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ABSTRACT

Introduction: The aim of the present study was to assess the effects of vitamin E and
selenium supplementation on serum paraoxonase (PON1) activity, lipid peroxidation and
antioxidant defense in streptozotocin-induced diabetic rats. Methods: Thirty two female
Sprague Dawley rats were divided into 3 groups: the control group (n=8) received a
standard diet; streptozotocin (STZ)-induced diabetic rats (n=12), received corn oil and
physiological solution; and vitamin E and selenium supplemented diabetic rats (n=12)
were treated with oral administration of vitamin E (300 mg/kg) and sodium selenite (0.5
mg/kg) once a day for 4 weeks. Results: Significantly lower total antioxidant status
(TAS), PONland erythrocyte SOD activities and a higher fasting plasma glucose level
were observed in the diabetic rats compared to the control. A significant increase in SOD
and GPX activities in vitamin E and selenium supplemented diabetic group was observed
after 5 weeks of the experiment. Compared to the normal rats, malondialdehyde (MDA)
and oxidized LDL (Ox-LDL) levels were higher in the diabetic animals; however, these
values reduced significantly following vitamin E and selenium supplementation.
Conclusion: Vitamin E and selenium supplementation in diabetic rats has hypolipidemic,
hypoglycemic and antioxidative effects and may slow down the progression of diabetic
complications through its protective effect on PONI activity and lipoproteins oxidation.

Introduction

lipoprotein cholesterol (LDL-C) is one of these

Human serum paraoxonase (aryldialkylphosphatase, EC
3.1.8.1; PON1) is a high-density lipoprotein cholesterol
(HDL-C) related enzyme that may be an important
modulator of cardiovascular disease risk (Heijmans et al.
2000; Durrington et al. 2001; Bergmeier et al. 2004).The
studies have shown an inverse correlation between the
serum concentration of HDL-C and the development of
atherosclerosis, however, the exact mechanism(s) for this
association continues to be the subject of considerable
debate (Heinecke, 2008). According to the recent
studies, there could be more than one single explanation
for the observed association (Nofer, 2002).The ability of
HDL-C to prevent the oxidation of low-density

mechanisms that received the most attention in the
literature. The susceptibility of LDL-C is a pivotal event
in the initiation and progression of atherosclerosis (Chait
et al. 1993; Aviram et al. 1999). This antioxidant
capability of HDL-C has been attributed, at least in part,
to its enzymes, primarily PON1 (Mackness et al. 1996).
Further studies have indicated that PONI is able to
protect lipoproteins against oxidation and prevent lipid
peroxide accumulation on LDL-C in vitro and in vivo
(Mackness et al. 1993; Aviram et al. 1998). The enzyme
can also hydrolyze and inactivate
homocysteinethiolactone which is a risk factor for
atherosclerotic vascular disease (Jakubowski, 2000).
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Serum PONI1 activity reduces in cardiovascular disease,
hypercholesterolemia and diabetes and it is more likely
that oxidative stress plays a central role in the pathology
of these diseases (Ikeda et al. 1998, Mackness et al.
1991; Feldman, 2003). According to several studies,
there is an increase in the levels of circulating markers of
free radical-induced damage and a decrease in
antioxidant defences including circulating levels of
vitamins in diabetes (Folmer et al. 2002; Ramakrishna
and Jailkhani, 2007; Will et al. 1999; Sargeant et al.
2000). Depletion of antioxidative defence system can
lead to an increase in reactive oxygen species (ROS)
generation (King and Loeken, 2004). The increased
oxidative status in the diabetic patients (Maritim et al.
2003) and subsequent inactivation of PONI together
with low PONI expression could serve as major factors
in the observed reduced PONI activity in diabetes
(Rozenberg and Aviram, 2006; Rozenberg et al. 2008).
Taking into account the involvement of oxidative stress
in the development of diabetes and also in the PONI
activity/inactivation, it is possible that the administration
of antioxidants could protect PON1 inactivation arising
from ROS and consequently ameliorate diabetes.

Vitamin E and selenium are two micronutrients with
antioxidant properties that work co-dependently to
protect the body from the harmful and destructive effects
of free radicals. However, to our best knowledge, the
effects of vitamin E and selenium supplementation on
PONI1 activity in diabetes have not covered in the
literatures.

There is also a doubt in the ability of selenium
administration in the prevention of diabetes
development. Blevs ef al. (2007) have found a positive
association between high serum selenium levels and the
prevalence of diabetes among US adults. It is also
reported that selenium supplementation not only may not
prevent type 2diabetes, but also may increase the risk for
the disease (Stranges ef al. 2007). Recently, antioxidant
vitamin supplements have been considered in the
publication of the Guidelines of the American Heart
Association among therapies not recommended for
cardiovascular disease prevention, because of their
usefulness and possible harmful effects (Mosca et al.
2007). Therefore, it seems that despite published results,
further studies are required to elucidate the contribution
of oxidative stress to diabetes development and also the
function and role of vitamin antioxidants in those cases
that ROS and its consequential oxidative damage is a
factor to consider in the dietary or nutraceutical
management of diabetes (Rozenberg et al. 2008).

In the present study, the effect of vitamin E and selenium
supplementation on antioxidant defence in diabetic rats
with focus on PONT activity has been investigated.

Materials and methods

Experimental design

Thirty two female Sprague Dawley rats weighing
200430 g (about 2-3 months of age), were kept in the
animal house at temperatures of 23+2°C and relative
humidity of 50% under a lighting cycle of 07.00-19.00 h
light and 19.00-07.00 h dark. They were fed with a
standard laboratory diet and allowed food and water ad
libitum for an acclimatization period of 1 week prior to
the experiment. The animals were divided into three
groups of (I) control rats, C (n=8), (II) streptozotocin
(STZ)-induced diabetic rats, DM (n=12) and (III)
diabetic rats with orally administered vitamin E and
selenium, DM + S (n=12). The body weights of all the
animals were determined every week, and water
consumed was recorded daily.

Diabetes induction

The experimental type 1 diabetes was induced in groups
IT and III by a single intraperitoneal injection of 60
mg/kg STZ (Sigma), freshly dissolved in physiological
serum. STZ-injected animals were given 20% glucose
solution for 24 h to prevent initial drug-induced
hypoglycemic mortality (Ramesh and Pugalendi, 2006).
Control rats received an injection of physiological
serum. Six days after STZ injection, rats with blood
glucose levels above 300 mg/dL estimated with
enzymatic method, were considered as diabetic and used
for the study (Mahay et al. 2004).

Vitamin E and selenium treatment

On the seventh day following STZ injection (first day of
treatment), vitamin E as a-tocopherol acetate(Merck)
dissolved in corn oil and selenium as sodium selenite
(Merck) dissolved in water were administrated to group
III at concentrations of 300 and 0.5 mg/kg/day,
respectively, by oral gavage once a day for four weeks.
The concentrations of vitamin E and selenium were
chosen based on previous reports (Haidara ez al. 2009;
Yanardag ef al. 2007). Rats of group II received 0.5 ml
corn oil and 0.5 ml physiological solution and were used
as diabetic control group.

Sample preparation

At the beginning and the end of the experimental period,
blood samples were collected from the oculo-orbital vein
in EDTA-containing tubes under light ether anesthesia
after 12 hours of fasting. Plasma samples were prepared
by 10 min centrifugation of blood at 3000 g at 4°C and
were stored at —76°C for further studies. A part of whole
blood was frozen for GPX determination. Erythrocytes
for SOD determination were washed three times by 0.9%
saline and frozen after hemolysis.

Measurement of glucose and lipid profile
Plasma glucose, total cholesterol (TC) and triglyceride
(TG) levels were measured by enzymatic colorimetric
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methods (Pars Azmune, Tehran, Iran), using an Auto
analyzer Model Alcyon. Non-HDL-C lipoproteins in the
plasma were precipitated by phosphotungstic acid and
magnesium chloride (Burstein et al. 1970) and the
content of HDL-C was determined using an enzymatic
colorimetric method (Pars Azmune, Tehran, Iran). The
concentration of LDL-C was calculated according to the
Friedewald formula for Ilessthan400 mg/dL TG
containing samples (Fridewald et al. 1972).

Analysis of PONI activities

PON1 activity toward paraoxon (O,O-diethyl-O-p-
nitrophenyl phosphate; Sigma Chemical Co.) was
determined by adding plasma to Tris/HCl buffer (0.1
mol/L, pH 8.0) containing paraoxon (2 mmol/L) and
CaCl2 (2 mmol/L). The rate of hydrolysis of paraoxon
was measured spectrometrically (UV 1250, Shimadzu,
Japan) by monitoring p-nitrophenol libration at 412 nm.
The amount of generated p-nitrophenol was calculated
from the molar absorptivity of 18,290 mol-1 cm-1
(Jafarnejad et al. 2008).

Measurement of GPX and SOD activities

The hemoglobin content of the erythrocytes was
determined using the cyanmethaemoglobin method
(Drabkin, 1965). Erythrocyte GPX and SOD activities
were determined wusing Randox kits (Randox
Laboratories). GPX activity levels were measured using
the method of Paglia and Valentine, (1967), in which
GPX activity was coupled with the oxidation of NADPH
by glutathione reductase. The oxidation of NADPH was
followed spectrophotometrically at 340 nm. The reaction
mixture comprised 50 mmol/L potassium phosphate
buffer (pH 7.2), 4.3 mmol/L EDTA, 0.18 mmol/L
cumenehydroperoxide, 0.34 mmol/L NADPH, 4 mmol/L
glutathione and 0.5 U/L of glutathione reductase. The
absorbance at 340 nm was recorded for 5 min and the
activity calculated from the slope of the line as
micromoles of NADPH oxidized per minute. The results
were expressed as units per gram of haemoglobin.

The determination of SOD activity was based on the
production of O2- anions by the xanthine/xanthine
oxidase system (Fairbanks and Klee, 1994). O2-react
with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-
phenyltetrazolium chloride (I.N.T) to form a red
formazan dye. The SOD activity was measured by the
degree of inhibition of this reaction in 505 nm. The
results were expressed as units per gram of haemoglobin.

Measurement of plasma total antioxidant status (TAS)

TAS was measured in plasma by means of a commercial
kit (Randox Laboratories). The assay is based on the
incubation of 2,2'-azino-di-(3-
ethylbenzthiazolinesulphonate)  (ABTS) with a
peroxidase (methmyoglobin) and hydrogenperoxide to
produce the radical cation ABTS+, which has a
relatively stable blue-green color, measured at 600 nm

(Miller et al. 1993).The suppression of the color is
compared with that of the Trolox, which is widely used
as a traditional standard for TAS measurement assays,
and the assay results are expressed as Trolox equivalent
(mmol/L).

Measurement of plasma malondialdehyde (MDA)
Plasma MDA levels were determined by the
thiobarbituric acid (TBA) method and expressed as nmol
MDA formed/mL plasma (Ohkawa et al. 1979). Briefly,
0.5 ml serum was shaken with 2.5 ml of 20%
trichloroacetic acid (TCA) in a 10 ml centrifuge tube.
Then, 1ml of 0.67 % TBA was added to the mixture,
shaken, and warmed for 60 min in a boiling water bath
followed by rapid cooling. It was, then, shaken into a 4
ml of n-butanol layer in a separation tube and MDA
content in the serum was determined at 532 nm by
spectrophotometer against n-butanol. The standards of
0.1 to 20 mol/L tetramethoxypropane (TMP) were used
to obtain the calibration curve.

Measurement of Ox-LDL

The level of Ox-LDL was measured by using a Mercodia
Oxidized LDL ELISA kit (Lot No. 15904; Mercodia,
Uppsala, Sweden). Mercodia Ox-LDL Competitive
ELISA is based on the monoclonal antibody 4E6.The
Ox-LDL in the sample competes with a fixed amount of
Ox-LDL bound to the microtiter well for the binding of
the biotin-labelled specific antibodies. After a washing
step that removes non-reactive plasma components, the
biotin-labelled antibody bound to the well is detected by
HRP-conjugated streptavidin. After a second incubation,
unbound enzyme-labelled antibody is removed by a
simple washing step and the bound conjugate is detected
by reaction with 3,3',5,5'-tetramethylbenzidine. Then, the
reaction is stopped by addition of acid and the
microtitration strips are read spectrophotometrically at
450 nm. The results are calculated using the
computerized data reduction of absorbance for the
standards versus the log concentration using a cubic
spline regression and expressed as U/I.

Statistical analyses

All data were expressed as mean + SEM. The statistical
comparison between the experimental groups was
performed using one-way analysis of variance
(ANOVA) and Tukey HSD. The relationship between
plasma PONI activity and other parameters was
estimated by Pearson correlation analysis. A value of
p<0.05 was considered statistically significant. Statistical
analyses were carried out by SPSS version 15.0 program.

Results

As it was expected, the plasma glucose level was
significantly (p<0.01) elevated in diabetic rats one and
five weeks after injection of STZ compared to the
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normal control group (Table 1). Vitamin E and selenium
administration for four weeks caused a significant
decrease in the glucose level of the treated diabetic rats
in comparison to the diabetic group without treatment.
Plasma TC, TG and LDL-C levels were significantly
increased in diabetic animals compared with the normal
control group, whereas a significant reduction was

observed in HDL-C. After four weeks, plasma
triglyceride levels significantly increased in the treated
diabetic group compared with the normal control group,
where as the plasma levels of HDL-C, LDL-C and TC
were not significantly changed following vitamin E and
selenium administration (Table 1).

Table 1. Plasma glucose and lipids levels in the control group, streptozotocin (STZ)-induced diabetic rats, DM group, and diabetic rats with
orally administered vitamin E (300 mg/kg) and sodium selenite (0.5 mg/kg) supplementation, DM + S group, after 1 and 5 weeks of STZ
treatment

control group DM group (n =12) DM + S group (n=12)

(n=8) One week Five weeks One week Five weeks
Glucose (mg/dL) 87.343.4 404.9+11.7°  396.4+15.4% 384.1¢17.9"  317.9+17.8° 7
Triglycerides (mg/dL) 67.1%4.0 73.6£1.4 108.6£1.2""*" 79.4%2.7 93.4+3.9°"
Total cholesterol (mg/dL)  60.1+2.0 62.4+2.6 79.1+1.9°"°" 63.0+1.0 67.0+1.4
HDL-C (mg/dL) 16.640.7 14.140.6 11.3+1.2*" 12.7+0.8" 13.540.7
LDL-C (mg/dL) 30.0£2.5 33.642.6 46.0£3.3"""" 34.4+1.7 34.8+1.9

Statistical comparison: * Experimental group vs. control; ®Week 1 vs. Week 5.

Statistical significance:*p <0.05; “p <0.01.

Plasma TAS levels significantly decreased in the
diabetic group 5 weeks after STZ injection compared
with the control group, however, vitamin E and selenium
administration increased this value almost to the control
value indicating the efficiency of this treatment in the
improvement of TAS. Although STZ-induced diabetes
did not affect the blood GPX activity, the level of this
enzyme in treated diabetic group was found to be

significantly higher than the control and diabetic animals
after 5 weeks (Table 2). At the first week of treatment, a
significant reduction was observed in erythrocyte SOD
activity in both diabetic and treated diabetic groups,
however, the enzyme activity increased to almost the
control value after four weeks treatment with vitamin E
and selenium.

Table 2. Plasma total antioxidant status (TAS), blood glutathione peroxidase (GPX) and erythrocyte superoxide dismutase (SOD) activities
after 1 and 5 weeks of experiment in the control group, streptozotocin (STZ)-induced diabetic rats, DM group, and diabetic rats with orally
administered vitamin E (300 mg/kg) and sodium selenite (0.5 mg/kg) supplementation, DM + S group

control group

DM group (n = 8)

DM + S group (n =8)

(n=8) One week Five weeks One week Five weeks
TAS (mmol/L)  0.74+0.03 0.67+0.04 0.31+0.05° * 0.63+0.04 0.67+0.03
GPX (U/grHb) 140.9+4.1 137.243.0 131.943.7 136.943.5 151.1£2.1%
SOD (U/grHb) 2012.2+49.4 1751.1+78.3 1708.4+67.1" 1707.7+81.0° 1984.8+40.1 "

Statistical comparison: * Week 1 vs. Week 4; g Experimental group vs. Control

Statistical significance: tp<0‘05; “p<0‘01

Plasma MDA and Ox-LDL levels have been presented in
Fig. 1. STZ-induction of diabetes caused a dramatic
elevation in the plasma MDA levels. Vitamin E and
selenium supplementation could only reduce the elevated
level of MDA by 5-fold compared to the diabetic
animals. The level of MDA in diabetic rats was still 5-
times higher than the corresponding value in the control
group after five weeks. Almost similar results were
observed in the plasma Ox-LDL levels of the studied

groups (Fig. 1).

After five weeks, plasmaPONI1 activity decreased by
two-fold in diabetic animals, but this decrease was

compensated by vitamin E and  selenium
supplementation, although the activity did not reach to
the control value (Fig. 2).

A very strong positive correlation was found between
plasma PONT1 activity and either TAS or SOD activity in
diabetic rats (Table 3). There was also a positive
correlation between PON1 and TAS in diabetic
supplemented rats (Table 3). The PONI activity was
inversely correlated with Ox-LDL and TC levels in DM
group. However, no significant relationship was
observed between the enzyme activity with serum LDL-
C and TC concentrations.
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Fig. 1. Plasma MDA levels (A) and Ox-LDL concentrations (B) after 1 and 5 weeks of STZ treatment in the control group, streptozotocin
(STZ)-induced diabetic rats, DM group, and diabetic rats with orally administered vitamin E (300 mg/kg) and sodium selenite (0.5 mg/kg)

supplementation, DM + S group.

Statistical comparison: fWeek 1 vs. Week 5; b Experimental group vs. Control

Statistical significance: p<0.05; p<0.01
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Fig. 2. Plasma paraoxonase activity in the control group,
streptozotocin (STZ)-induced diabetic rats, DM group, and
diabetic rats with orally administered vitamin E (300 mg/kg) and
sodium selenite (0.5 mg/kg) supplementation, DM + S group
after 1 and 5 weeks of STZ treatment.

Statistical comparison: * Week 1 vs. Week 5; ® Experimental
group vs. Control; Statistical significance: p <0.01

Discussion

The possible involvement of oxidative stress and ROS in
the pathogenesis of diabetes and diabetic complications
has been extensively studied by many authors and is still
subject for more studies. According to some animal
studies (Jafarnejad et al. 2008), diabetes is accompanied
with increased level of lipid peroxides and ROS and a
decreased level of antioxidant enzymes such as PONI.
Therefore, the administration of antioxidants could be
effective in the diabetes prevention or improvement of
diabetic complications probably through protection of
PONI inactivation as one of the involved mechanisms.
However, the results obtained from clinical studies are
not unequivocal and the usefulness of antioxidant
supplementation in diabetic patients is not convincing
(Stranges et al. 2007; Mosca et al. 2007; Lukacinova et
al. 2008).

Table 3. The correlation of PON1 activity with Glucose, TG, TC,
HDL-C, LDL-C, GPX, SOD, TAS, MDA, Ox- LDL levels in the
control group, streptozotocin (STZ)-induced diabetic rats, DM
group, and diabetic rats with orally administered vitamin E (300
mg/kg) and sodium selenite (0.5 mg/kg) supplementation, DM+S
group

Eq r P value
Control
Glucose Y=0.5411x + 55.8436 0.33 0.21
TG Y=0.0964x + 96.5377 0.07 0.79
TC Y=-0.5791x +137.3000 -0.23  0.39
HDL-C Y=-2.01498x +136.3873 -0.29 0.27
LDL-C Y=-0.2796x +111.1746 -0.13  0.64
GPX Y=0.5625x + 23.9532 0.43 0.09
SOD Y=-0.0070x +117.0195 -0.08 0.78
TAS Y=-36.9743x +130.3585 -0.27 031
MDA Y=-0.0016x + 0.3381 -0.28 0.29
Ox-LDL  Y=0.0003x + 1.6509 0.00 0.9
DM
Glucose  Y=0.4297x +-90.3117 0.40 0.12
TG Y=-1.0145x + 174.3129 -0.56 0.02
TC Y=-1.5655x + 192.5889 -0.42 0.10
HDL-C Y=4.2355x + 27.9615 0.34 0.19
LDL-C Y=-1.16428x + 128.1842 -0.31 0.25
GPX Y=1.4970x +-119.6016 0.37 0.16
SOD Y=0.0433x + 6.8662 0.22 0.41
TAS Y=117.0683x + 24.1751 0.64 0.008
MDA Y=-0.0035x + 4.3778 -0.24 0.37
Ox- LDL  Y=-0.0108x + 3.9464 -0.59 0.016
DM+S
Glucose Y=0.0817x + 64.2751 0.28 0.26
TG Y=-0.3740x + 125.2861 -0.25 031
TC Y=-2.3836x + 247.8925 -0.55 0.02
HDL-C Y=0.7799x + 82.75609 0.10 0.69
LDL-C Y=-1.2385x + 135.8464 -0.37 0.13
GPX Y=-0.4347x + 155.5721 -0.27 0.28
SOD Y=0.0442x + 11.3835 0.57 0.01
TAS Y=-0.4838x + 93.2739 0.00 0.99
MDA Y=0.0504x +-2.3040 0.54 0.021
Ox-LDL  Y=0.0167x + 0.8683 0.40 0.094
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In the present study, we observed a reduced plasma
PONI activity in STZ-induced diabetic rats and an
increased serum PONI activity after four weeks of
vitamin E and selenium supplementation. Antioxidants
are able to protect lipoproteins and PONIlagainst
oxidation (Rozenberg et al. 2008).1t has been shown that
PONI activity is inactivated in vitro by more than 80%
under oxidative stress conditions and vitamin E can
protect against this loss of activity (Maritim et al. 2003).
Therefore, the improvement of the imbalance between
oxidative and antioxidative mechanisms in diabetic rats
by vitamin E and selenium administration may account
for the observed variations in rat serum PONI activity
(Rozenberg et al. 2008). These results are consistent
with those reports indicating the beneficial effect of
vitamin E in the treatment of diabetes complication in
humans (Wu et al. 2007) and STZ-treated rats (Al-
Shamsi et al. 2006), as well as in delaying diabetes
development in mice (Rozenberg et al. 2008).

It is also possible that the preserved PONI activity in
vitamin E and selenium supplemented diabetic rats
observed in the present study results from the protective
effect of the antioxidants against HDL-C modification in
oxidative stress. The HDL-C is compositionally
abnormal in diabetic rats and this may influence the
binding of PON1 to HDL-C leading to a conformational
change in PON1 (Heijmans et al. 2000). The protection
of HDL-C from oxidative modification by vitamin E and
selenium may prevent undesirable alteration of HDL-
associated PON1 conformation.

Vitamin E and selenium may also exert their beneficial
effects on serum PONI1 activity through their
antihyperglycemic and, thus, antioxidative actions. In the
present study, antioxidative effect of vitamin E and
selenium supplementation was reflected by an increase
in the GPX and SOD activities in the diabetic animals
treated with vitamin E and selenium for four weeks.

The plasma levels of GPX and SOD in the supplemented
diabetic group increased significantly after four weeks of
treatment. There was also a significant reduction in the
plasma level of TAS in the diabetic rats, whereas, in the
vitamin E and selenium supplemented diabetic animals
the level of TAS was remained almost unchanged
compared with the control group. These indicate that the
administration of vitamin E and selenium has been able
to prevent the animals against oxidative stress through
elevation of the antioxidant enzymes and maintaining the
plasma total antioxidant level. The reduction of TAS and
SOD activity after five weeks of diabetes induction
could be indicative of oxidative stress increase during
diabetes.

In diabetic rats, significant reduction in the activities of
antioxidant enzymes could be indicative of ongoing
oxidative disturbances. Decline in the activities of these

antioxidant enzymes might be due to their inactivation
caused by excessive ROS production. It has been shown
that SOD activity reduction can increase the level of
superoxide, which is able to inactivate GPX. In addition,
failure in the elimination of H202 by GPX may lead to
the accumulation ofH202 which in turn can cause
inactivation of SOD (Selvakumar et al. 2005). The
consistent reduction in the activities of antioxidant
enzymes and enhanced lipid peroxidation suggests that
all of the organs are subjected to oxidative stress in STZ-
induced diabetes. Bearing in mind the antioxidant
property of vitamin E and the presence of selenium in
the active site of GPX, it seems that vitamin E and
selenium supplementation is able to reduce oxidative
stress through elevation of the activity of antioxidant
enzymes.

In the present study, ox-LDL levels in the diabetic rats
were found to be significantly higher than its level in the
supplemented diabetic group. It has been generally
accepted that ox-LDL is produced in vivo and
contributes to atherogenesis (Inoue et al. 2001). The
association between diabetes and increased LDL
oxidative susceptibility has been demonstrated in several
studies (Girona et al. 2008). Kondo et al. (2002) have
shown that treatment of diabetics with insulin can
prevent LDL oxidation.

A marked decline in ox-LDL concentration in the treated
animals with vitamin E and selenium is indicative of
direct effect of these two antioxidants on lipids and
lipoproteins oxidation. This is in agreement with the
elevated level of MDA in the diabetic rats and its
reduction in the supplemented animals observed in this
study. As MDA reflects the sensitivity of lipoproteins to
oxidation, a lower level of MDA in the supplemented
diabetic rats compared with untreated diabetic animals
would be indicative of the beneficial effect of vitamin E
and selenium on the oxidizability of lipoproteins in
diabetes. It, thus, seems that vitamin E and selenium
supplementation can reduce ox-LDL concentration
through the reduction of glucose level, elevation of the
antioxidant enzymes and the improvement of antioxidant
defence mechanisms.
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