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A B S T R A C T   A R T I C L E  I N F O  

Copper sulfate (CuSO4) was used to reduce the toxic effect of nano zinc oxide  

(nZnO) in carp (Cyprinus carpio L.). Copper sulfate (0.3 mg/L) was used for  

1 hour in carp fish exposed to n ZnO in sub-lethal concentration (9 mg/L) for 

seven days. Also for comparison second group were only exposed to n ZnO in 

sub-lethal concentration (9 mg/L) for seven days. There were significant changes 

in concentration of Metallothionein (MT) and some biochemical parameters in 

serum of fish blood in all groups compared with non-treated groups. CuSO4 has 

play a major role in reducing the toxicity of n ZnO in some blood serum 

parameters. 
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Introduction 
Nano zinc oxide is used in many industries 

including cosmetics, ointments for protective  

of the sun, the manufacture of dyes, glass, cement  

industry and optical filters industry  

(Rekha et al. 2010). Therefore it enters  

directly or indirectly to theaquatic environment,  

and have toxic effect on the biology  

of aquatic organisms and then to humans  

(Yu et al. 2011). 

Nano zinc oxide enters fish body through gills, 

digestive tract and skin. Because of the  

small practical size, it has the ability to penetrate the  

cell membrane, leading to an imbalance  

in permeability of cell membrane and has a role in  

the liberation of free oxygen radical and  

the occurrence of oxidative stress (Ma et al. 2013).  

The ability to cause oxidative stress (OS) is one of  

the most important mechanisms of toxicity  

of nanomaterials within the cell due to the  

overlap between the electron donor or vital  

receptor sites and acceptor active site with a  

molecule of oxygen and this leads to the formation  

of Superoxide radical (O-2). Thus they  

 

stimulate formation of reactive oxygen species (ROS) 

and the depletion of antioxidants including 

glutathione and consequently oxidative stress (Nel et 

al. 2006). 

Copper compounds are important in  

prevention and treatment in fish diseases, as  

they are used in the control of diseases that  

infect fish at concentration 0.3-2 mg/L 

(Braunbeck1990). Also they are used in the 

eradication of parasitic infections and protozoa  

(Carneiro et al. 2005), bacterial disease that infect 

fish as an anti-fungal fungicide and herbicide (Reddy 

et al. 2006). 

This research was done to determine the effect of 

copper sulfate on the nano ZnO toxicity.  

 

Materials and Methods 
Fish 

Sixty fish of Cyprinus carpio  

(150±10 g) were obtained from  

livestock/Faculty of Agriculture/University of 

Mosul, and kept in glass aquarium (40x40x80 cm) at 

dechlorinated water of 7.5 pH and 23±2 °C with 

continuous oxygenation and feeding for 7 days. 

http://doi.org/10.17216/LimnoFish-5000114439
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Feeding was stopped 24h before starting of the 

experiment. 

 

Materials 
1-Nano zinc oxide (N ZnO) from Shijiazhuang 

sunpower Co. China. 

2- Copper sulfate (CuSO4) from the local market. 

3-Metallothionein (MT-2 ELIZA Kit) Cusabi Co. 

China. 

4-Alanine amino Transferase (ALT-Kit) Biolabo Co. 

France. 

5-Alkaline-Phosphatase (ALP-Kit) Biolabo Co. 

France. 

6-Creatinine Kit (CK-Kit) Biolabo Co. France. 

 

Experimental Design 

The fish were divided randomly into 4 groups of 15 

in each: 

 

Group 1: Kept in dechlorinated water only. 

Group 2: Treated with n ZnO in sub-lethal 

concentration (9 mg/L) for seven days only 

continuously. 

Group 3: Treated with n ZnO in sub-lethal  

concentration (9 mg/L) then treated  

with CuSO4 (0.3 mg/L according to Braunbeck1990) 

for one hour only then nZnO for seven days 

continuously. 

Group 4: Treated with 0.3 mg/L CuSo4 and then kept 

in dechlorinated water only for seven days. 

 

Fish blood was collected after 24 hours and 7days 

of the treatment from the all groups for determination 

of the following serum parameters (15 fish in each 

collected period , and the study mention all fish group 

so it mean 15 fish): 

 

1- Metallothionein (MT) concentration. 

This was done by mean of Enzyme immunosurbent 

Assay (ELISA). 

2-The activity of Alanine amino Transferase ALT. 

This was done by determined the sample colorimetric  

 

or determined the Alanine amino Transferase enzyme 

activity (IU/l) in serum by mean of 

Spectrophotometer at 505 nanometer. 

3-The activity of Alkaline Phosphatase ALP. 

 This was done by determined the sample 

colorimetric for determined the Alkaline Phosphatase 

enzyme activity (IU/l) in serum by mean of 

Spectrophotometer at 505 nanometer. 

4-Creatinine Kinase CK in serum. 

 

It is a method to determine the interaction 

chromatography colorimetric reaction of Creatinine 

with alkaline pirate of the unknown sample in the 

spectrophotometer device and at a wavelength of 490 

nanometers, and calculates the concentration of the 

enzyme mg/dl. 

 

Statistical Analysis 

Statistical analysis have been done according to 

SAS 9, 2001. 

 

Results 
Results showed that there was a significant 

increase (p<0.01) in level of metallothionein 

concentration after 24 h of treatment in Group 2 and 

Group 3 compared with the other groups (Table 1). 

But there wasn’t significant difference between the 

Group 1 and Group 4 after 24 h and after 7 days of 

treatment.  

The activity of ALT showed significant increase 

(p<0.01) after 24 h and 7 days of treatment in Group 

2 and 4 but there wasn’t significant difference 

between the Group 1 and Group 4 (Table 2). 

There are no change in the activity of ALP after 

treatment with the n ZnO and treatment with CuSO4 

after 24 h but after 7 days of treatment with CuSO4. 

There was significant increase (p<0.01) compared 

with the other groups (Table 3). 

This study showed that there was no significant 

difference (p<0.01) of creatinine levels between all 

four groups and the same group in different periods 

(Table 4). 

Table 1. Effect of nano zinc oxide with copper sulfate on the MT concentration in the serum of the fish at different period 

of treatment. 

Groups 

MT concentration 

Nano g/ml (Mean ± SD) 

after 24 hr after 7 days 

Group 1 (water only) 10.60±0.05a 10.60±0.05a 

Group 2 (N ZnO) 15.15±2.61c 5.10±1.49d 

Group 3 (N ZnO with CuSO4) 6.06±0.61b 3.65±1.71d 

Group 4 (CuSO4) 8.12±0.06a 9.31±0.39b 

The different in the letter intend significant difference p<0.01 
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Table 2. Effect of nano zinc oxide with copper sulfate on the activity of ALT enzyme in the serum of the fish at different 

period of treatment. 

The different in the letter intend significant difference p<0.01 

 

Table 3. Effect of nano zinc oxide with copper sulfate on the activity of ALP enzyme in the serum of the fish at different 

period of treatment. 

Groups 

ALP activity in the serum (IU/L) 

(Mean ± SD) 

after 24 hr after 7 days 

Group 1 (water only) 1.90±0.85a 1.90±0.85a 

Group 2 (N ZnO) 2.25±0.02ab 1.03±0.46ab 

Group 3 (N ZnO with CuSO4) 6.73±1.56ab 8.78±4.16cb 

Group 4 (CuSO4) 2.42±1.02ab 6.18±3.47a 

The different in the letter intend significant difference p<0.01 

 

Table 4. Effect of nano zinc oxide with copper sulfate on the activity of CK enzyme in the serum of the fish at different 

period of treatment. 

Groups 

CK activity in the serum (mg/dl) 

(Mean ± SD) 

after 24 hr after 7 days 

Group 1 (water only) 0.42±0.11abc 0.42±0.11abc 

Group 2 (N ZnO) 0.22±0.03bc 0.11±0.03c 

Group 3 (N ZnO with CuSO4) 0.36±0.05bc 0.51±0.03ab 

Group 4 (CuSO4) 0.14±0.01c 0.42±0.11abc 

The different in the letter intend significant difference p<0.01 

 

Discussion 
Metallothionein is considered one of the 

important indicator for aquatic environment pollution 

and has a role in ionic balance maintenance (Dang et 

al. 2001;Amaral et al. 2002). Manera and Britti 

(2006), indicated that zinc considered one of the 

stimulating of metallothionein to increase in the 

tissue of the aquatic animals which live in freshwater. 

The result of this study showed that the concentration 

of metallothionein increase after 24 h and seven days 

of treatment with nZnO and this result agreed with  

(Wu et al.2000). The treatment of the fish with 

CuSO4 did not cause any increase in metallothionein 

concentration and this result compatible with the 

result of DeBoeck et al. (2004). They showed that the 

treatment of (Oncorhynchus mykiss), fish with 1 

micromole of copper ion did not cause an increase of 

metallothionein concentration in liver tissue. 

The amino transfer enzymes like ALT, ALP and 

creatinine are biochemical indicators in diagnosis of 

fish diseases and the increase in their activity is 

indicator of tissue damage due to toxic material  

(Firat et al. 2011). The result of this study showed no 

difference of these biomarkers after 24 h in the all 

treatment with nZnO, CuSO4 separately and both of 

them together compared with the control. But there 

was an increase in these biomarkers after 7 days of 

treatment which was due to the damage of the tissue 

Groups 

ALT activity in the serum (IU/L) 

(Mean ± SD) 

after 24 hr after 7 days 

Group 1 (water only) 98.33±16.4cd 98.33±16.4cd 

Group 2 (N ZnO) 146.75 ±9.5ab 168.25±15.5ab 

Group 3 (N ZnO with CuSO4) 77.67±0.33d 80.66±4.80d 

Group 4 (CuSO4) 121.67±0.6b 100.67±2.33cd 
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with prolonged of the treatment period and this was 

similar with the research of Mazon 2002. Copper 

sulfate has a role in decrease the toxic effect of nZnO 

and this could be due to the interaction of CuSO4 with 

the nZnO to form complex compound of Zinc sulfate. 

In addition to the bio-effect of the copper in the 

metabolism and its specific incorporation property 

with the enzymes like glucose oxidase, xanthine 

oxidase etc. which play an important role in the 

cellular respiration, and also an important role of 

copper sulfate in elimination of free radicals, lipid 

oxidation and increase of glutathione transferase 

enzyme. This helps in combine of polluted and toxic 

material with the glutathione and decrease the toxic 

effect of them. In addition it has ability to stimulate 

the antioxidants even in very low concentration 

(Netpae et al. 2012). 
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