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Introduction
The aquatic environment with its water quality is considered the main 
factor controlling the state of health and disease in both cultured 
and wild fishes. Pollution of the aquatic environment by inorganic 
and organic chemicals is a major factor posing serious threat to the 
survival of aquatic organisms including fish. 

The northern Delta of Egypt includes Lake Edku, Borollus, Manzala, 
and Mariut. These Lakes are situated on the Mediterranean Coast 
of the Delta and cover about 6% of the non-desert surface area of 
Egypt. The Lakes are important natural resources for fish production 
in Egypt. Until 1991, these Lakes have always contributed more 
than 40% of the country's total fish production, but at present this 
has been decreased to less than 12.22% [1]. 

Lake Burullus represents an economically important lagoon in Egypt, 
due to its rich fishery resources. Unfortunately, the lake is exposed 
to many kinds of chemical and biological pollutants in addition to 
the remains of agricultural and wastes that are disposed into it. Lake 
Burullus is also the central part of five principal coastal lagoons of 
northern Egypt. To the east are Lake Manzala and Bardawil, to the 
west are lake Idku and lake Maryut. It is a part of the governorate 

of Kafr El-Sheikh in the northern part of the delta that lies between 
the two branches of the Nile. Lake Burullus is separated from the 
Mediterranean Sea by a 65 km long sand bar; the middle section 
of the bar is narrow and is cut by an inlet (Boughaz) that connects 
the sea and the lake. The lake comprises a body of water (460 
km2). The area has been decreased during the last 50 years due to 
land reclamation of its southern stretches. Moreover, annual fish 
production of lake Burullus is around 55.000 tons; which is about 
40% from the northern lakes and 13.5% from the national fish 
production [2]. 

Recently, the aquatic organisms are used as indicators of trace 
metals pollution. Heavy metal concentrations are extremely variable 
in various marine and fresh water organisms depending on the 
geochemical background, the level of pollution in a given area 
and fish activity [3]. Bioaccumulation of heavy metals in fish may 
critically influence the growth rate, physiological and biochemical 
status, and consequently the meat quality of fish. Moreover, it has 
been observed that through biological amplification, some aquatic 
organisms may concentrate metals present with low amounts in 
the environment to levels that exceed standards, which are harmful 
to organisms. Fish likewise other aquatic organisms, are greatly 
affected with chemical pollutants present in the ecosystem. It is 
recommended that the developed histopathological changes in fish 
can be used as biondicators for environmental pollution [4].
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Several studies have reported that exposure of fish to pollutants (such 
as agricultural wastes, industrial effluents and sewage discharges) 
affects the antioxidative defense enzymes such as: superoxide 
dismutase (SOD), catalase (CAT), glutathione-s-transferase (GST), 
glutathione peroxidase (GTx) and glutathione reductase (GR) [5]. 
It is suggested that some of these enzymes can constitute good 
molecular bioindicators for oxidative stress and can indicate the 
magnitude of response in vertebrate population chronically exposed 
to contaminants, such as metals and other xenobiotic [6]. Many 
circumstances promote the antioxidant defense response in fish, and 
factors intrinsic to the fish itself such as: age, reproductive, metabolic 
status of fish and environmental conditions include food availability, 
oxygen level, temperature of water, salinity, photoperiod, toxins 
present in the water or pathologies, can either fortify or weaken 
antioxidant defenses [7]. The accumulation of heavy metals can 
produce increasing amount of Reactive oxygen species (ROS) in fish 
by generating free radicals such as the hydroxyl radical (OH), proxy 
radical (RO2•) and superoxide (O2•) and some non-radical species 
such as hydrogen peroxide (H2O2), which lead to the induction 
of enzymatic antioxidants (SOD, CAT, GST, GR and GPx) and 
non-enzymatic antioxidant glutathione (GSH). These antioxidants 
scavenge free radicals and provide protection against this aspect 
of oxygen toxicity (Kadar et al., 2005). Oxidative stress occurs 
when the equilibrium between ROS production and the antioxidant 
defenses is lost. ROS can be important mediators of damage to cell 
structures, including lipids and membranes, proteins and nucleic 
acids, that can seriously alter the cell membranes and other structures 
such as proteins, lipids, lipoproteins, and deoxyribonucleic acid 
(DNA), which lead to different pathologic processes, and fish 
diseases [8]. The first line of defense against oxidative stress is 
SOD, CAT and SOD catalyzes the superoxide anion radical (O2) 
dismutation into hydrogen peroxide (H2O2) by reduction. The oxidant 
formed H2O2, is transformed into water and oxygen (O2) by catalase 
(CAT) or glutathione peroxidase (GPx) [9]. GPx enzyme removes 
H2O2 by using it to oxidize reduced glutathione (GSH) into oxidized 
glutathione (GSSG). Glutathione reductase GR is a flavoprotein 
enzyme, regenerates GSH from GSSG, using NADPH as a source 
of reducing power. Besides hydrogen peroxide, GPx also reduces 
lipid or non-lipid hydroperoxides, while oxidizing glutathione (GSH) 
[10].

Materials and methods
Collection of samples
Three sampling sites were chosen at the eastern, middle and western 
sectors of the lake Burullus: 
Site (1): The eastern sector near the agricultural effluents of a drain 
in a region called El-Belak.
Site (2): The middle sector near the industrial and agricultural 
effluents of a drain in a region called Demro.
Site (3): The western sector near the agricultural effluents and fish 
hatcheries, where a drainage canal called El- Hoxa.

Determination of heavy metals in fish organs
Heavy metals (Cu, Fe, Pb, Mn and Zn) were detected in liver, 
gills and muscle according to Apha then measured using atomic 
absorption spectrophotometry (Perkin Elmer, 2280) [11].

Sample Preparation
Blood samples (approximately 3 mL) were collected immediately 

from alive Oreochromis niloticus; blood was withdrawn from the 
caudal vein using a syringe. Soon after collection, blood was left 
to clot and then centrifuged at 3000 rpm for 10 min. Supernatant 
serum was obtained using micropipette and stored at 4˚C till the 
determination of biochemical parameters.

Biochemical parameters
Serum aspartate amino transferase (AST) and alanine amino 
transferase (ALT) activities were determined colorimetrically, using 
transferases kits according to method described by Reitmans and 
Frankel [12]. Serum glucose was measured by using the GOD-PAP 
method (enzymatic colorimetric method) according to Trinder, using 
Boehringr Mannheim kits [13]. Serum creatinine was measured, 
using colorimetric method described by Henry [14]. Serum uric 
acid was determined, using enzymatic reaction according to Barham 
and Trinder [15].

Oxidative stress parameters
The antioxidant enzymes in blood serum were investigated using 
commercial test Kits (Bio-diagnostic, Egypt). Superoxide dismutase 
(SOD) activity in tissues was measured using the enzyme ability to 
inhibit the phenazine methosulphate-mediated reduction of nitroblue 
tetrazolium dye. Catalase (CAT) activity, defined as U/g was 
determined by Colorimetric method. GST activity was determined 
by the increase in absorbance at 340 nm due to the formation of the 
conjugate 1-chloro-2,4- dinitrobenzene (CDNB) using as substrate 
at the presence of reduced glutathione (GSH).

Statistical analysis
The results were expressed as mean ± SE using a Microsoft Excel 
sheet on Windows 2010. The differences among treatments were 
analyzed using a One-way Analysis of Variance (ANOVA) followed 
by Duncan Multiple Range Test for multiple comparisons of the 
means. The statistical significance was set at P < 0.05, using SPSS for 
Windows version 23.0 (SPSS, Michigan Avenue, Chicago, IL, USA).

Results
Heavy metals concentration levels in fish organs
The heavy metal levels of Cu, Fe, Pb, Mn and Zn in fish organs 
(Liver, gills and muscles) collected from the different locations of 
the lake Burullus during winter and summer 2018 are presented 
in Tables 1, 2 and 3. The order of heavy metals levels in the 
muscles was Zn >Mn>Fe >Cu>Pb, and in the liver and gills were 
Zn>Mn>Fe>Pb>Cu. The highest concentration of Zn in fish liver 
was 29.44 μg/g at western sector during summer. Whereas the lowest 
concentration of Zn in fish gills was 8.72 μg/g at eastern sector 
during winter. The highest value of Mn in fish muscles was found 
to be 18.1μg/g at western sector during summer, whereas the lowest 
concentration of Mn was 1.04 μg/g at eastern sector during winter. 
The highest value of Fe in fish gills was 12.36 μg/g during winter at 
western sector, whereas the lowest value of Fe was 0.5μg/g during 
summer at eastern sector. The highest value of Cu in fish liver was 
2.41μg/g at western sector during summer. The lowest concentration 
of Cu in fish muscles was 0.49 μg/g at eastern sector in summer. 
The highest value of Pb in fish gills was obtained to be 3.54 μg/g 
during winter at western sector, whereas the lowest concentration 
of Pb (0.15 μg/g) was found in fish muscles at eastern sector during 
winter season.
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Table 1: Heavy metal concentrations (ug/g) of the Nile tilapia 
O. niloticus caught from eastern sector of the Lake Burullus 
during winter and summer seasons (2018)
heavy 
metals

winter summer
liver gills muscles liver gills muscles

Cu 1.31 0.88 0.41 1.52 0.85 0.49
Fe 2.61 3.44 1.32 4.55 3.52 0.50
Pb 2.40 3.10 0.15 2.50 2.90 0.20
Mn 9.14 1.04 2.03 13.58 1.49 2.27
Zn 18.22 8.72 10.39 21.26 10.35 15.28

Table 2: Heavy metal concentrations (ug/g) of the Nile tilapia O. 
niloticus caught from middle sector of the Lake Burullus during 
winter and summer seasons (2018)
heavy 
metals

winter summer
liver gills muscles liver gills muscles

Cu 1.14 0.72 0.36 1.32 0.93 0.55
Fe 2.99 3.32 1.038 3.78 3.9 2.2
Pb 2.9 3.3 0.22 2.7 3.1 0.24
Mn 10.04 1.47 2.34 15.06 2.22 2.34
Zn 20.29 11.1 10.24 23.31 12.72 18.26

Table 3: Heavy metal concentrations (ug/g) of the Nile tilapia O. 
niloticus caught from western sector in Lake Burullus during 
winter and summer seasons (2018)
heavy 
metals

winter summer
liver gills muscles liver gills muscles

Cu 1.55 0.93 0.53 2.41 1.41 0.61
Fe 3.6 12.36 1.42 4.1 3.8 3.6
Pb 3.2 3.54 0.29 2.9 3.3 0.32
Mn 11.2 1.71 2.56 18.1 2.57 2.77
Zn 21.41 16.15 11.12 29.44 15.24 22.3

Biochemical parameters
The mean concentration values of aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), urea, glucose and creatinine in 
blood serum of Nile tilapia are shown in Tables (4 and 5). The values 
of AST content in fish samples from both sites are represented the 
highest value of 70.5 g/dl, which was estimated at western sector 
during summer, while the lowest value (28.3 g/dl) was obtained at 
eastern sector during winter. The highest value of ALT was 45.6 g/dl 
during summer at western sector, whereas the lowest concentration 
was 15.3 g/dl during winter at eastern sector. The highest value 
of urea was 35.4 g/dl during summer at western sector, while the 
lowest content was 17.7 g/dl. Also, the highest content of glucose 
was 136.4 g/dl at western sector during summer, whereas the lowest 
concentration was 80 g/dl during winter at eastern sector. The highest 
content of creatinine was 1.7 g/dl at western sector during winter 
and the lowest content was 0.63 g/dl at the same sector.

Table 4: The biochemical parameters of Nile tilapia O. niloticus 
collected from Lake Burullus during winter season (2018) 
(Means ±SD)
Biochemical 
Parameters 

East Middle West f-value Sig.

AST 28.33±2.2b 41.81± 1.9a 53.53±2.4a 18.98 <0.01
ALT 15.30±1.3b 21.02±2.1b 29.61±2.1a 16.51 <0.01
Glucose 80.31±1.3c 101.84±1.2b 123.12±1.3a 200.04 <0.01
Urea 17.71±0.44c 27.91±0.41b 33.70±0.52a 522.54 <0.01
Creatinine 0.63±0.04b 0.83±0.05b 1.74±0.11a 56.58 <0.01

Data were presented as mean ± SE (n=6 fish). Values within a row 
with different superscripts differ significantly (Duncan Multiple 
Range Test, P<0.0)

Table 5: The biochemical parameters of Nile tilapia O. niloticus 
collected from Lake Burullus during summer season (2018) 
(Means ±SD).

Biochemical 
Parameters

East Middle West f-value Sig.

AST 42.34±2.2c 59.81±1.9b 70.51±2.1a 71.48 <0.01

ALT 23.3±2.3b 35.02±2.1a 45.62± 2.1a 28.27 <0.01

Glucose 114.45±2.1c 127.40±1.6b 136.44±1.4a 35.32 <0.01

Urea 21.11±0.49c 30.85±0.35b 35.40±0.44a 222.17 <0.01

Creatinine 0.98±0.25a 1.06±0.10a 1.17±0.13a 0.59 0.556

Data were presented as mean ± SE (n=6 fish). Values within a row 
with different superscripts differ significantly (Duncan Multiple 
Range Test, P<0.05).

Oxidative stress parameters
Tables 6 and 7 shows the values of SOD enzyme in the blood 
collected from Nile tilapia inhabiting Burullus Lake. It is obvious 
that the highest SOD value (118.3 u/ml) was estimated at western 
sector during summer, while the lowest value (58.8u/ml) was 
recorded from eastern sector during winter. The highest CAT value 
(82.3 u/l) was estimated at western sector during summer, while the 
lowest value (29.1 u/l) was recorded at eastern sector during winter 
season. The highest GST value (0.97 u/l) was estimated at western 
sector during summer, while the lowest value U/l was recorded at 
eastern sector during winter.

Table 6: The antioxidant enzymes of Nile tilapia O. niloticus 
collected from Lake Burullus during winter season (2018) 
(Means ±SD)

Antioxidant 
Enzymes 

East Middle West f-value Sig.

SOD 58.8±4.4 b 73.4±5.2 a 90.4±5.6 a 10.31 <0.01

CAT 29.1±4.1 b 40.2±4.2 b 55.6±4.5 a 7.97 <0.01

GST 0.19±0.06 a 0.27±0.04 a 0.43±0.16 a 0.69 0.515

Data were presented as mean ± SE (n=6 fish). Values within a row 
with different superscripts differ significantly (Duncan Multiple 
Range Test, P<0.05).
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Table 7: The antioxidant enzymes of Nile tilapia O. niloticus 
collected from Lake Burullus during summer season (2018) 
(Means ±SD)

Antioxidant 
Enzymes 

East Middle West f-value Sig.

SOD 78.21±4.2c 91.42±4.1b 118.32±3.7a 17.87 <0.01

CAT 38.13±3.1c 54.44±3.4b 82.33±3.3a 70.51 <0.01

GST 0.46±0.07c 0.72±0.04b 0.97±0.16a 20.69 0.515

Data were presented as mean ± SE (n=6 fish). Values within a row 
with different superscripts differ significantly (Duncan Multiple 
Range Test, P<0.05).

Discussion
Heavy metals in organs fish
Heavy metals are taken up through different organs of the fish 
according to the affinity between these organs. So, many of these 
heavy metals are concentrated at different levels in different organs 
of the fish body [16]. Generally, the concentrations of the studied 
heavy metals in some selected vital organs (liver, gills and muscle) 
of the Nile tilapia; Oreochromis niloticus caught from the different 
sites along the El-Burullus lake are higher in the eastern and 
western sectors of the lake. This may be due to the large amount 
of agricultural and industrial effluents discharged directly into the 
lake. On the other side, the obtained results declared that the lowest 
concentrations of the heavy metals were recorded in tissues of 
fish collected from the middle sectors. The present data showed 
the order of heavy metals concentration levels in the muscles was 
Zn>Mn>Fe>Cu>Pb and in liver and gills were Zn>Mn>Fe>Pb>Cu.  
This agree with the findings of Yacoub and Gad [17], which reported 
that the levels of elements (Cu, Mn, Pb, and Zn) were in high degrees 
in the intestine of Oreochromis niloticus caught from river Nile at 
various studied areas at Upper Egypt, and the lowest values were 
reported in the edible parts of fish, which were less than the allowable 
level, so the negative effect of these elements was lowered in the 
muscles compared to the other organs in the investigated fish. The 
gill, liver is the preferred organs for heavy metals accumulation 
as could be deduced from the present study. This research showed 
that the gill and liver have almost higher metal concentration than 
the muscles. Such pattern has been observed in a number of other 
studies, covering a wide spectrum of fish species [18, 19]. 

Generally, the heavy metal concentration levels were higher in the 
gill than the muscle tissue of fish. This may be associated with the 
gill which may be due to mucus which is impossible to completely 
remove from the platelets.The adsorption of metals onto the gill 
surface, as the first target for pollutants in water, could also be an 
important influence in the total metal levels of the gill [20].

Biochemical parameters
Biochemical parameters helped to identify the target organs of 
toxicity and the general health status of animals. It also provided 
an early warning signal in stressed organism [21].

 Transaminases are important enzymes which are playing a key role 
in mobilizing L-amino acids for gluconeogenesis and they function 
as links between carbohydrate and protein metabolism under altered 
physiological and pathological conditions [22]. In the present study, 
serum AST and ALT were significantly (P<0.05) elevated during 
summer season compared with winter.  Elevations in activities of 

serum AST and ALT reflect hepatic impairment, leading to extensive 
liberation of these enzymes into the blood circulation. The elevation 
of the hepatic enzymes may be due to liver dysfunction as a result 
of the hepatocellular damage or cellular degradation [23].

Glucose level was significantly (P<0.05) higher at the different 
sectors during summer season compared to winter season. Elevation 
in glucose level may be resulted from the increase in glucogenesis 
and glycogenolysis as well as inhibition of glucogenolysis and 
glycogenesis to produce the energy used in combating the stress 
induced on the fish by the environmental pollution [24].

Kidneys are playing an essential role in the water and electrolyte 
balance and in the maintenance of a stable internal body environment 
[25]. Serum renal products, including creatinine and urea were 
significantly (P<0.05) higher at the different sectors during summer 
season compared with the winter. The increase in the creatinine and 
urea levels in the blood is an indicative of impaired kidney function, 
which is attributed to the high production of ROS and kidney injury 
[26, 27]. The kidney dysfunction may be as a result of heavy metal 
-induced nephrotoxicity, and glomerular insufficiency [28].

Oxidative stress parameters
Oxidative stress is another mechanism for toxicity, which leading 
to cell death and disturbance of the physiological processes in fish 
[29]. Oxidative stress results from the imbalance between antioxidant 
enzyme activities and ROS production, also when the antioxidant 
system becomes unable to eliminate or neutralize the excess of ROS 
[30]. The SOD and CAT system, the first line of defense system against 
oxidants varied according to the response of fish antioxidant system 
to counteract with the toxicity of metal exposure [31]. The increase in 
SOD and CAT enzymes may be due to the elimination of ROS from 
the cell induced by exposure to pollutants which convert superoxide 
anions (O2-) into H2O2 and then into H2O and O2 [32]. GST plays an 
important role in homeostasis, detoxification and clearance of many 
xenobiotic compounds. Whereas, GST can stimulate pollutants of 
GSH, and facilitate chemical secretion [33-37]. 

Conclusion
The results in this study showed that the eastern and western sectors 
Tilapia samples were collected from them. The samples were more 
polluted from the middle sector. As for the heavy metals, biochemical 
and oxidative stress parameters, they were higher in the western 
sector, followed by the eastern and then the middle, and in the 
summer they were higher than in the winter in the three sectors. 
The liver was the most polluted organs than the gills and muscles 
and Zinc is higher in fish organs than other heavy metals.
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