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Abstract:

Objectives: The aim of this study is to investigate some oxidative stress related parameters in
type 2 diabetes mellitus (T2DM) and to determine the effect of glycemic control on these
parameters.

Methods: Serum lipid peroxidation product (MDA) and glucose levels and the activity of
superoxide dismutase(SOD), catalase(cat) and HbAic ratio in erythrocytes were assessed. In
addition serum levels of copper, zinc and iron were also measured using flame atomic
absorption spectrophotometer

Results: Erythrocyte -SOD and CAT activities and serum zinc level in type 2 DM(T2DM)
were significantly lower than those of the control subjects (p < 0.001). MDA level in
type2DM was significantly higher than the control subjects (p < 0.001). During poor glycemic
control ,on the other hand, serum copper showed no significant differences . A statistically
negative correlation (p < 0.01) was found between MDA generation and SOD, CAT and
serum zinc and a significant positive correlation with serum copper and glucose. Serum iron
showed no significant positive correlation with MDA in T2DM patients .A statistically
negative correlation (p<0.01) was found between HbAic with SOD, CAT and serum zinc. A
statistically positive correlation was found between HbAic with MDA, serum copper and
glucose (p< 0.01).

Conclusion: There is an association between oxidative stress and metabolic control in
diabetic patients.
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Introduction:

There is substantial interest in blood glucose concentrations because of glucose
reaction, depending on blood glucose concentrations with amino groups of plasma and tissue
proteins(Amadori reaction) to form glycated proteins.[1] These glycated proteins gradually
transform nonenzymatically into advanced glycation end products and to result in altered
protein function of the affected molecules[2] Research on blood glucose concentrations was
facilitated by the identification of glycated hemoglobin (HbAlc ) as a biomarker of long-term
glucose homeostasis that reflects blood glucose concentrations over the previous 6 to 8 weeks
[3]. In epidemiologic studies, this biomarker has the advantage that a single assessment of Hb
Alc 1is suitable to classify individuals according to their long-term blood glucose
concentrations [4].

Oxidative stress resulting from increased production of ROS (or their inadequate removal)
plays a key role in the pathogenesis of late diabetic complications [5] [6].

In uncontrolled diabetes, the level of superoxide dismutase, the enzyme responsible for
inactivating the superoxide radical, which degrades to hydrogen peroxide, which is then
converted to H;O and O, by other enzymes (CAT and GPx) [7]. There is also some evidence
suggesting that a deficiency in erythrocyte catalase, an enzyme responsible for the removal of
H,0,, is associated with increased frequency of diabetes [8] .The aim of this study was to
evaluate lipoperoxidation and plasma antioxidant status in patients with poorly controlled
type 2 diabetes mellitus

Materials and methods:

Subjects:
This study was conducted on 100 (50 male and 50 female) type 2 diabetes mellitus

patients aged between 37 and 65 years old, who were attending private clinics for proper
follow up and treatment. The present study was carried out during the period from January
20009 till the end of july 2009.



In addition, 110 healthy subjects (59 males and 51 females) aged between 35 and 67 years
old were randomly selected as control group. None of these healthy subjects had infection nor
any acute or chronic disease state.

The aims of the tests were explained to the participants/ their families, and an informed
consent was obtained before enrollment in the study.

Methods:

About 7 ml venous blood samples were obtained from all patients and control
subjects. About 3 ml was added to EDTA anticoagulant tubes for antioxidant enzymes in
erythrocytes( superoxide dismutase and catalase ) and glycosylated Hb . The reminder was
allowed to clot in a clean plain tube for 20-30 minutes at room temperature. The serum was
recovered by centrifugation and divided into 2 parts; the first part of serum was transferred
into plain tubes which was used for measuring malondialdehyde (MDA) and glucose within
1-3 hours. The rest of serum was transferred into another plastic plain tube for measuring
copper, zinc and iron. The tubes were stored at -20°C until analysis.

Biochemical parameters:

Lipid peroxidation product (MDA) in serum was measured by the method of Guidet
and Shah (1989) by using Randox kit . Under the acid and heating condition of the reaction,
the peroxides break down to form MDA, which complexes with thiobarbituric acid (TBA) to
form a colored red compound that can be measured spectrophotometerically at 535 nm.

The superoxide dismutase activity in erythrocytes was carried out by the method of
Winterbourn et al (1975) [9]. It depends on the ability of SOD enzymes to inhibit the
reduction of nitro blue tetrazolium (NBT) by superoxide, which is generated by the reaction
of photo reduced riboflavin and oxygen. SOD activity was expressed in unit per gram
hemoglobin.

The activity of catalase in erythrocytes was carried out by the method of Aibe (1974)
[10], which is based on determination of the rate constant (S, k) of the hydrogen peroxide
decomposition rate. Serum glucose was carried out by the method of Trinder, 1969 by using
biolabo kit and HbAic was using HPLC [11]

Serum copper, zinc and iron were measured using flame atomic absorption
spectrophotometer ( Pye-Unicam series 2900 ) by direct aspiration of the serum after being
diluted with deionized water (1/10) [12].

Statistical analysis

All results were expressed as mean + SD. The differences between variables were analyzed
statistically by student t - test while the correlation between the data was tested statistically by simple
linear regression test by using computer SPSS program. The level for significance was p<0.05.

Results

The biochemical characteristics which were investigated in this study for diabetic patients
and control groups are presented in Table-1. The serum levels of MDA, glucose and copper as
well as erythrocyte HbAic were higher in diabetic patients compared with the control group.
The differences were statistically significant (p<0.001). The same table shows that
erythrocytes SOD, CAT activities and serum zinc were significantly lower in diabetic patients
compared with the control group (p< 0.001)



Table 1: Basic biochemical characteristics in all study groups

Parameters

S.MDA umole/L

Control
n=110

0.738 £0.078

1.013+£0.15

Erythrocytes SOD
U/g Hb

1442 + 257

1066 = 230

Erythrocytes CAT
U/g Hb

309 +37.6

240 141

S. Fe pg/dl

105.03 £11.28

107.89£11.3

S. Cu pg/d

102.7+ 13.03

118.19£11.73

S. Zn pg/dl

95.03+ 9.42

82.86 £ 13.12

HbAlc Mol%

4.2+0.86

8.7+£1.59

S. glucose

95.7+12.6

188.7+ 48.6

mgqg/dl

Values were expressed as mean + SD.
""" significant differences between patients and control groups are (p<0.01 ,p<0.001) respectively.

In T2DM patients with good metabolic control were those in whom HbAic level was < 8 %
while poor metabolic control HbAic > 8 % (lkeda et al 1991) as in Table 2. Patients with poor
metabolic control were characterized by significantly high serum MDA, copper and glucose (p <
0.001).

On the other hand, Erythrocytes SOD and CAT activities and serum zinc levels were significantly
lower in diabetic patients with poor metabolic control group as compared with good metabolic control
diabetic patients (p< 0.001). Moreover, the same table shows there was no significant differences in
serum iron levels in two groups (p>0.05).

Table 2: Biochemical parameters in NIDDM patients with respect to metabolic control

parameters HbA1c%

No.

S.MDA pumole/L
Erythrocytes SOD U/gHb

Erythrocytes CAT U/gHb
S. Fe pg/dl
S. Cu pg/dl

S. Zn pg/dl

0.94+0.18
1210 + 152

250+ 38.6
112.2+15.5
115.749.58

05+8.94
156.2+25.6

1.16 £ 0.21
946+ 220

208+40.2
106+ 11.4
128.6£9.8

73.0+ 8.55
233+ 35.6

S. glucose mg/dl

Values were expressed as mean + SD .

The correlation between MDA with SOD, CAT, iron, copper, zinc, glucose and metabolic
control in T2DM patients and control subjects were presented in Table 3.



A statistically negative correlation (p < 0.01) was found between MDA and SOD, CAT
and serum zinc while a significant positive correlation with serum copper, glucose and
metabolic control. Serum iron showed no significant correlation with MDA in T2DM patients.

Table 3: Correlation between MDA and biochemical parameters in type 2 diabetes mellitus patients and
control subjects

|__Parameters | T2DM | Confrol

Fe
Cu
Ag
Glucose
HbA1C

Valuesare expressed as correlation Coefficient ().
" correlation is significant at p<0.01 .

The correlation between metabolic control and biochemical parameters, (SOD, CAT,
iron, copper, zinc, glucose) in T2DM and control groups were presented in Table 4.
A statistically negative correlation (p0<0.01) was found between HbAic and erythrocyte
SOD, CAT and serum zinc.
A statistically positive correlation was found between HbAic and serum MDA, copper
and glucose (p< 0.01).

Table 4: Correlation between HbA1c and biochemical parameters in T2DM and control subjects

__Parameters | _T2DM __Control _|

0.710"
-0.713"
-0.610"
0.125
0.568"
-0.775"
Glucose 0.784™

Values expressed as correlation coefficient (1 ).
™ correlation is significant at p< 0.05 and p< 0.01 respectively.

Discussion:

Metabolic disturbances and oxidative stress seem to be tightly related, an improved
glycemic control being associated with a lowering of proxidant status [13].

The present study showed a high level of MDA in poor metabolic control patients as
compared with good metabolic control diabetic patients. This was demonstrated by other
studies [14]-[16]. This change could be attributed to increase free radical production, a



phenomenon probably occurred either because of enhanced glycosylation or impaired cellular
antioxidant protective systems. This is supported by the highly significant positive correlation
between MDA levels and HbAic in diabetic patients in the study. This finding is consistent
with the observations of other workers [14]-[17], while other study showed no correlation
[18].

The present study also confirms that diabetic patients exhibit an increased oxidative
stress as assessed by serum MDA. Increased oxidative stress in diabetic patients appears to be
related to the underlying metabolic abnormalities in diabetes, rather than to the complication
of this disease.

This study has illustrated a significant lower of CAT activity in diabetic patient with
poor metabolic control than diabetic patients with good metabolic control. This is consistent
other studies [15] [16] [19]. This could be explained that poor glycemic control in diabetes is
strongly associated with an increase in free radicals. Uncontrolled glucose metabolism may
also be the cause of alteration in antioxidant enzymes [19]. This is confirmed by a significant
negative correlation of catalase activity with metabolic control. This is consistent with the
study of Sozmen et al., (1999)[19]. Also this could be supported by the finding a significant
negative correlation between MDA level and CAT activity which was obtained in our study.
This is similar with the finding of Kesavulu et al., (2001) [20].

In the current study, the effect of metabolic control on serum zinc levels showed a
significant decrease in diabetic patients with poor metabolic control as compared with a good
metabolic control . This finding was also reported by several other studies [21] [22] and was
not similar with the study of Zargar et al. (2002) [23]. These observations could be explained
that metabolic control is responsible for excretion of zinc and disturbance of carbohydrates
metabolism [24].

This finding is further confirmed by the significant negative correlation obtained between
serum zinc level and metabolic control. This is in agreement with finding of several studies
[21] [22]

In regards to metabolic control, serum copper have shown increases in patients with poor
metabolic control as compared with the good metabolic control. This could be explained due
to effect of metabolic control in regulation of glucose metabolism. In contrast to this study
finding, other has not observed alteration [23]. Also, in this study there was a significant
positive correlation between HbAic and Cu levels. This finding confirms that serum Cu levels
alter with poor metabolic control.

This study also has revealed a significant positive correlation of serum copper with the
production of MDA, and serum copper had a significant negative correlation with SOD
activity. These findings further confirm that alteration of serum copper levels is due to
oxidant/antioxidant imbalance in diabetic patients in this study. From this study, it could be
concluded that there is an association between oxidative stress and metabolic control in
diabetic patients.
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