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In Egypt, according to International Diabetes Federation (IDF), 10.9 million Egyptians
were suffering from diabetes in 2021. Different models are used to induce diabetes in different an-
imals. This study aimed to evaluate the biochemical changes due to induction of diabetes in rats
with different methods. Methods: male albino rats were used in this study. First group is the control
group was injected with equivalent amount of 0.9% saline ip to that used for alloxan and STZ prep-
aration, second group was injected with150 mg alloxan/ kg b.wt, third group injected with Strepto-
zotocin (STZ) 60mg/kg b.w. The fourth group drank high fructose (HF, 20% solution) for 2 months
and the fifth group fed high fat diet (HDF, 30 %) for 2 months. Results: Both alloxan and STZ
induced T1DM which was characterized by very high elevation in the blood glucose
(405.20+20.28and  424.40+10.31mg/dl) in both groups respectively vs control group
(86.70+1.45mg/dl). Also, high decreases of insulin level were recorded in the same groups. HF and
HFD groups revealed the presence of slightly hyperglycemia in these rats. Both blood glucose
(104.30+3.28 and 104.20+3.48mg/dl) respectively and insulin levels increased in both groups.
Many changes of both liver and kidney functions tests altered. All groups had increased oxidative
stress marker (MDA) which was associated with decreased antioxidants markers. Conclusion: the
used models for diabetes induction can be used for assessment the diabetes complications and treat-
ment trials.
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Introduction

According to the International Diabetes Federation (IDF,
2021), 537 million people are estimated to be living with
diabetes, representing 9.8% of the global adult popula-
tion (20-79 years). This number is expected to increase
to 643 million (10.8%) in 2030 and 783 million (11.2%)
in 2045. In Egypt, according to IDF, 10.9 million Egyp-
tians were suffering from diabetes in 2021 [1]. Diabetes
Mellitus (DM) is a group of autoimmune, metabolic and
genetic disease can cause due to drugs, surgery, infec-
tions, decrease physical activity and obesity. DM is char-
acterized by disorders in protein, fat and carbohydrate
metabolism which accompanied by hyperglycemia that
caused by dysfunction in insulin action, secretion or both
[2, 3].

There are three types of diabetes, typel known as
T1DM, type2 known as T2DM and gestational DM
(GDM). T1DM is a chronic autoimmune disorder char-
acterized by deficiency in insulin secretion due to the de-
struction of B-cells in the pancreas by the cellular auto-
immune process [2]. T2DM is characterized by insulin
resistance (IR) happens due to dysfunction of different
cellular pathways, which leads to decrease the response
or sensitivity of cells towards insulin [4]. Serum insulin
concentrations may be significantly higher in T2DM [5].
It has been proposed that this hyperinsulinemia is the re-
sult of both increased insulin production and decreased
insulin clearance [6]. Gestational DM is an impairment
in glucose that is recognized during pregnancy [7].

The symptoms of diabetes including polyuria, poly-
dipsia, polyphagia, and blurry vision. Sometimes symp-
toms are mild or absent for many years among people
who haveT2DM especially when hyperglycemia is mild.
There are also many complications of diabetes which
common between T1DM and T2DM patients. At the
same time, these complications lead to morbidity and
many deaths [8]. Oxidative stress (OS) caused by imbal-
ance between removal and formation of free radicals. OS
is generate a high amount of reactive oxygen species
(ROS) and prevents the antioxidant defense from de-
stroying ROS, causing many diseases including diabetes
[9] and insulin resistance [10]. Frequently scientists used
rats and mice from the rodent group to replicate pheno-
type and pathogenesis disease as human. These animal
models are used to study biochemical changes as well as
the complications of diabetes and the possible treatments
for it. Alloxan, streptozotocin (STZ), high fructose (HF)
in water or diet and high fat diet (HFD) are usually used
to induce diabetes.

Alloxan exerts its cytotoxic effects by generating
ROS within pancreatic -cells, causing OS and destruc-
tion of insulin-producing cells. STZ enters B- cells via
the glucose transporter (GLUT2) and induces DNA al-
kylation, thereby triggering DNA strand breaks and cell
death. These distinct mechanisms of action highlight the
specificity of alloxan and STZ for B-cells, making them
valuable tools in the creation of diabetic animal models
for studying the biochemical changes associated with
DM. [11]

Therefore, the present work aimed to evaluate the bi-
ochemical and OS changes that may happen in male

albino rats after induction of diabetes by these different
methods for eight weeks.

1. Material and methods

Animals

Total 50 adult male Wistar albino rats (body weight
150-180 g) were obtained from VACSERA Company,
Cairo, Egypt. Rats were stayed at the animal facility in
the medical Physiology lab, Faculty of Medicine, Al-
Azhar University (boys), Cairo, Egypt. They were al-
lowed to adapt for two weeks before starting the experi-
ment. Rats were kept under standard condition in the lab,
exposed to (12/12h) light/dark cycle and a temperature
25 +£2 °C. Animals were housed in cages (5 rats / cage)
with free access to standard laboratory chow diet from
(ALSALAH Feed Company, Cairo, Egypt) and water ad
libitum. The study was conducted whereby the interna-
tional guidelines for animal experiment and consent by
Ethical Committee of the Medical Physiology Lab, Fac-
ulty of medicine, Al-Azhar University (boys), Cairo,

Egypt.

Induction of Diabetes
1-Alloxan

Alloxan was obtained from (Sigma pharma chemi-
cals company, Cairo, Egypt). It was prepared by dissolv-
ing 150mg/kg body weight (b. wt) in 0.9% NaCl. To in-
duce diabetes by alloxan, rats were fasted overnight and
injected with a single dose of alloxan intraperitoneally
(ip) immediately after preparation [12].
2-Streptozotocin (STZ)

Streptozotocin (s 0130-1G) was obtained from Sigma
(IG TECHNOLOGY, researcher supplier Company,
Cairo, Egypt) and stored at -20°C to avoid degradation.
STZ was freshly prepared by dissolving (60 mg/kg b.wt)
in saline. To induce diabetes by STZ, rats were fasted
overnight and injected by a single dose of STZ ip [13].
Progression of diabetes was confirmed in blood by as-
sessment of the blood glucose level using glucometer,
three days after alloxan and STZ injection. Rats with
blood glucose levels equal or higher than 200 mg/dl were
treated as diabetic [14].

3- High Fructose (HF) drinking water

Fructose was obtained from (Rich Diet Company,
Cairo, Egypt). Rats in fructose group were subjected to
fructose (20%) in fresh drinking water daily for 8 weeks
[15].

4- High Fat diet (HFD)

Butter was used as a HFD and was obtained from a
local market. Rats in HFD group were fed fat (30%) in
their daily diet for 8 weeks. Normal Diet (ND) with the
following macronutrient composition: 4.6 % fat, 23 %
protein and 72.4 Carbohydrates. The butter was added to
normal diet so the composition of HFD became 30 % fat,
23 % protein and 47 % carbohydrates [16].

Experimental design
In this study, animals were randomly divided into 5
groups; each group had 10 adult male rats:
1- Control groups (non- diabetic rats).
2- Alloxan group.
3- STZ group.
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4- HF drinking water group.
5- HFD group.

Blood sampling

At the end of eight weeks, rats were fasted overnight
for 12 h, with free drinking water. Blood was collected
from retro-orbital venous plexus of the eye of each rat by
using heparinized capillary tube. Blood was collected
into two dry clean glass tubes. The first tube had EDTA
to measure glycosylated hemoglobin (HbAlc), the sec-
ond tube had normal blood and let it clot to get serum.
To obtain the serum, blood samples were centrifuged at
3000 RPM for 10 min. The supernatant sera were col-
lected into Eppendorf tubes and stored at -20°C for bio-
chemical analysis.
Biochemical parameters

Serum fasting blood glucose (FBG) [17], serum insu-
lin level [18], HbAlc [19], aspartate aminotransferase
(AST), alanine aminotransferase (ALT) [20], alkaline
phosphate (ALP) [21], blood urea [22], creatinine [23],
uric acid (UA) [24], malondialdehyde (MDA) [25], glu-
tathione (GSH) [26], superoxide dismutase (SOD) [27],
catalase (CAT) [28] and glutathione peroxidase (Gpx)
[29] were measured in sera.

Homa IR was calculated using the following equation
HOMA-IR = [glucose (mg/dL) x insulin (uIU/L)] / 405
[30].

Statistical Analysis

Analysis of data was measured using computer pro-
gram SPSS. The results are expressed as the mean +
standard error (M+ SE). The mean values of different
groups were compared using T- Test and a one-way anal-
ysis of variance (ANOVA).

2. Results

Body weight: at the beginning of the experiment,
there were no differences in the initial body weights
means between different groups. At the end of the exper-
iment, the reduction of weight in alloxan and STZ groups
were highly significant compared to their initial weights
and final weights of control group. At the end of the ex-
periment, the elevation of final body weights in HF and
HFD groups were highly significant compared to their
initial weights and the final weights of control group (Ta-
ble 1).

Table (1): Initial and final body weights (g) of control and different treated groups.
Groups
control Alloxan STZ HF HFD
Parameters
Initial body 167.70
weight 41159 165.60 +£9.13 168.70 £10.29 168.20 £9.00 168.89+10.16
Final body weight j?zgggb 134.40 £6.99% 136.5£8.52® 242.2+13.97% | 264.80+14.54 %

Means £SE of 10 animals.
a = P<0.05 when treated groups compared with control group.
b = P<0.05 when each initial weight compared to the final weight of the same group.

Table (2): Blood glucose, insulin level, Homa-IR and HbA1C in control and different treated groups.

Groups
Control Alloxan STZ HF HFD

Parameters
FBG (mg/dl) 86.70£1.45 405.20+£20.28™ 424.40£10.31"" 104.30+3.28" 104.20+3.48"
%Change from control 367.36 389.50 20.30 20.18
Insulin level (uIU/L) 5.48+0.24 0.79+0.067™ 0.78+0.052™ 7.86+0.15" 7.86+0.089"
%Change from control -85.58 -85.77 43.49 43.43
Homa-IR 1.17+0.05 0.78+0.068" 0.8240.06" 2.0240.078™ 2.02+.072"
%Change from control -33.16 -29.31 73.18 73.01
HbA1C (%) 2.96+0.46 8.43+0.61™ 8.51+0.86™ 3.08+0.33 4.09+0.85"
%Change from control 184.78 187.5 4.05 38.18

All results are Means £SE of 10 animals.
* = P<0.05 and ** =P<0.01 as compared to control group.

As shown in Table (2), Alloxan and STZ groups

Percentage Change from control =

showed highly significant increases in FBG and HbAlc
and highly significant decreases in serum insulin levels
and Homa-IR (P< 0.01). HF and HFD groups showed
significant increases in FBG level (P< 0.05) and highly
significant increases in serum insulin and Homa-IR (P<
0.01). HbAlc (P< 0.05) was significantly elevated in
HFD group but was showed non-significant change in
HF group compared to control group.

X treated group — X control

x 100
X control

Liver enzymes: alloxan and STZ groups showed highly
significant increases in ALT (P<0.01) but significant in-
creases AST and ALP in the same groups (P<0.05) com-
pared to control group. HFD group had highly significant
increases in ALT, AST and ALP (P<0.01) compared to
control group. HF group showed non-significant changes
in liver enzymes compared to control group (Table 3).
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Table (3): ALT, AST and ALP activities in control and different treated groups.

Groups

control Alloxan STZ HF HFD
Parameters
AST (U/L) 95.00+2.48 140.10+4.03* 141.00+5.51* 87.40+4.75 168.70+8.14%*
%change from control 47.47 48.42 -8 77.58
ALT (U/L) 35.00+1.04 82.30+2.52%* 83.90+£1.95%* 37.30+1.21 69.40+£4.04%*
%change from control 135.14 139.71 6.57 98.29
ALP (U/L) 66.20+1.84 88.10+1.97* 96.90+5.57* 72.10+5.47 117.90+6.48**
%change from control 33.08 46.37 8.91 78.10

All results are Means +SE of 10 animals.
* = P<0.05 and ** = P<0.01 as compared to control group.

serum creatinine levels. Alloxan, STZ and HFD showed
highly significant increase in uric acid (P<0.01). HF
group showed non-significant change in uric acid com-
pared to control group (Table 4).

Kidney functions: blood urea was elevated significantly
in alloxan, HF and HFD groups (P<0.05). STZ group had
no significant change in blood urea compared to control
group. All groups showed no significant changes in

Table (4): Blood Urea, creatinine and uric acid in control and different treated groups.

Groups

control Alloxan STz HF HFD
Parameters
Urea (mg/dL) 17.00+0.63 20.20+1.31" 18.40+0.65 23.20+1.55" 21.00+1.26"
%change from control 18.82 8.24 36.47 23.53
Creatinine(mg/dL) 0.55+0.12 0.60+0.03 0.64+0.05 0.60+0.05 0.57+0.05
%change from control 9.09 16.36 9.09 3.64
UA (mg/dL) 1.58+0.13 2.64+0.14™ 2.77£0.09™ 1.39+0.14 2.68+0.19"
%change from control 67.09 75.32 -12.03 69.62

All results are means £SE of 10 animals.
* = P<0.05 and ** = P<0.01 as compared to control group.

As shown in Table (5), Alloxan and STZ groups
showed highly significant elevation in serum MDA lev-
els compared to control rats (P<0.01), but HFD group
showed significant increase in MDA levels (P<0.05).
CAT was reduced significantly in alloxan and STZ
groups (P<0.05). Furthermore non-significantly change
in HFD groups. Alloxan and STZ groups showed a non-
significantly changes in SOD levels but was elevated

significantly in HFD group (P<0.05). GSH was signifi-
cantly reduced in alloxan and STZ groups (P<0.05). HFD
showed non-significant change in GSH. Gpx was signif-
icantly reduced in alloxan, STZ and HFD groups
(P<0.05). HF group showed non- significant change in
MDA, GSH, CAT and Gpx levels compared to control

group.

Table (5): Oxidative stress marker (MDA), glutathione (GSH) and antioxidant activities (SOD, catalase and Gpx).

Control Alloxan STZ HF HFD
Serum MDA (umol/L) 5.50+0.36 10.55+0.62"" 10.16+0.44™ 5.15+0.33 7.70+0.41*
%change from control 91.82 84.73 -6.36 40.00
GSH (umol/L) 5.03+0.18 3.82+0.14" 3.89+0.26" 5.18+0.37 5.88+0.47
%change from control -24.06 -22.66 2.98 16.90
SOD (mmol/L) 115.70+2.98 108.10+4.35 111.30+5.25 111.30+6.04 72.60+3.92"
%change from control -6.57 -3.80 -3.80 -37.25
Catalase (U/mL) 27.60+1.25 22.70+0.99" 23.70+1.05" 26.10+1.52 24.30+2.01
%change from control -17.75 -14.13 -5.43 -11.96
Gpx(U/mL) 26.14+1.39 16.13+1.17" 15.55+1.01" 25.56+2.90 20.07+1.15"
%change from control -38.29 -40.51 -2.22 -23.22

All results are means =SE of 10 animals.

* = P<0.05 and ** =P<0.01 as compared to control group.

3. Discussion

Diabetes mellitus is a common metabolic disorder
characterized by hyperglycemia [31]. Hyperglycemia ac-
tivates many metabolic or signaling pathways that not
only attempt to dispose excessive glucose but also gen-
erate more ROS, leading to OS and B-cell failure and cell

death [32]. This work was conducted to evaluate the bi-
ochemical and OS changes in induced diabetic male rats
by different methods. Four methods were used Alloxan,
STZ, 20% HF drinking water and 30% HFD. High-dose
STZ leads to impair insulin secretion and T1DM, but
low-dose STZ leads to induce a moderate impairment of



251

International Journal of Theoretical and Applied Research, 2022, 2(2)

insulin secretion which is a feature of the actual later
stage of T2DM [11]. The dose of alloxan is necessary for
inducing different types of diabetes. High doses of
alloxan can lead to insulin deficiency as well as TIDM
but low doses of alloxan can induce insulin resistance
[33].

In this study, the reduction of body weight in alloxan
and STZ groups at the end of the experiment were highly
significant compared to their initial weights and the final
weights of control group. This finding was supported by
Ul Haq et al [34] and Samadi-Noshahr et al [35] who
found a significant decrease in body weight in wistar
male rats after the injection of alloxan and STZ respec-
tively. These results might be due to increase the wasting
muscles and reduce the protein and fatty acid of muscles
and lipid tissues, and this may lead to muscle and fat ca-
tabolism and dehydration [36].At the end of experiment,
the elevation of final body weights in HF and HFD
groups were highly significant compared to their initial
weights and the final weights of control group. These
findings are in accordance with Marques et al [37] and
Moreno-Fernandez et al [10] who found a significant in-
crease in body weight in wistar male rats after feeding by
HF and HFD. These results might be due to imbalance
between energy uptake and energy expenditure which
lead to accumulation of the fat in white adipose tissue
[10]. Fasting blood glucose is directly proportional to the
severity of the DM. The American Diabetes Association
(ADA) recommends using HbAlc for the diagnosis of
pre-diabetes [38]. It has been shown that Homa-IR has a
strong connection with the insulin tolerance in rats, and
it can be used as a good indicator of insulin resistance in
rats [39].

In this study, TIDM was induced by an ip injection
of alloxan (150mg/kg b.wt). The present results demon-
strated increases in FBG levels and HbAlc and decreases
in insulin level and Homa-IR. These finding was sup-
ported by the study of Mistry et al [40] who found insuf-
ficient production of insulin by B-cells of islets of Lang-
erhans in the pancreas after the induction of alloxan. This
hyperglycemia could be a result of alloxan-induced ROS,
in addition to a simultaneous huge elevation in cytosolic
calcium concentricity that led to a rapid damage of islet
cells of pancreas and a reduction in release or synthesis
of insulin in these rats. In the present study, TLDM was
detected in rats by an ip injection of STZ (60 mg/kg b.
wt). The symptoms were characterized by high signifi-
cant increases in FBG, HbAlc and high significant de-
creases in serum insulin and Homa-IR. These might be
due to the toxic effect of STZ on pancreatic p-cells.
These results are in accordance with Pefia-Montes et al
[41] who found significant increases in FBG, HbAlc and
significant decreases in serum insulin and Homa-IR in
wistar male rats after injecting by STZ due to cytotoxic
effect of STZ. Also, STZ has a direct effect on the cell
membrane permeability that resulting in failure of ionic
pumps and elevated the cell size and death [41].

Supplying rats with 20%HF solution for 8 weeks re-
sulting in pre- diabetic symptoms, which appeared as
mild increases in FBG and serum insulin levels as well
as Homa-IR value when compared to control values.
Similar finding was recorded in Ferreira-Santos et al [42]

and Réggami et al [43] who found increases in FBG, se-
rum insulin and Homa-IR in wistar male rats after drink-
ing HF. The effects of fructose consumption may con-
tribute to the development of IR through different mech-
anisms including the loss of inhibition of gluconeogenic
pathways, the increase in hepatic glucose output, the in-
crease in insulin secretion by pancreatic islet, the down
regulation of insulin receptors, adipose tissue, and mus-
cles and the increase in proinflammatory cytokines [44].

In this study, increased intake of HFD in rat’s food
led to significant greater levels in serum insulin and glu-
cose, HbAlc and Homa-IR value than in control rats (ta-
ble 2). These findings are in accordance with Marques et
al [37] Du et al [45] who reported that wistar and SD rats
fed HFD had significant increases in FBG and insulin
levels which led to develop IR although not steady hy-
perglycemia or diabetes. These elevations might be due
to the increase in OS markers [46]. Liver disorder can
happen in diabetic patients. Amplified activities of liver
enzymes (ALT, AST and ALP) used as indicator of hepa-
tocellular damage [12]. ALP has a toxicological im-
portant due to it is a marker of tissue damage by toxi-
cants. The raise of ALP is a result of extended damage of
liver cells [47]. Akhtar et al [12] reported that elevated
ALT, AST and ALP activities are connected with IR and
T2DM.

In the present study, the liver enzymes (ALT, AST
and ALP) had significant elevations in alloxan, STZ and
HFD groups compared to the control group. These find-
ings are in consistent with Aslam et al [36], Salahshoor
et al [14] and Marques et al [37] who reported different
increases in the liver enzymes in alloxan, STZ and HFD
induced diabetic rats respectively. The elevation of these
enzymes might be due to the leakage of these enzymes
from cytosol of liver cells into the bloodstream. The in-
crease of liver enzymes may be significant markers of
hepatic dysfunction. On the other hand, Aissaoui et al
[48] suggested that the elevation in the activities of se-
rum AST, ALT and ALP in wistar male rats may be due
to the induction of hepatic dysfunction by diabetes. Wu
and Yan [49] reported that after STZ is eliminated out
from the body, any functional decadence of the kidney
and the liver may because of the effects of hyperglyce-
mia.

In HF drinking water group, liver enzyme activities
(AST, ALT and ALP) were still within the control value
which indicating the dose and duration of fructose which
were used in our study fail to produce liver damage. The
present results are in agreement with Bratoeva et al [50]
who reported that there were no changes in liver enzymes
after 16 weeks with 35% HF in drinking water treated
rats.

In this study, in both alloxan and STZ groups, the
hyperglycemia led to renal dysfunction which was indi-
cated by significant increases in blood urea and UA as
shown in (Table 4). Gupta et al [51] obtained similar re-
sults in albino male rats. The increase in blood urea might
be due to the catabolism of nucleic acids and protein [47].

In the current study, the elevation of blood urea was
detected in HF treated group. Saleh et al [52] recorded
that the blood urea elevated in albino male rats drank HF
for 8 weeks and this an indicator of renal injury.
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In this study, kidney dysfunction in HFD group ob-
served significantly by the elevations in blood urea and
UA, which was similar to results in a previous study by
Du et al [45] who recorded significant increases in urea
and UA in SD male rats fed HFD. The elevation of blood
urea and UA might be due to oxidative stress and mito-
chondrial dysfunction inducing renal injury [53] or due
to IR and hyperinsulineamia [54]. Oxidative stress is
caused by mitochondrial dysfunction and is strongly
linked with IR and diabetes. Excessive energy supply
leads to an elevation in oxidative activity and this along
with the decrease in antioxidant defense that causes an
overproduction of ROS in mitochondria which leads to
damage in other macromolecules such as protein, lipids
and nucleic acids [10]. OS happens due to the imbalance
in redox between the generation of ROS and the response
from the endogenous antioxidant network [55]. OS leads
to a decrease in glucose transporter-4 (GLUT4) that
plays a role in the regulation of the entrance of glucose
into insulin dependent cells such as myocytes and adipo-
cytes. The reduction of GLUT4 leads to reduce glucose
that enters target cells and this result in insulin resistance
[56]. Hyperglycemia can induce OS by sundry mecha-
nisms including polyol pathway, glucose autoxidation,
and protein advanced glycation end products (AGE) for-
mation [57].

The present study, showed that alloxan and STZ
groups induced OS which was confirmed by high signif-
icant increase in serum MDA levels, and decreases in se-
rum activities of SOD, CAT and Gpx as well as GSH
levels compared to the control group.These findings are
in accordance with Sekiou et al [31] and Ghanbari et al
[13] who recorded increase in MDA levels and decreases
in serum activities of SOD, CAT and Gpx in wistar male
rats injected by alloxan and STZ respectively. The eleva-
tion of MDA might be due to alloxan enters B-cells
through GLUT2 transporters and induces glucokinase
inhibition and ROS formation. ROS are generated via the
redox cycle of alloxan GSH-mediated reduction into di-
aluric acid and then dialuric acid oxidation back to
alloxan. During this process, an alloxan radical is pro-
duced either by one-electron reduction of alloxan or by
one-electron oxidation of dialuric acid, together with hy-
drogen peroxide, the superoxide anion radical and the
hydroxyl radical. Hydroxyl radicals are responsible for
the necrotic death of the cells of pancreas and as a result
alloxan induces low blood insulin level as well as diabe-
tes in animal models [40].

Furthermore, HFD group induced OS which con-
firmed by a significant increase in serum MDA, but de-
creases in SOD, CAT and Gpx levels. These results are
in consistent with Moreno-Fernandez et al [10] who rec-
orded similar results in wistar male rats. The mechanisms
for elevating OS by HFD are not completely understood
[58] but may be including increased mitochondrial dys-
function, fatty acid oxidation and augmented NADPH
oxidase activity [59]. Antioxidant enzymes (CAT, SOD
and Gpx) were reduced in alloxan and STZ groups, these
results might be due to glycation of these enzymes that
happened due to the increase of FBG levels [56]. Accord-
ing to Sekiou et al [31] who recorded that antioxidant
enzymes decreased in wistar male rats due to the

overproduced of ROS in diabetic condition induces the
oxidation of proteins. Proteins oxidation would be the
source of several enzymatic dysfunctions and could am-
plify the apoptosis of B-cells having a low enzymatic an-
tioxidant system. This might explain the significant de-
creases in Gpx , SOD and CAT activities with an in-
crease in MDA levels and a decrease in GSH in alloxan
and STZ as compared to control, indicating an oxidative
stress state. The reduction in SOD in diabetic wistar rats
might be due to glycosylation of SOD or leakage of a
cofactor required for SOD activity [60].

4. Conclusion

Both alloxan and STZ in high doses stimulated insu-
lin insufficiency, hyperglycemia, hepatic dysfunction
and OS. These results led to induce TIDM. These mod-
els are easy and suitable for studying TIDM complica-
tions and treatments. 20% High fructose in drinking wa-
ter for 8 weeks led to slightly hyperglycemia, IR and hy-
perinsulineamia but failed to induce diabetes. These are
features of pre-diabetes which need to increase dose and
duration of HF to induce T2DM. 30% High fat diet for 8
weeks induced slightly hyperglycemia, IR, hyperinsulin-
eamia, hepatic dysfunction and OS. These are features of
T2DM. This model is easy and suitable for studying
T2DM complications and treatments.
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