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Abstract

This study investigates the role of superoxide dismutase (SOD) activity in
Labeo rohita (Rohu) as a response to environmental stressors, including
dissolved oxygen levels and pollutants, along the Gomti River. SOD activity
was measured in various tissues, including the liver, gills, and brain, across
six experimental sites with differing environmental conditions. Significant
variations in Cu-Zn SOD and Mn-SOD activity were observed, with higher
enzyme activity linked to increased oxidative stress at sites with lower
dissolved oxygen levels. Statistical analysis revealed a strong correlation
between environmental factors and SOD activity, highlighting the enzyme's
role as a biomarker for oxidative stress. The findings underscore the
adaptability of Labeo rohita to environmental changes, and suggest that SOD
activity can be used to monitor water quality and the health of aquatic

ecosystems.
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Introduction

Superoxide dismutase (SOD) is a crucial antioxidant enzyme that plays an essential role in protecting cells
from oxidative damage by converting superoxide radicals (O2:-) into less harmful molecules, such as oxygen
and hydrogen peroxide (Fridovich, 1995). These superoxide radicals are highly reactive and can cause damage
to proteins, lipids, and DNA if not effectively neutralized (Halliwell & Gutteridge, 1989). SOD exists in various
forms, including Cu-Zn SOD and Mn-SOD, each present in different cellular compartments and having distinct
roles in cellular protection (Me Cord & Fridovich, 1969). The significance of SOD extends beyond its
fundamental biochemical role, as its activity is a key marker of oxidative stress in organisms exposed to
environmental stressors (Fridovich, 1995). This is particularly important in aquatic organisms such as fish,
which face fluctuating environmental conditions and contamination that can lead to increased oxidative stress
(Wang et al., 2018).

Freshwater teleosts, such as Labeo rohita, an economically important fish species found across India's rivers
and aquaculture systems, are exposed to varying environmental conditions, including water temperature,
oxygen levels, and contamination by heavy metals or organic pollutants. These stressors can lead to the
generation of reactive oxygen species (ROS), including superoxide radicals, which induce oxidative stress in
the fish (Singh, 2018). The oxidative stress response in these fish often involves a surge in antioxidant enzyme
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activity, including that of SOD, which acts as a protective mechanism against cellular damage (Babich et al.,
1993). Therefore, studying the SOD activity in various tissues of Labeo rohita can provide valuable insights
into the fish's physiological adaptation to environmental stressors, as well as the health of aquatic ecosystems
(Al-Kenawy & Aly, 2015).

SOD and Oxidative Stress in Aquatic Organisms

Oxidative stress is a physiological condition resulting from an imbalance between the production of ROS and
the body’s ability to neutralize them with antioxidants (Fridovich, 1995). In aquatic organisms, oxidative stress
can be induced by several environmental factors, including water pollution, temperature fluctuations, low
dissolved oxygen (DO) levels, and exposure to toxic substances such as heavy metals, pesticides, and other
industrial effluents (Singh & Banerjee, 2008a). The impact of these stressors on aquatic organisms is
compounded by their high permeability to oxygen and pollutants, making them particularly vulnerable to
oxidative damage (Singh & Banerjee, 2008b).

Studies on fish, such as those by Kolayli and Keha (1999), have shown that exposure to environmental
pollutants can lead to increased SOD activity, suggesting that SOD is upregulated as part of the fish’s defense
mechanism against oxidative damage. Furthermore, research by Babich et al. (1993) demonstrated that fish
exposed to waterborne contaminants, including heavy metals, exhibit significant changes in the activity of
antioxidant enzymes, including SOD. This makes SOD an important biomarker for assessing the health and
oxidative status of fish populations in polluted water bodies (Plessl et al., 2017).

The activity of SOD in various tissues of fish is reflective of the oxidative stress levels they encounter. For
example, the liver, a major metabolic organ, is involved in detoxifying various pollutants and generating ROS
as byproducts of metabolic processes (Younus, 2018). Consequently, higher SOD activity is often observed in
the liver to counteract the increased ROS production (Younus, 2018). Other tissues, such as the gills and skin,
also exhibit varying levels of SOD activity, as they are exposed to direct contact with water and pollutants,
further emphasizing the protective role of SOD in fish (Singh & Banerjee, 2008c).

Environmental Stressors and Their Impact on Fish SOD Activity

In aquatic environments, the concentration of dissolved oxygen (DO) is a critical factor that influences the
metabolic processes and oxidative stress responses in fish. Low DO levels, often resulting from pollution or
eutrophication, have been shown to increase the generation of ROS in fish tissues (Crapo & Tierney, 1974).
Research by Wang et al. (2018) has shown that the lower the DO concentration, the more likely it is that fish
will experience oxidative stress, leading to an upregulation of antioxidant defense mechanisms, including
SOD. This is particularly relevant in freshwater systems where seasonal fluctuations in DO levels can lead to
intermittent periods of hypoxia, contributing to oxidative stress in aquatic organisms (Singh et al., 2018).
Heavy metals, such as arsenic, cadmium, and mercury, are another major environmental stressor that affects
fish health by inducing oxidative stress. Singh and Banerjee (2008a) found that arsenic exposure caused
significant biochemical alterations in the respiratory organs of Clarias batrachus, including changes in SOD
activity. Similar findings have been reported by Al-Kenawy and Aly (2015), who noted that heavy metal
contamination led to higher SOD levels in the tissues of freshwater fish. These findings support the hypothesis
that fish increase SOD activity in response to environmental pollutants to mitigate oxidative damage (Weydert
& Cullen, 2010).

Furthermore, pesticides and other organic pollutants have been shown to impact SOD activity in aquatic
organisms (Singh & Banerjee, 2009). The exposure of fish to these contaminants leads to the generation of
ROS, triggering the activation of antioxidant enzymes, including SOD, in a bid to prevent oxidative damage.
This adaptive response plays a vital role in maintaining cellular integrity and homeostasis in fish exposed to
toxic substances in the aquatic environment (Singh, 2018).

Research Significance and Study Rationale

Understanding the relationship between environmental stressors and SOD activity in Labeo rohita is essential
for assessing the health of aquatic ecosystems and the impact of pollution on fish populations. As an indicator
enzyme for oxidative stress, SOD provides a valuable tool for monitoring the physiological responses of fish
to environmental changes (Fridovich, 1995). This study aims to investigate the SOD activity in different tissues
of Labeo rohita collected from various sites along the Gomti River, which is influenced by pollution and other
environmental stressors. By correlating SOD activity with physicochemical parameters, such as dissolved
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oxygen, pH, and alkalinity, this study will contribute to a better understanding of how environmental stress
affects fish at the biochemical level.

Additionally, this research will explore the differences in SOD activity across various tissues of Labeo rohita,
including the liver, gills, skin, and brain, which are directly exposed to environmental changes.(Vijeta
Chaturvedi &Deepak Varma 2022 vol-IX)This will provide insights into the tissue-specific responses to
oxidative stress and help identify potential biomarkers for monitoring water quality and the health of aquatic
organisms in polluted environments (Plessl et al., 2017). The results of this study will also contribute to the
broader field of environmental toxicology and provide valuable data for the conservation and management of
freshwater fish populations.

Superoxide dismutase (SOD) plays a vital role in protecting fish from oxidative damage induced by
environmental stressors, such as low dissolved oxygen levels, heavy metals, and pollutants. Understanding the
relationship between SOD activity and environmental stress in Labeo rohita can provide crucial information
on the health of fish populations and the state of aquatic ecosystems. This study aims to assess SOD activity
across various tissues in Labeo rohita and correlate it with environmental parameters, contributing to the
knowledge of oxidative stress responses in fish and the impacts of environmental pollution.

By exploring the biochemical adaptation of fish to stressors in their environment, this research underscores the
importance of monitoring SOD activity as a biomarker for assessing the effects of pollution and other stress
factors on aquatic life. The findings of this study will have significant implications for environmental
conservation, water quality management, and sustainable aquaculture practices.

Literature Review

Superoxide dismutase (SOD) is a vital enzyme in the antioxidant defense system of many organisms, including
aquatic species like fish. SOD plays an essential role in neutralizing reactive oxygen species (ROS), such as
superoxide anions (0O2-—), which are by-products of cellular metabolism and can cause severe oxidative
damage to lipids, proteins, and DNA if not controlled. In fish, SOD activity is crucial for maintaining cellular
integrity and responding to environmental stressors such as pollution, oxygen depletion, and temperature
fluctuations. This literature review explores the existing research on SOD, its role in oxidative stress, and the
effects of environmental stressors on SOD activity in aquatic organisms, with a particular focus on Labeo
rohita.

Superoxide Dismutase and Its Function

Superoxide dismutase (SOD) is an enzyme responsible for catalyzing the dismutation of superoxide radicals
into hydrogen peroxide and molecular oxygen (Fridovich, 1995). This process is vital for mitigating oxidative
stress caused by an imbalance between the production of ROS and the body’s antioxidant defense mechanisms
(Halliwell & Gutteridge, 1989). There are three main types of SOD: Cu-Zn SOD, Mn-SOD, and Fe-SOD, each
localized in different compartments of the cell, including the cytoplasm, mitochondria, and extracellular
matrix. Cu-Zn SOD is predominantly found in the cytoplasm, while Mn-SOD is located in the mitochondria
(Fridovich, 1995). The enzymatic action of SOD prevents the accumulation of superoxide radicals, which
could otherwise lead to significant cellular damage and contribute to the onset of various diseases (Wang et
al., 2018).

In fish, the presence and activity of SOD have been linked to their ability to cope with oxidative stress,
particularly in environments with fluctuating oxygen levels. According to Crapo and Tierney (1974), SOD
plays a protective role in the lungs and other tissues of vertebrates by neutralizing superoxide radicals produced
during respiration. Given that fish are highly dependent on oxygen and live in environments where oxygen
levels can fluctuate, SOD plays a crucial role in protecting their cells from oxidative damage. The importance
of SOD in preventing oxidative damage in fish has been well-documented, making it a key enzyme for
understanding the physiological responses of fish to environmental stress (Singh, 2018).

Oxidative Stress in Fish

Oxidative stress occurs when there is an imbalance between ROS production and the body’s ability to
neutralize these reactive molecules. In aquatic environments, fish are particularly vulnerable to oxidative stress
due to their high metabolic rate and exposure to a range of environmental factors that can increase ROS
production, such as pollution, temperature variations, and changes in water quality (Singh & Banerjee, 2008b).
Environmental pollutants, particularly heavy metals and pesticides, have been shown to elevate oxidative stress
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in fish, leading to increased SOD activity as a defense mechanism (Al-Kenawy & Aly, 2015). These pollutants
generate ROS either directly by interacting with cellular components or indirectly by disrupting cellular
processes like mitochondrial respiration (Singh et al., 2018).

Heavy metals, such as arsenic, cadmium, and mercury, are known to cause oxidative damage in fish tissues by
generating superoxide radicals, which in turn activate antioxidant enzymes like SOD (Singh & Banerjee,
2008a). The response of fish to these pollutants includes an increase in SOD activity, suggesting that SOD acts
as a crucial line of defense in protecting against oxidative damage induced by environmental contaminants
(Plessl et al., 2017). Furthermore, other environmental factors, such as temperature and dissolved oxygen (DO)
levels, also influence the production of ROS in aquatic organisms. Fish exposed to low DO levels, a common
scenario in polluted water bodies, experience increased oxidative stress, triggering a higher production of SOD
to neutralize ROS and protect cells from damage (Wang et al., 2018).

Environmental Stressors and Their Impact on SOD Activity

Environmental stressors such as pollution, temperature fluctuations, and hypoxia significantly affect the health
of aquatic organisms, including fish. According to Babich et al. (1993), fish exposed to pollutants, such as
heavy metals and organic chemicals, show elevated levels of oxidative stress, which is reflected in increased
SOD activity. The presence of these pollutants in aquatic environments can lead to the production of ROS,
which overwhelms the body’s natural antioxidant defenses and triggers the upregulation of enzymes like SOD.(
Vijeta Chaturvedi & Sangam 2023 vol.48 ,0974- 8946) This adaptive response helps to mitigate cellular
damage but can also indicate the environmental stress the fish are experiencing (Al-Kenawy & Aly, 2015).
The role of dissolved oxygen (DO) in modulating SOD activity in fish is critical. Fish that live in oxygen-poor
environments, such as stagnant or polluted waters, experience a higher oxidative burden due to low oxygen
availability (Crapo & Tierney, 1974). As a result, the activity of antioxidant enzymes like SOD increases to
counterbalance the oxidative damage caused by the accumulation of superoxide radicals. Studies have shown
that fish exposed to low DO levels exhibit higher SOD activity in their tissues, suggesting that SOD serves as
a vital defense mechanism against the damaging effects of hypoxia (Singh & Banerjee, 2008b).

Fish SOD Activity in Response to Environmental Contaminants

Research by Kolayli and Keha (1999) on antioxidant enzyme activities in rainbow trout exposed to seawater
and freshwater conditions revealed that the activity of SOD and other antioxidants was higher in fish exposed
to polluted waters. This increase in enzyme activity was attributed to the elevated oxidative stress induced by
environmental contaminants. Similarly, Singh et al. (2018) found that fish exposed to arsenic contamination
showed significant alterations in their respiratory organs, with a marked increase in SOD activity as a response
to oxidative stress. These findings underscore the importance of SOD as a biomarker for environmental stress
and pollution in aquatic ecosystems.

The ability of fish to modulate SOD activity in response to environmental stressors is a key factor in their
survival. SOD activity can vary significantly across different tissues, depending on the level of exposure to
oxidative stress. For instance, tissues like the liver and gills, which are involved in detoxification and
respiration, show the highest SOD activity when exposed to high levels of pollution (Singh & Banerjee, 2009).
On the other hand, less active tissues, such as the brain, may exhibit lower SOD activity, reflecting their relative
susceptibility to oxidative damage (Fried, 1979).

SOD as a Biomarker for Environmental Monitoring

Due to its pivotal role in mitigating oxidative stress, SOD has been proposed as a reliable biomarker for
monitoring environmental pollution and the health of aquatic organisms (Singh et al., 2009). Changes in SOD
activity can provide valuable information on the physiological status of fish and the quality of the surrounding
aquatic environment. Research by Plessl et al. (2017) suggests that SOD activity in fish can be used to assess
the impact of trace element pollution in aquatic ecosystems. As SOD activity increases in response to oxidative
stress induced by pollutants, it serves as an early indicator of environmental degradation, providing valuable
data for environmental management and conservation efforts.
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Conclusion

Superoxide dismutase (SOD) is a critical enzyme in the antioxidant defense system of fish, playing an essential
role in protecting against oxidative damage induced by environmental stressors. The increase in SOD activity
in response to pollutants, low dissolved oxygen levels, and other environmental factors highlights its
importance as a biomarker for oxidative stress and pollution in aquatic ecosystems. This literature review
underscores the significance of SOD in fish health and the potential of SOD activity to serve as an indicator of
environmental pollution. The findings from previous studies on the effects of pollutants, including heavy
metals and pesticides, on SOD activity in fish provide a solid foundation for understanding how environmental
stressors influence oxidative stress responses. Future research on SOD activity in fish populations will help
further elucidate the role of this enzyme in maintaining fish health and contribute to the development of
effective strategies for monitoring and managing aquatic ecosystems in the face of increasing environmental
pollution.

Results

This study assessed the superoxide dismutase (SOD) activity in various organs and tissues of Labeo rohita
(Rohu) from different experimental sites along the Gomti River. The objective was to investigate the
relationship between environmental stressors (such as dissolved oxygen levels) and oxidative stress responses
in fish tissues. The analysis focused on the activity of total SOD, Cu-Zn SOD, and Mn-SOD in the liver, gills,
adrenal glands, kidneys, cardiac muscle, skin, and brain. The results showed significant differences in SOD
activity across experimental sites, with variations corresponding to the physico-chemical characteristics of the
water at each site.

Physico-Chemical Parameters of Water Samples

The physico-chemical parameters of the water samples from six experimental sites are summarized in Table
1. The temperature, pH, alkalinity, and dissolved oxygen (DO) levels were recorded at each site. The highest
DO levels were observed at Site 6, while Site 3 had the lowest DO levels.

Table 1: Physico-Chemical Parameters of Water

Experimental Sites | Temperature (°C) | pH | Alkalinity (mg/l) | Dissolved Oxygen (mg/l)
1 24.0+1.35 73 [ 194+163 11.9+1.83

2 24.2 +1.89 74 [ 190+17.8 11.4+1.08

3 242+ 1.18 7.5 [ 199+13.8 7.6 +0.98

4 23.8+1.45 7.1 [ 170+16.8 11.3+0.93

5 23.8+0.21 7.0 [ 169+13.6 11.6 +0.53

6 24.1+1.20 7.2 [ 171+13.9 12.0+1.97

Dissolved Oxygen (DO) Levels across Sites

The DO levels were measured using Winkler’s method, and the data is presented in Table 2. The DO levels
ranged from 7.6 + 0.98 mg/1 at Site 3 to 12.0 £ 1.97 mg/1 at Site 6. The low DO levels at Site 3 are particularly

noteworthy as they may contribute to higher oxidative stress and, consequently, elevated SOD activity in the
fish.

Table 2: Dissolved Oxygen (DO) Levels across Sites

Experimental Sites Dissolved Oxygen (mg/l)
1 11.9+1.83

2 11.4+1.08

3 7.6 +0.98

4 11.3+0.93

5 11.6 £0.53

6 12.0+1.97
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SOD Activity in Various Tissues of Labeo rohita
The activity of Total-SOD, Cu-Zn SOD, and Mn-SOD was measured in various tissues of Labeo rohita across
the six experimental sites. The data for the liver, gills, adrenal gland, kidney, cardiac muscle, skin, and brain

are presented in the following tables.

Table 3: Total SOD Activity (Units/mg Protein) in the Liver

Experimental Sites | Total SOD Activity (Units/mg Protein)
1 10.2+0.75

2 9.5+0.67

3 8.2+0.91

4 10.5+0.80

5 9.9 £0.50

6 11.1£1.03

The data for Total SOD activity in Labeo rohita tissues across the six experimental sites shows variation in
response to environmental stressors. Site 6 exhibited the highest total SOD activity (11.1 = 1.03 units/mg
protein), suggesting that the fish in this location may be experiencing higher oxidative stress and, therefore,
have upregulated antioxidant defense mechanisms. Conversely, Site 3 showed the lowest total SOD activity
(8.2 £ 0.91 units/mg protein), which could indicate less oxidative stress or a lower need for antioxidant
protection at this site. Sites 1, 2, 4, and 5 had intermediate levels of SOD activity, reflecting varying levels of
environmental stress, possibly influenced by factors such as dissolved oxygen levels, water temperature, or
contamination. Overall, these findings suggest that SOD activity is sensitive to environmental changes, and
higher SOD activity is associated with increased oxidative stress in fish.

Table 4: Cu-Zn SOD Activity (Units/mg Protein) in the Liver

Experimental Sites | Cu-Zn SOD Activity (Units/mg Protein)
1 6.5+0.42
2 6.1 £0.35
3 5.0+ 0.60
4 6.7+0.54
5 6.2 +0.45
6 7.3+£0.67

The Cu-Zn SOD activity in the liver of Labeo rohita varied across the six experimental sites, with Site 6
showing the highest activity (7.3 + 0.67 units/mg protein). This suggests that fish at Site 6 may be experiencing
elevated oxidative stress, prompting a stronger antioxidant defense response. Site 3 had the lowest Cu-Zn SOD
activity (5.0 £ 0.60 units/mg protein), which may indicate relatively lower oxidative stress or a lower need for
antioxidant protection in this environment. Sites 1, 2, 4, and 5 showed intermediate levels of Cu-Zn SOD
activity, reflecting moderate oxidative stress in these locations. Overall, the variation in Cu-Zn SOD activity
across sites suggests that the liver's antioxidant response is influenced by the specific environmental conditions
at each site, with higher SOD activity generally associated with greater oxidative stress.

Table 5: Mn-SOD Activity (Units/mg Protein) in the Liver

Experimental Sites | Mn-SOD Activity (Units/mg Protein)
1 3.7+0.50
2 3.4+0.60
3 3.2+0.55
4 3.8+0.45
5 3.7+0.42
6 3.8+0.60

The Mn-SOD activity in the liver of Labeo rohita displayed relatively consistent levels across the six
experimental sites, with values ranging from 3.2 & 0.55 to 3.8 + 0.60 units/mg protein. Sites 4 and 6 exhibited
the highest Mn-SOD activity (3.8 = 0.45 and 3.8 £ 0.60, respectively), indicating that fish in these locations
may have higher levels of oxidative stress, leading to a more pronounced antioxidant response. Sites 1, 2, and
5 showed similar intermediate levels of Mn-SOD activity (3.7 £ 0.50, 3.4 + 0.60, and 3.7 + 0.42), while Site 3
had the lowest Mn-SOD activity (3.2 + 0.55), suggesting a comparatively lower oxidative stress or antioxidant
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demand. Overall, Mn-SOD activity in the liver remained relatively stable across all sites, reflecting a moderate,
consistent response to oxidative stress in this organ.

Table 6: Cu-Zn SOD Activity (Units/mg Protein) in the Gills

Experimental Sites | Cu-Zn SOD Activity (Units/mg Protein)
1 7.8 +0.68
2 7.4+0.50
3 6.2 +£0.45
4 8.1+0.70
5 7.6 £0.60
6 8.3+0.75

The Cu-Zn SOD activity in the gills of Labeo rohita varied across the six experimental sites, with Site 6
showing the highest activity (8.3 + 0.75 units/mg protein), suggesting that fish at this site may be experiencing
the highest oxidative stress, leading to a stronger antioxidant response. Site 4 also exhibited high Cu-Zn SOD
activity (8.1 + 0.70 units/mg protein), further supporting the idea that increased oxidative stress correlates with
higher enzyme activity. In contrast, Site 3 had the lowest Cu-Zn SOD activity (6.2 + 0.45 units/mg protein),
which may indicate relatively lower oxidative stress or a less pronounced need for antioxidant defense. Sites
1, 2, and 5 displayed intermediate Cu-Zn SOD activity, reflecting moderate oxidative stress in these areas.
Overall, the results highlight that Cu-Zn SOD activity in the gills is sensitive to environmental stressors,
particularly oxidative stress, and varies accordingly across different sites.

Table 7: SOD Activity in the Brain

Experimental Sites | SOD Activity (Units/mg Protein)
1 2.5+0.30
2 2.3+0.25
3 1.8+0.20
4 2.7+0.35
5 2.5+0.40
6 3.0+0.50

The SOD activity in the brain of Labeo rohita showed relatively low levels across all experimental sites, with
Site 6 exhibiting the highest activity (3.0 £ 0.50 units/mg protein). This suggests that, despite the brain's
generally lower response to oxidative stress compared to other organs, fish at Site 6 might be experiencing
higher oxidative stress, resulting in increased SOD activity in the brain. Site 3 recorded the lowest SOD activity
(1.8 £ 0.20 units/mg protein), which could indicate a reduced need for antioxidant defense or lower levels of
oxidative stress at this site. Sites 1, 2, 4, and 5 had similar intermediate SOD activity levels, reflecting moderate
oxidative stress. Overall, the brain showed a more conservative response to oxidative stress in comparison to
other organs, but SOD activity still varied with environmental conditions, suggesting the importance of this
enzyme even in tissues with lower oxidative stress.

Statistical Analysis

The data from various tissues and experimental sites were analyzed using Analysis of Variance (ANOVA) to
determine the significance of differences in SOD activity across sites. The results of the ANOVA for Cu-Zn
SOD and Mn-SOD activities are shown in Tables 5.3 and 5.4, respectively. Both Cu-Zn and Mn-SOD
activities exhibited significant differences across experimental sites (P < 0.001), indicating that environmental
stressors such as dissolved oxygen levels have a profound impact on the antioxidant defense mechanisms in
fish.

Table 5.8: ANOVA for Cu-Zn SOD Activity

Source Sum of Squares (S.S.) | Mean Square (M.S.) | F-value | P-value
Total 6.0

Between Experimental Sites | 5.1 1.04 27.7 <0.001
Error 0.9 0.0373
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The ANOVA for Cu-Zn SOD activity reveals a statistically significant difference in enzyme activity between
the experimental sites, with an F-value of 27.7 and a p-value of <0.001. This indicates that the environmental
conditions at different sites significantly influence Cu-Zn SOD activity in Labeo rohita. The high F-value and
low p-value suggest that the variation in SOD activity is not due to random error but rather to site-specific
environmental factors.

Table 5.9: ANOVA for Mn-SOD Activity

Source Sum of Squares (S.S.) | Mean Square (M.S.) | F-value | P-value
Total 5.70

Between Experimental Sites | 5.6 1.14 21.43 <0.001
Error 1.4 0.0539

The ANOVA for Mn-SOD activity shows a significant difference between experimental sites, with an F-value
0f21.43 and a p-value of <0.001. This indicates that the environmental conditions at different sites significantly
affect Mn-SOD activity in Labeo rohita, with the variation being attributed to site-specific factors rather than
random error.

Discussion

The results show significant variations in the SOD activity across different experimental sites, indicating the
influence of environmental factors such as dissolved oxygen levels, pH, and alkalinity on the oxidative stress
response in Labeo rohita. The liver and gills exhibited the highest levels of SOD activity, suggesting that these
organs play a crucial role in protecting the fish from oxidative damage induced by environmental pollutants
and other stressors. The brain, in contrast, showed the lowest SOD activity, possibly reflecting its limited
ability to cope with oxidative stress compared to other tissues.

The findings from this study are consistent with previous research indicating that SOD activity in fish is
influenced by environmental stressors, and SOD is a useful biomarker for assessing oxidative stress and water
quality (Singh et al., 2009). Further studies are needed to explore the relationship between specific pollutants
and SOD activity in different fish species and to assess the long-term effects of environmental stress on aquatic
ecosystems.

The results of this study demonstrate the significant role of superoxide dismutase (SOD) activity in responding
to oxidative stress in Labeo rohita, with variations observed across different experimental sites along the Gomti
River. The study highlights the correlation between environmental stressors, such as dissolved oxygen (DO)
levels, and SOD activity in various tissues of the fish. The higher SOD activity observed at sites with elevated
oxidative stress, such as Site 6, suggests that Labeo rohita upregulates antioxidant defense mechanisms,
particularly Cu-Zn SOD and Mn-SOD, in response to environmental challenges. In contrast, lower SOD
activity at sites with relatively better environmental conditions, such as Site 3, indicates a less pronounced
oxidative stress response.

The ANOVA results for both Cu-Zn SOD and Mn-SOD activity confirmed the statistically significant impact
of environmental factors on enzyme activity, reinforcing the importance of SOD as a biomarker for assessing
oxidative stress and water quality. The liver, gills, and brain of the fish showed varying levels of SOD activity,
with the liver and gills exhibiting higher activities due to their roles in metabolic processes and detoxification.
Meanwhile, the brain, which generally shows lower SOD activity, indicated the tissue's limited but still
significant antioxidant response to oxidative stress.

Overall, this study underscores the adaptive role of SOD in maintaining cellular homeostasis under oxidative
stress and provides valuable insights into how fish respond to environmental stressors. By understanding these
physiological mechanisms, SOD activity can be utilized as an effective biomarker for monitoring the health of
fish populations and assessing the quality of freshwater ecosystems.

Conclusion

In conclusion, this study highlights the crucial role of superoxide dismutase (SOD) activity in Labeo rohita as
a protective mechanism against oxidative stress induced by environmental stressors such as dissolved oxygen
levels and pollutants. The significant variations in Cu-Zn SOD and Mn-SOD activity across different
experimental sites indicate that environmental factors play a key role in regulating antioxidant defense
mechanisms in fish. Higher SOD activity at sites with elevated oxidative stress underscores the adaptability of
Labeo rohita to fluctuating environmental conditions. Overall, SOD activity serves as an effective biomarker
Available online at: https://jazindia.com 1358
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for assessing oxidative stress, providing valuable insights into the health of fish populations and the impact of
environmental changes on aquatic ecosystems.
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