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ABSTRACT 

Type 2 diabetes is a complex and heterogeneous disorder presently affecting more than 100 million people 

worldwide and causing serious socio-economic problems. Appropriate experimental models are essential tools 

for understanding the pathogenesis, complications, genetic or environmental influences that increase the risk of 

Type 2 diabetes and testing of various therapeutic agents.The animal models of type 2 diabetes can be obtained 

either spontaneously or induced by chemicals or by dietary or surgical manipulations and/ or by combination 

thereof. It has been observed in this study that, high fructose (50% and high carbohydrate diet)-fed rats when 

treated with low dose (40 mg/kg body weight) of Aloxan, the animals exhibited long lasting hyperglycaemia, 

hyperlipidaemia with decreased islet volume and decreased β-cell granulation scores in the rats. There was no 

mortality in the Aloxan control group throughout the study period. This may be due to the low dose of aloxan. 

Considering multiple factors in the production of the diabetes syndrome and long-lasting hyperglycaemia and 

other symptoms exhibited by the animals, this combination of high fructose and low dose aloxan- induced 

diabetic model may be good alterative and cost effective as compared to other models in the study of diabetes. 

KEY WORDS: Type 2 diabetes, Animal model, Fructose, Aloxan, Hyperglycaemia, Hyperlipidaemia. 

 

INTRODUCTION 

The prevalence of diabetes is rapidly rising all over 

the globe at an alarming rate (1). According to the 

International Diabetes Federation (IDF), the total 

number of diabetic subjects is to be around 40.9 

million in India at present which is expected to rise 

to 69.9 million by the year 2025 (1,2) . Studies 

show rising trend in the prevalence of diabetes 

across different parts of India. It is higher in 

Southern part of India.  

Causes of increase in incidence of diabetes include: 

Improved nutrition, better hygiene, control of many 

communicable diseases and improved access to 

quality healthcare and the main drivers of diabetes 

epidemic in India are : Fast food culture’ and 

‘Sedentarinism’.   

There are many barriers in the Conventional 

treatment of diabetes.  The presence of multiple 

defects and need for a multiple drug treatment 

approach. Current therapies for Type 2 diabetes are 

associated with inadequate control of postprandial 

hyperglycaemia (sulphonylureas, metformin and 

Thiazolidinediones); weight gain (sulphonylureas, 

meglitinides, Thiazolidinediones); and loss of 

efficacy over time (a problem with all the current 

oral agents). Newer Glucose lowering agents 

(Exenatide), a synthetic GLP-1 analogue isolated 

from the saliva of the Gila Monster Lizard; 

Liraglutide N2211; Pramlintide , an analogue of 

another gut hormone-Amylin etc.) therapies have 

dose-related mild to moderate side effects, most 

commonly nausea . Sub-optimal glucose, lipid and 

hypertension control play a major role in the 

mortality burden of nearly 3.2 million deaths 

annually due to diabetes. Although the progress of 

research in all fields of diabetes therapeutics from 

diabetes treatment to continuous glucose 

monitoring systems to novel insulin delivery 

systems has been spectacular, these devices are too 

expensive for the poor. Despite numerous 

treatments, population studies show no 

improvement in glycaemic control (3,4,5,6,7). 

Therefore, a holistic approach to the problem of 
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diabetes is the combination of modern scientific 

knowledge and traditional folk knowledge. The 

ethno-pharmacology knowledge is a holistic system 

approach that can serve as an innovative and 

powerful discovery engines for newer, safer and 

affordable medicines. Ethno-botanical and ethno-

pharmacological studies normally involve field 

explorations of indigenous medical knowledge and 

biodiversity and scientific investigations to 

establish these folk based knowledge (8,9,10). 

However, choice of an appropriate animal model in 

the diabetes research is very important. In view of 

these facts, this Fructose-aloxan combination 

model was developed to conduct a study on effects 

of certain medicinal plants used by indigenous 

communities.   

MATERIALS AND METHODS 

Chemicals: Anaesthetic drug was purchased from 

Neon Laboratories Ltd.; aloxan was procured from 

Sigma Chemicals (St. Louis, Mo, USA). The 

chemical for glucose (Glucose Oxidase-Peroxidase 

Method), triglyceride (Enzymatic Method), 

Cholesterol (Enzymatic Method), Serum Glutamate 

Oxalate Transaminase (SGOT, UV Kinetic IFCC 

Method), Serum Glutamate Pyruvate Transaminase 

(SGPT, UV Kinetic IFCC Method) and Alkaline 

Phosphatase (AP, PNPP Method) were of 

analytical grade and were purchased from Bayer 

Diagnostics India Ltd. The chemicals for 

histological procedures were purchased from 

Merck Chemicals. The reagent for percent 

glycosylated haemoglobin determination was 

purchased from Transasia Bio-medicals Ltd. and 

ERBA Diagnostics Mannheim/Germany and the 

Immuno-radiometric kit for Insulin estimation was 

procured from M/S Immunotech, France.  

Anaesthesia: Rats were anaesthetized with 

ketamine hydrochloride anaesthesia (Ready-to-use, 

100 mg/kg body weight) using 26 gauge needle 

(11). 

Animals: Male Wistar albino rats (Rattus 

norvegicus alvinus) weighing 150-200g (about 6-8 

weeks old) were used with the approval of the 

Institutional Animal Ethical Committee, and were 

maintained at standard laboratory condition as per 

the committee’s guidelines. Animals were fed 

standard pellet diet (American Agro.vet. India Ltd.) 

and water ad-libitum. 

Collection of blood samples from the animals: 
The area over the tail, 3cm from the base of the tail, 

was cleaned with antiseptic scrub. The blood 

samples were collected by using a syringe equipped 

with 25 gauge needle inserted at a 45 degree angle 

towards the vein applying a gentle negative 

pressure (IACUC Guidelines, Annex VIII). The 

blood samples were collected in 1.5 ml sterile 

micro centrifuge tubes and allowed to clot at room 

temperature. The sera were separated from the clot 

within 30 minutes of blood collection and the 

biochemical parameters were assayed immediately. 

For insulin determination, 0.1 ml of serum from 

each animal was aliquoted in the micro centrifuge 

tubes and kept frozen at -20
o 

C. For Percent 

Glycosylated Haemoglobin, 0.1 ml of whole blood 

from each animal was collected in the micro 

centrifuge tubes containing EDTA. 

Biochemical parameters: Prior to conducting the 

experiments, body weight of the animals was taken 

and glucose estimations were done in order to rule 

out congenital glucose intolerance. All the 

biochemical parameters were performed each week 

during the study periods.  

Induction of diabetes in the animals: They were 

maintained in a temperature-controlled
 

room at 

23°C, with a fixed 12-hour light: 12-hour darkness 

cycle,
 
and initially fed standard rat laboratory pellet 

diet (American Agro.vet. India Ltd.)  to standardize 

the nutritional status. After
 
one week, the rats were 

randomly divided into two groups: the
 
experimental 

group received 50% Fructose (Fructodex, w/v), and 

high carbohydrate-source diet, while
 
the control 

rats received the normal pellet diet.
 
The animals 

had free access to food and water and were 

maintained
 
on their respective diets for 6 weeks. In 

case of fructose-aloxan-induced diabetic group, the 

animals were given intra-peritoneal injection of 

aloxan monohydrate (40mg/kg body weight, w/v) 

(12, 13)) after 6 weeks of fructose feeding. The 

weight of each animal was recorded twice per 

week, weight gain of at least 10
 
animals in each 

group were assessed twice per week during the
 

experimental period. The food intake of the animals 

was observed throughout the experimental period. 

In case of the animals described as fasted rats, food 

was
 
removed at 09:00 hour the previous night, and 

experiments were performed the next day between 

09:00
 
and 12:00 

Studies of changes in islet morphology of 

animals (14, 15) 

Tissue preparation: Splenic region of pancreas 

was taken and fixed in Bouin’s solution for 24 

hours. The tissues were then washed several times 

with distilled water till the yellow colour of the 

fixative was completely removed. After 

dehydrating the tissues in different grades of 

alcohol (30%, 50%, 70%, 90% and 100%) and 

clearing with xylene, they were embedded in 

paraffin blocks and cut in 5 m thickness and 

stained with Eosin-Haematoxylene for preliminary 

observation and finally with Gomori’s aldehyde-

fuchsin stain. The stained section of highest quality 

on each slide was chosen for analysis on the basis 

of lack of artifacts and staining. Each islet was 
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examined by an observer who was unaware of the 

animal’s treatment allocation. Each islet was given 

a score between 1(least) and 4(greatest) for -cell 

granulation observed with aldehyde-fuchsin 

staining. 

Identification of islet components 

β-cells containing insulin stain purple by Gomori’s 

aldehyde fuchsin stain. In aldehyde fuchsin stained 

material, β-cells containing varying number of 

granules, were classified on a scale from 1+ to 4+ 

granulation. Cells without granules, but with pink 

cytoplasm were identified as non-granular cells. 

The vessels identified included the lumen and the 

endothelial lining of the capillaries within and 

surrounding the islets. 

Because the number of micrometer limited 

the number of components that could be 

quantitated per scan to five, the designations were: 

(1) 3-4+ β-cells (β-cells containing more than half 

of the full component of granules), (2) 1-2+ β-cells 

(β-cells containing less than half of the full 

component of granules), (3) Non-granular cells, 

and (4) Vessels. 

 

Statistical analysis 

All data were presented as mean ±SEM. For data 

with multiple time points, variables were analyzed 

by the general linear model ANOVA in the 

experiment II and by one way ANOVA (Tukey-

Kramer multiple comparison test) by using SPSS 

version 10.0 in rest of the experiments. An 

unpaired‘t’ test was also used to compare effect of 

fructose feeding on the different biochemical 

parameters and area under the curve (AUC) values 

in OGTT. Mean values were considered significant 

at p<0.05, 0.01 and 0.001. 

 

RESULTS 

 

Serum glucose levels. The mean serum glucose 

level in the animals prior to fructose feeding was 

96.8 ± 1.6 mg/dl (ranges were 89-98 mg/dl). There 

was moderate increase in the serum glucose levels 

at the end of 6 weeks of continuous fructose 

feeding. The mean blood glucose in these animals 

was 158 ± 1.8 mg/dl (156-162 mg/dl). After 8 

weeks, there were further increases with mean 

glucose levels of 178 ± 0.9 mg/dl (177.5- 180). The 

glucose levels were significantly elevated after 12 

weeks with mean level of 198 ± 2.4 mg/dl (196.7-

201.8). 

 

Percent HbA1c levels of Fructose-induced 

hyperglycaemic rats. The % HbA1c levels in the 

normal rats were found to be in the ranges of 5.66 

to 6.32 throughout the study period. The ranges 

were significantly higher, which were in between 

7.89 and 9.05 in the hyperglycaemic control rats 

when compared with that of normal control group 

(P<0.001).  

 

Serum triglyceride levels. The mean triglyceride 

level in the normal animal was 62 ± 0.8 (58-64.2). 

The levels were significantly elevated 175 ± 1.8 

(174.2-176.3) after 4 weeks of fructose feeding. 

Further increase in the levels were observed with 

186 ± 2.3(183.6-188.3), 178 ± 0.9 (176.7-180), and 

248 ± 4.6mg/dl (233-252.6) at the end of 6, 8 and 

12 weeks of fructose feeding. 

 

Percent HbA1c of fructose-aloxan-induced 

hyperglycaemic rats. The mean % HbA1c in the 

normal control group was 6.09 (5.87-6.04) 

throughout the study period. In the hyperglycaemic 

control group , the mean level was 9.30 (7.89-

10.30) during the study period. 

 

 

 

 

 

 

 

 

 

Fig 1: Serum glucose levels in the normal 

control and fructose-induced rats at the end of 

4, 6, 8 and 12 weeks of fructose feeding. The 

data are expressed as mean ± SEM (n=6), 

significant at  p < 0.001. 

 

 

 

 

 

 

 

 

Fig 2: Serum triglyceride levels in the normal 

control and fructose-induced rats. The datas are 

expressed as mean ± SEM (n=6), significant at p 

< 0.001. 
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Fig 3: Effect of fructose-feeding on cholesterol 

levels. Datas are expressed as mean ±SEM (n= 

6) and significant at p<0.001. 

 

 

 

 

 

 

 

Fig 4: %HbA1c levels in the fructose- induced 

hyperglycaemic rats. Data are expressed as 

mean ±SEM (n=6), significant at P< 0.01. Where 

no error bars are visible, the errors were 

smaller than the symbols. 

 

 

 

 

 

 

 

 

Fig 5: % HbA1c levels of fructose-aloxan-

induced hyperglycaemic rats. Data are 

expressed as mean ±SEM (n=6), significant at 

p<0.001. Where no error bars are visible the 

errors were smaller than the symbols. 

Studies of pancreatic tissue of normal rat 

Microscopic examination of pancreatic tissue 

sections stained with eosin-haematoxylin and 

Gomori’s aldehyde fuchsin stain when observed in 

low magnification (×10) revealed that the islets are 

randomly distributed throughout the exocrine 

pancreas. The diameter of the islets was 

approximately 140 to 150μm with well defined islet 

boundary and one or two blood vessels in the 

surrounding areas of exocrine cells. Observation of 

tissues in higher magnifications (~ × 40 and oil 

immersion) stained with aldehyde fuchsin revealed 

islets with well granulated β-cells which appeared 

dark violet (Fig. 6). 

 

 

 

 

 

 

 

 

Fig 6: Pancreatic tissue section of normal 

control rat. ~ × 40 . (I:  Islet; E:  Exocrine cells; 

V:  Blood cells). 

Studies of pancreatic tissues of 50% fructose-

induced and fructose- aloxan induced 

hyperglycaemic rats. 

Microscopic examination of pancreatic tissue 

sections of hyperglycaemic rats at the end of 24 

weeks of fructose feeding revealed reduced islet 

volume with islets approximately 70 to 80μm in 

diameter. The islet boundaries were not well 

defined when compared with the islets of normal 

animals. The acini cells of the exocrine pancreas 

appeared distorted. The normal distribution of the 

vessels surrounding the islet could not be seen in 

these sections. Observation of the islets in higher 

magnification in these sections revealed very few 

granulated β-cells. 

The average total 3-4+ granulated β-cells were 

52.5% in the normal control with 56.9% β-cell 

volume. In the fructose-aloxan group, the average 

total 3-4 + granulated β-cells were reduced to 0.6% 

(Fig. 7).   

In the fructose-aloxan-induced hyperglycaemic rats 

also, the islet volumes were significantly reduced. 

The average islet volume of the pancreas in the 

fructose-aloxan-induced hyperglycaemic animals 

was 0.35 ±0.04%. The islet volumes were reduced 
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from the control group by 41.2% in this group (Fig. 

8). 

 

Fig 7: Pancreatic tissue section of Fructose-

induced hyperglycaemic rat at the end of 12 

weeks of fructose administration. ~ × 100, 

Aldehyde-fuchsin. (I:  Islet without definite 

boundary and degranulated β- cells). 

 
Fig 8: Pancreatic tissue section of Fructose-

aloxan-hyperglycaemic rat after 7 days of 

aloxan administration. ~ × 100, l Adehyde-

fuchsin. 

DISCUSSION 

High fructose rats are considered as animal model 

of insulin resistance. Several researchers have 

shown that fructose consumption induces insulin 

resistance, impaired glucose tolerance, 

hyperinsulinaemia, hypertriglycerolaemia, 

hyperglycaemia and hypertension in rats 

(16,17,18,19). 

The significant increase in the serum glucose in the 

fructose fed rats may be due to elevated glucose 

production, associated with elevated rates of 

gluconeogenesis because of increased levels of 

circulating free fatty acids and lactates.  The 

hepatic metabolism of fructose has important 

effects on both glucose and lipid metabolism 

(20).Consumption of high fructose continues to 

enter the glycolytic pathway distal to 

phosphofructokinase, and triacylglycerol 

production is facilitated (21). The significant 

increase in the serum triglyceride and glucose 

levels in this experiment may be due to above 

mentioned combined effects of prolonged high 

fructose and high carbohydrate source diet.  

Significant weight gain was observed in the 

fructose-fed animals after 4 weeks of fructose 

feeding with significant increase in blood glucose, 

triglyceride and cholesterol levels. Highly 

significant increase in blood glucose levels were 

achieved only after 8 to 12 weeks of fructose 

feeding.  

Considering the ‘ 3 Rs’ (replacement, reduction, 

and refinement) (22), high fructose-fed rat model of 

type 2 diabetes was used in the present 

investigation because animal suffering could be 

minimized. Diabetes associated with obesity as a 

result of over nutrition, as in diabetic syndrome of 

human population develop in this model. More 

importantly, toxicity of chemicals on other vital 

organs of the animals could be avoided. This was 

advantageous because evaluation of immune status 

was one of the objectives in this study. It must be 

mentioned here that diabetogenic agents like 

aloxan/streptozotocin has direct toxic effect on 

immune system (23,24). However, this model has 

disadvantage of requirement of long period of 

dietary treatment increasing cost of maintenance of 

the animals. Moreover, it should be noted that frank 

hyperglycaemia developed only in those animals 

which were given diet with 80% or more of 

carbohydrate content (Rice and gram flour mixed 

with sugar syrup and soya oil). Therefore, the well 

known diabetogenic agent, aloxan (ALX) was also 

used in one of the experiments. ALX is well known 

for its selective pancreatic islet β-cell cytotoxicity 

and has been extensively used to induce type 1 and 

type 2 diabetes in experimental rat models. Due to 

the reported high incidence of ketosis and resulting 

mortality, low dose (40 mg/kg body weight) of this 

agent was used because it was observed that the 

percentage incidence of diabetic symptoms were 

quite variable and were not proportionately related 

to increasing doses of ALX as previously reported 

by other workers in these ALX treated animals. 

Therefore, high fructose-fed rats were treated with 

this low dose of ALX in this experiment. It was 

interesting to observe that all the animals exhibited 

significant hyperglycaemia, hyperlipidaemia and 

other symptoms within 7 days of administration of 

this drug and persisted till the end of the 

experimental period.  

The ALX treated animals exhibit severe 

hyperglycaemia, glucosuria, hyperlipidaemia, 

polydypsia, polyphagia and other symptoms of 

uncontrolled diabetes and do also develop 

complications such as neuropathy, cardiomyopathy, 

well marked retinopathy and others (24). In this 

study, the treated animals showed the following 

signs of the condition: moderate to severe 

hyperglycaemia, polydipsia (abnormal thirst), 
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polyuria (increased urine volume), weight loss, 

asthenia (weakness due to the inability to use 

glucose as source of energy). Histological 

examination of the pancreatic tissues exhibited 

reduced % islets and β-cells volume with 

significantly reduced β-cell granulations.  

There are evidences that reversal of 

hyperglycaemia due to pancreatic regeneration is 

early and common in case of ALX treated animals 

(25).  However, it has been observed in this study 

that when high fructose-fed animals were treated 

with low dose of ALX, the animals exhibited long 

lasting hyperglycaemia and other symptoms. There 

was no mortality either in the ALX control group. 

This may be due to the low dose of aloxan. The 

long lasting hyperglycaemia and other symptoms 

exhibited by these animals are due to the 

administration of high fructose (and also high 

carbohydrate source diet) to the animals. The % β-

cell granulation scores were also significantly 

lower in these animals when compared with that of 

the normal control animals. Moreover, similar 

kinds of results were obtained in these animals 

even after 12 to 16 weeks of administration of 

aloxan confirming long lasting hyperglycaemia and 

hyperlipidaemia in the control animals. Therefore, 

this interesting model of type 2 diabetes was also 

included in this study.  

CONCLUSION 

Considering multiple factors in the production of 

the diabetes syndrome and long-lasting 

hyperglycaemia and other symptoms exhibited by 

the animals, this diabetic model may be good 

alterative in the study of diabetes.  

It is evident from the present studies that 

administration of high fructose in the rats 

significantly increased the serum triglyceride, 

cholesterol and glucose levels as previously 

reported by other investigators. There are also 

evidences that high fructose feeding induced 

impaired cellular insulin binding and insulin 

sensitivity in normal human subjects (26).  The 

‘obesity epidemic’ in India and many parts of the 

world appears to be emerged largely from changes 

in our diet and reduced physical activity. Most 

important but not well-appreciated dietary changes 

has been the substantial increase in the amount of 

dietary fructose consumption from high intake of 

sucrose and high fructose corn syrup, a common 

sweetener used in the food industries (27) . 

Therefore, there is an urgent need for increased 

public awareness of the risks associated with high 

fructose consumption and greater efforts should be 

made to curb the supplementation of packaged 

foods with high fructose additives. 
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