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ABSTRACT 

          Pyrethroid insecticides, lambda cyhalothrin are important tools used in agricultural fields, 

public health management where applications are made to control cockroaches, mosquitoes, 

ticks and flies, which may act as disease vectors. Specifically, lambda-cyhalothrin penetrates the 

insect cuticle, disrupting nerve conduction within minutes; this leads to cessation of feeding, loss 

of muscular control, paralysis, and eventually death. Fishes are excellent indicators of pesticide 

pollution in the aquatic environment, because they are masters of the aquatic environment and 

they dominate the trophic pyramid of almost all aquatic systems. In the present study, the acid 

phosphatase activity increased significantly in liver, muscle and brain tissues of E.suratensis 

exposed to lambda-cyhalothrin. From this investigation, enhanced activity of acid phosphatase 

(AcP) can be related to the lysosomal destabilization.  
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INTRODUCTION 

          India, being the main producer and consumer of pesticides in South Asia, the use of 

pesticides in agriculture has increased significantly during past three decades (Natarajan et al., 

1998). Pyrethroid insecticides, lambda cyhalothrin are important tools used in agricultural fields, 

public health management where applications are made to control cockroaches, mosquitoes, ticks 

and flies, which may act as disease vectors. Specifically, lambda-cyhalothrin penetrates the 

insect cuticle, disrupting nerve conduction within minutes; this leads to cessation of feeding, loss 

of muscular control, paralysis, and eventually death. Every year, the increase of human 

population accompanying with the growth of industrialization results in the increase of pollution 

in aquatic ecosystems (Caussy et al., 2003). Biochemical indices of stress have been proposed to 

assess the health of non-target organisms exposed to toxic chemical in aquatic ecosystem 

(Nimmi, 1990). Insecticides can cause serious impairment to physiological and health status of 

fish. Therefore, biochemical tests are routine laboratory tests useful in recognizing acute or 

chronic toxicity of insecticides (Banaee et al., 2008; Al-Kahtani, 2011) and can be a practical 

tool to diagnose toxicity effects in target organs and to determine the physiological status in fish.  
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           Acid phosphatase is regard as a key lysosomal enzyme, and it plays an important role in 

the autolytic degradation of tissues during metamorphosis (Nath and Butler, 1971).   

Phosphatases enzymes are considered as an important toxicological tool to study the pesticide 

effect that reflects the change in physiological and biochemical pathways (Ramano Rao et al., 

1996). Phosphatases are concerned with oxidative phosphorylation (Goodman and Rothstein, 

1957), growth, differentiation (Barker and Alexander, 1958) and permeability (Seth et al., 1969). 

Muthukrishnan and Senthamizhselvan (1985) have shown that acid phosphatase plays an 

important role in the utilization of yolk during embryonic development. 

           Altered phosphatase activities in the tissues of freshwater fish, T. mossambica were 

reported by Joshi and Desai (1981) with respect to increasing concentration of pesticides 

monocrotophos. Similar observations have also been reported in S. mossambicus under exposure 

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

increase in the acid phosphatase activity in the liver and kidney of H. fossilis exposed to 

demethoate. Similar observation was also reported in the case of M. vittatus under the treatment 

of dichlorvos (Verma et al., 1981). Evaluation of enzyme activities in the tissue and organs of 

aquatic organs in the diagnosis of the effects of pollutants is one of the emerging areas in 

toxicological monitoring and remediation programmes (Oluah et al., 2005). Enzyme analysis is 

widely used for rapid detection to predict early warning of pesticide toxicity (Dutta and Areids, 

2003). In view of the above facts, the present work was undertaken which attempts to evaluate 

the impact of the pyrethroid insecticide lambda-cyhalothrin, on the tissue acid phosphatase 

activity of the fish, E. suratensis.  

MATERIALS AND METHODS 

           Well acclimated E. suratensis (6-7 g) of uniform size and weight were grouped into sets 

of 10, and each set was introduced into sub- lethal concentrations of 1/4, 1/8, 1/12, 1/16 and 1/20 

LC50 lambda-cyhalothrin respectively. The fish were fed with standard food pellets throughout 

the experimental period. The total period of exposure was 60 days. Suitable control was also 

maintained. After the stipulated exposure periods, 6 fishes were removed from each pesticide-

treated group with the respective control were removed and sacrificed for tissue sampling. For 

acid phosphatase study, the tissues such as muscle, liver and the whole brain were removed and 

kept frozen until analysis was performed.  

        Acid phosphatase activity in the selected tissues was assayed spectrophotometrically using 

the method of Bergmeyer (1963) as modified by Butterworth and Probert (1970). Results were 

expressed as means ± SD and two-way ANOVA were used to assess statistical significance. The 

activity of the AcP enzyme is expressed as μ mole α napthal p-1 h-1. 

 

RESULTS 
           In control medium, the acid phosphatase activity in liver was 3.32 ± 0.05 µ mole α napthal 

p-1 h-1, and it increased to 3.72 ± 0.07 µ mole α napthal p-1  h-1 followed by 4.19 ± 0.05, 5.78 ± 

0.04, 6.2 ± 0.39 and 6.73 ± 0.18 µ mole α napthal  p-1 h-1 recorded in 0.005 ppm, 0.006 ppm, 

0.008 ppm, 0.013 ppm and 0.026 ppm of lambda-cyhalothrin respectively (Table 1).             
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           The acid phosphatase of muscle of control medium was 2.76 ± 0.06 µ mole α napthal p-1 

h-1 and it increased to 3.42 ± 0.01, 4.84 ± 0.02, 5.21 ± 0.24, 5.92 ± 0.08 and 6.14 ± 0.04 µ mole α 

napthal p-1 h-1 in those fishes exposed to 0.005 ppm,  0.006 ppm, 0.008 ppm, 0.013 ppm and 

0.026 ppm lambda-cyhalothrin (Table 1).  

           The pesticide free medium, the brain acid phosphatase activity was                               

2.69 ± 0.04 µ mole α napthal p-1 h-1. This value gradually increased was noticed in fishes reared 

at 0.005 ppm (3.32 ± 0.15 µ mole α napthal p-1 h-1), at 0.006 ppm (3.66 ± 0.06), 0.008 ppm (4.38 

± 0.23), 0.013 ppm (4.86 ± 0.09) and 0.026 ppm (5.22 ± 0.09 µ mole α napthal p-1 h-1) 

concentration of lambda-cyhalothrin respectively (Table 1).  

           From the two-way ANOVA (Table 2) that there was significant variation (P<0.01) 

between the tissues with respect to the acid phosphatase activity and deviation due to different 

concentrations was statistically highly significant (P<0.001) compared with control group. The 

acid phosphatase activity in various tissues of E. suratensis recorded an increasing trend with 

increasing concentrations of lambda-cyhalothrin (Figure 1). 

Table 1: Effect of lambda-cyhalothrin on acid phosphatase activity in different tissues of       

E. suratensis for 60 days 

Tissues Control 
Concentrations of lambda-cyhalothrin (ppm) 

0.005 0.006 0.008 0.013 0.026 

Liver 
3.32 ±      

0.05 

3.72 ±      

0.07 

4.19 ±         

0.05 

5.78 ±         

0.04 

6.2 ±          

0.39 

6.73 ±         

0.18 

Muscle 
2.76 ±      

0.06 

3.42 ±      

0.01 

4.84 ±         

0.02 

5.21 ±         

0.24 

5.92 ±         

0.08 

6.14 ±     

0.04 

Brain 
2.69 ±         

0.04 

3.32 ±         

0.15 

3.66 ±          

0.06 

4.38 ±           

0.23 

4.86 ±           

0.09 

5.22 ±     

0.09 

  Values are expressed as mean ± SD 

  Values are expressed as µ mole α napthal p-1  h-1 

 

Table 2: Two-way ANOVA for AcP 

 

Source of Variation SS df MS F P-value 

Variation due to tissues 2.970503704 2 1.485251852 12.41895524 P<0.01 

Variation due to 

concentrations 
22.91585185 5 4.58317037 38.32224658 P<0.001 

Error variance 1.195955556 10 0.119595556   

Total variance 27.08231111 17    

SS - sum of squares             df - degrees of freedom         MS - mean of squares 
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Figure 1: Effect of lambda-cyhalothrin on acid phosphatase activity in                       

different tissues of E. suratensis exposed for 60 days 

 

 
 

 

 

DISCUSSION 
 

            In the present study, the acid phosphatase activity increased significantly in liver, muscle 

and brain tissues of E.suratensis exposed to lambda-cyhalothrin. The acid phosphatase was 

enhanced during toxic exposure period and under stress condition. The elevated levels of 

phosphatase may indicate the increase in the rate of phosphorylation and transport of molecules 

across the cell membrane. The enhanced phosphatases activity reveals increase transportation of 

metabolites through cellular membrane. Abdul et al. (2004) and                                

Venkateshwarlu et al. (1990) also reported that the pesticides cause significant increase in 

cellular damage which causes enhanced activity of phosphatases activity. The observed higher 

rates of acid phosphatase activity might be related to higher rate of enzyme synthesis. This 

observation, however has been reported earlier by several workers                            

(Mukhopadhyay and Dehadrai, 1980; Mukhopadhyay et al., 1982). The enhancement of AcP 

activity of lambda-cyhalothrin in the selected tissues in the present study was found to be closely 

associated with hepatic necrosis. This study was supported by Sherekar (1986) and Sherekar and 

Kulkarni (1987). 
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           The present findings also support in the observations of Anastasi and Bonnister (1980) 

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

in different body organs. Radhakrishnan Nair (2002) reported elevation of acid and alkaline 

phosphatase activities in different tissues of O. mossambicas and C. carpio exposed to karate and 

curacron. Joshi and Desai (1981) have reported increase in acid phosphatase activities in the 

tissues of T. mossambica under sub-lethal concentrations of monocrotophos. Similar results were 

also reported by Sherekar and Kulkarni (1987) and Garg et al. (1987) on C. orientalis and                 

H. fossilis exposed to methylparathion and hilbeech. Increased acid phosphatase activity in the 

liver and brain tissues of C. punctatus exposed to lihocin was reported by Abdul Naveed et al. 

(2010). Increased acid phosphatase activity in the selected tissues of  E. suratensis may be due to 

cellular necrosis of tissues as suggested by Joshi and Desai (1981). 

             Increase in acid phosphatase in response to other toxicants has been reported earlier. 

Elevation of AcP activity in the liver, among other tissues has been reported in H. fossilis in 

response to different organic pesticides (Thomas and Murthy, 1976), in O. punctatus response to 

endrin (Sastry and Sharma, 1979), in H. fossilis response to mercuric chloride (Gupta and Sastry, 

1981) and in C. batrachus response to lithium nitrate intoxication (Goel et al., 1985). This result 

is in agreement with the significant increase in acid phosphatase in liver, brain and kidney of the 

fish, C. punctatus after intoxication with triazophos (Abdul Naveed et al., 2010).  

          Acid phosphatase is a lysosomal marker enzyme (Kendall and Hawkins, 1975). Gupta           

et al. (1975) reported that acid phosphatase is a good indicator of stress condition in biological 

systems. Several mechanisms have been suggested for the release of acid phosphatase from the 

lysosomes. Verity and Reith (1967) observed that the lysosomes are structurally altered in 

response to toxic dosage of methyl mercury. Deung et al. (1978) reported an increase in the 

number of lysosomes in the liver cells of C. carassius exposed to mercuric chloride while              

Ferri and Macha (1980) observed a change in shape distribution and functional degree of 

lysosomes in the hepatic cells of P. maculatus exposed to cadmium. Assessment of this type of 

damage has been confirmed as an extremely sensitive general index of cellular conditions 

(Moore, 1980, 1982). Injury resulting in destabilization of the lysosomal membrane bears a 

quantitative relationship to the magnitude of stress response (Bayne et al., 1979, 1982). 

Destabilization may involve increased lysosomal fusion with other intracellular vacuoles, leading 

to the formation of pathologically enlarged lysosomes. Since release of acid phosphatase from 

the lysosome is associated to membrane damage due to xenobiotics. Enhanced activity of acid 

phosphatase can be related to the lysosomal destabilization. When fishes are exposed to the 

fourth generation and current generation pesticide like lambda-cyhalothrin, they have various 

toxic effects which make the fishes less fit for survival. This in turn will affect the fecundity of 

the fish population and also other organisms including human beings through food chain. 

Biological methods could be used for controlling mosquito and flies instead of lambda-

cyhalothrin in order to protect the natural environment. 
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