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ABSTRACT: The present investigation has been carried out to study on the physiological impact 

of copper on the Litopenaeus vannamei. The acute toxicity bioassays (96 h LC50) of static renewal 

type were carried out. The LC50 value for copper with 50% confidence limits and slop functions for 

24, 48, 72 and 96 hr were calculated by processing the data for probit analysis. The sub-lethal 

concentrations namely 1/10 and 1/30 of the 96 h LC50 values were chosen for the present 

investigation for studying their effects on enzymological aspects. The chronically exposed prawn to 

the copper showed an increase in acid phosphatase activity with increase in the exposure periods. 

The alkaline phosphatases activity of various organs was found to be decreased with increasing 

concentrations of copper and increase in exposure period. 
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1.INTRODUCTION 

Phosphatases are key lysosomal enzymes known to play a provital role in cytolysis and 

differentiation processes [27] and also in acute energy crisis [19]. They serve as markers for the 

evaluation of disease as under of pathological conditions in biological systems [13]. Phosphatases 

are concerned with carbohydrate metabolism [12], oxidative phosphorylation [5] as well as growth 

and differentiation [1]. [14] have shown that acid phosphatase plays an important role in the 

utilization of yolk during embryonic development. Acid phosphates play an important role in the 

autolytic degradation of tissues during metamorphosis [15]. Phosphatases help in the synthesis and 
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transport of metabolites across the membrane, secretory activity, and protein synthesis and glycogen 

metabolism. Many workers reported the alteration in the enzymatic activities at chronic exposure in 

different tissues due to the toxicity of pesticides [18]; [10] and [17]. The present study is aimed to 

find out the acid and alkaline phosphates in Litopenaeus vannamei exposed chronically to the 

sublethal concentrations of heavy metal, copper. 

2. MATERIALS AND METHODS 

The shrimp, Litopenaeus vannamei were collected from the Aqua Farm near Nagapattinam, Tamil 

Nadu. They were acclimatized for 15 days in the laboratory condition. The water as renewed every 

24 h. The LC50 of copper for 96h was found out by using Probit method (Finney, 1971). For 

phosphatises enzyme studies Litopenaeus vannamei were reared in sublethal concentration (10% of 

96 hours LC50) for a period of 10, 20 and 30 days. Acid and alkaline phosphatases were estimated 

by following the procedure outlined by Tennis Wood et al. (1976), a modified method of Bessey et 

al. (1946). 

3. RESULTS AND DISCUSSION 

Acid phosphatase  

The highest activity of ACP in normal shrimp was observed in the hepatopancreas (1.69-1.58 mole 

p-nitrophenol formed/mg protein/hr), followed by liver, and kidney. The concentration was less in 

muscle and least in gill. The levels of ACP activity were found to be increased in crab exposed to 

sublethal concentrations of copper. The increase was directly dependent on the concentration of 

copper and duration of exposure (Table.1). In crab exposed to 30% sublethal concentration of copper 

for 30 days, the activity levels of alkaline phosphatase were found to have increased by 113.61, 

154.46 and 129% respectively in the hepatopancreas, gill and muscle (Table.2). In shrimp exposed 

to sub lethal concentrations of copper, gill showed maximum increase in activity of ACP at 30 days 

of exposures followed by muscle, while the increase in activity was least in the hepatopancreas for 

the same exposure period. Significant changes in the acid phosphatases activity in hepatopancreas 

were also observed in the experiments at different time periods (F=561.16 and P<0.01). Treatment 

versus duration TXD showed an F value 141.89 and P<0.01 (Table.3). Sublethal concentrations of 

copper have produced significant changes in the acid phosphatases activity in gill (F=299.21 and 

P<0.01). Similarly the values in the exposure periods showed (TXD) significant changes (F=90.44 

and P<0.01) (Table.3). Significant changes were also observed in the acid phosphatases activity of 

muscle during the time periods (F=247.04 and P<0.01). Treatment versus duration (TXD) gave an 

F value of 75.97 and P<0.01 (Table.3). The highest activity of alkaline phosphatases in normal 

shrimp was observed in the hepatopancreas (6.15-6.22 mole p-nitrophenol formed/mg protein/hr), 

followed by muscle, and gill. The concentration was less muscle and least in gill. The levels of ALP 

activity were found to be increased in the shrimp exposed to sublethal concentrations of copper. The 

increase was directly dependent on the concentration of copper and duration of exposure. The levels 
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of alkaline phosphatases were found to decrease in various tissues of the test prawns compared to 

controls (Table.4). In prawns exposed to 30% sublethal concentration of copper for 30 days, the 

levels of ALP were found to be decreased by 64.88, 58.92 and 54.42 respectively for hepatopancreas, 

gill and muscle. Acid phosphatases are enzymes concerned with the biosynthesis of fibrous proteins 

[7] and mucopolysaccharides [9], or they may serve as regulators of intracellular phosphatase 

concentration [6]. They are also hydrolytic enzymes which play an active part in the dissolution of 

the body’s dead cells; stimulation or inhibition of these enzymes will thus result in metabolic 

disturbances [21]. The results of the present investigation showed that the activity of acid 

phosphatase increased significantly in all the tissues of the shrimp, following exposure to sublethal 

concentrations of the copper. Similar elevated trend in acid phosphatase activity has been reported 

by [20] in the fish Sarotherodon mossambicus exposed to Sevin. They observed that the increase in 

acid phosphatase activity might lead to severe drop in tissue protein content and RNA content. The 

increase of acid phosphatases due to combined pesticide effect has also been observed by [25] in 

Mystus vittatus. The same trend has also been reported by [4] in the fish, C. catla exposed to 

carbamate pesticide, methomyl. Activation of acid phosphatase in the hepatopancreas and other 

tissues observed in the present study could be attributed to enzyme induction by pesticides through 

interaction with regulators and cofactors, as suggested by [20]. Moreover, the decreased protein 

content observed might due to catabolic activity of increased acid phosphatases in the tissues or by 

the impairment of protein synthesis through RNA depletion by acid phosphatase enzymes. The 

elevated trend in the acid phosphatase activity in the tissues of treated shrimp might also indicate 

the release of these enzymes into the cellular environment by disruption of lysosomal membrane, 

since biocides are reported to produce cytotoxic action and alteration in the membrane stability [28]. 

Like acid phosphatases, alkaline phosphatases are also enzymes concerned with the biosynthesis of 

fibrous proteins [7] and mucopolysaccharides [9], or they may serve regulators of intracellular 

phosphate concentration [6]. The results of the present study revealed a significant reduction of 

alkaline phosphatase activity in different tissues of the shrimp exposed to sublethal concentrations 

of copper at 10, 20, 30 days of exposure. The decrease in alkaline phosphatase activity in 

hepatopancreas, gill and muscle might be associated with the direct action of the copper on the 

enzyme system and impairment of lysosomal metabolism in liver and muscle [21]. [26] recorded a 

significant reduction of alkaline phosphatase activity in the liver and kidney of the fish, H. fossilis 

following exposure to distillery wastes. [20] have also reported severe inhibition of alkaline 

phosphatase activity by Sevin. They opine that the reduction of alkaline phosphatase may be due to 

interaction of pesticides with cofactors and regulators of the enzyme. The same trend has also been 

reported by [29] in various tissues of C. carpio, O. mossambicus and C. striatus exposed to tannery 

effluent. Digestive gland alkaline phosphatase is known to play a role in glycogen metabolism. 

Alkaline phosphatases are capable of inactivating phosphorylase enzyme necessary for glycogen 
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breakdown [11]. The observed decrease in alkaline phosphatase activity in the hepatopancreas 

probably facilitates the increased activity of phosphorylase enzyme and subsequent breakdown of 

glycogen for energy release during metal stress. Increased utilization of stored liver glycogen to 

meet the energy demand under pesticide stress has been reported earlier [16]; [22]; [8] and [23]. 

Hence, the reduction in alkaline phosphatase enzyme activity in hepatopancreas and muscle could 

be considered as an adaptive feature for the shrimp to facilitate the breakdown of glycogen (possibly 

by anaerobic glycolysis) resulting in tissue lactic acidosis as reported by [24]. This acidosis 

development might be responsible for the inhibition of alkaline phosphatase in hepatopancreas, gill 

and muscle of Litopenaeus vannamei which in turn could be of adaptive importance for the shrimp 

to meet the energy demand via, anaerobic breakdown of glycogen. 

Table 1. Levels of acid phosphatase activities in selected tissues of Litopenaeus vannamei 

exposed to sublethal concentrations of copper 

Exposure 

Period 
10 Days 20 Days 30 Days 

Tissues HP GL MC HP GL MC HP GL MC 

Control 1.66±0.

57 

1.17±0.

32 

1.37±

0.41 

1.58±

0.25 

1.21± 

0.46 

1.39± 

0.52 

1.69± 

0.28 

1.12±

0.49 

1.38±

0.36 

10% SLC 1.89±0.

41 

1.32±0.

35 

1.51±

0.42 

1.95±

0.65 

1.49± 

0.28 

1.96± 

0.38 

2.39± 

0.44 

1.82±

0.18 

2.01±

0.36 

% 

Variation 

+13.86 +12.82 +10. 

22 

+23. 

42 

+23. 

14 

+41 +41.42 +62.5 +45. 

65 

30% SLC 2.25±0.

26 

1.68±0.

32 

1.88±

0.18 

2.85±

0.27 

2.26± 

0.32 

2.58± 

0.22 

3.61± 

0.28 

2.85±

0.33 

3.16±

0.36 

% 

Variation 

+35.54 +43.59 +37. 

23 

+80. 

38 

+86.8 +85. 

61 

+113. 

61 

+154.

46 

+129.

00 

Values are mean ± SD of six observations. – or + indicate percent decrease or increase over control 

HP- hepatopancreas; GL – gill; MC – muscle 
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Table 2. Levels of alkaline phosphatase activities in selected tissues of                  

Litopenaeus vannamei exposed to sublethal concentrations of copper 

Exposure 

Period 

10 Days 20 Days 30 Days 

Tissues HP GL MC HP GL MC HP GL MC 

Control 6.18±

0.47 

3.12±

0.38 

4.48±

0.28 

6.22±

0.34 

3.16±

0.26 

4.55±

0.44 

6.15±

0.48 

3.16±

0.55 

4.41±0.3

1 

10% SLC 5.72±

0.69 

2.28±

0.38 

4.05±

0.41 

5.16±

0.37 

2.61±

0.28 

3.82±

0.46 

4.13±

0.35 

2.11±

0.18 

3.41±0.2

8 

% Variation -7.44 -7.7 -9.6 -17.04 -17.41 -16.04 -32.85 -32.80 -102. 68 

30% SLC 4.12±

0.36 

2.11±

0.29 

3.26±

0.41 

3.32±

0.38 

1.81±

0.45 

2.98±

0.32 

2.16±

0.46 

1.29±

0.61 

2.01±0.3

8 

% Variation -33.33 -32.37 -27.33 -46.62 -42.72 -34.51 -64.88 -58.92 -54.42 

Values are mean ± SD of six observations. – or + indicate percent decrease or increase over control 

HP- hepatopancreas; GL – gill; MC – muscle 

Table 3. Two way ANOVA table showing the significance of the effect copper on the acid 

phosphateses of Litopenaeus vannamei 

ANALYSIS OF VARIANCE FOR ACID PHOSPHATESES - HEPATOPANCREAS 

=============================================================================== 

      SV                  DF            SS               MS              F 

=============================================================================== 

REP (R)                    2        0.01387407       0.00693704         2.78 ns 

TREATMENT                  8       11.20242963       1.40030370       561.16 ** 

T (T)                      2        7.84938519       3.92469259      1572.79 ** 

FACTOR D                   2        1.93680741       0.96840370       388.08 ** 

TxD                        4        1.41623704       0.35405926       141.89 ** 

ERROR                     16        0.03992593       0.00249537 

------------------------------------------------------------------------------- 

TOTAL                     26       11.25622963 

=============================================================================== 

cv =   2.3% 

** = significant at 1% level; ns = not significant 
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ANALYSIS OF VARIANCE FOR ACID PHOSPHATESES - GILL 

=============================================================================== 

      SV                  DF            SS               MS              F 

=============================================================================== 

REP (R)                    2        0.00320000       0.00160000          <1 

TREATMENT                  8        7.71966667       0.96495833       299.21 ** 

T (T)                      2        5.18028889       2.59014444       803.15 ** 

FACTOR D                   2        1.21706667       0.60853333       188.69 ** 

TxD                        4        1.32231111       0.33057778       102.50 ** 

ERROR                     16        0.05160000       0.00322500 

------------------------------------------------------------------------------- 

TOTAL                     26        7.77446667 

=============================================================================== 

cv =   3.4% 

** = significant at 1% level 

ANALYSIS OF VARIANCE FOR ACID PHOSPHATESES – MUSCLE 

=============================================================================== 

      SV                  DF            SS               MS              F 

=============================================================================== 

REP (R)                    2        0.01006667       0.00503333         1.10 ns 

TREATMENT                  8        9.02506667       1.12813333       247.04 ** 

T (T)                      2        6.04442222       3.02221111       661.80 ** 

FACTOR D                   2        1.59295556       0.79647778       174.41 ** 

TxD                        4        1.38768889       0.34692222        75.97 ** 

ERROR                     16        0.07306667       0.00456667 

------------------------------------------------------------------------------- 

TOTAL                     26        9.10820000 

=============================================================================== 

cv =   3.6% 

** = significant at 1% level; ns = not significant 
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Table.4. Two way ANOVA table showing the significance of the effect copper on the alkaline 

phosphateses of Litopenaeus vannamei 

ANALYSIS OF VARIANCE FOR ALKALINE PHOSPHATESES - HEPATOPANCREAS 

=============================================================================== 

      SV                  DF            SS               MS              F 

=============================================================================== 

REP (R)                    2        0.00738519       0.00369259         5.53 *  

TREATMENT                  8       50.29191852       6.28648981      9416.66 ** 

T (T)                      2       40.42782963      20.21391481     30278.82 ** 

FACTOR D                   2        6.61102963       3.30551481      4951.40 ** 

TxD                        4        3.25305926       0.81326481      1218.21 ** 

ERROR                     16        0.01068148       0.00066759 

------------------------------------------------------------------------------- 

TOTAL                     26       50.30998519 

=============================================================================== 

cv =   0.5% 

** = significant at 1% level; * = significant at 5% level 

ANALYSIS OF VARIANCE FOR ALKALINE PHOSPHATASES - GILL 

=============================================================================== 

      SV                  DF            SS               MS              F 

=============================================================================== 

REP (R)                    2        0.00991852       0.00495926         3.32 ns 

TREATMENT                  8       10.68402963       1.33550370       894.75 ** 

T (T)                      2        9.17336296       4.58668148      3072.96 ** 

FACTOR D                   2        0.63814074       0.31907037       213.77 ** 

TxD                        4        0.87252593       0.21813148       146.14 ** 

ERROR                     16        0.02388148       0.00149259 

------------------------------------------------------------------------------- 

TOTAL                     26       10.71782963 

=============================================================================== 

cv =   1.6% 

** = significant at 1% level; ns = not significant 
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ANALYSIS OF VARIANCE FOR ALKALINE PHOSPHATEASES - MUSCLE 

=============================================================================== 

      SV                  DF            SS               MS              F 

=============================================================================== 

REP (R)                    2        0.00067407       0.00033704          <1 

TREATMENT                  8       16.85042963       2.10630370      1273.69 ** 

T (T)                      2       13.88227407       6.94113704      4197.33 ** 

FACTOR D                   2        2.00156296       1.00078148       605.18 ** 

TxD                        4        0.96659259       0.24164815       146.13 ** 

ERROR                     16        0.02645926       0.00165370 

------------------------------------------------------------------------------- 

TOTAL                     26       16.87756296 

=============================================================================== 

cv =   1.1% 

** = significant at 1% level 

4. CONCLUSION 

Thus, on the basis of results of this investigation, it can be concluded that the heavy metal copper, 

even in low concentrations is capable of inducing alterations in the phosphatases enzymes in prawn 

which may cause severe metabolic dysfunction leading to the death. 
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