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ABS TRACT  
 

BACKGROUND 

Oxidative stress plays a role in the pathogenesis of type 2 diabetes either by affecting 

insulin secretion or increasing insulin resistance. Oxidative stress is dealt by the body 

with the help of several antioxidant systems. The antioxidant levels in disorders 

causing oxidative stress such as diabetes mellitus are found to be low. Total 

antioxidant capacity (TAC), superoxide dismutase (SOD) and glutathione peroxide 

(GPx) levels are found to be depleted in diabetic groups when compared to control 

group comprising of healthy individuals. The activities of SOD and GPx are 

significantly low in diabetic patients. This study was conducted to determine the total 

antioxidant capacity and levels of antioxidants such as SOD and GPx in patients with 

type 2 diabetes and association between antioxidant levels and type 2 diabetics as 

well as type 2 diabetes with its associated complications. 

 

METHODS 

The study population comprised of 150 individuals, 50 subjects belonging to each 

subgroup of type 2 diabetics, and its associated complications and healthy subjects. 

The study was conducted in a tertiary care centre in Mangalore, Karnataka from 

September 2016 to December 2016. The antioxidant capacity of RBC, fasting blood 

levels of SOD and GPx were estimated by phospho molybdenum method. Nitroblue 

tetrazolium (NBT) reduction method and Rotruck method were also used. 

 

RESULTS 

The total antioxidant capacity, SOD and GPx were lower among diabetics and diabetic 

patients with complications as compared to normal nondiabetic subjects.  

 

CONCLUSIONS 

There is no significant difference in oxidative stress between patients with and 

without chronic complications of diabetes. 
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BACK GRO UND  
 

 

 

Diabetes mellitus is a chronic metabolic disorder 

characterised by high levels of blood sugar (hyperglycaemia). 

The defect lies in insulin secretion or action resulting in 

impaired metabolism of carbohydrates, lipids and proteins 

which lead to long term health complications.1,2 According to 

2015 estimates, it was noted that 415 million people had 

diabetes worldwide, out of which 90 % of the cases comprised 

of type 2 diabetes mellitus.2-5 

Recent studies suggest that in addition to physical 

inactivity, obesity and other major risk factors, oxidative 

stress also plays a role in the pathogenesis of type 2 diabetes 

either by effecting insulin secretion or increasing resistance to 

insulin.6 Long term uncontrolled hyperglycaemia leads to 

damage, dysfunction and eventually failure of various organs 

such as eye (diabetic retinopathy), kidneys (diabetic 

nephropathy), nerves (diabetic neuropathy) and heart 

(myocardial infarction).7-8 

Hyperglycaemia is known to increase oxidative stress. 

Oxidative stress occurs as a result of imbalance between the 

systemic manifestation of reactive oxygen species and the 

body’s ability to detoxify the reactive oxygen species or to 

repair the resulting damage.9 Three major mechanisms 

responsible for hyperglycaemia induced oxidative stress are 

identified. Reactive oxygen species produced by the proton 

electromechanical gradient generated by the mitochondrial 

electron transport chain resulting in increased production of 

superoxide is one of the mechanisms.10 

In another mechanism, free glucose undergoes 

autoxidation in a transition metal catalysed process resulting 

in the production of superoxide anion and hydrogen 

peroxide.11 Transition metal catalysis the autoxidation of 

protein bound. Amadori products producing superoxide, 

hydroxyl radicals and dicarbonyl compounds is another 

known mechanism.12 The oxidative stress is dealt by cells by 

means of several enzymatic and non-enzymatic antioxidant 

systems that work together. Studies have shown that the level 

of antioxidants in diabetics is reduced.  

There is evidence to suggest that plasma / serum 

antioxidant status is reduced along with specific antioxidants 

like ascorbic acid and vitamin E together with an increase in 

free radicals in type 2 diabetics. Catalase, superoxide 

dismutase and glutathione peroxidase activity is found to be 

reduced in diabetics.10 This study was conducted to evaluate 

the blood levels of several antioxidants in patients with type 2 

diabetes and to understand the association between 

antioxidant levels and glycaemic control among type 2 

diabetics as well as type 2 diabetics with complications.  

 

 

Objectives 

• To estimate the total antioxidant capacity of RBC and 

fasting blood levels of SOD (superoxide dismutase), Gpx 

(glutathione peroxide) in RBC in type 2 diabetics, type 2 

diabetics with complications and healthy subjects.  

• To compare the above parameters between type 2 

diabetics, type 2 diabetics with complications and healthy 

individuals of same age. 

 

ME TH OD S  
 

 

This study was designed as a case control study. Ethical 

clearance was obtained from institutional ethics committee, 

KSHEMA. Study subjects were recruited from K.S. Hegde 

Charitable Hospital, Deralakatte, Mangalore and the study was 

carried out in the Central Research Laboratory, K.S. Hegde 

Medical Academy. Patients diagnosed with type 2 diabetes 

mellitus, patients with type 2 diabetics and its complications 

and healthy subjects above 18 years were included in the 

study. Patients willing to give the consent were also included. 

Subjects with use of drugs affecting lipid profile and 

antioxidant supplementation were excluded from the study. 

The study population comprised of Group I: 50 healthy 

individuals, Group II: 50 type 2 diabetes mellitus patients, 

Group III: 50 type 2 diabetes mellitus patients with 

complications. Total 150 subjects in study population. Patients 

of both sexes were included in the study. Informed consent 

was obtained from the study participants. The sample size was 

taken based on the convenience of the study. 

Taking aseptic precautions, approximately 3 ml of venous 

blood was collected in ethylenediamine tetraacetic acid 

(EDTA) tubes. Plasma was used to determine total antioxidant 

capacity and whole blood was used for estimating the levels of 

superoxide dismutase and glutathione peroxidase.  

 

 

Es ti m ati o n o f  t he  To ta l  An ti oxi d an t C apa ci ty  b y  

Phosph omoly bde num M ethod 13 

100 µL of the plasma sample was pipetted out into a clean test 

tube and 100 µL of 5 % trichloroacetic acid (TCA) was added 

to it to precipitate out the proteins in the sample, the mixture 

was then allowed to stand for about five minutes and 

centrifuged. 100 µL of the clear supernatant was transferred 

into a clean test tube and 1 mL of TAC reagent was added to it 

and the mixture was then incubated in water bath at 90 degree 

C for 90 minutes. A blank was also maintained simultaneously 

by substituting 100 µL of water instead of sample in the 

reaction mixture. Following the incubation, the reaction 

mixture was cooled and the optical density of the greenish to 

bluish colour formed was read at 695 nm against blank.  

 

 

Es ti m ati o n of  Super o xi de Di smu t a se by  NB T 

Reduc ti on Me thod 14 

100µL of RBC lysate is further diluted by the addition of 400 

µL of 0.05M phosphate buffer to get a final erythrocyte dilution 

of 1:20. Test: 2.5 mL methionine, 0.3 mL riboflavin, 0.1 mL NBT 

and 0.1 mL RBC lysate. Control: 2.5 mL methionine, 0.3 mL 

riboflavin, 0.1 mL phosphate buffer 0.05 M (pH 7.8) and 0.1 mL 

RBC lysate. Standard: 2.5 mL methionine, 0.3 mL riboflavin, 0.1 

mL NBT and 0.1 mL phosphate buffer 0.05 M (pH 7.8). Blank: 

2.5 mL methionine, 0.3 mL riboflavin and 0.2 mL phosphate 

buffer 0.05 M, (pH 7.8)  

 

 

Glu t athi o ne Per o xi d as e 15 

0.4 ml of buffer, 0.1 ml sodium azide, 0.2 ml of reduced 

glutathione, 0.5 ml of enzyme extract and 0.1 ml of hydrogen 

peroxide into a test tube was pipetted out. The final volume to 

2 o ml with distilled water was made up. The tube was 
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incubate at 37 degree C for 30 minutes. 0.5 ml of 10 % TCA was 

added to stop the reaction. To determine the unused / residual 

glutathione content, the content was centrifuged, the 

supernatant was saved and 0.5 ml of this was added to 2 ml of 

disodium hydrogen phosphate and 0.25 ml of 5 5'-dithiobis-2-

nitrobenzoic acid (DTNB) reagent. The absorbance was read at 

412 nm. A blank was set with only disodium hydrogen 

phosphate and DTNB reagent.  

 

 

S ta ti s ti cal  An aly si s  

Data was collected and statistically analysed by using 

Statistical Package for the Social Sciences (SPSS) software. The 

collected information was summarised using the descriptive 

statistics such as mean, standard deviation, frequency and 

percentage. To compare the outcome measures between 

control, type 2 diabetes and type 2 diabetes mellitus with 

complication subjects, one-way analysis of variance (ANOVA) 

test was used. Comparison between the groups was done using 

Tukey’s HSD test (honestly significant difference) and Mann-

Whitney test. The P value < 0.05 was considered to be 

statistically significant.  
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TAC in mM / L 1.351 ± 

0.520 

1.0008 ± 

0.4596 

1.1256 ± 

0.3616 

< 0.0001 

SOD in U / mgHb 44.9 ± 11.3 30.7 ± 7.78 31.9 ± 22.9 < 0.0001 

GPx in µg / ml  140.86 ± 

24.066 

110.20 ± 

32.233 

116.82 ± 

31.028 

< 0.0001 

Table 1. Showing the Concentration of TAC, SOD and GPx in 

Control, Diabetes Mellitus and Diabetes Mellitus with 

Complications (Values are Expressed in Mean ± SD). P-Value < 

0.05 is Considered as Statistically Significant 

P < 0.05 is considered statistically significant 

 

Control  DM  
DM with 

Complications 
 

Kruskal 

Wallis P 

Value 
Median IQR Median IQR Median IQR  

46.5 39.33 to 28 
25.57 

to 
16 

11.01 

to 
< 0.001 

 52.5  36.42  53.05  

Table 2. Comparison of SOD between the Groups  

Using Kruskal-Wallis Test 

Since the Kruskal-Wallis P value was < 0.005, there was a difference in 

median SOD levels among the subjects. 

P < 0.05 is considered statistically significant 

 

 
 

 

DI SCU S SI ON  
 

 

Diabetes is a chronic metabolic state characterised by 

hyperglycaemia. Hyperglycaemia is known to cause oxidative 

stress by the synthesis of reactive oxygen species (ROS) which 

is indicated by their elevated values. On the other hand, the 

antioxidant levels in diabetics is reduced leading to an 

imbalance between oxidative stress and body’s defense 

against it.1,2 

In our study, levels of markers of anti-oxidant levels were 

quantified in normal, diabetic patients and diabetic patients 

with complications. Total antioxidant capacity (TAC), 

superoxide dismutase (SOD), glutathione peroxidase (GPx) 

levels were evaluated in the above patients. The results of our 

study showed that TAC was lower among diabetics and 

diabetic patients with complications as compared with normal 

non diabetic subjects. The values of glutathione peroxidase 

(GPx) was also found to be lower among diabetics and diabetic 

patients with complications as compared to normal subjects. 

Comparison of SOD levels among three groups also showed 

lower levels of SOD among diabetics and diabetics with 

complications than normal subjects. No significant differences 

in oxidative levels markers were found between patients with 

and without chronic complications of diabetes. 

In the study, markers of antioxidant levels in patients with 

type 2 diabetes by Gawlik at al.16 it was found that, in subjects 

with type 2 diabetes, significantly lower levels of glutathione 

peroxidase and higher levels of glutathione reductase both in 

plasma and hemolysate were found. Total antioxidant capacity 

of plasma assessed by the ferric reducing ability of plasma 

(FRAP), serum uric acid and gamma-glutamyl transferase high 

(GGT) involved in antioxidant defense, were significantly 

higher in patients with diabetes  

A study on total antioxidant capacity, superoxide 

dismutase and glutathione peroxidase in diabetic patients by 

Rahbani et al.,17 it was found that, compared with the control, 

the total antioxidant capacity was depleted in two diabetic 

groups. The activities of SOD and GPX were significantly low in 

two types of diabetic patients.  

In another study conducted by C. Kornhauser et al.,18 

decreased levels of glutathione peroxidase and glutathione 

reductase was found in type 2 diabetics. Similar results 

showing reduced levels of glutathione peroxidase and 

superoxide dismutase was found in a study by Kumawat et 

al.19 

 

 
 

 

CONC LU S ION S  
 

 

 

There is significant deficiency of markers of antioxidant levels 

in diabetics as well as diabetics with its complications. Hence, 

these markers could play a role in early identification of 

individuals at risk of diabetes mellitus and those individuals at 

risk of developing its complications. It also indicates that there 

is scope for research into the benefits of antioxidant 

supplementation in individuals at risk of developing diabetes 

in general population and diabetic patients at risk of 

developing its chronic complications. 
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