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 The present study aims to investigate the biochemical changes in total proteins 
and total free amino acids in gill, liver, muscle, kidney, intestinal bulb and intestine of 
fresh water fish Gonoproktopterus kolus (Sykes). The  fingerlings of fish were 
exposed to  Zinc  (Zinc sulphate) in acute toxicity experiment (96 hrs.). The LC0 and 
LC50 concentrations were 2.430 ppm and 4.860 ppm respectively. For chronic 
exposure  (30 days) 1/10th and 1/20th of LC50 concentrations were 0.486 ppm and  
0.243 ppm respectively. After acute and chronic exposure the tissues were obtained 
separately from control and experimental groups. These tissues were subjected to 
estimations for total proteins and total free amino acids using standard methods. The 
total protein content in all the tissues decreased considerably, while there was increase 
in total free amino acids level in all the tissues. The significant alternations showed 
toxic effect of heavy metals at biochemical levels. 

KEYWORDS :Gonoproktopterus kolus, Acute  and chronic toxicity, Zinc sulphate, 
Biochemical  composition. 

Introduction : 

 Discharge of untreated industrial effluent into aquatic system seriously affects 
the aquatic biota and their production (Shrinivas et al. 1984).The pollution of the 
aquatic environment with heavy metals has become a worldwide problem during 
recent years, because they are indestructible and most of them have toxic effects on 
organisms. Among environmental pollutants, metals are of particular concern, due to 
their potential toxic effect and ability to bioaccumulate in aquatic ecosystems 
(Goldstein G.W. 1990)  and Gledhill M. et al. (1997). Heavy metals are known to 
elicit changes in the biochemical constituents of fingerlings there by altering the 
metabolic pathway (Sarkar and Medda, 1993). Toxicity of heavy metal induces the 
physiological and biochemical changes in the liver of an animal can be regarded as an 
index for identification of pollutant stress (Bose et al., 1994). Heavy metal is major 
contaminant of aquatic  environments that are toxic towards aquatic organism 
(Witeska et al., 1995).Exposure to excess zinc has been reported to bring about 
biochemical as well as histological changes in various organs of fishes  (Agrawal, S. 
K.  1992, Gupta, S. and R. Srivastava. 2006).  
The amino acids are the basic building block of all proteins. Those amino acids which 
exist in free from in tissues and not bound to proteins are called as free amino acids. 
Normally during diseased conditions in plants and animals there will be a change in 
the total free amino acids composition. Hence the estimation of total free amino acid 
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gives as indication about the physiological and health condition of animal (Bais and 
Lokhande, (2012). An alteration in amino acids content was detected by Koehn 
(1978) due to salinity change. Jana et al.,(1986) and Abd-EL-Moneim et al.,(1990) 
also found variation in amino acid values as a result of exposure to industrial waste 
containing heavy metals . Investigations during the last decade, have demonstrated 
free amino acids as a fuel in the energy metabolism (Fyhn, 1989; Ronnested and 
Fyhn, 1992). 

The industrial effluents from tannery, electroplating and textile mill caused marked 
depletion in biochemical compositions in various tissues of the fish Labeo rohita after 
acute exposure ( Muley et al, 2007). Increases use of metal based fertilizers in 
agricultural revolution could result in the continued rises in the concentration of metal 
pollutants in fresh water due to the water run-off (Adefemi et al., 2008; Prasath and 
Arivoli, 2008; Ibrahim et al., 2016). Fishes are major sources of protein. They 
constitute major components of most aquatic habitats acting as bio-indicator of heavy 
metal levels in the aquatic environment (Banaee et al., 2013). Protein and glycogen 
contents were decreased whereas amino acid and glucose levels increased in gill, 
liver, kidney and muscle of Cirrhinus mrigala exposed to sublethal concentration of 
nickel for the periods of 7, 14, 21 and 28 days (Parthipan and Muniyan, 2013). The 
metal contaminants are mixed in the aquatic system through smelting process, 
effluents, sewage and leaching of garbage which cause severe harm to the aquatic 
system (Pandey and Madhuri, 2014). The two sublethal concentration of azodrin 
exposure results show that decrease in the level of protein content in brain, muscle, 
ovary, intestine, gills and liver (Janardana Reddy et al., 2016). 
 The present investigation was to assess the protein and amino acid content in 
gill, liver, muscle,  kidney , intestinal bulb and intestine of Gonoproktopterus kolus 
after acute and chronic exposure to zinc sulphate. 
 

Materials and Methods:  

 Live fingerlings of 7-8 cm in length and 10 - 12 gm in weight were collected 
from the Krishna river near Satara. Fishes were brought to the laboratory and stocked 
in  rectangular glass aquaria of dimension 45 cm x 22cm x30cm and capacity of 25 
liters for acclimatization. Feeding was stopped 24 hr. prior to the exposure of the fish 
to the metals. 

The well acclimatized fishes to the laboratory condition were used for 
experimentation. Pilot experiments were carried out to find out the toxic range ( ppm) 
of the metal. Group of  10 fingerlings were held separately in plastic container of 20 
litres capacity containing metals of different concentrations making total volume of 
10 litres. Zinc sulphate of analytical grade was used as a source of heavy metal. 

The experiment were conducted for acute toxicity (96 hrs.) and chronic toxicity (30 
days) while studying the toxicity of the metal. A control group without toxicant was 
run simultaneously.  The experiments were conducted in the natural day light rhythm. 
The  test concentrations from the experimental containers were renewed after every 
24 hour. The mortality rate and behaviour of fishes were recorded before each change 
of the water from the plastic container. The toxicity tests were repeated thrice and 
values for 96 hrs.  LC0 (2.430 ppm) and LC50(4.860 ppm)were determined. For 
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chronic toxicity experiment 1/10th(0.486 ppm) and 1/20th(0.243 ppm) of LC50 
concentration of zinc sulphate were used. 

After acute and chronic toxicity experiments, alive fishes were immediately sacrificed 
(5from each group) from control, LC0 and LC50and 1/10th and 1/20th of LC50 
concentration groups separately to obtain gill, liver, muscle, kidney, intestinal bulb 
and intestine respectively. The pooled samples of these organs were properly cleaned, 
blotted, weighed and used for estimation of total proteins by (Gornall, et.al 1949) and 
total free amino acids by (Moore and Stein, 1954). The experiment was repeated three 
times and mean values were expressed as mg / 100 mg wet tissue. The values of 
biochemical composition from acute and chronic  groups were compared with control 
and level of significance at 0.05 and 0.001 was statistically calculated by using 
student ' t' test. 

Results and Discussion : 

Table No. 1  Shows changes in protein content in  gill, liver, muscle, kidney, intestinal 
bulb and intestine of Gonoproktopterus  kolus exposed to heavy metal zinc (Zinc 
sulphate). 

Control of Acute tests :- 

The protein content in the body tissue of fish G. kolus were in order of muscle > gill > 
kidney > intestine > liver > intestinal bulb.  

Exposure to zinc sulphate resulted in protein depletion in all organs at LC0 (2.430 
ppm) concentration. As compared to control, less significant (P< 0.05) decrease was 
in protein content of gill (26.06%) followed by kidney (25.05%), intestinal bulb 
(21.72%), intestine (17.55%), liver (14.67%) and muscle (13.69%). 

In LC50 (4.860 ppm) group of zinc sulphate, as compared to control less significant (P 
< 0.05) depletion in protein content was in muscles (27.85%) followed by intestine 
(25.78%), intestinal bulb (24.65%), gill (22.47%), kidney (22.47%) and liver 
(22.47%). 

In general, there was depletion in of protein in all the organs. This depletion was more 
in LC50 group. Decrease was more prominent on exposure to  zinc sulphate  (Fig. No. 
1). 
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Table No. 1  :Effects of  Zinc sulphate on PROTEIN content in various  

organs of  the fish Gonoproktopterus kolus after acute exposure 

Organ Control Zinc Sulphate 
LC0 

(2.430)ppm 
LC50 

(4.860)ppm 

Gill 

27.86 
± 0.8075 

20.60 
± 1.5114 
(-26.06) 

* 
 

21.60 
±0.5734 
(-22.47) 

* 
 

Liver 

20.93 
±  0.7740 

17.86 
± 1.6411 
(-14.67) 

* 
 

16.33 
± 1.6055 
(-22.47) 

* 
 

Muscles 

32.06 
± 1.4660 

 

27.67 
± 1.0111 
(-13.69) 

* 
 

23.13 
± 0.9092 
(-27.85) 

* 
 

Kidney 

24.99 
± 1.2121 

18.73 
± 1.1431 
(-25.05) 

* 
 

19.73 
± 1.3728 
(-22.47) 

* 
 

Intestinal bulb 

20.53 
± 0.6189 

16.07 
± 1.1431 
(-21.72) 

* 
 

15.47 
± 1.6680 
(-24.65) 

* 
 

Intestine 

22.73 
± 0.687 

18.74 
± 1.3233 
(-17.55) 

* 
 

16.87 
± 1.0022 
(-25.78) 

* 
 

 

The values in parenthesis are percent change 
* = P < 0.05, ** = P <0.001, N.S. = Non significant, ± = S.D. of 5 animals 

 
Control of chronic test :- 
Fishes were exposed to 1/10th and 1/20th of concentration of LC50 to observe changes 
after chronic (30 days) exposure. The changes in protein content after chronic 
exposure are given in Table No. 2. 
The protein content of various body tissues of Gonoproktopterus kolus were in order 
of muscles > gill >  kidney>  intestine > intestinal bulb >  liver. 
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Table No.2  :Effects of  Zinc sulphate on PROTEIN content in various organs of  
the fish Gonoproktopterus kolus after  chronic  exposure 

Organ Control 
Zinc Sulphate 

1/10th of LC50 
(0.486 ppm) 

1/20th of LC50 
(0.243 ppm) 

Gill 

35.27 
± 1.7436 

26.53 
± 1.3760 
(-24.78) 

* 
 

20.33 
±2.5210 
(-42.36) 

* * 
 

Liver 

20.93 
±  2.2842 

21.73 
± 0.9286 
(-22.20) 

* 
 

19.73 
± 1.4360 
(-29.36) 

* 
 

Muscles 

40.47 
± 1.2401 

 

32.13 
± 1.1470 
(-20.61) 

* 
 

26.13 
± 1.3760 
(-35.43) 

* * 
 

Kidney 

32.80 
± 1.6680 

24.27 
± 1.5261 
(-26.01) 

* 
 

19.13 
± 1.7075 
(-41.68) 

* * 
 

Intestinal 
bulb 

27.67 
± 1.5202 

19.53 
± 1.5861 
(-29.42) 

* 
 

17.47 
± 1.7714 
(-46.74) 

* * 
 

Intestine 

29.73 
± 0.9978 

21.27 
± 1.7049 
(-28.46) 

* 
 

19.80 
± 1.5578 
(-33.40) 

* 
 

 

The values in parenthesis are percent change 
* = P < 0.05, ** = P <0.001, N.S. = Non significant, ± = S.D. of 5 animals 

 

Exposure to zinc sulphate showed similar trend. In 1/10th (0.486 ppm) of LC50 

concentration, as compared to control,  decrease in protein content was less  
significant (P < 0.05) in intestinal bulb (29.42%) followed by intestine (28.46%), 
kidney (26.01%), gill (24.18%), liver (22.20%) and muscle (20.61%). 

In 1/20th (0.243 ppm) of LC50concentration  of zinc sulphate more significant (P < 
0.001) decrease in protein content was in intestinal bulb (46.74%) followed by gill 
(42.36%), kidney (41.68%), muscle (35.43%) and less significant in intestine 
(33.40%) and liver (29.36%) as compared to control. These changes in proteins were 
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more in 1/20thgroup 
exposure to Zinc sulphate (Zinc) (Fig. No. 2

Fig. No. 1: Zinc induced changes in PROTEIN content of
 Gonoproktopterus kolus

Fig. No. 2: Zinc induced changes in PROTEIN content of

 Gonoproktopterus kolus

Table No. 3 shows changes in total free amino acids content in gill, liver, muscle, 
kidney, intestinal bulb and intestine of 
metal zinc (Zinc sulphate).
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oup  than 1/10th groups. the percent changes were more due to 
Zinc sulphate (Zinc) (Fig. No. 2). 

Zinc induced changes in PROTEIN content of 
Gonoproktopterus kolus after acute exposure.  

Zinc induced changes in PROTEIN content of 

Gonoproktopterus kolus after  chronic exposure.  

shows changes in total free amino acids content in gill, liver, muscle, 
kidney, intestinal bulb and intestine of Gonoproktopterus kolus 
metal zinc (Zinc sulphate). 
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groups. the percent changes were more due to 

 

 

shows changes in total free amino acids content in gill, liver, muscle, 
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Control of Acute test :- 
 
The total free amino acid content in body tissues of fish Gonoproktopterus kolus were 
in order of liver > muscle > intestine > gill > intestinal bulb > kidney. 
Exposure to  zinc sulphate (Zinc) resulted in increase in free total amino acids. 
In LC0 (2.430 ppm) concentration of zinc sulphate, as compared to control, there was 
more significant (P < 0.001) increase in total free amino acids in gill (119.68%), 
kidney (88.88%), intestinal bulb (74.03%), intestine (67042%) and liver (41.53) while 
there was less significant (P < 0.05) increase in muscle (14.41%). 
In LC50 (4.860 ppm) concentration of zinc sulphate, there was more significant (P < 
0.001) increase in gill (154.28%), liver (134.68%), kidney (131.48%), intestinal bulb 
(121.75%) and intestine (95.71%),  while less significant increase in muscle (22.09%) 
as compared to control. 
In general, due to exposure to zinc sulphate, there was more significant increase in 
total free amino acids in gill, liver, kidney, intestinal bulb and intestine in both LC0 
and LC50 concentrations. While there was less significant increase in muscle in both 
LC0 and lC50 concentrations of zinc sulphate (Fig. No. 3). 
 
Table No. 3  :Effects of  Zinc sulphate on total free amino acids  content in 
various organs of  the fish Gonoproktopterus kolusafter acute exposure 

Organ Control Zinc Sulphate 
LC0 LC50 

Gill 

3.15 
± 0.2550 

6.92 
± 0.2731 
(119.68) 

* * 
 

8.01 
±0.2154 
(154.28) 

* * 
 

Liver 

7.15 
±  0.2775 

10.12 
± 0.2249 
(41.53) 

* * 
 

16.78 
± 0.3172 
(134.68) 

* * 
 

Muscles 

4.30 
± 0.1924 

 

4.92 
± 0.3203 
(14.41) 

* 
 

5.25 
± 0.2429 
(22.09) 

* 
 

Kidney 

2.70 
± 0.1871 

5.10 
± 0.3347 
(88.88) 

* * 
 

6.25 
± 0.2757 
(131.48) 

* * 
 

Intestinal bulb 

  2.85 
± 0.2025 

4.96 
± 0.2835 
(74.03) 

* * 
 

6.32 
± 0.2227 
(121.75) 

* * 
 

Intestine 
3.50 

± 0.1871 
5.86 

± 0.3292 
6.85 

± 0.1581 
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(67.42) 
* * 

 

(95.71) 
* * 

 
 

The values in parenthesis are percent change 
* = P < 0.05, ** = P <0.001, N.S. = Non significant, ± = S.D. of 5 animals 
 
Fishes were exposed to 1/10th and /20th  of LC50 concentration of heavy metals to 
observe the changes after chronic (30 days ) exposure . The changes in total free 
amino acids content after chronic exposure are given in Table No. 17. 
 
Control of Chronic test :- 
 
The amount of total free amino acids in various body tissues of fish Gonoproktopterus 
kolus were in order of  liver> muscle > intestine > gill > intestinal bulb > kidney. 
In 1/10th (0.486 ppm) of LC50 concentration of zinc sulphate, as compared to control,  
there was more significant (P < 0.001) increase in total free amino acids in  intestinal 
bulb (165.08%), kidney (157.89%), gill (106.66%), muscle (82.04%), intestine 
(73.69%), liver (65.57%).  
In 1/20th (0.0964 ppm) of LC50 concentration of zinc sulphate, there was more 
significant (P < 0.001) increase  total free amino acids in intestinal bulb (85.42%), 
kidney (70.17%), gill (48.69%), muscle (46.59%),while less significant increase (P < 
0.05) in  liver (30.88%), intestine (22.46%) as compared to control.  
In general,  due to exposure to zinc sulphate, there was more significant increase in 
total free amino acids in, liver, intestinal bulb, kidney, gill, muscle  and intestine. 
While there was more significant increase in 1/20th of LC50 concentrations in  
intestinal bulb, kidney, gill, muscle, less significant increase in liver and intestine 
(Fig. No. 4). 
 
Table No. 4 :Effects of Zinc sulphate on total free amino acids  content in various 
organs of  the fish Gonoproktopterus kolus after  chronic  exposure. 

Organ Control Zinc Sulphate 

1/10th of LC50 
(0.486 ppm) 

1/20th of 
LC50 

(0.243 ppm) 

Gill 

3.450 
± 0.2490 

7.13 
± 0.3140 
(106.66) 

* * 
 

5.31 
±0.2577 
(48.69) 

* * 
 

Liver 

7.350 
±  0.3130 

12.17 
± 0.1887 
(65.57) 

* * 
 

9.62 
± 0.2977 
(30.88) 

*  
 

Muscles 
4.400 

± 0.2000 
 

8.01 
± 0.2223 
(82.04) 

6.45 
± 0.3714 
(46.59) 
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Kidney 

Intestinal bulb 

Intestine 

 

The values in parenthesis are percent change
* = P < 0.05, ** = P <0.001, N.S. = Non significant, ±

Fig. No. 3 : Iron and Zinc induced changes in total free amino acids  content of
Gonoproktopterus kolus
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* * 
 

2.85 
± 0.1.304 

7.35 
± 0.2608 
(157.89) 

* * 
 

  2.95 
± 0.1.581 

7.82 
± 0.2713 
(165.08) 

* * 
 

3.65 
± 0.2702 

6.34 
± 0.2289 
(73.69) 

* * 
 

The values in parenthesis are percent change 
* = P < 0.05, ** = P <0.001, N.S. = Non significant, ± = S.D. of 5 animals

 
: Iron and Zinc induced changes in total free amino acids  content of

Gonoproktopterus kolus after acute exposure. 
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* * 
 

4.85 
± 0.2490 
(70.17) 

* * 
 

5.47 
± 0.2839 
(85.42) 

* * 
 

4.47 
± 0.2135 
(22.46) 

*  
 

= S.D. of 5 animals 

: Iron and Zinc induced changes in total free amino acids  content of 
after acute exposure. 

 

Control

ZnSO4 LC0

Zn SO4 LC50
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Fig. No.4 :Zinc induced changes in total free amino acids  content of
Gonoproktopterus kolus
 
 

 

 In present study , there was significant decrease in the level of protein content 
in gill, liver, muscle kidney, intestinal bulb and intestine due to zinc sulphate in 
fingerlings. Similar results were obtained by 
Gayatri, (1998). She reported that the reduction in total protein content after exposure 
to heavy metal may be due to reduction in protein synthesis, which is considered as 
primary biochemical parameter 
observed the decreased protein level resulted in marked  elevation  of  free  amino  
acid  content  in  the fingerlings  tissues.  The free amino  acid  pool was increased in 
the  tissues  of the fingerlings  during exposure to arsenic, while the  elevated amino 
acid levels were utilized for energy production  by supplying them as keto acids into 
TCA cycle through aminotransferases to contribute energy needs during toxic  stress.
Heavy metals interfere the cellular metabolism such as transport  across the 
membrane, mitochondrial function and lysosomal  stability, which changes the 
physiology of organism 
usually indicated by the metabolic status of proteins.  (Nelson and Cox,  2005)
depletion of protein fraction in liver, brain and kidney may have been due to  their  
degradation  and  possible  utilization  for metabolic purposes (Sathyanarayan, 2005)

 Similar findings by  Kale
energy  there  degradation  is  to  cope  with  high energy  demand  augmented  during  
malathion  stress  in Cyprinus
catla showed depletion of protein content as a result of mercury chloride toxicity 
(Martin Deva Prasath and Arivoli, 2008).
Decreased protein level was observed in
Ogueji and Auta, (2007). 
(Oreochromis niloticus
(2009).The level of total protein content was found to decrease in the liver and muscle 
tissues of fish, Labeo rohita 
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Zinc induced changes in total free amino acids  content of
Gonoproktopterus kolus after  chronic  exposure.  

In present study , there was significant decrease in the level of protein content 
liver, muscle kidney, intestinal bulb and intestine due to zinc sulphate in 

esults were obtained by (Joseph Thatheyus et al., 1992) and 
, (1998). She reported that the reduction in total protein content after exposure 

metal may be due to reduction in protein synthesis, which is considered as 
primary biochemical parameter for early indication of stress. Singh et al. (1996) 
observed the decreased protein level resulted in marked  elevation  of  free  amino  

in  the fingerlings  tissues.  The free amino  acid  pool was increased in 
the  tissues  of the fingerlings  during exposure to arsenic, while the  elevated amino 
acid levels were utilized for energy production  by supplying them as keto acids into 

cle through aminotransferases to contribute energy needs during toxic  stress.
Heavy metals interfere the cellular metabolism such as transport  across the 
membrane, mitochondrial function and lysosomal  stability, which changes the 
physiology of organism (Reddy et al., 1998).The  physiological status of animal is 
usually indicated by the metabolic status of proteins.  (Nelson and Cox,  2005)
depletion of protein fraction in liver, brain and kidney may have been due to  their  

possible  utilization  for metabolic purposes (Sathyanarayan, 2005)

Similar findings by  Kale, et al. (2006), proteins  are the main source  of  
energy  there  degradation  is  to  cope  with  high energy  demand  augmented  during  

Cyprinus carpio. The muscle, intestine and brain of the fish 
wed depletion of protein content as a result of mercury chloride toxicity 

(Martin Deva Prasath and Arivoli, 2008). This supports the present investigations. 
Decreased protein level was observed inClariu sgariepinus exposed to cyhalothrin by 
Ogueji and Auta, (2007). Total protein level showed decreased trend in Nile Tilapia 

niloticus) in response to the treatment of cypermethrin ,Korkmaz  et al. 
The level of total protein content was found to decrease in the liver and muscle 

Labeo rohita were exposed to arsenic (Zodape, 2010). 

Liver Muscle Kidney Intestinal 
bulb

Intestine
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Zinc induced changes in total free amino acids  content of 
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(Joseph Thatheyus et al., 1992) and 
, (1998). She reported that the reduction in total protein content after exposure 

metal may be due to reduction in protein synthesis, which is considered as 
Singh et al. (1996) 

observed the decreased protein level resulted in marked  elevation  of  free  amino  
in  the fingerlings  tissues.  The free amino  acid  pool was increased in 

the  tissues  of the fingerlings  during exposure to arsenic, while the  elevated amino 
acid levels were utilized for energy production  by supplying them as keto acids into 

cle through aminotransferases to contribute energy needs during toxic  stress. 
Heavy metals interfere the cellular metabolism such as transport  across the 
membrane, mitochondrial function and lysosomal  stability, which changes the 

The  physiological status of animal is 
usually indicated by the metabolic status of proteins.  (Nelson and Cox,  2005). The 
depletion of protein fraction in liver, brain and kidney may have been due to  their  

possible  utilization  for metabolic purposes (Sathyanarayan, 2005). 

al. (2006), proteins  are the main source  of  
energy  there  degradation  is  to  cope  with  high energy  demand  augmented  during  

The muscle, intestine and brain of the fish Catla 
wed depletion of protein content as a result of mercury chloride toxicity 

This supports the present investigations.  
exposed to cyhalothrin by 

Total protein level showed decreased trend in Nile Tilapia 
) in response to the treatment of cypermethrin ,Korkmaz  et al. 

The level of total protein content was found to decrease in the liver and muscle 
were exposed to arsenic (Zodape, 2010). Decrease in  the  

Control

ZnSO4 1/10th 
LC50

Zn SO4  1/20th 
LC50
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level  of  tissue  protein  may  be  due  to  excessive proteolysis  to  overcome the 
metabolic stress, as  deposited protein  in  the  cytoplasm can  easily be used to  
replace  the loss of proteins that occur during physiological stress (Patil, 2011). These  
alterations may  be due  to utilization of  amino acids through transamination, and 
deamination which might have supplied necessary  keto acids to act as precursors for 
the  maintenance  of  carbohydrate  metabolism  to  meet  the energy  requirements  
during  zinc  stress  (Palanisamy et  al.,2011). Protein contents were decreased in gill, 
liver, muscle and heart of Oreochromis niloticus exposed to sublethal concentration of 
cadmium 
chloride (Faheem et al., 2012).The decrease in protein contents may be due to 
breakdown of proteins in the fabrication of some amount of energy for organism 
(Tulasi and Jayantha Rao, 2013). 

 The  present study showed that the increased level of amino acid content  in 
the  gill, liver, muscle, kidney, intestinal bulb and intestine tissues due to  the 
treatment  of  zinc sulphate  in fingerlings. The amino acids are the building blocks of 
protein. There are twenty  four  naturally  occurring  amino  acids  and  proteins vary  
in accordance with the number and sequence of amino acids  (Linder,  1985).  An 
enhanced  level of free amino acids were observed due to proteolysis and the derived 
amino acids were fed into the TCA cycle in the form of keto acid  (Sahib et al. 1978).  
The  experimental  animal  body synthesized its known protein from the free amino 
acids that are produced as a result of proteolysis of the dietary proteins. Increase in the 
free amino acid level due to heavy metal stress is mainly a consequence the higher 
catabolic activity of protein to meet the high  energy demand by  breaking  down the 
protein into free  amino  acids, (Dhar and Banerjee, 1983). The  increase  in  amino  
acids  level  has  been  reported  in different  tissues  of  fingerlings  when  treated  
with  nickel chloride (Singh and Srivastava, 1992).Sivaramakrishna  and 
Radhakrishnaiah,  (1998)  have  also observed  the  increased  free  amino  acids  
content  in  liver, kidney  and muscle of Cyprinus carpio exposed to sublethal 
concentration of mercury. The protein content decreased in the liver, brain and kidney 
tissues of Channa punctatus during lihocin treatment (Abdul et al., 2010). The 
decreases in the total protein level and increases in the total free amino acid level in 
liver and muscle suggest the high protein hydrolytic activity due to elevation of 
protease activity (Zodape, 2011). Similarly Senthil Elango and Muthulingam (2014) 
suggested that declining trends of protein and elevated levels of amino acid in brain 
and muscle of Oreochromis mossambicus was exposed to sublethal concentrations of 
chromium. These findings are similar to the present investigations. The increased 
levels of free amino acid and protease activity might be due to tissue damage under 
the toxic stress imposed by cypermethrin  (Neelimaet al, 2015). 

 
CONCLUSIONS 
 Acute and chronic toxicity studies of Zinc sulphate on fish Gonoproktopterus 
kolus revealed significant changes in the biochemical constituents  like total proteins 
and free amino acids. The depletion in protein level was due to diversification of 
energy to meet the impending energy demand when the fish exposed to  heavy metal 
stress. The reduction in protein content in the present study indicates that the tissue 
protein undergoes proteolysis resulting in the production and elevation of free amino 
acids leads to disturbances in the physiological activity of the fish Gonoproktopterus 
kolus. As it is edible fish these disturbances may lead to toxic effect to fish due to 
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zinc, which also may have some effect on the nutritive value of fish. Further 
investigations in this area are necessary. 
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