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ABSTRACT 

 

High glucose level in diabetic mellitus can lead to free radical production causing oxidative stress. 
The present study has been undertaken to study the oxidative stress by measuring the antioxidant 

levels in diabetes mellitus patients. The level of malondialdehyde (MDA), ischemia modified albumin 

(IMA), ascorbic acid and vitamin E concentration in serum of normal and diabetic subjects of 

Chhattisgarh has been studied. A total of 125 diabetic and normal healthy subjects both male and 
female ranging in the age group 30-65 years were included in this study. The concentration of vitamin 

E, MDA, IMA and ascorbate in the serum of diabetic subjects was quantitatively determined and 

compared with that of normal control subjects. Student’s t test was used to evaluate the significant of 
differences between the parameters measured. The concentration of MDA and IMA increased 

significantly in diabetic patients as compared to normal control subjects. The ascorbate content of 

diabetic subjects significantly declined as compared to that of control subjects. Also, the level of the 
vitamin E declined about 40-50% in diabetic subjects of both the sexes compared to control subjects. 

The increased level of oxidative stress biomarkers such as MDA and IMA in diabetic patients 

accompanied with decreased level of non enzymatic antioxidants such ascorbic acid and vitamin E as 

observed in the present work could cause complications in patients leading to oxidative damage to 
proteins, lipid and nucleic acids. 

 

Keywords: antioxidants, diabetes mellitus, oxidative stress, malondialdehyde, ascorbic acid.  
 

INTRODUCTION 

Diabetes mellitus (DM) represents a 

group of chronic diseases characterized by 

high levels of glucose in the blood that 

results from defects in insulin production, 

insulin action, or both. Symptoms of marked 

hyperglycemia include polyuria, polydipsia, 

weight loss, sometimes with polyphagia, 

and blurred vision. Impairment of growth 

and susceptibility to certain infections may 

also accompany chronic hyperglycemia. 

Acute, life-threatening consequences of 

uncontrolled diabetes are hyperglycemia 

with ketoacidosis or the nonketotic 

hyperosmolar syndrome. 
[1]

 Patients with 

diabetes show an increased incidence of 

atherosclerotic cardiovascular, peripheral 

arterial, cerebrovascular disease, 

hypertension and abnormalities of 

lipoprotein metabolism. 
[2]

 As per estimate 

of the International Diabetes Federation 

(IDF), the total number of people in India 

with diabetes which was around 50.8 

million in 2010 would be 87.0 million by 

2030. 
[3]

 

Oxidative stress plays a major role in 

cellular injury from hyperglycemia. High 

glucose level can lead to free radical 

production. Weak defence system of the 

body becomes unable to counteract the 

enhanced ROS generation and as a result 

condition of imbalance between ROS and 
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their protection occurs which leads to 

domination of the condition of oxidative 

stress.
 [4]

 Oxidative stress is defined as a 

state in which oxidation exceeds the 

capacity of antioxidant systems in the body 

secondary to a loss of the balance between 

them. It not only causes hazardous events 

such as lipid peroxidation and oxidative 

DNA damage, but also physiologic 

adaptation phenomena and regulation of 

intracellular signal transduction. 
[5]

 Studies 

have demonstrated that hyperglycemia-

induced oxidative stress led to the activation 

of mitogen-activated protein kinase 

(MAPK), which may have contributed to 

neuronal pathogenesis. 
[6, 7]

 

Increased oxidative stress as well as 

reduction in antioxidant capacity could be 

related to the complications in patients with 

diabetes such as oxidative DNA damage and 

insulin resistance. Due to decrease in 

antioxidant potential of plasma, 

complications of diabetes increase which 

include cardiovascular disease, nerve 

damage, blindness, and nephropathy. Thus, 

the increasing incidence of diabetes is a 

significant health concern beyond the 

disease itself. 
[8]

 

Oxidative stress alters major 

biomolecules in the cell and status of 

plasma antioxidant potential during Type2 

DM. These include lipid peroxidation, 

protein oxidation, glutathione level, 

superoxide dismutase and catalase effects. 

Out of all these processes, lipid peroxidation 

is one of the highly toxic mechanisms of 

generating ROS. Assessment of the extent 

of oxidative stress using biomarkers is 

interesting from a clinical standpoint. The 

markers found in blood, urine, and other 

biological fluids may provide information of 

diagnostic value. 
[9]

 

Taking into consideration the above 

points, the present study has been 

undertaken to determine the oxidative stress 

by measuring the antioxidant levels in 

diabetes mellitus patients. The level 

malondialdehyde (MDA), ischemia 

modified albumin (IMA), ascorbic acid and 

vitamin E concentration in serum of normal 

and diabetic subjects of Chhattisgarh has 

been studied.  

 

MATERIALS AND METHODS 

Place of study  

The present study was carried out in 

Department of Biochemistry, Pt. J.N.M. 

Medical College, Raipur and approved by 

the ethical committee. The purpose of study 

was clearly explained to every patient 

before enrolling them. 

 

Study population 

A total of 65 patients who were 

diagnosed for DM 2 reporting to Dr. B.R 

Ambedkar Hospital for their regular blood 

sugar tests were recruited for the study. 

They had post prandial blood glucose levels 

of more than 140mg/dL. Another 60 

volunteers were recruited from healthy 

blood donors and the ones who came for 

medical fitness tests. Pregnant ladies, cancer 

patients and patients taking antioxidant 

supplements were excluded from the study.  

 

The patients 

The study subjects included both 

male and female sexes of various age 

groups ranging from 30 to 65 years age 

group. In total an average of 125 patients 

were studied. The personal information, 

physical characteristics, habits and other 

relevant information of the patients were 

obtained.  

 

Collection of samples 

Blood sample was collected by 

expert technicians of clinical biochemistry 

sample collection laboratory of Dr. B. R. 

Ambedkar Memorial Hospital (BRAMH), 

5.0 ml of venous blood was drawn in 

vacutainers and allowed to clot at room 

temperature for 20 min, centrifuged at 3000 

rpm for 10 minutes and the sera was then 

divided into aliquots and stored frozen at (-

20
o
 C) for determination of vitamin E and 

lipid perooxidation product MDA and IMA. 

The rest of the blood was collected in 

EDTA vacutainer, centrifuged and plasma 
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was kept in aliquots at -20
o
 C for 

determination of ascorbic acid. 

Biochemical estimation 

Lipid peroxidation product MDA 

was estimated by method of Cynamon et al. 
[10]

 Vitamin C was estimated by 2, 4 dinitro 

phenyl hydrazine (DNPH) method 

according to Omaye et al. 
[11]

 The albumin 

Cobalt-Binding Test was used to detect 

IMA. 
[12]

 Vitamin E determination was done 

by the method based on the principle of 

reduction of ferric to ferrous ions, which can 

then form a red complex with α-α’ 

dipyridyl. 
[13]

 

Statistical analysis 

The data presented in this study is 

the mean of three independent 

measurements taken at different times. The 

standard deviation (SD) was calculated 

using MS Excel and the data were presented 

as mean ± SD. Student’s t test was used to 

evaluate the significant of differences 

between the parameters measured. 

 

RESULTS  

The physical characteristics of 

healthy control and diabetic subjects have 

been shown in table 1. Out of total 125 

subjects 65 were diabetic and 60 were 

normal age and sex matched controls 

Overall the study group comprised of 34 

females (52%), 31 males (47%) and the 

control group comprises of 35 (58.33%) 

females and 25 (41.66%) males. The 

participants were between 30 and 65 years 

with a mean of 45.75 years of age. The 

mean BMI of control and diabetic subjects 

were measured as 24.89 and 27.81 Kg/m
2
 

respectively. 

 
Table 1: Physical characteristics of control and diabetic 

subjects. 

Characteristics/parameters Control  Case  

 Mean  

(±SD) 

Mean  

(±SD) 

Average age (years) 46.21 (±2.32) 52.6 (±5.29) 

Height (m) 1.59 (±0.93) 1.59 (±0.025) 

Weight (Kg) 62.49 (±3.68) 70.45 (±6.25) 

BMI (Kg/m
2
) 24.89 (±3.4) 27.81 (±5.21) 

The mean serum MDA 

concentration of control male and female 

subjects was determined as 202.64 and 

217.48 nmol/100 ml where as in case of the 

male and female belonging to DM 2 

individuals the mean MDA content were 

281.049 and 266.820 nmol/100ml 

respectively. An increase of 39% in MDA 

content of diabetic male was observed as 

compared to the control males where as in 

diabetic female the increase was only 22% 

as compared to the control females.  

The mean IMA content of males and 

females of control subjects was 0.42 and 

0.34 absorbance units; while the mean 

concentrations of IMA in diabetic male and 

female subjects were calculate to be 0.61 

and 0.46 absorbance units respectively. The 

IMA content of both male and diabetic 

subjects increased significantly compared to 

that of control subjects of respective sex. 

IMA content in male diabetic subjects 

increased by 45% where as in female 

subjects the IMA content increased about 

35% over the control females.  

The mean ascorbic acid content of 

control male and female subjects were 3.2 

and 2.8 mg/dl respectively where as 

ascorbate content of diabetic male and 

female subjects noticed to be 0.84 and 0.911 

mg/dl respectively. The ascorbate content of 

both male and female diabetic subjects 

significantly declined as compared to that of 

control male and female subjects.  

Vitamin E concentration in control 

male and female subjects was estimated as 

13.87 and 15.51 mg/l respectively. In 

diabetic male and female subjects the 

content of Vitamin E was measured as 9.27 

and 11.09 mg/l. The level of the vitamin E 

declined about 40-50% in diabetic subjects 

of both the sexes compared to control 

subjects.  

The content of MDA, IMA, ascorbic 

acid and Vitamin E in control and diabetic 

subjects has been summarised in table 2.  
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Table 2: MDA and IMA, ascorbaic acid and vitamin E content in male and female subjects of control and diabetic subjects.  

Parameters Control Case P value  

Male 

Mean  

(±SD) 

Female 

Mean  

(±SD) 

Male 

Mean 

 (±SD) 

Female 

Mean  

(±SD) 

Male Female 

Postprandial sugar (mg/dl) 112.52 

(±4.89) 

110.25 

(±4.05) 

246.87 

(±8.52) 

224.27 

(±7.56) 

- - 

MDA (nmol/100 ml) 202.64 

(±13.21) 

217.48 

(±10.54) 

281.049 

 (±7.26) 

266.820 

(±8.46) 

<0.005 <0.005 

IMA (absorbance units) 0.42 

(±0.013) 

0.34 

(±0.021) 

0.61 

(±0.09) 

0.46 

(±0.021) 

<0.05 <0.005 

Ascorbic acid (mg/dl) 3.20 

(±0.241) 

2.80 

(±0.316) 

0.84 

(±0.024) 

0.911 

 (0.018) 

<0.005 <0.05 

Vitamin E (mg/l) 13.87 

(±2.05) 

15.51 

(±4.36) 

9.27 

(±2.12) 

11.09 

(±3.14) 

<0.05 <0.05 

‘P’ value <0.05 indicates significance difference between case and control. 

 

DISCUSSION 

Diabetes mellitus is characterized by 

hyperglycemia resulting from defects in 

insulin secretion and insulin action or both. 

Hyperglycaemic condition is known to 

generate ROS, which in turn cause damage 

to the cells in many ways that leads to 

secondary complications in diabetes 

mellitus.
 [14]

 The lipid peroxidation product, 

MDA has been recognized as a primary 

biomarker of free radical mediated lipid 

damage and oxidative stress. 
[15]

 In the 

present study, the MDA levels have been 

measured in diabetic and healthy control 

subjects. Higher level of MDA in diabetic 

subjects observed in this study could be 

attributed to higher ROS. 

The study shows that, there is 

significant elevation in MDA concentration 

of diabetic subjects compared to that of 

control healthy individuals. Increased MDA 

level in plasma, serum, and many others 

tissues have been reported in diabetic 

patients. 
[16]

 Increased level of MDA in 

diabetics suggests that peroxidative injury 

may be involved in the development of 

diabetic complications. The increase in lipid 

peroxidation is also an indication of decline 

in defense mechanisms of enzymatic and 

non-enzymatic antioxidants. 
[17]

 In the 

present study, we have observed significant 

decreases in the activity of non-enzymatic 

antioxidants vitamin E and ascorbic acid in 

diabetic subjects as compared with controls. 

Vitamin E acts as lipid peroxidation chain 

breaking antioxidant as well as quenches the 

free radicals. Vitamin C reacts directly with 

superoxide and hydroxyl ions and acts 

synergistically with vitamin E as chain 

breaking antioxidant by regenerating the 

reduced form of vitamin E from tocoperoxy 

radical.  

Clinical studies have reported that 

significantly higher lipid peroxidation is 

associated with high glucose levels as 

observed by the fasting glucose and HbA1c 

levels. 
[16]

 The plasma antioxidant level is 

significantly lower in diabetic subjects with 

poor glycaemic control than healthy 

subjects, while patients with good 

glycaemic control had plasma antioxidative 

values similar to controls. Another study has 

reported significant reduction in biological 

antioxidant potential in sciatic nerve 

homogenates of diabetic animals. 
[18]

 Thus, 

oxidative stress event in diabetics coexists 

with a decrease in the antioxidant status that 

also has been observed in the present work 

could further increase the deleterious effect 

of free radicals in type 2 DM patients.  

Ischemia-modified albumin (IMA) is 

a promising biomarker for evaluating 

patients with ischemic events. Some 

previous studies have reported that 

compared to healthy controls, patients with 

type 2 diabetes and chronic microvascular 

complications have higher serum levels of 

IMA. 
[19]

 One of the major findings of the 

present study is significant increase in 

serum IMA content of both male and female 

type 2 patients. Some studies have reported 

that compared to healthy controls, patients 

with type 2 diabetes and chronic 

microvascular complications have higher 

serum levels of IMA. 
[20]

 The findings of the 

present study further substantiate IMA as a 
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biomarker of ischemic associated diseases 

including diabetics.  

The increased level of oxidative 

stress biomarkers such as MDA and IMA in 

diabetic patients accompanied with 

decreased level of non enzymatic 

antioxidants such ascorbic acid and vitamin 

E as observed in the present work could 

cause complications in patients leading to 

oxidative damage to proteins, lipid and 

nucleic acids. This may also cause insulin 

resistance in type 2 diabetic patients. 
[21]

 

This may further lead to more complications 

in diabetes like cardiovascular diseases, 

nerve damage, and blindness etc.  

 

ACKNOWLEDGEMENTS 

The authors are thankful to the Dean, Pt. J. 

N. Medical College for providing the 

laboratory facility to carry out the work.  

 

REFERENCES 

1. American Diabetes Association (2010) 

Diabetes Care, 33: S62-S68. 

2. Genuth S, Alberti KG, Bennett P, Buse 

J, Defronzo R, Kahn R, et al., Expert 

Committee on the Diagnosis and 

Classification of Diabetes Mellitus2, 

Follow up report on the diagnosis of 

diabetes mellitus. Diabetes Care 

2003;26: 3160-3167. 

3. Ramachandran A, Das AK, Joshi SR, 

Yajnik CS, Shah S, Kumar KMP. 

Current status of diabetes in India and 

need for novel therapeutic agents. J 

Assoc Physc India 2010;58: 7-9. 

4. Halliwell B, Gutteridge J Free Radicals 

in Biology and Medicine. Oxford 

University Press, New York, NY, USA. 

2007. 

5. Yoshikawa T. Science of free radicals. 

Koudan Sha Saientifikku, Tokyo. 1997. 

6. Wang X, Martindale JL, Liu Y, 

Holbrook, NJ. The cellular response to 

oxidative stress: influences of mitogen 

activated protein kinase signalling 

pathways on cell survival. Biochem J 

1998; 333: 291-300. 

7. Purves T, Middlemas A, Agthong S, 

Jude EB, Boulton AJ, Fernyhough P et 

al., A role for mitogen-activated protein 

kinases in the etiology of diabetic 

neuropathy. FASEB J 2001; 15: 2508-

2514. 

8. Styskal J, Remmen H van, Richardson 

A, Salmon AB. Oxidative stress and 

diabetes: what can we learn about 

insulin resistance from antioxidant 

mutant mouse models? Free Radical Bio 

Med 2012; 52: 46-58.  

9. Yoshikawa T. A Guide to Free Radicals. 

Part 2. Sentan Igaku Sha, Tokyo, 1998. J 

Japan Med Assoc, 124:1549-1553.  

10. Cynamon H, Isenberg N, Nguyen C. 

Erythrocyte malondialdehyde release in 

vitro: a functional measure of vitamin E 

status. Clin Chim Acta 1985; 151:169-

176. 

11. Omaye ST, Skala JH, Jacob RA. Plasma 

ascorbic acid in adult males: effects of 

depletion and supplementation. Am J 

Clin Nutr 1986; 44: 257–264.  

12. Sinha MK, Roy D, Gaze DC, Collinson 

PO, Kaski JC. Role of ischemia 

modified albumin, a new biochemical 

marker of myocardial ischemia, in the 

early diagnosis of acute coronary 

syndromes. J Emerg Med 2004; 21: 29-

34. 

13. Desai DI. Assay Methods, In Vitamin E: 

A Comprehensive Treatise, L. J. 

Machlin, (Ed). New York, NY: Marcel 

Dekker, Inc. 1980 

14. Jaganjac M, Tirosh O, Cohen G, Sasson 

S, Zarkovic N. Reactive aldehydes 

second messengers of free radicals in 

diabetes mellitus. Free Radical Res 

2013; 47: 39-48. 

15. Shodehinde SA, G Oboh. (2013) 

Antioxidant properties of aqueous 

extracts of unripe Musa paradisiaca on 

sodium nitroprus- side induced lipid 

peroxidation in rat pancreas in vitro. 

Asian Pac J Trop Biomed 2013; 3:449–

457.  

16. Bandeira SM, Guedes GS, daFonseca 

LJS, Pires AS, Gelain DP, JC Moreira. 

2012 Characterization of blood 

oxidative stress in type2 diabetes 

mellitus patients: increase in lipid 



P. K. Khodiar et.al. Oxidative Stress and Antioxidant Levels in Diabetes Mellitus Patients 

                   International Journal of Health Sciences & Research (www.ijhsr.org)  63 

Vol.8; Issue: 10; October 2018 

peroxidation and SOD activity. Oxid 

Med and Cell Longev 2012; 1-13. 

17. Saddala RR, Thopireddy L, Ganapathi 

N, Kesireddy SR. Regulation of cardiac 

oxidative stress and lipid peroxidation in 

streptozotocin-induced diabetic rats 

treated with aqueous extract of 

Pimpinella tirupatiensis tuberous root. 

Exp Toxicol Pathol 2013; 65: 15-19. 

18. Catanzaroa O, Capponia JA, Michielia J, 

Labala, Martinoa ID, Sirois P. 

Bradykinin B1 antagonism inhibits 

oxidative stress and restores Na
+
K

+ 

ATPase activity in diabetic rat 

peripheral nervous system, Peptides 

2013; 44: 100-104.  

19. Ukinc K, Eminagaoglu S, Ersoz HO, 

Erem C, Karahan C, Hacihasanoglu AB, 

et al., A novel indicator of widespread 

endothelial damage and ischemia in 

diabetic patients: ischemia-modified 

albumin. Endocrine 2013; 36:425-432.  

20. Turk A, Nuhoglu I, Mentese A, Karahan 

SC, Erdol H, Erem C. The relationship 

between diabetic retinopathy and serum 

levels of ischemia modified albumin and 

malondialdehyde. Retina 2011; 31:602–

608. 

21. Lodovicia M, Giovannellia L, Pitozzia 

V, Bigaglia E, Bardinib G, Rotellab CM. 

Oxidative DNA damage and plasma 

antioxidant capacity in type 2 diabetic 

patients with good and poor glycaemic 

control. Mutat Res 2008; 638:98-102.  

 

  

 

****** 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

How to cite this article: Khodiar PK, Xalxo S, Sahu GK. Oxidative stress and antioxidant 

levels in diabetes mellitus patients. Int J Health Sci Res. 2018; 8(10):58-63. 

 


