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Abstract 
Background: Atherosclerosis is a prevalent pathological 

disorder considered a leading cause of death globally. The 

pathological process is characterized by fat deposition in 

the blood vessels, ultimately developing plaques. The 

atherosclerotic plaque was the final result of the 

inflammatory reaction and oxidative pathway. 

Dabagliflozine is a member of hypoglycemic drugs that 

are classified based on their action as Na-glucose co-

transporter 2 inhibitors. Dabagliflozine, besides its blood 

glucose-lowering effects, may also exhibit cardiovascular 

protection by reducing oxidative damage. Our research 

aimed to evaluate how the drug (dabagliflozine) 

interacted with inflammation and oxidative processes to 

impact atherosclerosis. Materials and Methods: In this 

study, eighteen male mice were split into three groups: 

one fed a regular diet, one fed a cholesterol-rich diet, and 

one fed a cholesterol-rich diet with dapagliflozin. Blood 

samples were taken regularly over twelve weeks to 

analyze serum markers such as TNF-α, endothelin-1, and 

lipid levels. Results: Initially, there were no significant 

differences in serum markers among the groups. However, 

after twelve weeks, the mice treated with dapagliflozin 

showed notable reductions in TNF-α and endothelin-1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

levels (though statistically insignificant). Moreover, there 

were significant improvements in HDL (the "good" 

cholesterol) levels, and significant decreases in VLDL and 

TG (triglycerides) levels (P<0.05). Total cholesterol (TC) 

and LDL (the "bad" cholesterol) levels also decreased, 

although not significantly. Conclusion: In conclusion, 

dapagliflozin demonstrated promising protective effects 

against atherosclerosis in mice by regulating inflammatory 

cytokine production and improving lipid profiles. These 

findings suggest that dapagliflozin may have potential 

therapeutic benefits in managing cardiovascular disease 

by targeting both inflammation and lipid metabolism. 

However, further research is needed to validate these 

results and explore the drug's effectiveness in humans. 

Keywords: Musa Acuminate, HepG-2 cells, MTT, DAPI/PI/EtBr staining 

and comet assay. 
 

 

Introduction 

Atherosclerosis is a complex process that can be described as a 
leading cause of death in many countries. The complication of 
atherosclerosis is considered the major cause for increasing the rate 
of mortality in atherosclerotic patients by having a negative effect 
on the normal function of the cardiovascular system. Since 
atherosclerotic plaque is considered the final result of two 
processes, including inflammatory reactions and the oxidative 
pathway, so it is important to investigate the role of drugs that have 
attenuation effects on these two pathways in order to develop 
therapeutic agents with pleotropic effects  (Resl & Clodi, 2010). 
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Atherosclerosis characterized by alteration in the structure of 
arterial walls that results from accumulation of fatty materials in 
this blood vessels which united with other elements to form 
atherosclerotic plaque (Sun et al., 2020). Atherosclerotic plaque 
considers the final result for collection of processes including 
inflammatory pathways, endothelial dysfunction with formation of 
fatty threads infiltrate by immune cells (macrophages, activated 
neutrophils and dendritic cells) and blood elements associated with 
changes in lipid profile (more common elevation in cholesterol 
level) (Frostegård,  2013).  .The usual structure of the plaque 
contains condensing cholesterol center and fibrous coat which 
adhering to inner vascular walls. As the size of plaque increase the 
diameter of the vessels decrease, with the time the plaque 
progression causing narrowing the vascular lumen and blood flow 
limitation (Abd-Ulhussein & Rizij, 2019). Stable atherosclerotic 
plaque is not fatal but can cause symptoms of stable angina on 
exercises or motion state (Narula et al., 2013). Dangerous events can 
occur when the plaque is ruptured mostly due to damage in the 
fibrous cap leading to release the content and subsequent processes 
involving the hemorrhage, lesion and thrombosis which is the 
starting point for many disorders depending on where these 
thrombi will fall, including vascular framework brain, lung and 
heart mainly the coronary arteries causing what is known as acute 
coronary syndrome. ACS is considered the major cause for 
increasing the rate of mortality in atherosclerotic patients by a 
negative effect on normal function of heart (Becker et al., 2012). The 
exact initiator for this clinical problem is not identified but as we 
mentioned is combination of many factors associated with risk 
factors such as comorbid diseases, sedentary life style, obesity and 
unhealthy diet. The involvement of inflammatory response in the 
endothelial dysfunction can be reflected by the action of 
inflammatory mediators such as  IL-1, TNF-α, and other 
cytokines(Pober & Sessa, 2007; Hansson, 2001). Inflammatory 
pathway well related to atherosclerosis, this relation can observed 
through in many research which indicated the pro-inflammatory 
cytokines(IL-1β, IL-6, TNF-α) act as mediators in atherosclerosis 
process to activate vascular cell, monocyte attraction and adhesion 
(Probert, 2015).TNF-α well defined as inflammatory cytokine with 
many roles on different cells, Normally TNF-α found at 
physiological level as important member in immune responses to 
regulate the secretion of other immune protein mediators which 
lead to cell activation and proliferation (Choy & Panayi, 2001). Over 
stimulation for this cytokine lead to autoimmune disorders (Gao, 
2016) and the inflammatory diseases such as inflammatory bowel 
disease, sepsis, atherosclerosis (Freeman et al., 2014). Endothelin-
1define as vasoactive peptide its synthesis highly regulated by the 
endothelial growth factors and other stimuli (TNF-α, angiotensinII 
and interlukines) to maintain its divers role in cardiovascular, 
pulmonary, renal system. It is thought any modification in the 

synthesis process will be involved in many clinical conditions like 
cardiomyopathy, asthma, MI, diabetic complications, 
atherosclerosis and various inflammatory disorders (McKenna et 
al., 2015). Endothelin-1  directly related to atherosclerotic lesion 
through the mitogenic action, proliferation of vascular smooth 
cells, myocardial hypertrophy, release other inflammatory 
mediators with macrophage infiltration and major complication 
(Brauner et al., 2000). Dabagliflozine newly developed anti-diabetic 
agents acted as selective sodium glucose co-transporter 2 inhibitors 
with pleiotropic action in patient with type 2 diabetic mellitus 
(Heerspink et al., 2020), antihypergycaemic  activity appear as 
elevation in urinary excretion of  glucose and subsequent decrease 
in blood level of glucose and glucuresis throughout selective 
inhibition for urinary glucose reabsorption in proximal convoluted 
tubules (Cannon et al., 2020). Other action which is consider as 
advantages in such patients involved: In early  stage of chronic 
kidney disease decrease the risk of and blood pressure, moderate 
reduction in SBP and DBP through diuretic action and reduction in 
total body weight via reduction in total calorie (Hsia et al., 2017). 
Recent clinical studies showing neuroprotective effect in diabetic 
patient receiving sodium glucose co-transporter 2 inhibitors via 
reduce the risk of  Alzheimer’s disease and brain damage underlying 
by atherosclerotic lesion (Weber et al., 2016). 
 
Materials and Methods 
 Experimental animals 
The study utilized 18 domestic male mice with 30- 35gm in weight 
obtained form animal house facility of Al-Muthanna University 
and the study conducted in the college of medicine, Al-Muthanna 
University. Throughout the study, the animal placed in well 
ventilated cages as groups system in room with temperature degree 
monitoring system as well as on a 14\10 hours light-dark cycle with 
free access to water and chow feeding. The protocols for handling, 
care, and methods was affirmed by local ethical committe. 
 At the beginning the animal were randomly assigned in to three 
study group, six male mice involved in each group. In first group 
the mice received normal chow diet for twelve weeks; In second 
group the mice received diet containing 0.5% cholesterol to induce 
the atherosclerosis for same time course in first group (George et 
al., 1998; Marzolla et al., 2018) ; In third group which is treatment 
group because the six mice treated with dabagliflozine 
(1mg\Kg\day)in addition to diet containing 0.5% cholesterol for 
twelve weeks (Leng et al., 2016; Chai et al., 2015). During study 
course (12 weeks) the monitoring performed continuously, and 
samples of blood was collected from all groups to measure the 
following mentioned parameters; lipid profile as atherosclerotic 
indicators (Triglyseride, total cholesterol TC, VLDL, LDL, HDL 
and the inflammatory markers associated with atherosclerosis 
(Tumer necrosis factor alpha TNF-α, endothelin-1 ET-1)  to 
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investigate the antiinflammmatory role of dabagliflozine rely on the 
level of inflammatory markers at base line and end line od study. 
The serum measurement obtained at zero time, the fourth, the 
eighth, the twelfth week of study (Lindstrom et al., 2015). 
Preparation of Chemicals 
Dapagliflozine powder obtained from sigma-aldrich, the doses of 
dapagliflozine were used in research is 1mg\Kg\day depened on 
previous study (Leng et al., 2016). The powder of cholesterol also 
obtained from sigma-aldrich and the procedure to induce the 
atherosclerosis disorder rely upon previous research ( Zhu et al., 
2019). 
Statistical Analysis  
Statistical analysis of the data was performed using SPSS software, 
and the results were expressed as mean± SEM (standard error of the 
mean). In all test results, P≤ 0.05 was considered to be statistically 
significant. 
 
Results 
In the current study, the available results of data expressed as 
mean± SEM; however, the results rely on data collected at start of 
the research and at the end week 12; to make the results more 
valuable, the 95% confidence interval (CI) of the mean was applied, 
so in all results, the probability value (P≤ 0.05) was considered to be 
statistically significant. 
At the base line (zero week) the data for all groups reveled 
insignificant difference in the level of serum lipid profile and the 
inflammatory mediators. However, at the end of the study (12 
week) the results could be explained as the following: 
Control group versus atherosclerotic induced group   
Depending on the data recorded during the course of the study 
which was used to compare the control group (normal mice without 
any intervention) and the atherosclerotic-induced group, the 
results throughout the four monitoring weeks from serum sample 
collection every four weeks we notice the change in the lipid profile 
in the second measurement (at the fourth week), except the 
measures for level of HDL were somewhat steadily fluctuating.The 
changes in the lipid profile measures for week 4 revealed in Table 1. 
As shown in Figure (1) and table (2) that display significant 
elevation (P< 0.05) in cholesterol types, including TC= 801.40± 42.2  
, VLDL= 25.40±3.8, LDL= 720.08±44.5, and TG = 124.36± 14.5, that 
reflect the induction of atherosclerosis and the formation of 
atherosclerotic plaque. Insignificant elevation (P> 0.05) in good 
cholesterol (HDL =15.56±0.7 can also distinguished. In the same 
manner, Figure (3) and table (3) showed the level of inflammatory 
markers, including TNF-α and ET-1, that demonstrated strong 
significant elevation (P>0.023) and (P>0.028) against the control 
group, respectively. 
 

Atherosclerotic induced group versus dabagliflozine treated 
group 
In the same manner, as you can see in the tables (2) and (3), when 
comparing dabagliflozine- treated mice with an atherosclerotic-
induced group at the end of experiment course, the data showed 
promising results that reflect the cardioprotective action of the drug 
via demonstrating a significant elevation (P< 0.05) in the level of 
good cholesterol (HDL = 38.63±2.1) with significantly lower level 
of VLDL=17.35±0.7 and TG = 86.96±3.6. While the results for both 
TC and LDL level showed an insignificant reduction. The 
cardioprotective action represented by elevated level of good 
cholesterol HDL = 38.63±2.1 can be noticed after the eight week of 
the study course. 
The major point presented in the table (3) is the significant 
reduction (P> 0.05) in the level of inflammatory markers, indicating 
the downregulating effect of our selective sodium glucose co-
transporter 2 inhibitors.This is evident through the reduction in the 
serum level of TNF-α (P>0.046) and ET-1 (P>0.048) versus the 
induced group as depicted in Figure(4). Where the results in the 
induced group were TNF-α= 190.60± 6.8 and ET-1= 30.51±1.5 
versus the compared value in the dabagliflozine treated group were 
TNF-α= 157.50±2.9 and ET-1= 25.90±0.7. 
 
Discussion 
In a study conducted by Hetherington and Totary-Jain, (2022), they 
were found that  the atherosclerosis disorder is the mian contributer 
in cardiovascular events that affected the overwieht individual. 
Other previous studies reported dabagliflozine as a new oral 
hypoglycemic agent which also has pleotropic effects that give the 
drug the capability to fight or prevent the incidence of the 
cardiovascular complication associated with high readings of lipid 
profile or high level of blood glucose (Liu et al., 2021; Sugiyama et 
al., 2018). The present study aimed to show the effect of selective 
sodium glucose co-transporter 2 inhibitors on the inflammatory 
and oxidative pathways through their action on the measurments 
of differents lipoproteins and on the level of inflammatory 
cytokines .Study results revealed that the atherosclerotic induced 
group which given 0.5% cholesterol-enriched diet for study period 
which represented by twelve week showed two important 
outcomes; firstly is the elevated in serum lipid profile which is the 
responsible factor for the building of the atherosclerotic plaque and 
cardiac function deterioration, secondly is activation of the pro-
inflammatory cytokines that indicated via the elevation of TNF-α 
and ET-1 serum level, these two process together is thought to be 
the responsible for pathological aspect of cardiac complication; 
however, comparative finding are obtained by (Stiekema et al., 
2021; Feijóo-Bandín et al., 2022). Data collected from serum of mice 
treated with dabagliflozine for 84 days showed significant benefits 
reveled by the elevation of the HDL readings at week 8 and 12 from  
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Table 1. The levels of serum lipid profile in mg/dl for animal model at the week 4 the data express as mean± SEM (n=6 mice per each 
group). 
 

Groups LDL.4weeks TC.4weeks HDL.4wee
ks 

TG.4wee
ks 

VLDL.4w
eeks 

normal control Mean ± SEM 46.99±7.75 
 

92.50±5.61 9.73±.81 78.70±11
.98 

15.10±2.7
5 

induced untreated Mean± SEM 294.69±114.
18 
 

348.33±115
.7 

15.60±3.20 83.70±8.
37 

16.74±1.6
7 

dapagliflozin group Mean± SEM 482.20±32.2
0 
 

531.50±32.
41 

17.50±2.03 69.95±3.
08 

13.99±.61 

 
 
Table 2. The levels of serum lipid profile in mg/dl for animal model at base line and after 12 weeks the data express as mean± SEM 
(n=6 mice per each group)using independent-Sample T test.  
 

Lipid profile                   Control                            Atherosclerotic induced            Dabagliflozine treated  

Total cholesterol 
Zero week                            98.3±3.68                                  95.33± 2.7                                  93.91±1.8 
12weeks                                95.6±2.7                                    801.40± 42.2*                             854.65±18.7 
TG 
Zero week                             82.08±5.7                                  68.30±1.7                                 63.08±2.5 
12weeks                                73.01±2.3                                  124.36± 14.5*                            86.96±3.6 #  
HDL 
Zero week                             9.55±0.2                                    9.93± 0.2                                   9.0±0.5 
12weeks                                10.38±0.4                                   15.56±0.7                                 38.63± 2.1#   
LDL                                                            
Zero week                             53.98±4.4                                  55.61±4.0                                  59.32±2.4 
12weeks                                52.06±2.9                                  720.08±44.5*                             769.94±19.6 
VLDL    
Zero week                             16.17±0.9                                  13.7±0.3                                    13.08±0.5 
12weeks                                14.74±0.4                                  25.40±3.8*                                  17.35±0.7#                            

*P value < 0.05 Atherosclerotic induced group versus control group 
# P value < 0.05 dabagliflozine treated versus Atherosclerotic induced group 
TG: Triglyceride,  HDL: high density lipoprotein, LDL: low density lipoprotein, VLDL: very low density lipoprotein.  
 
 
Table 3. The serum levels of inflammatory markers including TNF-α and ET-1  for animal model at base line and after 12 weeks the 
data express as mean± SEM (n=6 mice per each group)using independent-Sample T test. 
 

Inflammatory markers        Control                              Atherosclerotic induced          Dabagliflozine treated  

TNF-α  
Zero week                             141.26±15.0                             147.43± 6.7                               145.66±15.1 
12weeks                                140.27±20.3                             190.60± 6.8*                           
157.50±2.9# 
ET-1 
Zero week                             23.02±0.8                                   23.15±1.1                                23.54±0.9 
12weeks                                20.62±0.6                                   30.51±1.5 *                               25.90±0.7# 

*P value < 0.05 Atherosclerotic induced group versus control group 
# P value < 0.05 dabagliflozine treated versus Atherosclerotic induced group 
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Figure 1. serum level of lipid profile for control group 
and atherosclerotic induced group in mg\dl 
 

Figure 2. serum level of lipid profile for dabagliflozine 
treated group and atherosclerotic induced group in 
mg\dl 
 

Figure 3. serum level of TNF-α and ET-1 for control 
group and atherosclerotic induced group in pg\ml 
 

Figure 4. serum level of TNF-α and ET-1 for dabagliflozine treated 
group and atherosclerotic induced group in pg\ml 
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the study time, this clinical benefits which explained via the 
antiatherogenic action which was accomplished by transport the 
excess of LDL-cholesterol from all parts of body to liver for  
processing and excretion. So, when noted the data in Figure (3) that 
revealed the intended drug (dabagliflozine) potentiated the activity 
of good cholesterol HDL by increasing its level, in addition to the 
lowering role of anti-diabetic drug on the level of other lipoprotein 
including very low density lipoprotein and TG. VLDL consist of 
about two third of TG and less than one third of cholesterol ester 
and consider the main proatherogenic factor plus its action in the 
rupture of atherosclerotic plaque. due to this observation of 
dabagliflozine action that give the protective effect in 
atherosclerotic induced mice by dual action involving the elevation 
of antiatherogenic factor and reduction of atherogenic factor. Leng 
et al., (2016) reported the protective action of dabagliflozine by 
lowering the serum level of TG in diabetic Apo-/- mice treated for 
same period of our study. 
The association between atherosclerosis and inflammatory 
pathways it presented via Hedin and Matic, (2019) also, they wree 
considered the atherosclerosis is chronic inflammatory disorder 
and mentioned the incorporation of the inflammatory cells and 
cytokines in the formation of atherosclerotic lesion. So, groups of 
drugs with multiple effects on the lipid profile and inflammatory 
cytokines have attenuation effect on atherosclerosis. As the data 
documented in the Figure (4) which explained the role of studied 
drug on atherosclerotic mice that showed reduction in serum level 
of TNF-α, this protein in addition to other inflammatory mediators 
activate cascade events involving in the endothelial change and 
damaged  for vessels however the suppression in the level of 
inflammatory mediators also reported by Leng et al., (2016) in 
diabetic mice . Endothelin-1 play critical role in the stimulation of 
several inflammatory cells which drive the underlying pathological 
events of atherosclerosis so decrease its secretion or antagonize its 
action can categorize as therapeutic target for the treatment. 
Another study, stated there is marked decline in function of heart 
and kidney associated with elevation of ET-1 level as a part of the 
systemic responses and the patient treated with dabagliflozine 10mg 
once daily for 12 months showed significant reduction (P= 0.029) 
in the level of endothelin-1in heart failure patients (Yeoh et al., 
2023). This results consistent with the slight reduction in ET-1 that 
seen in the mice treated with dabagliflozine after induction of 
atherosclerosis which indicated the anti-inflammatory action of 
study drug. The difference in results may related to differences in 
dose since our study used 1mg\Kg\day which consider higher than 
dose used for heart failure patients (10mg once daily) however 
present study used animal model while Yeoh et al., (2023) used 
dabagliflozine for human with heart disorder. As mentioned 
previously by many scientists that the progression of atherosclerosis 
had strong correlation with cardiac disorders such as 

cardiomyopathy, myocardial infraction, heart failure and other 
cardiovascular events (Zhu et al.,2018). So any drug can 
ameliorated this progression of atherosclerosis also can lowering 
the incidence of cardiac complication in patient with 
atherosclerosis and might be consider as cardio protection agent. In 
the present study we can thought the proposed mechanism of 
action of our drug is through the all previous pathways; moreover, 
dabagliflozine offer cardio protection role via two dimension, first; 
modification in lipid metabolism, second; modification in 
inflammatory mediator levels specifically TNF-α and ET-1. The 
benefit effect of dabagliflozine on heart function also reported by 
other research via the improvement in left ventricular function and 
infract size reduction in ischemic reperfusion rat model (Tanajak et 
al., 2018) 
 
Conclusion 
The study results presents useful data which indicated that 
dabagliflozine has attenuated action on atherosclerosis process via 
two pathways including the modification of lipid profile and 
reduction the inflammatory cytokines to increase the stability of 
atherosclerotic plaque and prevent its rupture. So, the need for 
more investigation about the dabagliflozine it important to rule out 
the full action for clinical use is important. It is recommended to 
study the signaling pathway which is responsible for antixodative 
action of dabagliflozine with the assessment for the oxidative 
marker. 
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