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Abstract 
Background: Glucagon-like peptide-1 (GLP-1) is an incretin hormone with insulinotropic pro- 
perties that regulates glucose metabolism. GLP-1 receptors are the most extensively key modula- 
tors of lipid and glucose homeostasis. They are predominantly expressed in adipose tissues, some 
non adipose tissues including heart, kidney, spleen, and all relevant cells of the vasculature: endo- 
thelial cells, smooth muscle cells, and macrophages. The vascular distribution suggests their 
involvement in the control of cardiovascular function. Objective: The present experiment was de- 
signed to study the effect of sitaglipten alone or in combination with captopril on blood pressure, 
antioxidant enzymes, vascular reactivity and cardiac hypertrophy in NG-nitro-L-arginine methyl- 
ester (L-NAME) induced hypertension in rats. Methods: One hundred male albino rats weighing 
from 150 - 200 g were included in this study. Rats were divided into two main groups. Group I, (20 
rats) served as a control group for group II, and received 1 ml of physiological saline (0.9%), orally 
for seven weeks. Group II: hypertensive group, (80 rats) was given daily L-NAME in a dose of 40 
mg/kg orally for seven weeks. Rats were further subdivided into A, B, C, and D, each of 20 rats. 
Group-A, received 1 ml of distilled water daily orally for six weeks, starting one week after L-NAME 
administration. Groups B, C and D were treated with daily sitaglipten (10 mg/kg b.wt. orally) and 
captopril (100 mg/kg b.wt. orally), alone or together for six weeks. Blood pressure, serum tumor 
necrosis factor-α (TNF-α), body weight (BW) and heart weight (HW) were measured. Malondi- 
aldehyde (MDA) and reduced glutathione (GSH) were estimated in cardiac tissues. Thoracic aorta 
was isolated and the aortic rings were allowed to achieve maximal tension by cumulative addition 
of phenylephrine (PE) (10-9-10-5 M) to the bath solution. Results: Sitaglipten and captopril, alone 
or together produced significant decreases in blood pressure and TNF-α. Higher oxidative stress 
accompanying hypertension was significantly reduced by sitaglipten and captopril treatment. The 
results showed that both drugs significantly attenuated the augmented contractile response to PE 
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in hypertensive rats. In addition, they inhibited the cardiac hypertrophy (reduction in HW/BW 
ratio). Conclusion: These data suggest that DPP4 inhibitor (sitaglipten) “is away from being in- 
sulinotropic and regulates glucose metabolism”, contributes to normal regulation of blood pres- 
sure and exerts protective effects in hypertension via many mechanisms, as inhibition of genera- 
tion of free radicals. 
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1. Introduction 
Hypertension is a key risk factor for cardiovascular disease and kidney failure. Congestive heart failure with left 
ventricular (LV) dysfunction is often found in patients with hypertension [1]. The transition from LV wall hy- 
pertrophy compensatory for abnormal wall stress to overt heart failure has long been recognized, but the under-
lying mechanisms remain poorly understood. However, it is known that during the development of this transi-
tion insulin resistance, cardiac glucose uptake is down-regulated, angiotensin-converting enzyme (ACE) levels 
increase, and the reninangiotensin aldosterone system (RAAS) becomes hyperactivated [2] [3]. Heart failure and 
diabetes are intrinsically linked. Diabetes is a risk factor for coronary atherosclerosis leading to myocardial 
ischemia and infarction. Diabetes also causes cardiomyopathy independent of coronary atherosclerosis. Clinical 
presentation involved diastolic dysfunction characterized by abnormal LV relaxation, reduced systolic function 
and increased myocardial reflectivity, and elevated insulin resistance [4]. 

Hypertension and diabetes are the two leading causes of many cardiac diseases. Drugs that improve glucose 
uptake and glucose oxidation have cardioprotective effects and can attenuate subsequent cardiac disease [3]. 
Glucagon-like peptide-1 (GLP-1) is an incretin hormone with insulinotropic properties that regulates glucose 
metabolism [5]. GLP-1 receptor agonists can attenuate insulin resistance and improve glycemic control in pa-
tients with type II diabetes. Intravenous infusion of GLP-1 in patients with acute myocardial infarction for 72 
hours after successful angioplasty reportedly improved cardiac function [6]. In Dahl salt-sensitive (DSS) hyper-
tensive rats, GLP-1 attenuated the development of hypertension and cardiac remodeling, and improved cardiac 
functionality [7]. Sitaglipten is an incretin enhancer that shares many glucoregulatory properties with GLP-1. It 
enhances glucose-dependent insulin secretion, enhances glucose-dependent suppression of inappropriately high 
glucagon secretion, slows gastric emptying, and reduces food intake [8]. In diabetic model, dipeptidyl peptidase 
IV can promote β-cell proliferation and islet neogenesis from precursor cells [9]. NG-nitro-L-arginine methyl 
ester (L-NAME) induces a dose-dependent increase in bloodpressure (BP) associated with a decrease in the 
cGMP content of the arterial wall. The L-NAME model evolves in 2 stages: an early compensated stage charac-
terized by high BP and a later accelerated stage associated with diastolic heart dysfunction characterized by LV 
hypertrophy and increased LV myocardial thickness and stiffening and the development of endorgan damage. 
Chronic blockade of NO synthase (NOS) can activate the expression of different genes in the arterial wall, such 
as inducible (i) isoform type II cyclooxygenase, and is associated with the accumulation of endothelial macro-
phages [10] [11]. 

The purpose of the present study was to determine whether hypertension, vascular and cardiac dysfunction in 
rats induced by L-NAME could be attenuated by the sitaglipten, also, to detect any benefit from the combination 
of sitaglipten and captopril on the tested parameters. 

2. Methods 
The ethical committee for conduction of animal studies at the pharmacology department approved the experi-
mental protocol and all animals were cared for in accordance with the principles and guidelines of the Animal 
Care as outlined in the “Guide to the Care and Use of Experimental Animals”. 
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2.1. Experimental Animals 
The present study was carried out on one hundred male albino rats of body weight ranging from 150 - 200 gm. 
The rats were obtained from physiology department, Faculty of Medicine, Alexandria University. The rats were 
kept in the animal house in metal cages under standard conditions of light and temperature, fed normal labora-
tory diet and had free access to water. 

2.2. Experimental Design 
The animal was randomly divided into the following groups: 

Group I: Normal control group (20 rats).This group received 1 ml of physiological saline (0.9%) daily orally 
for 7 weeks. This group served as a control group for group II. 

Group II: Experimental hypertensive model, (80 rats): Rats received oral NG-nitro-L-arginine methyl ester 
(L-NAME) (Sigma Chemical Co., Switzerland), in a dose of 40 mg/kg daily for seven weeks [12]. This group 
was further subdivided into 4 subgroups, each of 20 rats. 

A-Untreated (hypertensive) group, received 1 ml of 2% gum acacia (Arabic Laboratory Equipment Co.), 
daily orally following the L-NAME by one week, for six weeks. This group served as a control group for the 
drug-treated groups: II-B, II-C and II-D. 

B-Sitaglipten treated group, rats were received sitaglipten (Sigma, St. Louis, MO) in a dose of 10 mg per kg 
of body weight orally daily [13] for six weeks. 

C-Captopril treated group, rats were received captopril in a dose of 100 mg per kg of body weight orally 
daily [14] for six weeks. 

D-Sitaglipten and captopril treated group, rats were received both drugs in the same previous doses and 
duration. The drugs were administered after being dissolved in 1 ml of distilled water. 

At the end of the experiment, the rats were fasted for 18 - 20 hours with free access to water. Rats were anes-
thetized with pentobarbital sodium in a dose of (40 mg/kg b.wt.) weighed and blood samples were taken using 
capillary tubes introduced into the medial retro-orbital venous plexus [15]. Blood samples were centrifuged for 
15 minutes at 3000 rpm. Sera were separated and stored at −20˚C until being used. After isolation of blood sam-
ples, each rat was sacrificed, thoracic aorta was isolated and hearts were rapidly excised, washed immediately 
with ice-cold saline, weighed and used to assess the hypertrophy and oxidative stress. 

2.3. Parameters Measured 
1)-Blood pressure: Systolic blood pressure (SBP) was measured by the invasive method after LNAME-in- 

duced hypertension once a week during the 6 weeks of the follow-up [16]. 
2)-Serum tumor necrosis factor-alpha (TNF-α) concentration using the cytoscreen Rat Tumor Necrosis Fac-

tor-alpha ELISA kit (Biosource-California-USA) [17]. 
3)-Determination of malondialdehyde (MDA) an index of oxidative stress, in cardiac homogenate [18]. 
4)-Estimation of reduced glutathione (GSH) an index of endogenous antioxidant, in cardiac homogenate [19]. 
5)-Vascular reactivity study [20]. 
6)-Body weight, heart weight and heart weight/body weight ratio, an index of cardiac hypertrophy [21]. 

2.4. Determination of Blood Pressure [16] 
Rats were anesthetized with pentobarbital sodium (50 mg/kg i.p.). Supplemental anesthesia was administered as 
needed. With the use of aseptic techniques, the femoral artery was dissected, and then a small opening was made 
in the artery by the means of very fine scissors (or tip of pediatric cannula). The PE catheter (5.5 cm of a PE 10 
catheter connected to 13 cm of PE50 catheter) was introduced into the femoral artery up to the site of connection 
between the PE 10 and the PE50 catheters. Then a tunnel was made starting from the groin region, passing by 
the back of the rat and ending between the two scapulae using a tunneling device, where a small opening was 
made in the skin to exteriorize the catheter. The catheter was secured in place at 2 positions 0.5 cm apart by su-
turing it to the thigh muscle, then it was flushed with heparinized saline before closing the wound. The exteri-
orized catheter was clamped as near as possible from the rat body, excess length was cut, then it was plugged 
with a pin and the clamp was released. 
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2.5. Determination of Malondialdehyde (MDA) [18] 
Rat heart was weighed & homogenized with cold 1.15% Kcl to make 10% (w/v) homogenate. 0.2 ml homoge-
nate was added to 8.1% sodium dodecyl sulphate (SDS), 20% acetic acid solution adjusted to pH 3.5, and 0.8 
thiobarbituric acid (TBA).The mixture was made up to 4.0 ml with distilled water, and then heated in a water 
bath at 95 for 1 hour. After cooling, 1 ml distilled water and 5.0 ml of n-butanol-pyridine (15:1; v/v) mixture 
was added. The absorbance of the organic layer was measured at 532 nm. A standard curve was constructed us-
ing different concentrations of 1,1,3,3-tetramethoxypropane in ethanol. The concentration of MDA in the sample 
was determined in n mol/g tissue. 

2.6. Estimation of Reduced Glutathione (GSH) [18] 
This method was based on the development of a yellow color when 5,5᾽ dithio-2nitrobenzoic acid (DTNB) is 
added to sulfahydryl compounds.0.2ml heart homogenate in ice-cold 3% metaphosphoric acid was added to 1.8 
ml distilled water. Then 3 ml of the precipitating solution (1.67 g glacial metaphosphoric acid, 0.2 g EDTA, and 
30 g of sodium chloride per 100 ml distilled water) was added. The mixture was allowed to stand for 5 min and 
then filtered. 2 ml of the filtrate was added to 0.3 M Na2HPO4 solutions. In the spectrophotometer cuvette, 0.04% 
DTNB was added. The stable color was read at 412 nm. Standard curve was constructed using serial dilutions of 
stock GSH standard. GSH level was expressed as n mol/g tissue. 

2.7. Vascular Reactivity Study [20] 
For measurement of vascular responses, the descending thoracic aorta of rats was isolated immediately after de-
capitation and carefully cleaned from fat and connective tissues. The aorta was cut into rings of 4 mm in length, 
placed between 2 stainless steel hooks and mounted in a 50 ml organ bath containing Krebs-Henseleit solution at 
37˚C continuously bubbled with a 95% O2 - 5% CO2 mixture (pH 7.4). The rings were equilibrated for 90 min 
with a resting tension of 2 g. Phenylephrine (PE) was added in a cumulative manner (10-9-10-5 M) until a 
maximum response expressed as grams of tension (g) was achieved. The force of contraction was measured with 
an isometric force-displacement transducer (Washington type D1, Bioscience, U.K.) and recorded on a poly-
graph (Washington 300 MD2 C, Bioscience, U.K.). 

2.8. Statistical Analysis [22] 
Data were expressed as means with their corresponding standard deviations (SD). One way analysis of variance 
(ANOVA or F-test) was used to compare more than two means. Then the data were subjected to least significant 
difference (LSD) test. 

3. Results 
3.1. Blood Pressure 
Administration of L-NAME significantly increased blood pressure of untreated group. There was a highly sig-
nificant reduction on systolic blood pressure after sitaglipten treatment (Table 1, Figure 1). 

3.2. Serum TNF-α Concentration 
In L-NAME untreated group, TNF-α concentration was significantly increased when compared to normal con-
trol group. Treatment with sitaglipten and captopril separately or in combination reduced the concentration of 
TNF-α when compared to the corresponding groups (Table 1, Figure 2). 

3.3. Malondyaldehyde (MDA) and Reduced Glutathione (GSH) in Cardiac Tissue 
Oxidative stress as shown by MDA measurement was significantly increased in cardiac tissues (Table 1, Figure 
3), while GSH was significantly decreased in hypertensive untreated group (Table 1, Figure 4). Treatment with 
sitaglipten and captopril separately or in combination reduced the level of MDA and increased endogenous an-
tioxidants GSH when compared to the corresponding groups. 
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Table 1. Effect of oral administration of sitaglipten and captopril separately or in combination daily for six weeks on systolic 
blood pressure, serum tumor necrosis factor-alpha (TNF-α), malondyaldehyde (MDA) and reduced glutathione (GSH) in 
L-NAME-induced hypertensive rats (Mean ± SD). 

Parameters 
Group Studied 

(N = 20) 

Systolic Blood Pressure 
(mmHg) 

Serum Tumor Necrosis 
Factor-Alpha (TNF-α) 
Concentration (ng/ml) 

Myocardial Homogenate 
Reduced Glutathione 

(GSH) 
(µmol/g Tissue) 

Malondyaldehyde 
(MDA) 

(mol/g Tissue) 

Normal control gp. 131 ± 4.5 6.12 ± 0.34 100.42 ± 3.79 4.19 ± 0.3 

Hypertensive gp. 190 ± 5.9ac 20.22 ± 0.67ac 411.23 ± 5.21ac 2.11 ± 0.2ac 

Sitaglipten treated gp. 170 ± 4.2abc 15.69 ± 0.73abc 200.05 ± 4.99abc 3.01 ± 0.1abc 

Captopril treated gp. 155 ± 3.9abc 14.31 ± 0.69abc 150.39 ± 6.69abc 3.05 ± 0.2abc 
Sitaglipten and captopril 

treated gp. 132 ± 3.3b 9.84 ± 0.92ab 121.21 ± 7.53ab 4.08 ± 0.3b 

F (p) 323.026* (<0.001) 610.160* (<0.001) 4702.247* (<0.001) 137.52* (<0.001) 

F: F test (ANOVA); a: Significant as compared to normal control group; b: Significant as compared to hypertensive group; c: Significant as compared 
to sitaglipten and captopril treated group; *: Statistically significant at p ≤ 0.05. 

 

 
Figure 1. Effect of oral administration of sitaglipten and captopril sepa-
rately or in combination daily for six weeks on systolic blood pressure. 

 

 
Figure 2. Effect of oral administration of sitaglipten and captopril separately 
or in combination daily for six weeks on serum tumor necrosis factor-alpha. 
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Figure 3. Effect of oral administration of sitaglipten and captopril separately or in 
combination daily for six weeks on malondialdyhyde. 

 

 
Figure 4. Effect of oral administration of sitaglipten and captopril separately or in 
combination daily for six weeks on reduced glutathione. 

3.4. Contraction Response to PE (Table 2) 
Cumulative addition of PE to organ bath resulted in concentration dependent contraction of aortas of all groups. 
There was a significant increase in maximal response of PE in hypertensive untreated groups, as compared to 
normal control group. Treatment with sitaglipten and captopril separately attenuated maximal response to PE 
significantly. Still the combination therapy gives better effect (Figure 5). 

Body Weight, Heart Weight and Heart Weight/Body Weight Ratio (HW/BW Ratio, an Index of Cardiac Hy- 
pertrophy) (Table 3) (Figure 6, Figure 7, Figure 8). 

Seven weeks intake of L-NAME resulted in a significant increase in HW/BW ratio when compared to control 
group. Sitaglipten and captopril significantly decreased cardiac hypertrophy in these groups. 
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Table 2. Effect of oral administration of sitaglipten and captopril separately or 
in combination daily for six weeks on vascular reactivity in L-NAME-induced 
hypertensive rats (Mean ± SD). 

Group (n = 20) Max Contract 

Control normal 2.15 ± 0.15 

L-NAME untreated hypertensive gp. 4.34 ± 0.22ac 

Sitaglipten treated gp. 2.45 ± 0.17abc 

Captopril treated gp. 2.37 ± 0.32abc 

Sitaglipten and captopril treated gp. 1.98 ± 0.16b 

F (p) 201.552* (<0.001) 

F: F test (ANOVA); a: Significant as compared to normal control group; b: Significant as 
compared to hypertensive group; c: Significant as compared to sitaglipten and captopril treated 
group; *: Statistically significant at p ≤ 0.05. 

 
Table 3. Effect of oral administration of sitaglipten and captopril separately or in combination daily for six weeks on HW/ 
BW ratio in L-NAME-induced hypertensive rats (Mean ± SD). 

Parameters Group Studied 
(N = 20) 

Body Weight 
B.W. (g) 

Heart Weight 
H.W. (mg) 

HW/BW Ratio 
(mg/g) 

Normal control gp 245 ± 15.4 1150 ± 21.75 4.69 ± 1.41 

Hypertensive gp. 243 ± 19.6 1770 ± 19.32ac 7.28 ± 0.99a 

Sitaglipten treated gp. 243 ± 20.6 1360 ± 23.4abc 5.60 ± 1.136b 

Captopril treated gp. 244 ± 16.7 1359 ± 18.9abc 5.57 ± 1.13b 

Sitaglipten and captopril treated gp. 246 ± 15.8 1200 ± 21.8ab 4.88 ± 1.38b 

F (p) 0.054 (0.994) 1333.452* (<0.001) 7.006* (<0.001) 

F: F test (ANOVA); a: Significant as compared to normal control group; b: Significant as compared to hypertensive group; c: Significant as compared 
to sitaglipten and captopril treated group; *: Statistically significant at p ≤ 0.05. 
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Figure 5. Effect of oral administration of sitaglipten and captopril separately or in combi-
nation daily for six weeks on vascular reactivity. 
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Figure 6. Effect of oral administration of sitaglipten and captopril separately or in 
combination daily for six weeks on body weight. 

 

 
Figure 7. Effect of oral administration of sitaglipten and captopril separately or in 
combination daily for six weeks on heart weight. 
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initial step culminating in vascular events in hypertension [23]. 

Glycemic and BP control are additive in improved outcomes in subjects with type IIDM. An analysis of the 
United Kingdom Prospective Diabetes Study demonstrated that any reduction in systolic blood pressure (SBP) is 
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associated with 11% reduction in any diabetes related endpoint, including stroke (18%) and myocardial in- 
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Figure 8. Effect of oral administration of sitaglipten and captopril separately or in 
combination daily for six weeks on HW/BW ratio. 

 
farction (11%) [24] [25]. In this study, chronic administration of L-NAME, an inhibitor of NO synthesis, pro-
duces systemic arterial hypertension, increases the level of serum TNF-α, oxidative stress, vascular reactivity to 
PE, and HW/BW ratio. In agreement with these results, studies stated that blockade of NO upregulated the ex-
pression of cell adhesion molecules in the endothelium with increase level of oxidative stress in endothelial cells 
and smooth muscle cells. Infiltration by inflammatory cells, mainly macrophages, in perivascular areas and in 
the intima could lead to fibrosis via the production of profibrotic cytokines [26] [27]. 

An increasing body of clinical evidence indicates that incretin-based therapies not only lower fasting and 
postprandial glucose, but also improve a wide variety of traditional cardiovascular risk factors including obesity, 
high blood pressure as well as fasting and postprandial lipid and apolipoprotein concentrations. Importantly, the 
effect of incretins on postprandial lipid excursions appears acute and therefore may be additive to lipid benefits 
of decreased appetite and body weight reduction that are characteristic of more chronic therapy with incretins or 
incretin analogues [28] [29]. 

GLP-1 has been found to exert cardioprotective effects in experimental models of dilated cardiomyopathy, 
hypertensive heart failure and myocardial infarction (MI) [30]. 

The present study demonstrated the importance of GLP-1 and GLP-1R in the regulation of endothelial func-
tion in hypertensive rats. Sitaglipten produced a significant decrease in BP, serum TNF-α and oxidative stress as 
compared to hypertensive untreated group. In addition, it reduced HW/BW ratio and attenuated the enhanced 
contractility to PE. Concerning the effect of sitaglipten on BP, clinical and experimental studies suggest that 
GLP-1 and its analogs confer cardiovascular protection through favorable modulation of blood pressure and car-
diac hemodynamic responses [31] [32]. Also, others stated that GLP-1 reduced vascular tone, presumably me-
diated by nitric oxide and an intact endothelium [33]. However, other study suggested the possibility of endothe-
lium-independent relaxant effects [34]. In humans, activation of the GLP-1 receptor resulted in vasodilation of 
brachial arteries and improved endothelial dysfunction in subjects with type IIDM with coronary heart disease 
[35]. 

These reports suggest direct activation of the GLP-1 receptor in peripheral endothelial tissue, mediating vaso-
dilatory effects, as a possible mechanism Liu L, et al. [36] suggested the role of the GLP-1R and cAMP in the 
actions of GLP-1 on vascular endothelium. Another study suggests that DPP-4 inhibition by sitagliptin atte-
nuates blood pressure elevation in young spontaneous hypertensive rats (SHRs) by diminishing proximal tubule 
sodium reabsorption and increased renal blood flow (RBF) in SHRs, which may in part contribute to the blood 
pressure—lowering effect of sitagliptin [37]. Of great relevance, pharmacological levels of GLP-1 improved 
endothelial function in healthy individuals as well as in T2DM patients with stable coronary artery disease and 
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had a protective effect on postprandial endothelial function [38]. Moreover, some experimental data in humans 
show that increased GLP-1 activity may directly stimulate endothelial-mediated vasodilation independently of 
known metabolic actions of GLP-1 [39]. GLP-1 attenuated atherosclerotic lesions in mice model of atheroscle-
rosis. The attenuation was associated with reduced monocyte/macrophage accumulation in the arterial wall in-
dicating that suppression of vascular inflammation may represent another direct cardiovascular benefit of incre-
tin-based therapy [40]. To explain the antioxidant effect of sitaglipten in the present study, in vitro study showed 
that, GLP-1 inhibited tumor necrosis factor alpha (TNF-α) induced plasminogen activator inhibitor 1 (PAI-1) 
gene and protein expression in endothelial cells [41]. Ferreira et al. [42] demonstrated that the activity of the an-
tioxidant enzymes, superoxide dismutase (SOD) and catalase were higher in animals treated with sitaglipten and 
nuclear oxidative stress was reduced. In addition, they demonstrated beneficial effects of sitagliptin on metabol-
ic profile and reduction in inflammatory markers, as well as an amelioration of fibrosis, vacuolization, and con-
gestion in pancreas and preservation of pancreatic islets [42]. Other results have been suggesting an antioxidant 
and anti-inflammatory effect of incretin modulators, due to attenuation of the deleterious effects of advanced 
glycosylated end products and its receptors (AGEs-RAGE oxidative stress axis) and to protection against the 
cytokine-induced apoptosis and necrosis [43] [44]. 

In addition to these antioxidant and vascular effects, GLP-1 or GLP-1 receptor agonists demonstrated multiple 
beneficial actions on the heart including protection of myocardium from ischemia in rats, improvement of car-
diac function in rats with congestive heart failure [45]. Preliminary clinical studies also suggest that GLP-1 infu-
sion may improve cardiac contractile function in chronic heart failure patients with and without diabetes, and in 
MI patients after successful angioplasty [46] [47]. 

DPP4 inhibitors administration decreased cardiac mRNA levels of BNP, a marker of left ventricular dysfunc-
tion and reduced cardiac mRNA expression of fibrosis markers, such as transforming growth factor b (TGF-b1), 
tissue inhibitor of matrix metalloproteinases (TIMP-1) and collagen (Col1a1 & Col3a1) in uremic rats to base-
line levels. The authors stated that, DPP-4 inhibitor, linagliptin, normalizes the mRNA expression of all of the 
key factors of cardiomyopathy, (TIMP-1) (Col3a1) to baseline level [48]. Other demonstrated that short-term 
treatment with all DPP-4 inhibitors (linagliptin, sitagliptin and alogliptin) decreases the plasma concentration of 
the vascular calcification marker, osteopontin. Osteopontin is known to be associated with vascular calcification 
and cardiovascular morbidity in humans [49]. 

The potential antifibrotic effects of DPP-4 inhibitors could provide an additional benefit for patients with 
heart diseases that very often accompany diabetics and may provide new therapy options for this class of drugs 
[50]. However, the results of ongoing studies will clarify whether incretin-based therapies live up to their prom-
ise as cardiovascular protective agents. Evidence has demonstrated the importance of RAS in diabetes-induced 
cardiac dysfunction [51]-[52]. Renin, angiotensinogen, angiotensin converting enzyme (ACE), angiotensin II 
(AGT II) receptors are expressed in the heart [52]. Hyperglycemia activates intra-cardiac RAS that has various 
effects on the myocardial cells. AGT II has a direct effect on cell signaling that results in hypertrophy in cardiac 
myocytes and proliferation of cardiac fibroblasts [53]. 

5. Conclusion 
In conclusion, these data suggest that DPP-4 inhibitors and ACE inhibitors contribute to normal regulation of 
blood pressure and exert protective actions in hypertension. 
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Abbreviations 
ACE: Angiotensin-converting enzyme. 
AGEs-RAGE: Advanced glycosylated end products and its receptors 
BP: Blood pressure. 
Col1a1: Collagen. 
DSS: Dahl salt-sensitive. 
GLP-1: Glucagon-like peptide-1. 
GSH: Reduced glutathione. 
L-NAME: NG-nitro-L-arginine methyl ester. 
LV: Left ventricular. 
MDA: Malondialdehyde. 
NOS: Nitric oxide synthase. 
PAI-1: Plasminogen activator inhibitor 1. 
RAAS: Renin-angiotensin-aldosterone system. 
RBF: Renal blood flow. 
TGF-b1: Transforming growth factor b. 
TIMP-1: Tissue inhibitor of matrix metalloproteinases. 
TNF-α: Tumor necrosis factor alpha 

 



Scientific Research Publishing (SCIRP) is one of the largest Open Access journal publishers. It is 
currently publishing more than 200 open access, online, peer-reviewed journals covering a wide 
range of academic disciplines. SCIRP serves the worldwide academic communities and contributes 
to the progress and application of science with its publication. 
 
Other selected journals from SCIRP are listed as below. Submit your manuscript to us via either 
submit@scirp.org or Online Submission Portal. 

 

    

    

    

    

mailto:submit@scirp.org
http://papersubmission.scirp.org/paper/showAddPaper?journalID=478&utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ABB?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AM?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJPS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/CE?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ENG?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/Health?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCC?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JMP?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JEP?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/FNS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/PSYCH?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/NS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ME?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCT?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJAC?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper

	Can Sitaglipten Attenuate Hypertension, Myocardial Changes and Vascular Reactivity Induced by Long Term Blockade of Nitric Oxide Synthesis in the Rat?
	Abstract
	Keywords
	1. Introduction
	2. Methods
	2.1. Experimental Animals
	2.2. Experimental Design
	2.3. Parameters Measured
	2.4. Determination of Blood Pressure [16]
	2.5. Determination of Malondialdehyde (MDA) [18]
	2.6. Estimation of Reduced Glutathione (GSH) [18]
	2.7. Vascular Reactivity Study [20]
	2.8. Statistical Analysis [22]

	3. Results
	3.1. Blood Pressure
	3.2. Serum TNF-α Concentration
	3.3. Malondyaldehyde (MDA) and Reduced Glutathione (GSH) in Cardiac Tissue
	3.4. Contraction Response to PE (Table 2)

	4. Discussion
	5. Conclusion
	Acknowledgements
	Perspectives
	References
	Abbreviations

