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Abstract: 

Sitagliptin is highly selective dipeptidyl peptidase-4 (DPP-4) inhibitor that is considered as one of 

the new oral therapies for management of type II diabetes. Because of the sitagliptin unknown 

effects on the endocrine part of the pancreas, especially on the cellular levels, this study was done to 

evaluate its effect on the endocrine part of the pancreas in experimentally-induced type II diabetic 

in adult albino rats.  

Material and Methods: The present study was carried out on 30 adult male albino rats which were 

divided into; Group I (untreated control group), Group II (diabetic group), where type II 

diabetes had been induced via alloxan intake) and group III (treated group), where 0.14 mg/100 

mg B.W. sitagliptin was given orally per day for 3 weeks after induction of type-2 diabetes.  

          The specimens were prepared for light microscopic examination. In parallel, the related 

biomedical parameters such as serum glucose and serum insulin levels had been estimated, 

statistically analyzed and compared between the three groups. 

Results: Sections of pancreas taken from diabetic rats showed morphological changes in islets of 

Langerhans cells in the form of pyknotic nuclei, cytoplasmic vacuolation, poor differentiation and 

abnormal shape and size of the cells. These morphological changes had been partially recovered in 

diabetic rats treated with sitagliptin. Also, the hyperglycemia and hypoinsulinemia that was 

detected in the control diabetic group had been nearly returned to normal after sitagliptin treatment. 

Conclusion: Sitagliptin drug has improved islet functions on both morphological and biomedical 

parameters in type II diabetic rats and can be taken into consideration as one of the new oral anti-

diabetic drugs on the human level that need to be more investigated.  

Keywords: Sitagliptin, Type II Diabetes, Dipeptidyl Peptidase-4(DPP-4) inhibitors Albino rats, 

Alloxan. 

Introduction:

Currently, there are various pharmaceutical 

drugs for the management of type 2 diabetes. 

According to the UKPDS study, most of the 

available oral therapies for diabetes fail with 

time. This failure is probably due to the 

progressive decline in beta cell function 

(UKPDS, 1998). On the other hand, most of 

these medications that are commonly used 

such as thiazolidinediones (TZDs), 

sulfonylureas, and insulin are associated with 

significant weight gain (UKPDS 1998). New 

therapies such as incretins may have an 

effective role in reducing hemoglobin A1c 

(HbA1c) through keeping beta cell 

functioning and without causing weight gain. 

Two groups are included in this class; 
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incretin mimetics (Glucagon-like peptide 

(GLP-1) analogues such as Exenatide) and 

incretin enhancers (Dipeptidyl-peptidase four 

(DPP4) inhibitors, such as Sitagliptin) 

(Halimi, 2008). 

            Dipeptidyl Peptidase-4(DPP-4) 

inhibitors work through inhibition of the 

DPP-4 enzyme that is responsible of 

degrading incretin hormones such as 

glucagon like peptide (GLP)-1 and glucose-

dependent insulinotropic polypeptide (GIP) 

(Mest and Mentlein 2005). Inhibition of 

DPP-4 enzyme stabilizes the intact or active 

form of the incretin hormones (Ahren 

andSchmitz 2004). Active GLP-1 and GIP 

stimulate glucose dependent insulin 

biosynthesis and release. Moreover, GLP-1 

suppresses release of glucagon, delays 

stomach emptying, and increases satiety 

(Holst and Gromada 2004). In rodent, DPP-

4 inhibitors improved insulin secretion, 

glycemic control, and beta cell function 

(Ahren et al., 2000; Pospisilik et al., 2002; 

Reimer et al., 2002). In type 2 diabetic 

patients, treatment with DPP-4 inhibitors 

decreased postprandial glucose excursion, 

fasting plasma glucose (FPG), and HbA1c. 

Moreover, in relation to placebo, DPP-4 

inhibitors have been shown to be well 

tolerated with neutral weight effects with low 

incidence of hypoglycemia and 

gastrointestinal adverse events (Ahren et al., 

2002; Ahren et al., 2004a; Ahren et al., 

2004b). 

            Sitagliptin is highly selective DPP-4 

inhibitor that can be used through oral route. 

In sitagliptin-treated rodents, plasma DPP-4 

activity was inhibited (up to 80%) and the 

active GLP-1 levels were elevated (up to 3 

folds). Moreover, after an oral glucose 

tolerance test, glucose excursion showed 

nearly a maximal reduction (Kimet et al., 

2005).  

            Furthermore, when single doses of 

sitagliptin (up to 600 mg) were given to 

healthy men, it was well tolerated and no 

hypoglycemia, weight gain or 

gastrointestinal problems had been detected 

(Herman et al., 2005; Brain et al., 2006). In 

addition, sitagliptin inhibits plasma DPP-4 

enzyme activity and augments active GLP-1 

levels in a dose dependent manner and its 

pharmacokinetic (PK) profile is consistent 

with once-daily dose (Herman et al., 2005). 

Moreover, sitagliptin has been found to be 

effective and safe as an add-on therapy to 

insulin in reducing blood glucose levels in 

patients whose lack the ability of endogenous 

insulin secretion (Eiji., 2011). 

           From the above mentioned data, it 

seems that there is cumulative data that 

support the role of sitagliptin as one of 

considerable oral anti-diabetic drugs for 

management of type 2 diabetes.          

However, lacking of the studies, especially 

the histological studies on the cellular and 

molecular levels, considering sitagliptin 

effect on the endocrine part of the pancreas 

weaken this consideration. This work aimed 

to study the histological and biochemical 

changes that may occur in the endocrine part 

of the pancreas of alloxan-induced type II 

diabetic adult albino rats after treatment with 

sitagliptin. 
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Material & Methods: 

           This study was carried out on 30 adult 

male albino rats ranging in weight from 150 - 

200 grams each. All animals were kept in 

clean ventilated cages under similar 

environmental conditions and were fed the 

same laboratory diet.  

          They were divided randomly into three 

equal groups; the first group "Group I" was 

considered as a Control group and did not 

undergo any intervention, while the second 

and third groups were subjected to induction 

of type II diabetes via single injection of 

alloxan (120 mg/kg) intraperitoneally 

(Malaisse, 1982). The second group "Group 

II" was considered as a Diabetic Group 

where induction of diabetes was not followed 

by any further medical intervention, while 

the third group "Group III" was considered 

as a "Treated Group" where induction of 

diabetes was followed by treatment with 

sitagliptin (0.14/100 mg B.W.) orally for 21 

days. The dose was calculated according to 

Paget and Barnes(1964).  

Parameters of the study: 

A) Microscopic study: Fresh sections 

from the pancreas of the three groups were 

prepared for paraffin sections, 6 mm 

thickness, and stained by heamtoxylin (Hx) 

and eosin (E) stains(Clayden, 1971) and 

modified aldehyde fuchsin (Halami 1952). 

After that, the stained sections were 

examined via light microscope, 

photographed and all the detected variations 

between the three groups on the level of the 

microscopic findings had been scientifically 

discussed.  

B) Biomedical and laboratory 

findings: Collection of rats' blood serum was 

taken to estimate the following parameters: 

1) Serum glucose level: Using 

enzymatic colorimetric method (Trinder, 

1984). 

2) Serum insulin level: According to 

the method used by (Reeves, 1983). 

C) Statistical analysis: the obtained 

results were statistically evaluated and 

analyzed using SPSS-14 system.  

Results: 

I-Microscopic examination:- 

A- Control group (GI):- 

          Examination of Hx&E stained sections 

of pancreas from the control group, revealed 

normal appearance of the islets of 

Langerhans, they irregularly scattered within 

the exocrine pancreatic acini. The islet 

appeared as pale spheroid masses with rich 

vascular supply. 

          Each islet is formed of numerous cells 

with central spherical nuclei. Beta cells are 

the most abundant cells and occupy the core 

of the islets and contain numerous granules. 

Alpha and delta cells are observed at the 

periphery of the islets (Figs.1,2).  

          Sections stained with 

modifiedaldehyde fuchsin showed B-cells 

which were distributed all over the islet, 

while other cells were stained yellow and 

tend to be at the periphery of the islets (Figs. 

3,4). 

    B-Diabetic group (GII):- 

           Examination of Hx&E stained 

sections, showed that the islets were irregular 

in outline and showed marked reduction in 
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its size. The islet cells were poorly 

differentiated.  Decreased isletscellularity 

was observed (Figs.5,6).Some islet cells 

showed marked degenerative changes and 

have very small pyknotic nuclei (Fig. 7). 

Also, marked vascular degenerative changes 

had been detected at the region of islet 

suggesting arteritis (Fig.8). 

          Section stained with modified 

aldehyde fuchsin showed that most of islet 

cells were affected. The cells showed 

cytoplasmic vacuolation, pyknosis and 

karyolysis of their nuclei (Figs.9,10). 

C- Sitagliptin treated group (GIII):- 

 Examination of Hx&E stained sections of 

the diabetic group which was treated by 

sitagliptin showed partial return to the 

normal cellular distribution in the islet of 

Langerhans and increased cellularity with ill 

differentiation of the different cell types 

(Figs.11&12). 

            In modified aldehyde fuchsin stain 

sections of this group showed mild increase 

in the number of Beta cells and the islets 

appeared more organized with less 

vacuolated cells, but the cells were still 

poorly differentiated (Figs.13,14). 

 II-Biochemical parameters:- 

           Changes in the serum level of blood 

glucose and insulin are demonstrated in the 

following table and histograms which 

showed partial recovery of both levels to 

their values in the control group (Table 1 

&Histogram.1, 2, 3).A P<0.05 was taken 

indicate statistical significance. Results are 

reported as average±SE. 
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(Fig.  2) Photomicrograph of a control pancreas of adult albino rat 

showing the normal cellular distribution in the islet of Langerhans 

 , the white arrow shows alpha cell while the black arrow shows 

the beta cell . (Hx.&E. stain X 1400) 

 

(Fig.  1) Photomicrograph of a control pancreas of adult albino rat 

showing the normal cellular distribution in the islet of Langerhans 

, normal pancreatic acini are distributed around the islet.   (Hx.&E. 

stain X 1100) 

(Fig. 4) Photomicrograph of a control pancreas of adult albino rat 

showing the normal cellular distribution in the islet of Langerhans 

, the white arrow shows alpha cell, while the black arrow the beta 

cell . (Modified aldehyde fuchsin. stain X 1400) 

 

(Fig. 3) Photomicrograph of a control pancreas of adult albino rat 

showing the normal cellular distribution in the islet of Langerhans 

, normal pancreatic acini are distributed around the islet. 

(Modified aldehyde fuchsin. stain X 1100) 
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(Fig.5) Photomicrograph of a diabetic pancreas of adult albino rat 

showing the cellular distribution in islet of Langerhans, reduced 

islet size and poor differentiation of its cells. (Hx.&E. stain X 

1400) 

 

(Fig.7) Photomicrograph of a diabetic pancreas of adult albino rat 

showing marked degenerative changes in the islet and decreased 

islet cellularity. (Hx.&E. stain X 1400) 

 

(Fig.6) Photomicrograph of a diabetic pancreas of adult albino 

rat showing  marked reduction in the islet size and decreased 

islet celluarity.  (Hx.&E. stain X 1400) 

 

 

 

(Fig.8) Photomicrograph of a diabetic pancreas of adult albino 

rat showing marked degenerative changes in the artery 

suggesting arteritis. (Hx.&E. stain X 1400) 

 

(Fig.9) Photomicrograph of a diabetic pancreas of adult albino rat 

showing cytoplasmic vacuolation, pyknosis and karyolysis of 

their nuclei (white circle). (Modified aldehyde fuchsin stain X 

1100) 

 
 

(Fig. 10) Photomicrograph of a diabetic pancreas of adult 

albino rat showing cytoplasmic vacuolation, pyknosis and 

karyolysis of their nuclei. (Modified aldehyde fuchsin stain X 

1400) 
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(Fig. 12) Photomicrograph of a diabetic pancreas of adult albino rat 

treated with sitagliptin showing partial return to the normal cellular 

distribution in the islet of Langerhans. (Hx.&E. stain X 1400). 

 

(Fig.14) Photomicrograph of a diabetic pancreas of adult albino rat 

treated with sitagliptin showing return of cellular distribution in the 

islet of Langerhans, the cells are poorly differentiated. (Modified 

aldehyde fuchsin stain X 1400) 

 

 
(Fig. 11) Photomicrograph of a diabetic pancreas of adult albino rat 

treated with sitagliptin showing the normal cellular distribution in 

the islet of Langerhans, There is increased cellularity with ill 

differentiation of the cell types .(Hx.&E. stain X 1100) 

 

 

(Fig.13) Photomicrograph of a diabetic pancreas of adult albino 

albino rat treated with sitagliptin showing cellular distribution in the 

islet of Langerhans. (Modified aldehyde fuchsin stain X 1100) 
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(Table 1)- Changes in the mean values of blood glucose level, serum insulin level, and HOMA in the 

different studied groups. 

Parameters  Control Diab. Treatment 

Glucose 

Mg/dl 

M+SE 

P1 

P2 

120 + 0.84 

-- 

-- 

255.4 + 6.48 

< 0.01 

--- 

91.4 +7.12 

< 0.05 

<0.01 

Insulin 

(u/ml) 

M + SE 

P1 

P2 

30.06 + 1.96 

--- 

--- 

13.46 + 0.39 

< 0.01 

--- 

22.06 + 0.13 

<0.05 

<0.01 

Homa-IR 

M + SE 

P1 

P2 

33.84 + 2.37 

--- 

--- 

50.2 + 1.8 

<0 .01 

--- 

7.97 + 0.45 

< 0.01 

<0 .01 

P1 : in comparison with the control group; P2 : in comparison with the diabetic groups. 

 

(Histogram.1)-Histogram showing serum blood glucose in the different groups of this study. 
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(Histogram.2)- Histogram showing insulin level in the different groups of this study. 

 

(Histogram.3)- Histogram showing HOMA in the different groups of this study. 

Discussion:

Type II Diabetes is characterized by 

progressive deterioration in functions of the 

beta cells as it is usually associated with 50% 

loss of the beta cells mass and 60% necropsy 

at the time of diagnosis (Lebovitz, 2002). 

This decline in the beta cell mass is suggested 

to be due to accelerated apoptosis and is 

motivated by glucotoxicity, lipotoxicity, 

proinflammatory cytokines, leptin and islet 

cells amyloid (Wajchenberg, 2007). Using 

drugs such as incretin mimetics or enhancers 

has demonstrated antiapoptotic effect with 

clinical evidence of their beneficial effect on 

the human beta cell function (Wajchenberg, 

2007).  

           Incretin hormones are released from 

the digestive tract in response to food intake 

and these hormones enhance glucose 

dependant insulin secretion from the 

pancreas, maintain glucose homeostasis 

through slowing of gastric emptying, inhibit 

glucagon secretion and increase satiety. Of 

the two major incretins, glucagon-like peptide 

(GLP-1) and glucose-dependant 

insulinotropic polypeptide (GIP), only GLP-1 

or its or enhancers (mimetics) have an effect 

on beta cell function (Drucker, 2006). 

           Several GLP 1 analogues known as 

“incretin  mimetics” have been developed and 

are available as injectable forms (e.g. 

Exenatide and Liraglutide) or oral forms 

(e.g.Sitagliptin and Vildaglipin). Sitagliptin 

exert its effect through the inhibition of an 

active enzyme dipeptidyl peptidase 4 (DPP-

4), thus it prevent the rapid inactivation of 

GLP1 active forms (Chia and Egan 

2008).They added that, similar to GLP-1, 

DPP4 inhibitors increase glucose insulin 

mediated secretion and suppress glucagon 

secretion (Chia and Egan 2008). This study 

examined the influence of sitagliptin "DPP-4 

inhibitor" over 3 weeks period on glucose 

tolerance, insulin secretion and islet 

morphology in normal and type II diabetic 

rats. 
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         To do this study, induction of type II 

diabetes has been done via using alloxan. 

Alloxan was used to induce diabetes for two 

reasons; firstly, alloxan has a selective 

cytotoxic effect on beta cells (Okamoto 

1984; Dunn et al., 1943). Secondly, alloxan 

injection leads to partial destruction of beta 

cells of the islets of Langerhans as it is 

rapidly uptaken by beta cells and has a direct 

effect on its cell permeability (Shafrir, 

2003). For these reasons, alloxan is the drug 

of choice to experimentally induce type II 

diabetes in animal models. 

           In this study, islets of Langerhans in 

group II "control diabetic group" showed 

marked reduction of the islets size, poor 

differentiation of its cells, and decreased 

islets' cellularity. In parallel, these cellular 

changes were associated with marked 

degenerative changes in the vessels in the 

islets region suggesting arteritis. These results 

are supported with the previous studies that 

refer to glucotoxicity, lipotoxicity, and 

proinflammatory cytokines as possible 

motivators for exaggerated cellular apoptosis 

and inflammatory changes of the islets of 

Langerhans (Wajchenberg, 2007). 

 

In this study, beta cells showed marked 

degenerative changes such as nuclear 

pyknosis, karyolysis, and cytoplasmic 

vacuolation. These degenerative changes 

were associated with marked hyperglycemia 

and hypoinsulinemia. According to Bolaffi et 

al(1986) and Kessler et al(1999), these 

degenerative changes are usually associated 

with abnormalities in islets functions with 

subsequent hyperglycemia and 

hypoinsulinemia. Moreover, beta cell mass in 

the diabetic group II had been shown to be 

reduced in size with poor differentiation of its 

cells in comparison to group I "control 

group". These size reduction and poor 

differentiation may be attributable to the 

induced beta cells apoptosis. This beta cell 

apoptosis had been also noticed at autopsy 

and in isolated islets from diabetes type II 

patients (Huang et al., 2007; Laybutt et al., 

2007). 

 

            When diabetic rats were treated by 

sitagliptin in "Group III", partial recovery of 

the islets of Langerhans to the normal cellular 

distribution and increased cellularity of islets 

with mild increase in beta cells number has 

been detected. These changes were associated 

with mild improving in both blood glucose 

and insulin profiles. Mu et al(2009)and 

Verspohl (2009) in their studies reported 

similar findings in reducing glucose level, 

reducing HBA1c level and improving insulin 

reduction. Sitagliptin is probably doing its 

effects via increasing GLP-1 concentration. 

GLP-1 had been shown to reverse loss of beta 

cell mass in human and animal models of 

diabetes via increasing new beta cell 

formation and decreasing β-cell apoptosis 

(Buteau et al., 2001; Deacon &Holst 2002; 

Hui et al., 2003;  Xu et al.,  2006; Aschner 

et al.,  2006; Raz et al., 2006; Poitout and 

Robertson2008). These sitagliptin benefits 

on beta cell mass and function may have been 

mediated by either its direct effects on beta 

cells or indirect by its action to lower blood 
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glucose. Hyperglycemia can contribute to 

both reducing beta cell mass, increasing beta 

cell apoptosis and loss of beta cell function. 

Poor differentiation of beta cells that was 

detected in this study results after sitagliptin 

treatment may be due to the short term 

treatment (21 days) may not give enough time 

for beta cells to be fully differentiated. In 

summary, sitagliptin had synergistic effects 

on preserving B-cell mass in the rat model of 

type II diabetes and is able to improve 

glucose intolerance via increasing beta cells 

replication and improving islet functions.  
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تأثير عقار السيتاجليبتين على بنكرياس الجرذان البيضاء البالغة فى حالات مرض السكر التجريبى )دراسة ميكروسكوبية 

 (كيمياء حيويةو

 محمود جبالىزينب  و تامر مسعد محمود ابو عمارة

 جامعة الازهر  -بنات( -كلية الطب ) بنين -باقسام الهستولوجيا 

 

 :المقدمة والهدف من الدراسة 

 

يعنبر مرض السكر من المشاكل الكبرى التى تؤثر على عدد كبير من المرضى فىى جميىأ حاحىاء العىالد وقىد حجريىا هىاس الدراسىة 

د تىىأثير عقىار السىىيتاجليبتين علىى بنكريىىاس الجىرذان البيضىىاء البالغىة فىىى حىالات مىىرض البىوح السىىكرى التجريبىى حيىى  تىىد يلتقيى

من ذكور الجرذان البيضىاء البالغىة  و قسىما  لىى ثىمو مجموعىات متسىاوية حعتبىرت المجموعىة اعولىى مجموعىة  ۳۰استخدام 

ض البىوح السىكرى بعىد حقنهىا بعقىار اعلوكسىان داشىل الغشىاء البريتىواى وفىى ضابطة حما المجموعة الثااية فقد تىد  اىابتها بمىر

 ۰٫۱٤المجموعة الثالثة تد  ستخدام عقار السيتاجليبتين عن طريق الفد فى عمج مرض البوح السكرى التجريبىى بجرعىة قىدرها 

يوم من تاريخ  حداو المىرض ۲۱لمدة  جرام من وزن الجرذان المستخدمة وقد  ستمر العمج بالعقار المستخدم۱۰۰ملىجرام لكل 

وتىد تقسىيد النتىاال الىى  تجىاهين مختلفىين تىمل اعتجىاس اعوح دراسىة ميكروسىكوبية لخميىا البنكريىاس لتتبىأ التغيىرات المحتمىل 

 .الدهيد فوكسين المعدلةحدوثها فى المجموعات المختلفة بعد ابغها باستخدام ابغات الهيماتوكسيلين والايوسين وابغة 

ما الاتجاس الثااى فهو عبارة عن تحليل معملى لتقيد كمى لنسبة السكر واعاسىولين فىى الىدم والتىى تمهىر مىدى كفىاءة البنكريىاس ح

 فى المجموعات المختلفة .

 النتاال

و تغيىر فىى تىكل النىواة مىأ وجىود  خميىابيتىا فىي تىكل  تجويفىات فىى سىيتوبمزم الض السكر حاحمح في عدد من شميا ححدو مر

اقص في حجد جزر لااجرهااز كما لوحظ  رتفاع سكر الدم وااخفاض واضح لنسبةالااسولين في الىدم. ولقىد كىان خسىتخدام عقىار  

السيتاجليبتين حثر واضح  فى تحسن تلك التغيرات وعودتهىا الىى الرىورة الطبيعيىة لخميىا البنكريىاس وقىد دلىا النتىاال المعمليىة 

 فى تحسن الرورة المرضية وعودتها للحالة الطبيعية . على مدى فاعلية العقار المستخدم

ويستنتل من هاس الدراسة حن عقار السيتاجليبتينله دور ملحوظ فى تحسين المضاعفات الناتجىة عىن تىأثير مىرض البىوح السىكرى 

 على شميا البنكرياس. 


