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ABSTRACT  
The impact of cypermethrin on acid phosphatase (ACP) and alkaline phosphatase (ALP) activity in gill, liver and kidney on Cirrhinus mrigala, exhibited 
notable alterations which are being the main site of metabolic activity in fish. The acute toxicity value was found to be 150 µg/l and 1/5 as used for LC50 (30 
µg/l) was selected for sub lethal concentration. The ACP and ALP values in all the organs were decreased due to 120 hours treatment of cypermethrin. These 
enzymes in various organs were recovered by Cardiospermum halicacabum. Hence the pesticide intoxication has made a disturbance in normal function of 
cells. 
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INTRODUCTION  
Due to industrialization and human population, the pollution 
of aquatic ecosystem has become a universal phenomenon in 
the present day1. The main sources of water pollution are 
industrial waste, domestic sewage, drainage and pesticides 
used for food production2. The synthetic pyrethroids, a new 
generation insecticides are synthesized derivatives of 
naturally occurring pyrethrins, taken from pyrethrum, the 
oleoresin extract of genus Chrysanthemum flowers. They are 
more effective than the organophosphate pesticides, replacing 
them in many agricultural, commercial and residential 
applications. Due to lipophilic nature, biological membranes 
and tissues readily take those3. Fish may be good indicators 
of contamination by pollutants because their biochemical 
responses are quite similar to those found in mammals4. 
According to5, biochemical changes occurs in fishes that are 
exposed to environmental contaminants, such changes may 
include pesticides and their metabolites have necessitated a 
number of studies to determine their effects in aquatic 
environment on biochemical parameters in fish6. Several 
authors have investigated the effect of pesticide in fish6-8,4. 
The ACP and ALP are active at specific pH and are usually 
termed phosphomonoesterases. Pesticide poisoning increases 
ACP and ALP activity in the fish9. The ACP is a lysosomal 
enzyme and the raise in its activity is probably related to the 
cellular damage. It is difficult, however, to relate the decrease 
in ACP activity with necrosis. Increase in acid phosphatase 
and alkaline phosphatase activities can be interpreted as a 
shift, which emphasise on energy break down pathway from 
normal ATPase system which includes phosphorylation10. 
The plant-based, traditional medicine systems continues to 
play an essential role in health care, with about 80 % of the 
world’s inhabitants relying mainly on traditional medicines 
for their primary health care11. Medicinal plants produce 
bioactive compounds used mainly for medicinal purposes. 
These compounds either act on different systems of animals 
including man and or act through interfering in the 
metabolism. So the identification of bioactive compound in 
plants, their isolation, purification and characterization of 

active ingredients in crude extracts by various analytical 
methods is important. The medicinal properties of plants 
could be based on the antioxidant, antimicrobial, antipyretic 
effects of the phytochemicals in them12. Hence an attempt has 
been made to investigate the toxic impact of cypermethrin on 
ACP and ALP activity in the C. mrigala and also recovery 
activity observed by C. halicacabum exposed animals. 

 
MATERIALS AND METHODS 
The fish Cirrhinus mrigala of size 14 to 16 cm and 50 to 70 g 
weight were brought from a local fish farm in Pinnaloor, at 
Navarathna form. Fish collected and acclimatized at 28°C in 
the large sized aquarium tank disinfected with potassium 
permanganate and washed thoroughly prior to conduction of 
fish to prevent the fungal disease for acclimatization in the 
laboratory condition for 15 days. During laboratory condition 
fishes were feed with artificial feed, water was renewed on 
every day to maintain water quality. The LC50 concentration 
of cypermethrin was noted at 120 h; fish organs (gill, liver 
and kidney) were collected by dissection the animal and 
stored at -200C for enzymes parameters studies. Fishes were 
exposed in 4 groups. 
Group-1 fish exposed to tap water (control) 
Group- 2 fish exposed to cypermethrin  
Group-3 Fish exposed to cypermethrin along with 
Cardiospermum halicacabum 
Group-4 Fish exposed to Cardiospermum halicacabum alone 
 
Plant Preparation  
Healthy disease free leaves of Cardiospermum halicacabum 
were collected from Villupuram district Nallavur Village in 
January-2011 and plant was identified. The leaf were washed 
in running tap water for 10 minutes then leafs were dried, 
aerial parts (1 kg) of Cardiospermum halicacabum were 
macerated thrice at room temperature and prepared in 
powdered condition and equal amount of rice brane powder 
mixed well and small amount water added and prepared small 
pellet as feed. 
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Enzymes Assay 
The acid phosphatase (ACP) and alkaline phosphatase (ALP) 
were estimated by using the method of13. 
 
 
 

Statistically Analyses  
The data obtained in the present work were expressed as 
means ± SE, percentage changes and were statistically 
analyzed using student t-test14, to compare means of treated 
data against their control ones and the result were considered 
significant at (P < 0.05), (P < 0.01) level.  

 
Table 1: Variations of acid phosphatase (ACP) (µmole/min/mg protein) activity in the freshwater fish C. mrigala exposed to cypermethrin and C. 

halicacabum for 120 hours 
 

Tissues Groups Hours of exposure 
24 48 72 96 120 

Gill Group-I Control 2.030 ± 0.028 2.033 ± 0.032 2.037 ± 0.037 2.035 ± 0.026 2.033 ± 0.020 
Group-II CYP 

% COC 
1.858** ± 0.023 

% -8.47 
1.651** ± 0.048 

% -18.79 
1.485** ± 0.037 

% -27.10 
1.316** ± 0.069 

% -35.33 
1.256** ± 0.032 

% -38.22 
Group-III CYP + C. halicacabum 

% COC 
% COT 

1.909NS ± 0.048 
% -5.96 
% +2.74 

1.855* ± 0.042 
% -8.75 

% +12.36 

1.823* ± 0.068 
% -10.50 
% +22.76 

1.798** ± 0.027 
% -11.65 
% +36.63 

1.750** ± 0.035 
% -13.92 
% +39.33 

Group-IV C. halicacabum 
% COC 

2.036NS ± 0.046 
% +0.29 

2.044NS ± 0.032 
% +0.54 

2.055NS ± 0.048 
% +0.88 

2.061NS ± 0.027 
% +1.28 

2.060NS ± 0.030 
% +1.33 

Liver Group-I Control 3.116 ± 0.040 3.120 ± 0.031 3.122 ± 0.029 3.120 ± 0.035 3.118 ± 0.022 
Group-II CYP 

% COC 
2.921** ± 0.022 

% -6.26 
2.736** ± 0.044 

% -12.31 
2.518** ± 0.030 

% -19.35 
2.404** ± 0.034 

% -22.95 
2.298** ± 0.068 

% -26.30 
Group-III CYP + C. halicacabum 

% COC 
% COT 

2.989* ± 0.022 
% -4.07 
% +2.33 

2.915** ± 0.045 
% -6.57 
% +6.54 

2.870** ± 0.038 
% -8.07 

% +13.98 

2.834** ± 0.027 
% -9.17 

% +17.89 

2.801** ± 0.040 
% -10.17 
% +21.89 

Group-IV C. halicacabum 
% COC 

3.124NS ± 0.037 
% +0.26 

3.135NS ± 0.028 
% +0.48 

3.147NS ± 0.040 
% +0.80 

3.151NS ± 0.068 
% +0.99 

3.155NS ± 0.026 
% +1.19 

Kidney Group-I Control 4.246 ± 0.066 4.249 ± 0.048 4.251 ± 0.070 4.250 ± 0.071 4.248 ± 0.056 
Group-II CYP 

% COC 
3.798** ± 0.047 

% -10.55 
3.543** ± 0.066 

% -16.61 
3.325** ± 0.052 

% -21.78 
3.109** ± 0.047 

% -26.85 
2.987** ± 0.027 

% -29.68 
Group-III CYP + C. halicacabum 

% COC 
% COT 

3.996* ± 0.038 
% -5.89 
% +5.21 

3.883** ± 0.066 
% -8.61 
% +9.60 

3.817** ± 0.024 
% -10.21 
% +14.80 

3.764** ± 0.050 
% -11.43 
% +21.07 

3.695* ± 0.031 
% -13.02 
% +23.70 

Group-IV C. halicacabum 
% COC 

4.256NS ± 0.061 
% +0.23 

4.260NS ± 0.071 
% +0.26 

4.276NS ± 0.056 
% +0.59 

4.280NS ± 0.068 
% +0.70 

4.285NS ± 0.048 
% +0.87 

 
Values are mean ± S.E-Mean of six individual observations; and student t-test, Significant at *P < 0.05; Significant at **P < 0.01 levels. (+,-) denotes 

decreased and increased, % COC (change over control); % COT (change over treated) 
 
Table 2: Variations of alkaline phosphatase (ALP) (µmole/min/mg protein) activity in the freshwater fish C. mrigala exposed to cypermethrin and C. 

halicacabum for 120 hours 
 

Tissues Groups Hours of exposure 
24 48 72 96 120 

Gill Group-I Control 2.353 ± 0.021 2.358 ± 0.048 2.361 ± 0.036 2.355 ± 0.086 2.351 ± 0.047 
Group-II CYP 

% COC 
2.076** ± 0.018 

% -11.77 
1.870** ± 0.029 

% -20.69 
1.723** ± 0.046 

% -27.02 
1.575** ± 0.038 

% -33.12 
1.423** ± 0.064 

% -39.47 
Group-III CYP + C. halicacabum 

% COC 
% COT 

2.192** ± 0.042 
% -6.84 
% +5.59 

2.157* ± 0.021 
% -8.52 

% +15.35 

2.117** ± 0.036 
% -10.33 
% +22.87 

2.095* ± 0.020 
% -11.04 
% +33.01 

2.023** ± 0.032 
% -13.95 
% +42.16 

Group-IV C. halicacabum 
% COC 

2.361NS ± 0.046 
% +0.34 

2.370NS ± 0.043 
% +0.50 

2.378NS ± 0.037 
% +0.72 

2.383NS ± 0.050 
% +1.19 

2.380NS ± 0.027 
% +1.23 

Liver Group-I Control 4.350 ± 0.056 4.353 ± 0.059 4.358 ± 0.077 4.354 ± 0.044 4.352 ± 0.062 
Group-II CYP 

% COC 
3.980* ± 0.084 

% -8.50 
3.767** ± 0.096 

% -13.46 
3.560** ± 0.086 

% -18.31 
3.394** ± 0.037 

% -22.05 
3.153** ± 0.040 

% -27.55 
Group-III CYP + C. halicacabum 

% COC 
% COT 

4.143NS ± 0.074 
% -4.76 
% +4.09 

4.086* ± 0.062 
% -6.13 
% +8.47 

4.025* ± 0.080 
% -7.64 

% +13.06 

3.986** ± 0.069 
% -8.45 

% +17.44 

3.903** ± 0.069 
% -10.32 
% +23.79 

Group-IV C. halicacabum 
% COC 

4.359NS ± 0.045 
% +0.20 

4.372NS ± 0.096 
% +0.44 

4.384NS ± 0.072 
% +0.60 

4.397NS ± 0.055 
% +0.99 

4.405NS ± 0.040 
% +1.22 

Kidney Group-I Control 5.818 ± 0.043 5.821 ± 0.080 5.824 ± 0.047 5.822 ± 0.073 5.821 ± 0.061 
Group-II CYP 

% COC 
5.061** ± 0.080 

% -13.01 
4.683** ± 0.069 

% -19.55 
4.188** ± 0.032 

% -28.90 
3.961** ± 0.098 

% -31.96 
3.604** ± 0.070 

% -38.09 
Group-III CYP + C. halicacabum 

% COC 
% COT 

5.490** ± 0.069 
% -5.64 
% +8.48 

5.325** ± 0.043 
% -8.52 

% +13.71 

5.122** ± 0.030 
% -12.05 
% +22.30 

5.033** ± 0.049 
% -13.55 
% +27.06 

4.936** ± 0.047 
% -15.20 
% +36.96 

Group-IV C. halicacabum 
% COC 

5.828NS ± 0.030 
% +0.17 

5.839NS ± 0.076 
% +0.31 

5.851NS ± 0.049 
% +0.46 

5.870NS ± 0.070 
% +0.82 

5.877NS ± 0.084 
% +0.96 

 
Values are mean ± S.E-Mean of six individual observations; and student t-test, Significant at *P < 0.05; Significant at **P < 0.01 levels. (+,-) denotes 

decreased and increased. % COC (change over control); % COT (change over treated) 
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RESULT AND DISCUSSION  
Enzymatic analysis of organs such as kidney, liver, and gills 
in fish can provide important information about the internal 
environment of the organism15. Enzyme activities affect 
various chemical and biological reactions in the body of the 
fish16. The activity of phosphatase was decreased in the gill, 
liver and kidney of fish Cirrhinus mrigala treated with 
cypermethrin. Phosphatases are mainly localized at cell 
membrane. Any damage in the cell may result in alteration in 
phosphatases activity. The dose dependent inhibition in the 
activities of acid and alkaline phosphatases observed in this 
investigation is in agreement with the report of many other 
workers17. In the present investigation, the acid phosphate 
content was decreased in the treated group-2 like fish organs 
followed by period of 24 hours to 120 hours. At the end of 
the 120 hours the treated (group 2) percentage changes 
decreased over the control (group-1). ACPlevel gill (-38.22 
%), liver (-26.30 %) and kidney (-29.68 %) The fish was 
exposed to group-3 the ACP content was recovered when 
compared to group-2 gill (39.33 %), liver (21.89 %) and 
kidney (23.70 %) while in the fish exposed to group-4 when 
compared to group-1 the slightly increased (1.33 %), (1.19 
%) and (0.87 %). The recorded acid phosphate content were 
statistically significant at 5 %, 1 % levels (Table 1). The 
decreased activities of ACP indicate disturbance in the 
structure and integrity of cell organelles like endoplasmic 
reticulum and membrane transport system18, have reported 
the changes in phosphatase activity in fishes due to exposure 
to industrial effluents. Similarly19, reported depletion of 
alkaline phosphatase due to sub-lethal exposure of Labeo 
rohita fingerlings to Cypermethrin. In the alkaline 
phosphatase investigation, the alkaline phosphatase content 
was inhibited in the treated group-2 like fish organs followed 
by period of 24 hours to 120 hours. At the end of the 120 
hours the treated group percentage changes are decreased 
over the control group 1; group-2 ALP level in gill (-39.47 
%), liver (-27.55 %) and kidney (-38.09 %). The fish was 
exposed to group-3 the alkaline phosphatase content was 
recovered when compared to group-2 (42.16 %), (23.78 %) 
and (36.96 %) while in the fish exposed to group-4 when 
compared to group-1 the slightly increased (1.23 %), (1.22 
%) and (0.96 %). The recorded alkaline phosphatase content 
were statistically significant at 5 %, 1 % levels (Table 2). The 
decrease activity of ALP in the various organs may be 
attributed due to decline in the rate of synthesis caused by 
lowered metabolic demands and also due to electrolytic 
imbalance caused by tissue over hydration20. The activity of 
ALP decreased in liver, kidney and gill was recorded in ovary 
and muscle21. The decreased activities of ACP and ALP 
indicate disturbance in the structure and integrity of cell 
organelles like endoplasmic reticulum and membrane 
transport system21. They also reported the changes in 
phosphatases activity in fishes due to exposure to industrial 
effluents Similarly19. The observed reduction in ACP and 
ALP in the gill and liver of C. mrigala treated with 
cypermethrin. The metabolic pathways of fish are affected by 
pollutants; Acid phosphatase is a lysosomal enzyme that 
hydrolyses the phospho-esters in acidic medium. Alkaline 
phosphatase is involved in carbohydrate metabolism, growth 
and differentiation, protein synthesis, synthesis of certain 
enzymes, secretion activity, and transport to phosphorylated 
intermediates across the cell membranes22. The alkaline and 
acid phosphatase was enhanced during the toxic exposure 
period and under stress conditions. The elevated levels of 
phosphatases may indicate an increase in the rate of 

phosphorylation and transport of molecules across the cell 
membrane. As such, the enhanced phosphatases activity 
revealed an increase in the transportation of metabolites 
through the cellular membrane23, and it was reported that the 
pesticides cause significant increase in the cellular damage 
which enhanced the activity of phosphatases activity was 
altered in kupffermelanomacro phagic cells of Rana 
esculenta during environmental pollution. As such, they can 
utilize stored proteins to overcome toxic stress. During toxic 
stress, the levels of key enzymes involved in protein 
metabolism are changed. Cypermethrin reduced the DNA and 
RNA content in the gill, liver and kidney of fish Cirrhinus 
mrigala24; Cypermethrin inhibiting the protein, glucose. ALP, 
ALT AST and LDH level in blood serum were increased in 
treated with cypermethrin intoxicating fish, detoxifying 
property of Cardiospermum halicacabum was noted25. The 
antioxidant enzyme of SOD, CAT and GPx level decreased 
and LPO level increased the control of plant Cardiospermum 
halicacabum can prevent or slow down the oxidative damage 
induced in fish Cirrhinus mrigala26. In the present study, C. 
halicacabum exposed acid and alkaline activity are recovered 
and regained its activity which may be change to the presence 
of important compounds like alkaloids, flavonoids, tannins 
and vitamin etc. C. halicacabum can prevent or slow down 
the oxidative damage induced in fish Cirrhinus mrigala26. 
Alkaloids are basic natural products occurring primarily in 
many plants. Alkaioids rank among the most efficient and 
therapeutically significant plant substances27. Some 5,500 
alkaloids are known and they comprise the largest single 
class of secondary plant substances, which contain one or 
more nitrogen atoms, usually in combination as part of a 
cyclic structure. They exhibit marked physiological activity 
when administered to28. Furthermore, alkaloids are often 
toxic to man and many have dramatic physiological activities, 
hence their wide use in medicine for the development of 
drugs25. Reviewed that, the antimicrobial property of tannins, 
which inhibitory activities of tannins up to that point29. 
According to these studies, tannins can be toxic to 
filamentous fungi, yeasts, and bacteria. Condensed tannins 
have been determined to bind cell walls of ruminal bacteria, 
preventing growth and protease activity30. Vitamin K is a 
complex naphthoquinone. Its anti hemorrhagic activity may 
be related to its ease of oxidation in body tissues. 
Hydroxylated amino acids may be made into quinones in the 
presence of suitable enzymes, such as a polyphenoloxidase31. 
Flavonoids are a group of phytochemicals found in varying 
amounts in foods and medicinal plants which have been 
shown to exert potent antioxidant activity against the 
superoxide radical32. This may be as a result of its antioxidant 
activity and subsequent inhibitions of low-density 
lipoproteins (LDL) oxidation known to have been attributed 
to the dietary and supplemental intake of flavonoids and other 
micronutrients. Epidemiologic studies indicate an inverse 
relationship between intake of dietary flavonoids and 
coronary artherosclerotic disease33. Flavonoids are 15-carbon 
compounds generally distributed throughout the plant 
kingdom. They are known to be synthesized by plants in 
response to microbial infection and have been found in vitro 
to be effective against a wide array of microorganisms. 
Flavone with the molecular formula, C15H10O2, is a 
commonly found plant flavonoid34. 
 
CONCLUSION  
We conclude that the acid phosphatase and alkaline 
phosphatase levels in the fish organs gill liver and kidney are 
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not represent good indices of the effect of cypermethrin in C. 
mrigala. Cypermethrin toxic effect was reduced in C. 
halicacabum feed fish. Leaves C. halicacabum may enhance 
the recovery of Phosphatase level. 
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