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ABSTRACT OBJECTIVE: To investigate the role of oxidative stress marker, MDA levels among type II diabetic pa-
tients with and without nephropathy, and to determine its correlation with duration and other biochemical 

parameters (FBG, HbA1C, MDA, Micro- Albuminuria ).

METHOD: Blood Glucose level was estimated by GOD- POD method, Glycosylated haemoglobin by Ion exchange 
resin method, Microalbuminuria by Pyrogallol red method (end point1 ) and MDA by colorimetric method as described 
by Ohkawa et al .

RESULTS: The present study showed significant increase in the fasting blood glucose (FBG) and glycated haemoglobin 
(HbA1C ) levels in complicated and non-complicated diabetic patients with nephropathy as compared to healthy con-
trols. The MDA levels were significantly correlated with duration of diabetes in complicated cases which was also highly 
significant.

CONCLUSION: The study concludes that diabetic patients suffer more from oxidative stress compared to healthy con-
trol. Oxidative stress is still higher in diabetic patients with nephropathy than diabetics without nephropathy.

TEXT:
Diabetic patients have increased risk of developing various 
complications that are largely irreversible and are due to 
micro-vascular (nephropathy, retinopathy, neuropathy) or 
macro-vascular diseases ( ischaemic heart disease, stroke, 
peripheral vascular disease).1  Hyperglycaemia seems to be 
an important causative factor in the development of micro 
and macro-vascular complications in patients with diabe-
tes. Diabetes mellitus is considered to be one of a kind of 
free radical diseases which propagates complications with 
increased free radical formation.2 

Potential mechanisms by which hyperglycaemia could in-
crease the formation of free radicals and lipid peroxida-
tion are3: 1) direct auto-oxidation of glucose, 2) activation 
of glycation pathways and receptor for advanced glycation 
end products (RAGE), 3) promotion of the interaction of ni-
tric oxide with superoxide anions to produce peroxynitrites 
and hydroxyl radicals, 4) activation of polyol pathway, 5) 
activation of the NADPH Oxidase 6) induction and activa-
tion of various lipoxygenase enzymes and 7) stimulation 
of Protein Kinase C (PKC) pathway. The vascular complica-
tions are subdivided into two categories viz. micro-vascular 
and macro-vascular. The non-vascular complications in-
clude cataract, glaucoma etc.4 

Enhanced oxidative stress in diabetes type 2, further, has 
a variety of important effects in atherogenesis, includ-
ing lipoprotein oxidation, particularly LDL oxidation. Lipid 
peroxidation of polyunsaturated fatty acids (PUFA), one of 
the free radical reactions in vivo, can adequately reflect 
increased oxidative stress in diabetes.1 Increased lipid 
peroxidation damages membrane function by decreas-
ing membrane fluidity and changing the activity of mem-

brane-bound enzymes and receptors.5 Malondialdehyde 
(MDA) is a stable end product of lipid peroxidation.6 It is 
a three carbon aldehyde that can exist in various forms in 
an aqueous solution. Serum MDA has been used as a bio-
marker of lipid peroxidation and has served as an indicator 
of free radical damage.7

Diabetic nephropathy is the most common cause of end-
stage renal disease. If untreated, 80% of people who have 
type-1 diabetes and microalbuminuria will progress to 
overt nephropathy (i.e. proteinuria characterized by > 300 
mg albumin excreted daily), whereas only 20-40% of those 
with type 2 diabetes will progress over a period of 15 
years. Diabetic nephropathy has several distinct phases of 
development. Kovas GL. (2009), concluded that functional 
changes occur in the nephron at the level of glomerulus, 
including podocyte foot process effacement, decrease in 
podocyte number, thickening of the glomerular basement 
membrane and mesangial expansion, all occur with the 
early changes.8

Material and method
Subjects included for the study were categorised into 
2 groups. Hundred age-matched healthy controls were 
taken (with respect to Type II Diabetics) in group 1. Total 
100 type-II diabetic patients were included in group 2 and 
further divided into two sub groups, fifty non-complicated 
Type-II diabetic patients in subgroup 2A and 50 complicat-
ed Type-II diabetic patients, with nephropathy as a compli-
cation, in subgroup 2B as shown in figure:1.

Blood Glucose was estimated by GOD- POD method9, 
Glycosylated haemoglobin by Ion exchange resin meth-
od10, Microalbuminuria by Pyrogallol red method (end 
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point)11 and MDA by method of Ohkawa et al12. Since 
MDA is not stable, MDA standard was prepared from 
1,1,3,3 -Tetramethoxypropane (TMOP). It was hydrolyzed 
during the acid incubation step at 450C, which generated 
MDA. To each test tube, 0.5 ml of plasma, 0.5 ml of nor-
mal saline, 1ml of 20% Trichloroacetic acid (TCA) and 0.25 
ml of TBA reagent (200 mg of Thiobarbituric acid in 30 ml 
distilled water and 30 ml of Acetic acid) were added. The 
test tubes were boiled at 950C for 1 hour. To each of the 
test tubes 3 ml of n- Butanol was added and mixed well. 
The tubes were centrifuged at 3000 rpm for 10 minutes. 
The separated Butanol layer was collected and read in a 
colorimeter against reagent blank at 540 nm. The MDA 
concentration was expressed in terms of µmol/L.

Statistical analysis
Statistical analysis was performed using the SPSS computer 
program version 16.0. Pearson correlation coefficient (r) 
between the parameters of complicated and  non-compli-
cated type II diabetes  was used to assess the correlation 
between MDA and other risk factors as shown in Table:1 
and Table:2. Student’s t test was performed, to compare 
the mean between different groups. All analyses were un-
dertaken using α < 0.05 (two-tailed) as the significant sta-
tistical standard.

Result:
Biochemical characteristics and duration of type 2 diabetic 
patients and healthy control groups are shown in Table 1. 
FBG and MDA levels were significantly higher (p<0.001) in 
complicated cases as compared to non-complicated cases 
figure: 2. The serum MDA levels were significantly correlat-
ed (P< 0.05) with duration of diabetes in complicated cas-
es (r =0.959) ** which was also highly significant (p<0.001).

Discussion:
The present study showed significant increase in the fast-
ing blood glucose (FBG), glycated haemoglobin  (HbA1c ) 
and Malondialdehyde (MDA) levels in noncomplicated and 
complicated diabetics with nephropathy as compared to 
healthy controls. The microalbuminuria levels were also sig-
nificantly higher in complicated diabetics with nephropathy 
as compared to noncomplicated cases. The present study 
is in agreement with the various authors in their studies 
like Bhatia S et al,13 Apakkan AS et al14 and Kornelia Z et 
al 15 who have all shown the significant higher levels of 
MDA in complicated diabetes with nephropathy and non-
complicated diabetes as compared to healthy controls. 
MDA levels have also been reported to be elevated in 
other complications of diabetics like neuropathy, retinopa-
thy, coronary heart disease, hypertension etc., by various 
authors like Sawant MJ et al16, Vivian ST et at17, Mahreen 
et al6 , Suvarna P et al18 and Mandal B et al 19 .

Further detailed analysis of the data revealed that the 
Pearson’s correlation coefficient increased from non-com-
plicated to complicated diabetes as far as HbA1C, MDA 
and Microalbuminuria were concerned. The same held true 
for the disease duration. Therefore the present study has 
shown that the MDA level is also increased with duration 
of diabetes which is also observed in the studies of vari-
ous authors like Nakhjavani M et al,20 Vivian ST et al,17  and 
Bhutia et al.13

Conclusion:
The study concludes that diabetic patients suffer more 
from oxidative stress as compared to healthy controls. 
Oxidative stress is still higher in diabetic patients with ne-
phropathy than diabetics without nephropathy.

Table: 1
Biochemical characteristics and duration of type 2 diabetic 
patients and healthy control groups. The values are shown 
as Mean± Standard deviation.

GROUP
CONTROL

(n=100)

COMPLICATED

(n-50)

NON-COM-
PLICATED

(n=50)

P –
VALUE

(n=50)

AGE
43.32±13.20

58.02± 10.80
52.00±11.25

<0.001

FBG
79.40±6.97

198.78± 68.41
178.03±71.77

<0.001

HbA1C

4.73±0.44
8.36±1.27

7.05±0.40
<0.001

MDA
1.23±0.25

4.49±1.27
2.35±0.23

<0.001

MICRO 

albuminuria
- 766.87±694.24

19.78±5.09
<0.001

DURATION - 8.96±5.38
1.85±1.63

<0.001

 
Table:2 
Pearson correlation (r) between the parameters of  non-
complicated diabetes.

Age FBG HbA1C MDA

Mi-
cro-

albu-
minu-
ria

Dura-
tion

FBG
(r) -0.01

1
0.23 0.26 0.31* 0.04

Sig.
(2-tailed) 0.97 0.10 0.07 0.03 0.80

HbA1C

(r) 0.10 0.23
1

0.90** 0.78** 0.88**

Sig.
(2-tailed) 0.47 0.10 0.00 0.00 0.00

MDA
         (r) 0.23 0.26 0.90**

1
0.69** 0.83**

Sig.
(2-tailed) 0.11 0.07 0.00 0.00 0.00

Mi-
cro-

albu-
minu-
ria 

(r) 0.14 0.31* 0.78** 0.69**

1

0.71**

  Sig.
(2-tailed) 0.32 0.01 0.00 0.00 0.00

Dura-
tion

(r) 0.06 0.04 0.88** 0.83** 0.71**

1Sig.
(2-tailed) 0.70 0.80 0.00 0.00 0.00

Table: 3
Pearson correlation between the parameters of type II dia-
betic nephropathy

Age FBG HbA1C MDA

Micro-

albu-
minu-
ria

Dura-
tion

FBG
(r) -0.22

1
-0.02 0.05 -0.04 0.02

Sig. 
(2-tailed) 0.13 0.89 0.74 0.77 0.88

HbA1C

       (r) 0.21 -0.02
1

0.93** 0.96** 0.97**

Sig. 
(2-tailed) 0.14 0.89 0.00 0.00 0.00

MDA
      ( r) 0.14 0.05 0.93**

1
0.95** 0.96**

Sig. 
(2-tailed) 0.33 0.74 0.00 0.00 0.00
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Micro-

Albu-
minu-
ria

(r) 0.22 -0.04 0.96** 0.95**

1

0.95**

Sig. 
(2-tailed) 0.13 0.77 0.00 0.00 0.00

Dura-
tion

(r) 0.18 0.02 0.97** 0.96** 0.95** 1

Sig. 
(2-tailed) 0.22 0.88 0.00 0.00 0.00

 **. Correlation is significant at the 0.01 level (2-tailed).

 
Figure 1: Number of cases and controls.

Figure 2: MDA levels in complicated and non-complicat-
ed cases with respect to controls.

References:
1. Jakus V. The role of free radicals, oxidative stress and antioxidant sys-

tems in diabetic vascular disease. Bratisl Lek Listy 2000; 101(10): 541-51.

2. Soliman GZA. Blood lipid peroxidation (Superoxide dismutase, malon-

dialdehyde, glutathione) levels in Egyptian type 2 diabetic patients. Sin-

gapore Med J 2008; 49 (2): 129-36.

3. Huerta MJ, Nadler JL. Oxidative stress, inflammation and diabetic com-

plication. In LeRoith D, Taylor SI, Olefsky JM, editors. Diabetes mellitus: 

A fundamental and clinical text 3rd edition. Philadelphia: Lipincott Wil-

liams and Wilkins; 2004: p. 1486-1501.

4. Singh PP, Mahadi F, Roy A and Sharma P. Reactive oxygen species, re-

active nitrogen species and oxidants in etiopathogenesis of Diabetes 

Mellitus Type-2. Indian journal of clinical biochemistry 2009; 24 (4): 324-

42.

5. Marjani A. Lipid peroxidation alteration in type 2 diabetic patients. Paki-

stan Journal of Biological Sciences 2010; 13(15): 723-30.

6. Mahreen R. Mohsin M, Nashreen Z, Siraj M, Ishaq M. Significantly in-

creased levels of serum malondialdehyde in type 2 diabetics with myo-

cardial infarction. Int J Diab Ctries 2010; 30: 49-51.

7. Surapon T, Praparporn P, Orathai T, Viruch S. Serum levels of malondial-

dehyde in type 2 diabetes mellitus Thai subjects. Siriraj Medical Journal 

2009; 61: 20-23.

8. Kovacs GL. Diabetic nephropathy. The journal of the international fed-

eration of clinical chemistry and laboratory medicine 2009; 20: 40-52.

9. Trinder P. Determination of glucose in blood using glucose oxidase with 

an alternative oxygen acceptor. Ann Clin Biochem 1969; 6: 24-7.

10. Trivelli, Liliana A, Helen M, Ranney, Hong Tien L. Hemoglobin compo-

nents in patients with diabetes mellitus. N Eng J med 1971; 284: 353-7.

11. Fujita Y. Color reaction between pyrogallol red-molybdenum (VI) com-

plex and protein. Buneski Kakagu 1983; 32: E379-86.

12. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues 

by thiobarbituric acid reaction. Anal Biochem 1979; 95: 351-8.

13. Bhatia S, Shukla R, Venkata Madhu S, Kaur Gambhir J, Madhava Prabhu 

K. Antioxidant ststus, lipid peroxidation and nitric oxide endproducts 

in patients of type 2 diabetes mellitus with nephropathy. Clin Biochem 

2003; 36(7): 557-62.

14. Apakkan Aksun S, Ozmen B, Parildar Z, Senol B, Habif S, Mutaf  I et al. 

Serum and urinary nitric oxide in type-2 diabetes with or without micro-

albuminuria: relation to glomerular hyperfilteration. J diabetes complica-

tion 2003; 17(6): 343-8.

15. Kornelia Z, Kornatowska K, Luciak M, Blaszczyk J, Pawalak W. Lipid 

peroxidation and activities of antioxidant enzymes in erythrocytes of 

patients with non-insulin dependent diabetes with or without diabetic 

nephropathy. Nephrol Diab Transplant 1998; 13: 2829-32.

16. Sawant MJ, Vhora U, Moulick ND. Association of poor glycemic control 

with increased lipid peroxidation and reduced antioxidant vitamins sta-

tus in diabetic neuropathy. The internet journal of endocrinology 2007; 

3: 1540-2602.

17. Vivian ST, Jayprakash Murty DSK, Dattatreya, Suresh Babu P, Smilee 

Johncy S. Impaired antioxidant defense mechanism in diabetic retinopa-

thy. Journal of clinical and diagnostic research 2010; 4: 3430-36.

18. Prasad S. Sinha AK. Free radical activity in hypertensive type2 diabetic 

patients. International Journal of Diabetes Mellitus 2010; 2: 141-3.

19. Mandal B, Bandyopadhyay R, Chakraborty S, Bandyopadhyay TK. Asses-

ment of oxidative stress in patients of diabetes mellitus with and with-

out complications. JIACM 2010; 11(1):20-5.

20. Nakhjavani M, Esteghamati A, Nowroozi S, Asgarani F, Rashidi A, Khal-

ilzadeh. Type 2 diabetes mellitus duration: an independent predictor of 

serum malondialdehyde levels. Singapore Med J 2010; 51(7): 582-6.


