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ABSTRACT 

 
Diabetic nephropathy is a serious complication of diabetes; we aimed to evaluate the combined 

renoprotective effect of metformin and Sitagliptin on rats with type 2 diabetes which was induced by high 
fructose for 8 weeks. Study groups included normal control, diabetic control, metformin treated, sitagliptin 
treated and metformin and sitagliptin treated groups, treatment continued for three months. Fasting blood 
sugar level, body weight, systolic blood pressure, creatinine clearance and urinary albumin creatinine ratio 
assessed monthly after induction of diabetes. Lipid profile and glycosated hemoglobin were assessed at the 
end of the study. After sacrifice, malondialdehyde and glutathione peroxidase level were assessed in kidney 
tissue, histopathological examination of kidney stained with H and E stain and PAS stain and   intensity of 
lamininimmunostain were done. Study results showed that metformin and sitagliptin combination caused 
significant improvement of all parameters measured compared to diabetic group and groups which used one 
drug, there was a significant increase in antioxidant activity (decrease MDA and increase glutathione 
peroxidase) in kidney tissue and prevention of all pathological changes in diabetic nephropathy. We concluded 
that combined administration of metformin and Sitagliptin caused more significant renoprotective effect in 
type 2 diabetes mellitus than each drug alone. 
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INTRODUCTION 
 

Hyperglycemia increases oxidative stress and generate reactive oxygen species (ROS) which causes 
many destructive effects on body organs (1). ROS  causes damage to  the  membranes of the cell of all body 
organs,  causes inactivation of the  antioxidant enzymes, alter ion of the endogenous genes responsible for 
antioxidant  expression and all these effects cause onset and progression of pathology of DN (2–3).  ROS  
causes activation of cascade of signal transduction inducing the expression profibrotic factors expression, 
which include fibronectin, lamin and Collagen IV, this causes  extracellular matrix (ECM) accumulation, increase 
in inflammatory gene expression, such as IL-6 and alter gene expression for antioxidant enzymes. ROS causes 
activation of expression of transforming growth factor (TGF)- β1  ,combined  with its down regulation of 
effectors connective tissue growth factor (CTGF), this leads to fibrosis of body tissues(4,5) and increases cell 
proliferation and ECM formation, laminin is one component of ECM, increase ECM formation  is the most 
important pathological feature of DN (6,7). 
 

Metformin, a well known oral hypoglycemic diguanide drug, which was used for many years in type 2 
diabetes mellitus (T2DM) therapy, especially in obese patients (8). Metformin decreases most  complications 
caused by diabetes by decreasing the level of body glucose  (9); and however the precise mechanisms causing  
its benefits is not well understood,  but it is generally accepted  that metformin increases the  body's sensitivity  
to insulin. It has been approved that metformin decreases liver gluconeogenesis and causes inhibition of 
absorption of sugar in the intestines (10); whereas another previous study has shown that it decreases ROS 
generation (11).  

 
Sitagliptin (SIT), an inhibitor of a dipeptidyl peptidase-4 (DPP-4), causes some beneficial effects on 

level of glycosated hemoglobin when combined with metformin for diabetes mellitus type 2 therapy (12). 
other studies have shown that when use of SIT alone, it  offered protection of cardiovascular system and 
nervous system and this may be caused by antioxidant, anti-inflammatory, and anti-apoptotic properties. It is 
documented that SIT may decrease renal ischemia reperfusion injury in rats (13). However, whether SIT has 
beneficial effect on prevention of DN remains unknown. 
Therefore, in this study, we evaluate possible protective effect of metformin and sitagliptin alone and in 
combination on prevention of DN and possible antioxidant effects of both drugs in type 2 diabetes mellitus. 
 

MATERIAL AND METHODS 
 
Experimental animals: 
 

Male wistar rats (150-160 g) were used. They were purchased from the Egyptian Organization for 
Biological Products and Vaccines (Egypt).Animals were kept and housed in polypropylene cages and kept in the 
standard laboratory environmental conditions; with free access to food and water ad libitum. Animals were 
left to acclimatize to laboratory conditions before starting the study. The care and handling of the animals 
were approved by the Animal Care and Use Committee at the Suez Canal University and were in accordance 
with Guide to the Care and Use of Experimental Animals (14).  
 All drugs and reagents were purchased from Sigma chemical co. Egypt. 
 

Induction of type–2 DM in rats: 
 

Fructose was administered to rats (66%, w/v solution, 5 ml/kg/day, p.o., for 8 w) to induce diabetes 
mellitus type-2 [15]. The animals with fasting blood glucose level more than 280 mg/dl were selected to be 
included in the study. 
 
Experimental design: 
 

The diabetic animals were arranged randomly to five groups (n=6).  
 
Group I (normal control) - vehicle (distilled water; 5 ml/kg, p.o.), 
Group II (diabetic control) - fructose (66% w/v solution, 5 ml/kg/day, p.o., for 12 w), 
Group III -metformin+fructose (70 mg/kg, p.o+66% w/v p.o., for 12 w) 
Group IV -, sitagliptin+fructose (20 mg/kg, p.o+66% w/v p.o., for 12 w),  
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Group V:  sitagliptin+metformin+fructose (20 mg/kg, 70 mg/kg, p.o+66% w/v p.o.), for 12 w 
 
Doses of drugs:  
 
Sitagliptin 20 mg/kg [16], Metformin 70mg/kg [17] 
 

 All treatments were administered after induction of diabetes. Body weight of each animal was 
measured before the start of treatments and thereafter every four weeks of drug treatments. The systolic 
blood pressure by tail-cuff method. Blood samples were collected from retro-orbital plexus under ether 
anesthesia every four weeks for determination of serum glucose and serum creatinine. 
 
Estimation of serum glucose, glycated hemoglobin: 
 

The rats were anaesthetized under light ether; blood was removed from the retro orbital plexus using 
a capillary in micro sample tubes, serum was separated and used for biochemical investigations. Serum 
glucose, using standard biochemical kits. 
 

Glycosated hemoglobin using HPLC method was measured at the beginning of the study and after 12 
weeks [18] 
 
Assessment of urine parameters 
 

The urinary creatinine and creatinine in plasma were measured using an AU5800 automatic analyzer 
(Beckman Coulter, Inc., CA, USA). Creatinine clearance (CCr) and Urine albumin (mg/dL) = UACR in mg/g ~~ 
Albumin excretion in mg/day Urine creatinine (g/dL) UACR is a ratio between two measured substances. Unlike 
a dipstick test for albumin, it is unaffected by variation in urine concentration.; and CCr=urinary creatinine 
(UCr) (mg/ml) × urine volume (ml/kg)/creatinine in plasma (mg/ml) [19]. 
 

Determination of MDA and GSH-Px levels 

 
One small section (200 mg) of left kidney was removed from the rats and  weighed. Subsequently, 

saline was added according to the tissue weight: Saline volume=1:9 (w/v). then homogenization  was done at 
4°C by a DY89-I electric homogenate (Ningbo Scientz Biotechnology Co., Ltd., Ningbo, China), the homogenates 
were then centrifuged at 1,100xg for 15 min at room temperature., MDA content and GSH-Px ( glutathione 
peroxidase) levels were determined by using commercially available kits, according to manufacturer's 
protocol.[20-21] 
 
Histopathology and immunohistological examination 
 

Kidney samples were fixed in 10% formalin, paraffin-embedded, cut into 5-micron sections and 
stained with hematoxylin and eosin and PAS stain (Sanpu Chemical Reagent Co., Ltd.). Slides were examined 
under light microscope (magnification, ×400; Nikon, Tokyo, Japan). All pathological procedures were done by a 
pathologist who is blind for the study groups. 
 
Glomerular lesions was graded on scale based on Gellman criteria:  
 

D0, all glomeruli appear normal; D1,some  focal lesions appear on glomeruli; D2, mesangial thickening 
is  present  throughout the kidney diffusely; D3,  lumen of capillary   is  narrowed and obliterated; D4, 
glomeruli are hylanized [20]. Tubulointerstitial damage was graded as follows: 0 –  all tubules are normal; 1 – 
minimal injury is seen (single focus ); 2 – mild injury ( two isolated foci); 3 – moderate injury ( five isolated 
foci); and 4 – severe injury ( diffuse infiltration and fibrosis) [22]. Vascular lesions were graded as follows: 0 – 
normal blood vessels; 1–somefocal thickening of the walls of the capillaries; 2 – diffuse thickening of  
capillaries; 3 – obliterated lumen of some capillaries. Interstitial inflammation was graded as follows: 0 – no 
cell infiltration; 1 – minimal amount cell infiltration; 2 – mild  cell infiltration; and 3 – diffuse infiltration[23]. 
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Immuno-histochemistry for expression of renal laminin 
 

Laminin was detected by rabbit polyclonal antibody anti-rat laminin (Dako Company, Egypt) using the 
technique of  the heat-induced antigen retrieval . Intensity of laminin stain was performed on scale based on 
Taneda scale: 0 – no staining; 1 – mesangial staining involving  < 25% of the area examined; 2 – segmental 
mesangial staining from 25 to 50% of mesangial areas is  present; 3 – mesangial staining from  50 to 75% of the 
areas; 4 –  staining more than 75% of areas examined [23] 
 
There is no conflict of interest or funding agency for this work. 
 
Statistical analysis: 
 

Results are expressed as mean±SEM, and the statistical analysis of data was done using one-way 
analysis of variance (ANOVA) followed by Dunnett's test. Probability level less than 0.05 was considered 
statistically significant. 
 

RESULTS 
 

 Metformin group and sitagliptin group showed a significant decreased fasting blood sugar, body 
weight and systolic blood pressure as compared to diabetic group level. Combination of both drugs caused  a 
significant decrease of FBS level, body weight and systolic blood pressure  compared to treated groups and 
diabetic group and there is non significant difference  between Metformin + Sitagliptin group and normal 
control at the end of the study ( P value<0.05) which indicate better control of diabetes( fig.1 ,2,3). 
 

 
 

Fig 1: Time course monitoring of fasting blood sugar in study groups  (Mean ±SD) P value<0.05 * Significant 
versus normal control,  # versus diabetic control,^ versus metformin+sitaglitin group 
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Fig 2: Time course monitoring of systolic blood pressure in study groups  (Mean ±SD) P value<0.05* 
Significant versus normal control,  # versus diabetic control,^ versus metformin+sitagliptin group 

 

 
Fig 3: Time course monitoring of body weight in study groups  (Mean ±SD) P value<0.05 * Significant versus 

normal control,  # versus diabetic control,^ versus metformin+sitagliptin group 
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The level of glycosated hemoglobin at the end of the study showed a significant decrease in 
metformin and sitagliptin groups compared to diabetic group and more decrease in combination group 
compared to treated groups (p value<0.05) (fig.4.) 
 

 
 

Fig. 4: level of glycosated hemoglobin in study groups (Mean ±SD) 
* Significant versus normal control,  # versus diabetic control,^ versus metformin+sitagliptin group 

 
The level of UACR in treated groups chowed significant decrease compared to diabetic group but 

combination of both drugs caused more significant decrease in the level than the use of one drug alone , there 
was non significant difference between metformin+sitagliptin group and normal control group ( p value ,0.05), 
(fig.5). creatinine clearance in all treated groups showed significant decrease compared to diabetic group and 
non significant difference between treated groups and normal control group (fig.6). 
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Fig 5: Level of UACR in study groups at different time intervals  (Mean ±SD) P value<0.05 * Significant versus 

normal control,  # versus diabetic control,^ versus metformin+sitagliptin group 
 

 
Fig 6: creatinine clearance in study groups at different time intervals  (Mean ±SD) P value<0.05 * Significant 

versus normal control,  # versus diabetic control,^ versus metformin+sitagliptin group 
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There was a significant increase in diabetic control, metformin treated and sitagliptin treated groups 
in LDL,TG and TC level and decrease in HDL  level compared to normal control and combination group, 
although there was a significant difference in treated groups compared to diabetic group but combination of 
both drugs caused normalizations of all values p value< 0.05. ( table 1). 
 

Table 1: level of blood lipids in study groups at the end of the study 
 

Study groups LDL HDL TG TC 

Normal control 0.55±0.07 0.67±0.07 0.28±0.04 1.59±0.10 
Diabetic control 1.22±0.09* 0.40±0.04* 0.48±0.04* 2.30±0.1* 
Metformin treated 0.75±011*^# 0.50±0.05*^# 0.40±0.03*^# 1.80±0.13*^# 
Sitagliptin treated 0.70±012*^# 0.45±0.04*^# 0.41±0.02*^# 1.75±0.12*^# 
Metformin+sitagliptin 0.60±013* 0.62±0.05* 0.27±0.02* 1.60±0.11* 

 
(Mean ±SD) P value<0.05 * Significant versus normal control,  # versus diabetic control,^ versus 

metformin+sitagleptin group 
 

There was a significant decrease in antioxidant activity as shown by decreased glutathione perioxidae 
GSH-Px and increased MDA in the kidney of diabetic rats compared to normal and treated groups. There was 
non significant difference in GSH-Px and MDA level in treated groups compared to normal ( p value <0.05) 
indicating improvement of antioxidant activity in these groups( fig.7). 
 

 
 

Fig 7: level of GSH-Px and MDA  in the  kidney of study groups(Mean ±SD) P value<0.05 * Significant versus 
normal control,  # versus diabetic control,^ versus metformin+sitagliptin group 

 
Pathological changes appeared in diabetic kidney manifested by glomerular lesions in the form of 

hypertrophied thichened glomeruli with  thich basement membranes and hylanosis of some glomeruis. 
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There was interstitial inflammation and interstitial lesions and IFTA (interstitsial fibrosis and tubular 
atrophy ) in diabetic control group, There was also vascular lesions grade II (hylanosis of afferent and efferent 
arterioles) .Diabetic group lesions were statistically significant ( p value < 0.05) versus  normal control group.  
 

Either Metformin or Sitagliptin treated group showed  normal glomeruli  but showed  focal glomerular 
lesions and interstitial inflammation with focal vascular lesions or and minimal  IFTA there was  significant 
difference between these groups and normal control group but there was also significant decrease in 
pathologic changes versus diabetic group  
 

There was significant decrease in pathological changes in combination group versus treated groups 
and non significant difference versus normal indicating that combination between metformin and sitagliptin 
caused better prevention of diabetic changes ( fig. 8-9-10). 
 

 
Fig 8:  Score of pathological changes in study groups 

(Mean ±SD) P value<0.05 * Significant versus normal control,  # versus diabetic control,^ versus 
metformin+sitagliptin group 
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Fig 9: Pathological changes in study groups H and E stain×40 

A: normal control B: diabetic group C: metformin treated group 
D Sitagliptin treated group   E: metformin+sitagliptin group 
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Fig 10: the histological morphology of kidneys stained by PAS stain 
A: normal control B: diabetic group C: metformin treated group D Sitagliptin treated group  

E: metformin+sitagliptin group 
 

Table 2: immunohistological stain of laminin in study groups: 
 

study 
groups 

normal 
control 
 

Diabetic 
control 

Metformin 
treated 

Sitagliptin 
treated 

Metformin+ 
sitagliptin 

Intensity of 
stain 

1±.37 3.15±.37* 1.3±.57# 1.28±.48# 1.14±.37# 

A: normal control B: diabetic group C: metformin treated group D Sitagliptin treated group E 
:metformin+sitagliptin group  
 

Intensity of immunostain of laminin stain showed significant increased stain in diabetic group 
compared to normal but treated groups showed non significant change in intensity of stain versus normal ( p 
value <0.05) indicating thickening of basement membrane and accumulation of extracellular matrix whereas 
treated groups showed normal intensity of stain ( table 2, fig.11) . 
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Fig 11: Intensity of lamnin stain in study groups. 
 

A: normal group B: diabetic control C: metformin treated D:Sitagliptin treated E: metformin+sitagliptin treated 
group 
 

DISCUSSION 
 

In this study, we studied the effect of metformin and sitagliptin on oxidative stress in diabetic 
nephropathy in rats with type 2 diabetes, diabetes was induced by high fructose adminostration. Insulin 
resistance, hyperinsulinemia, and hypertriglyceridemia occur in a short time when normal rats are  
administered a high fructose diet, as has been seen previous studies [15][24][25]. 
 

The results of our study showed that merformin and sitagliptin markedly improved the renal lesions 
and ameliorate the GBM thickness of the kidney in diabetic rats. At the same time, they can decrease the FBG 
levels, reduce blood pressure, decrease body weight, increase creatinine clearance and decreased UACR levels, 
decrease MDA level in renal tissue and increase glutathione peroxidase level. Combination of the two drugs 
caused significant effect on the parameters measured more than each drug alone.  Combined treatment with 
metformin or sitagliptin caused glycemic control, anti-oxidative and anti-inflammatory effects in the treatment 
of rats with induced type 2 diabetes. 
 

There was also significant increase in lipid profile in diabetic control group compared to normal and 
treated groups and decrease in HDL, but combination of both drugs caused significant improvement of lipid 
profile compared to each drug alone. 
 

Increased plasma glucose levels successfully caused renal injury that was like that present in patients 
with diabetic nephropathy, hyperglycemia causes oxidative stress and increases renal injury [26]. 
 

Renal injury  was assessed  through kidney function assessments, including elevated  declined CCr 
levels and presence of albumin in the urine is which is considered a primary marker of kidney damage in the 
early diagnosis of DN, and the urinary albumin is usually measured  to assess renal lesions in diabetic 
individuals [27-28]. Creatinine clearance rate from blood to urine (CCr) depends on glomerular filtration rate 
[29]; therefore, CCr is usually used as a parameter for assessment of kidney function. Kidney damage 
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parameters were significantly increased in the diabetic group, as compared with the control group. Treatment 
with metformin or Sitagliptin either alone or in combination decreased kidney dysfunctions, indicating the 
protective effects of these drugs administration in rats with type2 diabetes. In the diabetic group, 
morphological and ultrastructural analysis showed severe damage to renal tissue, manifested by distorted 
glomeruli, dilation of the renal capsule and fibrosed kidney tubules, GBM thickening and extracellular matrix 
accumulation manifested by increased lamninimmunostain. Treated groups showed mild morphological 
alterations. 
 

Elevated glucose level is the main  pathologic factor of DM which causes diabetic complications. 
Chronic elevated blood sugar causes accumulation of advanced glycation end products (AGEs) in body tissues, 
which contribute to  vascular complications in diabetic patients [30]. A previous study proved that AGEs are 
usually present in diabetic patients with kidney dysfunction, leading to the overproduction of free radicles and 
oxidants[31].  Free radicals and oxidants production as a result of hyperglycemia are responsible for damaging 
cell membranes and inactivation of  endogenous antioxidants, lipid and carbohydrate [32-33], and they are the 
main cause responsible fordiabetic-related complications [34-35]. Endogenous antioxidant molecules, such as 
GSH-Px, counteract free radicles-mediated renal injury [36]; however, they are largerly decreased in patients 
with Type 2 diabetes, indicating oxidative stress [37-38]. Therefore, strict glucose control is the most important 
aim of the therapy, as it leads to decrease oxidative stress [39-40]. In this study, elevated FBG levels were 
significantly reduced by metformin and Sitagliptin. The results indicated that glycemic control is important for 
the renoprotective effect. Furthermore, the levels of GSH-Px and MDA in kidney homogenates were 
determined. In the diabetic group, decreased level of the GSH-Px antioxidants were accompanied by an 
increase in MDA levels.  Combined treatment with metformin or Sitagliptin increased GSH-Px levels and 
reduced MDA levels.  
 

These results concluded that combined treatment with metformin and sitagliptin exerts more 
renoprotective effect by increasing GSH-Pxand reducing MDA more than treatment than each drug alone, thus 
combination of metformin and sitagliptin is recommended for treatment of type 2 diabetes and prevention of 
diabetic nephropathy. 
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