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ABSTRACT

BACKGROUND

Diabetes mellitus is a state of increased free radical activity and increased oxidative stress plays a major role in the development of
diabetic complications. The present study was conducted to find the role of oxidative stress in type 2 Diabetes Mellitus without
complications.

MATERIALS AND METHODS

The descriptive comparative study group of 150 subjects was divided into 3 groups based on glycosylated haemoglobin values, which
included type 2 diabetic patients with poor metabolic control, good metabolic control and normal age matched controls. Measured
parameters were serum malondialdehyde level as an indicator of lipid peroxidation, glycosylated haemoglobin, lipid parameters like
triglycerides and High Density Lipoprotein (HDL). Mean differences between the groups were analysed using ANOVA (Analysis Of
Variance). Correlation coefficient was calculated to find out whether there was any significant association between two variables.

RESULTS

There was significant elevation of serum MDA and Triglycerides in type 2 diabetic patients with poor metabolic control when
compared to patients with good metabolic control. Highly significant positive correlation was obtained between serum
malondialdehyde and glycosylated haemoglobin, malondialdehyde and triglyceride. Negative correlation was found between

Malondialdehyde and HDL cholesterol.

CONCLUSION

Early detection of the imbalance between oxidant and antioxidant equilibrium can prevent the risk of developing serious
complications of diabetes mellitus by supplementation of antioxidant vitamins along with anti-diabetic agents.
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BACKGROUND

India with its dubious distinction of being called “The Diabetic
Capital of World” is presently estimated to have over 40
million individuals affected by this deadly disease. Diabetes
mellitus is a state of increased free radical activity and
increased oxidative stress plays a major role in the
development of diabetic complications. A currently favoured
hypothesis is that oxidative stress through a single unifying
mechanism of superoxide production is the common
pathogenic factor underlying the development of insulin
resistance, -cell dysfunction in type 2 Diabetes mellitus! and
progression of long-term diabetic complications.

Cells continuously produce free radicals and reactive
oxygen species as part of metabolic process. Free radicals
derived from molecular oxygen are highly reactive metabolites
and are called reactive oxygen species. In the body, reactive
oxygen species cause various types of damage like lipid
peroxidation and cellular damage.
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Antioxidants are enzymes or compounds that scavenge or
reduce free radicals. Normally, a balance exists between
concentration of reactive oxygen species and antioxidant
scavenging system. Disruption of delicate balance between
pro-oxidants and antioxidants results in oxidative stress.
Diabetes mellitus is a state of increased oxidative stress based
on increased peroxidation and decreased antioxidant status.
MDA is one of the most frequently used biomarkers that
provide an indicator of the overall lipid peroxidation level and
oxidative stress.

MATERIALS AND METHODS

The descriptive comparative study, which was approved by
Institutional Ethics Committee was conducted for a period of
6 months in patients attending diabetic clinic, Medical College,
Calicut.

Selection of Subjects

3 study groups were selected. They were type Il diabetic
patients with poor metabolic control, type II diabetic patients
with good metabolic control and normal age matched control.
Based on glycosylated haemoglobin values, patients were
divided into two groups. Those patients with HbA1c values >
6.5 were assigned as poor metabolic control and those patients
with HbAic values < 6.5 were assigned as good metabolic
control. The study parameters assayed in patients with
diabetes were compared with normal age matched controls.
There were equal distribution of males and females in all the
study groups.
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Study Design
Descriptive comparative study.

Inclusion Criteria
All type II diabetic patients were of age group above 30 years.
Normal age and sex matched subjects serve as control.

Exclusion Criteria

Patients with history of smoking, alcohol consumption, acute
infections and inflammatory diseases, hepatic or renal disease,
coronary heart disease, macrovascular and microangiopathic
complications in diabetes were excluded from the study.

Sample Size
150 subjects with 50 subjects in each group. Formula for
calculating sample size as per ANOVA.
n= A/A where A is calculated from non-central chi-square
distribution table for power = 80% and
A=1% (u1-p)?
G2,
o2 =SSE where SSE= error sum of square calculated from ANOVA table

k (n-1)

(m1 -p)2 = pair wise comparison of each group

Estimation of Serum Malondialdehyde

Malondialdehyde was measured in serum by using the
thiobarbituric acid test based on Valipasha and Sadasivadu’s?
procedure; 1 mL of serum was added to 1 mL of 40%
trichloroacetic acid followed by addition of 2 mL of 0.67%
thiobarbituric acid. The mixture was kept for 10 minutes in a
boiling water bath and cooled immediately in ice cold water
bath. The mixture was centrifuged at 6000 rpm for 15 mins.
The absorbance of supernatant was read against distilled
water blank at 530 nm.

Estimation of Glycosylated Haemoglobin

Estimation of glycosylated haemoglobin was done using
glycosylated haemoglobin kit by Ion-Exchange resin method.
This method was described by Franklin Bunn.3 Haemolysate is
prepared by adding 50 pL of whole blood to 250 puL lysing
reagent followed by incubation for 5 minutes to allow
complete lysis of RBC 1 mL of haemolysate then added to Ion-
Exchange resin tube and mixed on a vortex mixer continuously
for 5 minutes. The resin was allowed to settle and the resin
separator was pushed down in the tube until the resin was
firmly packed. The supernatant was poured directly into a
cuvette and its absorbance was measured against distilled
water at 415 nm (405 - 420 nm).

Estimation of Triglycerides: GPO Trinder Method*

To 1 mL cholesterol reagent add 10 pL sample. Mix well and
incubate at 37°C for 10 minutes. Record absorbance at 505 nm
(in autoanalyser).

Estimation of HDL Cholesterol- Phosphotungstic Acid
Method

Chylomicrons, LDL and VLDL are precipitated from serum by
phosphotungstic acid. The HDL Cholesterol remains
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unaffected in the supernatant and is estimated by adding 50
uL sample to 1 mL cholesterol reagent.s

RESULTS

Data were analysed using Statistical Package for Social
Sciences (SPSS) version 14. Results were expressed as mean *
SD. Mean difference between the groups were analysed using
ANOVA (Analysis Of Variance). The p value of < 0.05 was taken
as the level of significance. In order to find out whether there
is a significant association or not between two variables,
coefficient of correlation was calculated. The correlation co-
efficient used to denote association between two continuously
measured variables is the Pearson’s correlation coefficient.
Correlation co-efficient ‘v’ tends to lie between +1.0 and -1.0. If
r is near +1, it indicates a strong positive association between
X and Y, that is when one variable increases the other variable
also increases. A value near -1.0 indicates a strong negative
association, that is when one variable increases other
decreases.

o)
~ JB-(CInE-(FIn)

p=3r g=3() F=Crf c-Txr

n is the Number of Subjects and X & Y are the two variables.

here,
W s B=X0) c=(SA

MDA (nmol/dL)
Poor Good
Metabolic | Metabolic| Normal P value
Control Control
178.9+ 81.2+ .000
ME+AN 34.82 - 15.55 ( significant)
SD 97.70+ 81.2+ 06
- 1928 | 1555 | (0
significant)
178.9+ 97.70+ .001
34.82 19.28 - (significant)
Table 1. Comparison of Serum MDA Values in Diabetics
(Poor and Good Metabolic Control) with Control Group
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Figure 1. Significant Elevation of Serum MDA in Type Il
Diabetic Patients with Poor Metabolic Control when
compared to Patients with Good Metabolic Control and
Normal Controls
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Figure 2. There was Significant Elevation of Triglycerides
in Diabetics when compared to Normal

Poor TAG mg/dL
. Good
Metabolic . Normal P value
Metabolic
Control
Control
156.14+ 77.46% .000
MEAN
+SD 42.68 - 24.57 (significant)
B 111.62+ 77.46% .000
- 37.97 24.57 (significant)
156.14+ 111.62+ .000
42.68 37.97 - (significant)
HDL dL
Poor G::fi/
Metabolic . Normal P value
Metabolic
Control
Control
MEAN | 44.02% 69.42+ .000
+SD 13.10 - 11.88 (significant)
59.54+ 69.42+ .001
- 12.60 11.88 (significant)
44,02+ 59.54+ .000
13.10 12.60 - (significant)

with Control Group

Table 2. Comparison of Triglyceride (TAG) and HDL
Values in Diabetics (Poor and Good Metabolic Control)
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Figure 3. There was Significant Elevation of Mean HDL
Values in Controls when compared to Diabetics both Poor
and Good Control
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Figure 4. Scatterplot showing the Correlation between
Malondialdehyde and Glycosylated Haemoglobin Values in
Cases. Positive correlation. Correlation coefficient, r= 0.9, p

value: 0.00 Highly Significant
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Figure 5. Scatter Plot showing the Correlation between
Malondialdehyde and Triglyceride values in Cases. Positive
correlation. Correlation coefficient r= 0.56, p value: 0.00
Highly Significant
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Figure 6. Scatter Plot showing the Correlation between
Malondialdehyde and HDL Cholesterol values in Cases.
Negative correlation. Correlation coefficient r= - 0.5,
p value: 0.00 Highly Significant
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DISCUSSION

In the present study, the mean levels of serum
malondialdehyde was significantly higher in diabetic patients
with poor metabolic control when compared to patients with
good metabolic control and normal controls (Table 1,
Figure 1). There was no significant difference in mean serum
MDA levels when diabetic patients with good metabolic
control were compared to normal controls. The level of lipid
peroxide was expressed in terms of malondialdehyde.

The increase in lipid peroxidation as reflected by a
significant increase in plasma levels of MDA in diabetes are in
accordance with the findings observed by Griesmacher et al.6
Prolonged hyperglycemia induces overproduction of free
radicals in diabetes like superoxide, which causes lipid
peroxidation and impairment of oxidant-antioxidant
equilibrium.

Elevated Level of Lipid Peroxide in Diabetes Mellitus may
be due to?

1. Increased glycation of proteins in diabetes mellitus,
which itself act as a source of free radical.

2. Imbalance between the production and scavenging of
free radicals due to deficiency of antioxidants. This will
inhibit the activity of superoxide dismutase enzyme
leading to the accumulation of superoxide radical, which
causes maximum lipid peroxidation and tissue damage
in diabetes.

3. Mitochondrial and microsomal membrane contains
large amounts of polyunsaturated fatty acids with 2, 4, 5,
6 double bonds. Due to the presence of 3 or more double
bonds, they are likely to be more sensitive for attack by
free radicals resulting in high lipid peroxidation.

Correlation analysis revealed a significant positive
correlation between glycosylated haemoglobin and serum
MDA (Figure 4). Noberasco et al® also obtained a similar
positive relation. The rise in serum MDA level with rise in
glycosylated haemoglobin level indicates that accumulation of
serum glycosylation products has predictive value over the
enhanced rate of lipid peroxidation observed in diabetic
individual. Increased oxidative stress is correlating to poor
metabolic control and to the development of Ilate
complications of diabetes.

A positive correlation was obtained between serum MDA
and triglycerides (Figure 5). A negative correlation was
obtained between serum MDA and HDL (Figure 6), both of
which were found to be statistically significant. Similar results
were observed by Griesmacher et al.6 Nacitarhan et al®
reported that hyperlipidemia is one of the causative factors for
increased production of free radicals and lipid peroxides.

Free radicals are formed disproportionately in diabetes by
glucose auto-oxidation, non-enzymatic glycation of proteins
and the subsequent oxidative degradation of glycated
proteins.! The oxidative stress may be amplified by a
continuing cycle of metabolic stress, tissue damage and cell
death leading to increased free radical production and
compromised free radical inhibitory and scavenger systems,
which further exacerbate the oxidative stress.l0 Since
oxidative stress appears at early stages of the disease before
the onset of complications, it would be the cause rather than
the consequence of complications.
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Improvement of glycemic control appears to be a
beneficial factor to control oxidative stress. Supplementations
with antioxidants play an important role in controlling
oxidative stress and mitigating long-term complications in
patients with diabetes.

CONCLUSION

1. The increased serum malondialdehyde levels in diabetic
patients with poor metabolic control depicted the
enhanced level of oxidative stress in these patients. It can
be suggested that enhanced lipid peroxidation
contributed to increased formation of free radicals.

2. Hyperlipidemia and hyperglycemia exacerbates oxidative
stress.

3. Relation exists between hyperglycemia and oxidative
stress, which could be used as prognostic marker for
course evaluation of diabetes.

The results suggest that oxidative stress may appear early
in type 2 diabetes mellitus patients before the development of
secondary complications.

It is concluded that good metabolic control of
hyperglycemia will prevent alteration in peroxidation and
lipid metabolism, which may help in good prognosis and
preventing manifestations of vascular and typical secondary
complications in diabetes mellitus. The study paves the way
for further research into the pathophysiology of oxidative
stress and the role of antioxidant therapy leading to
appropriately designed clinical trials in which the promise of
antioxidant therapy will be realised.
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