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ABSTRACT 
Copper is an essential trace element that is vital to the health of all living things (humans, plants, animals, 

and microorganisms). Copper ions are quite toxic to fish when concentrations are increased in 

environmental exposures often resulting in physiological, histological, biochemical and enzymatic 

alterations in fish, which have a great potential to serve as biomarkers.  Pseudomonas putida has the 

unique ability to transform a toxic pollutant into a biodegradable product.  The objective of this study was 

to examine the copper toxicity in Catla Catla, and the efficiency of Pseudomonas putida on copper 

biodegradation was assessed by biochemical parameters such as total protein, carbohydrate, phosphatase, 

protease, lipase, transaminases, lipid peroxidation, reduced glutathione and copper content and 

histopathology of muscle tissues of Catla Catla. To conclude that Pseudomonas putida effectively 

reduced the copper toxicity on Catla Catla. 

______________________________________________________________________________ 

Keywords:   Lipid peroxidation, Transaminases, 
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INTRODUCTION 

 The discharge of industrial effluents and urban 

wastes into aquatic system leads to contaminate 

the environment and physiological activities of 

living things in it
1
. Copper is an essential trace 

metal for several fish metabolic functions such 

as for the activation of variety of enzymes 

involved in physiological processes which 

includes cellular respiration, free radical 

defense, neurotransmitter function, connective 

tissue biosynthesis etc
2,3

.  This metal can exert 

adverse toxicological effects, when the 

concentration exceeds the capacity of normal 

physiological level in the body
4
. 

High concentration of this heavy metal was 

detected in some aquatic ecosystems collecting 

vineyard run off water and it is also highly 

concentrated in ground water. Heavy metal 

contamination has been reported in aquatic 

organisms
5
. Fishes are widely used to evaluate 

the health of aquatic ecosystems and the 

associated physiological changes serve as 

biomarkers of environmental pollution
6
.  

Common Carp (Cyprinus Carpio), Prussian 

Carp (Carassius gibelio) and peppered Cory 

(Corydoras Palaeatus) were evaluated as target 

species to perform genotoxicity and other tests 

for assessing the heavy metal toxicity. Among 

this, Common Carp (Catla Catla) is an 

important commercial species around the world 

to feed the population. So we have chosen this 
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variety to assess the copper toxicity in aquatic 

system
7
.  

Copper is a required trace element for many 

organisms, yet it can exert an inhibitory effect 

on bacterial growth at relatively low 

concentrations. However, there are some 

bacterial species that can tolerate high levels of 

copper. It also has been reported that copper 

resistance is plasmid-encoded in Escherichia 

coli, Proteus vulgaris and a Pseudomonas 

syringae isolate. It is not known if copper is 

effluxed from the cell, detoxified by binding to 

copper-binding proteins, or binds to cell-surface 

components. Actual data on copper transport in 

bacteria is also lacking, indicating that this area 

of research deserves serious attention
8
. 

Pseudomonas putida induces plant growth and 

protects the plants from pathogens. Because 

Pseudomonas putida assists in promoting plant 

development, researchers use it in 

bioengineering research to develop biopesticides 

and to the improve plant health. There is of great 

interest in sequencing the genome of 

Pseudomonas putida has the unique ability to 

transform a toxic pollutant into a biodegradable 

plastic
9,10

.  

The bioremediation of heavy metals using 

microorganisms has recieved a great deal of 

attention in recent years, not only as a scientific 

novelty but also for its potential application in 

industry
11

.  

A novel attempt is made to study the copper 

toxicity in Catla Catla, and the efficiency of 

Pseudomonas putida towards bioremediation by 

assessing various biochemical parameters and 

copper toxicity in different concentration was 

also studied. 

 

MATERIALS AND METHODS 

Study material, Catla Catla was collected from 

the local ponds near Pattukkotai, Tanjore 

District, Tamilnadu were acclimatized to the 

laboratory conditions and feeding schedule 

during 2009-2010. 

Feed  

Feed was given to the fishes daily 1hr from 10 

am -11am, after that the left over fish meals 

were removed. The experiments were conducted 

for the period of 20 days. Water was changed in 

alternated days. Triplicate of the control and 

experimental ones were conducted 

simultaneously. 

Heavy Metal 

Copper was prepared at 2ppm concentration.  

Acute toxicity study    

Different concentrations of copper (1ppm/l, 2 

ppm/l, 3 ppm/l, 4 ppm/l, 5ppm/l)  were taken in 

a cylindrical aquarium containing 20 l of water. 

The fishes were observed for behavioral changes 

and mortality percentage was observed at 

different durations of exposure such as 24h, 48h, 

72h, 96h etc. After the experimental period the 

mortality percentage of Catla Catla was 

assessed in different concentrations of copper on 

different exposure time. 

Pseudomonas putida was cultured and harvested 

according to
12

  

Experimental design and protocol 

 Group 1( n = 10) : Control  (Aquarium tank 

containing  20 l water + 1 kg of sterilized soil) 

Group 2 ( n = 10)   Fishes were introduced in the 

aquarium tank containing  20 l of copper (2 

ppm/l) treated water + 1 kg of sterilized soil 

Group 3 ( n = 10) : Fishes were introduced in the 

aquarium tank containing  20 l water + 1 kg of 

sterilized soil + 50ml of  Pseudomonas nutrient 

broth 

Group 4 ( n = 10) : Fishes were introduced in the 

aquarium tank containing  20 l of copper (2 

ppm/l) treated water + 1 kg of sterilized soil + 

50ml of  Pseudomonas nutrient broth. 

After the 20
th
 day of experimental period, the 

fish muscles were dissected out according to the 

method of Lockwood et al, (1977) and the 

efficiency of Pseudomonas putida towards 
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bioremediation was assessed by assaying various 

biochemical parameters  such as total protein
13

 

and  carbohydrate
14

, the enzyme assays includes 

phosphatase
15

, protease
16

, lipase
17

, aspartate 

transaminases (AST)
18

, alanine transaminases 

(ALT)
19

, lipid peroxidation
20

 and reduced 

glutathione
21

, and also the copper level
22

 in 

muscle tissue. 

Histological manifestations 

Fish liver was dissected and the 

histopathological manifestations were carried 

out. 

RESULTS 

Effect of different concentration of copper on 

mortality percentage of  Catla Catla as a 

function of  different exposure time was given in 

Figure 1. The mortality percentage decreased 

with decreased concentration of heavy metals of 

copper. 

Figure 2 (a,) showed the mass culture of 

Pseudomonas Putida nutrient broth . 

Table 1. represented the biochemical levels of 

total protein, carbohydrate content, phosphates, 

protease, lipase, AST, ALT, lipid peroxidation, 

reduced glutathione and copper. Total protein 

content of Catla Catla treated with 2ppm /l 

concentration of  copper (Group 2) was reduced 

(12.8 mg/g) when compared to Group 1 (24.7 

mg/g) and Group 3 (15.9 mg/g) was observed 

closer to  normal. Pseudomonas treated groups 

(Group 4) showed significant increase of total 

protein (22.3 mg/g). Carbohydrate content of 

Catla Catla treated with 2ppm /l concentration 

of  copper (Group 2) was reduced (9.2mg/g)  

when compared to Group 1 (10.5 mg/g) and 

Group 3 was observed to be normal. 

Pseudomonas treated groups (Group 4) showed 

significant increase of carbohydrate content 

(10.4 mg/g)   

Activities of enzymes such as phosphatase, 

protease, lipase, ALT and AST levels were 

found to be reduced (Group 2), compared to 

control (Group 1) and was reverted back to 

normal in Group 4. No such alterations were 

found in Group 3. Phosphatase levels in 

Pseudomonas treated groups (Group 4) was 

(16.6mg/g) closer to Group 1 (18.7mg/g) 

whereas it was reduced in Group 2 (15.5 mg/g). 

Protease levels were found to be reduced (4.5 

mg /g) in Group 2, compared to control (6.8 mg 

/g) and was reverted back to normal in 

Pseudomonas treated groups (5.9  mg /g),  in 

Group 4. No such alterations were found in 

Group 3. 

Lipase levels were found to be increased 

(2.05mg /g) in Group 2, compared to control 

(1.08 mg /g) and was reverted back to normal in 

Pseudomonas treated groups (1.5 mg /g), in 

Group 4. No such alterations were found in 

Group 3. 

 AST levels were found to be reduced in Group 

2 (3.36mg /g), compared to Group 1 (4.52 mg 

/g) and was reverted back to normal in Group 4 

(3.8 mg /g). No such alterations were found in 

Group 3 (4.2 mg /g) whereas, ALT levels were 

found to be increased in Group 2 (0.69 mg /g), 

compared to Group 1 (0.44 mg /g) and was 

reverted back to normal in Group 4 (0.5 mg /g). 

No such alterations were found in Group 3 (0.4 

mg /g).     

Lipid peroxidation was observed in group 2 

(0.75 mg /g) by decreased levels of lipid 

peroxides and the Pseudomonas treated groups 

(Group 4) showed significant increase (0.8 mg 

/g) in lipid peroxidation levels. 

An imbalance encountered between oxidant 

antioxidant ratio, reduced glutathione showed 

significant reduction in group 2 (0.52 mg /g) 

than control fishes (Group 1 (0.78 mg /g)).     

Pseudomonas treated groups (Group 4 (0.6 mg 

/g)) showed significant reduction.  

Copper was stagnant in group 2, and the 

Pseudomonas treated groups showed reduction 

in copper levels due to Pseudomonas. 
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Figure 3 (a,b,c,d)  represented the 

histopathological observation of  liver tissue. 

Control (Group1)  individuals showed normal 

architecture.  Group 2 showed irregular shaped 

nuclei, nuclear hypertrophy, nuclear vacuolation 

and the presence of eosinophilic granules in the 

cytoplasm. Since Pseudomonas putida is very 

similar to strains of Pseudomonas aeruginosa, 

an opportunistic human pathogen, liver tissue of 

Group 3 was slightly to moderately damaged but 

Group 4 showed regeneration of liver cells. 

 

DISCUSSION 

The fishes showed marked change in their 

behavior when exposed to different 

concentrations of copper. In lower concentration 

of copper (2& 4ppm/l), the fishes showed rapid 

swimming than control. At highest concentration 

(6,8 &10 ppm/l) showed lethargic and erratic 

swimming due to loss of equilibrium. At the 

time of death transient hyperactivity was also 

observed
23

. Mortality percentage was maximum 

at highest concentration of copper (5ppm/l) at 

highest exposure time (96 h). It might be due to 

cumulative action of copper at various metabolic 

sites. 
24

observed the alterations in protein content , 

ALT and AST levels, and explained that the 

fishes were  responding to various stressors by a 

series of biochemical and physiological stress 

reactions. Enzymes responsible for protein-

carbohydrate metabolism (ALT and AST) 

showed low levels than control group due to its 

sharing in transforming proteins to glycogen.  
 25

explained  the cytotoxicity of excessive copper 

accumulation in the liver of sheep and showed 

high copper status might have induced lowest 

levels of GSH.A wide variety of xenobiotics 

including aromatic carcinogens, heavy metal 

ions were sequestered by enzymes. When the 

load of foreign material exceeds the efficiency 

of detoxication, the integrity of cell membrane 

could be affected adversely cause leakage of 

enzymes. In copper toxicity, the copper 

subsequently transformed the enzymes to 

biologically inactive state. The present study 

was in agreement with this report.  
26

Histopathological report showed structural 

dearrangement in group 2 due to copper toxicity 

(exposed to copper) and Group 3 (Pseudomonas 

treated) due to Pseudomonas putida since it was 

an opportunistic human pathogen, Group 4 

showed regeneration of liver tissues due to 

Pseudomonas putida has the unique ability to 

transform a toxic pollutant into a biodegradable 

product.  

The metal ions as transition metals cause cellular 

damages which in turn leads to the production of 

lipid peroxide radicals
27

. To counteract the 

deleterious effects produced by the free radicals 

antioxidant are utilized and leads to cause 

oxidant antioxidant imbalance. 

 Pseudomonas putida has been a pivotal 

instrument for studies on the bioremediation of 

soils contaminated with xenobiotic compounds. 

The findings of the present study suggested that 

P. putida is also adapted to thrive in 

environments with copper toxicity
28

. 

 

CONCLUSION 

 Heavy metal toxicity resulted in adverse effect 

on muscle tissue components and altered 

metabolic changes served as a marker for the 

toxicity of sublethal concentrations of metals as 

well as pollutants. However, complementary 

studies are necessary for better understanding of 

the deleterious effects. 
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Figure 9.  Effect of different concentration of copper on mortality percentage of  Catla Catla as a 

function of  different exposure time (n=6) 

 

 
 

Figure 10   (a) Psuedomonas  putida Culture under microscopical view 
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Figure 11  Histopathology of fish liver 

              

a

d

b

c

                 
Legends for figure 

Figure 3 (a) Group 1 (Control) - Normal architecture 

Figure 3 (b)   Group 2 - Irregular shaped nuclei, nuclear hypertrophy, nuclear vacuolation and  

                                     the presence of eosinophilic granules in the cytoplasm. 

Figure 3 (c) Group 3- Slightly to moderately damaged  

Figure 3 (d) Group 4 - Regeneration of liver cells. 

 
Table 1. Biochemical analysis of muscle tissues of Catla Catla (Mean values of 6 animals) 

 
 

S.No 

 

Biochemical 

parameters 

(mg/g) 

 

Group 1 

 

Group 2 

 

Group 3 

 

Group 4 

1 Total protein 24.7 12.8 15.9 22.3 

2 Carbohydrate 10.5 9.2 9.4 10.4 

3 Phosphatase 18.7 15.5 18.0 16.6 

4 Protease 6.8 4.5 6.5 5.9 

5 Lipase 1.08 2.05 1.0 1.5 

6 AST 4.52 3.36 4.2 3.8 

7 ALT 0.44 0.69 0.4 0.5 

8. Lipid peroxidation 1.05 0.75 0.95 0.8 

9 Reduced glutathione 0.78 0.52 0.69 0.6 

10 Copper Nil 1.8 Nil 1.0 

 


