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6-Summary 

Pollution of the aquatic environment is a serious and growing 

problem caused by increasing number and amount of industrial, 

agricultural and commercial chemicals discharged in it causing a 

significant local increase in their levels in the aquatic system. The 

functional quality of an aquatic ecosystem is a reflection on the health of 

the environment.  

Fish are usually sensitive to pollutants in the aquatic environment 

and heavily exposed to pollution because they cannot escape from the 

detrimental effects of pollutants .The use of fish as bio-indicators of 

pollution has received the attention of many searchers. Much has been 

documented about the accumulation of heavy metals and pesticide 

residues in fish collected from polluted sites. 

Heavy metals and pesticides are toxic to livestock as well as human 

beings, which is now posing substantial threats to the local people. Both 

Heavy metals and pesticides are the most common form of aquatic 

pollutants and are of great health risk to consumers of contaminated fish. 

The impact of these pollutants has gained considerable interest in the 

field of ecotoxicology, due to their potential damaging effect on cellular 

components and tissues of the aquatic organisms  

Physicochemical analyses provide only information about the 

nature of the contaminants and their concentrations in the environment, 

and they cannot predict bioavailability or potential effects on biota. The 

bio-monitoring of fish using biomarkers represents a useful tool for the 

assessment of aquatic pollution. Biomarkers provide the connection 
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between external levels of contaminant exposure, internal levels of tissue 

contamination, and early adverse effects in organisms. 

This study aimed to evaluate the molecular, genetic, biochemical, 

hematological and histological markers induced by lead acetate and 

chlorpyrifos in C. gariepinus fish as a model for checking effects of 

pollutants in aquatic environment, and since cytochromes are the major 

enzymes involved in the metabolism of pollutants, Novel cytochrome 

genes have been suggested to be expressed in C. gariepinus fish. 

Fortunately, these genes have been identified in fish under investigation. 

The study carried out on 120 fresh water C. gariepinus fish, of both 

sexes: fish were randomly divided into three groups; each group has two 

replicates (20 fish replicate); the first group was considered as control 

group ,the second group  was  exposed to lead acetate by a dose of 24.4 

mg/L (20% of the LC50) and the third group was exposed to chlorpyrifos 

by a dose of 1.65 mg/L ( 1/10 LC50) , for 4 weeks , the water was 

changed every 2 days to avoid the accumulation of fecal matter and to 

maintain the toxicant concentration. The experiment was carried out in 

the period from mid-December to mid-January in non-breeding season. 

By the end of the fourth week, whole blood and serum samples 

were taken for measuring hematological parameters and MDA level. 

Liver tissues were taken for molecular analysis, comet assay, measuring 

catalase activity and for histopathological examination. 

This study revealed the following results: 

1-Fish exposed to chlorpyrifos showed significant increase in gene 

expression of CYP1C1 and CYP2K, fish exposed to lead acetate showed 
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non-significant decrease in the expression CYP1C1 and CYP2K as 

compared to the control group. Real time PCR was performed before 

sequencing to show if the new cytochrome genes expressed in C. 

gariepinus fish or not, and this result indicate that new cytochrome genes 

is expressed in C. gariepinus fish. 

2- Two of the cytochrome genes were identified for the first time in the 

C.gariepinus fish and were sequenced; showing that the nucleotide 

sequence of the first gene (CYP1C1) is 157 nucleotide and the second 

gene (CYP2K) is 163 nucleotide. The new genes were submitted to the 

gene bank. Alignment was carried out with other fish, which showed a 

very high homology between these genes and other fish genes. The 

CYP1C1 and CYP2K sequences are considered the first record in C. 

gariepinus fish. 

3- Fish exposed to lead acetate and chlorpyrifos showed significant 

increase in DNA damage as revealed by comet assay, with higher 

damage in chlorpyrifos group than lead acetate group as compared to the 

control group. 

4-Exposure to lead acetate and chlorpyrifos led to a significant increase 

in MDA level and a significant decrease in hepatic catalase activity as 

compared with the control fish.  

5-Exposure to lead acetate and chlorpyrifos led to a significant reduction 

in RBCs count, PCV% and Hb concentration in comparison with the 

control group.  



Summary 
 

 88 

 

6- Liver of fish exposed to lead acetate showed hepatic vacuolation, 

parenchymal haemorrahge and focal leukocytic infiltration, also, liver of 

fish exposed to chlorpyrifos showed hepatic vacuolation and hepatic 

necrosis. 

Conclusion 

 The present results offer information about the deleterious effects 

of lead and chlorpyrifos and their genotoxic effect on fresh water 

C.gariepinus fish. These results could be beneficial to take 

preventive measure to protect the aquatic animals from these 

pollutants. It is suggested to limit their use in agricultural 

practices and of nearby water bodies to avoid the potential 

contamination. 

 

 

 The high induction of mRNA level of CYP1C1 and CYP2K by 

chlorpyrifos indicated that CYP1 and 2 families can be used as 

potential biomarker to screen pesticides pollution. The high 

responsiveness of CYP1 and 2 genes suggested C.gariepinus fish 

is feasible to screen and assess pollution with pesticides. 

 

 It can be concluded that molecular biomarkers should be 

considered as significant diagnostic tools for water pollution 

monitoring. 

 

 




