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Abstract: In this study, the effects of antioxidant enzyme parameters in the freshwater fish Carassius auratus to 
water-borne copper (Cu2+) exposure were assessed, and the reversibility of enzyme activities post-copper exposure 
were studied. The fish were exposed to different concentrations (0.05, 0.1, 0.2, 0.5 and 1.0 mg/L) of copper for 96 h, 
and then the 1.0 mg/L exposure group was transferred to the clean water (control water without the introduced 
copper) and exampled after 1, 5, 10, 15, and 30d to assess the recovery profile. Responses of the activities of 
superoxide dismutase (SOD) and catalase (CAT) in kidney, gill, spleen and brain to copper exposure and the 
recovery profile were investigated. As shown in the results, the changes of the two antioxidant enzymes activities in 
different organs of C. auratus exposed to copper are different, SOD and CAT activities in gill and spleen increased 
at low copper concentrations and decreased at high copper concentrations. SOD and CAT activities in brain all 
decreased at various copper concentrations, while SOD activity in kiney increased at all copper concentrations. After 
removing 1.0 mg/L copper exposure, all the antioxidant enzyme activities recovered to the normal levels within 30 
days, and SOD and CAT activities in gill normalized in the fastest speed, while the both enzyme activities in kindey 
normalized in the slowest speed. SOD and CAT activities in brain of C. auratus are more sensitive to copper 
exposure, which can be used as sensitive biomarkers to assess copper contamination in aquatic ecology.  
[Jiang HX, Lei MY, Kong XH, Wang SP, Guo HY. Changes of  superoxide dismutase and catalase activities in 
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1. Introduction 

Copper is an essential micronutrient for 
growth, metabolism and enzyme activities of various 
organisms, while it becomes toxic and has a potential 
hazard to aquatic organisms when its concentration 
increases above certain natural levels. (Handy, 2003). 
For example, copper can result directly in impairment 
of protein function, peroxidation of lipids, damage to 
DNA and organelles, and depletion of ATP (Stohs and 
Bagchi, 1995; WHO, 1998). However, in recent years, 
environmental concentration of copper has been 
increasing in aquatic environments as a result of 
anthropogenic activities such as mining and smelting, 
agricultural and industrial emissions and municipal 
wastes. Copper pollution is particularly serious in 
aquaculture environments, because CuSO4 is often 
used as algaecide, fungicide and bactericide to control 
the growth of phytoplankton and fish disease in 
aquaculture. The toxicity of copper to fish has been 
studied extensively by many workers in a wide range 
of biochemical, physiological, and behavioral effects in 

a number of fish species (Shariff et al.2001; Cerqueira 
and Fernandes 2002; Kolok et al.2002; Oliveira et 
al.2004). Moreover, the attention has also been focused 
on changes of enzymatic activities induced by copper, 
which showed the utility of enzymatic activity changes 

in biomonitoring program as an early warning indicator 
reflecting fish health status and copper pollution level 
(Antognelli et al.2003; Carvalho and Fernandes 2008; 
Atli et al.2006). 

Some recent studies suggest that copper 
exhibits redox potential and generates reactive oxygen 
species (ROS) such as hydrogen peroxide, superoxide 
radicals, hydroxyl radicals resulting in oxidative stress 
(Mates 2000; Vutukuru et al., 2006;). While fish have 
developed several protective mechanisms to remove 
ROS before the detrimental effects occur in cell. 
Antioxidant enzymes are radical scavenging enzymes, 
which form the first line of defense against free 
radicals in organisms. The oxygen-scavenging 
antioxidant enzymes include superoxide dismutase 
(SOD), catalase (CAT), glutathione peroxidase (GSH-
Px) and glutathione reductase (GR). These enzymes 
can protect cellular membrane against the damage of 
ROS. SOD and CAT are two main enzymes in 
antioxidant systems, they play an indispensable role in 
scavenging radical under copper stress. SOD catalyzes 
the reduction of superoxide radical into hydrogen 
peroxide, which is eliminated by CAT into oxygen and 
water. (Di Giulio et al.,1995; Halliwell and Gutteridge, 
2001). Thus, the two antioxidant enzymes contribute to 
the maintenance of a relatively low ROS level in cells 
(Hidalgo et al., 2002).  
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Although SOD and CAT have been 
demonstrated to be effective indicators for 
environmental stress in a variety of fish species (Atli et 
al.,2006; Vutukuru et al., 2006; Yi et al.,2007; 
Eyckmans et al.,2011). However, few work has been 
performed to compare the effectiveness of antioxidant 
enzymes in different organs for monitoring copper 
pollution in water using crucian carp. Crucian carp 
(C.auratus), an omnivorous fish, is widely distributed 
in freshwater in China. It is readily available 
throughout the year and easy to culture. Moreover, it 
can tolerate the highly polluted and eutrophic water. 
These properties make it well suited as the 
experimental fish to study copper effects on different 
enzyme activities in toxicity testing.      

In this study, the changes of SOD and CAT 
activities in kidney, gill, spleen and brain of C. auratus 
after 96-h copper exposure were investigated. 
Furthermore, recovery process of these enzyme 
activities was evaluated after the removing of copper 
exposure. At present, some studies have focused on the 
reversibility of enzyme activity caused by different 
contaminant exposure in fish (Begum, 2004; De 
Menezes et al. 2011; Oruc, 2012). However, very few 
studies focused on the recovery of the copper induced 
changes in enzyme activity. In summary, the objective 
of this study is to investigate the responses of SOD and 
CAT in different organs of C. auratus to copper 
exposure, to assess the reversibility of these enzyme 
activities after removing copper exposure and to 
evaluate the effectiveness of these enzymes as early 
biomarkers to monitor copper pollution in aquatic 
ecosystems.  
 
2. Material and Methods  
Experimental fish and conditions 

Healthy crucian carp (C.auratus) were 
obtained from the pond of farming of Henan Normal 
University (Xinxiang, China). The average wet weight 
of the fish was 50.58±2.15 g, and the average body 
length was 10.36±1.25 cm. Fish had been acclimatized 
for 14 days in 100 L tanks containing dechlorinated tap 
water. The tap water used for the experiments is pH 
value of 7.9±0.20, conductivity of 578.8±17.8µs/cm, 
total hardness of 305.2±19.3 mg CaCO3/L and 
alkalinity of 140.1±12.5 mg CaCO3/L. The fish were 
fed with commercial pellet at 2.0 % of body weight a 
day during acclimation, and without food during 
experimentation. The experiment was conducted at 
25±1°C, with a 12 h light/ dark photoperiod under 
continuously aerating with an air pump. 
Experimental protocol 

Based on 96 h LC50 value (5.04 mg/L) of 
copper for C. auratus obtained by the acute toxicity 
test, in this study, sublethal copper concentrations were 
designed as 0, 0.05, 0.1, 0.2, 0.5 and 1.0 mg/L 

(corresponding to 0%, 1%, 2%, 4%, 10% and 20% of 
96 h LC50). The nominal copper concentrations were 
prepared in the different exposure tanks using the 
stored solution of CuSO4, prepared by analytical grade 
CuSO4.5H2O (from Chemical Reagent Company of 
China), 50% of the experimental solution was replaced 
daily to ensure the relative stabilization of copper 
concentrations. The tap water without adding copper 
ions was considered as the control. In pre experiment, 
fish exposed to 1.0 mg/L of copper concentrations for 
96h did not show acute and subacute copper 
intoxication. Fish were randomly grouped into six, 
which were respectively exposed to the different 
copper concentrations for 96 h, with the duplication. 
Then, 5 fish of each group were sampled for 
biochemical analyses. The surplus fish exposed to 1.0 
mg Cu2+ /L for 96h were transferred to the control 
water to conduct the recovery experiment, and then 5 
fish were sampled on Day 1, 5 ,10, 15 and 30 
respectively, and the fish without copper exposure 
were used as the control.  
Sample preparation 

The experimental fish were dissected carefully 
on ice, and the gill, spleen, kidney and brain were taken 
out and rinsed in ice-cold physiological saline 
immediately. The samples were homogenized in ice-
cold physiological saline using a glass homogenizer 
(1g tissue: 9 ml buffer solution). Homogenates were 
centrifuged at 10000 g for 10 min at 4°C in a Universal 
30RF centrifuge (Hettich, Tuttlingen, Germany). The 
supernatant was collected and stored at -80°C until 
biochemical analyses. All the above operations were 
carried out at 4°C. 
Enzyme assays 

SOD activity was measured according to the 
method of Masood et al. (1991), based on the inhibition 
of enzyme activity on the rate of NADH oxidation. 
Catalase (CAT) activity was determined by measuring 
the decomposition of H2O2 at 230 nm according to the 
method of Aebi (1984). One unit of SOD activity was 
defined as the amount of enzyme producing 50% 
inhibition of SOD per milligram of protein. One unit of 
CAT activity was defined as the quantity of enzymes to 
decompose 1µM H2O2 per minute per milligram of 
protein. Protein concentration of supernatant solution 
was determined by the Bradford method (Bradford, 
1976), using bovine serum albumin (BSA) as the 
standard protein. 
Statistical analysis 

Experimental data are presented as Mean ± 
Standard Deviation (Mean±SD). Statistical analysis 
was implemented in SPSS statistical package 
programs. One-way ANOVA was used to compare 
variations among the different groups. An unpaired 
two-tailed Student’s t-test was used to analyze 
significant differences. Significant level was assigned 
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at P=0.05 (significant difference) and 
P=0.01(extremely significant difference). 
  
3. Results  
Response of SOD activity in four organs to copper 
exposure 

As seen in Fig.2, compared with the control, 
SOD activities in gill and spleen all increased firstly 
and then decreased with the increase of copper 
concentration. SOD activity in gill significantly 
increased at 0.10 and 0.20 mg/L (P<0.05), but it 
significantly decreased at 1.00 mg/L (P<0.01). SOD 
activity in spleen significantly increased at 0.05 mg/L 
(P<0.05), while it significantly decreased at 0.20, 0.50 
and 1.00 mg/L (P<0.01). SOD activity in kidney 
significantly increased at all copper exposures 
(P<0.01). SOD activity in brain significantly decreased 
at all copper exposures (P<0.05 or P<0.01). Analysis 
also demonstrates a significant negative correlation 
between SOD activity in brain (Y) and the exposure 

concentrations (X), and the regress equation is Y =－
1.9327X+30.117 (R2=0.9447). SOD activity in gill, 
spleen and brain all reached the least value at 1.00 
mg/L, with inhibition rate of 21%, 18% and 36% 
respectively. SOD activity in kidney reached the 
maximum value at 0.10 mg/L, with an activation rate 
of 63%. 
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Fig.1. Changes of SOD activities in four organs of C. 
auratus after a 96-h copper exposure. 
The values are expressed as mean±SD (n=5). 
Compared with the control, “*” represents the 
significant difference (p <0.05), “**” respresents the 
extremely significant difference (p <0.01). 
 
Response of CAT activity in four organs to copper 
exposure 

Changes of CAT activity are shown in Fig.2. 
CAT activity in gill and spleen all increased firstly and 
then decreased with the increase of copper 
concentration. Compared with the control, CAT 
activities in gill significantly decreased at 0.20, 0.50 
and 1.00 mg/L (P<0.01). CAT activity in spleen 
significantly increased at 0.05 mg/L (P<0.01), while it 
significantly decreased at 0.10, 0.20, 0.50 and 1.00 
mg/L (P<0.01). CAT activity in kidney and brain all 

significantly decreased at all concentrations (P<0.05 or 
P<0.01). Besides, a significant negative correlation was 
demonstrated between the CAT activity in brain (Y) 
and the exposure concentrations (X). The regress 

equation is Y =－1.0223 X +8.0371 (R2=0.9915). CAT 
activities in gill, kidney and brain all reached the 
minimum value at 1.00 mg/L, with inhibition rate of 
31%, 55% and 71%, respectively. CAT activity in 
spleen reached the least value at 0.20 mg/L, with an 
inhibition rate of 53%. 
Changes of SOD activity in four organs after 
removed 1.0 mg/L exposure 
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Fig.2. Changes of CAT activities in four organs of C. 
auratus after a 96-h copper exposure. 
The values are expressed as mean±SD (n=5). 
Compared with the control, “*” represents the 
significant difference (p <0.05), “**” respresents the 
extremely significant difference (p <0.01). 

 
As shown in Fig.3, compared with 96h 

exposure, along with recovery time extension, SOD 
activity in gill and spleen rised gradually, SOD activity 
in kidney rised firstly and then decreased, whereas 
SOD activity in brain decreased firstly and then 
increased. Compared with the control, there was no 
significant change in SOD activity in gill during the 
whole recovery period (P>0.05). SOD activity in 
kidney in recovery was significantly higher than in 
control on Day1, 5, 10 and 15 (P<0.01), while it was 
close to the control (P>0.05) and significantly lower 
than in 96h exposure (P<0.01) on Day 30. SOD 
activities in spleen and brain in recovery were 
significantly lower than in control on Day1, 5 and 10 
(P<0.05 or P<0.01), while they were close to the 
control (P>0.05) and significantly higher than in 96h 
exposure (P<0.01) on Day15 and 30. The deta 
indicated that SOD activity in gill normalized in the 
fastest speed and the enzyme activity in kindey 
normalized in the slowest speed. 
Changes of SOD activity in four organs after 
removed 1.0 mg/L exposure 

As shown in Fig.3, compared with 96h 
exposure, along with recovery time extension, SOD 
activity in gill and spleen rised gradually, SOD activity 
in kidney rised firstly and then decreased, whereas 
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SOD activity in brain decreased firstly and then 
increased. Compared with the control, there was no 
significant change in SOD activity in gill during the 
whole recovery period (P>0.05). SOD activity in 
kidney in recovery was significantly higher than in 
control on Day1, 5, 10 and 15 (P<0.01), while it was 
close to the control (P>0.05) and significantly lower 
than in 96h exposure (P<0.01) on Day 30. SOD 
activities in spleen and brain in recovery were 
significantly lower than in control on Day1, 5 and 10 
(P<0.05 or P<0.01), while they were close to the 
control (P>0.05) and significantly higher than in 96h 
exposure (P<0.01) on Day15 and 30. The deta 
indicated that SOD activity in gill normalized in the 
fastest speed and the enzyme activity in kindey 
normalized in the slowest speed. 
Changes of CAT activity in four organs after 
removed 1.0 mg/L exposure 

During the recovery period, changes of CAT 
activity in four organs are depicted in Fig.4. Compared 
with 96h exposure, along with recovery time extension, 
CAT activities in gill and kidney rised gradually, 
whereas CAT activities in spleen and brain decreased 
firstly and then increased. CAT activity in gill in 
recovery was significantly lower than that in control on 
Day1 (P<0.01), while it was close to the control 
(P>0.05) and significantly higher than in 96 h exposure 
(P<0.01) on Day 5, 10, 15 and 30. CAT activities in 
spleen and brain in recovery were significantly lower 
than in control on Day1, 5 and 10 (P<0.05 or P<0.01), 
while they were close to the control (P>0.05) and 
significantly higher than in 96h exposure (P<0.01) on 
Day 15 and 30. CAT activity in kidney in recovery was 
significantly lower than in control on Day1, 5, 10 
and15 (P<0.01), but it was close to the control 
(P>0.05) and significantly higher than in 96h exposure 
(P<0.01) on Day 30. The deta indicated that CAT 
activity in gill normalized in the fastest speed and the 
enzyme activity in kindey normalized in the slowest 
speed. 
 
4. Discussions  

In the field of ecotoxicology, antioxidant 
enzymes are considered as sensitive biomarkers in 
environmental stress before hazardous effects occur in 
fish (Heath, 1987; Geoffroy et al., 2004). SOD and  

CAT are the two primary antioxidant enzymes, 
which are involved in protective mechanisms within 
tissue injury following oxidative process and 
phagocytosis. Some laboratory studies have reported 
the increase or decrease in their activities in fish 
exposed to xenobiotics, and suggested their activities 
were related to the status of the organisms affected by 
different factors including dietary nutrition, 
environmental factors etc (Livingstone, 2001; 
Winstonand Giulio,1991). 
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Fig.3. Changes of SOD activities in four organs of C. 
auratus from control group (◆) and group exposed to 
1.0mg/L of copper for 96h and subsequent recovery in 
clean water (■). Data are expressed as mean±SD (n=5). 
Enzyme activity unit is U/mg protein. Compared with 
the control, “*” represents significant difference (p 
<0.05) and “**” represents the extremely significant 
difference (p <0.01). Compared with the 96h exposure, 
“+” refers to significant difference (p <0.05) and “++” 
respresents the extremely significant difference (p 
<0.01). 
 

The two major antioxidant defense enzymes are 
inducible enzymes. They can be induced by a slight 

(a) 

(b) 

(c) 

(d) 
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oxidative stress due to compensatory response. 
However, a severe oxidative stress suppresses the 
activities of the both enzymes due to oxidative damage 
and a loss in compensatory mechanisms. Usually, 
higher SOD and CAT activities indicate there are more 
radicals need to be reacted (Andersen et al., 1998; 
Chien et al., 2003; Ross et al., 2001).Therefore, the 
increases in SOD and CAT activities in gill and spleen 
at lower copper concentrations might indicate that the 
copper stress resulted in an accumulation of radicals in 
fish. If these radicals induced by copper were not 
scavenged, the organisms would suffer from serious 
oxidative damage (Winston and Giulio, 1991).So, the 
enhanced activities of both SOD and CAT at low 
copper concentrations may enable fish to maintain 
health by scavenging the radicals produced. This 
increase may be an adaptive mechanism ensuring the 
organism survival, while it only occurred in a certain 
copper concentration extent. At high copper 
concentrations, SOD and CAT activities in gil and 
spleen decreased. The reason for this decrease may be 
that copper took the place of essential metals located in 
the active center of amylase; or it combined with 
functional groups located on the enzyme molecules, 
such as the hydroxyl group, peptidyl, and hydrosulfide 
groups (Von Borell 2000; Muhlia and García 2002), 
and hence decreased enzymatic activities. 

The present observation of an increase in SOD 
activity in kidney at all copper concentrations suggests 
a physiological adaptation for the elimination of ROS 
generation. On the other hand, this increase in SOD 
activity also can probably be explained by the 
modification of the SOD isoform pattern. Géret et al.

（ 2002） have revealed the existence of the most 
acidic isoforms SOD (SOD-3). This SOD isoform is 
oxidative and still possesses catalytic activity, and it is 
prone to induced by chemical environment (Sharonov 
and Churilova 1992). In the present study, crucian carp 
were exposed to copper contaminants, which probably 
induced a modification of the SOD pattern in kidney, 
which further explains the increase of SOD enzymatic 
activities in kidney. The inhibition of SOD activity in 
kidney under high pollutant concentration  
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Fig.4. Changes of CAT activities in in four organs of C. 
auratus from control group (◆) and group exposed to 
1.0mg/L of copper for 96h and subsequent recovery in 
clean water (■). Data are expressed as mean±SD (n=5). 
Enzyme activity unit is U/mg protein. Compared with 
the control, “*” represents significant difference (p 
<0.05) and “**” represents the extremely significant 
difference (p <0.01). Compared with the 96h exposure, 
“+” refers to significant difference (p <0.05) and “++” 
represents the extremely significant difference (p 
<0.01). 
 
did not occur in our study. A possible explanation for 
this is that the concentration series may be within the 
tolerance range of SOD in kidney. On the contrary, 
CAT activity in kidney decreased at all copper 
concentrations. This may be due to the consequence of 
a complementary effect between antioxidative enzymes. 
Oruç and Usta (2007) reported that a decline in CAT 
activity can be attributed to high SOD activity. 

Appreciable declines in SOD and CAT activities 
were observed in brain at all copper concentrations, 
suggesting impaired antioxidant defense mechanisms 
as a result of the excess generation of superoxide 

(a) 

(b) 

(c) 

(d) 
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radicals by copper in this organ. The decrease in SOD 
activity could be due to its inhibition by the excess 
production of ROS, the decrease in CAT activity could 
be due to its inactivation by the superoxide radical or 
due to decreases in the rate of the reaction as a result of 
the excess production of H2O2. SOD and CAT 
activities in brain all showed the highest inhibition rate 
among the investigated organs at 1.00 mg/L and a 
significant negative correlation was demonstrated 
between the two enzymatic activities in brain and the 
exposure concentrations. This indicates that the both 
enzymatic activities in brain are very sensitive to 
copper exposure and they also could be considered as 
the valuable early indicators of environmental copper 
exposure. Fish brain is the major component of the 
central nervous system, while water contaminants can 
effect the activities of various enzymes in brain 
(Bagnyukova et al., 2005; Modesto and Martinez, 
2010) and even lead to the neurodegenerative damage 
(Berntssen et al., 2003). Several transporters have been 
suggested to transport copper into brain across the 
blood-brain barrier (Choi and Zheng, 2009). The 
sensitivity of antioxidant enzyme activities in brain in 
this study indicated that the brain of C. auratus is the 
main target of copper.  

Generally speaking, the response of SOD and 
CAT activities in different organs exposed to different 
copper concentrations was found to be variable 
depending on copper concentrations, enzymic molecule 
structure, the interaction of enzyme molecule and 
copper, physiological functions and metal 
bioaccumulation of organs. Nevertheless, all enzyme 
activities in different organs of the fish in 1.0 mg/L 
group normalized within 30-day recovery span. It was 
demonstrated that these enzyme activities were 
reversible. In recovery process, enzyme activities 
restored at different speeds. SOD and CAT activities in 
gill normalized in the fastest speed and the both 
enzyme activities in kindey normalized in the slowest 
speed. Fish gill is the main site for gas exchange and 
has the other important functions such as ionic and 
osmotic regulation and acid-basee quilibrium. At the 
same time, fish gill is in direct contact with water 
environment and also is one of the excretory organs, 
this made the copper in it discharged rapidly during the 
recovery period, and thus the enzyme activities in this 
organ also restored fastly. On the other hand, after 96 h 
copper exposure, the decrease in SOD and CAT 
activities in gill at 1.0 mg/L would have led to the 
damage of respiratory function caused by the ROS 
which was not scavenged by SOD and CAT in time. 
Reduction in critical O2 and O2 diffusion capacity due 
to the respiratory disturbances have been reported in 
fish exposed to copper (Boeck et al.1995; Mazon et 
al.1999). So, the faster restoration of antioxidant 
enzymes activities in gill during the recovery period 

will facilitates the rapid recovery of respiratory 
function, which will allow fish to get more O2 and 
energy and contribute to the restoration of the other 
organs. This is an adaptive mechanism, thus avoiding 
the death of the fish. The antioxidant enzymes activities 
in kidney restored slowly. This may be associated with 
the slow discharge of the copper from this organ caused 
by the high copper bioaccumulation of it, because fish 
kidney is the important compartments of heavy metal 
accumulation (Fallah et al.2011; Palaniappan and 
Karthikeyan 2009).  

In recovery process, the enzymes in differernt 
organs exhibited different recovery pattern. SOD 
activity in kidney increased significantly at 1.0 mg/L 
compared with the control after 96-h copper exposure. 
While, after copper exposure was free, it did not 
decrease immediately compared with the 96-h 
exposure, but increased continuously from Day 1 to 
Day 5. The reason might be that the higher level of 
SOD mRNA made the enzyme synthesis continue in 
the first few days, although environmental factor to 
induce SOD activity had been eliminated. After 96-h 
copper exposure, SOD and CAT activities in gill, 
spleen and brain and CAT activity in kidney all 
significantly decreased at 1.0 mg/L compared with the 
control. However, during the recovery period, SOD 
activity in gill and spleen, CAT activity in gill and 
kidney increased continuously compared with 96-h 
exposure, suggesting the consistency between the 
change of enzyme activities and the elimination of 
copper. SOD activity in brain, CAT activity in spleen 
and brain decreased firstly and then increased 
compared with 96-h exposure. The reason might be 
that, in the first few days, the copper accumulated in 
fish organs was not excreted immediately and still 
inhibited the enzyme activities although copper in 
water had been eliminated. However, with recovery 
time extending, copper was gradually eliminated from 
organs, the enzyme activities were also gradually 
restored. The recovery pattern in this study is very 
similar with the result of recovery study on Carassius 
auratus gibelio var conducted by Jiang et al (2012). 
This different recovery pattern may be relate to the 
different physiological functions of organs. However, it 
is often difficult to explain the recovery responsiveness 
of enzymes to chemical stress because various factors 
will affect the activities of enzymes (Oost et al., 2003; 
Regoli et al., 2003). So, its detailed mechanism is still 
in need for further research. 
 
Conclusions 

In summary, the changes of the two 
antioxidant enzymes activities in different organs of C. 
auratus exposed to copper are different, SOD and CAT 
activities in gill and spleen all displayed the 
phenomenon of low-dose stimulation and high-dose 
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inhibition. SOD and CAT activities in brain were all 
inhibited by copper. While SOD activity in kiney was 
induced by copper. After removing 1.0 mg/L copper 
exposure, all the antioxidant enzyme activities 
recovered to the normal levels within 30 days 
suggesting that the 30 days of recovery period was long 
enough for the complete repair. In recovery process, 
SOD and CAT activities in gill normalized in the 
fastest speed and the both enzyme activities in kindey 
normalized in the slowest speed. Moreover, this study 
unambiguously demonstrates firstly that SOD and 
CAT activities in brain of C.auratus are more sensitive 
to copper exposure, which can be used as sensitive 
biomarkers to assess copper contamination in aquatic 
ecology. However, fish usually lives in a complex 
water environment. so, the answer to whether these two 
parameters are good as early biochemical markers of 
copper pollution relies on the nature of water 
environment in which fish live. Further studies are still 
needed. 
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