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Abstract 
Background: Aging is linked to elevated oxidative stress, which arises from an imbalance between the 
production of reactive oxygen species (ROS) and the body’s antioxidant defense mechanisms. Key antioxidant 
enzymes, including superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx), are crucial 
for preserving redox balance. However, their activity varies across age groups, contributing to age-related 
functional decline. 
Material and Methods: A cross-sectional observational study was conducted on 180 healthy individuals 
stratified into three age groups: Group I (18–30 years), Group II (31–50 years), and Group III (51–70 years), 
with 60 participants in each. Fasting venous blood samples were analyzed for erythrocyte SOD, CAT, and GPx 
activities using standard spectrophotometric methods. Inclusion criteria comprised apparently healthy 
individuals without chronic illness, smoking, or alcohol consumption. Subjects with diabetes, cardiovascular 
disease, or antioxidant supplementation were excluded. Statistical analysis was performed using ANOVA with p 
<0.05 considered significant. 
Results: A significant decline in antioxidant enzyme activity was observed with advancing age. Mean SOD 
activity was highest in Group I and lowest in Group III (p <0.001). CAT activity showed a gradual reduction 
from Group I to Group III (p <0.01). GPx activity followed a similar decreasing trend (p <0.05). 
Conclusion: The study demonstrates a significant age-associated decline in major antioxidant enzymes, 
indicating a progressive reduction in endogenous defense against oxidative stress. These findings highlight the 
importance of dietary and lifestyle interventions to enhance antioxidant capacity in older populations. 
Keywords: Aging, Oxidative stress, Antioxidant enzymes, Superoxide dismutase, Catalase and Glutathione 
peroxidase. 
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Introduction 

Aging is a complex biological process 
characterized by progressive functional decline, 
increased vulnerability to diseases, and eventual 
mortality. Among several theories proposed, the 
free radical theory of aging, first introduced by 
Harman in 1956, has gained significant attention 
[1]. It postulates that the accumulation of reactive 
oxygen species (ROS) over time leads to oxidative 
damage of biomolecules, contributing to aging and 
age-related diseases. 

ROS are continuously generated as by-products of 
cellular metabolism, particularly within the 
mitochondria. To counteract oxidative stress, cells 
possess an intricate antioxidant defense system 
comprising enzymatic and non-enzymatic 
components [2]. Among the enzymatic 
antioxidants, superoxide dismutase (SOD), catalase 
(CAT), and glutathione peroxidase (GPx) represent 

the primary line of defense. SOD catalyzes the 
dismutation of superoxide radicals into hydrogen 
peroxide, which is subsequently degraded by CAT 
and GPx [3]. With advancing age, several studies 
have reported alterations in antioxidant enzyme 
activity, leading to increased oxidative damage and 
cellular dysfunction [4,5]. Reduced activity of these 
enzymes has been implicated in the 
pathophysiology of neurodegenerative disorders, 
cardiovascular diseases, diabetes, and cancer [6,7].  

Thus, evaluating age-associated changes in 
antioxidant enzyme activity is crucial for 
understanding the biochemical underpinnings of 
aging and for designing potential preventive 
strategies. Previous investigations have yielded 
conflicting results, with some studies reporting a 
decline in enzymatic activity with age, while others 
observed compensatory increases in certain 
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enzymes [8,9]. This discrepancy may be attributed 
to differences in study populations, methodologies, 
and environmental factors. Therefore, further 
evaluation in diverse populations is warranted. 

The present study aimed to evaluate alterations in 
antioxidant enzyme activities across different age 
groups in an apparently healthy Indian population. 
By examining the activities of SOD, CAT, and GPx 
in young, middle-aged, and older adults, this study 
sought to provide insights into the biochemical 
basis of age-related oxidative stress. 

Aim and Objectives 

Aim: To evaluate alterations in antioxidant enzyme 
activity across different age groups. 

Objectives: 

1. To measure the activities of superoxide 
dismutase, catalase, and glutathione peroxidase 
in healthy individuals of varying age groups. 

2. To compare age-associated variations in these 
enzyme activities statistically. 

Materials and Methods 

This cross-sectional observational study was 
conducted in the Department of Biochemistry of a 
tertiary care medical institution. A total of 180 
healthy volunteers aged 18–70 years were recruited 

after obtaining informed consent. The participants 
were divided into three groups: Group I (18–30 
years), Group II (31–50 years), and Group III (51–
70 years), with 60 subjects in each. 

Inclusion criteria: Apparently healthy individuals 
with no history of chronic illness, non-smokers, 
non-alcoholic, and not on antioxidant supplements. 

Exclusion criteria: Patients with diabetes mellitus, 
cardiovascular disease, chronic infections, liver or 
renal dysfunction, malignancy, or those on regular 
medications affecting oxidative metabolism. 

Fasting venous blood samples were collected. 
Plasma and erythrocyte lysates were separated for 
biochemical analysis. SOD activity was measured 
by the inhibition of pyrogallol autoxidation, CAT 
activity by hydrogen peroxide decomposition, and 
GPx activity using the NADPH oxidation method. 
All assays were performed spectrophotometrically 
under standardized conditions.Data were analyzed 
using SPSS v25.0. Results were expressed as mean 
± SD. One-way ANOVA followed by post hoc 
Tukey’s test was applied to compare enzyme 
activities among groups.  

A p-value <0.05 was considered statistically 
significant. 

Results

Table 1: Mean Superoxide Dismutase (SOD) Activity across Age Groups 
Age Group n SOD Activity (U/mg Hb, Mean ± SD) p-value 
Group I (18–30 yrs) 60 12.5 ± 1.8 

<0.01 Group II (31–50 yrs) 60 10.9 ± 1.6 
Group III (51–70 yrs) 60 8.7 ± 1.5 

A significant decline in SOD activity with increasing age. 

Table 2: Mean Catalase (CAT) Activity across Age Groups 
Age Group n CAT Activity (kU/L, Mean ± SD) p-value 
Group I (18–30 yrs) 60 85.2 ± 10.5 

<0.01 Group II (31–50 yrs) 60 77.6 ± 9.8 
Group III (51–70 yrs) 60 69.3 ± 8.7 

CAT activity shows a gradual decrease with age. 

Table 3: Mean Glutathione Peroxidase (GPx) Activity across Age Groups 
Age Group n GPx Activity (U/g Hb, Mean ± SD) p-value 
Group I (18–30 yrs) 60 45.8 ± 6.3 

<0.05 Group II (31–50 yrs) 60 41.7 ± 5.9 
Group III (51–70 yrs) 60 37.2 ± 5.4 
 
Interpretation: GPx activity also declines 
progressively with age. 

Discussion 

The present study demonstrated a significant age-
associated decline in antioxidant enzyme activities, 
including SOD, CAT, and GPx, among apparently 
healthy individuals. These findings are consistent 
with the free radical theory of aging, which 
suggests that oxidative stress increases with 

advancing age due to diminished antioxidant 
defenses [1]. SOD is considered the first line of 
enzymatic defense against superoxide radicals. Our 
study observed a marked reduction in SOD activity 
from young adults to elderly individuals, aligning 
with previous reports [10,11]. This decline may be 
attributed to cumulative oxidative damage to 
mitochondrial proteins and decreased gene 
expression of antioxidant enzymes in aging tissues 
[12]. Reduced SOD activity has been associated 
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with increased susceptibility to neurodegenerative 
conditions such as Alzheimer’s and Parkinson’s 
disease [13]. 

Catalase, located primarily in peroxisomes, 
decomposes hydrogen peroxide into water and 
oxygen, thereby preventing hydroxyl radical 
formation. Our results revealed a gradual decline in 
CAT activity across age groups, corroborating 
earlier findings [14]. Reduced catalase levels may 
exacerbate oxidative damage to DNA and lipids, 
predisposing to age-related pathologies including 
atherosclerosis and metabolic disorders [15]. 

GPx, a selenium-dependent enzyme, plays a crucial 
role in detoxifying hydrogen peroxide and lipid 
peroxides. The significant reduction in GPx activity 
observed in older individuals in this study is 
consistent with reports by others [16,17]. Lower 
GPx activity may result from decreased selenium 
bioavailability with age or oxidative inactivation of 
the enzyme [18]. Impaired GPx function has been 
linked to cardiovascular morbidity and cancer 
progression [19]. 

Interestingly, some studies have reported 
compensatory increases in certain antioxidant 
enzymes with age, possibly reflecting adaptive 
mechanisms against heightened oxidative stress 
[20]. However, in our population, the overall trend 
was a uniform decline across all three enzymes, 
suggesting an inadequate adaptive response. This 
could be influenced by genetic factors, dietary 
patterns, or environmental exposures unique to the 
studied population. 

The implications of our findings are clinically 
relevant. Reduced antioxidant enzyme activity may 
partly explain the higher incidence of chronic, 
degenerative diseases in elderly populations. 
Dietary interventions rich in antioxidants, physical 
activity, and supplementation with micronutrients 
such as selenium and vitamins C and E may help 
strengthen endogenous defense systems [21,22]. 
Furthermore, pharmacological agents aimed at 
upregulating endogenous antioxidants or 
mimicking their activity are being explored as 
potential anti-aging strategies [23]. 

Limitations: Being a cross-sectional study, causal 
relationships cannot be inferred. Lifestyle factors 
and dietary intake were not quantitatively assessed. 
Moreover, only erythrocyte antioxidant enzyme 
activity was measured; tissue-specific changes may 
vary. 

Future directions: Longitudinal studies with 
larger cohorts, incorporating non-enzymatic 
antioxidants and oxidative stress biomarkers, are 
warranted to provide a comprehensive 
understanding of redox alterations in aging. 

In conclusion, the present study reinforces the role 
of antioxidant enzyme decline as a biochemical 
hallmark of aging and highlights the potential of 
antioxidant-based interventions in promoting 
healthy aging. 

Conclusion 

This study evaluated alterations in antioxidant 
enzyme activities across different age groups and 
demonstrated a significant age-associated decline 
in SOD, CAT, and GPx activities. The progressive 
reduction in these enzymes underscores a 
weakening endogenous antioxidant defense with 
aging, leading to increased oxidative stress and 
susceptibility to chronic diseases. These findings 
support the free radical theory of aging and 
emphasize the importance of early lifestyle 
modifications to maintain redox balance. 

Nutritional strategies rich in natural antioxidants, 
regular exercise, and avoidance of oxidative 
stressors such as smoking and excessive alcohol 
may play crucial roles in preserving antioxidant 
capacity in older individuals. From a clinical 
perspective, monitoring antioxidant enzyme levels 
could serve as a valuable biomarker for assessing 
aging-related oxidative stress and guiding 
preventive strategies. 

Future research should focus on longitudinal 
assessments and the interplay of genetic and 
environmental factors influencing antioxidant 
defense. In addition, exploring therapeutic 
interventions to restore antioxidant capacity may 
offer new avenues in geriatric healthcare and 
longevity research. 

Thus, enhancing antioxidant defenses represents a 
promising strategy to mitigate the deleterious 
effects of aging and promote healthy aging 
trajectories. 
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