
SUMMARY 

 

Metabolic syndrome (MS) is a constellation of atherogenic risk factors that include 

obesity, insulin resistance, hypertension, dyslipidaemia and hyperglycaemia. Each of 

these disorders enhance morbidity and mortality due to atherosclerotic cardiovascular 

disease and increase the risk of developing a nonischemic (independent of ischemic heart 

disease) cardiomyopathy that is characterized by myocardial hypertrophy and fibrosis 

leading to cardiac dysfunction or failure. 

Nitric oxide (NO) is the key molecule responsible for maintaining homeostasis  

in the cardiovascular system. NO exhibits vasodilating, anti-inflammatory, antioxidant 

and antiplatelet properties, and inhibits myocardial hypertrophy and fibrosis by blocking 

the transmission of the TGF- signal from the membrane receptor to the cell nucleus  

via Smad proteins. Asymmetric dimethylarginine (ADMA) is an endogenous inhibitor of 

nitric oxide synthase (NOS) with proatherosclerotic and profibrotic activity.  

New antidiabetic drugs (antagonists of the glucagon-like peptide 1 receptor  

[GLP-1R] and inhibitors of dipeptidyl peptidase IV [DPP-IV]), which have been 

introduced in the treatment of diabetes in recent years, independently of their 

hypoglycaemic effect, have a protective effect on the vascular system and inhibit 

pathological remodeling of the heart muscle (hypertrophy and fibrosis). 

The aim of the study was to investigate whether selected antidiabetic drugs such as 

exenatide (a GLP-1R agonist) and sitagliptin (a DPP-IV inhibitor) may affect ADMA 

metabolism, NO bioavailability and myocardial fibrosis in rats with experimental 

fructose-induced cardiometabolic syndrome. 

Methods: The study was performed on 110 Wistar rats weighing 200-240 g, 

randomly assigned to 11 groups, respectively: (1) control; (2) fructose treated,  

(3) sitagliptin treated control (10 mg/kg); (4) exenatide treated control (10 μg/kg);  

(5) control receiving equivalent volume of saline; (6) control receiving equivalent 

amounts of feed (~ the GLP-1Ra anorectic effect); (7) fructose and sitagliptin treated 

(5 mg/kg); (8) fructose and sitagliptin treated (10 mg/kg); (9) fructose and exenatide 

treated (5 µg/kg); (10) fructose and exenatide treated (10 µg/kg); (11) a group receiving 

equivalent amounts of food and fructose solution. The experimental metabolic syndrome 

was induced by imbibing a 20 % fructose solution for 8 weeks. Exenatide, dissolved in 

physiological saline, was administered subcutaneously, once a day,  

for 4 weeks. Sitagliptin, mixed with powdered laboratory feed, was administered orally, 



for 4 weeks. Tissues and blood from the abdominal aorta were collected from animals 

under general anesthesia. ADMA metabolism in the cardiovascular system was assessed 

by measuring the concentration of ADMA and the expression and activity of the enzymes 

responsible for ADMA synthesis (PRMT) and ADMA degradation (DDAH), as well as 

by assessing the intensity of asymmetric dimethylation of histone  

H4 (H4R3a2me), a precursor of ADMA. Analysis of anti-fibrotic effect in the 

myocardium was based on the assessment of: 1) NO/cGMP system; 2) selected fibrotic 

biomarkers (TGF-1, Smad, -SMA, COL1A1) and 3) morphological analysis. In the 

study, the following methods were used: 1) colorimetric method to assess plasma 

biochemistry and DDAH activity in the heart, liver and kidney; 2) high performance 

liquid chromatography coupled with mass spectrometry (UHPLC-MS/MS) to determine 

the ADMA concentration in the myocardium; 3) Enzyme-Linked Immunosorbent Assay 

(ELISA) to assess the concentration of NO, ADMA, SDMA, 3-NT, tHcy, BNP  

in plasma and DDAH1 and 2, PRMT1, TGF-1, -SMA, NO and cGMP  

in the myocardium; 4) real-time polymerase chain reaction (RT-PCR) to evaluate mRNA 

expression for PRMT1, DDAH1 and 2, collagen type 1 in the myocardium;  

5) immunohistochemistry to visualize asymmetric dimethylation of histone  

H4 (H4R3a2me) and activating Smad phosphorylation (Smad2/3-P) in the heart;  

6) H + E staining in a histopathological examination. The statistical analysis was 

performed using ANOVA with subsequent Tukey's test and multivariate data analysis 

(PCA, OPLS-DA). 

Results: Increase in ADMA accumulation and decrease in NO concentration were 

observed in the plasma of rats with fructose-induced MS. The myocardium of these 

animals showed moderate perivascular fibrosis, as well as an increase in TGF-1 level 

and Smad2/3-P expression. Administration of exenatide, both at dose 5 µg/kg/day  

and 10 µg/kg/day for 4 weeks, reduced the elevated levels of circulating ADMA and 

enhanced the decreased plasma NO concentrations. These changes correlate with increase 

in DDAH activity in the kidney. The higher dose of eksenatide (10 µg/kg/day) was found 

to reduce the concentration of TGF-1 and increase the concentration of NO and PRMT1 

in the myocardium. Exenatide, in both doses, inhibited the differentiation of fibroblasts 

into myofibroblasts and its ability to synthesize collagen. In addition  

it inhibited the signal transmission through Smad proteins (reduction of Smad2/3-P 

expression) and reduced the area of perivascular fibrosis in the myocardium. Moreover, 



we saw an inverse correlation between renal DDAH activity and myocardial -SMA 

concentration in exenatide treated rats with MS.  

In fructose-fed rats, administration of sitagliptin (the DPP-IV inhibitor), brought 

about a decrease in the plasma level of symmetrical dimethylarginine (SDMA; the 

ADMA stereoisomer) (10 mg/kg/day) and an increase in plasma NO concentration 

(5 mg/kg/day; 10 mg/kg/day) and kidney DDAH activity (10 mg/kg/day). The chronic 

inhibition of DPP-IV activity with sitagliptin decreased myocardial DDAH activity 

(5 mg/kg/day), reduced perivascular fibrosis and normalized the immunohistochemical 

expression of Smad2/3-P (5 mg/kg/day and 10 mg/kg/day). 

Conclusion: Anti-fibrotic effect of exenatide (GLP-1R agonist) and sitagliptin 

(DPP-IV inhibitor) in the myocardium is independent of their effect on myocardial 

ADMA metabolism.  Anti-fibrotic activity of exenatide is partly dependent on its effect 

on ADMA catabolism in the cardiovascular system. The presented data confirm the 

cardioprotective effect of antidiabetic drugs such as exenatide (a GLP-1R agonist) and 

sitagliptin (a DPP-IV inhibitor). The obtained results suggest therapeutic use of incretin 

drugs in the prevention of myocardial fibrosis and the development of heart failure in 

patients with MS. 


