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Abstract
The objective of this study was designed to investigate, evaluate the effect of vitamin E on streptozotocin (STZ)-induced diabetic rats by showing significant changes in blood glucose, water, food
intake, lipid profile, serum urea and ceratinine level, and antioxidant enzyme parameters activity. Streptozotocin (STZ)-induced toxicity was studied in male Waster rats; each divided into four
groups: G1, GII, GIII, and GIV. Control rats GI, rats treated with vitamin E (GII), STZ-induced diabetic rats (GIII), and STZ-induced diabetic rats treated with vitamin E (G1V). Moreover, vitamin E
reduced (p < 0.05) blood glucose and urea, thus, our study improved the lipid profile (reduced the
serum levels of amount of total cholesterol, LDL, VLDL, cholesterol and triacyglycerols, and increased HDL cholesterol) and increased total amount protein in STZ-induced diabetic rats (GIV).
Vitamin prevented modification in the activity of superoxide dismutase (SOD) and glutathione
peroxidase (GSX-Px) and in the concentration of the lipid hydroperoxide. Finally the study suggested that vitamin E improved hyperglycaemia and dyslipidaemia while inhibiting the progression of oxidative stress in STZ-induced diabetic rats.
*

Corresponding author.

How to cite this paper: Baragob, A.E.A., et al. (2014) Investigate Evaluation of Oxidative Stress and Lipid Profile in
STZ-Induced Rats Treated with Antioxidant Vitamin. Pharmacology & Pharmacy, 5, 272-279.
http://dx.doi.org/10.4236/pp.2014.53034

A. E. A. Baragob et al.

Keywords
Investigate; Lipid; Profile; STZ; Oxidative Stress; Vitamin E

1. Introduction
Diabetes mellitus is a global disease, found in all nations of the world. The number of patients with diabetes
worldwide prevalence is expected to double between 1994 and 2025 to affect more than 225 million people [1]
[2].
The present work of the hypoglycemic investigation was carried out with production of reactive oxygen species (ROS) and the oxidative stress, which not only induced as alteration in the cellular redox state in the presence of chronic hyperglycaemia, but also reduce the ability of tissues to used carbohydrates, which finally result
in disturbances in the metabolism of protein and fat [3].
Whoever, this process is accompanied by an imbalance between the oxidant and also antioxidant status, such
as elevating the result in production of ROS and reducing antioxidant defense system [4]-[6].
This experimental test showed that data have been suggested that chronic high blood glucose levels lead to
formation of ROs, within different mechanisms such as glucose autoxidation, the oxidation of protein [7] [8]
whatever; thus exacerbating oxidative stress. Therefore, the integrated characteristic of streptozotocin induces
experimental insulin-dependent diabetes mellitus (type 1) in animal within its cytotoxic effects on pancreatic
beta-cells via a mechanism accompanied with the generation of ROS [9] [10]. It results in a deficiency of insulin,
which act as a diabetogenic agent [11].
Diabetes mellitus is a chronic metabolic risk disorder which is characterized by an increased risk of mortality
and prevalence of cardiovascular disease. Atherosclerotic cardiovascular disease is the main source of mortality
and morbidity in diabetes patients [12] [13].
Whoever, many studies have showed that hyperglycaemia in diabetes is responsible for oxidative stress; it has
been explained that the nutritional supplementation of antioxidant might decrease the oxidative stress, then lead
to protecting tissues from ROS damage [14].
In this study, treatment with antioxidant vitamins mainly vitamin E, is of great interest, with result in the potential protective activity of antioxidants, so vitamin E used may prevent the development of diabetes mellitus—
type 1 [7] [15] [16].
The aim of this study was to explain the effect of vitamin E on oxidative stress, the renal dysfunction, measuring urea and creatinine level, as well as the lipid profile, in normal and streptozotocin-induced diabetic rats.

2. Marerial and Methods
2.1. Expermental Animals
In this experiment, rats male of Wister weighting 200 ± 250 g were used. Rats were housed under a condition
within 25˚C ± 3˚C, humidity of 55% ± 2%, under a constant 12 h, food and water were available.
The animals allotted in four experimental groups (n = 8) as follows; group 1(G1): control rats; gruop11 (G11):
vitamin E; group111 (G111): STZ-induced diabetic rats and group IV (IV): STZ-induced diabetic rats treated
with vitamin E.
Streptozotocin dissolved in citrate-phosphate buffer at pH 4.5, was administered in a single dose of 60 mg/kg
body weight; i.p. Hyperglycaemia was measured using a blood glucose (BG) monitor (Behringer Mannheim, Eli
lilly Ltd.,) 48 h after STZ injection. STZ-treated rats with fasting blood >250 mg/dl were regarded as diabetic
and selected for this experiment.
Three days after STZ administration, vitamin E (α-tocopherolacetate) was administered intragastrically (gavage) once a week, at the dose of 440 IU/kg body weight (equivalent to 440 mg/kg body weight) for 30 days
[17]. Food and water were measured daily. Body weight (g) was notated weekly. After 30 days of the experiment all rats were fasted for 12 h; anaesthetized with certaminchloridrate 0.1 ml/100 g body weight of 10% then
the rats killed by decapitation and blood was collected and centrifuged at 6000 rpm for 15 min, to separate the
serum.
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2.2. Test Procedures of Glycaemia and Dyslipidaemia

Under aseptic conditions spectrophotometric methods with commercial enzymatic kits were used to determine
the biochemical parameters (CELM—Modern Laboratory Equipment Company. Sao Paulo, Brazil).
For determination of the serum glucose enzymatically using the glucose and peroxidase method [18]:
The concentration of the serum of the total cholesterol was determined by enzymatic method using cholesterol
ester/oxidase, serum high-density Lipoprotein (HDL) content was precipitated of the very low-density lipoprotein (VLDL) and low density lipoproteins (LDL) withphosphotungastic acid and MgCl2. LDL cholesterol and
VLDL-cholesterol values were calculated according to Friedewald´sformula [19]. The levels of triacylglycerol
in the serum were estimated enzymatically after hydrolysis by lipoprotein lipase in glycerol, then to glycerol
phosphate and then to dihydroxyacetone phosphate and H2O2, moreover; in the presence of peroxidase was
converted to aminophenazone.
The determined of the level serum urea in the presence of urease, resulting in CO2 and ammonia.
Also the addition of phenol-hypochloride leads to an indophenol-blue complex with absorbance at 600 nm.
Creatinine assayed by reaction with picric acid in alkaline buffer to form a yellow-orange complex. The color intensity, determined at 500 nm, was proportional to the creatinine concentration in the sample.
Total protein was identified in the presence of biuret reagent

2.3. Identification of Oxidative Stress Markers
Lipid hydroperoxide (HP) was identified through the oxidation of ferrous ion, which in the presence of xylenol
orange lead to the formation of the F³—xylenol orange complex, which was measured at 560 nm [20].
Superoxide dismutase (SOD, E.C.15,1.1) activity was assayed as described:
Elesewhere [21], through the inhibition of the reduction of nitro blue tetrazolium (NBT) in the presense reduced nicotinamide adenine dinucleotide (NADH) and phenazine. The amount of enzyme that gave 50% inhibition of NBT reduction/mg protein was taken as one of enzyme activity.
Glutathione peroxidase (GSH-Px, 1.11,1.9) activity was determined indirectly by determined the consumption of NADPH during the reduction of oxidized glutathione (GSSG) in a reaction of catalyzed by glutathione
reductase, one unit of enzyme was defined as the amount required to oxidize 1 µmdGSH/min, which corresponded to 0.5 µmole NADPH oxidized/min [22].

2.4. Statistical Analysis
Data were expressed as means ± standard deviation (S.D) Tukey analysis was used to test for differences among
the means when analysis of variance (ANOVA) indicated a significant p value < 0.05 [23].

3. Results
Diabetic animal showed a significant (p < 0.005) reduce in body weight (G111) in a compared with normal rats
(G1). Dietary vitamin E supplementation (GIV) result to a significant (p < 0.05) increase body weight; moreover,
vitamin E not influence the body weight in normal rats (G11) in compared to the control rats. Diabetic rats
showed significantly (p < 0.05) higher intake of food and water when compared with the control group. Food
intake was reducing in group IV, along with water intake, when compared with group 111. Serum glucose was
significantly elevated (p < 0.05) in diabetic animal compared with normal control rats. Vitamin E, orally administered, also result to a marked reduce (p < 0.05) in serum glucose of diabetic rats (G1V) at the final of the
study.
Morever, supplementation with vitamin E in normal rats (G11) not showed any significant (p < 0.05) effect on
the fasting serum glucose level in the study.
The modifications in the lipid profile of normal and diabetic rats are given in Table 1. Untreated diabetic rats
were characterized by a significant increase level of the total cholesterol, LDL cholesterol, VLDL cholesterol
and triacylglycerids, compared with the normal animal. Diabetic rats treated with vitamin E (G1V) in which observed approximately normal levels of total cholesterol, VLDL cholesterol and tricylglycerols. Dietary vitamin
E caused a significant decrease in the serum level of LDL cholesterol, when compared with diabetic rats (G111).
Significatly (p < 0.05) reduce levels of serum HDL cholesterol were observed in diabetic rats when it’s compared with the non-diabetic rats (G1). Oral administration of vitamin E to diabetic rats showed a significantly
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increase serum HDL cholesterol, when compared with diabetic rats.
Lipid hydroperoxide increase in diabetic rats, while the GSH-Px and SOD activity decreased significantly in
comparison to normal control rats. The treatment of diabetic rata with vitamin E (G1V) result in a significant decrease in serum levels of lipid hydroperoxide, so the antioxidant enzyme activity was significantly higher in vitamin E-treated diabetic group (G1V) when compared to the untreated rats. Vitamin E administration to normal
rats not alter the activity of GSH-Px or SOD (Table 2).
The concentration of the serum urea and creatinine was significantly higher (p < 0.05) in STZ-diabetic rats
(G111). Diabetic rats treated with vitamin E (GIV) in which observed a significant decrease in the level of urea
and creatinine (Table 3). The total protein level result in a marked reduction in the serum of diabetic rats (G111),
a significant increase in total protein content was observed after the treatment with vitamin E (G1V).
Table 1. Effect of the administration of vitamin Eon profile in normal an STZ-induced diabetic rats after 30
days.
LDL Cholesterol
VLDL Cholesterol
mmol/L
mmol/L

Group

Total cholesterol
mmol/L

Triacylglycerol
mmol/L

HDL
Cholesterol/mmol/L

G1

2.65 ± 65a

0.96 ± 0.27a

0.40 ± 0.04a

0.88 ± 0.08a

1.31 ± 0.29bc

G11

2.80 ± 27a

0.81 ± 0.26a

0.38 ± 0.03a

0.86 ± 0.08a

1.61 ± 0.24b

G111

7.01 ± 43b

5.66 ± 0.41c

0.71 ± 0.07b

1.55 ± 0.16b

0.64 ± 0.12a

GV

2.99 ± 18a

1.48 ± 0.16b

0.38 ± 0.04a

0.86 ± 0.09a

1.12 ± 0.16c

The above number mention indicated values which given as mean± SD for eight rats in each group statistical evaluation was carried
out using ANOVA followed by Tukey values not sharing a common superscript letter differ significantly at p < 0.05, G1: control;
G11: vitamin E; G111: diabetic; GV: diabetic + vitamin E.

Table 2. Effect of the administration of vitamin E on lipid hydroperoxide (HP) concentration and glutathione peroxide (GSH-Px) and superoxide dismutase (SOD) activities in normal and STZ-induced diabetic rats after 30 days of treatment.
Group

Hp (mmol/L)

GSH-Px (u/mL)

SOD U/mg protein

G1

0.29 ± 0.01a

142.22 ± 26.37c

21.10 ± 2.66b

G11

0.29 ± 0.01a

139.87 ± 20.78c

21.14 ± 3.34b

G111

0.61 ± 0.03c

75.64 ± 18.15a

10.37 ± 1.96a

GV

0.42 ± 0.o3b

97.99 ± 20.47b

21.25 ± 2.50b

The above number mention are indicated as values which given as mean ±SD for
eight rats group. Statistical evaluation was carried out using ANOVA followed by
Tukey values not sharing a common superscript letter differ significantly at p < 0.05.
G1: control; G11: vitamin E; G111: diabetic + vitamin E.

Table 3. Effect of the administration of vitamin E on serum concentration of
creatinine, urea and total protein in normal and STZ-induced diabetic rats, after 30 days of treatment.
Group

Creatinine (Ummol/L)

Urea (mmol/L)

Total protein (g/L)

G1

62.48 ± 8.7a

8.84 ± 1.76a

73.5 ± 8.0b

G11

161.82 ± 14.96b

7.59 ± 0.92a

72.0 ± 8.0b

G111

192.71 ± 14.36c

16.63 ± 1.53b

43.0 ± 7.0a

GV

176.0 ± 16.72c

9.78 ± 1.63a

73.0 ± 5.0b

The above mention numbers indicated values given as mean ± SD for eight rats in each group.
Statistical evaluation was carried out for common superscript letter differ significantly at p <
0.05. G1: control; G11: vitamin E; G111: diabetic; G1V: diabetic + vitamin.
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4. Discussion

Our study investigated and evaluated the effect of treatment with vitamin E on the lipid profile oxidative stress
and renal outcome of STZ-induced diabetes in rats (Insulin dependent diabetes mellitus—IDDM type 1).
The present study noticed that vitamin E lowered the glycaemic index in diabetes, which was joined with previous studies.
Vitamin E was able to lower the food and water intake in diabetic rats. This could be due to the correction of
glycaemia, which was associated with an improved metabolic state in those animals.
The efficacy of vitamin E protects against the body weight loss, which could be attributed to its ability to reduce hyperglycaemia. This may be achieved via the inhibition of hepatic gluconeogenesis and glucose output
from the liver, which is accompanied with the suppression of lipolysis in adipose tissue [24]. However; these
consist with the fact that vitamin E caused a lowering in the level of circulating glucagon in diabetic rats [25].
The capacity of vitamin E for reducing serum triacyglycerols and VLDL may be attributed to its protection of
membrane-bound lipoprotein lipase against lipid peroxide [26].
The antihyperglycaemic effect of vitamin E and hence the improved diabetic state may lead to a reduction in
the concentration of VLDL and consequently the LDL level [27].
This study demonstrated that the administration of vitamin E was able to prevent a reduction in HDL during
the experiment period in STZ-induced rats. Moreover; vitamin E was able to be protective against atherosclerosis and cardiovascular disease. So there was a negative correlation between atherosclerotic cardiovascular disease and the plasma HDL level [28], the mechanism could involve reverse cholesterol transport.
Oral administration of vitamin E increased serum HDL (G11). Concentration of HDL and vitamin E could be
that the antioxidant vitamin increased lecithin: cholesterol acyltransferase (LCAT) activity. Whatever raises the
rate of cholesterylestertransfer for within of HDL lipoprotein. Furthermore, LCAT activity may increase the
transport of cholesterol ester by from peripheral tissue to liver and stimulate the production and secretion of
HDL for circulating [29].
The main characteristic symptoms in STZ-induced diabetic rats showed significant increase in blood glucose
(hyperglycaemia), water intake (polydipsia), food intake (hyperphagia), which accompanied with sever loss of
body weight (Table 4) Increased water and food consumption result in a direct accumulation of glucose in blood
and increase in the urinary excretion of glucose [30].
The levels of plasma triacylglycerol, total cholesterol, very low-density lipoprotein (VLDL) while cholesterol
and low-density lipoprotein (LDL) cholesterol, and the level of the high density lipoprotein (HDL) was reduced,
shown in table (Table 1) indicated significant dyslipidaemia in untreated diabetic rats. In others several studies
in animal or experimental diabetes same results were obtained [13] [31] [32], [explained diabetic dyslipidaemia
and hyperglycaemia to be responsible of cardiovascular complications.
In the clam study, levels of lipid hydroperoxide increased, while there were a significantly activity decreased
in diabetic rats (Table 2). Moreover; the indicated results were consistent with other reports of elevated levels in
lipid hydroperoxide in theplasma diabetic subjects [33] [34], also in animal experimentaldiabetics [35].
In the present study, the STZ-induced diabetic nephropathy, showed a significantly increased in urea and
creatinine levels in group (Table 2). Whatever; the impaired kidney function were consistent in the abnormally
high levels of serum creatinine and urea [36]. An elevated urea concentration in diabetic rats is associated with
highly protein catabolism [37] justification of positive results which correlation with hyperglycaemia and the
Table 4. Effect of treatment with vitamin E on body weight, food intake, water, and serum
glucose concentration in normal and STZ-induced diabetic rats, after 30 days.
Group

Body weight (9)

Food intake g/rat day

Water intake( ml/rat day)

Glucose mmol/L

G1

403.30 ± 2064b

23.54 ± 2.05a

33.20 ± 0.90a

5.53 ± 0.40a

G11

441 ± 44.81b

27.51 ± 1.72b

37 ± 3.80a

5.16 ± 0.46a

G111

309.95 ± 17.37a

43.41 ± 1.88d

180.55 ± 25.80c

17.29 ± 2.18b

G1V

447.47 ± 41.5b

35.20 ± 0.50c

88.37 ± 6.38b

5.33 ± 0.47a

The above numbers mention are given mean ± SD for eight rats each group. Statistical evaluation was carried out
using ANOVA followed by Tukey values a common superscript letter significantly at p < 0.05. G1: control; G11:
vitamin E; G111: diabetic; G1V: diabetic + vitamin E.
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development of nephropathy. It has been showed that the metabolic test led to uncontrolled diabetes result in
gluconeogenesis, so urea production, which is substantially enhanced in diabetes [38].
These results were considered similar with the reduction of the total serum protein levels that mentioned in
STZ-induced diabetic rats (Table 2).
In conclusion, the administration of vitamin E decreased food and water intake, which result in lower creatinine and urea level, while hyperglycaemia and body weight, promoted the correction of lipid metabolism modification and protein levels in the STZ-induced diabetic rats. The increased levels in SOD and GSH-Px activity
and reduced hydroperoxide levels could be due to the improvement of glycaemia promoted by vitamin E. thus,
imbalance between the generation of ROS and enzyme activity be controlled in diabetic rats.
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