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ABSTRACT

Introduction: The aim of the present study is to profile the red blood cells (RBC) antioxidative enzymes, catalase (CAT), glutathione peroxidase (GPx), 
and superoxide dismutase (SOD) level in Type II diabetes mellitus patients in comparison to healthy volunteers in the South Indian population. 

Methodology: A prospective, observational, case–control study was conducted for 1 year with a total of 120 patients including 90 Type II diabetes 
patients (case group) and 30 healthy volunteers (control group). Blood was collected from these volunteers, and RBC levels of CAT, GPx, and SOD were 
estimated. In addition, they were also monitored for the fasting blood glucose, glycated hemoglobin (HbA1c), and postprandial blood glucose. Data 
were statistically analyzed applying unpaired t-test and Pearson correlation with the statistical significance of p<0.05.

Results:  The diabetes patient group showed significant higher levels of glycated hemoglobin, fasting blood glucose and postprandial blood glucose 
(p<0.0001). There was a significant lower level in the RBC levels of superoxide dismutase in case group compared to control group 3859.00±381.8 (mean+SD) 
and 5862.7±209.45 (mean+SD) Units per gram Hb, (t-value 27.35, p-Value <0.0001). Catalase and Glutathione peroxidase RBC levels also showed significant 
lower levels in the case group compared to the control group (catalase 212.7±19.08 (mean±SD) and 396.47±10.83 (mean±SD) Units per gram Hb; T 
value=50.07 and p<0.0001)(Glutathione peroxidase11.7 ±01.09 (mean +SD) and 18.6 ± 01.00 (mean +SD) Units per gram Hb; t value=30.26 and p<0.0001).

Conclusion: A significant reduction in RBC levels of antioxidative enzymes, CAT, GPx, and SOD was observed in the South Indian Type II diabetes 
patient population.
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INTRODUCTION

Diabetes mellitus is a cluster of metabolic disorder characterized 
by hyperglycemia symptoms and abnormalities in protein, fat, and 
carbohydrate metabolism. It results from insufficiencies in insulin 
exudation or sensitivity or both [1]. Diabetes is becoming more 
prevalent and widespread illness in both developed and developing 
countries at a shocking rate. In the past three decades, diabetes has 
altered from being a minor disease affecting the elderly to one of the 
chief causes of morbidity and mortality in the young and middle-aged 
population  [2]. The WHO report predicts that more than 180 million 
people might be affected by this disease globally and is projected 
to double by 2030 making Type  II diabetes as a single most leading 
disease affecting many people [3]. Type I and Type II diabetes escalate 
the risk of other health disorders such as vascular complications [4]. 
The previous studies have indicated that there is a strong correlation 
between oxidative stress (OS) and diabetes complications.

OS is defined as the tissue injury resulting from an inequity between 
an extreme generation of oxidant composites (superoxide, hydrogen 
peroxide, alkoxy radical, and hypochlorous acids) and insufficient 
antioxidant (Vitamin E and C, N-acetylcysteine, L-arginine, Glutathione, 
and Glutathione S-transferase) defense mechanisms [5,17]. OS can 
play an important role in the etiology of diabetes and microvascular 
and macrovascular complications of diabetes. Uncontrolled diabetes 
leads to increased production of free radicals, particularly reactive 
oxygen species (ROS) arising from glucose auto-oxidation and protein 
glycosylation. These ROS impact many biomolecules such as nucleic 
acids, proteins, and lipids by altering their nature and function; thus, 

leading to cell damage in diabetes mellitus. Thus, the multimodal 
mechanisms leading to diabetes has strong correlation with OS [6].

OS markers: ROS compounds are extremely sensitive and have half-
lives of only a few seconds; hence, their in vivo measurement to quantify 
OS is challenging. The superoxide dismutase (SOD) enzyme catalyzes 
the reduction of superoxide (.O2

-) into H2O2 and O2 as the initial stage of 
the antioxidant pathway, thereby playing a vital role in the removal of 
O2

-. Catalase (CAT) exists principally in the peroxisomes of mammalian 
cells as a homotetramer each consisting of NADPH and heme group at 
its reactive center [16]. The important action for CAT in the ablation of 
atherosclerosis comes from the study that has used mice overexpressing 
CAT [7]. Clinical and preclinical studies are suggesting a vital role for 
glutathione peroxidase (GPx) in the defense against atherosclerosis 
associated with diabetic patients. The GSH reduces lipid peroxidases 
and hydrogen to water and their equivalent alcohol. Moreover, GPx 
also helps eliminate harmful ONOO-. Thus, GPx has been implicated to 
protect against many disease pathologies by metabolizing three major 
ROS, Lipid peroxide (LOOH), H2O2, and ONOO- [8].

If ROS production overcomes the antioxidant protection of the cell 
either because of excessive formation of oxidants or reduction of 
antioxidant defenses, various cellular molecules and their functions 
may be compromised. The main cellular targets are proteins, lipids, 
and DNA. In adding, gene expression and protein function can be 
controlled by oxidants [9]. The aim of the present study is to profile the 
RBC antioxidative enzymes, SOD, CAT, and GPx level in Type II diabetes 
patients in comparison to healthy volunteers in the South Indian 
population.
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Experimental protocols
Materials
Instruments and chemicals used: Spectrophotometer (BT-9300st Laser 
Auto Analyzer), colorimeter, centrifuge, water bath thermostatic, pH 
meter, cyclomixer, micropipettes (100 µL, 1000 µL), Eppendorf tubes, 
test tubes, beakers and chemicals, disodium hydrogen phosphate, DTNB 
(5,5’-dithiobis (2-nitrobenzoic acid), reduced glutathione, methanol, 
sodium dihydrogen phosphate, thiobarbituric acid, trichloroacetic 
acid, disodium EDTA, and CDNB(1-chloro-2,4-dinitrobenzene). All the 
chemicals and reagents procured from Sigma-Aldrich otherwise stated.

Methodology
This is a prospective, observational, case-control study conducted 
around 1  year in outpatient wards of tertiary care teaching hospital. 
Before initiating the study, Institutional Human Ethical Committee 
(IHEC no: DRSER 0733/02) permission was obtained. The patients 
were admitted to outpatient department review on the daily basis and 
were scrutinized for inclusion criteria such as patient’s diagnosis with 
Type  II diabetes mellitus tests and healthy volunteers. The patients 
with liver failure, severe comorbidity disease (other disease can cause 
increased oxidative levels) and patients with prolonged infections, such 
as HIV and tuberculosis patients, were omitted from the study. Total 120 
patients underwent the study, among them 90 patients were diabetes 
patients (case group), and 30 were healthy volunteers (control group).

Sources of data
A suitable data collection protocol was designed to collect, document, 
and analyze the data. Informed consent section was also included in 
data collection form. Data collection form included demographics 
previous illness, history, drug usage pattern, and details of patients were 
collected from the patient’s case notes, treatment chart, nurse’s notes, 
laboratory reports, out patient records, by interviewing patients and/
or their caretakers, and health-care professionals, wherever necessary. 
All the collected data were documented in a suitably designed data 
collection form developed for the study.

Sample collection
•	 Blood has been collected from the patients subsequently got the 

informed consent from the patient or the attendee.
•	 Centrifugation of the sample was done at a speed of 3000 rpm for 

30 min, and the greater layer is divided in labeled Eppendorf tubes 
and kept at 4°C until biochemical analysis.

•	 Separated the blood cells and estimated the antioxidant level in red 
blood cells.

Biochemical assays
SOD assay
The activity of SOD determined as per kakkar et al method, briefly RBS 
lysate was added to sodium pyrophosphate buffer (pH 7.0) containing 
phenazine methosulphate, Nitro blue tetrazolium. Started reaction 
by adding NADH. SOD inhibits nitro blue reduction. The percentage 
inhibition of Nitro blue tetrazolium reduction is a measure of the 
activity of the SOD. Stopped the reaction after 1 minute by adding 
glacial acetic acid and read at 560nm absorbance. Normal values: 
5200-5500 U/g Hb [10].

CAT assay
Catalase in hemolysate was assayed based on its ability to decompose 
H2O2 in to water. The decrease in the H2O2 concentration was measured 
at 240 nm. Normal values: 375-425 U/g Hb [10].

Glutathione peroxide assay
Estimation of GPx activity in hemolysate was based on the method 
of Paglia and Valentine using hydrogen peroxide, GSH, glutathione 
reductase and NADPH and the rate of disappearance of NADPH at 37°C 
and was recorded spectrophotometrically (340 nm). Normal GPx level: 
17.5‑19.6 U/g Hb.

Statistical analysis
The quantified variables in the study (age, sex, superoxide dismutase, 
catalase and glutathione peroxidase levels) were subjected to statistical 
analysis. All these values were analyzed for mean, standard deviation, 
errors. The data were statistically analysed using SAS (Version 9.1) 
statistical software. Unpaired Student′s ′t′ test was performed to 
compare the levels between control and study groups. p value is less 
than 0.05 was considered significant.

RESULTS AND DISCUSSION

A total number of 120 patients/volunteers were enrolled in accordance 
with the inclusion criteria in the study. Of which, 90 were grouped as 
diabetic patients named as case group, and 30 were healthy human 
volunteers named as controls. The ratio between the control group and 
case group is 1:3. In case group, among 90 patients, 42 (46.7%) were 
males and 48 (53.3%) were females, and in control group, of 30 healthy 
population, 13 (43.3%) were males and 17 (56.7%) were females. The 
test which has been used for distributing the sex ratio is Chi-square test, 
and the ratio was equal it’s (Chi-square value 0.10, p=0.75) shown in 
Table 1.

Age, glycated hemoglobin (HbA1c), fasting blood sugar (FBS), and post 
lunch blood sugar (PLBS) levels were expressed in mean and standard 
deviation and to compare differences above variables in both groups 
and unpaired t-test used, and a minimum level of significant was <0.05, 
details are shown in Table  2. The means of age in case and control 
groups were 53.3±8.2 and 55.6±7.2, respectively. It shows (t-value 1.4, 
Z p=0.16) no differences.

The mean±standard deviation of HbA1c in case and control groups was 
10.9±1.8 and 4.71±0.98, respectively. The statistically shown (t-value 

Table 1: Distribution of patients according to the sex

Variables Diabetes patients Healthy population ChiQ/p‑value
Sex

Male 42 (46.67%) 13 (43.33%) 0.10
Female 48 (53.33%) 17 (56.67%) 0.75

Total 90 30 120

Table 2: Compare the character of between diabetes patients and health populations

Sl. No Variable Diabetes group Healthy group t value p‑value
Age in years

1 Mean±SD 56.25±8.16 55.5±7.19 1.380.16
HbA1c (%)

2 Mean±SD 10.90±1.81 4.71±0.98 −18.51<0.0001
Fasting blood glucose mg/dL

3 Mean±SD 154.58±15.98 88.36±5.30 −22.01<0.0001
Postprandial Blood Glucose (mg/dl)

4 Mean±SD 242.25±26.44 135.25±10.47 −21.23<0.0001
HbA1c: Glycated hemoglobin, SD: Standard deviation
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18.5, p<0.0001) differences are highly significant. The mean±standard 
deviation of FBS in case and control groups was 154.6±16.0 and 
88.4±5.3, respectively. It shown (t-value- 22.0, p<0.0001) differences is 
highly significant.

PLBS levels in case group and control group were 245±26.44 (mean±SD) 
and 132.25±10.47(mean±SD) simultaneously. Highly significant 
statistical difference between case and control group as calculated by 
t-value-21.23, p<0.0001.

The levels of SOD, Catalase and GPx levels were weighty low in Diabetes 
Mellitus (case group) compared to control group. Superoxide Dismutase 
levels in case group and control group were 3859.00 ± 381.8 (mean+SD) 
and 5862.7±209.45 (mean+SD) Units per gram Hb, respectively. The 
difference between case and control group as calculated by t-value (t-value 
27.35, p<0.0001), it’s shown statistically highly significant. Catalase 
levels in case group and control group were 212.7±19.08 (mean±SD) and 
396.47±10.83 (mean±SD) Units per gram Hb, respectively. The difference 
between case and control group as calculated by t-value (t-value 50.07, 
p<0.0001), it’s shown statistically highly significant. Glutathione 
Peroxidase levels in case group and control group were 11.7±01.09 
(mean+SD) and 18.6±01.00 (mean +SD) Units per gram Hb, respectively. 
The difference between case and control group as calculated by t-value 
(t-value 30.26, p<0.0001), it’s shown statistically highly significant. 
Levels observed in control group were in physiological normal range. 
It is indicative from this study that diabetes mellitus patients have low 
levels of antioxidants compared to healthy population. Low levels of 
antioxidants leads to oxidative stress in diabetes patients.

Good correlation observed between the levels of HBA1C and 
antioxidants, such as SOD, CAT, and GPx, which were estimated from the 
RBC of case group, shown in tables.

In 120 patients, HbA1C, SOD, CAT, and GPx levels were estimated; the 
correlation was calculated between the HbA1c and antioxidants (SOD, CAT, 
and GP) in both groups, diabetes patients details are shown in Table 3.

In diabetes group exhibited a major negative correlation between 
HbA1c and antioxidants such as SOD (r=−0.94, p<0.0001), CAT 
(r=−0.74, p<0.0001), and GPx levels (r=−0.76, p<0.0001).

The antioxidants parameters, such as SOD, CAT, and GPx, were estimated. 
The degrees of activity of SOD, CAT, and GPx in diabetic cases and controls 
were compared and are shown in Table 4 and graphically in Figs. 1-3.

In health population group, showed no significant between HbA1c and 
antioxidants such as SOD (r=0.07, p=0.17), CAT (r=0.11, p=0.09), and GPx 

Fig. 1: Compare superoxide dismutase in both groups 
mean±standard deviation

Fig. 2: Compare catalase in both groups (mean±standard 
deviation)

Table 3: Pearson correlation coefficient between HbA1c and 
antioxidants (SOD, CAT, and GP) in diabetes patients and health 

population

Sl. No Antioxidants HbA1c case group
pearson r (p‑value)

HbA1c control group
pearson r (p‑value)

1 SOD (U/g) −0.94 (<0.0001) 0.07 (>0.17)
2 CAT (U/g) −0.74 (<0.0001) 0.11(>0.09)
3 GPx (U/g) −0.76 (<0.0001) 0.16 (>0.07)
SOD: Superoxide dismutase, CAT: Catalase, GP: Glutathione peroxidase,  
HbA1c: Glycated hemoglobin

Table 4: Compare antioxidants levels (SOD, CAT and GPx) between diabetes patients and health populations

Sl. No Antioxidants Diabetes (Case group) 
Mean±S.D

Health population (Control group) 
Mean±S.D

T‑value p‑value

1 SOD (U/g) 3859.00±381.8 5862.7±209.45 27.35<0.0001
2 CAT (U/g) 212.7±19.08 396.47±10.83 50.03<0.0001
3 GPx (U/g) 11.7±01.09 18.605±01.00 30.26<0.0001
SOD: Superoxide dismutase, CAT: Catalase, SD: Standard deviation, GP: Glutathione peroxidase

levels (r=−0.16, p=0.07). It’s indicated that antioxidant levels will decrease 
in diabetes patient its inverse correlation with Glycated Hemoglobin. Low 
antioxidants levels were observed in these patients compared to healthy 
individuals [5]. Antioxidants are the necessary elements involved in 
the action of insulin and energetic metabolism without serious adverse 
drug reactions. The antioxidant therapy in diabetes and other disorders 
are debatable. To check whether diabetes mellitus needs antioxidant 
treatment, the following study was conducted [11].

Related studies determined that lower number of antioxidants may lead 
to oxidative injury in diabetic patients, Saritha et.al. In contrast with the 
earlier study, the focuses of SOD, CAT, and GPx were expressively low in 
Type II DM as matched to the control group. Individuals with diabetes 
and low levels of antioxidants lead to increased risk of microvascular 
and macrovascular [12] complications.
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The previous experiments have published significantly low levels of 
antioxidants. OS is the probable cause of problems such as diabetic 
nephropathy in DM. The previous experiments have exposed that 
significantly reduced antioxidant enzyme actions may increase the 
support to grow the risk of complications such as macrovascular 
and microvascular complications [13]. Moreover, the previous 
study observed that there was a negative correlation between total 
antioxidant status and DNA damage [14].

In the current study, marked high levels of HbA1c levels in diabetic 
patients due to excessive glycosylation of Hb which is in agreement to 
the previous studies [15].

CONCLUSION

In summary, ROS creation overcomes the antioxidant fortifications 
of the cell either because of rich production of oxidants or reduction 
of antioxidant fortifications, several cellular constituents can be 
injured. The crucial cellular marks are DNA, lipids, and proteins. 
These macrovascular and microvascular complications are 
associated with cardiovascular disease, atherosclerosis, stroke, 
nephropathy, retinopathy, and neuropathy. The necessity of this 
work is to define the levels of antioxidants such as CAT, GPx, and SOD 
in Type II diabetic populations. Low concentration of antioxidants, 
such as CAT, GPx, and SOD, were observed in Type  II diabetic 
populations. Where, the management of antioxidants supplements 
is wanted for the Type II diabetic populations, and it advantages the 
severe attention to decrease the hazard of upcoming cardiovascular 
complications.
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