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Blood lipid peroxidation (superoxide
dismutase, malondialdehyde, glutathione)
levels in Egyptian type 2 diabetic patients
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ABSTRACT

Introduction: The existence of hyperglycaemia
produces increased oxidative stress. The depletion
of antioxidants as a defensive body mechanism
may increase the risk of diabetic complications.
Diabetes mellitus is associated with derangements
in the serum levels of several biochemical
parameters, and type 2 diabetes mellitus (or non-
insulin-dependent diabetes mellitus) isariskfactor
for cardiovascular diseases.

Methods: Data of 80 control subjects (male:female,
40:40) and 80 diabetic patients (male:female,
40:40), of similar age, gender, body mass index
and duration of diabetes mellitus (for diabetic
group), were collected from government and non-
governmentorganisations during the period, 2001-
2004. Blood samples were also collected. Glucose,
glucosylated haemoglobin, total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C),
very low-density lipoprotein cholesterol (VLDL-
C), TC/HDL-C, HDL-C/LDL-C, triacylglycerol,
malondialdehyde, glutathione and superoxide
dismutase levels were determined.

Results: Mean cholesterol, LDL-C, VLDL-C and
triacylglycerol levels were significantly higher in
patients with type 2 diabetes mellitusin comparison
to the control subjects, while the mean value
of HDL-C was significantly lower. A significant
elevation in malondialdehyde level and decrease
in glutathione content were observedin both male
and female diabetic patients in comparison to the
control subjects.

Conclusion: The results suggest that the increase
in lipid peroxidation, and the decline in antioxidant
defences, may appear early in type 2 diabetic
patients, before the development of secondary
complications. This phenomenon might play an
importantrole in the initiation and progression of
diabetic complications. Our results also suggest
that there seems to be an imbalance between
plasma oxidant and antioxidant systems in patients
with type 2 diabetes mellitus.
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INTRODUCTION
The microvascular and neuropathic complications of
diabetes mellitus are a major clinical and public health
problem in Egypt.! During the past 20 years, major
sociodemographic changes have occurred in the Eastern
Mediterranean Region,® and changes in physical activity
and dietary patterns have promoted the development of
non-communicable diseases, such as diabetes mellitus.
Diabetes mellitus is now considered an emerging clinical
and public health problem in Egypt.®» Atherosclerotic
cardiovascular diseases are the major causes of morbidity
and mortality in diabetic patients.“>

Diabetes mellitus is characterised by hyperglycaemia
together with biochemical alterations of glucose and lipid
peroxidation.®® Diabetes mellitus is considered to be
one of a rank of free radical diseases which propagates
complications with increased free radical formation.”
Oxidative stress is increased in diabetes mellitus owing
to the increase in the production of oxygen free radicals
and a deficiency in antioxidant defence mechanisms. 119
Lipid peroxidation of cellular structures, a consequence
of increased oxygen free radicals, is thought to play an
important role in atherosclerosis and microvascular
complications of diabetes mellitus.'? Hyperlipidaemia
has also been reported as one of the causative factors for
increased lipid peroxidation in diabetes mellitus.¢*® The
status of antioxidant defence mechanisms in diabetes
mellitus is very contradictory, as both increases and
decreases of antioxidant status have been reported in
diabetes mellitus.*19 This study aims to evaluate serum
lipid peroxidation markers, malondialdehyde (an oxidant),
glutathione (an antioxidant) and superoxide dismutase, in
non-insulin-dependent diabetic patients.

METHODS

This study was conducted on 80 (40 male and 40 female)
non-insulin-dependent diabetes mellitus (NIDDM, or
type 2 diabetes mellitus) patients, who were attending
government and Non-Government Organisation (NGO)



Table la. Clinical characteristics of NIDDM

and controls.
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Clinical characteristics* Age (years) Duration BMI (kg/m?) Glucose HbAI _ (%)
(years) (mg/dL)
All
Gl control 382+06 247 £0.2 95.1 £ 1.5 5.2+0.05
G2 diabetic 39.3+05 10.0£0.5 25.0 £ 0.1 2287+ 1.0 8.0 £ 0.04
p-value (G2 vs. G 1) NS NS < 0.0001 <0.0007
Male
G3 control 38309 24.9 £ 0.4 94.8 £2.0 5.4 +0.06
G4 diabetic 393+07 104£08 25.1 £ 0.1 2293+ |.1 8.1 £0.02
p-value (G4 vs. G3) NS NS < 0.0001 < 0.0006
Female
G5 control 38.1 £0.8 24.6 £0.2 95.5 £2.2 5.0 £ 0.06
Gé diabetic 393+07 9.7+£06 249 £0.21 228.1 + |.57 7.8 £0.06
p-value (G6 vs. G5) NS NS <0.0003 < 0.0001
Female vs. male
p-value (G5 vs. G3) NS NS NS <0.017
p-value (G6 vs. G4) NS NS NS NS < 0.0001
*Values are expressed as mean * SE; NS: not significant
Table Ib. Clinical characteristics of NIDDM and controls.
Clinical characteristics* TC HDL-C LDL-C VLDL-C TC: HDL-C: TG
(mg/dL) (mg/dL) (mg/dL) (mg/dL) HDL-C LDL-C (mg/dL)
All
G control 193921 560+05 IIl.6x14 263+£05 35%£002 05+0005 01615
G2 diabetic 2320+18 478+04 1393+12 448+05 49+003 03£0002 131416
p-value (G2 vs. G1) < 0.0003 < 0.0004 < 0.0001 < 0.0004 < 0.0001 < 0.0001 < 0.0004
Male
G3 control 196.6 £2.8 56.1£0.7 113516 27.0+08 35003 0500l 1040 £ 2.2
G4 diabetic 2373+21 485%06 143.1+£13 458+05 49+004 040001 133920
p-value (G4 vs. G3) <0.004 < 0.0002 <0.001 < 0.0004 < 0.0004 < 0.0001 < 0.0004
Female
G5 control 1912 £3.0 559407 1097+£22 256+05 34%003 05+£0.0I 99.3 £ 2.1
G6 diabetic 2266 +24 472+06 135617 438+07 48+004 03£0003 128925
p-value (G6 vs. G5) < 0.0004 < 0.001 <0.003 < 0.0004 < 0.0001 < 0.0004 < 0.0004
Female vs. male
p-value (G5 vs. G3) NS NS NS < 0.0004 < 0.0l <0.02 <0.03
p-value (G6 vs. G4) < 0.0004 <0.027 < 0.0004 <0.0025 <0.03 < 0.005 <0.03

*Values are expressed as mean * SE; NS: not significant

hospitals and clinics (during the period 2001-2004), and
80 healthy (40 male and 40 female) controls of similar
ages (3045 years), body mass index (BMI; mean 25.0 kg/
m?; range 22.41-27.89 kg/m?), duration of NIDDM (mean
10.0 years; range 4.5-17 years) and gender distribution.
The selected subjects were non-smokers. The NIDDM
patients were not taking any medicines other than oral
anti-diabetic pills for the past four years. The diagnosis of
NIDDM was based on the criteria of the Expert Committee
on the Diagnosis and Classification of Diabetes Mellitus

(2000).%7 Diabetic patients with complications, such as
nephropathy and neuropathy, were excluded.

For the study, six groups were formed, categorised
as follows: Group 1 (G1): Control, comprising 80 male
and female control subjects; Group 2 (G2): Diabetic,
comprising 80 male and female NIDDM patients; Group
3 (G3): Control, comprising 40 male control subjects;
Group 4 (G4): Diabetic, comprising 40 male NIDDM
patients; Group 5 (G5): Control, comprising 40 female
control subjects; and Group 6 (G6): Diabetic, comprising



Table lc. Clinical characteristics of NIDDM and controls.

Clinical MDA Glutathione SOD
characteristics (umol/L) (umol/L)
All
Gl control 0.3 £0.009 78 0.1 2772 +39
G2 diabetic 0.4 £ 0.007 6.7 £0.06 3300+28
p-value (G2 vs. G 1) <0.0002 < 0.004 < 0.0004
Male
G3 control 0.34 + 001 76+02 2854 + 4.6
G4 diabetic 0.45 + 0.0l 6.6 £ 0.08 3392+ 18
p-value (G4 vs. G3) < 0.0001 < 0.001 < 0.004
Female
G5 control 0.3 £0.0lI 79+0.1 269.0+5.8
G6 diabetic 0.4 £ 0.0l 6.9 £0.1 3207 £+ 44
p-value (G6 vs. G5) <0.002 < 0.001 < 0.004
Female vs. Male
p-value (G5 vs. G3) <0.02 <0.03 <0.02
p-value (G6 vs. G4) <0.001 < 0.001 < 0.0004

*Values are expressed as mean * SE; NS: not significant

Table Il. Distribution of BMI among control and
diabetic patients.

No. of control patients No. of diabetic patients

Non-obese (%)  Obese (%)  Non-obese (%)  Obese (%)
All 52 (65) 28 (35) 56 (70) 24 (30)
Male 20 (50) 20 (50) 32 (80) 8 (20)
Female 32 (80) 8 (20) 24 (60) 16 (40)

40 female NIDDM patients.

Weight and height were measured in indoor clothing
without shoes, and BMI was calculated as weight (kg)
/ height? (m?). Fasting blood samples were drawn and
collected in three tubes, two of them with anticoagulant
added. They were kept at -80°C if they were not analysed
immediately. Glucose,glycosylated haemoglobin
(HbAc), total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), very low density lipoprotein cholesterol (VLDL-
C), TC/HDL, HDL/LDL, triacylglycerol (TG), superoxide
dismutase (SOD, EC 1.15.1.1), malondialdehyde (MDA),
glutathione levels were determined. Repeated freezing and
thawing were avoided.

Glucose level was determined using Randox kit 49
HbAlc was determined using HPLC.1%20 TC
was determined using the bioMérieux kit (bioMérieux,
Marcy I’toile, France),®*? Total TG was determined
using the Bicon kit (Bicon Diagnostik, Marienhagen,
Germany).?** Serum HDL®? and serum LDL-C®2
were respectively determined using the bioMérieux kit
(bioMérieux, Marcy 1’Etoile, France). VLDL-C was
determined by using the following equation: VLDL-C =
TC — (HDL-C + LDL-C). Glutathione®*3?, MDA®» and
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SOD®*+39 were respectively determined using the Randox
kit (Randox Laboratories, San Francisco, CA, USA).

Data are expressed as mean =+ standard error (SE).
Data were assessed by the Student’s f-test.®7*® The
correlation coefficients were determined by Pearson’s
simple linear regression analysis.®® Statistical significance
was accepted at p<0.05. Multiple linear regressions were
done using the Statistical Package for Social Sciences
version 13 (SPSS Inc, Chicago, IL, USA).

RESULTS

Tables Ia—c show the clinical characteristics of NIDDM
patients and controls. They were of similar age, gender
distribution and BMI. Age or BMI showed no significant
differences between the controls and diabetics. The age
range was 3045 years, mean BMI 25.0 kg/m? (range
22.41-27.89 kg/m? and 23.21-26.08 kg/m? for the control
and NIDDM groups, respectively). The mean duration
of diabetes mellitus in NIDDM patients was 10.0 years
(range 5.5-16 years). In the control groups, 65% of G1
were non-obese (BMI < 25.0 kg/m?) and 35% were obese
(BMI > 25.0 kg/m?), in G3, the ratio of non-obese to
obese was 50:50, while in G5, it was 80:20. In the diabetic
groups, 70% of G2 were non-obese and 30% were obese,
in G4, the ratio of non-obese: obese was 80:20 and in G6,
it was 60:40 (Table II).

Data shown in Table Iareveals that glucose and HbA 1¢
level of G2, G4 and G6 are significantly higher than their
respective control groups. Our results for glucose and
HbA lc are in agreement with the findings of Chan et al.®
Gender has no significant effect on the glucose level, and
there are no significant differences between the male and
female gender of the control or NIDDM groups (i.e. G3
vs. G5; G4 vs. G6). However, for HbA1c, females showed
a significant increase when compared with males (i.e. G3
vs. G5, G4 vs. G6) (Table Ia). A highly significant positive
direct correlation between glucose and HbA 1c was found
for all six groups (r 0.74-0.96, p <0.001) (Table I11a).

Data shown in Table Ib reveals that the levels of TC,
LDL-C and VLDL-C of patients of the three NIDDM
groups (G2, G4 and G6) are significantly higher than
the controls, while the HDL-C levels are significantly
lower than those of the controls. A very highly significant
correlation (p < 0.0001) between HDL-C and TG was
found in all groups. The results for HDL-C agree with
those of Chan et al.®”

Gender has no effect on the TC, HDL-C and LDL-C
levels of the control groups, since no significant difference
between the males and females of the control groups were
found, except for VLDL-C level of G3, which showed
significantly higher levels than G5 (Table Ib). In contrast,
for the diabetic patients, a significant difference between
the male and female groups was found for all parameters.
Males showed a significant increase in the variable levels



Table llla. Correlation coefficient between age, duration
of diabetes mellitus, BMI, HbA Ic and other parameters.

Gender/group BMI Glucose HbAI
(kg/m?) (mg/dl) (%)
Age Both/G| 0.17 0.04 0.02
Both/G2 0.09 0.002 0.15
Male/G3 0.40 ¢ 0.48 4 0.54 4
Male/G4 0.07 0.15 0.04
Female/G5 0.44 4 0424 052+
Female/G6 0.20 0.10 0.23
Duration Both/G2 024" 0.17 0.19
Male/G4 0.11 0.29 0.27
Female/G6 0.38? 0.06 0.16
BMI Both/G| -0.15 -0.12
Both/G2 -0.424 -0.40 ¢
Male/G3 -0.29 -0.10
Male/G4 -0.14 -0.22
Female/G5 -0.08 -0.14
Female/G6 -0.57 ¢ -0.50 ¢
Glucose Both/G| 0814
Both/G2 0.89+
Male/G3 0.85+
Male/G4 0.74
Female/G5 078+
Female/G6 096

'p <0.05;%p <0.02;%p < 0.01;%p < 0.001

when compared with the respective female group (Tables
Ib & IIIb).

The data shown in Table Ib reveals that atherogenic
indices of NIDDM patients (as TC/HDL-C and HDIL.-
C/LDL-C fractions) showed a significant increase when
compared with the control group. The atherogenic indices
were also significantly higher in males compared to
females for both control and NIDDM groups; this finding
agrees with al-Muhtaseb et al.® The data in Table Ib also
reveals that plasma TG levels were significantly higher
in the NIDDM patients than normal controls, which
corroborates with other studies.“*#? A gender difference in
TG concentration was found, where male groups showed a
significantly higher TG level than female groups for both
control and diabetic groups (104.01 +2.16 vs. 99.25 +
2.06;133.94+1.95vs. 128.87+2.45; p< 0.03 for control
and NIDDM groups, respectively) (Tables Ib & IIIb).

Data of Table Ic shows the level of lipid peroxidation
marker. In the present study, serum MDA (an oxidant) and
the SOD level (a marker of oxidative stress) increased
significantly, whereas glutathione (an antioxidant) content
decreased significantly in male and female NIDDM
patients, in comparison to non-diabetic healthy controls.
Our results are in agreement with most other studies for
SOD®  and MDA.“*) However, the results did not
corroborate with findings from studies by Kesavulu et
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al and Sekeroglu et al,“*) where no significant changes
were observed in SOD activity in NIDDM patients. Our
results were also in agreement with studies conducted on
diabetic rats.©%5

Gender had an effect on MDA, glutathione and SOD
concentrations (Table IIlc). Males showed significantly
higher levels of SOD and MDA than females, while the
opposite was true for glutathione, where females showed
higher levels than males in both control and NIDDM
groups (p < 0.02, 0.03, 0.002 for controls; p < 0.01,
0.001, 0.0004 for diabetics, for MDA, glutathione, SOD,
respectively).

Datain Tables III a—c show the correlation coefficient
between age, duration of diabetes mellitus, BMI, glucose,
HbAlc and the studied parameters. BMI, glucose and
HbAlc of males and females in the control groups
were significantly and positively correlated with age. A
significant, direct correlation between TC, HDL-C, L.DL-
C and age was found in NIDDM males and females. A
significant, direct correlation between MDA, glutathione
and age was found in all NIDDM groups (i.e. G2, G4
& G6). The significance is borderline for MDA and
glutathione levels of male diabetics. SOD levels of all
NIDDM groups correlated negatively and significantly
with age. No correlation was found between atherogenic
indices and age in all groups, nor was any correlation
found between any studied parameters and duration of
diabetes mellitus for all groups, except for BMI, where a
significant, positive correlation was found in G2 and G6.
A significant, negative correlation was found between
glucose, HbAle, HDL-C, glutathione and BMI, in G2 and
G6.

No correlation between SOD and BMI was found
in this study, contrary to findings by Adachi et al.*? On
the other hand, very highly significant, positive, direct
correlation between glucose and HbAlc was found for
all groups (r 0.74-0.96, p < 0.00001) which agree with
findings by Akanji et al.*? HDL-C levels in all groups
correlated positively and significantly with glucose.
Atherogenic indices of diabetic male or female groups
correlated positively and significantly with glucose,
contrary to results reported by al-Muhtaseb et al.“® MDA
of control groups (G1, G3 and G5) correlated positively
with glucose. Glutathione of almost all groups except G2
correlated positively and significantly with glucose. SOD
of control groups, G1 and G5, correlated negatively and
significantly with glucose. No correlation between MDA,
SOD and glucose for all NIDDM groups was found. The
results for SOD corroborate with findings by Mizobuchi
et al,®¥ but not with Adachi et al.*» HDL-C of groups G1-
G4 and G6, correlated significantly and positively with
HbA 1c. Atherogenic indices of female diabetic patients
correlated positively and significantly with HbAle. TG
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Table IlIb. Correlation coefficient between age, duration of diabetes mellitus, BMI, glucose, HbAIC and other

parameters
Gender/group  TC HDL-C LDL-C VLDL-C C: HDL-C: TG
(mg/dL) (mg/dL} (mg/dL) (mg/dL) HDL-C LDL-C (mg/dL}
Age Both/G1 0.18 0.15 0.13 027 0.l -0.04 022"
Both/G2 0.35¢ 0.36* 0.34¢ 0.12 -0.07 0.01 025"
Male/G3 049 040+ 0.50¢ 0.382 0.25 -0.23 045
Male/G4 0.26 0.30' 0.24 0.09 -0.16 0.12 0.18
Female/G5 0.16 -0.13 -0.18 0.05 -0.09 0.11 0.05
Female/Gé 0.52 043+ 0.53¢ 0.16 0.03 -0.14 033!
Duration Both/G2 -0.08 -0.11 -0.04 -0.09 0.06 -0.09 -0.05
Male/G4 -0.28 -0.23 -0.23 -0.25 0.03 -0.05 -0.29
Female/Gé -0.01 -0.02 0.01 -0.03 0.03 -0.05 0.14
BMI Both/G1 -0.03 -0.23 ! -0.06 0.314 0.282 -0.12 0.05
Both/G2 -0.08 -0.25 ! -0.09 0.15 0.26° -0.21" 0.16
Male/G3 0.07 -0.362 0.08 0.39? 0.60* -0.55* 0.29
Male/G4 -0.10 -0.21 0.00 0.14 0.20 -0.24 0.12
Female/G5 -0.24 -0.06 -0.31" 0.001 0.35' 0.35' 0444
Female/Gé -0.18 -0.35! -0.25 0.25 0.29 -0.16 0.28
Glucose Both/G1 0424 051+ 0.33¢ 036" 0.021 0.03 040
Both/G2 0.02 0.344 0.11 0334 0.17 0.05 0.01
Male/G3 0484 0.50* 0434 0.39? 0.11 0.04 0.56*
Male/G4 0.30' 0.50* 0.19 0.15 0.382 0.392 0.36'
Female/G5 0.40° 0.52+ 0.29 0.40°3 0.04 0.06 031
Female/Gé 0.14 0.54* 0.23 0.50¢ 0.63* 0.50* 0.15
HbAlc Both/G1 0.293 0.33* 0.20 0.33¢ 0.05 0.04 0.35¢
Both/G2 041* 0414 0474 0.01 0.08 0.06 0.18
Male/G3 031 0.24 0.30' 031" 0.20 0.16 046 *
Male/G4 0.07 0.11 0.17 0.03 0.21 0.28 0444
Female/G5 0.17 042+ 0.05 0.27 0.31" 031 0.11
Female/Gé 0.24 0.57* 0.30 0.36' 0.55* 0433 0.21

'p <0.05;%p <0.02;% < 0.01;%p < 0.001

of diabetic males correlated positively and significantly
with HbAlec, contrary to results reported by findings
by Chan et al,® but not with findings by al-Muhtaseb
et al.#” Glutathione levels of female diabetic patients
correlated positively and significantly with HbA 1¢, while
SOD levels correlated negatively and significantly with
HbA 1c. A significant negative correlation between SOD
and MDA for all six groups was found (r -0.78,-0.96 and
-0.51,-0.97 for control and NIDDM groups, respectively;
P <0.0001).

In multiple linear regression analysis using stepwise
analysis, the independent variables were: glucose, gender,
diabetes mellitus, glutathione, SOD, MDA, BMI, age and
HbAlc, and the dependent variable was lipid profile,
mainly TC. Table IV shows that HbAlc was the most
influential variable among the tested variables (62 %).

DISCUSSION
Diabetes mellitus is characterised by hyperglycaemia

together with biochemical alterations of glucose and
lipid peroxidation.® The low level of HDL-C, which
exerts anti-atherogenic and antioxidative effects when
present in sufficient amounts, is a key feature of NIDDM
(also known as type 2 diabetes mellitus). The reduced
HDL-C levels are often accompanied by elevations in
plasma TG levels,® a process mediated by cholesterol
ester transfer protein (CETP),®® and is associated with
increased cardiovascular disease risk.5*” Abnormal lipid
metabolism often presents in patients with NIDDM.¢®
Resistance to insulin likely underlies the changes that
occur in lipid parameters of NIDDM, and usually it is
associated with higher concentrations of TC and TG,
and lower concentrations of HDL-C.¢® NIDDM is
characterised by increased secretion of apolipoprotein
(apo) B as aresult of increased free fatty acid (FFA) flux to
the liver,®*¢Y and an inhibition of microsomal triglyceride
transfer protein activity, a protein identified as a key
component of the VL DL assembly process, and this leads



Table lllc. Correlation coefficient between age, duration
of diabetes mellitus, BMI, glucose, HbAlc and other pa-
rameters.

Gender/group MDA Glutathione SOD
(umol/L)  (umol/L)
Age Both/Gl 0.19 0.26' -0.10
Both/G2 0.30* 0.34¢ -0.24"!
Male/G3 045+ 0.382 -0.35"
Male/G4 0.30%* 0.30% -0.33!
Female/G5 0.11 0.05 -0.10
Female/Gé 0.36' 043¢ -0.31"
Duration Both/G2 0.16 -0.17 0.02
Male/G4 0.15 -0.23 0.21
Female/Gé 0.10 -0.02 0.03
BMI Both/Gl 0.17 -0.262 -0.13
Both/G2 0.20 -0.31¢ 0.02
Male/G3 040+ -0.392 -0.46 “
Male/G4 0.20 -0.21 -0.28
Female/G5 0.26 -0.01 0.18
Female/Gé 0.16 -0.35! 0.02
Glucose Both/GI 0.38* 0.38 -0.44 4
Both/G2 0.09 0.09 -0.03
Male/G3 0.38° 0.39? -0.03
Male/G4 0.08 0.50¢ 0.001
Female/G5 0423 0.40°3 -0.56 “
Female/Gé 0.06 0.54 -0.12
HbAlc Both/GI 040+ 0.24 -0.25"
Both/G2 0.23' 0.05 0.15
Male/G3 0.60* 0.31 -0.57 4
Male/G4 0.18 0.11 0.29
Female/G5 0.09 0.27 -0.19
Female/Gé 0.24 0.57 -0.33!

'p <0.05;%p <0.02;% < 0.01;%p < 0.001
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to increased plasma levels of TG and reduced levels of
HDL-C.

The mechanismsresponsible for hypertriglyceridaemia
may be an increased hepatic secretion of VLDL and a
delayed clearance of TG-rich lipoproteins, which might
mainly be due to increased levels of substrates for TG
production, free fatty acids, and glucose. The latter
could be secondary to decreased activity of lipoprotein
lipase (LPL), a key enzyme for lipoprotein-TG. 626
Hypertriglyceridaemia usually accompanies decreased
HDL-C, which is also a prominent feature of plasma lipid
abnormalities seen in diabetic subjects. 626365

De Zwart et al has proposed that oxidative stress
may be associated with the pathogenesis of NIDDM
complications,®® particularly cardiovascular diseases
(CVD).©769 The reports about the status of antioxidants
and antioxidant enzymes in diabetic patients are very
contradictory, both increases and decreases of antioxidant
activity have been reported.®*!® The reports about the
SOD activity in diabetes mellitus are controversial, with
some authors reporting no change in SOD activity,#34%
while others reported increased activity. 547 There are also
reports of decreased SOD activity in diabetic patients. ¢

In the present study, the increased levels of MDA
and SOD clearly show that diabetic patients, irrespective
of the gender, were exposed to an increased oxidative
stress via lipid peroxidation,”® while a decreased level
of glutathione indicates decreased scavenging capacity
of glutathione-dependent anti-oxidant defensive system
against elevated lipid peroxidation processes in these
patients. Antioxidant enzyme-dependent defences play an
important role in scavenging free radicals produced under
oxidative stress. 771

Oxidative stress is increased in diabetes mellitus owing
to an increase in the production of oxygen free radicals,
such as super oxide (O2"), hydrogen peroxide (H202) and

Table IV. Predictors of lipid profile using cholesterol as the dependent variable.

Variables R? R change Beta t-value p-value F p-value

Significant determinants

I-HbAIlc 0619 1.034 14.896 0.000

2-Glutathione 1.421 11.841 0.000

3-Gender -0.269 -6.325 0.000

4-Duration -0.268 -4.298 0.000

5-BMI -0.112 -3.70 0.000

6-MDA 0.136 3.678 0.000

7-Diabetes mellitus 0.149 3.11 0.002
Constant (81.231)
Determinants -7 0.876 0.257 129.679 0.000




hydroxide (OH") radicals and deficiency in antioxidant
defence mechanisms. Increased non-enzymatic and auto-
oxidative glycosylation is one of the possible mechanisms
that contribute to the formation of free radicals and free
radical-induced lipid peroxidation in diabetes mellitus. %11
Free radicals are formed disproportionately in diabetes
mellitus by glucose degradation, non-enzymatic glycation
of proteins, and the subsequent oxidative degradation,
which may play an important role in the development of
complications in diabetic patients. The generation of free
radicals may lead to lipid peroxidation and formation of
severe damage in diabetes mellitus patients, 66870

The results suggest that the increase in lipid
peroxidation and the decline in antioxidant defences may
appear early in NIDDM patients, before the development
of secondary complications, and might play an important
role in the initiation and progression of diabetic
complications. Our results also suggest that there seems to
be an imbalance between plasma oxidant and antioxidant
systems in patients with NIDDM.
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