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ABSTRACT: 

Organophosphates are one of the most preferred pesticides due to their highly effective nature in the 

environment. Ethion (50% EC) is an organophosphate pesticide widely used in agriculture absorb rapidly 

via different routes and slowly accumulate into various vital organs of freshwater organisms ultimately 

causes adverse effects. In the Present study, Catla catla fish were exposed to Lethal(96hr LC50) 2.8µg/l 

and Sublethal (1/10th of 96hr LC50) 0.28µg/l concentrations of Ethion (50% EC) for a period of 1, 4 and 8 

days to evaluate LDH and SDH enzymatic levels in different organs such as liver, gill, brain, kidney and 

muscle tissues. Results of the present study indicates that the maximum percentage of LDH activity levels 

increased in muscle (+28.36) and minimum in gill(+10.41)under exposure to lethal concentrations of 

Ethion(50%EC) for 1 day whereas, the maximum percentage depletion of SDH levels was in liver (-40.25) 

and minimum depletion was in gill (-19.44.) SDH activity levels was decreased in all the tissues of the 

experimental animal when compared with the controls. 

Keywords: Catla catla, Ethion (50% EC) sub-lethal and lethal concentrations, LDH and SDH enzyme 

activity. 

I.INTRODUCTION: 

Pesticides are well known for their high levels of persistence and ubiquity in the environment, and 

because of their capacity to bio accumulate and disrupt the food chain, they pose a risk to animals and 

humans. Fish represent an essential component of freshwater and marine ecosystems and play an 

important role in maintaining their balance (Okuwosaetal.,2019) While acute pesticide exposure might 
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result in abrupt fish die-off, low-dose but long-term exposures can cause cellular and tissue damage, 

which happens to end up impairing health status and making them vulnerable to additional stressors 

(Vignetetal.,2019).Therefore, they are important to be focused while studying the toxic effects of various 

pesticides and pollutants on fish organisms are considered as most sensitive and earliest events of any 

pollutant damage. The changes in enzymatic system may alter the metabolic processes. More recently 

changes in enzymes concentrations are being employed in the evaluation of toxicological responses (Raja 

Saha and Sangita Maiti Dutta.,2024). Toxicologists have developed interest in studying the responses of 

individual enzymes or groups of enzymes to toxic insult. Some enzymes show an increased activity while 

others are show a decreased one with progressive days of pesticide exposure. 

Lactate dehydrogenase (LDH) is an enzyme that facilitates the transfer of hydrogen and catalyses the 

conversion of L-lactate to pyruvate by utilising NAD+ as a hydrogen acceptor (Inyang et al., 2016). LDH, 

a marker of anaerobic metabolism, was anticipated to exhibit higher activity under conditions of low 

oxygen levels. It facilitates the final stage of anaerobic glycolysis, the reversible transformation of lactate 

into pyruvate, which occurs in the cytoplasm of all cells in the body. It is commonly used as a measure to 

identify intact cells and provides information about the cellular glycolic pathway. Consequently, LDH 

plays a significant role in fulfilling the energy needs of fish within a restricted period of time. 

Succinate dehydrogenase (SDH) is one of the important enzymes in the Krebs’s cycle. It plays an 

important role in mitochondria, which are structures inside cells that convert the energy from food into a 

form that cells can use. Within mitochondria, the SDH enzyme links two important cellular pathways in 

energy conversion: the citric acid cycle and oxidative phosphorylation. This catalyzes the oxidation of 

succinate to fumarate (Huang et al.,2013). The teleost fish Catla catla was selected for the present study 

due to its wide availability and suitability as model for toxicity testing and also due to sustainability in 

laboratory conditions.  Hence, the present study is undertaken to comprehend the LDH and SDH 

alterations induced by Ethion (50%EC) in different tissues of the fish, Catla catla.  

II. MATERIALS AND METHODS: 

Fish Catla catla of size 7 ± 8 cm and 7.5± 8.5 g weight were brought from a local fish farm located in 

Kuchipudi, Guntur District, Andhra Pradesh, India. They were then acclimatized at 28 to 2oC in the 

laboratory for a duration of 15 days. Such acclimatized fish were exposed to sublethal and lethal 

concentrations of Ethion (50% EC) commercial grade for 1 day, 4 and 8 days. The vital tissues like 

muscle, brain, liver, gill and kidney of the fish were taken for the estimation of LDH and SDH enzyme 

activity along with controls.  LDH was estimated by the method Srikanth and Krishnamurthy (1955) with 

slight modifications and SDH activity was estimated by the method of Nachlas et al.,(1960) were 

performed spectrophotometrically. 
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III. RESULTS AND DISCUSSION: 

      LDH is an anaerobic enzyme. The calculated values of LDH content along with percent change over 

the controls and standard deviations in the muscle, brain, gill, liver and kidney of the treated fish Catla 

catla at sublethal and lethal concentrations of Ethion(50%EC) for 1day, 4days and 8days were given in 

Tables 1&2 and Figures 1&2. Values are presented as micromoles of formazan formed/mg protein/h. Since 

P<0.05 in all the tissues, there is a significant variation between the various exposure days was found. 

     In the present study, under lethal and sub lethal exposure the LDH activity was showed significant 

increase in all the tissues of fish Catla catla exposed to Ethion (50%EC) indicating LDH is an enzyme 

that participates in the anaerobic process of carbohydrate metabolism. The increase in LDH activity is a 

frequently used diagnostic marker for identifying increases in anaerobic metabolism caused by energy 

depletion under anaerobic and environmental stress conditions. The increased LDH activity can be related 

to the conversion of stored pyruvate into lactate, which is transferred through muscle to the 

hepatopancreas, as well as the regeneration of glucose and glycogen to provide energy to fish exposed to 

insecticides. In other words, increased LDH activity in the muscle and liver indicates a potential 

improvement in tissue glycolytic capacity. The present investigation is in agreement with the findings of 

Bantu et al., (2017). 

 

Table: 1. Changes in the LDH content (µ moles of formazan/mg protein/hr) and % change over the 

control, in different tissues of the freshwater fish, Catla catla exposed to sub-lethal and lethal 

concentrations of Ethion (50%EC) for 1 day. 

 

 

 

 

 

 

 

 

 

 

Values are the mean of five observations; (±) indicates the standard deviation: 

Values are significantly at p < 0.05 

 

 

 

LDH 

Tissues  

Control  

 

Sublethal 

(mg/gm) 

% 

Change 

Lethal  

(mg/gm) 

% 

Change 

Gill 2.40 

±0.07 

2.65 

±0.20 

+10.41 2.70 

±0.28 

+12.50 

Liver 3.16 

±0.09 

3.21 

±0.12 

+15.82 3.24 

±0.01 

+25.31 

Muscle 2.82 

±0.01 

3.62 

±0.16 

+28.36 3.79 

±0.23 

+34.39 

Brain 1.56 

±0.12 

1.75 

±0.05 

+12.17 1.86 

±0.14 

+19.23 

Kidney 1.28 

±0.02 

1.54 

±0.01 

+20.31 1.58 

±0.03 

+23.43 
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 Fig: 1. Changes in the LDH content (µ moles of formazan/mg protein/hr) and % change over the control, in 

different tissues of the freshwater fish, Catla catla exposed to sub-lethal and lethal concentrations of Ethion 

(50%EC) for 1 day. 

 

Table:2. Changes in the LDH content (µ moles of formazan/mg protein/hr) and % change over the 

control, in different tissues of the freshwater fish, Catla catla exposed to sublethal concentrations of 

Ethion (50%EC) for 4 days and 8 days. 

 

 

 

 

 

 

 

 

 

 

 

 

Values are the mean of five observations; (±) indicates the standard deviation: 

Values are significantly at p < 0.05 
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LDH 

Tissues 

4 days 8 days 

Control Sublethal 

(mg/gm) 

   %  

Change 

Control Sublethal 

(mg/gm) 

 

 % 

Change 

   Liver 2.65 

±0.20 

2.95 

±0.05 

+11.32 2.50 

±0.13 

3.00 

±0.07 

+20.00 

Brain 0.80 

±0.01 

0.90 

±0.04 

+12.50 0.72 

±0.02 

0.91 

±0.32 

+26.38 

Muscle 2.52 

±0.12 

3.32 

±0.01 

+31.74 2.40 

±0.24 

3.35 

±0.05 

+39.58 

   Gill 1.72 

±0.05 

1.76 

±0.08 

+23.61 1.65 

±0.05 

2.17 

±0.12 

+31.51 

Kidney 0.65 

±0.15 

0.79 

±0.32 

+21.53 0.58 

±0.11 

0.80 

±0.18 

+37.93 
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 Fig:2. Changes in the LDH content (µ moles of formazan/mg protein/hr) and % change over the 

control, in different tissues of the freshwater fish, Catla catla exposed to sublethal concentrations of 

Ethion (50%EC) for 4 days and 8 days:  

 

 

     Lactic dehydrogenase (LDH) serves as the focal point for a finely balanced equilibrium of 

carbohydrate catabolism and anabolism. The stimulation of LDH and the high rate of glycolysis in fish 

Catla catla treated with Ethion (50%EC) seen in the current study indicate that the end product of 

glycolysis, pyruvate, was routed through the lactic acid cycle rather than Kreb's cycle under hypoxic 

conditions, resulting in lactic acid buildup. A similar increase in LDH activity was observed in the tissues 

of fish Labeo rohita after exposure to sublethal amounts of Deltamethrin (Mohan et al., 2017).An increase 

in LDH activity suggested organ-specific toxicity and represented the severity of cellular harm in Ethion-

treated fish. Disruption of the respiratory epithelium might have induced tissue hypoxia, resulting in 

oxidative metabolism, which might be responsible for an increase in LDH activity during toxicant stress 

(Annamalai malarvizhi et al., 2012; Khan et al., 2020).LDH activity was elevated in all tissues of 

Oreochromis mossambicus and Channa punctatus following sublethal exposures to the fungicides 

azoxystrobin and hexaconazole throughout the experiment (Neelanjanaet al., 2017). 

      In the present study, under lethal and sublethal exposure, LDH activity is increased indicates 

increased anaerobic respiration to fulfil the energy needs when aerobic oxidation decreased and reduced 

oxidative metabolism. LDH activity was increased in fish Cyprinus carpio when exposed to chlorpyrifos 

(Kareema A & M Venkateshwarlu,2022).Metabolic enzymes such as citric acid synthesis and lactate 

dehydrogenase are part of the respiratory enzymatic system. Normal activity of LDH patterns was altered 

in situation of chemical stress (A Anitha et al.,2017). Leakage of LDH is a marker of membrane 

permeability and cell death. They also suggested that an increase in LDH activity might to stabilization of 

cytoplasmic membrane (KhazaeiMonfared, Y et al.,2022). 
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       The findings indicated that impacted organs or tissues may have been harmed or malfunctioning as a 

result of Ethion (50% EC) exposure. Furthermore, higher LDH activity could be due to induced oxidative 

stress, which generates reactive oxygen species (ROS) and causes cellular damage. As a result, measuring 

LDH activity could aid in determining organ-specific toxicity and the level of cellular harm caused by 

pesticide exposure (Banaee et al., 2023). The results showed that administering of Ethion (50%EC) could 

potentially increase the LDH activity to overcome toxic stress. 

 

Succinate dehydrogenase (SDH) activity: 

 

       In this present investigation, it can be seen that there is a rapid reflection of SDH activity in all 

tissues of fish Catla catla treated with lethal and sub-lethal concentrations of Ethion (50%EC) when 

compared to respective controls. The calculated values of succinate dehydrogenase activity along with 

percent change over controls and standard deviations are given in Tables 3 and 4 &Figures 3 and 4.SDH is 

a key enzyme in the citric acid cycle, catalyses the reversible oxidation of succinate to fumarate. 

         Succinate dehydrogenase (SDH) is a key and active regulating enzyme in the Krebs or TCA cycle. 

It is essential for mitochondria, which are structures within cells that transform food energy into a form 

that cells can use. Within mitochondria, the SDH enzyme connects two important cellular energy 

conversion pathways: the citric acid cycle and oxidative phosphorylation. This catalyzes the conversion of 

succinate into fumarate (Huang and Millar, 2013).Inhibition of NAD-dependent SDH activity resulted in a 

decreased passage of intermediates into the citric acid cycle (Khare et al., 2019). Reduced SDH activity 

clearly indicates TCA cycle depression, or oxidative metabolism depletion at the mitochondrial level. The 

decreased SDH activity indicates inhibition of O2 at mitochondrial level (Srivastava et al., 2016). 

           In the present study a comparable decrease in SDH activity was reported in freshwater fish Catla 

catla exposed to 50% EC of Ethion. The kidney had the largest concentration of SDH, followed by the 

liver and muscle, while the gills had the lowest concentration. As the number of days exposed increased, 

the concentration of SDH decreased significantly in all four organs. Because, succinate dehydrogenase 

(SDH) is mitochondrial localized, increased SDH activity in the liver and muscle reflects a greater 

distribution of mitochondria in the tissues. A similar decrement in SDH activity was observed in the 

tissues of fish Labeo rohita on exposure to sublethal concentrations of deltamethrin, (Mohan et al.,2017). 
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Table: 3. Changes in the succinate dehydrogenase (SDH) content (µ moles of formazan/mg protein/hr) and % 

change over the control, in different tissues of the freshwater fish, Catla catla exposed to sub-lethal and lethal 

concentrations of Ethion (50%EC) for 1 day. 

 

 

 

 

 

 

 

 

 

Values are the mean of five observations; (±) indicates the standard deviation 

Values are significantly at p<0.05 

 

 Fig: 3. Changes in the succinate dehydrogenase (SDH) content (µ moles of formazan/mg protein/hr) and % 

change over the control, in different tissues of the freshwater, Catla catla exposed to sub-lethal and lethal 

concentrations of Ethion (50% EC) for 1 day. 
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SDH 

Tissues 24hr 

Control Sublethal 

(mg/gm) 

 

% 

Change 

Lethal 

(mg/gm) 

 

% 

Change 

Liver 1.54 

±0.05 

1.14 

±0.08 

-25.97 0.92 

±0.05 

-40.25 

Muscle 1.25 

±0.01 

0.99 

±0.07 

-20.80 0.87 

±0.03 

-30.40 

Kidney 1.16 

±0.04 

0.89 

±0.10 

-23.27 0.74 

±0.02 

-34.48 

Brain 0.98 

±0.03 

0.77 

±0.05 

-21.42 0.69 

±0.20 

-29.59 

Gill 0.72 

±0.18 

0.63 

±0.01 

-12.50 0.58 

±0.11 

-19.44 
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Table: 4. Changes in the SDH content (µ moles of formazan/mg protein/hr) and % change over the control, in 

different tissues of the freshwater fish, Catla catla exposed to sublethal concentrations of Ethion (50%EC) for 

4 days and 8 days. 

 

 

 

 

 

 

 

 

 

 

 

Values are the mean of five observations; (±) indicates the standard deviation 

Values are significantly at p < 0.05 

 

Fig: 4. Changes in the SDH content (µ moles of formazan/mg protein/hr) and % change over the 

control, in different tissues of the freshwater fish, Catla catla exposed to sublethal cncentrations of 

Ethion (50%EC) for 4 days and 8 days. 
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Muscle 1.21 

± 0.02 

0.94 

± 0.03 
-22.31 

0.85 

±0.05 

0.59 

±0.04 
-30.58 

Liver 1.12 

±0.03 

0.73 

± 0.06 
-34.82 

0.96 

±0.01 

0.54 

±0.12 
-43.75 

Kidney 0.94 

± 0.03 
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± 0.04 
-26.59 
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±0.05 

0.41 

±0.15 
-41.42 
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         Decreased SDH activity was observed in Cyprinus carpio exposed to chlorpyrifos (Kareema 

Ambareen and M.Venkateshwarlu, 2022). The results of the present study are also in conformity with 

those of the earlier observations. (Mounika et al, 2023), in Ctenopharyngodone idella under phenthoate 

50% EC toxicity.  (Al-Ghanim&Shahid,2012), in fish Clarias gariepinus under sodium cyanide toxicity.  

Sankar Samipillai and U. Uma (2018), in fish Catla catla under copper sulphate toxicity.  

          Pesticidal stress causes a fast decrease in SDH activity in all tissues of the fish Labeo rohita when 

exposed to sublethal and lethal dosages of profenofos and carbosulfan. The general decrease in SDH 

activity during pesticide stress was linked to the regulation of the mitochondrial respiratory mechanism of 

rearrangement on ultra structure, architectural integrity, and mitochondrial permeability (Bantu et al., 

2017). Decreased SDH activity might observe due to depletion in the oxidative metabolism at the 

mitochondrial level (Pradeep Kiran and Bhaskar, 2016). This limits electron transport to molecular 

oxygen, inhibiting SDH function and switching from aerobic to anaerobic metabolism. The decline 

activity of respiratory oxidative enzyme SDH in liver and kidney indicates decline in enzyme synthesis, 

since Ethion (50%EC) disrupt the membrane bound enzyme.  
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