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Abstract 
 
Pesticide toxicity is a global problem with most of the poisoning occurring in developing 

nations. As fish is considered as the most important and vital link in the food chain of 

ecosystem, a thorough understanding of pesticide effects on fishes would be really vital for 

fish conservation. Hence, an attempt has been made to investigate the sub lethal effects of 

quinolphos on enzymatic changes of C. mrigala effect of quinolphos in C. mrigala.  Results 

showed that the LDH activity in the tested tissues like those of the liver, muscle and 

intestine of C.mrigala decreased when exposed to different concentrations of quinolphos. 

The SDH level in the tested tissues of quinolphos exposed fish was also considerably 

reduced with increase in the duration of exposure. But quinolphos exposed C. mrigala 

showed increase in acid and alkaline phosphatase content in the liver, muscle and intestine. 

It is clearly evident that exposure of C. mrigala to quinolphos clearly induced the LDH and 

SDH disorder which may be responsible for the pesticide toxicity. The activity of acid and 

alkaline phosphatase (AcP and AlP) in the examined tissues of C. mrigala reared in 

different sub-lethal concentrations of quinolphos was increased considerably. The 

percentage of increase over the control was maximum in intestinal tissues. In the light of 

this study comprising enzyme changes, it is clearly evident that quinolphos are toxic 

chemicals to fishes. 
 

 Keywords:  Pesticide toxicity, quinolphos, C. mrigala , acid and alkaline phosphatase, 

Succinic dehydrogenase, Lactate dehydrogenase 
 

 

Introduction 

 

Increasing human population and consequent need for more food, health services and improved 

living standards have boosted the development of chemical industry manufacturing pesticides, 

drugs, cosmetics and other chemicals for human use. These chemicals are neither degraded 

biologically nor assimilated in the living system as they are not compatible with the living 

system. Over the past four decades, pesticides have become an indispensable part of world 

agriculture since these are applied to protect standing crops, stored grain and insect pests (Singh 

et al., 1998). 

      Pesticides have, no doubt, been a boon to human civilization in sustaining agriculture 

revolution but at the same time bared its ravaging face on humanity pushing to a point of almost 

no return (Tilak et. al., 2005).  Modern agriculture practices, despite their remarkable 

contribution to the enhancement of crop production, have also widely polluted the aquatic 

environment  (Pandey et al., 2000). It has been estimated that the use of pesticides has increased 

the crop’s yield three fold. 
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 In the year 1985, Environmental Protection Agency (EPA, 1999) registered 1,500 active 

ingredients and 50,000 formulations of pesticides. India, being the main producer and consumer 

of pesticides in South Asia, the use of pesticides in agriculture has increased significantly during 

the past three decades (Natarajan et al., 1998). It is reported that the annual usage of pesticide is 

approximately 1.30,000 tonnes in current practices, out of which only 63 percent is for 

agricultural purposes and the rest for various other programmes including malaria control. 

 Pesticide toxicity is a global problem with most of the poisoning occurring in 

developing nations. In spite of its highly importance in agriculture, pesticides leave a number of 

pesticide residues in agriculture and dairy products, food water and in meat causing a great 

public health concern. Further, these compounds give a serious alarm with regard to 

environmental pollution and accidental poisoning (Singh et.al., 1998). However, the story is that 

less than 1% pesticides reach the target pest and the remainder negatively affect man, live stock, 

and natural biota. The ground water is also polluted by regular application of chemical 

pesticides and fertilizers and thus, making the water unfit for consumption. Even banned 

pesticides are being frequently used in developing countries due to their socio economic 

conditions (Palaniappan et al., 2000). 

 Indiscriminate uses of pesticides are very common in India as well as in several Asian, 

American and African countries. Pesticides are used by farmers for spraying directly into the 

crops in the fields during storage etc. These chemicals are capable of killing pests and insects 

but on the other hand, they are highly toxic to animals as well as human beings (Ojha and 

Nortan, 1992). As considerable amount of pesticides and their by-products enter the fish body, 

through the food chain, where they are distributed and metabolised depending upon the 

detoxifying ability of the fish, and elicit some responses in fish which depends on the nature and 

concentration of pesticides as well as on the duration of retention of these pesticides in fish 

body, and the ability of fish to metabolise the pesticides observed (Kaur et.al., 1997; Kumar, 

1999). 

 The route of pesticide transport to different aquatic ecosystems has been well 

documented. It is well known that various pollutants, including pesticides will be carried to the 

freshwater by means of different processes like surface run-off, disposal through wastes, spray 

drift and atmospheric fall out, rain etc (Menzer et al., 1994). Natural water is the ultimate 

recipient of much of the chemical wastes. As far as aquatic ecosystem is concerned, it has been 

recognized as an important global problem, and thus, stimulated the eco-toxicologists to 

determine the lethal and sub-lethal impact on the fish and other aquatic organisms (Ninawae, 

2000; Roy and Dubey, 2001). 

 With the accumulation of pesticides in aquatic system, a good amount of pesticides 

undergo breakdown and transformation depending upon the physicochemical and biological 

factors of the aquatic ecosystem. Observations on fish mortality in response to various 

pesticides are frequently reported. As fish is considered as the most important and vital link in 

the food chain of an ecosystem, and the inland fisheries are important sources of protein in a 

nation’s diet, a thorough understanding of pesticide effects on fishes would be really vital for 

fish conservation and fisheries development.  The magnitude of pesticide pollution and the 

resultant contamination of food chain in India with special emphasis on food stuffs including 

horticultural products have been studied at different locations by various workers (Kaphalia et 

al., 1990; Awasthi, 1998). 

 Of the various groups of insecticides used in agriculture, veterinary and public health 

practices, organophosphorus insecticides constitute the bulk. These compounds are preferred 

due to their rapid degradation in animal body and ecosystem. Majority of the studies concerning 

effects of pesticides have been confined to the acute toxicity tests with the death of fish as an 

end point. Acute toxicity tests aimed at estimating the effects of toxicants on organisms in a 

short period of time have been conducted by authors like Doudroff et al. (1951), Menzer et al. 

(1994), Budimir et al. (1998) Fulton et al. (1999) and Alam (2000).  

      In the present investigation, the liver, muscle and intestine of treated Cirrhinus mrigala have 

been analysed for LDH, SDH, acid and alkaline phosphatases. Enzymes are easily altered by 

even smaller changes, either in internal or external medium.  It is true that every animal has its 

own detoxification mechanism to get rid of foreign substances entering their body. The 
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pesticides induce their effects first at cellular or even at molecular level, but ultimately they tend 

to create biochemical disorder that may even cause death. The organophosphate pesticides 

modify the activity of several metabolic enzymes (Coppage et al., 1975; Goodman et al., 1979; 

Radhaiah and Jayantha Rao, 1990). 

Succinic dehydrogenase and Lactate dehydrogenase are the major oxidative enzymes in 

carbohydrate metabolism. It may be used for demonstrating tissue damage in fish. A significant 

decrease in LDH activity under the sub lethal toxicity of quinolphos in different tissues of 

freshwater fish, C. punctatus was reported by Sastry and Siddique (1984). Ravindur et.al, 

(1997) reported reduction in the level of LDH in the liver, kidney and muscle of C.batrachus 

with the treatment of Decis. Ganathy et al. (1994) documented decrease in LDH activity in 

different tissues of C.punctatus exposed to hexachlorocyclohexane.  Amali (1995) reported a 

reduced activity with increasing concentration of quinolphos and paddan in Labeo rohita.  

Phosphatases are known to be involved in a variety of metabolic activities such as 

biosynthesis, transport of metabolites across the cell membranes, secreting activity etc. 

Muthukrishnan and Senthamizhselvan (1985) have shown that acid phosphatases play an 

important role in the utilization of yolk during embryonic development. Acid phosphatase is 

regarded as a key lysosomal enzyme, and it plays an important role in the autolytic degradation 

of tissues during metamorphosis. Pesticides cause significant impairment in the acid and 

alkaline phosphatase activities in fishes.  Dalela et al. (1978) have reported the effect of Rogar 

and Thiodon on the activities of acid phosphatase in liver, muscle and kidney of Cambusia 

gachu. Similar observations have also been reported in Sarothereodon mossambicus under 

exposure to sumithion (Koundinya and Ramamurthi, 1981). Dubale and Awasthi (1982) 

demonstrated increase in the acid phosphatase (AcP) activity in the liver and kidney of            

H. fossils exposed to dimethoite. Ghosh (1989) documented increased acid and alkaline 

phosphatase activities in the liver, gill, kidney and spleen of O.mossambicus exposed to Tara 

909, and Croton 36. Sarbadhikary and Kumar Sur (1992) studied the alkaline phosphatase 

activity of Oreochrmis niloticus exposed to methyl parathion. Ravindure et al. (1997) reported 

the effect of malathion on the activities of alkaline and acid phosphatase in the liver, kidney, 

muscle and gill of fresh water teleost, Notopterus notopterus. Effects of Chlorpyriphos on 

alkaline and acid phosphatases in the intestine and liver of S. mossambicus after acute exposure 

have been reported by Kamble et al. (1999). Nair (2002) reported increase in acid and alkaline 

phosphatases in the liver, kidney, stomach, intestine and muscle of the C.carpio and 

O.mossambicus exposed to curacron. 

In the present study, the effects of Quinolphos, an organophosphate pesticide on 

Cirrhiinus mrigala have been analysed after exposing the fish to sub lethal concentrations.  

Selected tissues, namely, liver, muscle and intestine were removed from fish that were exposed 

to sub lethal treatment to study the enzyme changes occurring in these tissues. Even though 

numerous reports are available on the sub lethal effects of pesticides on enzymatic changes of 

fishes, works pertaining to the impact of Quinolphos in freshwater fish, C.mrigala is scanty.  

Hence, an attempt has been made to investigate the effect of Quinolphos in C. mrigala. 

 

Materials and Methods 
 

Collection and Maintenance of Candidate Species 

For the present study, healthy Cirrhinus mrigala (Ham.) was collected from private fish farms, 

located 4 km from Nagercoil town. They were then transported to the laboratory in polytene 

bags containing oxygenated water, and special care was taken to reduce hyperactivity and 

physical injuries to the fish. They were then stocked and maintained in large cement tanks 

containing chlorine free bore-well water. Before stocking, the tank was washed with 0.1% 

KMnO4 to free the walls from fungal infections of dermal infection. 

 

Experimental Design for Enzyme Activity 

The experimental fish, C.mrigala which are adequately acclimatized were exposed chronically 

to different sub lethal concentrations 0.0155, 0.0310 and 0.0620 of Quinolphos. The 

experiments were conducted under normal laboratory conditions for a period of 21 days. After 
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termination of the experiments the fishes were collected and sacrificed. The test tissues such as 

liver, muscle, and intestine were quickly dissected out, weighed and processed for further 

enzyme analysis. 

 

Estimation of Lactate Dehydrogenase (LDH) 
NAD-dependent LDH activity in the direction of pyruate formation was assayed by the method 

of Srikanthan and Krishna Murthy (1955). 10% homogenate of tested tissues and 5% 

homogenate was prepared in cold 0.25m sucrose solution and centrifuged at 1000 for 15 

minutes. The supernatants served as the enzyme source. The reaction mixture of 2.0 ml 

contained 100 μ moles of potassium phosphate buffer (pH.7.4), 40 μ moles sodium lactate, 0.1 μ  

mole of NAD and 4 μ  moles of INT. The reaction was initiated by the addition of 0.5 ml of 

supernatant. The reaction was stopped after 30 minutes of incubation at 37ºC by adding 6.0 ml 

acetic acid. The formazon formed was extracted in to 6 ml of toluene after the mixture was kept 

in freezer for 12 hours. The OD of pink colour formed solution was read at 495 nm in a 

spectrophotometer. A reagent blank was prepared as above except for 0.5 ml of supernatant. 

Instead, 0.5 ml of distilled water was added. From the standard graph of formazon formed,        

μ mole of formazon formed in the enzyme reaction mixture was obtained. LDH activity of 

tissues was expressed in μ mole – formazon/mg/h. 

 

Estimation of Succinic Dehydrogenase (SDH) 

SDH enzyme activity was estimated by the method of Nachlas et al. (1960). For the assay of 

SDH activity, a 5% homogenate of the tissue was prepared with 0.25 cold sucrose solution. The 

homogenate was centrifuged at 3000 rpm for 15 minutes to remove the cell debris. An enzyme 

reaction mixture was prepared with 0.1 ml of 0.5m sodium succinate, 1.0 ml of phosphate buffer 

(pH. 7.4), 1.0 ml of INT solution (2P-10 do phenyl – 3P – nitro phenyl – 5- tetras olin chloride), 

0.5 ml of homogenate supernatant and 0.4 ml of distilled water. The reaction was stopped after 

30 minutes of incubation at 37ºC by adding 6.0 ml of acetic acid. The formazon formed was 

extracted in to 6.0 ml of toluene after the mixture was kept in freezer for 12 hours. The OD of 

pink colour formed solution was read at 495 nm in a spectrophotometer. A reagent blank was 

prepared as above except for 0.5 ml of supernatant. Instead, 0.5 ml of distilled water was added. 

From the standard graph of formazon formed, μ mole of formazon formed in the enzyme 

reaction mixture was obtained. SDH activity level of the tissues was expressed as   most 

formazon/mg tissue/h. 

 

Estimation of Phosphatases 

Phosphatase activity (ACP/ALP) was estimated by the method of Bergmeyer (1963) as 

modified by Butterworth and Probert (1970).Each reaction mixture contained 0.5 ml of 

substrate (1. μ mol of P- nitro phenol phosphate), 0.5 ml of vernal acetate buffer and 0.1 ml of 

enzyme source. All the reaction mixtures of the experiment were incubated at
 
37ºC for an hour. 

The enzyme reaction was terminated by adding 5.9 ml of 0.05 N NaOH solution. The amount of 

P-nitro phenol released was measured at 410 nm, in a spectrophotometer and the results were 

expressed as  μ mole of paranitrophenol released/mg p
-1

, h
-1

 for alkaline phosphates and   μ mole 

of α napthol formed/P
-1

h
-1

 for acid phosphatase. 

 

Results and Discussion 
 

The LDH activity in the selected tissues of C.mrigala was found to decrease with increasing 

concentrations of Quinolphos. Further, among the tissues tested the LDH activity was maximum 

in the lower 0.505 ± 0.012 µ mole pyruvate P
-1

 h
-1

 was recorded in the liver tissues of C.mrigala 

reared in control medium. When exposed to different concentration of this pesticide, the       

LDH activity in the liver decreased to 0.482 ± 0.22 µ mole pyruvate P
-1

 h
-1

 in 0.0155 ppm and 

0.334 ± 0.010 µ mole pyruvate P
-1

 h
-1

 in 0.0620 ppm (Table 1). The percentage reduction on 

LDH activity in liver ranged from 10.67% to 26.14%. 
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Table 1: Effect of different sub lethal concentrations of quinolphos on LDH activity in different tissues of 

C. mrigala. 

 

 Similarly, in the muscle of C.mrigala, the LDH activity reduced from the control value 

0.460 ± 0.014 µ mole pyruvate P
-1

 h
-1

 to 0.402 ± 0.016 µ mole pyruvate P
-1

 h
-1

 at 0.015 ppm and  

0.283  ± 0.010 µ mole pyrurate P
-1

 h
-1 

 at 0.0620 ppm quinolphos. The percentage reduction of 

muscle LDH ranged from 4.69 percent to 24.54 percent µ  mole pyruvate P
-1

 h
-1

. 

 The LDH activity in the intestine of C.mrigala decreased from the control value of 

0.310 ± 0l4 µ mole pyruvate P
-1

 h
-1

 to 0.135  ± 0.0123  mole pyruvate P
-1

 h
-1

 at 0.0620 ppm. The 

percentage reduction of LDH in the intestine of C.mrigala ranged from 6.67 percent to 15.24 

percent over the control value. 

      The organophosphate pesticides modify the activity of several metabolic enzymes.  In this 

study the LDH activity in the tested tissues such as the liver, muscle and intestine of C.mrigala 

decreased when exposed to different concentrations of quinolphos. The inhibition of LDH 

activity indicated may be due to the functioning of intermediates into the TCA cycle. This might 

be responsible for the suppression of the oxidative phase of tissue metabolism under quinolphos 

impact. From the present observation, it can be tentatively suggested that the inactive system of 

the fish during quinolphos toxicity may be due to accumulation of lactic acid.  

 The intoxicants of these pesticides combine with an enzyme to form an enzyme 

inhibition complex which reacts with various functional groups of the enzyme and inhibits the 

normal enzyme activity of major metabolic site (Kamble et.al., 1999).There are several reports 

that the decreased activities of LDH are linked with the changes occurring in the mitochondria 

as a result of organophosphorous pesticides exposure (Camba and Dianzami, 1962).  Similar 

inhibited LDH activity under various pesticide stresses are reported in fishes by Sastry and 

Siddiqui, 1984, and Kabeer et al., 1983.  However, Natarajan (1998) has reported stimulation in 

LDH activity in response to metasystox and chlordane activity in all the studied tissues of 

Puntias conchonius. Tripathi and Shukla (1988) have reported reduction in hepatic and 

muscular LDH activities following malathion treatment in the catfish C. batrachus under both 

in vivo as well as in vitro studies. Recently, Amali (1995) has reported decrease in LDH in the 

liver, kidney, intestine and muscle tissues of L. rohita in response to quinolphos, padan and their 

mixture. Study on the effect of sub-lethal concentration of nitrite on T. mossambica showed 

depletion of LDH level in the liver, brain, kidney, gill and muscle tissues (Sudharsan et al., 

2000) 

The SDH level in the tested tissues of quinolphos exposed fish was considerably 

reduced with increase in the duration of exposure. The SDH activity of liver tissues of 

C.mrigala exposed to different concentration of quinolphos reduced from 0.840 ± 0.03  mole 

formazon P
-1

 h
-1

 to 0.720 ± 0.04, 0.55 ± 0.014  and 0.440  ± 0.012 µ mole formazon P
-1

 h
-1

 at 

0.0155 ppm, 0.0310 ppm and 0.0620 ppm respectively. Likewise the SDH activity was from 

0.614 ± 0.02 mole formazon P
-1

 h
-1

 to 0.521 ± 0.016, 0.440 ± 0.18 and 0.364 ± 0.04  mole 

formazon P
-1

 h
-1

 in muscle at 0.0155 ppm, 0.0310 ppm and 0.0620 ppm pesticides. Intestine also 

showed same declining trend, 0.326 ± 0.04 µ mole formazon P
-1

 h
-1

 to 0.184 ± 0.012 µ mole 

Duration of 

exposure 
Tissues Control 

Concentrations of quinolphos (ppm) 

0.0155 0.0310 0.0620 

 

 

 

21 days 

Muscle 0.460 ± 0.014 
0.402 ± 0.016 

(4.69) 

0.372 ± 0.018 

(12.24) 

0.283 ± 0.00 

(24.54) 

Liver 0.840 ± 0.03 
0.720  ± 0.04 

(10.67) 

0.55  ± 0.014 

(16.21) 

0.440 ± 0.012 

(26.14) 

Intestine 0.326  ± 0.04 
0.29   ± 0.012 

(6.67) 

0.202 ± 0.014 

(11.34) 

0.184 ± 0.012 

(15.24) 
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formazon p
-1 

h
-1 

at 0.0620 ppm quinolphos (Table 2). The percentage reduction in the SDH level 

in the liver tissue was -21.35 percent in control and -37.50 percent and -50.00 at 0.0155 ppm 

and 0.0620 ppm respectively. 

 A significant percentage decline in the SDH and in the muscle and intestine of 

quniolphos exposed fish ranged from -7.64 percent to -18.24 percent and -31.64 at, 0.0340, 

0.0620 ppm quinolphos respectively.The SDH level in the liver, muscle and intestine of C. 

mrigala showed a decreasing trend when exposed to quinolphos. The degree of decrease was 

correlated with the concentrations of the pesticides and exposure duration. SDH activity 

indicates depression of oxidative metabolism at the mitochondrial level, leading to an overall 

depression of TCA cycle (Radhiah et al., 1990). It has been reported that energy crisis induced 

by the pesticides can alter the metabolism in the tissue. In such cases, a shift of aerobic 

metabolic towards anaerobic side could be presumed with the increase of glycolytic pathway. 

Joyce et al. (1990) reported SDH reduction results in the switch over of aerobic to anaerobic 

pathway in Clarius batrachus exposed to organophosphorous pesticide. Increase in the 

glycolytic pathway was observed in the present study. The fall in SDH indicates oxygen stress 

and energy crisis and to some extent mitochondrial disturbances (Sornaraj, 2000). Suppression 

of SDH activity in different tissues has been demonstrated in several teleost following treatment 

with metasytox (Natarajan, et al., 1998), and quinolphos (Sastry and Siddiqui, 1984). 

 Pesticides create anaerobic condition, and lead to an accumulation of lactic acid, which 

may be partially responsible for the inactive alterations in their oxidative enzymes which reveal 

that pesticides cause perturbances in oxidative metabolism. From this it is clearly evident that 

exposure of C. mrigala to quinolphos induced LDH and SDH disorder which may be 

responsible for the pesticide toxicity. 
 

 

Table 2: Effect of different sub lethal concentrations of quinolphos on SDH activity in the different   

tissues of  C. mrigala.
 

 

Duration 

of 

exposure 

Tissues Control 

Concentrations of quinolphos (ppm) 

0.0155 0.0310 0.0620 

 

 

 

21 days 

Muscle 0.614 ± 0.014 
0.521 ± 0.02 

(-19.05) 

0.440 ±  0.18 

(-29.23) 

0364   0.04 

(-43.75) 

Liver 0.840 ±  0.03 
0.720 ± 0.04 

(-21.35) 

0.55   0.014 

(-37.50) 

0.440 0.012 

(-50.00) 

Intestine 0.326 ± 0.04 
0.294± 0.012 

(-7.64) 

0.202   0.014 

(-18.24) 

0.184  0.012 

(-31.64) 

 

The data on the changes in AcP activity in the liver, muscle and intestine of C.mrigala 

exposed to quinolphos are presented in Table 3. The activity of AcP increased with increase in 

concentration. Further, among the tested tissues, the maximum activity of AcP was noticed in 

the intestine of C.mrigala, while minimum AcP activity was recorded in muscle tissue. For 

example, the AcP activity of liver tissue of C.mrigala increased from 4.22 ± 0.144 µ mole 

napthol P
-1

 h
-1

 in control medium to maximum AcP of 5.06 µ  mole µ napthol P
-1

 h
-1

 in fishes 

reared in 0.0620 ppm quinolphos medium. Likewise in the muscle tissue of C.mrigala, the AcP 

activity enhanced from 3.60 ± 0.044  mole µ napthol P
-1

 h
-1

 in control fishes to 3.92 ± 0.016 µ 

mole napthol P
-1

 h
-1

 in industrial reared in 0.0620 ppm quniolphos. The ranges of increase in 

ACP activity in the extend tissue of C.mrigala reared in control and different sub-lethal 

concentration of quinolphos were from 6.68 ± 0.041, to 6.92 ± 0.016, 7.16 ± 0.032 and 7.85 ± 

0.018  mole µ  nepthol P
-1

 h
-1

 at 0.0155, 0.0310 and 0.0620 ppm, respectively . 
 



Sreeya and Radha / Quinolphos on Enzyme Activities in the Selected Tissues of Cirrhinus mrigala 

Journal of Theoretical and Experimental Biology (ISSN: 0972-9720), 13 (1 and 2): 53-61, 2018 
 

59 

 

Table 3: Effect of different sub lethal concentrations of  Quinolphos on acid  phosphatase activity in the  

different tissues of C. mrigala.
 

Duration 

of 

exposure 

Tissues Control 

Concentrations of quinolphos (ppm) 

0.0155 0.0310 0.0620 

 

 

 

21 days 

Muscle 3.6 ±  0.044 
3.79 ±  0.053 

(-6.77) 

3.24    0.061 

(-12.00) 

4.22   0.016 

(-14.67) 

Liver 4.84 ±  0.053 
4.92 ±   0.098 

(-3.47) 

5.06   0.032 

(-5.14) 

5.33 0.024 

(-11.74) 

Intestine 6.68 ± 0.016 
6.92 ±  0.018 

(-7.09) 

7.16   0.032 

(-11.86) 

7.85  0.018 

(-21.96) 

   
 The percentage increase in AcP activities over the control values ranged from -3.47 

percent to -11.74 percent from -6.77 percent to -14.67 percent and from -7.09 percent to -21.96 

percent respectively in the liver, muscle and intestine tissue of C.mrigala reared in different 

concentrations of quinolphos. The organophosphate pesticides modify the activity of several 

metabolic enzymes. The phosphates are non-specific phosphormonoesterase having pH 

specificity which hydrolyse various phosphate esters and liberate phosphate. 

 In the present study, quinolphos exposed C. mrigala showed increase in acid and 

alkaline phosphatase content in the liver, muscle and intestine. The observed higher rates of acid 

phosphatase activity might be related to higher rate of enzyme synthesis. The enhancement of 

acid phosphatase activity of quinolphos in the treated fishes in the present study was found to be 

closely associated with protein metabolism as reported by Nair (2002). This observation was 

supported by Nair (2000). Further, it is also apparent that these variations in enzyme activity 

were quantitatively proportional to the cholinergic action on the increase of acid phosphatase 

activity from the normal level. 

 Alkaline phosphatase is the brush border enzymes and it involves in 

transphosphorylation reaction that helps in transporting nutrients through the plasma 

membranes (Hashimoto and Ogawa, 1963). Since phosphorylation of glucose is an energy 

requiring process, increased phosphatase activity which catalyses liberation of inorganic 

phosphatase from phosphate esters like glycerol phosphate, phenyl phosphate etc, is justifiable. 

Hence, it is likely that treatment of quinolphos induced hyper glycemia as a result of 

glycolgenolysis, and there is also a consequent increase of phosphatase activity to meet energy 

requirements needed to counter the stress. Such stress inducing situation may probably lead to 

the release of corticosteriods as a natural response, and it seems very likely that quinolphos 

might also induce a stress condition resulting in increased adrenal secretions, which, in turn, 

could affect the liver enzyme profiles. 

 The present findings are in agreement with views of Anastasi and Bonnister (1980) that 

have shown that the application of insecticides induces changes in the enzymatic equipment in 

different body organs. Joshi and Desai (1981) have reported increase in alkaline and acid 

phosphatase activities in the tissues of Tilapia mossambica under sub-lethal concentration of 

monocrotophos. Similar results were also reported in Channa orientalis exposed to sub-lethal 

concentrations of methyl parathion. According to Ravindure et al. (1997), malathion stress 

enhances the activities of alkaline phosphatase and acid phosphatase in the liver, muscle and 

intestine of freshwater teleost, Notopterus notopterus.  An increase in acid and alkaline 

phosphatase in the intestine and liver of S. mossambicus after the treatment of Chlorpyrifos and 

endosulfan was also noticed by Kamble et al. (1999). All these observations more or less 

confirm the findings of the present study. 
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Table  4:  Effect of different sub-lethal concentrations of quinolphos on Alkaline phosphatase activity in 

different tissues of  C.mrigala. 

Duration 

of 

exposure 

Tissues Control 
Concentrations of quinolphos (ppm) 

0.0155 0.0310 0.0620 

21 days 

Muscle 3.13  ± 0.033 
3.46 ±  0.050 

(-12.39) 

3.80  ±   0.058 

(-17.22) 

4.18 ±0.034 

(-26.95) 

Liver 4.29   ±0.012 
4.42  ±  0.012 

(-0.72) 

4.78± 0.045 

(-15.51) 

5.02±0.020 

(-24.10) 

Intestine 11.65 ±0.123 
12.30 ±  0.04 

(-2.67) 

13.79±0.057 

(-14.74) 

14.16±0.032 

(-17.18) 

 

Table 4 provides the data on the alkaline phosphatase activity (AlP) of selected tissues 

of C. mrigala reared in control to 0.0620 ppm quinolphos. The results showed that among the 

tested tissues the AlP activity was more in the intestinal tissues and less in the muscle tissues. 

For instance, in the intestinal tissue of C. mrigala reared in control medium the AlP activity was 

12.65 ± 0.123 µ mole PNP mg P
-1

 h
-1

, where as in the same tissue of fish, reared in 0.0155, 

0.0310 and 0.0620 ppm of quinolphos, the AlP activity ranged from 12.90 ± 0.046  mole µ PNP 

mg P
-1

 h
-1

 13.29 ± 0.052  mole  µ PNP mg P
-1

 h
-1

 and 14.02 ± 0.032 mole µ PNP mg P
-1

 h
-1

 

respectively. In other tissues such as liver and muscle, the AlP activity increased from the 

control value 4.29 ± 0.012 to 4.42 ± 0.057, 4.78  ± 0.045 and 5.02 ± 0.020  mole PNP mg P
-1

 h
-1

 

and 3 ± 13  0.033 to 3.46 ± 0.050, 3.80 ± 0.058 and 4.18 ± 0.034 respectively. In response to 

variations in AlP activity in the tested tissues of  C. mrigala, the percentage increase in AlP 

activity over the control also varied considerably, and the data are presented in Table 4. The 

range of percentage increase in AlP activity varied from -10.72 percent to -24.10, from -12.39 

percent to -26.95 percent and from -2.67 percent to -17.18 percent respectively in the liver, 

muscle and intestine. 

 

Conclusion 

 

The activity of acid and alkaline phosphatases (AcP and AlP) in the examined tissues of           

C. mrigala reared in different sub-lethal concentrations of quinolphos was increased 

considerably. The percentage of increase over the control was maximum in intestinal tissues. In 

the light of this study comprising enzyme changes, it is clearly evident that quinolphos is toxic 

to fishes. To sum up, these findings recommend that farmers should avoid indiscriminate use of 

this pesticide, quinolphos and they should take great care in making the agricultural activities. 
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