
SUMMARY 

 

The effect of selected incretin drugs on paraoxonase 1 (PON1) and platelet 

- activating factor (PAF-AH) acetylhydrolase in the fructose-induced 

experimental cardiometabolic syndrome. 

 

Metabolic syndrome, also known as insulin resistance or cardiometabolic syndrome, is 

characterized by a constellation of cardiovascular (CV) risk factors including abdominal 

obesity, hypertension, glucose intolerance and atherogenic dyslipidemia, manifested by 

hypertriglyceridemia, reduced level of HDL-cholesterol with the presence of dysfunctional 

HDL and prone to oxidative modification, small dense LDL molecules. In addition, 

dysfunctional HDL particles demonstrate low activity of associated antioxidant enzymes, such 

as paraoxonase 1 (PON1) and platelet activating factor acetylhydrolase (PAF-AH). These 

enzymes protect plasma lipoprotein against peroxidation attenuate intravascular lipid 

deposition and inflammation. Both these processes, of uncontrolled lipid and inflammatory cell 

accumulation in the vascular wall, are crucial in atherogenesis.  

Excessive fructose intake in both humans and laboratory animals lead to the 

development of insulin resistance, glucose metabolism abnormalities and hypertriglyceridemia 

creating atherogenic lipid profile. It is postulated, that the global increase in fructose 

consumption in the world is one of the main etiological factors responsible for the pandemic of 

obesity, prediabetes and diabetes, as well as for cardiovascular diseases, which contribute to 

the increased morbidity and mortality in this population. 

Metabolic syndrome increases the risk of type 2 diabetes (T2DM) by 5 times and the 

development of atherosclerotic cardiovascular disease more than 2 times. Recent large clinical 

trials showed that some antidiabetic drugs not only effectively lower glycemia, but also delay 

the progression of metabolic syndrome to T2DM and reduce the cardiovascular risk. Among 

others, the cardioprotective effect has been documented for glucagonlike peptide 1 (GLP-1) 

analogues, belonging to the new group of antidiabetic agents, which mimic the action of 

endogenous incretin hormones. Nowadays, there are two classes of antidiabetic drugs based on 

the incretin system – long-acting GLP-1 receptor agonist (GLP-1a), resistant to the enzymatic 

degradation by the dipeptidylpeptidase 4 (DPP-4) and DPP-4 inhibitors (DPP-4i), which delay 



inactivation of endogenous GLP-1 by inhibiting DPP-4 activity. The insulinotropic action of 

GLP-1 and its analogues is mediated by GLP-1 receptors, expressed also in many extra-

pancreatic tissues, including the cardiovascular system. They are also present on hepatocytes 

and macrophages, the cells considered to be the main sources of circulating PON1 and PAF-

AH. These data suggest that GLP-1 agonists may regulate the synthesis and secretion, and 

consequently activity of these enzymes in the circulation.  

Aims: The present study was undertaken to determine whether in rats with fructose-induced 

metabolic syndrome the potential antiatherogenic effect of exenatide (GLP-1a) and sitagliptin 

(DPP-4i) may be dependent on the regulation of the activity and mass of PON1 and PAF-AH – 

two enzymes transported by HDL particles. As both, PON1 and PAF-AH protect LDL against 

oxidative modification degrading proinflammatory and angio-toxic lipids, additionally in this 

study the concentrations of ox-LDL, early peroxidation products (HEL), as well as selected 

markers of inflammation and vascular endothelial function, such as platelet activating factor 

(PAF), lysophosphatidylcholine (lyso-PC), monocyte chemoattractant protein-1 (MCP-1) and 

endothelin -1 (ET-1) were assessed. The effect of chronic administration of the study drugs was 

also analyzed in control animals. To eliminate possible effects of exenatide-induced lower 

weight gain on enzyme activity and concertation, additional groups of animals receiving 

equivalent amounts of food was also created. 

Methods: The study was performed on 110 Wistar rats with a body weight of 200-240g, 

randomly allocated to 11 groups: 1) control untreated; 2) fructose-fed untreated; 3) sitagliptin 

(10mg/kg) treated; 4) control exenatide (10μg/kg) treated; 5) control receiving an equivalent 

volume of 0,9% NaCl; (6) control receiving equivalent amounts of chow; (7) fructose-fed and 

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

and exenatide (5μg/kg) treated; (10) fructose-fed and exenatide (10μg/kg) treated; (11) 

receiving an equivalent quantities of chow and fructose solution. The experimental metabolic 

syndrome was induced by giving 20% fructose solution for drinking for 8 weeks. Exenatide 

was dissolved in sterile 0,9% NaCl and injected subcutaneously (s.c.), once daily, for 4 weeks. 

Sitagliptin was given orally mixed with a powder chow for 4 weeks. The blood samples for 

analysis were collected under general anesthesia from the abdominal aorta. Plasma markers and 

enzyme activities were measured colorometrically using the ability of PON1 to hydrolyze 

organophosphorus compounds (paraoxon) and aromatic esters (phenyl acetate), and the ability 

of PAF-AH to hydrolyze thioesters. Concentrations of PON1, PAF-AH and insulin, as well as 

selected markers of oxidative stress, inflammation and endothelial dysfunction were assessed 

using the enzyme-linked immunosorbent assay (ELISA). 



Statistical analysis was performer by ANOVA followed by the Tukey post hoc comparison test. 

Results: In this study, heterogeneous effect of the studied incretin drugs on PON1 and PAF-

AH activity and concentration was found. The 4-week administration of fructose-fed rats with 

high and low dose of exenatide caused a reduction of both plasma PON1 concentration and 

activity (toward phenyl), suggesting that the diminished activity of the enzyme is the result of 

the decrease in PON1 synthesis or/and secretion in the liver. By contrast, in the fructose-fed 

rats the treatment with low dose of exenatide (5 μg/kg) significantly increased plasma PAF-AH 

activity without any changes in enzyme concentration. The observed increase in enzyme 

activity was independent on weight reduction and improvement of insulin sensitivity and 

glucose metabolism, while it could be dependent on a reduction in triglyceride levels and an 

increase in plasma apolipoprotein A-I (apoA-I) concentration - important factors determining 

PAF-AH activity in atherogenic dyslipidemia. The increased PAF-AH activity was 

accompanied by a decrease in plasma ox-LDL and MCP-1 levels suggesting, that the exenatide-

induced increase in PAF-AH activity could potentiate LDL defense against oxidative 

modification. A relative decrease in lyso-PC concentration along with a decrease in the apoB / 

apoA-I ratio may indicate a favorable distribution of PAF-AH between lipoproteins caused by 

exenatide. The treatment with both doses of sitagliptin did not have any effect on the plasma 

PON1 and PAF-AH activity and concentration in normal and fructose-fed rats. In addition, 

there were no changes in the parameters of oxidative stress, inflammation and endothelial 

function in both fructose-induced metabolic syndrome and normal rats. 

In conclusion, the eight-week administration of fructose as a 20% drinking solution induce the 

development of metabolic disorders characteristic of the metabolic syndrome, such as an 

increase in plasma insulin and triglyceride levels. Chronic administration of GLP-1 analogues, 

but not DPP-4 inhibitors, can modulate the activity and concentration of HDL-related 

antioxidant enzymes (PON1, PAF-AH). The increase in PAF-AH activity accompanied by a 

decrease in the concentration of ox-LDL and MCP-1, as well as a reduction in the apoB/apoA 

and PC/lyso-PC ratio caused by chronic exenatide administration, indicate, that the increase in 

PAF-AH activity may be responsible for the cardioprotective effects of GLP-1 analogues. 

 


