Effect of Organophosphate Pesticide Dimethoate on Ascorbic acid levels in various tissues of freshwater fish Channa punctatus

ABSTRACT
Pesticide contamination may disturb biochemical homeostasis in freshwater fish; however, tissue-specific responses of antioxidant metabolites to prolonged dimethoate exposure remain poorly understood. In the present study, changes in ascorbic acid levels in the liver, gills, and muscle tissues of Channa punctatus exposed to three sublethal concentrations of dimethoate (53.4, 26.6, and 17.8 ppm) were examined. A colourimetric hydrazine-based technique was used to quantify ascorbic acid in dried tissues, and responses were compared with those of control tissues. Dimethoate caused significant, tissue-specific changes in ascorbic acid. Hepatic concentrations increased significantly from 5.6487 ± 0.4048 mg/100 mg dry weight in controls to 7.6054 ± 0.3092, 7.4705 ± 0.2024, and 7.4300 ± 0.2142 mg/100 mg at 53.4, 26.6, and 17.8 ppm, respectively. Muscle concentrations also increased, reaching 7.2681 ± 0.4048 mg/100 mg at the highest exposure. Gill concentrations, in contrast, decreased significantly and were lowest at 53.4 ppm. These divergent responses demonstrate marked tissue specificity in ascorbate homeostasis during chronic sublethal pesticide stress. The results support the use of tissue-resolved ascorbic acid responses as informative biochemical indicators of dimethoate-induced stress in freshwater fish and suggest their potential inclusion alongside other ecotoxicological assessments of freshwater contamination.
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1. Introduction
Agricultural contaminants are continually introduced into freshwater ecosystems, and pesticides are major anthropogenic stressors because their environmental persistence, transport, and biological uptake can create long-term chemical stress in non-target aquatic organisms (Mojiri et al., 2020). Fish are particularly sensitive indicator species because they can provide evidence of contamination through biochemical, physiological, haematological, and tissue-level responses (Bojarski & Witeska, 2020). Moreover, recent research consistently shows that pesticides can exert toxic effects on fish not only through acute mortality but also through cellular lesions, organ and tissue damage, oxidative imbalance, and genotoxicity (Rana et al., 2024).
Recent field evidence has also detected pesticide residues in edible freshwater fish from agriculturally influenced wetlands, reinforcing the relevance of fish-based monitoring for aquatic contamination (Diankha et al., 2026).
The toxicity of organophosphate pesticides is of particular concern because these compounds can disrupt basic biological processes in non-target species (George & Shukla, 2011). Given its organophosphate activity, dimethoate is relevant to freshwater ecotoxicology; a recent laboratory study on Channa punctatus showed concentration-dependent effects and pronounced behavioural responses following exposure (Chandra et al., 2025). Exposure to other organophosphates in C. punctatus further shows that toxicity can induce complex haematological, histopathological, and genotoxic disturbances across multiple levels of biological function, confirming that the effects can extend over time and across several biological functions (Ahmed et al., 2025). Likewise, biochemical endpoints are highly sensitive to stress during chlorpyrifos exposure, with altered protein metabolism also reported in C. punctatus (Nayac & Naik, 2025).
Recent work on freshwater fish has further shown that organophosphorus pesticide exposure can alter tissue biochemical constituents, supporting the use of biochemical endpoints in pesticide-stress assessment (Mishra et al., 2025). Disruption of cellular redox homeostasis is increasingly linked to pesticide toxicity. Pesticide exposure in C. punctatus has been associated with changes in biochemical indices and altered expression of molecular biomarkers related to oxidative and endoplasmic reticulum stress pathways (Khan et al., 2025). Thus, pesticide exposure, particularly chronic exposure, may also contribute to oxidative injury in physiologically specialised tissues such as reproductive organs, where C. punctatus showed reduced ovarian development associated with redox-mediated injury (Jain et al., 2025). These observations support the view that the endogenous antioxidant response should be considered a biologically informative measure of pesticide-induced stress rather than merely a consequence of pesticide toxicity.
Recent synthesis of the evidence indicates that organophosphate exposure in fish is associated with interconnected biochemical, oxidative, neurotoxic, and physiological responses, supporting multi-endpoint assessment of pesticide toxicity (Mukherjee et al., 2025). Experimental evidence from juvenile freshwater fish also shows that chlorpyriphos exposure can alter antioxidant enzyme activity alongside haematological and tissue-level responses (Hossain et al., 2025).
Given the role of ascorbic acid in antioxidant defence and cellular homeostasis, investigation of its role as a biochemical modulator of pesticide-induced stress in fish is particularly relevant. Ascorbic acid supplementation was found to reduce the stress effects of deltamethrin in Clarias gariepinus, indicating that vitamin C may help normalise pesticide-induced stress in fish (Datta & Kaviraj, 2003). Similar protective effects have been observed following fenvalerate exposure, with dietary ascorbic acid treatment reducing chronic toxicity in C. gariepinus (Datta & Kaviraj, 2006). Experimental evidence further suggests that ascorbic acid can reduce pesticide-induced toxicity in Clarias batrachus and is therefore a relevant antioxidant intervention in aquatic toxicology (Jigyasu & Paul, 2020).
Although advances have been made, an important research gap remains. Recent studies in adult C. punctatus have focused on genotoxic, histopathological, and reproductive changes following pesticide exposure, whereas tissue-specific ascorbic acid dynamics have received comparatively less attention. This distinction is important because the liver, gills, and muscle are structurally distinct compartments with different metabolic profiles and exposure interfaces and may therefore show different antioxidant responses. Previous studies in freshwater fish exposed to dimethoate indicate that ascorbic acid levels may decrease in the gills while increasing in liver and muscle tissues, suggesting a differential tissue response that may serve as a sensitive biochemical indicator of pesticide stress (Bhandare et al., 2023). However, the physiological stress caused by dimethoate in C. punctatus and its tissue-specific biochemical responses remain insufficiently resolved.
In view of this gap, the present study was designed to investigate tissue-specific ascorbic acid responses in the liver, gills, and muscle of C. punctatus after sublethal exposure to dimethoate, with special attention to differential biochemical responses and the role of ascorbic acid in antioxidant defence under pesticide stress. This approach is intended to provide a biochemically focused interpretation of pesticide toxicity in aquatic tissues and to help integrate antioxidant endpoints into a comprehensive set of aquatic ecotoxicological indicators.
2. Material And Methods
2.1 Sample Collection
Live Channa punctatus specimens were obtained for the biochemical study from the Shivana River near Dhoregaon, 26 km from Ch. Sambhaji Nagar (M.S.), and were then transported to the laboratory. The fish underwent a four-week acclimatisation period in glass aquaria. Healthy fish displaying normal behaviour after acclimatisation were selected for biochemical evaluation. The selected Channa punctatus specimens ranged from 13 to 15 cm in length and 30 to 32 g in weight (Fig. 1).
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Fig. 1.Channa punctatus fish in Shivana river.
2.2 Methodology
For selection of the test concentrations, pilot tests were carried out because determining the toxicity range of a pesticide is essential. The selected concentration range resulted in 0–100% mortality. To maintain the toxicant level in the water, the water was renewed every 24 hours during the short-term 96-hour exposure.
For 30 days, the test fish, Channa punctatus, were exposed to three sublethal concentrations of dimethoate. A control aquarium was maintained concurrently. Fish from each experimental group were sacrificed on the thirty-first day of exposure, and their liver, gills, and muscle were dried in an oven at 75℃ to 80℃ until a constant weight was reached. The material was then ground into a dry powder, which was used to estimate ascorbic acid. The estimation procedure was as follows.
2.3 Ascorbic acid estimation Roe's (1954) approach was used to estimate ascorbic acid. After centrifugation of the homogenate, 1.0 ml of the supernatant was transferred to a test tube. An aliquot of 0.25 ml of hydrazine reagent was added to each test tube. The reaction mixture was placed in a boiling water bath for fifteen minutes. After cooling, 3.0 ml of ice-cold 85% H2SO4 was added dropwise with continuous stirring. The reaction mixture was maintained at room temperature for thirty minutes. Optical density (O.D.) was measured at 530 nm. Ascorbic acid was used as the standard, while 1.0 ml of 10% TCA prepared in the same manner served as the blank. A standard curve was used to calculate the amount of ascorbic acid present in the various tissues. The results were expressed as mg of ascorbic acid per 100 mg of dry tissue.
3. Results
Three biochemical constituents, namely protein, glycogen, and lipid, together with ascorbic acid levels, were evaluated in the tissues of C. punctatus to assess the biochemical response after a 30-day exposure to sublethal concentrations of dimethoate. Changes in these parameters were reported as percentages of their respective control values. The mean, standard deviation (SD), and standard error of the mean (SEM) were computed as appropriate. Student's t-test was used to detect statistically significant differences between the experimental and control groups. Significance levels were determined according to Fisher and Yates (1963), with thresholds of P<0.10, P<0.05, P<0.01, and P<0.001.
3.1 Tissue-specific response of ascorbic acid to dimethoate exposure
Exposure to sublethal concentrations of dimethoate for 30 days resulted in significant differences in ascorbic acid concentrations among the various tissues of Channa punctatus (Table 1; Fig. 2). In control fish, ascorbic acid concentrations were 5.6487 ± 0.4048 mg/100 mg dry weight in the liver, 3.8269 ± 0.2024 mg/100 mg dry weight in the gills, and 3.0173 ± 0.2024 mg/100 mg dry weight in the muscle. In the control condition, the ascorbic acid concentration was highest in the liver, followed by the gills and muscle.
Exposure to dimethoate caused a marked increase in ascorbic acid in the liver at all three doses tested. At 53.4 ppm (1/5 concentration), the hepatic concentration increased to 7.6054 ± 0.3092 mg/100 mg dry weight (P < 0.005), whereas exposure to 26.6 ppm (1/10 concentration) and 17.8 ppm (1/15 concentration) resulted in concentrations of 7.4705 ± 0.2024 and 7.4300 ± 0.2142 mg/100 mg dry weight, respectively (P < 0.005). The reported percentage changes were −34.6399%, −32.2509%, and −31.5343%, respectively. The negative sign denotes an increase according to the direction convention used in the original dataset.
Unlike the hepatic response, gill ascorbic acid content decreased significantly following dimethoate exposure. The concentration decreased from 3.8269 ± 0.2024 mg/100 mg dry weight in controls to 2.0052 ± 0.4048 mg/100 mg dry weight at 53.4 ppm, 2.6124 ± 0.2024 mg/100 mg dry weight at 26.6 ppm, and 2.6799 ± 0.1168 mg/100 mg dry weight at 17.8 ppm. All three responses were statistically significant (P<0.01). The reported percentage changes relative to the control were 47.6035%, 31.3757%, and 29.9726%, respectively. The greatest depletion was observed at the highest dimethoate concentration.
The ascorbic acid level showed the greatest numerical increase in muscle tissue among all tissues studied. Concentrations increased from 3.0173 ± 0.2024 mg/100 mg dry weight in controls to 7.2681 ± 0.4048 mg/100 mg dry weight at 53.4 ppm (P < 0.001), 4.9740 ± 0.2337 mg/100 mg dry weight at 26.6 ppm (P < 0.01), and 3.8269 ± 0.2024 mg/100 mg dry weight at 17.8 ppm (P < 0.005). The corresponding reported percentage changes were −140.8816%, −64.8502%, and −26.8345%, respectively.
Overall, the pattern of responses was highly tissue specific. Increased concentrations of ascorbic acid were observed in the liver and muscle after exposure to dimethoate, whereas gill tissue showed a decrease at all concentrations tested. However, the hepatic response was relatively similar across all three applied concentrations, whereas the muscle response decreased progressively with decreasing dimethoate concentration. The greatest reduction occurred at 53.4 ppm in the gills, and partial recovery was observed at the lower concentrations, although values remained below the control. Fig. 2 and Table 1 illustrate these tissue-specific changes.
[image: ]
Figure-2: Effect of dimethoate on ascorbic acid content in different tissues of freshwater fish C. punctatus after exposure to sublethal concentrations for 30 days.
Note: Tissue-specific variation in ascorbic acid content in the liver, gills, and muscle of Channa punctatus following 30-day exposure to sublethal concentrations of dimethoate. Values represent ascorbic acid content expressed as mg/100 mg dry tissue. The figure illustrates the differential tissue responses, with increased ascorbic acid levels in liver and muscle and a reduction in gill tissue relative to the control.
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Table-1: Effect of dimethoate on ascorbic acid content in different tissues of freshwater fish, C. punctatus after exposure to sublethal concentrations for 30 days
	Sr. No.
	Tissues
	Control
	53.4 ppm (1/5)
	% Changes
	26.6 ppm (1/10)
	% Changes
	17.8 ppm (1/15)
	% Changes

	1
	Liver
	5.6487
± 0.4048
	7.6054*
± 0.3092
	-34.6399
	7.4705*
± 0.2024
	-32.2509
	7.4300*
± 0.2142
	-31.5343

	2
	Gill
	3.8269
± 0.2024
	2.0052**
± 0.4048
	47.6035
	2.6124**
± 0.2024
	31.3757
	2.6799**
± 0.1168
	29.9726

	3
	Muscle
	3.0173
± 0.2024
	7.2681***
± 0.4048
	-140.8816
	4.9740**
± 0.2337
	-64.8502
	3.8269*
± 0.2024
	-26.8345


1. The values are expressed in mg/100 mg dry weight (mean ± S.D). 
2. ± indicates S.D. 
3. *P < 0.005, **P < 0.01, ***P < 0.0

4. Discussion
The present study reveals significant tissue-specific variation in ascorbic acid levels during prolonged sublethal exposure to dimethoate in Channa punctatus. Responses differed among tissues: levels increased in the liver and muscle, whereas they decreased in the gills after 30 days. Such biochemical differences are consistent with the use of tissue-specific biomarkers to assess physiological stress caused by pesticides in fish (Bojarski & Witeska, 2020).
The most prominent response occurred in the liver, where ascorbic acid increased from 5.6487 ± 0.4048 mg/100 mg dry weight in controls to 7.6054 ± 0.3092, 7.4705 ± 0.2024, and 7.4300 ± 0.2142 mg/100 mg dry weight at 53.4, 26.6, and 17.8 ppm, respectively. This elevation indicates a change in hepatic antioxidant status during prolonged chemical stress. The liver is of particular interest in pesticide toxicology because of its central role in pesticide metabolism and detoxification, and a previous study reported increased hepatic ascorbic acid after pesticide exposure (Sayeed et al., 2003). The hepatic response is also consistent with previous reports of altered ascorbic acid homeostasis in pesticide-exposed fish.
A higher amount of ascorbic acid was found in liver tissue than in muscle tissue of Puntius ticto, as reported by Wagh and Khillare (1985). Specifically, Bhandare et al. (2023) reported increased ascorbic acid in the liver and muscle compared with the gills of dimethoate-exposed Puntius ticto; this trend was similar to that observed in C. punctatus in the current study. The greatest muscle ascorbic acid concentration was measured at 53.4 ppm (7.2681 ± 0.4048 mg/100 mg dry weight), compared with 3.0173 ± 0.2024 mg/100 mg dry weight in controls. The response declined progressively at 26.6 and 17.8 ppm, yielding values of 4.9740 ± 0.2337 and 3.8269 ± 0.2024 mg/100 mg dry weight, respectively. This concentration-associated pattern suggests that ascorbic acid status in muscle is sensitive to dimethoate exposure. This increase in ascorbic acid is also consistent with previous observations in pesticide-exposed fish, in which certain organs showed differential antioxidant responses to pesticide stress (Datta & Kaviraj, 2006). In contrast, the gills exhibited consistent depletion of ascorbic acid, declining from 3.8269 ± 0.2024 mg/100 mg dry weight in controls to 2.0052 ± 0.4048, 2.6124 ± 0.2024, and 2.6799 ± 0.1168 mg/100 mg dry weight at 53.4, 26.6, and 17.8 ppm, respectively. The marked decrease observed at the highest concentration suggests a more pronounced effect on antioxidant status in the gills at the higher dimethoate level. Compared with the untreated control, the reduction in gill ascorbic acid levels after dimethoate exposure is similar to that previously observed in Puntius ticto (Bhandare et al., 2023) and supports this tissue-specific response.
Differential responses in the liver and gills suggest differences in ascorbate homeostasis among tissues. Earlier work on Barbus ticto also showed divergent changes in ascorbic acid levels in different tissues, with increases in some tissues and decreases in others under pesticide exposure (Bhusari, 1985). Similarly, exposure of T. sandkhol to dimethoate and other pesticides resulted in increased ascorbic acid in the liver and muscle and decreased levels in the gills, indicating a response similar to that observed in the present study (Davane, 1991).
Experimental evidence indicates that the antioxidant significance of these responses can also be demonstrated when ascorbic acid is supplemented during pesticide-induced stress in fish. In Clarias gariepinus, dietary ascorbic acid during chemical stress reduced deltamethrin-induced stress responses, demonstrating the influence of ascorbic acid status in fish under chemical stress (Datta & Kaviraj, 2003). Similar evidence was reported during chronic exposure, when dietary ascorbic acid was tested for its ability to reduce pesticide toxicity (Datta & Kaviraj, 2006).
Vitamin C has also been recognised as having a modulating effect on pesticide-induced oxidative damage in fish exposed to multiple pesticide stressors (Waheed et al., 2026). Recent reports of other biochemical and cellular effects in C. punctatus are relevant to the present findings. In the same species, exposure to mancozeb has been associated with changes in biochemical indicators and hepatic redox status (Khan et al., 2025). Recent studies have also reported histopathological, haematological, and genotoxic changes after organophosphate exposure, illustrating that organophosphate stress extends beyond individual biochemical responses (Ahmed et al., 2025; Kumar et al., 2025). Acute dimethoate exposure has also been reported to cause dose-dependent behavioural and toxicological effects in C. punctatus (Chandra et al., 2025).
The present data suggest that ascorbic acid status is a measurable biochemical response that can occur in a tissue-specific manner during chronic sublethal exposure to dimethoate. The simultaneous decrease in the gills and increases in the liver and muscle suggest that tissue-specific differences in antioxidant response may be masked in whole-animal assessments. The findings add a tissue-resolved biochemical component to the pesticide-stress assessment framework that has been increasingly supported by recent research in fish.
Recent research supports integrated biomarker approaches for assessing pesticide stress in fish; the findings of this study contribute a tissue-resolved biochemical dimension to this framework (Kumari, 2026). Therefore, further work exploring ascorbic acid dynamics in conjunction with other biomarkers (redox, histopathological, and molecular) is warranted to evaluate the potential use of tissue-specific vitamin C responses to dimethoate contamination in freshwater systems.
Conclusion
The present study shows that sublethal exposure to dimethoate causes significant tissue-specific alterations in ascorbic acid levels in C. punctatus. Liver and muscle ascorbic acid concentrations increased during the 30-day exposure, with the greatest change at the highest exposure, whereas gill levels decreased consistently across all exposures. This divergent pattern suggests that the antioxidant response to pesticide stress is influenced by tissue function and the exposure interface. The findings support ascorbic acid status as a sensitive biochemical response to chronic dimethoate-induced stress in different tissues. Inter-organ variability, particularly between liver and gill responses, highlights the need to consider organ-specific biochemical variation when studying pesticide toxicity. Collectively, this work reinforces the relevance of ascorbic acid dynamics within integrated biomarker strategies for fish and provides a basis for further examination of relationships among ascorbic acid homeostasis, redox imbalance, histopathological injury, and molecular responses in freshwater fish during chronic pesticide exposure.

Limitations
This study assessed a single biochemical endpoint, ascorbic acid, in three tissues after one 30-day exposure period. Although the tissue-specific patterns were distinct, the study design does not by itself establish the mechanisms responsible for these changes or their relationship to other oxidative, histopathological, or molecular responses. Interpretation is also constrained by an internal discrepancy between the exposure concentrations reported in the text/table and those displayed in Figure 2; the original experimental records should be checked before publication.
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