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1. Introduction

Free  radicals  and  related  species have attracted  a great deal  of  attention  in recent years.  

Type 2 diabetes is the commonest form of diabetes and  associated with multiple metabolic 

derangements that result in the excessive production of reactive oxygen species and oxidative 

stress. To counteract the harmful effects of free radicals, antioxidant defense mechanism 

operates to detoxify or scavenge these free radicals. In addition to antioxidant enzyme 

activities, the capacity of the antioxidant system to cope with or trap the free radicals generated 

under normal or pathological conditions was evaluated by measuring the level of total 

antioxidant  status. It reflects the status of α-tocopherol, vitamin A, β-carotene, ascorbic acid, 

albumin, uric acid and other antioxidants. These extracellular nonenzymatic antioxidants 

delay or inhibit the oxidative process. Enhanced lipid peroxidation increases the need for lipid 

soluble antioxidants, such as α-tocopherol and vitamin A and β-carotene. In this present study 

we have evaluated the importance of these markers  in Indian subjects. we have investigated 

antioxidant status in the form of estimation of plasma/serum Zinc, Ascorbic acid, Albumin, 

Uric acid & Total bilirubin levels with antioxidant enzymes would greatly help in preventing or 

postponing the onset of diabetes. 

Diabetes has been known in India for centuries  as a disease of 

the affluent class. India faces a grave health care burden due to the 

high prevalence of type 2 diabetes and its sequalae, as a  result of 

societal influences and changing lifestyles. [1] International 

researchers observed that antioxidants commonly promoted as 

being good for our health may speed up early onset of type 2 

diabetes  by mopping up Reactive Oxygen Species (ROS) that may 

play a protective role in the early stages of type 2 diabetes by 

enhancing insulin action.

ROS are a byproduct in type 2 diabetes, generated during 

protein glycation and as a consequence of advanced glycation end-

products-receptor binding; they impair insulin signalling pathways 

and induce cytotoxicity in pancreatic beta cells. Neutralisation of 

oxidants by increased antioxidant availability may mitigate these 

effects. Several human intervention studies have been undertaken 
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to determine whether dietary antioxidants exert beneficial effects 

for type 2 diabetes patients. [2]

Some complications of diabetes are associated with increased 

activity of free radical-induced lipid peroxidation and 

accumulation of lipid peroxidation products.[3]   Lipid 

peroxidation is a free radical- related process, which is potentially 

harmful because  its uncontrolled, self-enhancing process causes 

disruption of membranes, lipids and other cell components.  It is 

also involved in oxidative stress, which plays a major role in the 

pathogenesis of diabetes, as well as its complications. Beta cells of 

the pancreas and vascular endothelium are highly susceptible to 

oxidative stress.  This is due to the fact that many biochemical 

pathways strictly associated with hyperglycemia (glucose 

autooxidation, polyol pathway, prostanoid synthesis and protein 

glycation) can increase production of free radicals.  Exposure of 

endothelial cells to high glucose leads to increased production of 

superoxide radicals. [4]

Antioxidants reverse many of the effects of hyperglycemia on 

endothelial functions such as reduced endothelial dependent 

relaxation and delayed cell replication. [5] To control lipid 

peroxidation, there is a defensive system consisting of antioxidant 
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enzymes that play an important role in scavenging reactive oxygen species. The  organisms susceptibility to free radical stress and 

peroxidative damage is related to the balance between the free radical load and the adequancy of antioxidant defences.  Abnormally, high 

levels of lipid peroxidation and the simultaneous decline of antioxidant defence mechanisms can lead to damage of cellular organelles and 

lead to oxidative stress.  Different studies have given a lot of evidence of increased oxidative stress with depleted antioxidant enzymes and 

vitamins, in both type 1 and type 2 diabetes.[6] The body has an integrated antioxidant system which acts synergistically to protect tissue 

against free radical attack and the onset of disease.  

Several assays have been described to assess the involvement of oxidative stress in pathological conditions. In addition to enzymatic 

assays, several components of the antioxidant system can be measured in the serum. Because of interactions among different antioxidants, 

methods which assess the TAC of human blood provide an integrated index of the redox status. Levels of zinc, ascorbic acid, albumin, uric acid 

and bilirubin are often used as major non-enzymatic antioxidant biomarkers. They prevent free radical reaction by sequestering transition 

metal ions by chelation in plasma, providing the primary extracellular defense against oxidative stress. Therefore, the studies were planned 

to assess these plasma antioxidants along with routine investigations in  type 2 diabetes.

All the lipid parameters were significantly increased in diabetic patients as compared to controls (Table-1). The level of MDA was found 

to be highly increased in diabetic patients, as well as antioxidant status like erythrocyte superoxide dismutase , Glutathione peroxidase, 

Zinc, Ascorbic acid, Albumin, Uric acid and total bilirubin levels were significantly decrease in diabetic patients as compared to normal 

control participants.(Table-2). 

2. Material and Methods 

3. Result 

Table 1 : Glucose & Lipid levels

Fasting BGL (mg/dl)

Post prandial BGL  (mg/dl)

Total cholesterol (mg/dl)

Triglyceride (mg/dl)

HDL-Cholesterol (mg/dl)

LDL-Cholesterol (mg/dl)

VLDL-Cholesterol (mg/dl)

Phospholipid (mg/dl)

Total lipid (mg/dl)

Total cholesterol/HDL Cholesterol

168.14 ± 62.06

234.00 ± 75.59

222.24 ± 49.87

258.54 ± 100.45

42.25 ± 10.24

128.28 ± 44.48

51.70 ± 20.09

252.23 ± 36.40

844.14 ± 186.21

5.65 ± 2.28

89.16 ± 17.59

114.31 ± 16.14

179.68 ± 26.91

141.11 ± 36.23

45.45 ± 6.61

106.01 ± 25.29

28.22 ± 7.24

221.16 ± 19.65

631.81 ± 86.95

4.06 ± 1.01

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.05

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

Parameter Patients Control P Value

The study was conducted at ACPM Medical College and Hospital, Dhule. After clinical examination and confirmed diagnosis by Physician, 

120 type 2 diabetic patients were included in this study. These patients are compared with age and sex matched non diabetic healthy 

subjects. Here none of the any patients and control subjects was taking dietary supplements such as vitamins or minerals.

Blood samples were collected after 8-12 hours of fasting. Fasting blood glucose level, lipid and lipoprotein levels were measured  by 

using Bayer Diagnostics India Ltd's kit. Serum lipid peroxide level was measured by thiaobarbituric acid assay.[7] Superoxide dismutase and  

Glutathione peroxidase were measured by RANSOD and RANSEL kit.( Randox laboratories Ltd,Crumlin,UK).Zinc level was measured by 

using Centronic GmbH-Germany Kit.[8]Ascorbic acid level was measured by the method of Ayekyaw.[9]Albumin, Bilirubin, Uric acid were 

measured by using Bayer's Diagnostics India Ltd's kit.

Statistical Analysis: The data obtained in our study was analyzed for its statistical significance using unpaired student 't' test .P value less 

than 0.05 was considered the level of significance. 
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Table  2 : Lipid peroxidation & Antioxidant levels

MDA Levels (n moles/ml) 

Superoxide dismutase( U/ ml )

Glutathione peroxidase ( U/ ml )

Zinc  ( µg / dl )

Ascorbic acid ( mg / dl )

Albumin  ( g / dl )

Uric acid  ( mg / dl)

Total Bilirubin ( mg / dl )

5.06 ± 1.05

144.09 ± 33.54

3792.48± 1208.16

59.46 ± 19.96

0.49 ± 0.48

3.10 ± 0.99

2.85 ± 0.72

0.30 ± 0.17

2.69 ± 1.10

178.65 ± 46.85

4785.65± 1217.83

64.46 ± 17.88

0.80 ± 0.33

4.01 ± 0.75

3.72 ± 0.88

0.58 ± 0.27

p < 0.001

p < 0.001

p < 0.001

p < 0.05

p < 0.001

p < 0.001

p < 0.001

p < 0.001

Parameter Patients Control P Value

4. Discussion 

Data are presented as means ± SD

The clinical significance and evaluation of zinc in regard to 

different diseases, including diabetes remains conflicting as well 

as controversial.  It may be act in normalizing glycemia and a 

restored zinc status in patients with type 2 diabetes mellitus may 

counteract the deleterious effects of oxidative stress, helping to 

prevent many complications associated with diabetes.[12] 

The results of this study are in agreement with the results of 

studies showing that plasma zinc levels in patients with type 2 

diabetes are significantly decreased.[13,14] A possible 

explanation for this is that there is loss of a large amount of zinc 

from the body via urine.  The source of the zinc that being excreted 

remains unresolved.  There is a concurrent hypozincemia and a 

decrease in tissue zinc stores.  However, it is not clear if this results 

from hyperzincuria, or from an independent event, an insulin or 

hyperglycemia related induced loss of zinc from tissue stores.  Zinc 

would then be released into the plasma and thereafter excreted.  

This results in a net loss of total body zinc and eventual 

hypozincemia.

Possible sources of elevated free radicals in type 2 diabetes 

include increased production of radical oxygen species, especially 

from glycation or lipoxidation processes, auto-oxidation of glucose 

and oxidizing of glucose, and decreased antioxidant defense 

system.[15]  Improvement of glycemic control and 

supplementation with zinc appears to be a beneficial factor in 

decreasing lipid peroxidation in patients with diabetes.  

Prevention of lipid peroxidation may help to delay the 

development of diabetic complications. Furthermore, zinc is 

required cofactor for a variety of antioxidant enzymes, particularly 

superoxide dismutase.  Alterations of zinc metabolism resulting in 

reduced availability of zinc might be expected contribute to tissue 

damage observed in diabetes.[16] 

Vitamin C (ascorbic acid ) is an important water soluble 

antioxidant in biological fluids and an essential micronutrient 

required for normal metabolic functioning of the body.  It readily 

oxidizes to dehydroascorbic acid. Human have no ability to 

synthesise vitamin C due to mutation in the gene coding for L – 

gukonolactone oxidase, an enzyme required for the biosynthesis of

In type 2 diabetes, chronic  exposure to hyperglycemia and 

insulin resistance has been implicated in altered oxidative 

metabolism. The relationship between hyperglycemia and oxygen 

free radicals is supported by our results demonstrating an 

association between blood levels of glucose and enzymatic 

antioxidants such as superoxide dismutase and glutathione 

peroxidase.

Our study showed significant increases in plasma MDA  and 

significant fall in SOD & GPx  levels  in type 2 diabetic patients as 

compared to healthy individuals, which is an indication of marked 

oxidative stress. Several different mechanisms have been 

proposed to explain why oxidative stress is increased in diabetes 

m e l l i t u s ;  t h e s e  m e c h a n i s m s  fa l l  i n to  t wo  g e n e ra l  

categories:Increased production of ROS and decreased 

antioxidant defences. Hyperglycaemia  in diabetes may increase 

ROS production via changes in the redox potential of glutathione 

and decreased antioxidant defences due to reduction in total 

antioxidant capacity in plasma. [10]  Some of these mechanisms 

may possibly operate simultaneously in a synergistic fashion. 

In addition to antioxidant enzyme activities, the capacity of the 

antioxidant system to cope with or trap the free radicals generated 

under normal or pathological conditions was evaluated by 

measuring the level of total antioxidant status. It reflects the status 

of α-tocopherol, vitamin A, β-carotene, ascorbic acid, albumin, uric 

acid and other antioxidants. [11] These extracellular 

nonenzymatic antioxidants delay or inhibit the oxidative process. 

In this present study we have evaluated the importance of 

these markers  in Indian subjects. We have investigated 

antioxidant status in the form of estimation of plasma/serum Zinc, 

Ascorbic acid, Albumin, Uric acid & Total bilirubin levels also in 

diabetics and it compared with healthy controls. Statistically 

significant difference confirms that there is an increased oxidative 

stress in diabetics compared to non diabetic counterparts and 

emphasizes the importance of assessing these markers for early 

diagnosis and therapeutic interventions. 
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Bilirubin, a bile pigment and metabolite of hemoglobin also 

plays a role as an antioxidant by scavenging peroxyl radicals, 

Bilirubin and albumin are also indicators of liver function.  The 

protective role of bilirubin includes inhibition of oxidative 

modification of plasma proteins and formation of protein carbonyl 

groups. Bilirubin in circulation is mainly found bound to albumin. 

Localization of bilirubin and albumin protects albumin from 

oxidation as well as the albumin-bound linoleic acid from peroxyl 

radical induced oxidation.[26] This albumin-sparing function of 

bilirubin was observed in our study.  Serum albumin and total 

bilirubin level were significantly lower in type 2 diabetic patients 

as compared to nondiabetics. 

Therefore it can be concluded that in type 2 diabetes, there is a 

significant increase in lipid peroxidation (MDA) accompanied by a 

significant decrease in the antioxidant mechanism and that there is 

an inverse relationship between them, as has been found in this 

study.

Our finding indicate that, the marker of free radical induced 

injury i.e. Malondialdehyde and decline in antioxidant defences 

may appear early in type 2 diabetes, before the development of 

secondary complications.

The study therefore suggests, the estimation of plasma 

antioxidants levels  with other routine investigations  may be 

useful in the prevention of the diabetic complications, which can 

be prevented by supplementing the antioxidants rich components 

of the diet and thus further diabetic events can be avoided. 

5. Conclusions

6. References 

vitamin via the glucuronic acid pathway.  Thus, vitamin C is 

obtained through the diet.  The vitamin is especially plentiful in 

fresh fruit, in particular, citrus fruit and vegetables.[17] 

Several studies have reported lowered plasma concentrations 

of ascorbic acid in diabetics compared to healthy subjects.[18,19] 

Our study supports that low vitamin C status in diabetes may be 

due to a higher turnover rate of ascorbic acid, with increased 

oxidation to the oxidized form dehydroascorbate. Another 

possible mechanism for the impaired ascorbate status is a 

competitive inhibition between glucose and ascorbic acid, which 

both share a close structural homology and possibly occupy 

common membrane transport sites. Supplementation with 

ascorbic acid may have a beneficial effect.

Ford S.E. et al (2003) suggested the decreased concentration of 

antioxidant vitamins in metabolic syndrome like diabetes may be 

attributed to lower intake of fruits and vegetables rich in 

antioxidants or increased use of antioxidants to counteract 

oxidative stress.[20] In a study with 27 type 2 diabetics, 

supplementation with ascorbic acid (2g/d) improved glycemic 

control and fasting plasma glucose.[21] If the efficacy of vitamin C 

supplementation in diabetes is confirmed, a higher vitamin C 

intake than for the general population may be recommended for 

patients with diabetes.

Uric acid plays the protective role during the formation of free 

radicals.  An important observation was that uric acid may 

function as an antioxidant, which is of great importance in plasma. 

The plasma concentration of uric acid is almost 10-fold higher than 

other antioxidants, such as vitamin C and E.[22] Moreover; uric 

acid has much higher antioxidant capacity, Urate (the soluble form 

of uric acid in the blood) can scaverge super oxide, hydroxyl 

radical, and singlet oxygen and can chelate transition metals.  

Peroxynitrite is a particularly toxic product formed by the reaction 

of super oxide anion with nitric oxide that can injure cells by 

nitrosylating the tyrosine residues (nitro tyrosine formation ) of 

proteins.  Uric acid can also block this reaction.   There is currently 

a great interest in the potential role of increased oxidative stress in 

t h e  d e v e l o p m e n t  o f  d i a b e t e s  m e l l i t u s  a n d  i t s  

complications.[23,24] 

In the present study, it was observed that, serum uric acid level 

was significantly decreasing in type 2 diabetic patients as 

compared to nondiabetics. Type 2 diabetes mellitus is associated 

with oxidative stress and increased free radical formation.  

Oxidative stress causes reduction of the antioxidant status of the 

body.  This may explain the reduction of serum uric acid in the 

present study as uric acid is also regarded as one of the total 

antioxidant substance present in the body.  Similar findings are 

reported by various workers.[25] The higher serum glucose 

concentration may increase fractional excretion of urate caused by 

an effect of glucose at the renal tubule.
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