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  ABSTRACT  
Histopathology of Pancreas, 

Stereptozotocin-Induced 

Diabetic Rabbits 

 We investigated the effects of pumpkin on pancreas tissues, histological 

features, and their impact on glycemic control serum insulin, and C-peptide. 

Our results showed a decrease in fasting blood glucose in pumpkin group 

when compared diabetic but this reduction was statistically significant. This 

experimental study was done in the Biochemistry department of the Faculty 

of Veterinary Medicine University. Diabetes mellitus was induced in 24 out 

of 32 adult male rabbits, using intraperitoneal injection of 35 mg/ kg BW 

stereptozotocin. The male rabbits, weighing 250±20 gr were randomly 

selected and divided into four following groups: control, diabetic (induced 

by 35 mg/kg mg/kg STZ) and treatment groups. The treatment 

group(G3&G4) were received pumpkin 100 & 200mg/kg orally once daily 

for four weeks. Following consumption of plants, blood glucose was 

measured every day and on the last day, Serum insulin and C-peptide levels 

were detected, and the pancreas were removed and stained with H&E. The 

results of this study indicate that the blood glucose increased while insulin 

and C-peptide level decreased in the diabetic groups compared with the 

healthy control group. In the treated group blood glucose significantly 

decreased while insulin and C-peptide level significantly increased when 

compared with diabetic group. The study showed that pumpkin extract by 

reducing blood glucose level and elevated serum levels of insulin and C-

peptide has positive effects on morphology alterations in STZ-induced 

diabetic rabbits. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Diabetes is a metabolic disorder of multiple etiologies manifested by elevated levels of glucose in the blood 

due to either deficiency of insulin or resistance to insulin. DM produces multiple biochemical sequelae 

unwanted biochemical, morphological and functional changes in tissues and organs by negatively affecting 

carbohydrate, lipid and protein metabolism [1], [2]. Synthetic drugs and insulin therapy against diabetes 
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possess numerous drawbacks. Diabetic people are advised to choose low-glycemic food and herbal products 

to control diabetes [3- 5]. In this study we have selected Pumpkin to evaluate its anti-diabetic activity. 

Cucurbita ficifolia (Cucurbitaceae) known as pumpkin. 

 

 Pumpkin (Cucurbita moschata Duch), an annual herbaceous plant of the family Cucurbitacea, is widely 

grown and consumed in the world, its seed filled with unsaturated fatty acids, especially omega. These seeds 

are rich in phytosterols, polyunsaturated fatty acids, and trace elements (like magnesium, iron and zinc), 

antioxidant and vitamins such as carotenoids and tocopherol [6], [7]. Pumpkin has several physiological and 

pharmacological properties such as antitumor, antioxidant, antibacterial, anti-diabetic, and anti-obesity [8]. 

 

We aimed to investigate protective effects of Pumpkin Seed Oil (PSO) on pancreatic damage, and their impact 

on glycemic control, serum insulin, and C-peptide in male rabbits with stereptozotocin (STZ)-induced 

diabetes. 

 

2. Materials and Method 

 

2.1 Experimental animals 

Male albino rabbits of Wistar strain (weight 120 ± 20 g) were used in the proposed study. Animals were 

obtained from the animal house of the Faculty of Veterinary Medicine, University of Tikrit, and were 

maintained under controlled conditions of temperature, at 260 C₀, relative humidity of (40%), and normal 

photoperiod (light-dark cycle of 12 h). The rabbits were maintained in the animal room of School of Studies 

in Biochemistry on standard pellet diet and tap water ad lib. 

 

Blood was collected at 3 and 8 weeks from the retro-orbital plexus using small capillary tubes, centrifuged at 

4000 rpm for 10 min. at 4°C, and serum was collected for all biochemical assays. 

 

2.2 Experimental design 

Thirty four rabbits were randomly divided into four groups of seven rabbits each. Animals were divided into 

four groups and were given following treatments: 

Group 1 (G1): healthy control rabbits. 

Group 2 (G2): diabetic rabbits. 

Group3(G3): diabetic rabbits received pumpkin 100 mg/kg. 

Group 4 (G4): diabetic rabbits received pumpkin 200 mg/kg. 

All administrations were given orally once daily for four weeks. 

 

After sacrifice, Pancreatic tissues were collected from different groups and were fixed in 10% buffered 

formalin solution. Then organs were processed, embedded in paraffin and sections of 5µm thickness were 

obtained. Serial sections of five µm thickness were cut and stained with hematoxylin and eosin (H&E) [9- 

11]. 

 

3. Results 

The results showed a significant increase in blood glucose in diabetic group compared to control group 

(413±8.14 vs105±2.41 mg/ dl), this reduction was statistically insignificant (p ≤ 0.05). While there was a 

significant increase in blood glucose in treated group (308±3.47mg/ dl: p<0.001) and (248.33±2.91mg/ dl: 

p<0.001) respectively compared to diabetic group (p ≤ 0.05). The comparison between both groups showed 

that PSO could contribute with antidiabetic agents (metformin and glyburide) in enhancing the hypoglycemic 

effect. 
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The results showed a significant decrease in insulin and in C-peptide diabetic group compared to control 

group (0.86 ± 0.0591.96 ± 0.071 vs ng/ml: P<0.0001) and (144 ± 2.65 vs 248.67 ± 3.18pmol/l; P<0.0001) 

respectively. On the other hand there was significant increase insulin level (1.39 ± 0.03ng/ml; p<0.01and 

2.2±± 0.09ng/ml; p<0.05) and C-peptide level (219.2± 2.65pmol/l P<0.0001 and 233 ± 3.21: P<0.0001) in 

pumpkin group (G3&G4) respectively.  

 

Table 1. Comparisons between mean values of glucose, Insulin, and C-peptide in the different studied 

groups using ANOVA test. 

Treatment Glucose 

(mg/ dl) 

Insulin (ng/ml) C-peptide 

(pmol/l) 

Glucose 

(mg/ dl) 

Group 1 105±2.41 
1.96 ± 0.071 

248.67 ± 3.18 105±2.41 

Group 2 413±8.14 
0.86 ± 0.059*** 

144 ± 2.65 413±8.14 

Group 3 308±3.47*** 
1.39 ± 0.03** 

219.2± 2.65***  308±3.47***  

Group4 248.33±2.91***  
2.2±± 0.09* 

233±3.21*** 248.33±2.91***  

p<0.05 *, p<0.01 **,p<0.001 ***  

 

The lobules of the pancreas contained glandular epithelial cells in the form of small aggregations, and among 

these nuclei there were many small capillaries (5X, H&E40) (Fig. 1). 

 

 
Figure1: The lobules of the pancreas, which contain the secretory glandular glomeruli, are surrounded by 

numerous capillaries 

 

Islets of Langerhans were found among the exocrine cells of the pancreas, as they contained many groups of 

endocrine cells represented by α and β-cells, with capillaries in them (Fig. 2, and 3). 
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Figure (2): Islets of Langerhans containing α and β-cells (A) exocrine units(B) Capillaries (C) (H&EX40). 

 

 
Figure (3): Exocrine glandular secretion units of the pancreas (A), islet of Langerhans (B), containing α 

and β-cells, and a blood vessel engorged with blood (C). (H&EX40). 

 

The body of the pancreas contained the islets of Langerhans, in which were found some endocrine cells 

secreting the hormones insulin (β- cells) and the hormone glucagon produced from α-cells, with capillary 

blood vessels around them. Any abnormal condition (Figure:4) (H&EX40). 
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Figure (4): Endocrine cells (α and β) in the islets of Langerhans (A) exocrine cells (B) capillary blood 

vessels around them (C) (H&EX40). 

 

3.1 Diabetic group 

The pancreas consists of external glandular lobules in which their secretory cells are enlarged within the 

pancreatic ducts, with faint nuclei lacking pigment. Also, there was congestion of blood vessels between the 

lobules of the gland (Figure:5).  

 

 
Figure (5): Pancreatic parenchyma, hypertrophy of the exocrine cells in the pancreas buds with their faint 

nuclei (A), interlobular blood congestion (B) (H&EX40). 

 

The pancreatic glands of the pancreatic gland have hyperplasia of their glandular epithelial cells with nuclei 

devoid of pigment due to the loss of the two chromosomes in them of the basal pigment. The congestion of 

the blood vessels appeared in the gland between the lobules and appeared in which dense colloidal fibers 

appeared and contained fibroblasts and phagocytic cells (Figure:6). 
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The pancreatic glands of the pancreatic gland have hyperplasia of their glandular epithelial cells with nuclei 

devoid of pigment due to the loss of the two chromosomes in them of the basal pigment. The congestion of 

the blood vessels appeared in the gland between the lobules and appeared in which dense colloidal fibers 

appeared and contained fibroblasts and phagocytic cells (Figure:7). 

 

The lobules of the pancreas surround the inner secretory part (islet of Langerhans), where many cells have 

been destroyed, including the endocrine secretion (α and β-cells), with the presence of colloidal fibers within 

the endocrine part and the islet surrounded by blood vessels with congestion and the outer part secreting 

enzymes consisting of Gland glands (Figure:8). 

 

 
Figure (7): The endocrine part of the pancreas in which its endocrine cells are destroyed with the presence 

of colloidal fibers in this part (A), blood vessels engorged with blood (B), the outer glandular part (C) 

((H&EX40). 

 

The glands of the outer glandular part have hyperplasia of the epithelial cells and the loss of chromosomes in 

the nuclei. The islets of Langerhans have enlargement of some endocrine cells in them and the loss of the 

pigments in their nuclei with the shrinkage of some cells and their fragmentation and their distance from the 

basement membrane surrounding the cells(Figure:9). 

 

 
Figure (8): Enlargement of the cells of the outer glandular part (A), the islets of Langerhans, in which some 

endocrine cell nuclei are lost (B), and islet atrophy (C) (H&EX40). 

 

In the present study showed that many blood congestions in the parenchyma of the pancreas between the 

glands of the gland, with the destruction of many endocrine cells in the islets of Langerhans and the loss of 

their nuclei, as well as a loss of cell communication with each other (endocrine cell dispersal) (Figure:10). 
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Figure (9): Pancreatic parenchyma, numerous blood congestion (A) destroying many endocrine cells and 

islet cells (B) and their dispersal (H&EX40). 

 

The soft fibrous fascia of the pancreas has engorged blood vessels surrounded by some white blood cells with 

the presence of yeast-secreting pancreatic ducts that contain pyramidal-cubic epithelial cells lining these cells 

with prominent dark-colored nuclei and pale blue cytoplasm(Figure:11). 

 

 
Figure (10); Pancreatic fascia (A), engorged blood vessel (B), white blood cells (C), exocytosis plant (D). 

(H&EX40). 

 

3.2 Treated group 100 mg 

The lobules of the pancreas contain spherical islets of Langerhans with cells tight to each other and pale nuclei 

represented by α and β and those surrounded by capillary blood vessels and external secretory globules of 

yeasts, and those were of normal shape and structure, as no pathological changes were observed in 

them(Figure:12). 
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Figure (11) Pancreas board. Islets of Langerhans (A), exocrine glandular secretion of yeasts (B)(H&EX40). 

 

3.3 Treated group 200 mg 

The islets of Langerhans appeared in the middle of the vines of the external secretion. The islets of Langerhans 

consisted of endocrine cells with dark globular nuclei of normal shape and a pale cytoplasm. These cells (α 

and β-cells) were surrounded in the form of small clusters around which some capillary blood 

vessels(Figure:13). 

 

 
Figure (12): Islets of Langerhans (A) Exocrine glandular secretion units (B) (H&EX40). 

 

The Islets of Langerhans have large, spherical nuclei of dark-colored cells with hyperplasia of those endocrine 

cells in the islets, as the cells emerged in the form of a compact cellular mass surrounded by units or the outer 

secretion of yeasts(Figure:14). 
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Figure (13): Islets of Langerhans with hyperplasia of α and β-cells (A) and exocrine units (B) (H&EX40). 

 

3.4 Treated 200mg 

The pancreatic parenchyma contained the units of exocrine glandular secretion in a normal manner, as the 

cytoplasm and nuclei of these cells are present in the form of smooth vines, septa between the pancreatic 

lobules surrounded by thick-walled arteries that contain blood(Figure:15). 

 

 
Figure (14): Pancreatic tissue. External secretion units (A) normal, thick-walled septal artery filled with 

blood (B) (H&EX40). 

 

The Islets of Langerhans between the pancreatic secreting lobules contained α and β-cells endocrine cells 

surrounded by blood sinusoids. 
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Figure (15) Pancreatic tissue, exocrine tracts (A), congested blood vessels (B), decomposing blood, small 

cannulas of yeasts (C) (H&EX40). 

 

4. Discussion 

Glucokinase, the rate-limiting enzyme for glucose metabolism in the β-cell, has a much lower affinity for 

glucose than other hexokinases, allowing the β-cell to adjust the rate of glucose metabolism, Based on this 

the rate of insulin secretion in response to small changes in blood glucose concentration, because oxidative 

phosphorylation in β-cells, is tightly coupled to insulin secretion, where more than 90% of the carbons in 

glucose are oxidized to CO2 on substrate supply [12]. 

 

The probable mechanism underlying pumpkin’s hypoglycemic effects is increasing either the pancreatic 

secretion of insulin from the beta cells or insulin sensitivity. 

 

In this study, diabetic rabbits had significantly increased serum glucose level as compared to normal control 

rabbits. Our findings are also in agreement with some researchers like [13], [14]. The probable mechanism 

underlying pumpkin’s hypoglycemic effects is increasing either the pancreatic secretion of insulin from the 

beta cells or insulin sensitivity because pumpkin extract treatment was able to decrease the circulating levels 

of glucose in diabetic rats because pumpkin prevent of liver Phosphorylation so it could prevent break up of 

glycogen in the liver cells and it could increase glycogen synthesis with increase the glucose levels in the 

rabbits induced diabetics [15]. 

 

Insulin, an essential hormone for carbohydrate metabolism is believed to be produced only in the pancreatic 

β-cells. Once insulin is released into the blood, it stimulates the entrance of glucose into skeletal muscles and, 

to a lesser extent, liver and adipose tissue via special transporters, thus controlling glucose homeostasis. 

Insulin binding mediates much action through interaction with insulin receptors (IR) [16], [17]. C-peptide, 

initially considered an inactive molecule, has, currently, been shown to be a bioactive molecule when it binds 

to the surface of several cell types, and activates the calcium-dependent intracellular signaling pathway [18]. 

 

Insulin and C-peptide increases after stereptozotocin administration is according to [19] and pumpkin 

extraction can reduce the insulin levels that are according to [20] findings. These effects might be due to 

either increased pancreatic insulin secretion from the existing β-cells or insulin release from the bound form. 

D-chiro-Inositol was identified in pumpkin (especially in Cucurbita ficifolia) and this compound has been 
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considered as an insulin action mediator (insulin sensitiser) [21]. Pancreatic section from diabetic rabbits 

showed extensive damage to the islets of Langerhans and reduced dimensions of islets. When the diabetic 

rabbits were given pumpkin treatment show regenerating tiny islets. 

 

These results perhaps are due to pumpkin and its seeds have antioxidant activity which led to increase the 

number of β-cells by enhancing the repair and regeneration of β-cells and protect cell membranes from 

oxidative damage. This study concluded that the protective effects of pumpkin are attributed to its direct and 

indirect antioxidant actions.  The present study findings confirmed the results of [22], [23] demonstrated that 

diabetic rabbits consumed tocopherol fraction of raw pumpkin seeds and cakes prepared from pumpkin 

respectively significantly increased in the number of islets. 

 

Recommendation: Further human studies are essential to establish the role of pumpkin in controlling type 2 

diabetes and its complication 
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