1.25 gram per kilograms body weight, with half injected intraperitonially for quick action and the other half subcutaneously for maintained action (20). Electrocardiogram recording has been performed two hours following injection of ISO.	
       Following the Electrocardiogram documenting, the chest has been quickly opened, and a blood sample has been gathered from the right ventricle prior to the heart's removal from the chest.   Blood samples have been incubated at thirty-seven degrees Celsius until clotting, thereafter centrifuged at 3000 rpm for fifteen minutes to separate the serum, & stored at twenty degrees Celsius for biochemical analysis.  The heart was removed, and the heart weight (HW) has been assessed; the atrial, vessels, epicardial adipose, in addition fibrous tissues have been cut and rinsed in cold saline.  The right ventricular free wall has been cut along the septum, while the left ventricle, with the interventricular septum reserved, has been separate. The left ventricular mass (LVW) has been weighted.  The heart weight index (hypertrophy index) has been measured using the formulas (LVW/BW) & (HW/BW).  The heart tissue has been separated.  Half was immediately rinsed with normal saline and preserved at -20 degrees Celsius for MDA evaluation.  The remaining portion was preserved in formaldehyde for staining with hematoxylin and eosin for histopathological examination.  
3.4.ECG Monitoring
The anesthetized rats have been placed supinely on a board, and electrocardiograms were continuously recorded using needle electrodes. The electrodes have been inserted subcutaneously in the rat's paw pads and related to an Electrocardiogram instrument. For every rat, Lead II has been documented as the most informative one (right forelimb to left hind limb).  The Electrocardiogram tracing has been examined for Q, R, T waves, as well as heart rates.
3.5. Measurement of blood glucose: 
By GOD-PAP enzymatic colorimetric technique (21) 
 
3.6. Measurement of Serum Tropinin I activity: 
Serum Tropinin-I activity has been measured by the Sandwich-ELISA principle (22).

3.7. Cardiac malondialdehyde (MDA) assay:
The antioxidant MDA kits have been utilized to evaluate the cardiac content as regards the enzymatic colorimetric assay technique (23).
3.8. Measurement of Rat NT-proBNP (N-Terminal Pro-Brain Natriuretic Peptide):
Rat NT-proBNP was measured by the Sandwich-ELISA principle (24).
3.9. Measurement of serum LCIII:
serum LCIII was measured by the Sandwich-ELISA principle.
3.10. Measurement of serum Bcl-2 and Caspase 3:
Bcl-2 and Caspase 3 have been assessed by the Sandwich-ELISA principle.




3.11. Histopathological examination of the cardiac tissue: 
         Transverse sections (two millimeters thickness) of the left ventricle free wall at the level of papillary muscle have been stained with H&E, followed by examination for mycocyte degenerative alterations & infarction-like necrosis (25). 
3.12. Statistical analysis:
       Statistical analyses have been carried out utilizing GraphPad prism software (version 10.3.1; GraphPad Software, San Diego, CA, United States of America). Information has been expressed as mean ± SD.  One-way analysis of variance (ANOVA) followed by post hoc Tukey’s test analysis has been conducted for numerous comparisons. P-value not more than 0.05 has been deemed statistically significant.



4. Results
Induction of diabetes in mice by STZ and HFD led to significant rise in FBG, plasma insulin, HOMA-IR index, Total Cholesterol, Low-Density Lipoprotein, triglyceride and significant reduction in HDL. Also there was significant increase in SBP and MABP. 
According to, the treated groups there was significant enhancement in FBG, plasma insulin, LDL, HOMA-IR index, triglycerides, total cholesterol, and significant rise in High-Density Lipoprotein concentration. (table 1)
Induction of diabetic cardiomyopathy by (HFD & STZ) and induction of acute myocardial infarction via isoprenaline resulted in significant increase in hypertrophy index {(HW/BW) &(LVW/BW)}, ST segment elevation, heart rate, serum concentration of pro BNP and serum troponin level. additionally, A significant deterioration has been observed in the histopathological examination of cardiac tissue.
According to, the treated groups a significant enhancement has been observed in hypertrophy index {(HW/BW) &(LVW/BW)}, ST segment elevation, heart rate, serum concentration of pro BNP and serum troponin level. (table 2). Additionally, there was significant enhancement in the histopathological examination of heart tissue in comparison with diseased group. (figure 2,3,4,5,6)
In addition, the diseased group exhibited significant rise in cardiac concentration of MDA, significant rise in the expression of apoptotic factor caspase-3, and significant diminution in antiapoptotic factor Bcl-2. Also, serum concentration of LC3-II (a marker of autophagy) was significantly decreased.
According to, the treated groups there was significant decrease in the level of caspase 3 and cardiac level of MDA, while the levels of Bcl-2 and LC3-II were significantly increased when in comparison with the diseased group. (table 3- figure 1)
The combined group was superior to each drug alone in emproving all parameters. Moreover, the variance among oral semaglutide and empagliflozin was insignificant in most of these variables.

Table (1): Effect of treatment with (oral semaglutide, empagliflozin and their combination) orally for 4 weeks on (FBG, FPI, HOMA-IR, LDL, triglycerides, HDL, total cholesterol, SBP and MABP) on experimentally induced diabetes by HFD and STZ in male albino rats.
	Groups

Parameters
	Control group
	Diabetic/infarcted group
	oral semaglutide group
	empagliflozin group
	combined
group

	
	Mean
	±SD
	Mean
	±SD
	Mean
	±SD
	Mean
	±SD
	Mean
	±SD

	Fasting blood glucose
milligrams per deciliter
	86.33
±4.429
	268.3
±17.24
a
	159
±4.583
ab
	
176.7 ±3.055
ab
	
131 ±6.557
abcd

	Fasting plasma insulin
μU/l
	
8.133
±1.9
	
27
±1.47
a
	
19.47
±0.6658
ab
	
22.57
±0.611
abc
	
15.83
±0.3512
abcd

	HOMA-IR
	
1.8
±0.2207
	
17.85
±1.115
a
	
7.64
±0.4133
ab
	
9.837
±0.09713
abc
	
5.067
±0.3215
abcd

	Cholesterol (mg/dl)
	  95.59±7.247



	225.7±5.957
a

	170.6±3.851
ab

	170.8±5.857
ab

	149.4±3.126
abcd


	LDL (mg/dl)
	49.6±2



	183.4±5.945
a

	133±5.305
ab

	135.5±9.271
ab

	107.8±3.019
abcd

	Triglyceride (mg/dl)
	107.6±4.301

      

	222.8±7.157

       a 
 
	158.1±3.995
        
        ab

	179.6± 4.483


abc
	140.3±1.583
        
       abcd 


	HDL (mg/dl)
	43.77±1.162




	27.08±2.21

a


	34.72±2.768

ab


	33.74±1.608

ab


	40.29±0.6099

bcd



	SBP
mmHg
	127
±6.245
	177 ±4.583
a
	151 ±2.646
ab
	
152.7 ±2.517
ab
	
140.7 ±2.082
abd

	MABP

	
90
±1.0
	
127.3 ±2.517
a
	
110.3 ±4.726
ab
	
111.7 ±3.055
ab
	
98.33 ±3.512
bcd




Data was represented as means±SD.
 a: Significant against control(G1).                                       (P below 0.05)
  b: Significant against diseased group(G2).                           (P below 0.05)
  c: Significant against oral semaglutide group(G3).               (P below 0.05)
  d: Significant against empagliflozin group(G4).                 (P below 0.05)


Table (2): Effect of management with (oral semaglutide, empagliflozin & their combination) orally for 4 weeks on (STsegment elevation, HR, serum troponin, pro BNP in addition hypertrophy index {HW/BW &LVW/BW}) on experimentally induced diabetic cardiomyopathy by (HFD & STZ) and experimentally triggered myocardial infarction in diabetic mice.
	Groups

Parameters
	Control group
	Diabetic/infarcted group
	oral semaglutide group
	empagliflozin group
	combined
group

	
	Mean
	±SD
	Mean
	±SD
	Mean
	±SD
	Mean
	±SD
	Mean
	±SD

	HR(b/min)
	307.33
±2.517

	531
±13.53
  a    

	439.3 ±3.055
       ab
	433.3 ±4.163
  ab        

	419.7
± 6.807
     abc     


	ST elevation (mm)
	-
-
	 4.033 ±0.208
        
a
	2.933 ±0.152
    ab      

	2.2 ±0.2
          
abc
	  1.733 ±0.152
abcd          


	Troponin
(ng/ml)
	13.41±0.77



 

	50.39± 2.36
a



	29.54± 0.418

ab


	31.3 ±0.66
ab



	20.56±1.46
abcd




	Pro BNP (pg/ml)
	105.7±4.21



	355.6±10.96
a

	258.1±7.107
ab

	215.9±7.87

abc
	153±8.108

abcd

	HWmg/BWgm
	2.823±
0.0152



	4.107±
0.0901
a
	3.78±
0.131
ab
	3.44±
0.045
abc
	3.047±
0.1501
bcd

	LVWmg/BWgm
	1.494±
0.052



	2.153±
0.0503
a

	2.093±
0.0115
a

	1.913±
0.037
abc

	1.813±
0.045
abc










Table (3): Effect of treatment with (oral semaglutide, empagliflozin and their combination) orally for 4 weeks on (caspase3, BCL2, LC3-II and MDA) on experimentally induced diabetes by HFD and STZ in male albino rats.
	Groups

Parameters
	Control group
	Diabetic/infarcted group
	oral semaglutide group
	empagliflozin group
	combined
group

	
	Mean
	±SD
	Mean
	±SD
	Mean
	±SD
	Mean
	±SD
	Mean
	±SD

	Caspase3 (pMol/L)
	14.94
±0.8272

	43.3
±0.8
      a

	29.47±1.172
 ab      
	31.23 ±0.7391
ab
	21.33
± 1.165
   abcd       


	BCL2 (ng/ml)
	1.707 ±0.106
	 0.46 ±0.0458
        
a
	0.846 ±0.0513
          
ab
	0.8 ±0.0458
          
ab
	  1.053 ±0.1305
    abd      


	LC3-II (pg/ml)
	166.5±1.934



 

	74.93± 7.626

a


	117.6± 3.792


ab

	100.8 ±3.997

abc


	136.5 ±4.49
abcd




	MDA(nM/g tissue)
	27.81±3.105



	84.11±2.94
a

	55.76±3.738
ab

	57.1±4.028
ab

	44.62±3.325
abcd





[image: ] Figure.1: Graphical presentation showing effect of oral semaglutide, empagliflozin and their combination on serum concentration of caspase3, BCL2, LC3-II&MDA. 


Histopathological changes:
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Fig. 2: photomicrograph of cardiac muscles of G1 illustrating normal architecture of cardiac muscles with branching cardiac fibers (black arrows), with oval centrally situated nuclei (black arrow heads), as well as cardiac blood vessels (white arrow). Hematoxylin and Eosin stain, Bar equal fifty micrometers.
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Fig. 3: photomicrograph of cardiac muscles of diabetic group illustrating disorganized cardiac muscles with necrosis of cardiac muscle fibers (black arrows), and nuclear pyknosis (black arrow heads) and small aggregation of mononuclear cells (white arrows). Stain H&E, Bar=50 µm.
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Fig. 4: photomicrograph of cardiac muscles of G3 illustrating shrinkage of cardiac muscle fibers (arrow heads) and necrosis of some cardiac muscle fibers (black arrows). Stain H&E, Bar equal fifty micrometers.
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Fig. 5: photomicrograph of cardiac muscles of G4 demonstrating disorganized cardiac muscles with necrosis of some cardiac muscle fibers (black arrows), and congested cardiac blood vessels (white arrow). Stain H&E, Bar equal fifty micrometers.
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Fig. 6: photomicrograph of cardiac muscles of G5 demonstrating significant ameliorative effect with necrosis of few numbers of cardiac muscle fibers (black arrows) & mild congestion of cardiac blood vessels (arrow heads). Hematoxylin and Eosin stain, Bar equal fifty micrometers.



5.Discussion
This investigation aimed to investigate the combined therapeutic influences of oral semaglutide and empagliflozin in a rat model of type 2 diabetes and isoprenaline-triggered myocardial infarction. The combination therapy significantly improved glycemic control, lipid profile, blood pressure, and insulin resistance parameters compared to monotherapy. These results are in line with prior investigations reporting the efficacy of both agents in managing metabolic and cardiovascular complications.
In supporting with our findings, the research of Vernstrøm et al. (2024) (26) who examined the efficacy of separate and combined influences of empagliflozin and semaglutide on vascular function, reported that, combination management raised glycaemic time in range without raising the possibility of hypoglycaemia. Moreover, Radlinger et al. (2023) (27) reported that empagliflozin avoided hyperglycaemia as well as the accompanying hyperinsulinaemia, as a result of that it protects mice from diet-induced insulin resistance, weight gain in addition hepatic steatosis. 
      Also, these outcomes were in accordance with the study of Niu et al, (2022) (28) who stated that TCHO, LDL, TG, in addition pro-inflammatory factors were significantly decreased following semaglutide. Moreover, the study of Nasiri-Ansari et al, (2021) (29) reported that empagliflozin management led to significantly diminished total cholesterol, fasting glucose, in addition to triglyceride serum concentrations in high fat diet fed mice.
Diabetic cardiomyopathy (DCM) is mostly results from impaired metabolism of lipid and glucose and is independent of myocardial damage results from coronary heart disease, hypertension, valvular heart disease, in addition to other CVD (30). The development of DCM is influenced by metabolic disorders that adapted cardiac structural and functional adaptability, resulting in fibrotic diastolic dysfunction, cardiac remodeling, myocardial hypertrophy, in addition diminished ejection fraction in diabetic cases, potentially advancing to heart failure (31).
Both drugs, particularly in combination, reduced hypertrophy index, serum troponin, and pro-BNP levels, and improved ECG changes and myocardial histology, suggesting cardioprotective effects. These outcomes are in line with earlier reports highlighting the anti-fibrotic and remodeling benefits of empagliflozin and semaglutide in heart failure and myocardial injury models.
These outcomes are in agreement with Li et al. (2021) and Wang et al. (2024) (32,33) who studied the effect of empagliflozin on heart failure, reported that treatment by empagliflozin significantly reduced NT-proBNP, in histological analysis, empagliflozin significantly attenuated cardiac fibrosis in both ventricular & atrial tissues and significantly attenuated adverse left ventricle remodeling and so it can enhance cardiac function in mice had chronic heart failure. Also, the research of von Lewinski et al. (2022) (34) who examined the influence of empagliflozin in acute myocardial infarction, reported that empagliflozin has been correlated with a significantly higher NT-proBNP decrease, accompanied by a significant enhancement in echocardiographic structural and functional variables.
Empagliflozin was illustrated to enhance cardiac fibrosis in numerous HF experimental models (35). Chung et al.(2023) (36) reported that empagliflozin interrupted Ca2+ homeostasis via inhibiting NHE activity in human atrial fibroblasts, thereby diminishing their pro-fibrotic cellular activities. 

     Moreover, our outcomes are in agreement with the research of Li et al. (2024) (37) who stated that semaglutide significantly decreased serum brain natriuretic peptide (BNP) concentration and it also markedly decreased infarct size in myocardial I/R rats. Liu et al. (2022) (38) who studied the protective influence of glucagon-like peptide-1 on myocardial injury in mice had diabetic cardiomyopathy, reported that semaglutide significantly reduced the Hw/Bw in rats with diabetic cardiomyopathy.
semaglutide significantly diminished body weight, that is a key aspect of its pharmacological influences. As regards the investigation of Pan et al. (2022) (39), TNF-α, semaglutide reduced lipid, ROS, IL-6, as well as MDA concentrations in obese mice.So semaglutide can protect the heart via diminishing lipid peroxidation and lipid synthesis.
Diabetic cases frequently exhibit aberrant free radical generation & weakened antioxidative defenses, making them greatly susceptible to oxidative stress.  This may subsequently trigger and promote diabetes complications. Consequently, applying antidiabetic medicines with antioxidative properties may provide dual advantages via addressing hyperglycemia and diminishing oxidative damage (40).  
Furthermore, the combination therapy exerted antioxidant and anti-apoptotic effects, evidenced by reduced cardiac MDA and caspase-3 levels, along with increased Bcl-2 and LC3-II levels, indicating enhanced autophagy. These mechanisms align with the literature, which associates both drugs with reduced oxidative stress and apoptosis via modulation of key molecular pathways.
In supporting of our findings Yang et al. (2019) and Zhu et al. (2023) (41,42) founded that semaglutide up-regulate Bcl-2, and down-regulate Caspase-3, and so it inhibits ischemia/reperfusion-induced cardiomyocyte apoptosis. Furthermore,these outcomes are in accordance with the research of Chang et al. (2020) (43) who stated that semaglutide enhanced autophagy by rising the expression of LC3II, further they illustrated that semaglutide inhibited apoptosis by rising the expression of Bcl2 and inhibiting the expression of Bax. 
The metabolic enzyme Acyl-CoA oxidase 1 (ACOX1), a key rate-limiting enzyme in fatty a` β-oxidation, is expressed across several tissues. Throughout the β-oxidation of long-chain fatty a`, Acyl-CoA oxidase 1 produces H2O2 as a byproduct. An excessive buildup of H2O2 may led to oxidative stress within cells (44). The study of Yang et al. (2025) (44) explained the role of semaglutide in the hippocampus &its capability to alleviate cognitive impairments. decrease oxidative stress through regulating ACOX1. Also, they found that the level of MDA was significantly decreased. Moreover, Yang et al. (2024) (45) found that there was a notable diminution in the concentrations of Interleukin-6, ROS, MDA, TNF-α, Interleukin-1 beta, T-SOD, in addition adenosine in myocardial tissue, and reported that semaglutide decreases cardiomyocyte damage attributed to high-fat.
	
      Also, Nasiri-Ansari et al, (2021) (29) who studied the effect of empagliflozin on NAFLD it’s referred to Non-Alcoholic Fatty Liver Disease in High Fat Diet Fed ApoE(-/-) Mice, reported that empagliflozin activate autophagy, reduce ER stress and apoptosis via increasing LC3B expression, increasing the Bcl2/Bax ratio, inhibiting CASPASE-8 cleavage and diminishing liver cell apoptosis. 
Srour et al. (2024) (46), Research on the evolving role of SGLT-2 inhibitors and GLP-1 receptor agonists in managing cardiovascular injury caused by obesity indicated that empagliflozin significantly decreased markers of oxidative stress, including malondialdehyde (MDA), lipid hydroperoxide, superoxide dismutase (SOD), in addition glutathione peroxidase (GSH-Px), in tissue from diabetic mice.
Overall, the current findings support the potential of combining oral semaglutide and empagliflozin as a promising approach to mitigate diabetic cardiomyopathy and related complications through metabolic correction and direct cardiac protection.



Conclusion
Our study revealed that the combined treatment by oral semaglutide and empagliflozin was superior to each drug alone in improving all measured parameters and improving the histopathology of the myocardium., this can be because of their synergestic antioxidant effect, anti-apoptotic effect, enhancement of autophagy, glycemic control in addition to improvement of dyslepidemia.
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1     Possible  cardiac  benefits of combination of oral semaglutide and empagliflozin in  treatment of type2 diabetic rats   Abstract:   Background:   Throughout the last thirty years, the occurrence of diabetes has significantly risen in  low -   and middle - income countries.   Diabetes is associated with both micro -   and macrovascular  complications.   For numerous people with type 2 diabetes, the use several glucose - lowering  treatments can be necessary to attain good glycemic  control .   Oral semaglutide is the 1 st   GLP - 1RA   accessible   in tablet form, potentially enhancing  management   intensification  had   GLP - 1RAs   and  giving an alternative for cases who prefer oral glucose - lowering treatment to attain superior   glycemic  control.   Empagliflozin, a selective sodium - glucose cotransporter 2 inhibitor (SGLT2I), decreases  hyperglycemia in cases  had   type 2 diabetes mellitus by diminishing renal glucose reabsorption and  rising   urinary   glucose excretion.   Aim of the study:   The  objective   of the  present   research   is to  evaluate   the possible benefits of the combination of oral  empagliflozin  and  semaglutide  in the  management   of type 2 diabetic rats   and some of its associated CVS complications .   Methods : Rats  have been   categorized   into: Group 1: control normal group. Group 2:  was n’ t   manag ed diabetic  (diseased group).  Group  3:  was   manag ed   with oral semaglutide . Group 4: was  managed   with  empagliflozin. Group 5: was  managed   with oral semaglutide and empagliflozin.  T reated groups  received  medications   for  four   weeks.   Results : Treated groups  illustrat ed significant  enhancement   in  almost  all  measured  variable s and the histopathology of the myocardium at the end of the  fourth   week   of treatment .   Conclusion:  Our  research   demonstrated   that the combined treatment by oral  semaglutide and empagliflozin was superior to each drug alone in improving all parameters.   Key words:   diabetes mellitus,  micro -   and macrovascular complications ,  oral semaglutide ,   empagliflozin .                

