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ABSTRACT 

Background: Myocardial ischemia is one of the most serious complication that results from metabolic syndrome (MetS). 

MetS is usually treated by polytherapy to decrease the risk of comorbidities. Dipeptidyl peptidase -4 (DPP-4) inhibitors are 

commonly used to control hyperglycemia and insulin resistance associated with MetS. 

Objective: The aim of the present study was to demonstrate the effect of linagliptin (DPP-4 inhibitor) on some ECG and 

biochemical parameters of myocardial infarction (acute myocardial ischemia) induced by isoprenaline in rats with metabolic 

syndrome. 

Methodology: 32 male albino rats of local strain were divided into four groups, Group I (8rats): Control normal group, rats 

were allowed to feed normal rat chow diet and water ad libitum. Group II (8 rats): Metabolic non ischemic group, animals of 

this group were allowed to feed high fat diet (HFD) with sucrose in drinking water for twelve weeks. Group IIIa (8 rats): 

Metabolic ischemic non treated group; rats of this group were allowed to feed HFD with sucrose in drinking water for twelve 

weeks followed by injection of isoprenaline (85/ kg / day) S.C for two consecutive days at the last two days of study period. 

Group IIIb (8 rats): Metabolic ischemic group treated orally with linagliptin 0.45mg/kg once daily for 4 weeks before injection 

of isoprenaline. 

Results: Linagliptin produced a significant reduction in heart rate and S-T segment as compared to metabolic ischemic group. 

In addition, it produced a significant reduction in creatine kinase myocardial band (CKMB), malondialdehyde (MDA), tumor 

necrosis factor α (TNFα) and significant increase in catalase enzyme level as compared to ischemic non treated group.  

Conclusion: linagliptin is a promising drug for decreasing the incidence of myocardial infarction which may complicate 

MetS. 
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INTRODUCTION 
Metabolic syndrome (MetS), also known as syndrome X 

is a cluster of metabolic abnormalities that include central 

obesity, hypertension, insulin resistance, and atherogenic 

dyslipidemia [1]. Obesity and MetS are associated with 

accelerated atherosclerosis and a greater incidence of 

coronary heart disease [2].      

 

A higher risk of cardiovascular disease, type 2diabetes 

mellitus (T2DM), and an increasing prevalence of insulin 

resistance have all been directly correlated with visceral 

adipose tissue (VAT) [3]. VAT is linked to increased 

oxidative stress, renin-angiotensin-aldosterone system 

(RAAS) activation, and the synthesis of pro-inflammatory 

adipocytokines [4]. When energy is not utilized by the 

heart, epicardial fat can form a protective mechanism to 

store it. Nevertheless, an overabundance of energy 

substrate has been linked to cardiac dysfunction, and the 

high levels of fat accumulation in this tissue exacerbate 

the pro-inflammatory response, leading to increased 

production of tumor necrosis factor α (TNF-α), interleukin 

1β, or interleukin-6 (IL-6) [5] .  

 

Pharmacology 

https://jram.journals.ekb.eg/
mailto:somahassan352@gmail.com


JRAM 2024; 5 (2): 166-173 Ali et al. Cardioprotective effect of linagliptin 
 

167 

Insulin resistance, which results, impairs the ability of 

endothelial cells to produce nitric oxide and increases the 

release of procoagulant substances, which in turn causes 

platelet aggregation. While the mitogen-activated protein 

kinase pathway remains unaltered in an insulin-resistant 

state, the Phosphatidyl inositol 3 kinase (PI3K) pathway 

is impacted, which results in the mitogenic effect of 

insulin on endothelial cells and atherosclerosis [6] . It has 

been demonstrated that these higher rates of 

atherosclerotic disease lead to a ~2-fold increase in 

myocardial infarction risk and a markedly raised risk of 

cardiovascular mortality [7]. 

 

Myocardial ischemia occurs When there is insufficient 

oxygenated blood flow to the myocardium to meet its 

immediate need for oxygen and metabolic substrates [8]. 

Acute myocardial infarction (AMI) happens when 

irreversible ischemic injury results in myocardial necrosis 
[9]. 

 

Rapid intramyocardial ATP depletion results from the 

myocardium's susceptibility to ischemia due to the 

absence of anaerobic metabolic pathways. However, it 

typically takes 40–60 minutes for ATP to completely 

deplete. Conversely, cellular enlargement and intracellular 

structural alterations begin as soon as 15 minutes 

following the onset of ischemia, and contractile stoppage 

happens after a few minutes. The buildup of H+ that 

results from the breakdown of ATP causes such events. 

Inactivation of troponin C, Na+ influx (swelling), and 

progressive ATP loss (inactivation of Ca2+ ATPases) are all 

brought on by low pH. The acidic environment slows 

down all pathways, so while all processes happen in a 

matter of minutes, they advance gradually  [10].  

 

Linagliptin is one of the DPP-4 inhibitors that have been 

approved for treating T2DM either as a monotherapy or 

combined with other glucose lowering agents [11]. It is well 

tolerated and is associated with a lower risk of 

hypoglycemia, more importantly it has a weight neutral 

effect [12]. 

 

The aim of this study is to demonstrate the effects of 

linagliptin on myocardial infarction induced in rats with 

metabolic syndrome. Myocardial infarction and the 

cardioprotective effect of linagliptin were assessed in the 

present work by ECG and biochemical measurement of 

serum creatine kinase myocardial band (CKMB), 

malondialdehyde (MDA) and catalase enzyme. In 

addition, the inflammatory marker, TNFα was also 

estimated. 

 

MATERIALS AND METHODS 

Drugs and Chemicals: 

- Linagliptin (Trajenta)-Boehringer Ingelheim 

company, USA. - Chemical name: 8-[(3R)-3-

aminopiperidin-1-yl]-7-but-2 ynyl-3-methyl-1-[(4-

methylquinazolin-2-yl) methyl] purine 2, 6-dione. - 

Chemical formula: C25H28N8O2 - Molecular weight: 

472.5 Linagliptin was supplied in the form of white to 

yellowish tablets, each tablet contains 5 mg linagliptin 

free base and was freshly dissolved in distilled water. 

- Sucrose powder -Elgomhoria company, Egypt: was 

supplied as white crystalline powder, dissolved in 

distilled water and provided to animals in a 

concentration of 10% w/v. 

- Isoprenaline (Sigma Aldrich company, USA): 

Isoprenaline, was supplied as white to off white 

powder, it was freshly dissolved in normal saline. 

 

Experimental Design: 

The present study was performed on 32 adult male albino 

rats of local strain with initial weight of 200-300 g. 

Animals were purchased from local farm in Aborawash 

city, Egypt. Rats were housed in polyacrylic cages, four 

animals per cage, and were kept under the same 

environmental conditions of temperature and humidity 

with natural light-dark cycle. Food and water were 

provided ad libitum throughout the experiment. The rats 

were divided into 4 groups, Group I (8 rats): control 

normal group; Normal rats were allowed to feed with 

normal rat chow diet and water ad libitum. Group II (8 

rats): Metabolic non ischemic group; the animals of this 

group were allowed to feed high-fat diet (HFD) with 

sucrose in drinking water for twelve (12) weeks. Group 

IIIa (8 rats): Metabolic ischemic non treated group; rats of 

this group were allowed to feed HFD with sucrose in 

drinking water for twelve weeks followed by injection of 

isoprenaline (85/ kg / day) S.C for two consecutive days 

at the last two days of study period. Group IIIb (8 rats): 

Metabolic ischemic treated group; rats of this group were 

treated orally with linagliptin 0.45mg/kg once daily for 4 

weeks after induction of metabolic syndrome then injected 

with isoprenaline (85/ kg / day) S.C for two consecutive 

days at the last 2 days of the treatment period. The dose of 

linagliptin was chosen as the rodent equivalent to the 

human therapeutic dose and were calculated according to 

the method given by Paget and Barnes, [13] who calculated 

the dose in relation to the animal surface area. 

 

Induction of metabolic syndrome in experimental rats: 

Rats were given a high-fat, high-sucrose diet to create a 

model of metabolic syndrome that mimics the course of a 

disease in humans naturally. Every three days, the 

components of the HFD (table 1) [15] were mixed to create 

pellets that were allowed to dry before being refrigerated 

until needed. Rats were allowed to feed and drink ad 

libitum. Sucrose was prepared daily and introduced to the 

animals in a concentration of 10% w/v in drinking water 
[14]. Both HFD and sucrose were given to the animals for 

12th weeks to establish a model of metabolic syndrome 
[15].  
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Table (1): Composition of normal rat chow and high fat diet (HFD) 

 Normal chow diet High-fat diet 

Kcal/g  3.78 5.17 

Carbohydrates  55% 33.8% 

Protein  22% 26.1% 

Total fat  4% 35.5% 

Fiber 6% 0.1% 

 

Induction of myocardial infarction (acute myocardial 

ischemia) to metabolic syndrome induced rats:  

Rats of group III (a and b) were used to establish a model 

of myocardial infarction to metabolic syndrome induced 

rats. Isoprenaline induced myocardial infarction was 

conducted by subcutaneous injection of isoprenaline HCL 

(85 mg/ kg / day) for two consecutive days with an interval 

of 24 hours in between for metabolic syndrome induced 

rats at the last two days of study period [16]. Doses of 

isoprenaline were calculated according to the recorded 

weight of each animal. 

 

Electrocardiogram (ECG): A bipolar three-lead ECG 

was employed. Electrocardiogram electrodes were 

subcutaneously inserted into the left foreleg, right foreleg, 

and left thigh, respectively, to record heart rate, rhythm, 

and ECG waves. The equipment used was the PowerLab 

Data Acquisition and Analysis Systems (PowerLab 4/35 

with LabChart Pro, animal Bio Amp model number FE136 

by AD Instruments Australia) for recording ECG [17]. 

 

Blood sample preparation: blood samples were obtained 

under light anesthesia (ether) from the ophthalmic venous 

plexus through a retro orbital approach according to 

Timm, [18]. Samples were collected in test tubes for serum 

analysis of different biochemical parameters. Blood was 

allowed to clot for 30 minutes before centrifugation for 20 

minutes at 3000 rpm. Then the serum was separated and 

immediately stored at 70Co until assayed. 

 

Biochemical assays of myocardial infarction: All 

biochemical measurements of myocardial infarction were 

performed in the biochemistry department, faculty of 

medicine, Cairo university. The serum level of the 

myocardial injury marker CKMB was measured 

according to the methods described by Okinaka et al. [19] 

by using the commercial kit. The inflammatory marker 

level TNFα was measured using ELISA kits according to 

the manufacturer's directions [20]. Lipid peroxidation 

products were identified in serum by measuring 

malondialdehyde (MDA) levels. The thiobarbituric acid-

reactive material, or MDA, was measured at 532 nm using 

the Niehaus and Samuelsso technique [21]. The serum level 

of catalase was measured according to the methods 

described by Sinha, [22] by using the commercial kit. 

 

Ethical Considerations 

All experimental procedures (No.2204) were carried out 

in compliance with the National Institutes of Health's 

Guide for the Care and Use of Laboratory Animals and 

authorized by the Research Ethics Committee of the 

Faculty of Medicine for Girls at Al-Azhar University. 

 

Statistical analysis 

The statistical software for social sciences, version 23.0, 

was used to analyze the recorded data (SPSS Inc., 

Chicago, Illinois, USA). The means ± standard error of 

means (SEM) were used to present the quantitative data. 

Tests were conducted as follows: When comparing more 

than two means, use a one-way analysis of variance 

(ANOVA).  Post Hoc test: When comparing several 

variables at once, the Least Significant Difference (LSD) 

was employed. P-value <0.05 0.05 was considered 

significant. P-value >0.05 was considered insignificant. 

 

RESULTS 
I- Electrocardiogram (ECG) record (table 2): 

Induction of metabolic syndrome in rats (control 

metabolic non ischemic) produced a significant increase 

in heart rate (P <0.001) and insignificant elevation in S-T 

segment as compared with control normal group. 

Induction of myocardial infarction by isoprenaline 

(85mg/kg) (control metabolic ischemic) did not produce a 

significant change in heart rate but produced significant 

elevation in S-T segment (P <0.001) as compared with 

control metabolic non ischemic group.  Treatment with 

linagliptin produced a significant reduction in heart rate 

(p<0.05) and S-T segment (p<0.001) as compared with 

control metabolic ischemic group. 

 

Table (2): Effect of oral treatment with linagliptin (0.45 mg/kg) on heart rate (beat/min.) and S-T segment (mv) in 

metabolic ischemic rats 

ECG parameters 
Control 

normal 

Metabolic 

non ischemic 

Metabolic 

ischemic 
Linagliptin F-test p-value 

Heart rate (beat/ min) 295.37± 22.93 376.96± 3.88 a 371.57± 5.50 314.14± 12.17c 4.793 <0.001* 

S-t segment (mv) 0.03± 0.01 0.05± 0.01 0.10± 0.00 b 0.03± 0.01c 15.574 <0.001* 
Data were expressed as means of 8 rats ± SEM, comparisons between different groups were carried out using one-way Analysis of Variance 

(ANOVA)followed by Least significant difference (LSD) multiple comparisons test. (a) Significant compared to control normal at p <0.05, 

(b) Significant compared to metabolic non ischemic at p <0.05, (c) Significant compared to metabolic ischemic at p<0.05. 
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II-Biochemical assays:  

a) As regards CKMB, TNFα, MDA (table 3):   

- Induction of metabolic syndrome in rats (control 

metabolic group) produced a significant increase in 

CKMB, TNFα, and MDA levels as compared with 

control normal group (p <0.001). 

- Induction of myocardial infarction by isoprenaline 

(85mg/kg) (control metabolic ischemic group) showed 

a significant increase in CKMB and MDA levels 

(282.32 ± 13.55, 194.67 ± 7.50, respectively p <0.05) 

whereas TNFα level showed an insignificant change 

as compared with metabolic non ischemic group 

(119.53 ± 9.21 vs 103.13 ± 9.29 respectively p >0.05). 

- Treatment with linagliptin produced a significant 

reduction in all of the above parameters level as 

compared with control metabolic ischemic group 

(p<0.001).  

 

Table (3): Effect of oral treatment with linagliptin (0.45 mg/kg) on serum CKMB (u/ml), TNFα (PG/ml) and MDA 

(mmol/ml) in metabolic ischemic rats 

Biochemical 

parameters 

Control 

normal 

Metabolic non 

ischemic 

Metabolic 

ischemic 
Linagliptin F-test p-value 

CKMB (u/ml) 104.38± 3.66 248.72± 10.06a 282.32± 13.55b 155.17± 7.63c 77.371 <0.001* 

TNFα (PG/ml) 28.27± 2.07 103.13± 9.29a 119.53± 9.21 62.03± 5.84c 27.704 <0.001* 

MDA (mmol/ ml) 49.55± 4.22 165.43± 8.23a 194.67± 7.50b 64.25± 5.56c 74.133 <0.001* 
CKMB: Creatine kinase myocardial band, TNFα : Tumor necrosis factor alpha, MDA:  Malondialdehyde. Data were expressed as means of 8 rats 

± SEM, comparisons between different groups were carried out using one-way Analysis of Variance (ANOVA)followed by Least significant 

difference (LSD) multiple comparisons test. (a) Significant compared to control normal at p <0.05, (b) Significant compared to metabolic non 

ischemic at p <0.05, (c) Significant compared to metabolic ischemic at p<0.05. 

 

b) As regards catalase enzyme (u/ml) (table 4): 

- Induction of metabolic syndrome in rats (control 

metabolic group) produced a significant decrease in 

catalase enzyme as compared with control normal 

group (58.15 ± 6.69 vs120.92 ± 2.63; p<0.001). 

- Induction of myocardial infarction by isoprenaline 

(85mg/kg) (control metabolic ischemic group) 

produced a significant decrease in catalase enzyme as 

compared with metabolic non ischemic group (34.90 

± 4.07 vs 58.15 ± 6.69; p<0.05). 

- Treatment with linagliptin produced a significant 

increase in catalase enzyme as compared with control 

ischemic group (p<0.001). 

 

Table (4): Effect of oral treatment with linagliptin (0.45 mg/kg) on serum catalase enzyme (u/ml) in metabolic ischemic 

rats 

Biochemical 

parameters 

Control 

normal 

Metabolic non 

ischemic 

Metabolic 

ischemic 
Linagliptin F-test p-value 

Catalase (u/ml) 120.92± 2.63 58.15± 6.69a 34.90± 4.07b 104.38± 6.13c 35.326 <0.001* 
Data were expressed as means of 8rats±SEM, comparisons between different groups were carried out using one-way Analysis of Variance 

(ANOVA) followed by Least significant difference (LSD) multiple comparisons test. (a) Significant compared to control normal at p <0.05, (b) 

Significant compared to metabolic non ischemic at p <0.05, (c) Significant compared to metabolic ischemic at p<0.05. 

 

DISCUSSION 
It has been established that those suffering from MetS are 

at higher risk of developing atherosclerotic cardiovascular 

diseases (CVDs) [23]. Acute myocardial infarction is one 

of the most frequent CVDs [24]. Myocardial infarction 

(MI) is known to be accompanied with several 

biochemical changes including; increased myocardial 

injury marker enzymes as creatine kinase myocardial band 

(CKMB) and lactate dehydrogenase (LDH), increased 

oxidative damage shown by increased lipid peroxidation 

product malondialdehyde (MDA) with reduction of the 

activity of the antioxidants e.g. catalase and superoxide 

dismutase. Moreover, increased myocardial pro-

inflammatory cytokines as TNFα and IL-1b are seen [25]. 

The conventional test for accurately diagnosing MI in 

both people and animals is an elevation of the ST segment 

in the ECG; however, in certain instances, this marker may 

not be elevated [26]. 

 

Acute MI was assessed in the present work by ECG and 

biochemical measurement of serum CKMB, MDA and 

catalase enzyme. Furthermore, the inflammatory marker 

TNFα was also measured because, following an ischemic 

event, inflammation plays a critical role in causing cardiac 

tissue damage. 

 

In the present study, Injection of isoprenaline to rats with 

metabolic syndrome caused a significant elevation of ST 

segment while it did not alter the increased heart rate as 

compared to non-ischemic MetS induced rats (control 

metabolic). The elevated ST segment was also reported in 

previous studies [27, 28]. The detrimental effect of 

isoprenaline on the integrity of the heart cell membrane 

and the resulting decrease in the ventricles' mechanical 
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capacity are the reasons for the elevation of the ST 

segment in ischemic rats[29] 

 

As regards heart rate , previous studies showed that 

isoprenaline either increase [30] or decrease[31] heart rate. 

The differences in rats' species, in isoprenaline dosages 

and treatment durations, and in technique may all help to 

explain this disagreement. 

In the present work, evaluation of oxidative stress 

parameters (MDA, catalase enzyme) in non-ischemic 

MetS induced rats revealed an elevation of serum level of 

MDA, with reduction of catalase enzyme activity. 

Moreover, the inflammatory marker; TNFα level and the 

cardiac injury marker; CKMB were increased as 

compared with control normal group. These results are in 

harmony with those of Rangel Silvers et al. [32], who 

observed that rats with MetS showed a decrease in 

catalase enzyme activity and catalase mRNA 

transcription. In addition, Naguib et al. [33] found that 

activity of superoxide dismutase was decreased while 

serum levels of MDA and nitric oxide were increased. 

Moreover, they added that serum LDH, cardiac troponin 

I, C reactive protein, TNFα and IL-6 levels were 

significantly higher in metabolic syndrome induced rats. 

In the current study, injection of isoprenaline to MetS 

induced rats increased lipid peroxidation product; MDA 

and decreased the antioxidant catalase furtherly in 

comparison with metabolic non ischemic group. These 

effects of isoprenaline were mentioned previously by 

Metias et al. [30] and Gonçalves et al. [28] in their study on 

non-metabolic rats. As regards TNFα, isoprenaline 

injection in the present work showed an insignificant 

change in the level of that cytokine as compared with non-

ischemic group. In a previous study, Feng and Li, [34] 

found that isoprenaline stimulated the induction of TNFα 

and IL-1b expressions in normal rats. As regards CKMB, 

injection of isoprenaline to MetS induced rats, in the 

present study, caused further increase in CKMB level as 

compared to non-ischemic MetS induced animals. This 

result is in agreement with Liu et al. [27] who reported an 

increase in several cardiac enzymes; CKMB, aspartate 

transaminase (AST) and LDH in isoprenaline treated 

animals. 

 

The mechanism by which isoprenaline produced the 

previous hazardous effect on the hearts of experimental 

animals was explained by the following: When 

isoprenaline is administered, cardiac cells receive an 

increased amount of calcium influx and endogenous 

norepinephrine. Cell necrosis and the disintegration of 

membrane permeability barriers are the outcomes of this 

increase in calcium input [35]. Increased myocardial Ca2+ 

level causes excessive adenosine triphosphate (ATP) 

breakdown, myofilament overstimulation, an increase in 

contractile force and oxygen consumption, as well as 

cardiac muscle cell damage [36]. In addition, Isoprenaline 

promotes neutrophil chemotaxis by inducing the release 

of pro-inflammatory cytokines. When neutrophils enter an 

infarcted region, they can release proteolytic enzymes and 

produce reactive oxygen species, which can cause damage 

to cardiac cells [37].  

 

In the present work, pretreatment of MetS induced rats 

with linagliptin for one month before induction of 

ischemia, demonstrated a safeguard against myocardial 

infarction caused by isoprenaline. When compared to the 

ischemic untreated group, there was a significant 

reduction in both heart rate and ST segment elevation.  

Moreover, in comparison with control normal group, 

linagliptin nearly restored normal ECG pattern and heart 

rate. As regards heart rate, Ishizue et al. [38] found that 

pretreatment with linagliptin produced an insignificant 

effect on heart rate of rats with isoprenaline induced MI. 

 

Concerning the biochemical study, the present work 

showed that pretreatment of ischemic rats with linagliptin 

caused a significant decrease of CKMB, TNFα and MDA 

levels while catalase enzyme showed a significant 

increase as compared to ischemic untreated group. Our 

results are in agreement with previous studies, Ishizue et 

al. [38] carried out a model of isoprenaline induced MI in 

rats and found that linagliptin decreased the elevated 

serum cardiac troponin I caused by isoprenaline injection. 

Sravanthi et al. [39] evaluated the cardioprotective effect of 

linagliptin in normal and type 2 diabetic rats subjected to 

ischemia reperfusion injury. The authors claimed that after 

linagliptin treatment, the antioxidant enzymes superoxide 

dismutase, catalase, and reduced glutathione were shown 

to be elevated in both normal and diabetic animals. 

Additionally, linagliptin treatment reduced the levels of 

CKMB and LDH in diabetic rats, providing support for 

tissue protection. 

 

The mechanism of suppressive effect of linagliptin on 

isoprenaline induced tissue injury is unclear, but at least 

partly explained by suppression of the hyperoxidative [38]. 

The cardioprotective effects of DPP4 inhibitors are 

maintained through 2 approaches; Glucagon like peptide-

1(GLP-1) mediated mechanisms and conservation of 

some peptides that are physiologically degraded by the 

DPP4 enzyme [40]. In addition to GLP-1, other peptides 

such as substance P, brain natriuretic peptide, stromal cell 

derived factor-1α (SDF-1α), and atrial natriuretic peptide 

are also substrates of the DPP4 enzyme. A chemokine 

called SDF-1α encourages endothelial progenitor cells to 

migrate to the heart in order to increase angiogenesis, 

which in turn enhances myocardial perfusion. DPP4 

enzyme substrate SDF-1α is preserved by DPP4 

inhibition, which also enhances heart recovery following 

ischemia/reperfusion and acute myocardial infarction [41], 

or stroke [42]. 

 

CONCLUSION 
linagliptin showed a protective effect against isoprenaline 

induced MI in metabolic rats. The beneficial effects of 

linagliptin on the heart were evidenced by a significant 
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reduction of ST segment elevation and heart rate as 

compared with ischemic non-treated group. In addition, it 

caused a significant decrease of CKMB, TNFα and MDA 

levels while catalase enzyme showed a significant 

increase. These results give linagliptin upper hand in 

treating patients with metabolic syndrome who are 

commonly associated with cardiovascular diseases.  

 

Conflict of interest: No direct or indirect conflict of 

interest. 

 

Financial support: This work not funded from any 

governmental or non-governmental agencies. 

 

REFERENCES 
1. Fahed G, Aoun L, Bou Zerdan M, Allam S, Bou 

Zerdan M, Bouferraa Y, et AL. Metabolic 

Syndrome: Updates on Pathophysiology and 

Management in 2021. Int J Mol Sci. 2022 Jan 

12;23(2):786.  

2. Ford ES. Risks for all-cause mortality, 

cardiovascular disease, and diabetes associated with 

the metabolic syndrome: a summary of the evidence. 

Diabetes Care. 2005 Jul;28(7):1769-78. 

3. González N, Moreno-Villegas Z, González-Bris A, 

Egido J, ad Lorenzo Ó. Regulation of visceral and 

epicardial adipose tissue for preventing 

cardiovascular injuries associated to obesity and 

diabetes. Cardiovasc Diabetol. 2017 Apr 4;16(1):44.  

4. Alman AC, Smith SR, Eckel RH, Hokanson JE, 

Burkhardt BR, Sudini PR, et al. The ratio of 

pericardial to subcutaneous adipose tissues is 

associated with insulin resistance. Obesity. 2017 Jul 

1;25(7):1284–91.  

5. Rabkin SW. Epicardial fat: Properties, function and 

relationship to obesity. Vol. 8, Obesity Reviews. 

2007. p. 253–61.  

6. Wu G and Meininger CJ. Nitric oxide and vascular 

insulin resistance. Vol. 35, BioFactors. 2009. p. 21–

27.  

7. Gami AS, Witt BJ, Howard DE, Erwin PJ, Gami 

LA, Somers VK, et al. Metabolic Syndrome and 

Risk of Incident Cardiovascular Events and Death. A 

Systematic Review and Meta-Analysis of 

Longitudinal Studies. J Am Coll Cardiol. 2007 Jan 

30;49(4):403–14.  

8. Heusch G. Myocardial Ischemia: Lack of Coronary 

Blood Flow or Myocardial Oxygen Supply/Demand 

Imbalance? Vol. 119, Circulation Research. 

Lippincott Williams and Wilkins; 2016. p. 194–6.  

9. Buja LM. Pathobiology of Myocardial Ischemia and 

Reperfusion Injury: Models, Modes, Molecular 

Mechanisms, Modulation, and Clinical Applications. 

Vol. 31, Cardiology in Review. Lippincott Williams 

and Wilkins; 2023; 252–64.  

10. Sanada S, Komuro I, and Kitakaze M. 
Pathophysiology of myocardial reperfusion injury: 

preconditioning, postconditioning, and translational 

aspects of protective measures. Am J Physiol Heart 

Circ Physiol. 2011 Nov;301(5):H1723-41.  

11. Del Prato S. Linagliptin for the treatment of type 2 

diabetes. Expert Opin Pharmacother. 2011 

Dec;12(17):2759-62. 

12. McKeage K. Linagliptin: an update of its use in 

patients with type 2 diabetes mellitus. Drugs. 2014 

Oct;74(16):1927-1946.  

13. Paget GE and Barnes JM.  Toxicity tests in 

Evaluation of drug activities and pharmacometrics. 

Ed, Laurance, D.R. and Bacharch, A.L. Acad press 

Massachusetts.1964;135-166.     

14. Battault S, Meziat C, Nascimento A, Braud L, 

Gayrard S, Legros C, et al. Vascular endothelial 

function masks increased sympathetic vasopressor 

activity in rats with metabolic syndrome. Am J 

Physiol Heart Circ Physiol. 2018; 314: 497–507.  

15. Higa TS, Spinola A V, Fonseca-Alaniz MH, and 

Sant´anna EF. Comparison between cafeteria and 

high-fat diets in the induction of metabolic 

dysfunction in mice. Vol. 6, Int J Physiol 

Pathophysiol Pharmacol. 2014;6(1):47-54.  

16. Bi F, Xu Y, and Sun Q. Catalpol pretreatment 

attenuates cardiac dysfunction following myocardial 

infarction in rats. Anatol J Cardiol. 2018 May 

1;19(5):296–302. 

17. Farraj AK, Hazari MS, and Cascio WE. The utility 

of the small rodent electrocardiogram in toxicology. 

Vol. 121, Toxicological Sciences. Oxford University 

Press; 2011. p. 11–30. 

18. Timm K.I.  Orbital venous anatomy of the rat. Lab 

Anim Sci. 1979; 29: 636–638.   

19. Okinaka S, Kumagai H, Ebashi S, Sugita H, 

Momoi H, Toyokura Y, et al. Serum creatine 

phosphokinase. Activity in progressive muscular 

dystrophy and neuromuscular diseases. Arch Neurol. 

1961 May;4:520-5.    

20. Li J, Thangaiyan R, Govindasamy K and Wei J, 

Anti-inflammatory and anti-apoptotic effect of 

zingiberene on isoproterenol-induced myocardial 

infarction in experimental animals. Hum Exp 

Toxicol. 2021; 40 (6):915- 927. 

21. Niehaus WG and Samuelsson B. Formation of 

malonaldehyde from phospholipid arachidonate 

during microsomal lipid peroxidation. Eur J 

Biochem. 1968 Oct 17;6(1):126-30. 

22. Sinha AK. Colorimetric assay of catalase. Anal 

Biochem. 1972 Jun;47(2):389-94.  

23. Tenenbaum A, Fisman EZ, Motro M, and Adler Y. 
Atherogenic dyslipidemia in metabolic syndrome and 

type 2 diabetes: therapeutic options beyond statins. 

Cardiovasc Diabetol. 2006 Sep 26;5:20.  

24. Sookoian S and Pirola CJ. Metabolic syndrome: 

from the genetics to the pathophysiology. Curr 

Hypertens Rep. 2011 Apr;13(2):149-57.  

25. Hussein SA, Azab ME, and Abdelwahed SM. 
Biochemical effect of curcumin on experimentally 



JRAM 2024; 5 (2): 166-173 Ali et al. Cardioprotective effect of linagliptin 
 

172 

induced myocardial injury in rats. 

BVMG.2018;35(1):375-387 

26. Panda S, Kar A, and Biswas S. Preventive effect of 

Agnucastoside C against Isoproterenol-induced 

myocardial injury. Sci Rep. 2017 Dec 1;7(1):16146.  

27. Liu C, Li B, Yan Q, Niu S, Zhao Y, Xiong C, et al. 

Protective Effects and Mechanisms of Recombinant 

Human Glutathione Peroxidase 4 on Isoproterenol-

Induced Myocardial Ischemia Injury. Oxid Med Cell 

Longev. 2021 Sep 7; 2021:6632813. 

28. Gonçalves MSS, Silva EAP, Santos DM, Santana 

IR, Souza DS, Araujo AM, et al. Nerolidol 

attenuates isoproterenol-induced acute myocardial 

infarction in rats. Naunyn Schmiedebergs Arch 

Pharmacol. 2022 Mar;395(3):353-363. 

29. Thippeswamy BS, Thakker SP, Tubachi S, 

Kalyani GA, Netra MK, Patil U, et al. 
Cardioprotective effect of Cucumis trigonus Roxb on 

isoproterenol-induced myocardial infarction in rat. 

Am J Pharmacol Toxicol. 2009;4(2):29–37.  

30. Metias EF, Aboelmaaty NM, and Hussein AM. 

Modulation of ECG, Myocardial Oxidative Stress 

Markers and Connexion 43 Expression by Ascorbic 

Acid and Ferulic Acid in Isoproterenol-Induced 

Myocardial Infarction in Rats. Biochemistry and 

Physiology: Open Access. 2016;5.1-10  

31. Dhakad PK, Sharma PK, Kumar S, Sharma AKr, 

Mishra R, and Dixit A. Cardio Protective Action of 

Cilostazol, Milrinone and Their Combination over 

Isoproterenol Induced Myocardial Infarction in 

Wistar Rats. International Journal of Cardiovascular 

and Cerebrovascular Disease. 2017 Feb;5(1):8–14.  

32. Silvares RR, da Silva Pereira ENG, Flores EEI, 

Rodrigues KL, Silva AR, Gonçalves-de-

Albuquerque CF, et al. High-fat diet-induced kidney 

alterations in rats with metabolic syndrome: 

Endothelial dysfunction and decreased antioxidant 

defense. Diabetes, Metabolic Syndrome and Obesity. 

2019; 12:1773–81.  

33. Naguib YM, Samaka RM, Rizk MS, Ameen O, and 

Motawea SM. Countering adipose tissue dysfunction 

could underlie the superiority of telmisartan in the 

treatment of obesity-related hypertension. Cardiovasc 

Diabetol. 2021 Dec 1;20(1):1-9. 

34. Feng W and Li W. The study of ISO induced heart 

failure rat model. Exp Mol Pathol. 2010 

Apr;88(2):299-304.  

35. Mallov S. Effect of cardiotoxic concentrations of 

catecholamines on Na+Ca2+ exchange in cardiac 

sarcolemmal vesicles. Exp Mol Pathol. 1984 Apr 

1;40(2):206–13. 

36. Tokgözoğlu L. Ateroskleroz ve enflamasyonun rolü 

[Atherosclerosis and the role of inflammation]. Turk 

Kardiyol Dern Ars. 2009 Apr;37 Suppl 4:1-6. 

Turkish. PMID: 19553755. 

37. Feng W and Li W. (2010): The study of ISO induced 

heart failure rat model. Exp Mol Pathol; 88(2):299-

304.  

38. Ishizue N, Niwano S, Niwano H, Oikawa J, 

Nakamura H, Hashikata T, et al. Linagliptin 

suppresses electrical and structural remodeling in the 

isoproterenol induced myocardial injury model. Int 

Heart J. 2019;60(2):411–8.  

39. Sravanthi K, Reddy RB, Patchipulusu, and 

Sekhar R. Evaluation of cardioprotective effect of 

linagliptin, a novel DPP4 inhibitor in normal and 

streptozotocin induced type-2 diabetic rats by 

ischemic reperfusion injury method. IAJPBB;2016. 

3(5):473-481. 

40. Zakaria EM, Tawfeek WM, Hassanin MH, and 

Hassaballah MY. Cardiovascular protection by 

DPP-4 inhibitors in preclinical studies: an updated 

review of molecular mechanisms. Naunyn 

Schmiedebergs Arch Pharmacol. 2022 

Nov;395(11):1357-1372.  

41. Li M, Wang Z, Xia H, Yu L, and Hu Z. Vildagliptin 

and G-CSF Improved Angiogenesis and Survival 

after Acute Myocardial Infarction. Arch Med Res. 

2019 Apr;50(3):133-141.  

42. Chiazza F, Tammen H, Pintana H, Lietzau G, 

Collino M, Nyström T, et al. The effect of DPP-4 

inhibition to improve functional outcome after stroke 

is mediated by the SDF-1α/CXCR4 pathway. 

Cardiovasc Diabetol. 2018 May 19;17(1):60. 

43.  

 

 

 

 

 

 



JRAM 2024; 5 (2): 166-173 Ali et al. Cardioprotective effect of linagliptin 
 

173 

 الملخص العربى 
التأثير الوقائى لدواء الليناجلبتين ضد احتشاء عضلة القلب المحدث في الفئران المصابة بمتلازمة 

 لأيضأ
 1، سحر بدرالدين2عبدالحميدالسيد ، هالة 1يوسف احمد ، فاتن1، هالة محمد نجيب1حسن علىأسماء 

 قسم الفارماكولوجى، كليه طب بنات، القاهرة، جامعه الازهر، جمهوريه مصر العربية. 1
 قسم الباثولوجيا العامة، كليه طب بنات، القاهرة، جامعه الازهر، جمهوريه مصر العربية. 2

 :ملخص البحث

يعتبر نقص تروية عضلة القلب من اخطر المضاعفات الناتجة عن الإصابة بداء متلازمة الايض ولذلك  خلفية:ال
فأن علاج هذا الداء يستلزم أخذ مجموعه من الادويه لتقليل المضاعفات الناتجه عنه ومن هذه الادويه فأن المجموعه 

يه المستخدمه للسيطره على زيادة نسبة سكر الدم ومقاومة من اكثر الادو 4-المثبطه لانزيم داى ببتدايل ببتايداز 
 الانسولين  المصاحبين لداء متلازمة الايض.

استيضاح تأثير دواء الليناجلبتين على بعض مؤشرات احتشاء عضلة القلب المحدث تهدف هذه الدراسة الى  :الهدف
عن طريق فحص رسم القلب وبعض التحاليل المصابه بمتلازمة الايض   بواسطة عقار الايزوبرينالين في الفئران

 الكميائيه

فأرا من النوع المحلى وقد قسم هذا العدد من الحيوانات على اربع محموعات  32هذا البحث قد استخدم فيه  طرق:ال
. المجموعه الأولى هي المجموعه الضابطه التي لم تعطى اى دواء والمجموعه الثانيه هي مجموعة متلازمة الايض 

في الفئران عن طريق تغذية الحيوانات بطعام به نسبه عاليه من الدهون والسكريات اما المجموعه الثالثه  المحدث
فهى المجموعه المعرضه لعقار الايزوبرينالين بحقنه تحت الجلد لمدة يومين متتاليين بعد احداث داء متلازمة الايض 

ليناجلبتين لمدة اربع أسابيع قبل احداث احتشاء لعضلة بها والمجموعه الرابعه هي المجموعه التي تناولت دواء ال
 القلب بها بعقار الايزوبريالين.

اظهرت نتائج هذا البحث أن دواء الليناجلبتين قد احدث انخفاضا ذا دلاله احصائيه على كلا من سرعة  نتائج:ال
اضا ملحوظا في التحاليل تى عند فحص رسم القلب كما أن هذا الدواء قد احدث انخف -ضربات القلب ومقطع اس

مقياس اكسدة الدهون مع  –عامل نخر الورم الفا  -الكميائيه الخاصه باحتشاء عضلة القلب ومنها كيناز الكرياتين
زيادة ذات دلاله احصائيه في انزيم الكتالاز مقارنة مع مجموعة الحيوانات المصابه باحتشاء عضلة القلب ولم تتلق 

 علاجا . 

ء الليناجلبتن يعتبر من الادويه الواعده في تقليل نسبة الاصابه بمرض احتشاء عضلة القلب الناتج دوا الأستنتاجات:
 .عفات الاصابه بداء متلازمة الايضعن مضا

 
 .متلازمة الايض،  دواء الليناجلبتين، احتشاء عضلة القلب الكلمات المفتاحية: 
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