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Abstract: The present study was undertaken to assess the possible protective effects of sitagliptin, a dipeptidyl
peptidase IV (DPP-IV) inhibitor, alone and its combination with either losartan or amlodipine against N -nitro-L-
arginine methyl ester (L-NAME) induced hypertensive nephropathy in rats. Hypertensive nephropathy was
induced in adult rats by administration of L-NAME for 6 weeks. Rats were treated with either sitagliptin,
losartan, or amlodipine in combination with L-NAME. Also, the effect of the combination of sitagliptin with
either losartan or amlodipine was tested. Mean arterial pressure was measured at 2, 4 & 6 weeks of the study.
Serum urea and creatinine were measured at 3 & 6 weeks of the study. At the end of the study, plasma stromal
derived factor-1  (SDF-1 ) and renal malondialdehyde (MDA) levels were measured. Finally, histopathological
study was done for all groups. Chronic L-NAME administration resulted in significant elevation in the mean
arterial pressure, serum urea and creatinine, plasma SDF-1  and renal tissue MDA content, when compared with
the control group. Histopathological changes in the rats` kidneys were observed in the form of congested
glomeruli, loss of Bowman`s space, capillary congestion and haemorrhage, in addition to dense collagen fibers
deposition in adventitia. Treatment with sitagliptin successfully ameliorated the deleterious effects of L-NAME
on all tested parameters and this effect was enhanced by adding sitagliptin to anti-hypertensive drugs either
losartan or amlodipine. Our study indicates a protective effect of sitagliptin against hypertensive nephropathy
induced by chronic administration of L-NAME in rats. An effect which is mediated through increases in plasma
SDF-1  level and decrease lipid perodixation indicated by reduction of renal MDA level. This protective effect
was enhanced by adding sitagliptin to the anti-hypertensive drugs losartan or amlodipine.
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INTRODUCTION for the treatment of hypertensive diseases [3]. Besides

Hypertension is one of the major risk factors for kidney and are widely used in supplemental therapy of
developing end stage renal disease (ESRD) [1]. kidney diseases [4]. Sitagliptin, a DPP-IV inhibitor, is one
International guidelines endorse the view that inhibition of the best known glucagon like peptide-1 (GLP-1)
of the renin-angiotensin system with angiotensin- enhancers, due to the inhibition of DPP-IV activity, which
converting-enzyme (ACE) inhibitors or angiotensin-II is responsible for the degradation of GLP-1 [5]. GLP- 1
receptor blockers (ARBs) should be first-line exerts  its  actions  via the G-protein-coupled receptor,
antihypertensive therapy in patients with diabetic and GLP-1 receptor, which has been reported to be expressed
non-diabetic nephropathy to reduce proteinuria and retard in many tissues such as pancreas, brain, kidney, lung and
the progression of renal disease [2]. Dihydropyridine heart [6]. Also, several experimental studies have
calcium antagonists, such as nifedipine, nitrendipine and suggested that DPP-IV inhibitors may exert the protective
amlodipine are clinically selective cardiovascular agents effects on diabetic kidney. For example, a DPP-IV

their antihypertensive actions, they are beneficial to the
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inhibitor, vildagliptin, has been shown to ameliorate system (Harvard Apparatus Ltd, Edenbridge, Kent,
diabetic renal injury through reducing the production of England). MAP was calculated using the equation:
transforming growth factor-â1 (TGF-â1) in the kidneys of diastolic  blood  pressure  +  1/3 (systolic blood pressure
streptozotocin (STZ)-induced diabetic rats [7]. It is worth – diastolic blood pressure) [13].
mentioning that utilization of GLP-1 enhancers is not
associated  with  hypoglycemia  because the action of Blood Collection and Serum Preparation: Blood samples
GLP-1 on insulin secretion is strictly glucose dependent were collected at 3 and 6 weeks of the study from the
[8]. orbital sinus of rats according to the method of Sorg and

MATERIALS AND METHODS Serum was stored at -20°C and thawed just before use.

Animals: Eighty four (84) male albino rats weighing Shephard and Mezzachi [15]. Serum creatinine was
between 150-250 g bred in the animal house of Research determined according to the method described by Bowers
Institute of Ophthalmology, Giza, Egypt. The animals were and Wong [16].
handled according to the guidelines of local ethical
committee which comply with the international laws for Measurement of Plasma SDF-1 : At the end of the
use and care of laboratory animals. Animals were caged in study, plasma SDF-1  levels were determined by ELISA
fully ventilated room at room temperature, exposed to using SDF-1  immunoassay kit (R&D Systems,
natural daily light/dark cycle, fed with standard laboratory Minneapolis, MN, USA).
diet and allowed to water ad libitum.

Drugs and Chemicals: L-NAME, sitagliptin, losartan and the study, the animals were sacrificed. One kidney was
amlodipine were of analytical grade and were obtained immediately immersed in liquid nitrogen then, was kept at
from Sigma/Aldrich, USA. -85°C for colorimetrical determination of renal MDA

Study Design: The animals were randomly allocated to 7 this aldehyde is used as a biomarker to measure the level
different groups (each containing 12 rats): of oxidative stress in the kidney as described by Satoh

Group I: animals received distilled water orally for 6
weeks (-ve control group). Renal Histopathology: The other kidney was also be
Group II: animals received L-NAME by adding it to removed and fixed in 10% phosphate buffered formalin.
drinking water at a dose of 75 mg/kg/day orally for 6 Samples were embedded in paraffin wax and sections of
weeks [9] (+ve control group). 3ìm thick were stained with either masson`s trichrome or
Group III: animals received L-NAME at a dose of 75 hematoxylin and eosin (H&E) stains. The stained slides
mg/kg/day orally in combination with sitagliptin at a quickly passed through ascending grades of alcohol,
dose of 10 mg/kg/day orally for 6 weeks [10]. cleaned in xylene and mounted on Canada balsam [18].
Group IV: animals received L-NAME at a dose of 75 Then, examined under Olympus BX40 photomicroscope
mg/kg/day orally in combination with losartan at a and photographed. Each sample was read by a certified
dose of 20 mg/kg/day orally for 6 weeks [11]. pathologist. A minimum of two slides was read for each
Group V: animals received L-NAME at a dose of 75 rat.
mg/kg/day orally in combination with amlodipine at
a dose of 5 mg/kg/day orally for 6 weeks [12]. Statistical Analysis: The data was coded and entered
Group VI: animals received L-NAME in combination using the statistical package SPSS version 22. The data
with sitagliptin & losartan. was summarized using descriptive statistics: mean,
Group VII: animals received L-NAME in combination standard deviation of the mean (SD). Statistical
with sitagliptin & amlodipine. differences between groups were tested using ANOVA

Measurement of Mean Arterial Pressure (MAP): At 2, 4 P-value less than or equal to 0.05 was considered
and 6 weeks of the experimental period, blood pressure statistically significant, while P value > 0.05 was
was monitored using a tail cuff blood pressure measuring considered insignificant [19].

Buckner [14], then were centrifuged at 3500 rpm for 15 min.

Serum urea was determined according to the principle of

Tissue Sampling for Lipid Peroxidation: At the end of

content a product of lipid peroxidation. The production of

[17].

(analysis  of  variance)  with  Post  Hoc  Bonferroni  test.
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RESULTS and amlodipine in group VII was associated with

Effect of Tested Drugs on MAP: At the 2 , 4  and 6 creatinine by 20.51% & 56.81% respectively at 3 weeksnd th th

weeks of the study, administration of L-NAME in group (Fig. 2) and by 29.7% & 66.1%, respectively at 6 weeks
II (+ve control group) caused a significant (P<0.05) (Figure  3)  as  compared  to  group  II   (+ve  control).
elevation in MAP as compared to group I (-ve control Also,  the  decrease  of  both  serum urea and creatinine
group). In groups III (sitagliptin), IV (losartan), V was significant (P<0.05) on comparing the results of
(amlodipine), VI (sitagliptin + losartan) & VII (sitagliptin groups  III  &  V   (sitagliptin   &   amlodipine  treated)
+ amlodipine) there was significant (P < 0.05) reduction of (Figs. 2 and 3). 
the elevated blood pressure as compared to group II (+ve
control). It is to be mentioned that there was significant Effect of Tested Drugs on Plasma SDF-1 :
reduction in MAP in group VI (sitagliptin + losartan) as Administration  of  L-NAME  in  group  II (+ve control)
compared to that in group III (sitagliptin) and group IV was associated with significant (P<0.05) increase in
(losartan). Also, there was significant reduction in MAP plasma  level  of  SDF-1   by 53% as compared to group
in  group  VII  (sitagliptin + amlodipine) as compared to I (-ve control). Treatment with sitagliptin in group III was
that in group III (sitagliptin) and group V (amlodipine) associated with significant (P<0.05) increase in plasma
(Table 1 and Fig. 1). level of SDF-1  by 217.7% & 107.57%, respectively as

Effect  of  Tested  Drugs  on  Serum  Urea  and effect was significant (P<0.05) as compared to groups IV
Creatinine Levels: Administration of L-NAME in group & V (losartan & amlodipine treated) (Fig. 4A). Treatment
II (+ve control) was associated with significant (P<0.05) with losartan & amlodipine in groups IV & V were
increase  of both serum urea and creatinine from associated with significant (P<0.05) increase in plasma
39.83±1.47 & 0.2±0.01 to 52±1.35 & 0.88±0.07 respectively level of SDF-1  by 154.36% & 91.7%, respectively as
at 3 weeks (Fig. 2) and from 40.08±1.56 & 0.2±0.07 to compared to group I (-ve control) and by 66.19% &
62±1.35 & 1.18±0.11 respectively at 6 weeks (Fig. 3) as 25.25%, respectively as compared to group II (+ve
compared to group I (-ve control). Treatment with control). And this effect was significantly decreased
sitagliptin  in  group  III was associated with significant (P<0.05)  as  compared to group III (sitagliptin treated)
(P< 0.05) decrease of both serum urea and creatinine by (Fig. 4A). Treatment with combination of sitagliptin and
17.63% & 48.86%, respectively at 3 weeks (Fig. 2) and by losartan in  group  VI  was  associated  with   significant
25.67% & 57.62%, respectively at 6 weeks (Fig. 3) as (P < 0.05) increase in plasma level of SDF-1  by 326.44%
compared to group II (+ve control). Treatment with & 178.61%, respectively as compared to groups I & II (-ve
losartan in group IV was associated with significant & +ve control) (Fig. 4A). And this effect was significant
(P<0.05) decrease of both serum urea and creatinine by (P<0.05) as compared to groups III, IV & VII (sitagliptin,
17.94% & 48.86% respectively at 3 weeks (Figure 2) and losartan & sitagliptin plus amlodipine treated) (Fig. 4A).
by 26.08% & 57.62% respectively at 6 weeks (Fig. 3) as Treatment with combination of sitagliptin and amlodipine
compared to group II (+ve control). Treatment with in group VII was associated with significant (P<0.05)
amlodipine in group V was associated with significant increase in plasma level of SDF-1  by 239% & 121.53%,
(P<0.05) decrease of both serum urea and creatinine by respectively as compared to groups I & II (-ve & +ve
17.94% & 45.45%, respectively at 3 weeks (Figure 2) and control). And this effect was significant (P<0.05) as
by 25.67% & 52.54%, respectively at 6 weeks (Fig. 3) as compared to groups III & V (sitagliptin & amlodipine
compared to group II (+ve control). Treatment with treated) (Fig. 4A). 
combination of sitagliptin and losartan in group VI was
associated with significant (P<0.05) decrease of both Effect of Tested Drugs on Renal MDA Level:
serum urea and creatinine by 21.48% & 68.18% Administration of L-NAME in group II (+ve control) was
respectively at 3 weeks (Fig. 2) and by 30.51% & 74.57%, associated with significant (P < 0.05) increase of renal
respectively at 6 weeks (Fig. 3) as compared to group II MDA level by 417.19% (Fig. 4B) as compared to group I
(+ve control). Also, the decrease of both serum urea and (-ve control). Treatment with sitagliptin & losartan in
creatinine was significant (P<0.05) on comparing the groups III & IV were associated with significant (P<0.05)
results of groups III & IV (sitagliptin & losartan treated) decrease of the elevated renal MDA level by 39.96% &
(Figs. 2 and 3). Treatment with combination of sitagliptin 50.1%,  respectively as compared to group II (+ve control)

significant (P < 0.05) decrease of both serum urea and

compared to groups I & II (-ve & +ve control). And this



World J. Med. Sci., 13 (2): 93-102, 2016

96

Table 1: Effect of tested drugs on MAP at 2nd, 4th & 6th weeks of the study
Group MAP at 2  week MAP at 4  week MAP at 6  weeknd th th

Group I (-ve control) 98.00±1.41 98.83±1.40 99.67±1.23
Group II (+ve control) 130.58±1.24 147.17±0.83 162.33±1.07a a a

Group III (sitagliptin) 113.58±1.24 122.17±0.94 129.33±1.07a, b a, b a, b

Group IV (losartan) 106.33±1.07 115.42±1.08 118.50±1.31a, b, c a, b, c a, b, c

Group V (amlodipine) 106.50±1.51 115.25±1.48 118.50±1.17a, b, c a, b, c a, b, c

Group VI (sitagliptin + losartan) 103.17±1.27 105.50±1.24 109.67±1.07a, b, c, d a, b, c, d a, b, c, d

Group VII (sitagliptin + amlodipine) 103.42±1.00 105.25±1.66 109.50±0.80a, b, c, e a, b, c, e a, b, c, e

Values are represented as mean ± S.D. (n = 12). a: statistically significant (P<0.05) compared to corresponding value in group I. b: statistically significant
(P<0.05) compared to corresponding value in group II. c: statistically significant (P<0.05) compared to corresponding value in group III. d: statistically
significant (P<0.05) compared to corresponding value in group IV. e: statistically significant (P<0.05) compared to corresponding value in group V

Fig. 1: Mean arterial pressure at 2, 4 & 6 weeks in different studied groups

Fig. 2: Serum urea and creatinine at 3  week in different groupsrd

Fig. 3: Serum urea and creatinine at 6  week in different groupsth

Fig. 4: Plasma SDF-1  and renal MDA levels in different groups
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Fig. 5: Photomicrographs of renal tissue demonstrating (5A) group I (control group) showing rounded renal corpuscles
in which the glomeruli (arrow) were surrounded by Bowman's spaces (star). Proximal convoluted tubules are lined
by cuboidal epithelium with narrow lumen (spiral arrow) & Distal convoluted tubules with wide lumen were also
seen (curved arrow) (H & E × 400). (5B) group I (control group) showing normal renal interstitial tissue with fine
collagen fibers deposition and non-dilated non-congested branches of interlobular artery between the tubules
(curved arrow) (Masson`s trichrome × 400). (5C) group II (L-NAME) showing congested glomerular capillaries
(arrow head), areas of haemorrhage between convoluted tubules (arrow) & hyaline casts are present in the lumen
of the renal tubules (spiral arrow), proximal convoluted tubules are lined by vacuolated cubical with wide lumen
(arrow with bifid tail) (H & E × 400). (5D) group II (L-NAME) showing multiple congested capillaries between the
tubules (spiral arrow), also, increase of collagen fibers in the parietal layer of the Bowman`s capsule (curved
arrow). There are shrunken glomeruli with increase in the collagen fibers deposition in basal lamina of the
glomerular capillaries (star). (Masson`s trichrome × 400)

Fig. 6: Photomicrographs of renal tissue demonstrating (6A) group III (sitagliptin) showing renal corpuscles in which
the glomeruli were surrounded by wide Bowman's spaces (arrow), shrunken glomeruli with separated glomerular
capillaries and wide Bowman's space (star). PCT have wide lumen and lined with cubical cell (spiral arrow) (H &
E × 400). (6B) group III (sitagliptin) showing small areas of haemorrhage between tubules (curved arrow). There
are fine collagen fibers deposition between the tubules (spiral arrow) (Masson`s trichrome × 400). (6C) group VI
(sitagliptin plus losartan) showing rounded renal corpuscles in which the glomeruli are surrounded by Bowman's
spaces (arrow). Proximal convoluted tubules with narrow lumen lined by cuboidal epithelium (curved arrow) (H
& E × 400). (6D) group VI (sitagliptin plus losartan) showing some congested capillaries (spiral arrow). There are
fine collagen fibers deposition between the tubules (curved arrow) (Masson`s trichrome × 400)
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(Figure 4B). Treatment with amlodipine in group V was thickening  of  adventitia with collagenic fibers (Fig. 6B).
associated with significant (P<0.05) decrease of the In group VI, H & E staining showing that treatment with
elevated renal MDA level by 23.36% as compared to sitagliptin plus losartan led to nearly normal glomeruli
group II (+ve control). The reduction of the elevated renal with bowman`s space surrounded by normal architecture
MDA level produced by amlodipine in group V was of the convoluted tubules, absence of fibrinoid necrosis
significantly  (P<0.05)  less than that produced in groups of glomeruli (Fig. 6C). Masson`s trichrome staining
III & IV (treated by sitagliptin & losartan, respectively) showing nearly normal renal interstitial tissue with fine
(Fig. 4B). Treatment with combination of sitagliptin and collagen fibers deposition and non-dilated & non-
losartan in group VI was associated with significant congested branches of interlobular artery between the
(P<0.05) decrease of the elevated renal MDA level by tubules (Fig. 6D).
58.95% as compared to group II (+ve control) and this
effect  was  significant  (P<0.05)  as  compared to groups DISCUSSION
III & IV (treated by sitagliptin & losartan, respectively)
(Fig.  4B).  Treatment with combination of sitagliptin and Hypertension is common in patients with chronic
amlodipine in group VII was associated with significant kidney disease (CKD) and is a major risk factor for both
(P<0.05) decrease of the elevated renal MDA level by progression of CKD to ESRD as well as to an increase in
43.27% as compared to group II (+ve control) and this cardiovascular morbidity and mortality [20]. The
effect was significant (P<0.05) as compared to groups III progression of hypertensive nephropathy by L-NAME is
& V (sitagliptin & amlodipine treated) (Fig. 4B). a well-documented model [21]. The results of the current

Effect  of  Tested  Drugs on Histopathological Changes: caused a significant increment in MAP as compared to
In -ve control group, H & E staining showing rounded group I (-ve control group). This finding is in agreement
Malpighian renal corpuscles in which the glomeruli are with those obtained by Dumitrescu et al. [22], who
surrounded by intact Bowman's spaces. Proximal concluded that there was a significant increase in MAP in
convoluted tubules are lined by cuboidal epithelium with the L-NAME treated male Wistar rats, when L-NAME was
narrow lumen & Distal convoluted tubules with wide administered in drinking water for 6 weeks of the study.
lumen were also seen (Fig. 5A). Masson`s trichrome Also, Jaarin et al. [23] concluded that there was a
staining showing normal renal interstitial tissue with fine significant increase in systolic blood pressure from week
collagen fibers deposition and non-dilated & non- 2 to week 8 of the study in the L-NAME treated male
congested branches of interlobular artery between the Sprague-Dawley rats when L-NAME was administered
tubules (Fig. 5B). In +ve control group, H & E staining intraperitoneally.  Treatment  with sitagliptin at a dose of
showing that chronic administration of L-NAME led to 10  mg/kg/day orally  for  6  weeks  in  combination  with
renal damage in the form of proliferative L-NAME was associated with significant reduction of the
glomerulonephritis with congested glomerular capillaries elevated MAP at 2, 4 & 6 weeks of the study as compared
and absence of Bowman`s space. The convoluted tubular to group II (+ve control group) and this antihypertensive
lesion manifested by cloudy swelling with hyaline casts, effect  was  significantly  increased  after  adding
also, areas of haemorrhage between the convoluted sitagliptin to losartan in group VI & amlodipine in group
tubules are seen. In addition, fibrinoid necrosis of VII. This finding is in agreement with those obtained by
glomeruli and initial segments of proximal convoluted Ott et al. [24], who concluded that treatment with
tubules which are lined by vacuolated cubical epithelium sitagliptin in spontaneously hypertensive rats was
with wide lumen (Fig. 5C). Masson`s trichrome staining associated with amelioration of hypertension and
showing damaged interlobular artery, thickening of nephropathy through increasing levels of endothelial
adventitia with dense collagen fibers deposition (Fig. 5D). nitric  oxide  synthase  (eNOS).  Also, Abd El Motteleb
In group III, H & E staining showing that treatment with and Elshazly [25] in a study conducted on adult male
sitagliptin led to mild glomerular lesion with appearance of Wistar rats, concluded that there was a significant
Bowman`s space surrounded by renal convoluted tubules reduction of the elevated MAP in animal groups treated
of mild degenerative changes and small areas of with  sitagliptin  orally  in combination with L-NAME and
haemorrhage, mild fibrinoid necrosis of glomeruli and it is worth mentioning that the higher dose of sitagliptin
initial segments of proximal convoluted tubules (Fig. 6A). 30 mg/kg/day had more pronounced effect than the lower
Masson`s trichrome staining showing moderate dose 10 mg/kg/day.

study showed that chronic administration of L-NAME
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As regard, the combination of sitagliptin with the This result of the study is in agreement with the work of
angiotensin II receptor blocker valsartan in a clinical Li et al. [33], who demonstrated that sitagliptin treatment
study conducted on type 2 diabetic patients, Liu et al. was associated with reversal of the renal dysfunction and
[26] concluded that this combination was associated with structural damage induced by dyslipidemia in experimental
a trend of reduction in diastolic blood pressure. Also, mice. Also, Fujita et al. [27] concluded that DPP-IV
Fujita et al. [27] in a clinical study conducted on type 2 inhibition on top of treatment with ARBs was associated
diabetic  patients  treated  with  ARBs concluded that with significant reduction of renal oxidative stress markers
DPP-IV inhibition with sitagliptin at a dose of 50 mg/day in diabetic patients treated with ARBs. Liu et al. [10] have
in patients on ARBs was associated with significant cited that elevated GLP-1 and GLP-1 receptor expression
decrease in the arterial blood pressure in these patients. increased cAMP level, with subsequent activation of
Several mechanisms have been proposed to underlie the protein kinase, leading to increase in renal eNOS
observed DPP-IV inhibitors related decrease in blood expression in spontaneously hypertensive rat. eNOS is
pressure. Possible contributing factors include direct the main enzyme involved in NO biosynthesis. The
effects of GLP-1 agonists on the kidney, resulting in increase in eNOS expression led to a significant raise in
natriuresis and diuresis, effects on the endothelium serum NO level. High serum levels of NO activate soluble
causing vasodilation or GLP-1 receptor mediated guanylyl cyclase, increasing the intracellular cGMP
alterations in the autonomic nervous system or a concentration resulting in amelioration of nephropathy
combination of these factors [28]. Animal studies have [24] which may account for the possible protective
shown that the DPP-IV inhibitors improved endothelium mechanism of sitagliptin against the L-NAME induced
dependent relaxation in renal arteries, restored renal blood nephropathy.
flow and reduced systolic blood pressure in The chemokine SDF-1  and its receptor have been
spontaneously hypertensive rats by increasing cyclic shown to be involved in tissue repair by mediating
adenosine monophosphate (cAMP) level and eNOS [26]. migration of circulating stem or progenitor cells to the site
DPP-IV inhibition with sitagliptin administration may of peripheral injury in various tissues where they promote
interfere with Na+ reabsorption mechanism, significantly angiogenesis or are engaged in other mechanisms of
increasing natriuresis, thereby reducing blood pressure repair [34]. A similar mechanism has been postulated for
levels [29]. Approximately about 70% of excreted Na  is renal repair, whereby expression of SDF-1  by tubular+

reabsorbed in the proximal tubule via a Na /H  exchanger epithelial cells following renal ischaemia/reperfusion+ +

3. DPP-IV forms a complex with Na /H  exchanger 3 at the injury is increased and in this way could mediate+ +

level of the brush membrane facilitating Na  reabsorption, migration of bone marrow derived cells to the kidney [35].+

inhibition of DPP-IV by DPP-IV inhibitors will interfere Other studies implicate that SDF-1 , besides regulating
with Na  reabsorption mechanism, increasing natriuresis the migration of cells, also has other functional activities.+

[30]. Another DPP-IV substrate that can play an important SDF-1 can enhance cell survival by inhibiting apoptosis
role in blood pressure regulation is the brain-derived in CD34+ cells, CD4+ cells, myeloid precursor cells,
natriuretic peptide (BNP). DPP-IV converts the active form embryonic retinal ganglionic cells and mesenchymal stem
of BNP (1-33) into a form inactive on natriuresis, by cells [36]. In the present study, treatment with sitagliptin
inhibition of DPP-IV with DPP-IV inhibitors, elevation of in combination with L-NAME was associated with
BNP levels and natriuresis will occur [31]. significant increase in the plasma level of SDF-1  as

Chronic administration of L-NAME caused compared to groups I & II (-ve & +ve control). And this
significant increase in serum urea and creatinine as effect was significantly increased after adding sitagliptin
compared to -ve control group, this is in agreement with to losartan and amlodipine in groups VI & VII. This result
the work of Prando et al. [32] conducted on experimental of the study is in agreement with the work of Fadini et al.
Wistar rats. In the present work, treatment with sitagliptin [37] conducted on patients with type 2 diabetes mellitus,
in combination with L-NAME was associated with who concluded that a 4-weeks therapy with 100 mg oral
significant improvement of renal functions in the form of sitagliptin increased plasma SDF-1  concentration and
significant decrease of the elevated serum urea and circulating endothelial progenitor cells (EPCs).
creatinine as compared to group II (+ve control group). Importantly,  SDF-1   is  a  physiological substrate of
And the improvement in the renal functions was DPP-IV and it is rapidly degraded to inactive form SDF-1
significantly  increased   after   adding   sitagliptin to by the DPP-IV enzyme [38]. Huang et al. [39] concluded
either losartan in group VI or amlodipine in group VII. that   plasma    SDF-1     concentration, Circulating  EPCs
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levels and neovasculogenesis were augmented by the protective effect was enhanced by adding sitagliptin to
DPP-IV inhibitor, sitagliptin and this effect was dependent the anti-hypertensive drugs either losartan or amlodipine.
on an eNOS-related pathway in a mouse model of The nephroprotection produced by the combination
hindlimb ischaemia. Furthermore, Fujita et al. [27] therapy of sitagliptin and losartan was more significant
concluded that DPP-IV inhibition on top of angiotensin II than that produced by the combination therapy of
type 1 receptor blockade would offer additional protection sitagliptin and amlodipine. 
against early-stage diabetic nephropathy beyond that
attributed to glycemic control; via reduction of renal REFERENCES
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