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Abstract 

The main purpose of this study is to evaluate the impact of heavy metals (Pb, Zn, Cu, Fe, and Cd) aquatic 

pollution of the EL-Mahmoudeyia canal on the antioxidant enzymatic activities, GSH content, and lipid 

peroxidation levels (MDA) in Oreochromis. niloticus muscle tissues collected from two areas EL-

Mahmoudeyia canal as Polluted area and  Rosetta branch of river Nile as reference area in summer 2018 

and winter 2019 as well as DNA damage was assessed in fish gills(erythrocytes) samples by applying 

comet assay. EL-Mahmoudeyia canal exposed to excessive industrial effluents which impact the living 

organisms especially fish. The herein results showed that higher concentrations of heavy metals (Pb, Zn, 

Cu, Fe, and Cd) were detected in water and fish samples collected from the polluted area in comparison 

with the reference area, especially in winter.  The accumulation patterns of heavy metals in the muscles 

of O. niloticus, were in the following order: Fe > Zn >Pb> Cu and Cd.The antioxidant enzymatic 

activities of (SOD, CAT, GPx, and GST) and the lipid peroxidation biomarker MDA levels in muscles of 

O. niloticus collected from the polluted area were found to be significantly increased compared to that of 

the reference area. Meanwhile, there was a significant decrease in the GSH content level in the muscles 

of O. niloticus collected from the polluted area compared to that of the reference area. A significant 

elevation in DNA damage frequencies was observed in fish collected from the polluted areas compared 

with those from the reference area. These noticeable alterations in the selected antioxidant enzymatic 

activities in muscles of the O. niloticus go in parallel with the remarkable elevation in the levels of the 

detected heavy metals in water from EL Mahmoudeyia canal, as a result of pollution in these areas. This 

study explored the utility of the DNA damage, the altered antioxidant enzymatic activities, GSH content, 

and MDA level as biomarkers of aquatic pollution. 
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Introduction  

Pollution levels in aquatic environments have 

greatly increased recently as a result of intense 

human activities, which, in some areas have 

resulted in a substantial impact. (van der Oost et 

al., 1996). Contamination of the aquatic ecosystem 

by industrial and agricultural pollutants affects the 

health of fish, either directly by uptake from the 

water, or indirectly through their diet of 

vegetation, invertebrates, or smaller fish. Since 

fish are part of the natural diet of both aquatic 

mammals and birds, as well as providing an 

increasingly important protein source for humans, 

their population and health are of major concern 

(Kime, 1995).  

The pollution problems in the surface water either 

drainage or fresh water affect the quality of fish in 

polluted areas. The specific contaminants leading 

to pollution in water include a wide spectrum of 

chemicals, pathogens, and physical or sensory 

changes such as elevated temperature and 

discoloration (Pitt and Burton Jr, 2001). 

Heavy metals pollution in the aquatic environment 

has become a worldwide problem during the past 

few decades. This fact is mainly attributed to their 

persistent stability and toxic effect on aquatic as 

well as terrestrial creatures(MacFarlane and 

Burchet, 2000). Among environmental pollutants, 

metals are of particular concern, due to their 

potential toxic effect and ability to bioaccumulate 

in aquatic ecosystems(Censi et al., 2006)Heavy 

metal concentrations in aquatic ecosystems are 

monitored by measuring their concentrations in 

water, sediments, and biota. (Namminga, 1976).  

Electric power generation also plays a major role 

in water pollution. Generally, more than 75% of 

waste is disposed of in unlined, unmonitored 

onsite landfills, and surface impoundments. Toxic 

substances in the waste - including arsenic, 

mercury, chromium, and cadmium can 

contaminate drinking water supplies and damage 

vital human organs and the nervous system 

(Tripathi et al., 2015). The essential use of  water 

in the industry is the cooling system (Nriagu and 

Pacyna, 1988)When water used as a coolant is 

returned to the natural environment at a higher 

temperature, the change in temperature impacts 

organisms by decreasing oxygen supply, and 

affecting ecosystem composition(El Safty and 

Siha, 2013). The atmosphere is the major route of 

Pb entry in natural waters, a fact that has been well 

documented in the literature (Flegal and Patterson, 

1983), (Veron et al., 1987) 

Fish are largely being used for the assessment of 

the aquatic environment quality and can serve as 

bioindicators of environmental pollution. 

(Dautremepuits et al., 2004, Lopes et al., 2001).  

Fish muscle is commonly analyzed to determine 

contaminant concentrations and to assess the 

health risks because it is the main part consumed 

by humans. Fish can be considered as one of the 

most significant indicators in freshwater systems 

for the impact of metal pollution (Begum et al., 

2005).Tilapia (Oreochromis niloticus) is a fresh 

water fish that is a hardy, prolific, fast growing 

tropical fish that is farmed mainly in Africa and 

Asia. Tilapia fish are beneficial to human beings 

as they make up a major part of the human diet 

and provide humans with as much of the needed 

proteins as in meat (Ghorbani and Mirakabad, 

2010). 
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Heavy metals can be taken up into fish either from 

digestion or contaminated food via alimentary 

track or through gills or skin after the absorption it 

transported through bloodstream to the organs and 

tissues, where they are accumulated. Fish can 

regulate metal concentrations to a certain extent, 

after the occurrence of bioaccumulation (Magdy et 

al.) 

Aquatic ecosystems are not usually able to 

eliminate heavy metals from waste discharges by 

their own natural processes. Mercury, cadmium, 

arsenic, and copper tend to accumulate in bottom 

sediments, from which they may be released by 

various processes of remobilization. They can 

then, in different forms, move up through 

biological food chains, eventually to humans in 

whom they can produce both chronic and acute 

ailments(Forstner). Metal accumulation causes an 

increase in highly reactive oxygen species (ROS) 

such as hydrogen peroxide, superoxide radical, 

hydroxyl radical which leads to oxidative stress in 

fish (Dautremepuits et al., 2002).  

Oxidative stress is a situation characterized by an 

imbalance between increased production of 

oxidant species and/or decreased efficacy of the 

antioxidant defense system(Gosmaro et al., 2013)  

leading macromolecule to  damage  including  

lipid  peroxidation,  protein  cross-linking, DNA 

damage, changes in growth and function of cells  

(Ehsaei et al., 2015). Many factors including heavy 

metals in soil and waste water can affect the DNA 

genetic material of organisms directly or indirectly 

and not only damage the integrity of the DNA 

structure but also influence its expression and 

eventually cause genotoxicity to organisms(Yu, 

2000). 

Comet assay is used as one of the best approaches 

to study the genotoxic effects of pollutants on fish 

(Nagarani et al., 2012), as it is used for the 

estimation of DNA damage to evaluate the genetic 

risk associated with xenobiotic exposures. The 

comet assay possesses a number of advantages as 

compared to other genotoxicity tests. In addition to 

the capability of this assay to identify DNA 

damage at the single-cell level, other significant 

advantages include its sensitivity for detecting low 

levels of DNA damage, the requirement for only 

small numbers of cells per sample, its ease of 

application, and low cost, and the short time 

needed to perform the assay. (Tice et al., 2000) 

2. MATERIALS AND METHODS 

2.1 Study area 

EL-Mahmoudeyia Canal is a 45-mile-long sub-

canal from the Nile River which starts at the Nile-

port of EL-Mahmoudeyia and goes through 

Alexandria to the Mediterranean Sea. It was built 

to supply Alexandria with food and fresh water 

from the Nile. This study was carried out in EL-

Mahmoudeyia province, El-Beheira Governorate. 

Samples were collected from two site areas 

throughout summer 2018and winter 2019 as 

shown in Figure 1: 

Site 1: 

The Rosetta branch of the Nile river close to Alatf 

village which considered as a reference area free 

from industrial activities and wastes. 

Site 2: 

EL-Mahmoudeyia canals polluted area where the 

EL-Mahmoudeyia electric power station and a 

textile mill dump directly their effluents to the 

https://www.revolvy.com/page/Beheira
https://www.revolvy.com/page/Nile-River
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stream of the canal. The distance between the two studied areas is about 2 Km.  

 

         Fig. 1: The two sites of the study area at El Mahmodia(El Behaira, Egypt) 

 
2.2 Sample collection 

Water and fish (Nile tilapia, Oreochromis 

niloticus) samples were collected from the 

previously mentioned areas during the first season 

(summer, July 2018) and the second season 

(winter, February 2019). Fish samples were caught 

by fisherman's net, the collected fish were with 

average body weight (120 ± 10 gm), and an 

average body length (16±4 cm). After dissection of 

fish, muscle tissues were separated for estimation 

of heavy metals, antioxidant enzymes activity, 

thiobarbituric acid-reactive substances (MDA) 

concentration, and DNA damage by comet assay. 

Water samples were collected in clean bottles from 

a 2-meter depth of the studied areas. 

2.3 Chemicals  

The assay kits used for biochemical estimation of 

lipid peroxide (Malondialdehyde, MDA), Reduced 

glutathione concentration (GSH), catalase (CAT), 

glutathione-s transferase (GST), superoxide 

dismutase (SOD), and glutathione peroxidase 

(GPx) activities were purchased from 

Biodiagnostic Co., Egypt. All other chemicals and 

reagents were of analytical grade and were 

commercially available from local scientific 

distributors in Egypt. 

2.4. Chemical analysis 

The concentration of heavy metals (Pb, Zn, Cu, Fe, 

and Cd) in the samples were determined after 

digestion by using Atomic Absorption 

Spectrophotometer (Perkin Eelmer E. Analyst, 

2000, USA).according to the method described 

by(Vitošević et al., 2007). Results in water were 

expressed in (mg/L) and in fish muscles in mg/kg 

dry wt.  

2.5. Antioxidants and lipid peroxidation 

biomarkers 

Tissue homogenates were prepared from muscle 

samples in 10 volumes of 0.1 M Tris-EDTA buffer 
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(pH7.4), centrifuged at 1,000 × g at 4°C for 30 

min. Aliquots of the supernatant were utilized for 

the following spectrophotometric assessments.  

2.5.1. Superoxide Oxide Dismutase activity 

(SOD) was determined spectrophotometrically at 

560 nm according to the method of Nishikimi et al. 

(1972). The method based on the ability of SOD 

enzyme to inhibit the phenazine methosulphate-

mediated reduction of nitroblue tetrazolium dye. 

Briefly, 0.05 mL sample was mixed with 1.0 mL 

buffer (pH 8.5), 0.1 mL nitroblue tetrazolium 

(NBT) and 0.1 mL NADH. The reaction was 

initiated by adding 0.01 mL phenazine 

methosulphate (PMs) and then increased in 

absorbance was read at 560 nm for 5 min. SOD 

activity was expressed as U/gm tissue. 

2.5.2.The enzymatic activity of Catalase (CAT) 

was measured according to the method described 

by (Aebi, 1984). The CAT reacts with a known 

quantity of H2O2, and the reaction is stopped after 

1 min with a CAT inhibitor. In the presence of 

peroxidase, the remaining H2O2 reacts with 3,5-

dichloro-2-hydroxybenzene sulfonic acid and 4-

aminophenazone to form a chromophore, with a 

color intensity inversely proportional to the 

amount of CAT in the sample. The absorbance 

was measured at 510 nm. 

2.5.3. The enzymatic activity of Glutathione 

peroxidase (GPx) in tissue was estimated 

colorimetrically using kits from the Bio-diagnostic 

Company. The assay is an indirect measure of the 

activity of GPx. The GSSG that is produced upon 

the reduction of organic peroxide by GPx is 

recycled to its reduced state by GR. The oxidation 

of NADPH to NADP+ is accompanied by a 

decrease in absorbance at 340 nm (A340), 

providing a spectrophotometric means for 

monitoring GPx enzymatic activity. To assay GPx, 

an aliquot of tissue homogenate was added to a 

solution containing GSH, GR, and NADPH. The 

enzyme reaction was initiated by adding the 

substrate, tert-butyl hydroperoxide, and the A340 

was recorded. The rate of the decrease in A340 is 

directly proportional to the GPx activity in the 

tested sample(Paglia and Valentine, 1967) 

2.5.4.Glutathione-S-Transferase (GST) 

enzymatic  activity in tissue homogenates was 

assayed spectrophotometrically according to the 

method of (Habig et al., 1974). By measuring the 

conjugation of 1- chloro- 2,4- dinitrobenzene 

(CDNB) with reduced glutathione. The 

conjugation is accompanied by an increase in 

absorbance at 340 nm. The rate of increase is 

directly proportional to the GST activity in the 

sample. 

2.5.5. The reduced glutathione (GSH) level was 

assayed using a method based on the reductive 

cleavage of 5, 5′-dithiobis (2-nitrobenzoic acid) 

(DTNB) by a sulfhydryl (-SH) group to yield a 

yellow color. The reduced chromogen (absorbance 

measured at 412 nm) is directly proportional to the 

GSH concentration. (Beutler et al., 1963) 

2.5.6. lipid peroxidation (LPO):  lipid 

peroxidation (LPO) was determined by a 

colorimetric method (Kei, 1978) according to the 

details given in the kit’s instructions. A 

thiobarbituric acid reactive substance (TBARS) 

was used for the estimation of LPO and expressed 

in terms of malondialdehyde (MDA) content. For 

this purpose, 0.5 mL of trichloroacetic acid (10%) 

solution was added into a 0.5 mL sample in a test 

tube. The mixture was centrifuged at 600×g for 10 

https://scialert.net/fulltext/?doi=jas.2015.69.79#100599_ja
https://scialert.net/fulltext/?doi=jas.2015.69.79#100599_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=lipid+peroxidation
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=lipid+peroxidation
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=lipid+peroxidation
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=uric+acid
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min and 0.2 mL of the supernatant were 

transferred into a new test tube containing 1.0 mL 

of TBA (25 mmol /L) solutions and boiling for 30 

min. The solution was then cooled and a pink color 

chromogen for samples and standards were read at 

534 nm using a spectrophotometer. The MDA 

values were expressed as nmol of MDA/gm tissue. 

2.6. DNA damage using the comet assay 

  Isolated gills cells of fish from both areas were 

subjected to the modified single-cell gel 

electrophoresis or comet assay(Fairbairn et al., 

1995). Before running the comet assay, cell 

viability for erythrocytes and gill cells was 

determined using the trypan blue exclusion 

method. To obtain the cells, a small piece of the 

gills was washed with an excess of ice-cold 

Hank's balanced salt solution (HBSS) and 

minced quickly into approximately 1 mm3 piece 

while immersed in HBSS, with a pair of 

stainless steel scissors. After several washings 

with cold phosphate-buffered saline, the minced 

tissues were dispersed into single cells using a 

pipette(Lai and Singh, 1995). In brief, the 

protocol for electrophoresis involved 

embedding of the isolated cells in agarose gel 

on microscopic slides and lysing them with 

detergent at high salt concentrations overnight 

(in the cold). The cells were treated with alkali 

for 20 min to denature the DNA and 

electrophoresis under alkaline conditions (30 

min) at 300 mA, 25 V. The slides were stained 

with ethidium bromide and examined using 

fluorescence microscopy (Zeiss, axiostar plus 

USA) with a green filter at × 40 magnifications. 

For each experimental condition, about 100 

cells per fish were examined to determine the 

percentage of cells with DNA damage that 

appear like comets. The non-overlapping cells 

were randomly selected and were visually 

assigned a score on an arbitrary scale of 0–3 

(i.e., class 0 = no detectable DNA damage and 

no tail; class 1 = tail with a length less than the 

diameter of the nucleus; class 2 = tail with a 

length between 1× and 2× the nuclear diameter; 

and class 3 = tail longer than 2× the diameter of 

the nucleus) based on perceived comet tail 

length migration and relative proportion of 

DNA in the nucleus(Collins et al., 1997, 

Kobayashi, 1995). A total damage score for 

each slide was derived by multiplying the 

number of cells assigned to each class of 

damage by the numeric value of the class and 

summing up the values. Slides were analyzed 

by one observer to minimize the scoring 

variability. 

2.7. Statistical analysis:  

The results were expressed as Mean±SE and 

statistical significance was evaluated by one-way 

ANOVA using SPSS (version 20.0) program. 

Values were considered statistically significant 

when p < 0.05. 

3. Results  

The mean heavy metals concentrations in water 

from both reference and polluted areas are 

presented in table (1). The concentration of Pb, Zn, 

Cu, Fe and Cd in water from the selected areas 

ranged between (0.009-0.035), (0.178- 0.281), 

(0.00096-0.0034), (0.233-1.308) and (0.0032-

0.0128) mg/L in winter, and ranged between 

(0.0086-0.28), (0.177-0.272), (0.00086-0.003), 

(0.235-1.263) and (0.0029-0.0110) mg/L in 

summer respectively. EL-Mahmoudeyia canal 

(polluted area) had the highest levels of heavy 
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metals while, the reference area exhibited the 

lowest values during the period of sampling. The 

results demonstrated that, Fe had the highest 

concentration (0.235-1.263 mg/l) among the tested 

metals, while Cd exhibited the lowest one (0.0029-

0.0110 mg/l) during the study period. Also, the 

concentrations of Pb, Zn, Cu, Fe, and Cd in water 

were elevated in winter compared to summer at 

two studied areas. 

 

Table (1): The concentration of heavy metals (mg/l) in water samples collected from both reference 

and polluted area  

Values are expressed as mean ± S.E  

*: Significant difference in comparison with the reference area (P < 0.05) 

 

All data of heavy metals (Pb, Zn, Cu, Fe, and Cd) 

accumulations in muscles of Oreochromis 

niloticus collected from the Rosetta River Nile 

(Reference area) and EL-Mahmoudeyia canal 

(polluted area) (mg/kg dry wt.) during summer and 

winter recorded in table 2.The values of iron 

concentrations in the muscles of Oreochromis 

niloticus showed a highly significant increase (p < 

0.05) at the polluted areas during winter and 

summer seasons in comparison with the non-

polluted areas. 

Lead concentrations in the muscles of 

Oreochromis niloticus samples showed a 

significant increase (P < 0.05) at the polluted areas 

during summer and winter in comparison with the 

non-polluted areas. Lead concentrations in muscles 

reached the value of 0.163 ± 0.005 mg/kg dry wt. 

in summer to 0.809 ± 0.011 mg/kg dry wt. in 

winter season.  

Zinc concentrations in the muscles of Oreochromis 

niloticus samples had a highly significant increase 

at (p < 0.05) in the polluted areas during summer 

and winter seasons in comparison with the non-

polluted areas. Zinc concentrations in muscles 

reached the value of 2.974± 0.012 mg/kg dry wt. 

in summer to 3.530±0.047 mg/kg dry wt. in 

winter. 

Copper concentrations in the muscles of 

Oreochromis niloticus samples had a highly 

significant increase (p < 0.05) at the polluted areas 

during summer and winter seasons in comparison 

with the non-polluted areas. Copper concentrations 

in muscles reached the quantity of 0.086.207 ± 

0.0085 mg/kg dry wt. in winter to 0.080± 0.0008 

mg/kg dry wt. in summer. 

The iron concentrations in muscles reached the 

value of 3.939 ± 0.038 mg/kg dry wt. in winter to 

Heavy Metal 

Metal concentration (mg/l) 

Summer Winter 

Reference area Polluted area Reference area Polluted area 

Pb 0.0086±0.0005 0.028±0.0009* 0.009±0.0002 0.035±0.001* 

Zn 0.177±0.006 0.272±0.005* 0.178±0.006 0.281±0.006* 

Cu 0.00086±0.00003 0.003±0.00005* 0.00096±0.00005 0.0034±0.00007* 

Fe 0.235±0.003 1.263±0.015* 0.233±0.004 1.308±0.020* 

Cd 0.0029±0.0002 0.0110±0.0004* 0.0032±0.0.0001 0.0128±0.0003* 
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3.632 ± 0.085 mg/kg dry wt. in summer, the iron 

concentrations in muscles of Oreochromis 

niloticus showed a highly significant increase (p < 

0.05) in the polluted area during the two seasons 

summer and winter in comparison with the non-

polluted area.  

The cadmium concentrations in muscles reached 

the value of 0.0255 ± 0.0005 mg/kg dry wt. in 

winter to 0.0224 ± 0.0008 mg/kg dry wt. in 

summer, the cadmium concentrations in muscles 

of Oreochromis niloticus showed a significant 

increase (p < 0.05) at the polluted area during the 

two seasons summer and winter in comparison 

with non-polluted area. 

 

Table (2): The concentration of heavy metals (mg/kg) in muscle samples collected from both 

reference and polluted area  

Values are expressed as mean ± S.E (N = 10) 

*: Significant difference in comparison with the reference area (P < 0.05) 

Biochemical parameters  

The SOD activity in muscles of Oreochromis niloticus increased significantly (P ≤ 0.05) at polluted area 

during the two seasons in comparison with the reference area (Fig.2). The increase in winter and summer 

was 27.8% and 25% respectively.   

 

 

 

 

 

 

  

Heavy Metal 

Metal concentration (mg/kg) 

Summer Winter 

Reference area Polluted area Reference area Polluted area 

Pb 0.163±0.005 0.691± 0.010* 0.238±0.541 0.809±0.011* 

Zn 0.760±0.012 2.974±0.039* 0.860±0.017 3.530±0.047* 

Cu 0.0276±0.0009 0.0808±0.0008* 0.0329±0.0014 0.0865±0.0085* 

Fe 0.968±0.007 3.632±0.085* 1.144±0.031 3.939±0.038* 

Cd 0.0101±0.0006 0.0224±0.0008* 0.0127±0.0004 0.0255±0.0005* 

Figure (2): SOD and CAT activities (U/gm wet tissue) in white muscles of O. niloticus collected 

from both areas (Mean±S.E).  

*: Significant difference in comparison with the reference area (P < 0.05) 

 

 

 * 

* * * * 
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The CAT activity in muscles of Oreochromis 

niloticus increased significantly (P ≤ 0.05) at the 

polluted areas during the two seasons in 

comparison with the reference area (Fig.2). The 

increase in winter and summer was 43.8% and 

42.7% respectively.  

The GPx activity in muscles of Oreochromis 

niloticus increased significantly (P ≤ 0.05) at the 

polluted area during the two seasons in 

comparison with the reference area (Fig.3). The 

increase in winter and summer was 47.2% and 

32.2% respectively.  

The GST activity in muscles of Oreochromis 

niloticus increased significantly (P ≤ 0.05) at the 

polluted area during the two seasons in 

comparison with the reference area (Fig.3). The 

increase in winter and summer was 54% and 45% 

respectively.  

 

 

 

 

 

 

 

 

 

 

The GSH concentration in muscles of 

Oreochromis niloticus decreased significantly (P 

≤0.05) at the polluted area during the two seasons 

in comparison with the reference area (Fig.4). The 

decrease in winter and summer was 42.4% and 

34.6% respectively. 

The MDA concentration in white muscles of 

Oreochromis niloticusincreased significantly (P 

≤0.05) at the polluted area during the two seasons 

in comparison with the reference area (Fig.4). The 

increase in winter was 2.3 fold, and 2.0 fold in 

summer. 

  

* 

* 

* 
* 

  

Figure (3): GPx and GST activities (U/gm wet tissue) in white muscles of O. niloticus collected 

from both areas (Mean±S.E).  

*, Significant difference in comparison with the reference area (P < 0.05) 
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Comet assay  

The results obtained in the current study using the 

comet assay(Table 3) revealed that during both 

seasons, the average scores for DNA damage in O. 

niloticus from the polluted area (EL-Mahmoudyia 

canal)  were statistically significant (p<0.05) when 

compared with that of  reference area ( Rosetta 

branch of Nile River ). There was a predominance 

of comets in Classes 2 and 3, with medium and 

high DNA damage in cells from fish collected 

from the polluted area (Fig.5). The results revealed 

that blood cells from fish collected from the 

reference area showed a lower comet score than 

that collected from the polluted area (Fig.6). 

 

Table (3):  Visual score of DNA damage in fish samples.   

 

Values are expressed as mean ± S.E 

*: Significant difference in comparison with the reference area (P < 0.05) 

Season Area 
No. of cells 

 

Class** 

 

DNA 

damaged 

cells% 

(Mean±SEM) 

 
Analyzed* Comets 0 1 2 3 

Summer 
Reference 300 41 259 24 11 6 13.67±1.53  

Polluted 300 68 232 33 24 11 22.72±1.15* 

Winter 
Reference 300 53 247 31 14 7 17.67±1.52 

Polluted 300 70 230 27 29 14 23.33±1.50* 

*  

* * 

*
  

  

Figure(4): GSH content (mmol/gm wet tissue) and MDA concentration (nmol/gm wet tissue) in muscles of 

O. niloticus collected from both areas (Mean±S.E).  

*,: Significant difference in comparison with the reference area (P < 0.05) 
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Figure 5: Visual score of normal DNA (class 0) and comet (class 1, class 2) using comet assay 

in fish cells collected from Rosetta branch on Nile River  

 

  

Figure6: Visual score of comet (class1, class 2, class 3) using comet assay in fish cells 

collected from EL-Mahmoudeyia canal 
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Discussion   

The present results showed that the mean 

concentration of heavy metals in water tended to 

be higher in the polluted area; this may be due to 

the impact of pollution sources in this area, as the 

industrial effluents that discharged directly into the 

sampling area (EL-Mahmoudeyia canal), like 

sewage, domestic wastes. 

The present study revealed that the concentrations 

of the estimated heavy metals in water samples 

were in the following order: Fe ˃ Zn ˃ Pb ˃ Cu 

and Cd. Furthermore, the heavy metal 

concentrations in water samples demonstrated 

seasonal variations as it was higher in winter than 

in summer. This in agreement with the results 

obtained by(Magdy et al.), (El-Bouraie et al., 

2010), and (Islam et al., 2015a) who reported that, 

heavy metals concentration showed seasonal 

variations and increased in winter. The perceived 

decrease in heavy metals concentration in the 

present work during summer may be due to 

phytoplankton growth that absorbs large quantity 

of heavy metals from water and heavy metals are 

more likely to be attached by organic matter and 

clays, which have negatively charged surface 

functional groups that bind heavy metal that is 

positively charged and settled down in sediments. 

(Islam et al., 2015b) 

Preceding studies presented that the 

bioaccumulation of heavy metals does not only 

depend on the structure of the organ, but also on 

the interaction between metals and the target 

organs (Mersch et al., 1993). It was reported  that 

fish could accumulate trace metals and act as 

indicators of pollution (El-Naggar et al., 2009). 

The present results showed that the concentration 

of estimated heavy metals  in muscles tissues was 

always higher than in water, this was confirmed by  

other previous studies (Chale, 2002, Abumourad et 

al., 2014, Riani, 2015) may be due to the variety of 

occurrences on the fish body and other aquatic 

biotas, including the regular diffusion, bio-

magnifications, and bioconcentration (Boisson et 

al., 2003). The present study showed that there 

was a significant increase in the mean 

concentration of the heavy metals (Pb, Zn, Cu, Fe, 

and Cd) in the muscles of fish which collected 

from the polluted area in comparison with that of 

the reference area as shown in Table (2). The order 

of accumulation of such heavy metals was Fe > 

Zn>pb>cu>cd.  

The highest accumulation of (Fe) in fish muscles 

may be due to the increase of total dissolved Fe in 

Nile water and consequently increases the free 

metal Fe concentration and thereby lead to an 

increase in metal uptake by different organs (Tayel 

et al., 2008) 

Cd and Pb are toxic at low concentrations, non-

biodegradable non-essential heavy metals, and 

have no role in biological processes in living 

organisms. Thus, even in low concentrations, they 

could be harmful to fish. The current data showed 

that patterns of Cd and Pb accumulation in 

muscles were in agreement with (Rashed, 

2001)who indicated  the lowest concentration of 

Pb and cd in muscles of O. niloticus from the Nile 

River at Assiut region. 

The present results agreed with previous studies 

that found that Cu showed lower accumulation in 

fish muscles which may be due  to the rapid 

deposition of Cu in muscles at early exposure, but 

the liver represented the  terminal Cu storage area 

at prolonged exposure  (Tsai et al., 2013). 

In the present study, the Zn concentration in 

muscles of O. niloticus collected from the polluted 

area (Tables 2) showed an elevation in winter. 

These results are in agreement with those obtained 

by(Magdy et al.) 

The present study demonstrated that the 

antioxidant enzymatic activities of SOD and CAT 

(Fig.1), GPx and GST (Fig.2), and oxidative stress 

biomarker (MDA)(Fig.3) in muscles of O. 

niloticus collected from EL-Mahmoudyia canal ( 

polluted area), were increased significantly when 

compared with that collected from Rosetta branch 
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of Nile River (Reference area). The high lightened 

increase in the antioxidant enzymatic activities 

demonstrated the adaptive responses of fish to the 

oxidative damage caused by the generated reactive 

oxygen species from exposure to water pollutants 

(dos Santos Carvalho et al., 2012). 

The current study revealed that the antioxidant 

enzymatic activities of (SOD, CAT, GPx, and 

GST) as well as oxidative stress biomarkers 

(MDA), were increased in winter in comparison to 

that in summer, in agreement with (Magdy et al.). 

This explained that, more free radicals is produced 

at a lower temperature, which results in  oxidative 

damage in tissues exposed to pollutants and 

increased antioxidant enzymes expression to 

protect the exposed tissues against the oxidative 

damage of free radicals. 

The variation in the precedent antioxidants 

enzymatic activities and oxidative stress biomarker 

MDA during winter and summer may be due to 

decreased ROS elimination systems at a lower 

temperature (Lushchak, 2011), also fish at lower 

temperatures have higher polyunsaturated fatty 

acids content in their membrane lipids to maintain 

its function which increases the risk for lipid 

peroxidation and oxidative damage affecting its 

membrane integrity(Guderley and St-Pierre, 2002). 

The pronounced elevation of the antioxidants 

enzymatic activity of SOD, CAT, GPx, and GST 

in the current study was in agreement with the 

results presented in goldfish, Carassius 

auratus(Aliko et al., 2018), in O. niloticus (Magdy 

et al 2017). 

The highlighted elevation of the enzymatic 

activities of SOD, CAT, GST, and GPx in the 

muscles of O.niloticus collected from the polluted 

area could be due to the high accumulation level of 

the estimated heavy metals ( Pb, Zn Cu, Fe, and 

Cd) in fish muscles that generate free radicals 

which disturb the pro-oxidants/antioxidants 

balance creating a situation of oxidative stress in 

muscles tissues which in response to that situation 

increase the expression of precedent antioxidants 

enzymes as a type of defense mechanism against 

the free radicals produced by the increased  level 

of heavy metals accumulation in the fish muscles. 

Our results are in agreement with the findings of 

Farombi et al (Farombi et al., 2007b) 

GSH is well known as a metal protective molecule 

that has the ability to change the tendency to metal 

(Killa and Rabenstein, 1989). GSH is taken into 

consideration as the first line of protection against 

metals via chelating and detoxifying them, 

scavenging and detoxification of oxyradicals via 

reactions catalyzed by GPx (Sies, 1999). The 

current results showed a significant decrease in the 

GSH content in fish muscles collected from the 

polluted area in comparison with that of fish 

collected from the reference area, this could be 

linked to the increased GST activity which uses 

GSH for converting xenobiotics into more 

hydrophilic compounds. Other factors such as 

GST may induce the consumption of GSH (Eroglu 

et al., 2015). Some studies reported the GSH 

reduction with    a significant increase in GST 

activity, which is in accordance with the present 

data(Zhang et al., 2004) , others reported that  

GSH levels decrease in response to oxidative 

stress after initial exposure to toxicants and can 

also increase as a compensatory action (Guyonnet 

et al., 1999, Tan et al., 1998) 

Malondialdehyde (MDA) is widely used as an 

indicator of lipid peroxidation and oxidative stress 

in cells and tissues (Esterbauer et al., 1991). The 

herein results revealed that there was a significant 

increase in MDA level in muscles collected from 

the polluted area when compared with that of the 

reference area, the increased level of MDA in the 

polluted area may be result from the high levels of 

ROS produced by the accumulated heavy metals in 

fish (Dautremepuits et al., 2002). The same results 

were recorded in C. gariepinus collected from a 

heavily polluted river nearby major industries in 

Nigeria (Farombi et al., 2007a). 

It has been reported that there is an association 

between DNA damage in aquatic animals and 
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aquatic environment pollution (Klobučar et al., 

2010, Fatima et al., 2014). Fish is the best 

accessible vertebrate model to estimate potential 

risks, due to their capability to metabolize and 

accumulate contaminants in their bodies 

(Diekmann et al., 2004),  furthermore, fish blood 

erythrocytes are the most suitable for 

DNA damage analyses as it displays the complete 

health status of the organism so fish blood cells 

have attained specific attention as their 

erythrocytes are nucleated 

and, therefore, suitable for acquiring nucleoids 

for single cell gel electrophoresis (Costa et al., 

2011). The herein results showed that there is a 

significant increase in the average scores for DNA 

damage in O. niloticus from the polluted area 

when compared with that of from the reference 

area in agreement with (Badr et al., 2014) who had 

found that the DNA strand breaks increased 

statistically in tilapia collected from polluted area 

compared to fish collected from reference area. 

During the present study significantly higher 

percentages of DNA damage in O. niloticus 

indicate its higher susceptibility to metals. In 

addition, metal accumulation causes an elevation 

in the production of  ROS such as hydrogen 

peroxide, superoxide radical, hydroxyl radical 

which results in  oxidative stress in fish 

(Dautremepuits et al., 2002), and hence more 

MDA is produced that capable of attacking 

biomolecules such as protein and DNA producing 

a variety of adducts (Adeyeye et al., 1996) such as 

that with DNA bases which considered as 

mutagenic (Becker et al., 2008) 

Conclusion 

Continuous discharge of industrial effluents 

without treatment into fresh canals can cause 

physiological changes in fish as Nile tilapia and 

hence the human health. Fish biomarkers as 

genotoxic damage in peripheral blood erythrocytes 

and oxidative stress in Nile tilapia are necessary to 

assess the impact of xenobiotic compounds (i.e. 

heavy metals) on fish. Moreover, the treatment of 

all kinds of waste waters, sewage, and agricultural 

wastes is recommended before discharge into the 

aquatic systems.  
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