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ABSTRACT 

The fingerlings of the Indian major carp, Labeo rohita were exposed to the herbicide, Paraquat for 

24 hrs LC50 and were analyzed for the variations in their nutritional and enzymatic parameters. After 

exposure, tissues like brain, muscle, liver and kidney were dissected and subjected to experimentation. Total 

protein content and carbohydrate content of fingerlings of Labeo rohita showed that Paraquat had more 

effect in all tissues. Total lipid content of Labeo showed more effect in brain. The brain and muscle showed 

very high SDH activity and the brain and kidney showed very less LDH activity. When compared to 

control, ACP activity increased in all tissues and ALP activity decreased in all tissues. 
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INTRODUCTION 
Fishes constitute the major food source among aquatic organisms. The Indian major carps capture 

the main source of income from fishery sources. These pesticides, even when applied in restricted areas are 

washed and carried away by rains and floods to large water bodies like ponds and rivers and alter the 

physicochemical properties of water (Bhalchandra et al., 2001). Unfortunately, many non-target fresh water 

organisms like fish, molluscs, prawn, crabs, etc are adversely affected (Yaji et al., 2011). Such effect may 

be at cellular or even at molecular level but ultimately it leads to behavioural, physiological, pathological 

and biochemical disorders that may prove fatal (Patole et al., 2008). When any aquatic animal is exposed to 

polluted medium, a sudden stress is developed. The animals should meet more energy demand to overcome 

this toxic stress (Sreenivasan et al., 2011). The number of changes in the biochemistry of fish was reported 

as result of exposure to pesticides. The biochemical studies are good parameters which help to see the effect 

of toxicants on metabolism of fish (Ghosh, 1986; Kajare et al., 2000). These pesticides are proving to be 

highly toxic, not only to fishes but also to other organisms, which constitute the food for the fishes (Madhab 

Prasad et al., 2002). These in turn alter the physio-chemical characters of water; interfere and interact with 

various physiological activities of organisms. The present study was to investigate the toxicity effect of 

pesticide, Paraquat on the fish (Labeo rohita). 

 

MATERIALS AND METHODS 

Labeo rohita fingerlings were collected from the Thiruthani Taluk, Thiruvallur District, Tamil Nadu, 

India. The fingerlings were brought to the laboratory in the oxygenated plastic bags and acclimatized for 

laboratory conditions. The fishes were fed with formulated feed throughout the experiment. The fishes were 

exposed to pesticide, Paraquat for 24 hrs. After the exposure, the tissues, viz., brain, liver, muscle and 

kidney were dissected and biochemical parameters were analyzed. The experiment was carried out to 

determine the toxic effect of the pesticide. Mortality was recorded at 24 hrs of exposure. The LC50 values 

were estimated by following Abbott (1925). The estimation of nutritional and enzymatic parameters were 

observed following the standard methods; total protein (Bradford, 1976); total carbohydrate (Roe, 1955); 

total lipid (Folch et al.,  1957); Succinate dehydrogenase (Nachalas et al., 1960); Lactate dehydrogenase 

(King, 1965) and acid and alkaline phosphatase (Tenniswood et al., 1976). 

RESULTS 
Total protein content and carbohydrate content of fingerlings of Labeo rohita showed that Paraquat 

had more effect in all tissues. Total lipid content of Labeo showed more effect in brain. The brain and 

muscle showed very high SDH activity and the brain and kidney showed very less LDH activity. When 
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compared to control, ACP activity increased in all tissues and ALP activity decreased in all tissues are listed 

in the Tables: 1-7. 
                             

                               Table: 1 Impact of Paraquat on total proteins (mg/g) 

Tissues Mean Std. Deviation Std. Error P -VALUE 

Brain - Control 5.58 0.24 0.017 0.002 

Paraquat 4.31 0.24 0.017 0.002 

Muscle - Control 8.51 0.34 0.023 0.002 

Paraquat 6.28 0.25 0.018 0.002 

Liver - Control 25.31 0.29 0.021 0.005 

Paraquat 19.26 0.33 0.022 0.005 

Kidney - Control 22.28 0.33 0.023 0.004 

Paraquat 18.45 0.32 0.022 0.005 

 

            Table: 2 Impact of Paraquat on total carbohydrates (mg/g) 

Tissues Mean Std. Deviation Std. Error P-VALUE 

Brain - Control 1.36 0.56 0.035 0.001 

Paraquat 1.12 0.38 0.021 0.001 

Muscle - Control 3.21 0.42 0.032 0.001 

Paraquat 2.25 0.43 0.032 0.005 

Liver - Control 20.82 0.44 0.034 0.001 

Paraquat 19.62 0.43 0.032 0.001 

Kidney - Control 3.85 0.36 0.027 0.004 

Paraquat 2.92 0.43 0.032 0.005 

 

                                Table: 3 Impact of Paraquat on total lipids (mg/g) 

Tissues Mean Std. Deviation Std. Error P –VALUE 

Brain - Control 12.21 0.35 0.027 0.002 

Paraquat 11.23 0.43 0.031 0.001 

Muscle - Control 4.36 0.44 0.032 0.003 

Paraquat 3.82 0.17 0.077 0.001 

Liver - Control 10.46 0.28 0.021 0.002 

Paraquat 9.23 0.37 0.025 0.001 

Kidney - Control 8.92 0.87 0.027 0.001 

Paraquat 7.43 0.33 0.024 0.001 

 

Table: 4 Impact of Paraquat on the succinate dehydrogenase (MIU/min/mg) 

Tissues Mean Std. Deviation Std. Error P-VALUE 

Brain - Control 5.46 0.36 0.026 0.002 

Paraquat 4.85 0.37 0.024 0.002 

Muscle - Control 9.73 0.29 0.023 0.001 

Paraquat 8.24 0.27 0.023 0.001 

Liver - Control 5.25 0.43 0.031 0.003 

Paraquat 4.91 0.36 0.027 0.003 

Kidney - Control 5.29 0.42 0.031 0.004 

Paraquat 4.54 0.44 0.032 0.002 

 

 

Table: 5 Impact of Paraquat on the lactate dehydrogenase (μg/100mg) 

Tissues Mean Std.Deviation Std. Error P-VALUE 

Brain - Control 3.64 0.43 0.031 0.004 

Paraquat 2.82 0.44 0.033 0.005 

Muscle - Control 7.91 0.45 0.032 0.001 

Paraquat 8.36 0.48 0.034 0.002 

Liver - Control 5.67 0.38 0.026 0.003 
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Paraquat 6.32 0.51 0.031 0.003 

Kidney - Control 5.28 0.47 0.033 0.003 

Paraquat 4.68 0.45 0.034 0.005 

 

Table: 6 Impact of Paraquat on the acid phosphatase (μg/ PNPP to PNP/100 mg) 

Tissues Mean Std. Deviation Std. Error P-VALUE 

Brain - Control 4.77 0.36 0.027 0.002 

Paraquat 5.26 0.36 0.025 0.002 

Muscle - Control 3.95 0.37 0.027 0.003 

Paraquat 4.69 0.34 0.026 0.002 

Liver - Control 5.56 0.35 0.025 0.002 

Paraquat 5.64 0.28 0.023 0.002 

Kidney - Control 5.48 0.27 0.025 0.002 

Paraquat 5.29 0.29 0.026 0.002 

 

Table: 7 Impact of Paraquat on the alkaline phosphatase (μg/ PNPP to PNP/100 mg) 

Tissues Mean Std. Deviation Std. Error P-VALUE 

Brain - Control 7.26 0.36 0.026 0.001 

Paraquat 6.29 0.34 0.025 0.001 

Muscle - Control 4.38 0.43 0.032 0.003 

Paraquat 3.72 0.48 0.036 0.005 

Liver - Control 7.36 0.34 0.026 0.001 

Paraquat 6.38 0.37 0.027 0.001 

Kidney - Control 6.57 0.38 0.026 0.002 

Paraquat 5.44 0.36 0.027 0.002 

 

DISCUSSION 

Each body cell is composed mainly of protein. Protein makes up the membrane surrounding the cell 

and also occurs within the cell.  Protein plays a vital role in the formation of enzymes, antibodies and 

hormones and other substances that regulate the body process (Sujatha, 2011). Sherif-El et al., (2009) 

observed slight reduction or decrease in the intensity of proteins in diazinon treated fish Nile Tilapia, which 

indicates that these proteins were highly affected by the stress caused by the pesticides. The fishes tend to 

resist the sudden stress for shorter duration, later with increases of time the decrease of protein content was 

observed. However increase of consumer concentration of pesticide decreases the protein in tissues of the 

fish Labeo rohita.  The present study coincides with the reported data that the protein content was decreased 

in muscle and liver (Sastry and Siddiqui, 1984; Durairaj and Selvarajan, 1992; Anusha Amali et al., 1996; 

Yeragi et al., 2000; Tilak et al., 2005); Rajini  et al., 2015; Bawa et al., 2017).   

 Carbohydrate is an important biochemical constituent of animal tissues. They not only act as 

building blocks of the cells but also serve as a reservoir of chemical energy to be increased or decreased 

according to organismal need (Jagannath Bose, 2004). The results of the present findings showed a 

significant decrease in carbohydrate content in all the tissues studied. The decrease in carbohydrates content 

may result in impairment of carbohydrate metabolism due to toxic effect (Thenmozhi et al., 2010). The 

carbohydrate reduction suggests the possibility of active glycogenolysis and glycolytic pathway to provide 

excess energy in stress condition. Many workers have reported a similar trend of decrease in carbohydrate 

(Venkatramana Sandhya et al., 2006; Thenmozhi et al., 2011). However, Remia et al., (2008) reported that 

the elevation of carbohydrates might be due to the stress induced by the insecticides as physiology of 

organisms with the help of corticosteroids.  

 Abirami et al., (2012) reported that when pesticide is used, the lipid content of the tissue decreased 

with increase in the concentration of pesticides like that of protein.  Similar observations were reported by 

Manohar Patil and Kulkarni (1995) in the fresh water fish, Channa punctatus when the fish was exposed to 

the pesticide, Summach.  Tazeen et al., (1996) too observed decline in the total lipid content when the 

catfish Mystus vittatus was exposed to the pesticide, Nuvan.  
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 Succinate dehydrogenase or succinate-coenzyme Q reductase (EC 1.3.5.1) is the only enzyme that 

participates in both the citric acid cycle which catalyses the reversible oxidation of succinate to fumarate 

and the electron transport chain. SDH is very sensitive to environment pollutants and the activity of SDH 

may be taken as an indication of the level of operation of the TCA cycle (Bhagyalakshmi et al., 1984). The 

general decrease in SDH activity during pesticides stress was associated with the inhibition of mitochondrial 

respiratory mechanism or rearrangement in ultra structure, architectural integrity and permeability of 

mitochondria (Tripathi and Priyanka, 2004). This prevents the transfer of electrons to molecular oxygen, 

resulting in the inhibition of SDH activity and shifting the aerobic metabolism to anaerobiosis (Shailendra 

Kumar Singh et al., 2010); Pallavi Srivastava and Ajay Singh, 2013; 2014). 

 Lactate dehydrogenase (EC 1.1.1.27) catalyses the interconversion of pyruvate and lactate with 

concomitant interconversion of NADH and NAD+.  It converts pyruvate, the final product of glycolysis, to 

lactate when oxygen is absent or in short supply and it performs the reverse reaction during the Cori cycle in 

the liver. At high concentrations of lactate, the enzyme exhibits feedback inhibition, and the rate of 

conversion of pyruvate to lactate is decreased. It is also very sensitive to environmental toxicants like 

pesticides. LDH is generally associated with cellular metabolic activity. It acts as a pivotal enzyme between 

the glycolytic pathway and the TCA cycle. LDH forms the centre for a delicately balanced equilibrium 

between catabolism and anabolism of carbohydrates (Everse and Kaplan, 1973) and also associated with 

cellular metabolic activity (Abston and Yarbrough, 1976). The non-availability of oxygen, inhibition of 

SDH and simultaneous elevation of LDH may suggest a bias towards the anaerobic glycolytic pathway.  

The increase in LDH activity may reflect an increased dependence on anaerobic carbohydrate metabolism 

by the muscle and liver of the fishes and further this increased LDH activity in fish might also result to 

lactate conversion into pyruvate at the expense of NAD (Al-Ghanim and Mahboob, 2012).  The decrease in 

the pyruvate levels and increase in lactate levels can be attributed to the toxic stress resulting in the 

inhibition of pyruvate oxidation under hypoxic conditions which indicates the shifting of aerobic to 

anaerobic respiration. LDH levels increased in the tissues due to stress when exposed to the toxicants (Tilak 

et al., 2003; Kamal Attia and Ashraf El-Badawi (2015); Bhaskara Tataji and Vijaya Kumar, 2016). 

 The Acid phosphatase (EC 3.1.3.4) is a hydrolytic lysosomal enzyme released by lysosomes for the 

hydrolysis of foreign materials and increase in its activity is probably related to the cellular damage. The 

acid phosphatase has a role in eliminating certain toxins by the detoxification function. It is difficult 

however to tolerate the decrease in ACP activity with necrosis. Increase in acid phosphatase and alkaline 

phosphatase activities can be interpreted as a shift, which emphasize on energy breakdown pathway from 

normal ATPase system which includes phosphorylation. The phosphatases, ACP and ALP are active at 

specific pH and are usually called as phosphomonoesterases. The toxicity of pesticide, increases ACP and 

ALP activity in fishes (Tejendra et al., 1990). Increased ACP enzyme activity at all the concentrations of 

Butachlor might be due to increase in protease activity which caused damage to the lysosomal membrane, 

thus permitting the leakage of lysosomal enzyme into cytoplasm. Changes in the enzyme activity are due to 

adverse effect of xenobiotics on the cell and its organelles. In the present study, the mean value of ACP 

activity in the kidney, liver and gill of L. rohita increased during the long time of exposure. This increased 

phosphatase activity was due to the cellular damage caused by hepatotoxins or a response to overcome 

toxicity of Butachlor. The significant difference in phosphatases activities between the control and 

experimental groups of fish species might be considered due to the damage of hepatic tissue with 

dysfunctions of organs. The elevation in ACP activity proposes an increase in the lysosomal mobilization 

and cell necrosis due to the pesticide toxicity (Venkateswara Rao, 2006). The enzyme ACP activity 

elevation in brain tissue was described in stress-exposed C. punctatus (Abdul Naveed et al., 2011) and 

Anabas testudineus (Santhakumar and Balaji, 2000). The sub-acute exposure pesticide chlorpyrifos revealed 

increased activity of ACP content in the liver and kidney tissues of Gambusia affinis, and ACP activity is a 

conventional indicator of liver damage in the fish (Sabiha Khan and Neelam Sharma, 2012). Dose 

dependent and significant increase in the activity of acid phosphatase may be attributed to the hepatic and 

renal damage (Sreenivasan et al., 2010). The increased ACP activity appears as a result from improved 

enzyme turn over under pesticide stress. It plays an important role in carbohydrate metabolism. This enzyme 

can be found inside the membrane of lysosomes (Sabiha Khan, 2014). So, any damage to the membrane of 

lysosomes can cause the release of this enzyme into muscle and increase its levels. The elevation of ACP 

activity in all the tissues of fish has been noticed in the present experiment. Many researchers have 
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supported the increase in ACP activity levels by studying various species exposed under different toxicants 

and pesticides (Rao, 2006; Nchumbeni      et al. 2007; Nte et al., 2011). Thus in the present study, the 

pesticides intoxication produced elevation in the activity levels of ACP in all the tested tissues of the fish. 

The results of the present experiment are in correlation with the previous work done on various fish species 

exposed to different toxicants where ACP levels were increased (Neelam Sharma, 2014; Umamaheswari 

and Senthilnathan, 2014a). The increase was associated either with the decrease in stability of liver 

lysosome membrane or with the liver damage (Moraes et al., 1998). The enzyme is known to be associated 

with lysosomal activity. It has been speculated that the ACP elevation reflects proliferation of lysosomes in 

attempt to sequester the toxic xenobiotic (Gill et al., 1992; Karra Somaiah and Kanikaram Sunita, 2015). 

 Alkaline phosphatase (EC 3.1.3.1) is a hydrolase enzyme responsible for removing phosphate groups 

from many types of molecules, including nucleotides, proteins and alkaloids.  The process of removing the 

phosphate group is called dephosphorylation. It is a metallo enzyme which catalyses the non-specific 

hydrolyses of phosphate mono esters (Qing-Xi-Chen et al., 2000). ALP is a brush border enzyme that splits 

various phosphorous esters at an alkaline pH and mediates membrane transport.  It is also involved in 

synthesis of certain enzymes, protein synthesis, glycogen metabolism and secretory activity.  A clear 

reduction in values of ALP is an indication of inhibition of this enzyme and this may indicate inactive 

transamination and oxidative deamination in the kidney and liver cells (Inyang et al., 2016). The decrease in 

ALP in the various organs may be attributed to such factors as a decline in the rate of synthesis caused by 

lowered metabolic demands and also due to electrolytic imbalance caused by tissue over hydration 

(Anderson et al., 2002). Alkaline phosphatase is a membrane bound enzyme found at bile pole of 

hepatocytes and also found in pinocytic vesicle and golgi complex. It is present on all cell membranes where 

active transport occurs and hydrolase and transphosphorylase in function. It is often employed to access the 

integrity of plasma membrane (Akanji et al., 1993). Inhibition of ALP reflects alteration in protein synthesis 

and uncoupling of oxidative phosphorylation (Verma et al., 1984). This decrease may be due to the damage 

and dysfunction of the liver. The decrease in ALP by stressors probably indicates an altered transport of 

phosphate (Engstrom, 1974; Kori-Siakpere et al., 2010; Chimela Wala et al., (2014); Palas Samanta et al., 

(2014); Ahsan Khan et al., (2016); Inyang et al., (2016).  
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