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ABSTRACT: 

Background: Diabetes mellitus is a metabolic disease which is characterised by absolute or 

relative deficiency in insulin secretion, insulin action or both. This leads to glucose 

underutilization with the concomitant diabetic complication and oxidative stress. Oxidative 

stress results due to increase in production of free radicals or decreased level of 

antioxidants. Increased activity of the antioxidant enzymes in mopping up free radicals 

during oxidative stress, results in its depletion. Aim of study: To investigate the level of these 

antioxidant enzymes (Superoxide dismutase, Glutathione peroxidase and Catalase) both in 

chronic and non chronic sufferers of the disease with respect to apparently healthy, non 

diabetic subjects in Yenegoa, Bayelsa state of Nigeria. Also to determine the effect of disease 

duration, on the levels of the antioxidant enzymes. Method: A total of 468 subjects were used 

for this study. This comprised of 158 diabetic subjects of type 1, 90 of them have suffered the 

disease for more than ten years (Chronic) and 68 of them for less than ten years (Non 

chronic). A total of 200 type 2 diabetic subjects, of which 110 of them were chronic sufferers 

and 90 of them non chronic with 110 apparently healthy subjects that never had 

hyperglycaemia and with HbAIC value of less that 6.0%. A questionnaire was used in the 

collection of demographic and lifestyle data from the subjects used for the study.  Enzyme 

linked immunosorbent assay (ELISA) method was used for the determination of the enzymes 

level. Result: From the study, the results showed that the mean plasma value for the 

antioxidant enzymes – SOD, GPX and CAT were significantly decreased in diabetic type 1 

and type 2 compared to non diabetic group(control) at P<0.05 confidence level. The study 

indicated that there is a significant decrease in plasma SOD enzyme level in chronic 

diabetics type1 and type 2 when compared to those diabetic patients(non chronic) that have 

suffered   the disease for less than ten years. This is quite different from the plasma GPX and 

CAT that did not show any statistically significant difference between the chronic and non 

chronic diabetic subjects. The plasma antioxidant enzymes decreased with an increase in 

haemoglobin glycosylation and increase in the duration of illness. This means that as the 

disease condition progresses, the antioxidant enzymes studied are further depleted. 

Conclusion: The levels of the antioxidant enzymes where reduced in both type 1 and type 2 

diabetics as compared to non diabetics, also the levels of the antioxidant enzymes decreased 

with increasing duration of illness.  

Key Words: Diabetic mellitus; Antioxidants; Superoxide dismutase; Glutathione peroxidise; 

Catalase; Oxidative stress; Haemoglobin glycation; Chronic; Hyperglycaemia.         
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INTRODUCTION: 

Aerobic organisms including humans possess antioxidant defence systems that deal with 

reactive oxygen species (ROS) produced as a consequence of aerobic respiration (Erika et al., 

1999). Reactive oxygen is related to both the arrest of growth and the start of cell 

differentiation. Low concentration of reactive oxygen intermediates may be beneficial or 

even indispensable in processes such as intracellular messaging and defence against micro-

organisms but higher amounts of active oxygen may be harmful to cells and organisms. A 

wide array of non enzymatic and enzymatic antioxidant defences exists, including superoxide 

dismutase (SOD), Glutathione peroxidase (GPX) and catalase (CAT) (Mate’s et al., 1999). 

Antioxidant enzymes are endogenous proteins that work in combination to protect cells from 

reactive oxygen species damage. Increased levels of the products of oxidative damage to 

lipids and protein have been detected in the serum of diabetic patients and their presence 

correlates with the development of complications (Brownlee, 2001). Intracellular antioxidant 

defence is primarily provided by antioxidant enzymes, which catalyse decomposition of 

reactive oxygen species. The three major antioxidant enzymes, superoxide dismutase, 

glutathione peroxidase and catalase, differ from each other in structure, tissue distribution and 

cofactor requirement. 

Superoxide dismutases are a group of low molecular weight metalloproteinase present in all 

aerobic cells of plants, animal, and micro organisms. They provide protection against 

damaging reaction with the superoxide radical anion (0
2-

) by catalysing its disproportionation  

into oxygen and hydrogen peroxide (Garcia-gonzalez et al., 1999). In mammals, three SOD 

isoforms exist. Cytoplasmic CuZnSOD (SOD1), Mitochondrial Mn SOD(SOD2) and 

extracellular CuZnSOD (SOD3) or (EC.SOD) (Faraci and Didioa, 2004). Each SOD isoform  

is derived from distinct genes but catalyzes the same reaction, producing H202 and 02
-
. There 

is substantial evidence that SOD activity in peripheral blood cells is reduced in the diabetic 

patients with diabetic nephropathy as compared with those without diabetic complications 

(Soedamah-muthu et al., 2006)(Seshosai et al., 2011) (Giacco and Brownlee, 2010) 

(Ezeiruaku and Micheal, 2015). 

Glutathione peroxidase (GPX) is an enzyme with peroxidase activity, a selenium dependent 

enzyme and its extracellular form is a glycoprotein, while the intracellular and mitochondrial 

forms also possess different antigenic structures. It performs a biological role that protects the 

organism from oxidative damage. This is done by reducing the lipid hydro peroxides to their 

corresponding alcohols and to reduce free hydrogen peroxide to water (Brownlee, 2001) 

(Hisalkar et al., 2012). 

Catalase is an enzyme commonly found in all living organism that requires oxygen for 

existence (Abdul salam et al., 2000). The enzyme catalyses the conversion of hydrogen 

peroxide to water and oxygen, using either an iron or manganese co-factor (Cheli kani et al, 

2004). 

Different studies have provided evidence of increased oxidative stress with depleted 

antioxidant enzymes and vitamins in both type 1 and type 2 diabetes (Lapolla et al., 2007) 

(Lodovici et al.,2008) (Likidlilid et al., 2010) (Al-Rawi, 2011) (Hisalkar et al .,2012). 

Hyperglycemia, a hallmark of diabetic condition, depletes natural antioxidant and facilitates 

the production of ROS, which has the ability to react with all biological molecules like lipids, 

protein, carbohydrates, DNA and exert cytotoxic effects on cellular components (Dincer, 

2002). Thus, increased ROS and impaired antioxidant defence contribute for initiation and 
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progression of micro and macro vascular complications in diabetes (Ceriello et al., 1998) 

(Ceriollo and Motz, 2004).  

Antioxidant reverses many of the effect of hyperglycemias on endothelia dependent 

relaxation and delayed cell replication (Manisha, 1999). To control lipid peroxidation, there 

is a defensive system consisting of antioxidant enzymes that play an important role in 

scavenging ROS. The organism susceptibility to free radial stress and peroxidative damage is 

related to the balance between the full radical load and the adequacy of antioxidant defences. 

Abnormally, high level of lipid peroxidation and the simultaneous decline of antioxidation 

mechanism can lead to damage of cellular organelles and oxidative stress (Manjulata et al., 

2009). The quantity and quality of the reactive species is determined by metabolic pathways 

within the organism, influenced by exogenous factors such as radiation, food, stress etc. The 

adverse effects of free radicals are recognised in several disorders, but care should be taken 

when assessing their causative role (Erika et al., 1999). As elucidated by Patel et al., 2008, 

long term complications are the main cause of morbidity and mortality. Because free radicals 

are difficult to measure directly as a result of their highly unstable nature, this study was 

therefore designed to evaluate the plasma levels of these three antioxidant enzymes EC, SOD, 

GPX and CAT. 

 Several studies have reported lower concentration of non enzymatic antioxidants as well as 

enzymatic antioxidant in type 2 diabetes (Djordjevi et al. , 2011), but there is no data 

regarding the actual status of antioxidant enzymes in both type 1 and type 2 diabetes patients 

with respect to the duration of disease. This study was therefore planned to investigate the 

level of these antioxidant enzymes both in chronic and non-chronic sufferers of the diseases 

with respect to apparently healthy, non diabetic subjects in Yenegoa, Bayelsa state of Nigeria. 

STUDY AREA 

Samples for this study were collected from Yenegoa, Bayelsa State and its environs, 

specifically from diabetic patients attending Federal Medical Centre and Niger Delta 

University Teaching Hospital (NDUTH) Okolobiri, about 15km from Yenegoa, Bayelsa State 

of Nigeria.  

STUDY SUBJECTS 

A total of 468 subjects were used for this study. This comprised of 158 patients suffering 

from diabetes type 1, of which 90 of them have suffered the disease for more than ten years 

(chronic sufferers) and 68 of them (non chronic) have suffered the disease for less than ten 

years. The studied subjects also included 200 of type 2 diabetic patients that were made up of 

110 chronic sufferers and 90 non chronic sufferers. Their status was confirmed after a fasting 

blood sugar test with values above 7.0mMol/l and glycated haemoglobin (HbAic) values of 

above 7.0 %`( WHO, 2011).  110 non diabetic subjects were carefully selected from the 

population in the same locality after determining their fasting blood glucose level (normally 

<6.0mMol/L) and glycated haemoglobin level (<6.0%) (ADA, 2015).  The chronic diabetes 

patients were confirmed, known subjects that have been suffering from this disease for over 

ten years by the physician in these hospitals. Also the basic information of age, sex, family 

history, duration of disease, habits of smoking, and alcohol consumption, including 

complications like hypertension, eye and renal disease was obtained from the subjects with an 

administered questionnaire. The study age bracket was between 30 and above years for both 

diabetic and non diabetic subjects. Informed consent was gotten from all the participants in 

this study and the results were also made available to them. This study was carried out 

between May 2010 - January, 2015.  
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SAMPLE COLLECTION 

The study subjects (diabetic and non diabetic) were properly instructed to fast over night for 

10-14hours before coming for sample collection. About 10ml of venous blood was collected 

from the anterior cubital vein and discharged into fluoride; EDTA and heparized tubes for the 

various biochemical measurements that included fasting blood glucose, glycosylated 

haemoglobin (HbAIC) and enzymes : glutathione peroxidase, superoxide dismutase and 

catalase  estimation. 

Fasting plasma glucose (FPG) was estimated quantitatively using the Glucose Oxidase 

method as modified by Randox Laboratories Limited (United Kingdom). HbAic levels were 

estimated quantitatively using immunoassay method as described by Chek diagnostics 

(USA).The enzyme linked immunosorbent assay (ELISA) method was used for the enzymes 

estimation. The Elabscience Biotechnology co ltd (ELISA) kit was specifically used for the 

study. The components of the ELISA kit used were specifically designed to analyse the 

antioxidant enzymes; glutathione peroxidase, superoxide dismutase and Catalase. It applies to 

in-vitro quantitative determination of the enzyme concentrations in plasma (Uotila etal., 

1981) (Peter et al., 2001) 

STATISTICAL ANALYSIS 

The data are expressed as mean + standard deviation. 

The paired t-test (test of significance) was done using the student’s t-test to compare the 

groups. Differences were considered significant at P<0.05(95% confidence level). Correlation 

between the groups studied was tested using the regression analysis and analysis of variance 

(ANOVA). The results were considered statistically significant at 95% confidence interval 

(P<0.05). 

Results  

The result of the study, the values for the various parameters and the analysis is as presented 

in the following table below. 

Table 1: Plasma level of the antioxidant enzymes, the mean   S.D of HbAic in type 1 and 

type 2 poorly controlled chronic diabetic mellitus patients. 

Study groups Number 

of subjects 

HbAic 

(%) 

SOD 

(ng/ml) 

 GPX (ug/ml) CAT(pg/ml) 

Diabetic type 

1 

90 8.9 1.94 24.95      2.29  0.38 22.46  14.94 

DIABETIC 

TYPE  2 

110 8.2 1.13 31.05 12.21 3.37 0.61 26.60 10.65 

NON 

DIABETIC 

(CONTROL) 

110 5.1 0.72 63.78 28.21 4.51  0.53 43.10 23.28 
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P Value = 

P<0.05 

     

Statistically at 95% confidence level (P>0.05), there was no difference between the mean 

values for type 1 and type 2 chronic diabetic patient in the antioxidant enzymes assayed. 

Statistical difference exist (P<0.05) between the chronic diabetics and the non diabetic 

(control) subjects. 

 Table 2: Plasma level of the antioxidant enzymes, the mean  S.D of the HbAic in type 1 and 

type 2 diabetes mellitus patients that have suffered the disease for less than ten years. 

Study 

groups 

Number of 

subjects 

HbAic (%) SOD (ng/ml) GPX (ug/ml) CAT (pg/ml) 

Diabetic 

type 1 

68 8.3 1.74 39.44 10.50 3.73 0.40 25.50 13.15 

DIABETIC 

TYPE 2 

90 7.8 1.19 44.10 12.38 3.94 0.33 28.48 12.72 

Non diabetic 

(control) 

110 5.1 0.72 63.78 28.21 4.51 0.53 43.10 23.28 

   P Value =P<0.05 

Statistically at 95% confidence level (P>0.05) there was no difference between the mean 

values for type 1 and type 2 diabetic patients that have suffered the disease for less than ten 

years in the antioxidant enzymes studied. The mean values differ significantly (P<0.05) with 

the value obtained for non diabetic (healthy) control subjects. From the table 1 and 2, there is 

a statistical difference at this confidence level between the values obtained for EC. SOD for 

chronic and non- chronic DM. 

Table 3: The glycated haemoglobin level and the antioxidant level of the enzymes with the 

age of disease in type1 DM. 

Study 

groups 

Age Of 

Disease(

yrs) 

Number of 

subjects 

HbAic 

(%) 

SOD (ng/ml) GPX 

(ug/ml) 

CAT (pg/ml) 

Dm 

type1 

  < 10 68 8.3+ 1.74 39.44 + 10.50 3.73 +0.40 25.50 +  13.15 

Dm 

type1 

11-20 52 8.7 + 

1.91 

26.49 +9.15 2.66 +0.52 23.93 + 12.56 

Dm 

type1 

21 and 

above 

38 9.2 + 

0.98 

21.74 +10.79 2.03 +0.32 21.40 + 12.98 

Control  110 5.1 + 

0.72 

63.78+ 28.21 4.51+ 0.53 43.10 + 23.28 

P Value 

= 

P<0.05      
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Table 4: The glycated haemoglobin level and the antioxidant level of the enzymes with the 

age of disease in type2 DM. 

Study 

groups 

Age Of 

Disease(yrs) 

Number of 

subjects 

HbAic 

(%) 

SOD 

(ng/ml) 

GPX 

(ug/ml) 

CAT (pg/ml) 

Dm 

type2 

<10 90 7.8 + 

1.19 

44.10 

+12.38 

3.94 +0.33 28.48 + 12.72 

Dm 

type2 

11-20 65 8.2 + 

1.85 

36.20+ 

13.16 

3.54+ 0.41 25.83 + 9.93 

Dm 

type2 

21 and above 45 8.9 + 

1.38 

28.22 

+11.58 

3.14 +0.29 23.99 + 13.10 

Control  110 5.1 + 

0.72 

63.78+ 

28.21 

4.51+ 0.53 43.10 + 23.28 

P Value 

= 

P<0.05      

Table 3 and 4 showed that, with increase in the duration of illness, the enzymes are depleted 

and with concomitant increase in haemoglobin glycosylation 

GRAPH 1: A line graph showing the relationship between the age of the disease and 

haemoglobin glycation in both type 1 and type 2 DM. 

 

The line graph showed that haemoglobin glycosylation increased significantly with increase 

in the duration of the disease. 
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Graph 2: A line graph showing the relationship between the antioxidant enzyme, superoxide 

dismutase status with the age of the disease in both type 1 and type 2 DM.

 

The line graph showed that the enzyme, Superoxide dismutase significantly decreases as the 

age of the disease increases. 

Graph 3: A line graph showing the relationship between the antioxidant enzyme, Glutathione 

peroxidase status and the age of the disease in both type 1 and type 2 DM. 

 

The line graph showed that the antioxidant enzyme, Glutathione peroxidase significantly 

decreases with increase in the age of the disease. 
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Graph 4: A line graph showing the relationship between the antioxidant enzyme, Catalase 

status and the age of the disease in both type 1 and type 2 DM.  

 

The line graph showed that the Catalase enzyme, significantly decreases as the age of the 

disease increases. 

DISCUSSION: 

In diabetic mellitus patients, the pertinacity of hyperglycemia has been reported as a cause of 

increased production of oxygen-free radicals through glucose auto-oxidation and non 

enzymatic glycation. This means that the antioxidant enzymes activity in diabetic patients is 

always increased with concomitant depletion of the enzymes superoxide dismutase, 

glutathione peroxidase and catalase responsible for the reverse of the effects of 

hyperglycaemia at the different levels of the cell and its functions. Regulation of the 

antioxidant system must provide sufficient, properly located, anti-oxidant compounds and 

enzyme 

From the study, we observed that the mean value of antioxidant enzymes-SOD, GPX and 

CAT was significantly decreased in diabetic type 1 and type 2 compared to non-diabetic 

group (CONTROL) (p<0.05) (Table 1). They are indicators of decrease in the protective 

antioxidant mechanism. This study in Yenegoa, Bayelsa State, Nigeria is in agreement with 

several studies (Bohr et al., 1998, Poljsak and Milisav, 2013). This study reveals a significant 

fall in SOD levels, which could be due to excessive oxidative stress. The values decreased 

significantly in the chronic type 1 and type 2 (P<0.05) with respect to the subjects that have 

suffered the disease for less than ten years (Table 3 and 4) 

Similarly, the GPX and CAT were reduced in type 1 and type 2 DM, but not significantly 

(P>0.05) different from those that have suffered it for less than ten years. The decrease is as a 
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result of scavenging capacity of glutathione-dependent antioxidant defensive system against 

elevated lipid peroxidation processes in these diabetic patients. Hence, the resultant diabetic 

complications and insulin resistance as a consequence of increased production of free radicals 

and changes in activity levels of antioxidant enzymes in order to scavenge free radicals.  

Catalase enzyme is one of the enzymes responsible for the decomposition of the hydrogen 

peroxide to produce water and oxygen which is part of the cellular metabolism and there is 

significant occurrence in the presence of lipid peroxidation with reduced level of antioxidant 

enzymes (Turk et al., 2002). 

With regard to the duration of the diseases, the enzymes were reduced significantly in both 

type 1 and type 2 DM (Graph 2-4). As the patient age with the disease, there is an implication 

that there will be an insulin resistance that impacts on the cell management of 

hyperglycaemia with increased free radical production. This is different from the subjects that 

have suffered the disease for less than ten years and non diabetic controls. 

These findings are in accordance with the observations made by chugh et el., 1999, Prechl et 

al., 1997, that chronic exposure to hyperglycaemia and insulin resistance has been implicated 

in altered oxidative metabolism. Excessive plasma and tissue glucose can exert pathological 

effect through non-enzymatic glycosylation which leads to the production of superoxide and 

hydrogen peroxide (Mercuri et al., 2000). In this study, there is an increased haemoglobin 

glycation with the age of the disease. 

CONCLUSION 

The plasma SOD, GPX and CAT are decreased in both type 1 and type 2 diabetes mellitus 

when compared to non diabetic, apparently healthy subjects. The EC. SOD levels are 

significantly reduced in chronic type 1and type 2 with respect to the subjects that have 

suffered the disease for less than ten years. The depletion of the antioxidant enzymes reduce 

with the duration of the disease and with an increase in the haemoglobin glycosylation. This 

means that autoxidation of glucose due to persistent hyperglycaemia in diabetes mellitus is 

the major cause for generating oxidative stress.The findings from the study therefore suggest 

the estimation of plasma antioxidant enzymes with other routine investigations in diabetes 

patients. This may be useful in the prevention of diabetic complications which can be 

prevented by supplementing the antioxidant rich components of the diet hence avoiding 

further diabetic events. 
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