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ARTICLE INFO                                       ABSTRACT 
 
 
 

In the present investigation, cadmium, copper, lead and zinc induced biochemical changes were 
studied in post larval stages of Penaeus monodon under long term chronic test (30 days). The 
total protein content, level of lipid peroxidation, reduced glutathione and the activity of catalase, 
glutathione S-transferase and acetylcholinesterase in the tissues of Penaeus monodon decreased 
with the increase in concentrations of heavy metal concentrations used in the long term chronic 
test for 30 days. Enzymatic antioxidants have great potential to indicate the toxic effects of heavy 
metals because they can generate free radicals inducing lipid peroxidation of cell membranes 
which was observed in the present study. The metal-mediated production of ROS is detoxified by 
a set of antioxidant enzymes, which are of great diagnostic value for environmental pollution 
indices and have proved the ability of being a biomarker in the present study with Penaeus 
monodon. 
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INTRODUCTION 
 
Heavy metals deplete glutathione and protein bound sulfhydryl 
groups, resulting in enhanced production of Reactive Oxygen 
Species (ROS) such as superoxide anion, hydrogen peroxide 
and hydroxyl radicals. The sequential reduction of oxygen 
leads to generation of superoxide anion and hydrogen peroxide 
(Monferran et al., 2008). Superoxide anion also rapidly reacts 
with nitric oxide, yielding yet another reactive species 
peroxynitrite. All of these ROS have the potential to trigger 
cellular death. ROS are considered as crucial mediators for the 
metal-triggered tissue injuries and apoptosis (Liu et al., 2009). 
To prevent oxidation induced damage, there must be effective 
antioxidation systems in the organisms. Some components of 
these systems involve reduced glutathione (GSH) and certain 
antioxidant enzymes including free radical scavenging 
enzymes, such as Superoxide Dismutase (SOD), Catalase 
(CAT), Glutathione Peroxidases (GPX) and Glutathione 
Reductase (GR). Other associated enzymes are the Glyoxalase 
I (GI), Glyoxalase II (GII) and Glutathione S-Transferase 
(GST). Under oxidative stress conditions, ROS can be reduced 
by GSH, with the concomitant formation of the oxidized 
disulphide, oxidized glutathione (GSSG) (Lushchak and 
Bagnyukova, 2007).  
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A radical attack on lipids leads to the formation of lipid 
peroxides, which can decompose to yield alkanes, ketones and 
aldehydes. The variety of Lipid Peroxidation (LPO) by-
products can also exert adverse biological effects in exposed 
organisms (Zielinski and Portner, 2000). The quantification of 
the diverse products of peroxidation is now being exploited as 
biomarker of oxidative stress. Intracellular reactions involved 
in the metabolism of heavy metals can increase the 
concentrations of superoxide anion, hydrogen peroxide and 
hydroxyl radical (Shi et al., 2004). GSH is normally present in 
tissues at relatively high concentrations and is a key 
component of antioxidant defense mechanisms. 
Determinations of sulfhydryl group levels which metals have 
high affinity towards, and total protein levels could be 
beneficial in estimating the toxicity of metals (Gravato et al., 
2006). The antioxidant defense system is being increasingly 
studied because of its potential utility to provide biochemical 
biomarkers that could be used in environmental monitoring 
system (Oliveira et al., 2010). Biomarkers in environmental 
monitoring confer significant advantages over traditional 
chemical measurements because measured biological effects 
can be meaningfully linked to environmental consequences so 
that environmental concerns can be directly addressed. 
Although the activity of antioxidant enzymes may be 
increased or inhibited under chemical stress, there is, however, 
no general rule for the different enzymes (Cheung et al., 
2001). The antioxidant enzymes tend to respond differently to 
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different chemical compounds; therefore, the activity of an 
individual antioxidant enzyme cannot serve as a general 
marker of oxidative damage. As a result, multiple antioxidant 
values are often measured together to indicate the total 
oxyradical scavenging capacity and this has been observed to 
provide greater indicating value (Regoli et al., 2002). Changes 
in the activity of enzymes and other biomarkers are the 
possible tools for aquatic toxicological research. Although 
physical and chemical parameters are essential for risk 
determination, during the past decade the results of biological 
response to chemical stress have been used as references to 
determine the expected biological damage (Chapman and 
Wang, 2001). 
 
MATERIALS AND METHODS 
 
Post larval stages of Penaeus monodon were immediately 
transported to the laboratory in air filled plastic bags and 
acclimatized in glass aquaria with aerated natural filtered 
seawater for a period of 8 days at 28 PSU salinity, temperature 
of 28 ±2 °C, dissolved oxygen of 6.1 mg/l and pH of 7.98. 
Stock solutions of cadmium, copper, lead and zinc were 
freshly prepared by dissolving the proper metal salts of 
cadmium chloride hemi (pentahydrate), copper (II) chloride, 
lead (II) nitrate, and zinc sulfate in deionized (double distilled) 
water. Fresh stock solutions were prepared daily. These 
solutions were serially diluted to get the experimental 
concentration for the toxicity test. The experimental method 
includes static renewal (24 hour renewal) test. Five 
concentrations in a geometric series including control were 
prepared for the test for 30 days in chronic toxicity test (Table 
1). Toxicant and seawater were replaced on daily basis. Test 
animals were fed three times during the test. Maximum-
allowable control mortality was 20 per cent for 30 days for 
chronic (USEPA, 2002a & b).  
 
Sample Preparation 
 
At the final stages of the chronic toxicity test, the tissue 
samples of survived test animals were pooled and made in 
duplicates. For the analysis of lipid peroxidation marker and 
antioxidant enzyme activities, 1g tissue was homogenized in 
chilled pestle and mortar with 5ml homogenization buffer 
(0.25Msucrose, 10 mMTris, 1 mMEDTA, and pH 7.4) and 
centrifuged at 5,000 rpm for 15 minutes at 4°C. The resulting 
supernatant was the homogenate which was used for the 
estimation of various biochemical assays. 
 
Lipid Peroxidation (LPO) 
 
Lipid peroxidation level was assayed by measuring 
Malondialdehyde (MDA), a decomposed product of 
polyunsaturated fatty acids.  Hydroperoxides were determined 
by the thiobarbituric acid reaction as described by Ohkawa et 
al. (1979) and was measured at 532 nm in the UV-
Spectrophotometer. The absorbance was read at 532 nm after 
removal of any flocculated material by centrifugation. The 
amount of Thiobarbituric Acid Reactive Substance (TBARS) 
was calculated by using an extinction coefficient of 1.56 x 
105/M/cm and expressed as nmol TBARS formed /mg protein.  
  
Glutathione S-Transferase (GST)  
 
Activity of Glutathione S-transferase (GST) was assayed at 
340 nm by measuring the increase in absorbance using                   

1-chloro-2, 4-dinitrobenzene (CDNB) as the substrate 
according to the method followed by Habig et al. (1974). The 
results were expressed as nM of GSH and CDNB conjugate 
formed /min/mg protein.  
 
Catalase (CAT)  
 
Catalase (CAT) activity was measured at 240 nm by 
determining the decay of hydrogen peroxide levels followed 
by Beers and Seizer (1952) and was expressed as µmol of 
hydrogen peroxide consumed /min/mg/protein.  
 
Reduced Glutathione (GSH)  
 
The reduced glutathione (GSH) was measured at 412 nm using 
5, 5-dithiobis-(2-nitrobenzoic acid) (DTNB) reagent by the 
method of Moron et al. (1979). The values were expressed as 
µmol of GSH oxidized/mg protein.  
 
Acetylcholinesterase activity (AChE)  
 
Acetylcholine esterase activity (AChE) activity was 
determined using Ellman’s reagent, DTNB (5, 5’-dithio-bis (2- 
nitrobenzoic acid); 0.5mM) and acetylthiocholine iodide 
(ACTI) as substrate (Alves et al., 2002). The rate of change of 
absorbance at 412 nm was recorded over 1.5 minutes at 25°C. 
Blank samples were read to make sure that there was no non-
specific esterase or other background activity and was 
expressed as nmol ACTI /min/mg/protein. 
 
Total Protein  
 
The protein concentration of each of the sample extract was 
determined according to Lowry (1951) using bovine serum 
albumin as the standard (mg protein/g tissue), the reaction 
mixture was measured at 750 nm.  
 
RESULTS 
 
Total protein content, level of LPO, GSH, the activity of GST 
and CAT in the tissues of P.monodon showed significant 
(P<0.001) decrease with increase in the cadmium 
concentration (Figure 1, 2, 3, 4 and 6). The activity of AChE 
in the tissues of P.monodon had no significant variation except 
in 30 µg/l of significant (P<0.05) decreased activity of AChE 
(Figure 5). P.monodon exposed to copper in the short-term 
chronic toxicity test showed that total protein level and the 
activity of CAT had no significant variation in both the 
responses the effect was produced by 13 µg/l copper 
concentration significant at P<0.05 (Figure 1 and 4).  
Significant (P<0.001) increase in the activity of GST and level 
of GSH, LPO was observed when P.monodon was exposed to 
21, 34 and 51 µg/l copper concentration (Figure 2, 3 and 6). 
The activity of AChE was significantly (P<0.001) decreased 
(Figure 5). The total level of protein, GST activity, level of 
GSH, AChE activity and level of LPO significantly (P<0.001) 
decreased along the increasing trend in the tissues of 
P.monodon exposed to lead concentration (Figure 1, 2, 3, 5 
and 6).  The activity of catalase was significantly (P<0.01and 
P<0.001) enhanced in the first three concentrations (Figure 4). 
The total protein level in P.monodon significantly decreased 
with increase in concentration of zinc (Figure 1). The activity 
of GST significantly (P<0.001) increased with increasing zinc  
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Table 1. Concentrations of cadmium, copper, lead and zinc used 
in the long term test for P.monodon  

 

Cd 
Concentration 

(µg/l) 

Cu 
Concentration 

(µg/l) 

Pb 
Concentration 

(µg/l) 

Zn 
Concentration 

(µg/l) 
Control Control Control Control 

10 8 2 15 
15 13 4 23 
20 21 8 34 
25 34 16 51 
30 54 32 76 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DISCUSSION 
 
Aquatic organisms maintain high content of GSH in tissues 
and increased content has the function of protection (Thomas 
and Juedes, 1992). High content of GSH could be a 
consequence of its increased synthesis due to high cysteine 
accessibility, which is necessary for GSH synthesis. GSH 
content increased after treatment with cadmium (Son et al., 

concentrations (Figure 2). The level of GSH in the tissues of 
P.monodon increased significantly (P<0.01) at 51 and 76 µg/l 
(Figure 3). The significant (P<0.05) increase in the level of 
GSH was also observed in the 23 and 34 µg/l of zinc 
concentration. Zinc concentration of 23 µg/l induced the effect 
of significant (P<0.05) increase in the activity of catalase 
(Figure 4). In the activity of AChE the highest concentration 
was found to have exerted a significant (P<0.05) effect on the 
AChE level in the tissues of P.monodon (Figure 5). Significant 
(P<0.05) increase in the level of LPO was observed when 
P.monodon was exposed to 51 and 76 µg/l (Figure 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2001). This could provide the first line of defense against the 
influence of toxic heavy metals. MacFarlane et al. (2006) 
found that heavy metals induce increase of GSH content in the 
crab Parasesarma erythodactyla, while decrease of GSH 
content in crab Scylla serrata was reported by Vijayavel and 
Balasubramanian (2006). It has been established that GSH 
content are related to the survival rate of mussels (Llopis et al., 
2002). Although pollution influence on GSH content is  

 
*Values represented are the mean and standard deviation 

 
Fig. 1. Variation of total level of protein in P.monodon exposed to cadmium, copper, lead and zinc in  

short-term chronic toxicity test 
 

 
                  *Values represented are the mean and standard deviation 

 
Fig. 2. Variation of antioxidant enzyme (GST) in P.monodon exposed to cadmium,  

copper, lead and zinc in short-term chronic toxicity test 
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*Values represented are the mean and standard deviation 
 

Fig. 3. Variation of GSH in P.monodon exposed to cadmium, copper, lead and zinc in  
short-term chronic toxicity test 

 

 
           *Values represented are the mean and standard deviation 
 

Fig. 4. Variation of catalase in P.monodon exposed to cadmium, copper, lead and 
zinc  in short-term chronic toxicity test 

 
*Values represented are the mean and standard deviation 
 

Fig. 5. Variation of AChE in P.monodon exposed to cadmium, copper, lead  
and zinc  in short-term chronic toxicity test 
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regulated by a feedback mechanism, the GSH levels can be 
used as a potential biomarker in fish (Oost et al., 1996).The 
reduction in protein content might be also due to the 
proteolysis process for energy production and utilization 
owing to the decreased food intake of crabs under stress 
(Elumalai and Balasubramanian, 1999). The results obtained 
in our study show the existence changes in GSH content. 
These data may indicate a faster rate of GSH utilization or 
degradation, which could be responsible for the observed 
lower GSH content. Moreover, increase of GSH content may 
be related to prevention of oxidative challenge (Dandapat et 
al., 2000). The removal of H2O2 is an important strategy of 
marine organisms against oxidative stress (Valavanidis et al., 
2006). Increased activities of CAT have been reported in 
several fish and invertebrate species (Stephensen et al., 2000). 
CAT activity in mussels is not sufficient to eliminate H2O2 
before the formation of hydroxyl radicals (Bebianno et al., 
2005). Concentration of LPO was significantly higher                 
(P< 0.05) in higher concentrations of cadmium, copper, lead 
and zinc. CAT activity was reduced due to increased levels of 
exposure indicating the importance of antioxidant (Pampanin 
et al., 2005). 
 
     Fridovich (1998) suggested that hydroxyl radicals (HO-) 
was produced by reduction of H2O2 by copper. These radicals 
are extraordinarily powerful oxidants and attack most organic 
compounds at diffusion-limited rates (Suzuki et al., 1996). 
Copper is known to induce severe oxidative stress and a toxic 
effect on the polychaetes (Geracitano et al., 2004). Geracitano 
et al. (2004a) observed a differential toxic response to copper 
exposure by the polychaete Laeonereis acuta, varying from 
acute to chronic. Copper accumulation also plays a role in the 
apoptosis process (Santon et al., 2003). The visible changes of 
morphology and movement in the copper-exposed polychaetes 
indicate cytotoxic effects. It may be that ROS might cause a 
toxic effect in Perinereis nuntia through processes such as 
LPO and apoptosis. The excess metal could then combine with 
metabolically available parts to cause toxic effects (Redeker et 
al., 2006).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion 
 
Certain biomarkers of oxidative stress were estimated in 
Penaeus monodon under long term test (30 days). The results 
indicate significant elevation of lipid peroxidation in the 
tissues of Penaeus monodon exposed to cadmium, copper, 
lead and zinc. Under acute oxidative stress, the toxic effect of 
the pollutants may overwhelm the antioxidant defense. 
Furthermore, the apparent decrease in detoxification system in 
the gills, the first point of contact with heavy metals indicates 
that this system is a sensitive biochemical indicator of 
environmental pollution in the Penaeus monodon. The 
concentrations are often higher than those found in the 
environment, when compared with the present study. Hence, 
there is still a need to increase our understanding of the 
molecular mechanisms involved in biomarker responses at 
environmentally relevant concentrations of heavy metals. In 
view of the state of pollution in marine environment it is 
indeed an urgent need of the hour to evaluate the 
ecotoxicological impact of various types of contaminants in 
the marine environment using molecular biomarkers.  
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