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ABSTRACT 

The use of biomarkers has become an important tool for modern environmental assessment as they can help to predict 
pollutants involved in the monitoring program. Here I present data on bioaccumulation, biochemical and tissues bio-
markers in Nile tilapia as early warning indicators of river Nile pollution. Nile tilapia sampled from downstream sites 
accumulated higher levels of all the detected heavy metals than those collected from upstream sites. Heavy metal resi-
dues in the tissues of Nile tilapia exhibited different patterns of accumulation and distribution among the selected tis-
sues. Remarkable alterations in the activities of glucose-6-phosphate dehydrogenase (G6PDH) and lactate dehydro-
genase (LDH) in the tissues of Nile tilapia were detected. These alterations were followed, in the present study, by the 
occurrence of histological lesions in liver and gill tissues of fish collected from the same sites. Alterations in bioac-
cumulation patterns, in enzyme activities and in histology go in parallel with the elevation in the levels of water chemi-
cal parameters detected in the downstream sites as a result of pollution stress in these areas. These results provide evi-
dence that bioaccumulation, biochemical and tissues biomarkers can be sensitive indicators of exposure to mixed pol-
lutants in surface waters. 
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1. Introduction 

The river Nile can be considered as a model polluted 
aquatic ecosystem for assessment of biomarker responses 
in fish because it receives untreated wastes from various 
drain outlets [1,2]. The use of biomarkers has become an 
important tool for modern environmental assessment as 
they can help to predict pollutants involved in the moni-
toring program. Currently, the use of biomarkers for 
monitoring environmental quality has gained consider-
able interest in the assessment of river condition in many 
places around the world [3,4]. There are many different 
biomarkers that occur at many different levels of organi-
zation from sub-cellular to whole-organisms. The bio-
marker may be the chemical itself (bioaccumulation). It 
may also be molecular biomarkers, biochemical bio-
markers and tissues biomarkers.  

Metal bioaccumulation is a major route, through which 
increased levels of the pollutants are transferred across 
the food chain and finally assimilated by human con-

sumers resulting in health risks [5]. Therefore, it is im-
portant to always determine the bioaccumulation capac-
ity for heavy metals by fishes in order to assess potential 
risk to human health and take appropriate action to pro-
tect public health and the environment [5,6]. Contami-
nant residues in fish tissues may ultimately reach con-
centrations hundreds or thousands of times above those 
measured in the water [1]. For this reason, monitoring 
fish tissue contamination serves an important function as 
an early warning biomarker of aquatic pollution [7].  

Monitoring changes in biochemical parameters may 
provide early warning indicators of general as well as 
specific toxicological responses. Biochemical biomarkers 
of contamination are important indices used in fish toxic-
ity tests and for field monitoring of aquatic pollution [8]. 
In toxicological studies of acute exposure, changes in 
concentrations and activities of some enzymes may re-
flect cell damage in specific organs [9]. Glucose-6- 
phosphate dehydrogenase (G6PDH) has long been rec-
ognized as an antioxidant enzyme [10] and also as a 
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biomarker of pollution-induced carcinogenesis in fish. 
The cytoplasmic enzyme lactate dehydrogenase (LDH) is 
widely used as marker of organ or tissue lesions in toxi-
cology and in clinical chemistry [11,12]. G6PDH and 
LDH are key factors in the metabolism with high sensi-
tivity to pollutants [13]. 

Tissue biomarkers are closely related to other bio-
markers of stress since many pollutants have to undergo 
metabolic activation in order to be able to provoke tis-
sues change in the exposed organism. The advantage of 
histopathology as an excellent biomarker lies in its in-
termediate location between molecular and individual 
levels [14-16]. Most biomarkers are narrow in their ex-
pression whereas pathology is broad in its evaluation 
[17].  

Fish are widely used to evaluate the health of aquatic 
systems and their biological responses serve as bio-
markers of environmental contaminants. Besides its eco-
logical value, Nile tilapia, Oreochromis niloticus niloti-
cus, also economically important as a food source by low 
income families along the river Nile. Nile tilapia is one 
of the most common freshwater fish used in toxicological 
studies [18-20], because it presents a number of charac-
teristics that may make it an appropriate model that can 
be used as indicator species in biomonitoring programs 
[18,21].  

Although biomarker studies in relation to water bodies 
in many countries have been extensively documented, 
scientific reports of pollutant induced biomarker re-
sponses in the river Nile are meager [1,2,22]. In the river 
Nile, contaminants are present as very complex mixtures 
and there is no single biomarker that can give a complete 
diagnosis of environmental degradation. To overcome 
this difficulty, a battery of biomarkers comprising mo-
lecular, bioaccumulation, biochemical and tissues bio-
markers in Nile tilapia were used to assess stressful en-
vironmental conditions on the river Nile as well as point 
out which biomarkers to use during future monitoring 
programs of this and similar aquatic systems. In earlier 
publication, the author presented the results of molecular 
biomarker measurements in Nile tilapia from the river 
Nile [2,23]. Therefore as a consequence, in this study I 
present an investigation of bioaccumulation, biochemical 
and tissue biomarkers in Nile tilapia collected from the 
whole course of the Egyptian river Nile. 

2. Materials and Methods 

2.1. Sampling Sites 

Six sites were selected along the whole course of the 
Egyptian river Nile from its start at Aswan to its estuaries 
at Rosetta and Damietta (Figure 1). Water and tissues 
samples from the selected sites were sampled bimonthly  

 

Figure 1. Map showing the sampling sites along the whole 
course of the Egyptian river Nile from its start at Aswan to 
its estuaries at Damietta and Rosetta sites. 
 
(every two months) from the main course of the river 
Nile during the period from July 2009 to Jun 2010. Water 
samples (108 samples) were collected by polyvinyl chlo-
ride Van Dorn water sampler (5 L capacity) at two meter 
depths. Sampling and preservation of water samples were 
done according to the traditional manual methods [24]. 
Nile tilapia (Oreochromis niloticus niloticus) was caught 
by gill net from the selected sites (72 specimens; 12 fish 
from each sampling site). The body weight of the col-
lected specimens ranged from 240 - 290 g. The target 
organs (liver, gills, gonads and muscles) were excised for 
subsequent analysis. 

2.2. Water Quality Assessment 

Water quality criteria including the pH, electrical con-
ductivity (mScm-1) and temperature (˚C) were measured 
by using water checker U-10 Horiba Ltd. The other water 
criteria [chemical oxygen demand (COD), total organic 
carbon (TOC), total solids (TS), ammonia (NH3), nitrate 
(NO3), chloride (CL) florid (F), orthophosphate (O-PO4), 
sulphate (SO4) and phenolics (Phenol)] were measured 
according to the traditional manual methods [24]. Total 
copper (Cu), chromium (Cr), cadmium (Cd), zinc (Zn), 
iron (Fe), lead (Pb), manganese (Mn) and mercury (Hg) 
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were measured after digestion using Graphite Furnace 
AA (GFAA) spectroscopy. Data on the selected sites are 
shown in Table 1. 

2.3. Bioaccumulation Biomarker 

Liver, gills, gonads and muscles were transported in liq-
uid nitrogen container to the laboratory for chemical 
analysis. They were washed with tap water (previously 
analyzed for Pb and Cd) followed by bi-distilled water, 
then oven-dried to constant weight at 105˚C. The dried 
fish was crushed and powdered in an agate mortar, then, 
they were kept in polyethylene bottles for analysis. One 
gram portions of fish tissues were digested by means of a 
microwave after addition of nitric acid and hydrogen 
peroxide. The results were calculated in milligram per 
kilogram wet weight (mg/kg wet wt). Chemicals concen-

tration were analyzed according to German industrial 
standard, DIN 38406-6, (DEV, E6) with an Atomic Ab-
sorption Spectrometer using flame and graphite furnace 
technique. 

2.4. Biochemical Biomarker 

The activities of Glucose-6-phosphate dehydrogenase 
(G6PDH) and lactate dehydrogenase (LDH) were meas-
ured according to a modified protocol based on [25,26]. 
Liver and muscles samples were pulverized under liquid 
nitrogen and about 100 mg of ground tissue powder was 
added to 5 vol. of buffer (50 mM Tris, pH 7.4, 1 mM 
EDTA and 2 mM MgCl2). Tissue was homogenized 
briefly with an Ultra-Turrax (temperature was main-
tained at 4˚C during homogenization). The homogenate 
was centrifuged for 15 min at 10,000 × g and 4˚C and  

 
Table 1. Physical and chemical parameters of water samples collected from different sites along the whole course of the river 
Nile, Egypt. 

Aswan Kena Assiut Beny-Suef Damietta Rosetta                 Sites 
 
Parameter (unit) Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Permissible 
limit* 

PH (Unit) 7.86 ± 0.25 8.01 ± 0.41 8.15 ± 0.18 8.27 ± 0.27 8.40 ± 0.44 8.23 ± 0.45 7 - 8.5 

Conductivity ( Ms/cm) 0.26 ± 0.03 0.27 ± 0.07 0.29 ± 0.09 0.34 ± 0.07 0.38 ± 0.01 0.58 ± 0.12 - 

Temperature (˚C) 22.68 ± 2.22 23.72 ± 3.15 23.33 ± 4.67 23.64 ± 4.24 25.29 ± 5.66 24.53 ± 4.44 Over 5˚C

Chemical oxygen demand (ppm) 10.58 ± 3.62 9.17 ± 3.04 10.63 ± 2.18 7.87 ± 2.15 8.59 ± 2.51 18.00 ± 10.38 10 

Total organic carbon (ppm) 5.65 ± 2.88 5.89 ± 1.93 5.74 ± 0.92 4.93 ± 2.58 5.21 ± 2.63 8.61 ± 6.06 - 

Total solid (ppm) 198.88 ± 14.01 212.67 ± 23.7 227.75 ± 16.3 259.5 ± 44.33 305.25 ± 55.95 411.25 ± 85.66 500 

Ammonia (ppm) 0.11 ± 0.16 0.009 ± 0.001 0.019 ± 0.01 0.01 ± 0.009 0.04 ± 0.05 0.15 ± 0.09 0.5 

Nitrate (ppm) 0.81 ± 0.40 0.76 ± 0.39 0.51 ± 0.20 0.72 ± 0.63 1.13 ± 1.13 2.05 ± 2.27 45 

Chlorides (ppm) 7.05 ± 1.4 8.56 ± 1.89 10.03 ± 2.58 15.28 ± 5.10 22.42 ± 4.93 40.55 ± 6.72 - 

Florid (ppm) 0.28 ± 0.15 0.32 ± 0.13 0.39 ± 0.16 0.31 ± 0.13 0.30 ± 0.09 0.37 ± 0.07 0.5 

Ortho phosphate (ppm) 0.01 ± 0.02 0.04 ± 0.04 0.09 ± 0.09 0.03 ± 0.03 0.13 ± 0.07 0.21 ± 0.18 - 

Sulphate (ppm) 34.17 ± 13.30 45.33 ± 15.37 47.96 ± 14.11 45.25 ± 15.81 51.00 ± 12.76 68.13 ± 11.42 200 

Phenol (ppm) 0.02 ± 0.02 0.02 ± 0.02 0.02 ± 0.016 0.02 ± 0.009 0.03 ± 0.02 0.04 ± 0.02 0.02 

Cu (ppm) 0.03 ± 0.03 0.03 ± 0.024 0.03 ± 0.03 0.03 ± 0.03 0.03 ± 0.03 0.05 ± 0.03 1 

Cr (ppm) 0.003 ± 0.002 0.007 ± 0.01 0.006 ± 0.01 0.006 ± 0.01 0.05 ± 0.06 0.09 ± 0.15 0.05 

Cd (ppm) 0.004 ± 0.004 0.002 ± 0.002 0.006 ± 0.01 0.002 ± 0.002 0.016 ± 0.02 0.01 ± 0.02 0.1 

Zn (ppm) 0.21 ± 0.17 0.12 ± 0.10 0.31 ± 0.46 0.34 ± 0.45 0.46 ± 0.68 0.7 ± 0.96 1 

Fe (ppm) 0.19 ± 0.17 0.22 ± 0.19 0.34 ± 0.32 0.46 ± 0.39 0.412 ± 0.27 0.5 ± 0.44 1 

Pb (ppm) 0.01 ± 0.02 0.02 ± 0.01 0.02 ± 0.01 0.02 ± 0.01 0.03 ± 0.04 0.06 ± 0.078 0.05 

Mn (ppm) 0.03 ± 0.03 0.06 ± 0.06 0.05 ± 0.02 0.06 ± 0.06 0.07 ± 0.08 0.1 ± 0.15 0.5 

Hg (ppm) 0.0009 ± 0.001 0.0004 ± 0.001 0.0005 ± 0.001 0.0009 ± 0.001 0.002 ± 0.001 0.003 ± 0.001 0.001 

*Canadian environmental quality guidelines. 
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supernatants were used for the enzyme activity assays 
using spectrophotometer (Micro Lab 200 Vital Scientific, 
Dieren, The Netherlands) at a wavelength of 340 nm and 
at 37˚C using kits, Stanbio LDH (UV-Rate) procedure no. 
0940 USA for the quantitative determination of LDH and 
RANDOX Laboratories Ltd., PD410, UK BT294QY, for 
the quantitative determination of G6PDH. The catalytic 
activities of the selected enzymes were calculated in ac-
cordance with the recommendations of the French Soci-
ety of Clinical Biology and were expressed as U/g tissues 
[22]. 

2.5. Tissue Biomarker 

Nile tilapias sampled from the selected sites were sacri-
ficed by decapitation. Liver and gill were dissected out, 
fixed in Bouin’s solution and then processed by conven-
tional method [27], sectioned at 4 - 7 µm and stained 
with Haematoxylin-eosine. The sections were observed 
under light microscopy. The histological changes in the 
liver and gill were examined [14] in the randomly se-
lected sections from each fish and photographed using 
Leica Wild MPS48 microscope and CCD video camera 
(Sony, AVT-Horn). 

2.6. Statistical Analysis 

All values from chemical analyses and enzyme activities 
are presented as mean ± SD. Data obtained from the ex-
periment were subjected to one way analysis of variance 
(ANOVA) test using the Statistical Package for the So-
cial Sciences [28]. The correlation coefficients between 
heavy metals of water and tissues samples were calcu-
lated by the application of Pearson correlation analysis 
[29] in order to indicate the nature and the sources of the 
polluting substances. In all cases, p < 0.05 was the ac-
cepted significance level [28]. 

3. Results  

3.1. Water Analysis 

The results of means and SD of the detected physical and 
chemical parameters for water samples are given in Ta-
ble 1. Most of the detected physicochemical parameters 
exhibited their highest values in the water of river Nile 
downstream. For nearly all the detected parameters sig-
nificant differences (p < 0.05) were observed between the 
selected sites. According to the present results the pH 
seems to be constant all over the river Nile. All the pH 
values were in the alkaline side (7.8 to 8.4). Mean values 
of conductivity, COD, TOC, NH3, NO3, TS, SO4, Cl, 
orthophosphate and phenolics were higher in the water of 
Damietta and Rosetta sites compared to other sites. The 
value of COD and the concentrations of phenolics, lead, 

chromium, cadmium and mercury were higher than the 
permissible limits in Rosetta and/or Damietta sites (Ta-
ble 1).  

3.2. Bioaccumulation Biomarker 

The mean concentrations of the selected heavy metals in 
liver, gill, gonad and muscle samples of Nile tilapia are 
presented in Table 2. Detected heavy metals concentra-
tions varied widely between different sites and tissues. 
The highest concentrations of all the heavy metals were 
recorded in tissues samples collected from downstream 
river Nile (Damietta and/or Rosetta) and the lowest ones 
were detected in the samples collected from upstream 
areas (Aswan and/or Kena; Table 2). For nearly all the 
detected heavy metals significant differences (p < 0.05) 
were recorded between the selected sites. Liver concen-
trated higher levels of Cu, Cr, Cd, Zn, Fe and Pb than the 
other organs for all the six sites (Table 2). 

The distributions of all these heavy metals were in the 
order of liver > gill > gonad > muscle. The highest con-
centration of Mn was recorded in the gills of fishes col-
lected from nearly all the sites (Table 2). The distribu-
tion of Mn was in the order of gill > liver > gonad > 
muscle nearly in all the sites (excluded Aswan and Da-
mietta). The mean concentration of Hg was very low in 
all the tissues. According to the present result the Hg 
accumulated mainly in the liver followed by gills of 
fishes collected from all the sites except Kena and Assiut. 
In the latter two sites, the highest Hg concentrations were 
recorded in the gill tissues. Gonad and muscle were 
found to accumulate small amounts of all the detected 
heavy metals. Significant (p < 0.05) high correlations 
(from 0.951 to 0.988) were observed between the con-
centrations of the selected heavy metals in the water and 
tissues of Nile tilapia. 

3.3. Biochemical Biomarkers 

The activities of the selected two metabolic enzymes 
(G6PDH and LDH) in the liver and muscles of Nile tila-
pia collected from the whole course of the Egyptian river 
Nile are presented in Table 3. 

For both enzymes significant differences (p < 0.05) 
were detected between the selected sites. The activity of 
G6PDH in the liver and muscles of Nile tilapia decreased 
significantly (p < 0.05) from Aswan toward Damietta and 
Rosetta sites (Table 3). The highest G6PDH activity was 
recorded in the liver (57.7 U/g) and muscles (61.8 U/g) 
of fish collected from Aswan (Table 3). On the other 
hand the lowest G6PDH activity was recorded in the 
liver and muscle tissues collected from Rosetta (Table 3). 
The activity of LDH in the muscles and liver of Nile tila-
pia increased significantly (p < 0.05) from upstream      
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Table 2. Heavy metals concentrations in different tissues of Nile tilapia Oreochromis niloticus niloticus collected from differ-
ent sites along the whole course of the river Nile, Egypt. 

Aswan Kena Assiut Beny-Suef Damietta Rosetta 
Parameters 

       Localities 
Organs Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Liver (L) 16.39 ± 3.66 35.83 ± 7.06 25.75 ± 17.44 20.04 ± 9.07 34.30 ± 26.59 23.53 ± 4.56 

Gills (GL) 3.13 ± 0.91 4.38 ± 4.01 17.51 ± 2.94 8.59 ± 7.88 23.96 ± 10.28 12.54 ± 1.01 

Gonads (G) 2.45 ± 3.06 3.29 ± 1.84 12.2 ± 6.59 5.08 ± 6.39 5.58 ± 2.21 27.27 ± 22.44 
Cu 

Muscles (M) 0.796 ± 0.67 0.47 ± 0.32 4.53 ± 2.71 2.43 ± 1.86 5.75 ± 4.43 10.69 ± 4.59 

Pattern  L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M L > G > GL > M

Liver (L) 6.26 ± 1.98 6.63 ± 2.42 6.39 ± 1.63 6.27 ± 3.14 10.56 ± 2.83 13.74 ± 3.82 

Gills (GL) 5.74 ± 3.29 6.59 ± 1.28 5.13 ± 1.96 5.69 ± 3.34 6.05 ± 4.63 13.11 ± 2.02 

Gonads (G) 5.19 ± 1.35 5.52 ± 2.03 4.78 ± 1.07 4.53 ± 2.14 4.01 ± 3.67 11.65 ± 1.16 
Cr 

Muscles (M) 3.93 ± 2.43 4.78 ± 1.79 3.71 ± 1.23 4.45 ± 2.1 2.64 ± 1.76 7.87 ± 7.67 

Pattern  L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M

Liver (L) 0.94 ± 0.25 1.19 ± 0.63 1.03 ± 0.21 1.11 ± 0.57 3.32 ± 1.32 1.7 ± 1.17 

Gills (GL) 0.80 ± 0.39 0.75 ± 0.48 0.94 ± 0.13 1.05 ± 0.41 1.68 ± 0.67 1.18 ± 0.59 

Gonads (G) 0.79 ± 0.47 0.62 ± 0.17 0.92 ± 0.37 0.98 ± 0.45 1.52 ± 0.47 1.07 ± 0.62 
Cd 

Muscles (M) 0.67 ± 0.64 0.58 ± 0.29 0.89 ± 0.34 0.71 ± 0.25 0.89 ± 0.43 1.02 ± 0.42 

Pattern  L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M

Liver (L) 78.77 ± 7.29 67.67 ± 14.17 67.30 ± 7.84 53.65 ± 9.63 121.82 ± 5.8 78.66 ± 10.18 

Gills (GL) 49.37 ± 6.84 53.98 ± 7..5 62.71 ± 5.02 52.57 ± 7.82 107.28 ± 5.15 59.08 ± 10.50 

Gonads (G) 48.63 ± 8.46 43.93 ± 8.24 48.61 ± 5.41 50.15 ± 8.04 75.86 ± 6.39 49.66 ± 2.89 
Zn 

Muscles (M) 41.84 ± 7.62 42.87 ± 10.49 43.37 ± 6.89 46.85 ± 7.13 58.43 ± 5.43 54.69 ± 5.76 

Pattern  L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M

Liver (L) 64.71 ± 7.67 68.78 ± 12.29 74.87 ± 11.61 52.86 ± 110.79 93.58 ± 8.52 87.88 ± 6.57 

Gills (GL) 59.13 ± 6.13 57.48 ± 11.68 47.76 ± 7.26 49.66 ± 9.82 82.8 ± 11.94 63.61 ± 16.97 

Gonads (G) 42.49 ± 5.47 43.78 ± 13.82 46.76 ± 12.54 32.38 ± 7.01 34.36 ± 10.42 57.49 ± 8.45 
Fe 

Muscles (M) 26.08 ± 6.44 34.94 ± 7.37 30.39 ± 8.34 28.56 ± 7.63 30.23 ± 12.79 29.09 ± 8.59 

Pattern  L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M

Liver (L) 7.54 ± 0.75 4.05 ± 2.53 7.21 ± 6.29 7.18 ± 5.39 11.31 ± 6.87 29.77 ± 6.26 

Gills (GL) 5.42 ± 2.80 3.66 ± 1.75 6.04 ± 2.17 6.54 ± 3.89 8.01 ± 4.05 24.29 ± 3.36 

Gonads (G) 4.21 ± 2.29 2.94 ± 0.47 5.67 ± 1.49 5.76 ± 4.70 6.9 ± 2.45 18.9 ± 3.61 
pb 

Muscles (M) 3.99 ± 2.64 2.01 ± 0.86 4.32 ± 1.38 4.79 ± 3.68 5.36 ± 2.66 14.44 ± 2.43 

Pattern  L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M L > GL > G > M

Liver (L) 6.34 ± 1.79 7.72 ± 1.97 8.89 ± 1.7 8.92 ± 5.09 13.97 ± 2.1 15.77 ± 2.23 

Gills (GL) 4.89 ± 2.55 9.32 ± 1.54 11.27 ± 5.54 9.79 ± 3.54 17.06 ± 3.03 10.39 ± 1.66 

Gonads (G) 4.73 ± 1.79 5.54 ± 1.50 8.46 ± 6.29 6.53 ± 2.54 16.77 ± 4.12 11.54 ± 3.99 
Mn 

Muscles (M) 3.42 ± 1.66 2.62 ± 2.73 2.72 ± 1.67 3.15 ± 1.9 3.52 ± 0.71 7.02 ± 1.48 

Pattern  L > GL > G > M GL > L > G > M GL > L > G > M GL > L > G > M GL > L > G > M L > GL > G > M

Liver (L) 0.005 ± 0.01 0.0009 ± 0.001 0.002 ± 0.003 0.06 ± 0.02 0.05 ± 0.04 0.04 ± 0.02 

Gills (GL) 0.001 ± 0.002 0.004 ± 0.01 0.003 ± 0.01 0.05 ± 0.02 0.04 ± 0.03 0.03 ± 0.02 

Gonads (G) 0.001 ± 0.001 0.0005 ± 0.001 0.002 ± 0.004 0.04 ± 0.03 0.01 ± 0.02 0.012 ± 0.01 
Hg 

Muscles (M) 0.0005 ± 0.001 0.0009 ± 0.002 0.0006 ± 0.001 0.05 ± 0.04 0.02 ± 0.02 0.013 ± 0.01 

Pattern  L > GL > G > M GL > M > L > G GL > G > L > M L > GL > M > G L > GL > M > G L > GL > M > G
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Table 3. Activities of Glucose-6-Phosphate Dehydrogenase (G6PDH) and Lactate Dehydrogenase (LDH) in liver and muscle 
tissues of Nile tilapia Oreochromis niloticus niloticus collected from different sites along the whole course of the river Nile, 
Egypt. 

LDH (U/g) Mean ± SD G6PDH (U/g) Mean ± SD 

Muscles Liver Muscles Liver 
Sites 

1190.9 ± 85.4 1177.3 ± 42.9 61.8 ± 4.8 57.7 ± 5.9 Aswan 

1210.8 ± 44.3 1136.4 ± 40.3 59.8 ± 3.5 42.1 ± 3.6 Kena 

1232.0 ± 40.3* 1191.7 ± 34.4 50.0 ± 5.4* 39.2 ± 11.1* Assiut 

1227.7 ± 17.7 1172.9 ± 40.6 42.4 ± 2.2* 40.3 ± 1.5* Beny-Suef 

1587.2 ± 37.1* 1558.1 ± 57.8* 37.5 ± 3.2* 38.2 ± 1.6* Damietta 

1550.05 ± 37.7* 1491.8 ± 58.6* 37.2 ± 1.4* 28.2 ± 5.1* Rosetta 

*Significant comparing to Aswan site at 0.05 levels.  

 
toward downstream river Nile (Table 3). The lowest 
LDH activity was recorded in the liver of fish sampled 
from Kena and in the muscles of fish collected from As-
wan (Table 3). The highest values of LDH activity was 
detected in the liver and muscles of Nile tilapia sampled 
from Damietta. The activities of G6PDH and LDH in the 
muscles were always higher than that in the liver of fish 
collected from the same site (Table 3). 

3.4. Tissues Biomarkers 

Livers of the healthy Nile tilapia displayed a normal ap-
pearance macroscopically and had a normal histological 
appearance as well. Hepatocytes are polygonal in shape, 
arranged in several cellular layers and surrounded by 
sinusoids (S), which could be seen to converge into the 
central vein (V). Pancreatic (P) tissue was present in as-
sociation with venous vessels (Figures 2(a), (b)). Re-
markable structural changes were detected in the liver of 
Nile tilapia collected nearly from the whole course of the 
Egyptian river Nile with moderate to totally damaged 
liver in the heavily polluted sites. The histopathological 
changes found in the liver of the examined fish included 
irregular arrangements of hepatocytes, blood congestion 
(bc) in blood vessel, vacuolation (vac) and necrosis (nec) 
(Figures 2(c), (d)). Leukocyte infiltration (inf) and hem-
orrhage (hem) were also detected in the hepatic tissues of 
some fish (Figure 3(a)). In the fishes collected from 
Damietta and Rosetta, patchy degeneration (pd) elements 
around the pancreatic cells (Figure 2(c)) and paren-
chyma cells (Figures 3(b), (c)) were observed with pro-
gressive increase of fibro-connective tissue (fct; Figure 
3(b)). Also, dilatation of sinusoids (ds), dilatation of 
blood vessels (db) (Figure 3(b)) and extensive vascular 
congestion (Figure 3(c)) were observed. Acute and ex-
tensive vacuolation (vac) and focal areas of necrosis (nec) 
were observed (Figures 3(c), (d)) in the liver of fish col-

lected from downstream areas. 
Gill of healthy Nile tilapia displayed normal appear-

ance (Figure 4(a)). In the core was a cartilaginous sup-
porting rod (car) and blood vessels (bv) with traces of 
sinusoidal blood spaces. The primary lamella (P) was 
rounded at the apices while the projecting secondary la-
mellae (S) were clearly interspaced (Figure 4(a)). 

Histological alterations in the gill of fish collected 
from the river Nile included fusion of adjacent secondary 
gill lamellae (fl) and epithelial lifting (el) (Figure 4(b)). 
There was also shrinkage of cartilaginous supporting 
mass resulting in a decrease in the size of the gills (Fig-
ures 4(b)-(d)) and curling of primary lamellae (cu) was 
also evident (Figure 4(c)). At Rosetta and Damietta, the 

 
 (a) (b) 

(c) (d) 

 

Figure 2. Photomicrograph of liver tissue showing (a), (b) 
Normal liver of Nile tilapia collected from Kena; (c), (d) 
Histopathological changes in the liver of Nile tilapia col-
lected from Damietta and Rosetta sites. (S) sinusoid, (V) 
central vein, (P) pancreas, (nec) necrosis, (vac) vacuolation, 
(pd) patchy degeneration, (bc) blood congestion. Stained 
with H & E. 
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 (a) (b)

(c) (d)

 

Figure 3. Photomicrograph of liver tissue showing histopa-
thology in tissue of Nile tilapia collected from Damietta and 
Rosetta sites. (a) Liver tissues with leucocytes infiltration 
(inf) and haemorrhage (hem); (b) Showing progressive in-
crease of fibro-connective tissue (fct), dilation of sinusoids 
(ds) and blood vessels (db); (c) Showing extensive haemor-
rhage (hem), blood congestion (bc), patchy degeneration (pd) 
and necrosis (nec); (d) Showing extensive vacuolation (vac) 
and necrosis (nec). Stained with H & E. 
 

 (a) (b)

(c) (d)

 

Figure 4. Photomicrograph of gills of Nile tilapia showing (a) 
Gill of healthy fish, collected from Aswan site, containing 
normal structures; (b) Histopathological changes in the gill 
of Nile tilapia collected from Damietta and Rosetta sites 
showing fusion of adjacent secondary lamellae (fl), epithe-
lial lifting (el) and necrosis (nec); (c) Gill tissues with curl-
ing of primary lamellae (cu); (d) Gill epithelium was dis-
rupted owing to sever degeneration (deg) and necrosis (nec) 
with signals onset of oedematous changes (oed). (P) Primary 
lamella, (S) secondary lamella, (ca) cartilage (bv) blood 
vessel. Stained with H & E. 
 
epithelium was disrupted owing to sever degeneration 
(deg) and necrotic (nec) changes in gill filaments (Figure 
4(d)). The increase in intracellular vacuolation (Figure 
4(d)) signals onset of oedematous changes (oed). Fre-

quently, alterations such as dilation and congestion in 
blood vessel (bc) were detected (Figure 4(d)). The gills 
show further shrinkage making the cartilaginous core 
absolutely obscured.   

4. Discussion 

While most of the Nile’s water quality is within accept-
able levels, there are several hot spots mostly found in 
downstream areas of the river Nile. Most of the detected 
physical and chemical parameters were significantly 
higher in the water samples collected from downstream 
areas (Rosetta and Damietta sites) compared to sites lo-
cated upstream. Detailed investigation about the level of 
physical and chemical parameters in water and sediment 
of the selected sites have been presented previously [1]. 
From that study we concluded that mean values of con-
ductivity, chemical oxygen demand (COD), total organic 
carbon (TOC), ammonia (NH3), nitrate (NO3), total solid 
(TS), sulphate (SO4), chloride (Cl), orthophosphate and 
phenolics were recorded to be higher in the water of Da-
mietta and Rosetta sites compared to the other sites. Also 
heavy metals levels increased in the water and sediment 
significantly from upstream to downstream areas. Such 
increase proves the presence of large quantities of or-
ganic and inorganic pollutants in the sites located down-
stream river Nile [1]. Physicochemical analysis gave 
useful information on the levels of contamination along 
the whole course of the Egyptian river Nile but, generally, 
did not give information on the effects of the contami-
nants on biological systems. So, it was essential to use 
biomarker responses in fishes. Here I present data on 
bioaccumulation, biochemical and tissues biomarkers in 
Nile tilapia (Oreochromis niloticus niloticus) as early 
warning indicators of river Nile pollution.  

Bioaccumulation is the ability of fish to concentrate an 
element from water to a level higher than that of its en-
vironment. Therefore, bioaccumulation of metals in fish 
can be considered as an index of metal pollution in the 
aquatic bodies [30,31]. Fish surviving at highly polluted 
areas accumulate higher levels of heavy metals than 
those surviving at less polluted areas [32]. In the present 
work, Nile tilapia sampled from downstream river Nile 
accumulated higher levels of all the detected heavy met-
als than those collected from upstream sites. Mean levels 
of the selected heavy metals in the tissues of Nile tilapia 
followed the same pattern as in water, in being higher at 
Damietta and Rosetta. This indicated a close correlation 
between the concentrations of metals in water and in fish 
tissues. Heavy metal residues in the tissues of Nile tilapia 
exhibited different patterns of accumulation and distribu-
tion among the selected tissues and localities. Effects of 
high concentrations of heavy metals on fish are not well 
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established; however, there is evidence that high concen-
trations in fish can experience toxicity [33]. Some heavy 
metals as copper can combine with other contaminants to 
produce an additive toxic effect on fish [34]. Chromium 
bioaccumulation in fish has been reported to cause im-
paired respiratory and osmoregulatory functions through 
structural damage to gill epithelium [9]. Cadmium and 
lead are highly toxic non-essential heavy metals and they 
do not have a role in biological processes in living or-
ganisms [35]. Thus even in low concentration, Cd and Pb 
could be harmful to fishes. Lead was found to cause 
pathological changes in tissue and organs. Manganese 
functions as an essential constituent for bone structure, 
reproduction and normal functioning of the enzymes 
system [35]. It is toxic only when present in higher 
amount, but at low level is considered as micronutrient 
[35].  

According to the current results, the highest concentra-
tions of all the detected heavy metals (excluded Mn) 
were recorded in the liver tissues followed by gills. The 
distributions of all these heavy metals were in the order 
of liver > gill > gonad > muscle. The high concentration 
of these metals in the liver is related to the fact that the 
liver plays an important role in accumulation. High ac-
cumulation of metals in liver may be due to their strong 
binding with cystine residues of metallothionein (MT), 
which serves as a detoxification mechanism [34]. MT has 
high affinities for heavy metals and in doing so, concen-
trate and regulate these metals in the liver [36]. The 
lower concentration of nearly all the detected metals in 
gills (compared to liver) was possibly due to lower bind-
ing affinity of metals on the gill surface. Such low accu-
mulation may also be due to development of some de-
fensive mechanism such as excessive mucous secretion 
and clogging of gills. Gonad and muscle were found to 
accumulate small amounts of all the heavy metals and 
might have received them through circulation. It is sug-
gested that the low accumulation of metals in gonad and 
muscle may be due to lack of binding affinity of these 
metals with the proteins of gonad and muscle. This is 
particularly important because muscles contribute the 
greatest mass of the flesh that is consumed as food. 
Heavy metal concentrations reported in the present study 
is consistent and within the range reported in a previous 
study that evaluated metal contamination of African cat-
fish sampled from the rive Nile [1]. 

Biochemical biomarkers are among the first measur-
able responses to the presence of chemical pollutants and 
thus are early, sensitive indicators of possible damage at 
higher levels of organization [37]. The alteration in en-
zyme activity has been advocated to provide an early 
warning of potentially damaging changes in stressed fish. 
Especially LDH and G6PDH have been employed for 

diagnosing liver and muscle damages caused by pollut-
ants in fish [38] and could be useful biomarkers of water 
pollution. Remarkable alterations in the activity of both 
enzymes were detected in the present study. These al-
terations go in parallel with the elevation in the levels of 
water chemical parameters detected in the downstream 
river Nile as a result of pollution stress in these areas. 
The activity of G6PDH was significantly decreased from 
upstream to downstream river Nile recording the lowest 
values at Rosetta and/or Damietta water. Such reduction 
in G6PDH activity in the liver and muscles of Nile tilapia 
was previously recorded in some fishes exposed to toxi-
cants [22,39]. A reduction in G6PDH activity in the liver 
was also observed in bullhead (Cottus gobio) exposed to 
paper mill effluents [40]. Thus the observed decrease in 
activity of G6PDH in the present work may reflect 
metabolic imbalance after pollution stress in direct rela-
tion to the limited availability of NADPH [22]. This 
probably reflects an adaptation to oxidative conditions to 
which fish have been exposed. GSH is used by antioxi-
dant defense mechanisms and its production requires 
NADPH to be synthesized in the pentose phosphate 
metabolic pathway in which G6PDH participate. For this 
reason, G6PDH is considered as antioxidant enzyme [41]. 
The decreased activities of G6PDH with higher concen-
trations of metals in downstream river Nile are most 
likely related to the displacement of magnesium cofactor 
by cadmium, copper or other metals such that the en-
zyme lost sensitivity to magnesium activation [16].  

LDH commonly reflects the metabolic capacity of tis-
sues after long-term exposure to contaminated water 
bodies [22,42]. The activity of LDH, which is a cyto-
plasmic enzyme, showed a marked elevation in the tis-
sues of Nile tilapia collected from downstream river Nile 
compared to other sites. LDH activity is generally asso-
ciated with cellular metabolic activity and is a pivotal 
enzyme between the glycolytic pathway and the tricar-
boxylic acid cycle [43]. Thus, elevation of LDH may 
suggest a bias towards the anaerobic glycolytic pathway. 
By other meaning, changes in the lactate dehydrogenase 
activity may indicate the facility with which the Nile 
tilapia can shift to anaerobic metabolism under stressed 
conditions. Anaerobic capacity was most impacted in the 
tissues of fish collected from heavily polluted sites with 
the LDH activity in the tissues of fish from downstream 
river Nile higher than that of fish sampled from upstream 
river Nile. Liver and muscles of Nile tilapia seem to be 
able to react strongly to the presence of higher chemical 
pollution by increasing anaerobic capacity, possibly fa-
cilitating elimination of offending chemicals [44]. LDH 
activity in muscle was always higher than that in liver. 
This biochemical response also complies with low partial 
pressure and oxygen concentrations in the muscle, 
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prompting increased anaerobic capacity.  
Histopathological biomarkers can be used as indicators 

for the effects of various anthropogenic pollutants on 
organisms and are a reflection of the overall health of the 
entire population in the ecosystem [45]. The severity of 
damage depends on the toxic potentiality of a particular 
toxicant accumulated in the tissue. Therefore, exposure 
to polluted water may adversely affect various organs in 
fish which ultimately could lead to overall toxic impact 
on organs like gill and liver [46]. Different kind of toxic-
ity effects were noticed in various fish exposed to differ-
ent pollutants [18,22,47]. Liver as the main organ of me-
tabolism comes into contact with xenobiotics absorbed 
from the aquatic environment and liver lesions are often 
associated with exposure to aquatic pollutants [48]. One 
of the most important functions of liver is to clean pol-
lutants from the blood coming from the intestine, so it is 
considered as indicator of aquatic environmental pollu-
tion. The monitoring of histological changes in fish liver 
is a highly sensitive and accurate way to assess the ef-
fects of xenobiotic compounds in field [18]. The fish that 
was sampled from upstream river Nile showed healthy 
liver structure. In the present study irregular arrange-
ments of hepatocytes, leukocyte infiltration, necrosis and 
vacuolation of hepatocytes was observed in the livers of 
Nile tilapia collected from the whole course of the river 
Nile even though their livers were normal in appearance 
macroscopically. The most prominent histological altera-
tions observed in the fish that showed abnormal livers 
macroscopically were dilation of blood vessels and sinu-
soids, severe congestion in sinusoids and blood vessels, 
increased vacuolation of hepatocytes and focal areas of 
necrosis. Vacuolation of hepatocyte is a nonspecific re-
sponse of fish due to toxic conditions (Roberts 1978). 
The vacuolization of hepatocytes might indicate an im-
balance between the rate of synthesis of substances in the 
parenchyma cells and the rate of their release into the 
circulation [49]. Severe congestion in sinusoids and 
small blood vessels makes the blood flow from the he-
patic portal vein and hepatic artery into the central vein 
rather difficult. This may be responsible for the cellular 
degeneration and necrosis in the livers of some Nile tila-
pia collected from downstream river Nile. Observed liver 
abnormalities reflect the biological impacts of complex 
mixture of pollutants present in this downstream areas of 
the river Nile.  

Gills are the first target of waterborne pollutants due to 
the constant contact with water, as well as the main place 
for some heavy metals uptake [50]. It is well known that 
changes in fish gill are among the most commonly rec-
ognized responses to aquatic pollutants [50]. Histological 
study of the gills showed a typical structural organization 
of the lamella in the fishes collected from upstream river 

Nile. However, fish sampled from heavily polluted sites 
(downstream areas) showed several histological altera-
tions, namely fusion of gill lamellae, epithelial lifting, 
necrosis, curling of primary lamellae, shrinkage of carti-
laginous supporting mass, sever degeneration in gill 
filaments and dilation and congestion in blood vessel. 
The cellular damages observed in the gills in term of 
epithelial lifting and necrosis can adversely affect the gas 
exchange and ionic regulation. As a consequence of the 
increased distance between water and blood due to 
epithelial lifting, the oxygen uptake is impaired. How-
ever, fishes have the capacity to increase their ventilation 
rate, to compensate low oxygen uptake. Fusion of some 
secondary lamellae is an example of defense mechanisms 
that reduce the branchial superficial area in contact with 
the external environment [18]. The observed edematous 
changes in gill filaments is probably due to increased 
capillary permeability [22,47]. Edema could serve as a 
mechanism of defense, because separation of the epithe-
lium of the lamellae increases the distance across which 
waterborne pollutants must diffuse to reach the blood-
stream [18]. These mechanisms also increase the diffu-
sion barrier to the pollutants [51]. Similar lesions have 
been previously reported by some authors in some fish 
species exposed to different kind of pollution [22,52-54]. 
This means, such alterations are non-specific and may be 
induced by different types of contaminants.  

5. Conclusion 

It is evident from this study that, liver was the site of 
maximum accumulation for the elements while muscle 
was the overall site of least metal accumulation. Altered 
activities of G6PDH and LDH can provide a useful bio-
marker for environmental managers in investigating the 
exposure of fish to contaminated waters. Histopathologi-
cal lesions provide a reliable, easily quantifiable index of 
low-level toxic stress to a broad range of environmental 
pollutants. These results provide evidence that bioac-
cumulation, biochemical and tissue biomakers can be 
sensitive indicators of exposure to mixed organic pollut-
ants in surface waters.  
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