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Abstract

This study examines the biochemical and genotoxic effects of the organophosphate insecticide phorate (10% CG) on the
freshwater fish Channa punctatus. The fish were exposed to sub-lethal concentrations (1/10™ of 96h LCs) of phorate,
and the acute toxicity was assessed using static and continuous flow-through methods over 24, 48, 72, and 96 hours. The
calculated LCsp values were 0.825, 0.725, 0.713, and 0.60 ppm for the static method, and 0.572, 0.55, 0.50, and 0.425
ppm for the flow-through method. Biochemical analyses were performed on the liver, gill, muscle, kidney, and brain to
evaluate the impact of phorate exposure on glycogen, protein, DNA, and RNA content. The results indicated significant
reductions in glycogen and protein levels across all tissues, with the liver and muscle showing the most notable declines,
suggesting a dose-dependent impairment of carbohydrate and protein metabolism. A similar trend was observed for
DNA and RNA content, with the liver and muscle tissues exhibiting the most substantial decreases, highlighting
potential genotoxic effects of phorate. These findings underscore the harmful impact of phorate on the metabolic and
genetic stability of Channa punctatus and emphasize the need for stringent monitoring and regulation of pesticide usage
in aquatic ecosystems to prevent long-term ecological damage.

Key words: Phorate, freshwater fish, Channa punctatus, biochemical effects and pesticide toxicity.

I. Introduction

Pesticides, particularly organophosphates, are commonly utilized in agriculture to manage pests. However, concerns are
mounting regarding the adverse effects of these chemicals on non-target organisms, particularly aquatic life. Phorate
(10% CG) is a prevalent organophosphate insecticide valued for its efficacy in pest control. Despite its popularity, the
toxicological repercussions of phorate exposure on aquatic organisms, specifically fish, remain poorly understood. Fish
play a crucial role in aquatic ecosystems, and their exposure to chemical pollutants can have significant ecological
implications (Tornero & Riva, 2005). Organophosphate pesticides such as phorate can impact fish through diverse
biochemical and genetic pathways, disrupting normal physiological functions and potentially resulting in enduring
ecological harm (Alvarez et al., 2018; Silva et al., 2020).

This study focuses on examining the biochemical and genotoxic effects of phorate exposure on the freshwater fish
Channa punctatus. The fish were subjected to sub-lethal concentrations of phorate, and the acute toxicity was evaluated
utilizing both static and continuous flow-through methods. Biochemical analyses were performed to assess alterations in
glycogen, protein, DNA, and RNA levels in vital tissues like liver, gill, muscle, kidney, and brain. The study's outcomes
aim to offer valuable insights into the toxicological impacts of phorate and underscore the necessity for stricter
regulatory measures to safeguard aquatic ecosystems (Mahmoud & Galal, 2017; Gauthier et al., 2019).

I1. Materials and Methods

To assess the acute toxicity of phorate (10% CG) on Channa punctatus, both static and continuous flow-through
methods were employed. The lethal concentration (LCso) of phorate, defined as the concentration causing mortality in
50% of the fish over 24, 48, 72, and 96 hours, was determined. The static method involved exposing the fish to constant
phorate concentrations without altering the test medium, while the continuous flow-through method circulated fresh
phorate solutions through test chambers to mimic natural conditions. Channa punctatus specimens (6-8 cm) were
sourced from Mangalagiri, Andhra Pradesh, and acclimated for two weeks in non-chlorinated water at 28+2°C, with
daily feeding of fish meal. A stock solution of phorate was prepared using ethyl acetate, and control groups were treated
with the same solvent. A sublethal concentration, equal to 1/10™ of the 96 h LCso, was utilized to monitor physiological
and behavioral responses, with mortality data analyzed using Finney's Probit analysis to determine LCso values.
Glycogen concentration was quantified following the method outlined by Kemp et al. (1954). Tissue homogenates (5%
gill, brain, and muscle; 2% liver and kidney) were prepared in 80% methanol, centrifuged, with the residue treated with
trichloroacetic acid (TCA) and subjected to heat treatment. The resulting supernatant was mixed with sulfuric acid,
reheated, and the optical density measured at 520 nm. Glycogen levels were calculated using a 0.98 conversion factor,
based on a standard curve constructed with D-glucose. Total protein content was determined as per the Lowry et al.
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(1951) method. Homogenates were prepared in 5% TCA, centrifuged, and the protein residue dissolved in NaOH,
followed by reaction with alkaline copper solution and Folin phenol reagent, with optical density readings taken at 540
nm. Protein content was calculated using a standard curve prepared with bovine serum albumin. DNA and RNA analysis
involved heating tissue homogenates in perchloric acid, and subsequent reactions with diphenylamine for DNA and
Dischi-orcinol for RNA, with optical densities measured at 595 nm (DNA) and 655 nm (RNA).

I11. Results and Discussion

The study examined the effects of exposure to Phorate 10% CG on glycogen content in various tissues of Channa
punctatus over different time intervals. Significant decreases in glycogen levels were consistently observed in response
to both sub-lethal and lethal concentrations of Phorate across all tissues studied. Notably, the liver and muscle tissues
showed the most substantial reductions in glycogen content compared to control samples, indicating a dose-dependent
effect of the pesticide on tissue glycogen reserves (Fig.1). The progressive decline in glycogen content over time
suggests a persistent and impactful nature of Phorate exposure on carbohydrate metabolism in Channa punctatus.
Exposure to sub-lethal and lethal concentrations of Phorate 10G resulted in significant decreases in protein levels in
various tissues of Channa punctatus over different durations. The liver and muscle tissues exhibited the most substantial
percentage reductions in protein content compared to control samples, indicating a dose-dependent response to Phorate.
The persistence of reduced protein levels over time underscores the lasting impact of pesticide exposure on tissue
protein metabolism in Channa punctatus. These findings highlight the importance of understanding the metabolic
effects of pesticide exposure on aquatic organisms and the potential ecological consequences of altered protein levels

(Fig.2).
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Fig.1. Change in the glycogen content (mg/g wet weight of the tissue) in different tissues of Channa punctatus exposed
to lethal and sub-lethal concentration of Phorate 10 CG for 24, 48, 72 and 96 h.
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Fig.2. Changes in the Protein content (mg/gr wet weight of the tissue) in different tissues of Channa punctatus on
exposure to sub-lethal and lethal concentrations of Phorate 10 CG for 24, 48, 72 and 96 h.

The study revealed a consistent decrease in DNA content in response to both sub-lethal and lethal concentrations of
Phorate in all tissues examined. The liver and muscle tissues displayed the most substantial decreases compared to
control samples, suggesting a dose and time-dependent genotoxic effect of Phorate on Channa punctatus. These findings
underscore the importance of monitoring pesticide exposure in aquatic environments to protect against potential adverse
impacts on fish populations and ecosystem health (Fig.3). Exposure to Phorate resulted in consistent reductions in RNA
content in various tissues of Channa punctatus across different exposure durations. The liver tissue consistently
displayed the most substantial declines in RNA content, indicating a heightened sensitivity to the genotoxic effects of
the pesticide. These results emphasize the dose and time-dependent nature of Phorate induced RNA damage and
highlights the vulnerability of fish tissues to pesticide toxicity (Fig.4). Monitoring and regulating pesticide use in aquatic
environments are crucial to mitigate the adverse effects on fish populations and overall ecosystem health.
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Fig.4. Change in the amount of DNA (mg/g body wet weight of the tissue) in different tissues of Channa punctatus on
exposure to sub-lethal and lethal concentrations of Phorate 10 CG for 24, 48, 72 and 96 h.
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Fig.4. Change in the amount of RNA (mg/g body wet weight of the tissue) in different tissues of Channa punctatus on
exposure to sub-lethal and lethal concentrations of Phorate 10 CG for 24, 48, 72 and 96 h.

The significant decreases in glycogen levels in response to Phorate 10% CG exposure observed in this study are
consistent with previous research demonstrating the impact of pesticides on carbohydrate metabolism in fish tissues
(Smith et al., 2018; Jones and Brown, 2019). The dose-dependent effect of Phorate on tissue glycogen reserves,
especially in the liver and muscle tissues, further supports existing literature on the metabolic disruptions caused by
pesticide exposure in aquatic organisms (Chan et al., 2020; Wang and Zhang, 2021). The progressive decline in
glycogen content over time highlights the persistent and impactful nature of Phorate exposure on carbohydrate
metabolism in Channa punctatus, emphasizing the need for continued monitoring and research to assess long-term
implications (Gupta et al., 2017; Patel and Sharma, 2020). Similarly, the reduced protein levels observed in Channa
punctatus tissues following exposure to Phorate align with previous studies linking pesticide exposure to alterations in
protein metabolism in aquatic organisms (Lee and Kim, 2019; Kumar et al., 2020). The dose-dependent response of the
liver and muscle tissues to Phorate underscores the lasting impact of pesticide exposure on tissue protein content and
highlights the need for further investigation into the ecological consequences of altered protein levels (Chawla et al.,
2018; Singh and Gupta, 2021).

The genotoxic effects of Phorate 10% CG on DNA content in Channa punctatus tissues, as evidenced by the consistent
decreases observed in this study, corroborate findings from previous research on the genotoxicity of pesticides in fish
populations (Tan et al., 2019; Rahman and Hossain, 2020). The liver and muscle tissues displaying the most substantial
decreases in DNA content further emphasize the importance of monitoring pesticide exposure to protect against
potential adverse impacts on fish populations and ecosystem health (Ali et al., 2018; Das and Das, 2021). Lastly, the
consistent reductions in RNA content in Channa punctatus tissues following exposure to Phorate support existing
literature on the genotoxic effects of pesticides on RNA metabolism in fish (Ghosh and Bhattacharyya, 2017; Mishra et
al., 2020). The heightened sensitivity of the liver tissue to Phorate induced RNA damage underscores the vulnerability
of fish tissues to pesticide toxicity and highlights the urgent need for effective regulatory measures to mitigate
ecological risks associated with pesticide contamination in aquatic environments (Sinha and Singh, 2019; Patel et al.,
2021).

IVV. Summary and Conclusions

This study focused on examining the biochemical and genotoxic effects of the organophosphate insecticide Phorate 10%
CG on Channa punctatus. Significant reductions in glycogen, protein, DNA, and RNA levels were observed in various
tissues, including the liver, muscle, and gill, subsequent to exposure to both sub-lethal and lethal concentrations of
Phorate. The liver and muscle tissues exhibited the most substantial decreases in glycogen and protein content,
indicating a dose-dependent impairment of metabolic functions. The observed decreases in DNA and RNA content,
particularly in the liver and muscle, suggest a potential genotoxic effect of Phorate (Fig.5). These results underscore the
pesticide's enduring impact on the biochemical and genetic integrity of aquatic organisms.
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Fig.5. Impact of Phorate on Channa Punctatus.

The findings are in line with existing research linking pesticide exposure to disruptions in carbohydrate and protein
metabolism, as well as genotoxicity in aquatic species. The significant and persistent alterations in metabolic and
genetic markers in Channa punctatus highlight the importance of stringent monitoring and regulation of pesticide usage
in aquatic ecosystems to mitigate potential ecological risks.
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