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Abstract

Background: Diabetes mellitus is global metabolic 
disease that increases continuously. It is usually 
divided into two main categories; type 1 and type 2 
diabetes mellitus.

Aim: The aim of study to evaluate the physiological 
response of cells in STZ and STZ/HFD animal 
models for both types of diabetes. 

Main methods: Twenty-four male Wistar rats were 
divided into 4 groups (6 rats /group): control for 
T1DM, diabetic type 1, control for T2DM and diabetic 
type 2. The diseases induced by single dose of 
streptozotocin (60 mg/kg, i.p) T1DM and HFD for 4 
weeks previously the injection with streptozotocin (30 
mg/kg, i.p) for T2DM.

Results: Type 1 diabetic group groups showed higher 
defect in the body weight, hotplate period, insulin, 
AST, ALT, MDA and GSH, while type 2 diabetic group 
showed higher defect in G6PD and GGT.

Conclusion: The two models of diabetes revealed 
that the cells in T1DM prefer to use glycolysis pathway, 
while the cells in T2DM prefer pentose pathway, which 
might be relevant in the real human diabetes mellitus. 

Keywords: Diabetes mellitus; Streptozotocin; 
Obesity; Insulin resistance.

Abbreviations: STZ: Streptozotocin; HFD: High 
Fat Diet; DM: Diabetes Mellitus; T1DM: Type 1 
Diabetes Mellitus; T2DM: Type 2 Diabetes Mellitus; 
ROS: Reactive Oxygen Species; G6PD: Glucose-
6-Phosphate Dehydrogenase; AST: Aspartate 
Aminotransferase; ALT: Alanine Aminotransferase; 
GGT: γ-Glutamyltransferase; MDA: Malondialdehyde; 
GSH: Glutathione Reduced.

1. Introduction

Diabetes mellitus (DM) is the most public chronic 
metabolic disease identified in children and adult 
[1]. Many studies reveal an increasing trend in 
diabetes prevalence globally, with the highest growth 
dynamics in the youngest age [2]. DM is a metabolic 
disease resulting from a defect in insulin [3]. It may 
be categorized into numerous types but the two main 
types are type 1 and type 2 [4].

Type 1 Diabetes Mellitus (T1DM) is related to 
autoimmune process of destruction of pancreatic 
beta cells leading to absolute insulin deficiency 
and organ damage [1]. T2DM is a common health 
problem affecting about 8.3% of the world population, 
which would increase in the next 20 years [5]. Insulin 
resistance as result of insulin insensitivity which 
characterizes it [6]. The β cells normally compensate 
insulin resistance through more insulin production to 
keep the glucose near the normal level [7]. Reduced 
sensitivity to insulin in liver, muscle, and fatty tissue 
lead to impaired insulin secretion and eventual 
pancreatic beta-cell failure [6,8].

Streptozotocin (STZ) is a usually used for the 
induction of experimental diabetes model in animals 
[9]. The toxic mechanism of STZ is mediated by 
reactive oxygen species (ROS) [10]. Only one dose 
of STZ can induce T1DM in rats [11], while T2DM can 
be induced by STZ injection after High Fat Diet (HFD) 
feeding [12]. In the model of HFD/STZ, the state of 
obesity, insulin resistance and/or glucose intolerance 
is simulated by a period of a HFD [13]. The aim of 
study to evaluate the pathophysiological response of 
cells in STZ and STZ/HFD models of type 1 and type 
2 diabetes mellitus. 

2. Materials and Methods

2.1 Chemicals and reagents 

Insulin kits and Streptozotocin were obtained 
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from Sigma-Aldrich (St. Louis, MO, USA).γ-
Glutamyltransferase (GGT) kit was purchased 
from Spectrum Diagnostics company (Obour City, 
EGY), while the other kits were obtained from the 
Biodiagnostic company (El Moror St, Dokki, EGY). 

2.2 Experimental animals 

Male albino Wistar rats (140 ± 10 G) were used in this 
study. The rats were got from the National Research 
Center (Egypt, Giza). They were accommodated in 
a temperature and humidity controlled environment 
and given food and water ad libitum for 1 week before 
the experiment. 

2.3 Ethical consideration 

Experimental protocols were approved by Institutional 
Animal Care and Use Committee (IACUC) (Egypt) 
(CUFS/F/33/14). All procedures were carried out 
according to international guidelines for the care and 
use of laboratory animals.

2.4 Induction of type 1 diabetes mellitus (T1DM) 

The rats were starving for twelve hours, but 
were allowable to access to water. The disease 
was achieved by injection of STZ (60 mg/kg; i.p) 
dissolved in sodium citrate buffer (0.1 mol/L at pH 
4.5). Concentration of fasting blood glucose was 
measured three days after injection of STZ. If the 
concentration of fasting blood glucose more than 300 
mg/100 ml, the rats were considered diabetic [14].

2.5 Induction of type 2 diabetes mellitus (T2DM)

High fat diet (60% calories from fat, 35% from protein 
and 5% from carbohydrate) were fed to rats for 4 
weeks [15]. Then the rats were starving for twelve 
hours, but were allowable to access to water. The 
disease was achieved by injection of STZ (30 mg/kg; 
i.p) dissolved in sodium citrate buffer (0.1 mol/L at 
pH 4.5). Concentration of fasting blood glucose was 
measured three days after injection of STZ. If the 
concentration of fasting blood glucose more than 300 
mg/100ml, the rats were considered diabetic [16].

2.6 Experimental design 

Twenty-four rats were divided into four groups (6 
rats/group):

Control group of T1DM: the rats injected by citrate 
buffer (0.1mol/l, i.p).

T1DM: the rats injected by STZ (60 mg/kg, i.p),

Control group of T2DM: After 4 weeks of normal 
diets feeding, the rats injected by citrate buffer 
(0.1mol/l, i.p).

T2DM: After 4 weeks of HFD feeding, the rats injected 
by STZ (30 mg/kg, i.p).

2.7 Determination of the physical parameters 

Body weight

Weights of rats were measured at the start and the 
ending of the experiments.

Hot plate test

The hot plate period was measured according Eddy 
and Leimbach [17].

Wire suspension

The Wire suspension period was measured according 
[18].

2.8 Animal handling and specimen collection 

At the end of experiment, the rats were fully 
anesthetized with 3% sodium pentobarbital, and the 
blood collected by cardiac puncture. 

The serum was separated by centrifugation (3000 
rpm, 15 min) and stored at -80ºC for the biochemical 
assessment. Liver and kidney were isolated and 
stored at -80ºC for biochemical measurements. 

2.9 Liver and kidney homogenate preparation

Liver and kidney tissues were homogenized (10% 
w/v) in ice-cold 0.1 M Tris-HCl buffers (pH 7.4). The 
homogenate was centrifuged at 860 rpm for 15 min. 
at 4ºC and the resultant supernatant was used for the 
biochemical analyses.

2.10 Biochemical analyses

The serum glucose was assessed by the method 
of Freund et al, insulin, alanine aminotransferase 
(ALT), Aspartate Aminotransferase (AST) and 
γ-Glutamyltransferase (GGT) were assessed using 
suitable kits [19-22].

Tissue Malondialdehyde (MDA) was estimated by 
Ohkawa et al. glutathione reduced (GSH) and liver 
glucose-6-phosphate dehydrogenase (G6PD) were 
determined in the tissue homogenate supernatant 
using suitable kits [23-25].

2.11 Statistical analysis

Values were represented as means ± SE. The 
comparisons within groups were evaluated utilizing 
paired t–test and p<0.05 was considered statistically 
significant. SPSS, for Windows (version 15.0) was 
used for the statistical analysis. Percentage of 
change used to compare between T1DM and T2DM 
and calculated by the following equation:

mean of diabete mean of Control% of change  x1 00
mean of Control

−
=
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3. Results 

3.1 Physical parameters

Data recorded in Figures 1 and 2 demonstrated that, 
the reduction in body weight and hot plate period was 
higher in T1DM, while the reduction in suspension 
period was higher in T2DM.

3.2 Diabetic markers

Figures 3 and 4 demonstrated that, the increase in 
glucose was higher in T1DM and the reduction in 
insulin was higher in T1DM. However, the reduction 
in G6PD was higher in T2DM.

3.3 Liver function parameters

Our data shown in Figures 5 and 6 represented that, 

the increase in AST and ALT was higher in T1DM, 
while the increase in GGT was higher in T2DM.

3.4 Oxidative stress markers

Our data shown in Figures 7 and 8 represented that, 
the increase in MDA was higher in T1DM, and the 
decrease in GSH was higher in T1DM than T2DM .

4. Discussion 

Diabetes Mellitus (DM) is global metabolic disease 
that increases continuously [26]. It is usually divided 
into two main categories; type 1 and type 2 diabetes 
mellitus. Type 1 Diabetes Mellitus (T1DM) is one 
genetic disorders caused by autoimmune destruction 
of β-cells leading to insulin deficiency [27]. On the 
other hand, Type 2 Diabetes Mellitus (T2DM) is 

*Represent significantly different (P<0.05) between the two groups
Figure 1. Confidence interval between the physical parameters of type 1 and type 2 diabetic rats (Values are given as 
means for 6 rats in each group). 

-90

-80

-70

-60

-50

-40

-30

-20

-10

0
Body weight Hot plate period wire suspension

period

T1DM

T2DM

Figure 2. Percentage of change in the physical parameters of the diabetic rats.
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metabolic disease resulting from defects insulin 
secretion and function [28]. 

Our results indicated that, the final body weights 
were decreased in T1DM more than T2DM. As insulin 
considered being an anabolic hormone, its effects 
serve to encourage the synthesis of carbohydrate, fat 
and protein [29]. Therefore, the high defect in insulin 
in T1DM directly effect on the body weight.

Neuropathy and myopathy may occur in spontaneous 
and experimental diabetes mellitus [30]. The current 
study showed that the sensitivity to pain increased 
in the diabetic rats. A hyperglycemic state induces 
high production of intracellular sorbitol in tissues [31]. 
Sorbitol over production elevates an intracellular 

osmotic pressure causing increased Ca2+ influx and 
membrane depolarization [32]. Increase an osmotic 
pressure and Ca2+ influx lead to increase pain 
sensitivity. T1DM showed higher sensitivity to pain 
than T2DM, which may be related the high glucose 
level in type 1 diabetic rats. 

The hanging wire test is performed in order to 
demonstrate a motor neuromuscular impairment 
and motor coordination [33]. Muscle strength and 
the prehensile reflex of the diabetic rats were 
decreased as shown from wire suspension latencies 
in the present study. STZ negatively affected 
myoblast proliferative capacities, which result of a 
G2/M phase cell cycle arrest that was associated 

*Represent significantly different (P<0.05) between the two groups
Figure 3. Confidence interval between the diabetic markers of type 1 and type 2 diabetic rats (Values are given as means 
for 6 rats in each group). 
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results showed that the reduction in T2DM was 
higher than T1DM. This result will be explained with 
G6PD, GGT and GSH system. 

Data from the current study showed an increase in 
the serum AST and ALT activities of the diabetic rats. 
Increased activities of these enzymes may be due to 
deficiency of insulin [38]. Therefore, the increase in 
AST and AlT was higher in T1DM.

Many experimental and clinical studies suggest that 
oxidative stress plays significant role in development 
of diabetes mellitus [39]. The main mechanism of STZ 
action is mediated by reactive oxygen species (ROS) 
[10]. STZ enters the pancreatic beta cell through the 
GLUT-2 transporter causing alkylation of the DNA 
[40]. In addition, STZ was found to generate ROS 
and evoke other deleterious changes in the cells [41]. 
The formation of superoxide anions results from both 
STZ action on mitochondria and increased activity of 
xanthine oxidase [40]. It was demonstrated that STZ 

with an increase in Reactive Oxygen Species (ROS) 
production [34]. 

The present investigation showed that, serum 
glucose concentration increased, while serum insulin 
decreased in T1DM more than T2DM. In β-cells, 
STZ impairs glucose oxidation, decreases insulin 
production and secretion, and disrupts glucose 
transport and glucokinase activity [10,35,36]. 
Therefore, as the dose of STZ was higher in T1DM, 
the defect in glucose and insulin were higher in 
T1DM.

Glucose-6-Phosphate Dehydrogenase (G6PD) is 
enzyme catalyzes the conversion of glucose-6-
phosphate to 6-phosphogluconate with the generation 
of NADPH. The decrease in G6PD activity within the 
diabetic male rats in the present study may be due 
to the insufficiency of insulin [37]. As the reduction in 
insulin was more in T1DM than T2DM, the reduction 
in G6PD must be higher in T1DM. However, our 

*Represent significantly different (P<0.05) between the two groups
Figure 5. Confidence interval between the liver function enzymes of type 1 and type 2 diabetic rats (Values are given as 
means for 6 rats in each group).
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inhibits the Krebs cycle and substantially decreases 
oxygen consumption by mitochondria [42,43]. The 
measurement of Malondialdehyde (MDA) is generally 
used as marker of lipid peroxidation [44]. As increase 
MDA level result of oxidative stress condition due 
to STZ injection, the increase in MDA was higher 
in T1DM. Glutathion Reduced (GSH) is non-
protein antioxidant substance [45,46]. It is a major 
endogenous antioxidant, which counterbalances free 
radical mediated damage [47]. The decrease in the 
concentration of GSH in might be due to NADPH 
depletion or GSH consumption in the removal of 
peroxide [48].

The main abnormal results in our study were in 

G6PD and Gamma Glutamyl Transferase (GGT). 
The decrease in liver G6PD must be higher T1DM 
than T1DM due to the high reduction in insulin in 
T1DM. For the same reason the increase in serum 
GGT must be higher in T1DM than T2DM. On other 
way, the decrease in liver GGT must be higher in 
T1DM than T2DM

Our results showed that, the decrease in liver G6PD 
and GGT was higher in T2DM than T2DM. G6PD 
is an important site of control pentose phosphate 
pathway, which provides NADPH for lipogenesis and 
production of GSH [49]. GGT a microsomal enzyme 
that present in the membrane of the endoplasmic 
reticulum of the hepatocyte [50]. GGT has a pivotal 

*Represent significantly different (P<0.05) between the two groups
Figure 7. Confidence interval between the oxidative stress markers of type 1 and type 2 diabetic rats (Values are given as 
means for 6 rats in each group). 
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role in the maintenance of intracellular antioxidant 
defenses through its mediation of extracellular GSH 
transport into most types of cells [50]. Therapy, 
consume G6PD and GGT means that the cells in 
T2DM tend to used pentose pathway to support the 
antioxidant system by GSH where they can use the 
fat for production of energy. Conversely, the cells in 
T1DM tend to pathway of glycolysis to compensate 
the drop in energy. Finally, further molecular study 
needed to support these differences between the two 
models.

5. Conclusion

The two models of diabetes revealed that the cellular 
response to the hyperglycemic condition different 
according to type of diabetes induced by STZ. In type 
1 diabetes, due to the sever deficiency in energy the 
cells tend to use glycolysis pathway, while, in type 
2 diabetes the cells tend to use pentose pathway 
to maintain an antioxidant system. The results may 
supporting using of antioxidant drug with insulin 
in treatment type 1 diabetes where the cells uses 
almost all glucose in production of energy rather than 
supporting the antioxidant system.
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