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ABSTRACT:

Oxidative stress in liver and white muscles of Nile
tilapia, Oeochromis niloticus captured in Rosetta
branch of Nile River at Kafr El-Zayat area, Al-
Gharbiyah Governorate, Egypt was studied. The
toxic effects of water in this area that, receive a
lot of sewage and other industrial pollutants
discharge, on the antioxidant system of Nile
tilapia (62.4 + 6.9 g) were investigated. Water
samples were analyzed for physicochemical
parameters including pH, turbidity, total dissolved
solids, ammonia, nitrite and nitrate. The activities
of antioxidant enzymes superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase
(GPX), glutathione-S-transferase (GST),
glutathione reductase (GR) and the level of lipid
peroxidation (LPO) in liver and white muscles
were assayed. The examined physicochemical
parameters found to be in excess than the
maximum standard limits in water samples of the
examined areas. The increase was more
detectable during autumn and winter than other
seasons. The alterations in the physicochemical
parameters of water are consistent with the
alteration reported in the enzymes activity of
SOD, GST, GR, and GPx, as well as LPO,
concentration which increased significantly (P <
0.05) as compared to the control. However, the
increase was more detectable during autumn and
winter than in summer and spring seasons. The
physicochemical parameters considered as the
most important principles in the identification of
the nature, quality and type of the water and/or
any aquatic system. Antioxidant enzymes and the
oxidative stress biomarkers lipid peroxidation
considered as the most important biomarkers
used to identify polluted marine sites. This can be
taken as a useful biomarker for environmental
managers in investigating the exposure of fish to
contaminated freshwaters. This study could be
beneficial for ecotoxicological researches in
freshwaters as it provides data about antioxidant
system response for fish exposed to different
water pollutants.
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INTRODUCTION:

Pollution is one of the biggest global
killers. Over the last three decades there has
been increasing global concern over the public
health impacts attributed to environmental
pollution, in particular, the global burden of
disease. Water pollution is one of the principal
environmental and public health problems, of
which Egypt and the Middle East region are
facing (Anwar, 2003). Water pollution does not
only greatly damage and threatened the aquatic
ecosystems and the terrestrial organisms
(Authman et al., 2013). The natural resources of
water polluted with a variety of solid and liquid
wastes. Every waste ultimately dumped or
emptied in natural water bodies (Garg et al.,
2009). Contamination of water can result from
industrial and agricultural and sewage sources.
Deficiencies in the treatment of wastewater, the
disposal of untreated sewage, and inadequate
operation and maintenance of treatment plants
result in health risks (Anwar, 2003). About a
quarter of the diseases facing humankind today
occur due to prolonged exposure to
environmental pollution (EPH, 2010; Azimi and
Moghaddam, 2013). It was reported that the two
biggest components of the global water crisis
are the contamination of drinking supplies with
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human discharge and the massive wastage of
water that is inherent in prevailing agricultural
practices (WHO, 1998).

River Nile from Aswan to El-Kanater
Barrage receives wastewater discharge from
124-point sources, of which 67 are agricultural
drains and the remainders are industrial
sources (NWRC, 2000). Rosetta Branch,
starting downstream of Delta Barrage receives
relatively high concentrations of organic
compounds, nutrients and oil and grease. Major
sources of pollution are Rahawy drain (which
receives part of Greater Cairo wastewater),
Sabal drain, El-Tahrrer drain; Zawiet EIl-Bahr
drain and Tala drain (Fig. 1).
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Fig. 1. Location Map of Rosetta Branch of the Nile River

Unfortunately, several industrial
companies at Kafr El-Zayat City affect the
Rosetta Branch. These industrial outfalls are
El-Mobidat, El-Malyia, Salt and Soda
companies, and Mashroa Eldalgamon for
sewage and wastewater. Tayel et al. (2008)
reported that these industrial outfalls are
discharging directly at the east bank of the
branch (Fig. 2). The Rosetta branch water
serves for a wide range of functions including
agricultural, industrial and domestic water
supply, fisheries and recreation.
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Fig. 2. Map of Nile Delta (Egypt) and Kafer El-Zayat city
showing the experimental sites, 1 Firon fish farm, the
reference site, 2 Binufar, 3 Industrial zone, 4 Railway
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bridge, 5 Between the bridges.

Previous studies have reported that
exposure of fish to pollutants (agricultural,
industrial and sewage) evolved antioxidative
defense system which include enzymes such
as glutathione-S-transferase, glutathione
reductase, glutathione reductase superoxide
dismutase and catalase that show general
high activity in the liver, a major organ for
xenobiotic (Freitas et al., 2007; Hegazi et al.,
2010). These enzymes present in all
organisms metabolize many pollutants in
order to protect the organisms against the
deleterious  effects of xenobiotics. It
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 (Gad, 2009). Kafr El-Zayat is one
of the largest industrial cities in Egypt due to
the presence of large number of factories and
companies such as chemical, pesticides,
fertilizers, pesticides, paper, and oil and soap
factories, so it take rank in the global
pollution. Therefore, the present study
investigated the physiological changes in liver
and white muscles of Nile tilapia, Oeochromis
niloticus, exposed to polluted water of Rosetta
Branch in Kafr El-Zayat City. This finding
could open a new avenue of research in
identifying and designing novel strategies,
which could translate into better protection for
fish and human.

On Line ISSN: 2090 - 0503

MATERIAL AND METHODS:
Study area:

Nile Tilapia samples were collected from
Rosetta branch of Nile River at Kafr El-Zayat
Al-Gharbia Governorate, Egypt. Five sampling
localities in this area were selected according
to their position relative to municipal sewage
effluents and other sources of pollution (Fig.
2). The first locality Faraon fish farm, Qasta
(30° 53’ 26.55" N, 30° 47' 50.49" E) was the
cleanest of the four, and thus can be
considered a reference locality. The second
locality (30° 49' 43" N, 30° 48' 7" E) was
located downstream from the effluent
discharge from Rosetta branch, Binufar, Kafr
El-Zayat. This locality is receiving extensive
industrial wastewater discharge because it
located near the fertilizer factory in Kafr EI-
Zayat. The third locality was located in the
front of Soda and Salt factory (30° 49' 35" N,
30° 48" 25" E), and receive extensive
industrial wastewater discharge. The fourth
locality Railway bridge (30° 49" 7" N, 30° 48’
46" E) was the site from which we start our
tour, receive extensive urban discharge. The
fifth locality (30° 48' 51" N, 30° 48’ 37" E) was
located between the bridges and receive the
contamination from EI Dalgamon municipal
effluents. Rosetta branch of Nile River at Kafr
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El-Zayat area receives annually, sewage,
agricultural, industrial drainage water without
treatment from several drains. The main
waste drains are shown in figures 1 & 2.
Some Fisherman catch fish from these
regions, sell it in the market and it may
constitute health hazard for consumers.

Collection of Samples:
Water samples:

Water samples were collected from the
five selected sites of the Nile River from
summer 2012 to spring 2013, using 500 ml
sampling bottle. The samples for each site
were composited for all analytical procedures
conduct in the laboratory.

Fish Samples:

Nile tilapia samples were caught and
collected at each sampling site with the help
of fishermen. The fish were collected from five
sampling localities in Rosetta branch of Nile
River in Kafr El-Zayat. After collection, the
fish taken to laboratory using an icebox at 4°C
and 10 fish were selected for examination.
The selected fish weigh were from 62.4 + 6.9
g. The fish weight and length were registered.

Water samples and physicochemical parameters:

The physicochemical analyses of water
were done in the water analysis unit in the
central laboratory, Tanta University using
standard methods. The pH was measured at
the sampling site using microprocessor based
pocket pH meter (water proof pH scan WPI).
The pH values were checked again in the
laboratory using pH meter (Hanna
instrument). Conductivity and total dissolved
solid values were registered immediately after
arrival to the Ilaboratory using digital
conductivity meter (Hanna instrument).
Turbidity were measured using turbidity
meter, titrimetric method was used for the
determination of alkalinity, whereas EDTA
titrimetric method was used for total hardness
analysis. The level of ammonia, nitrite and
nitrate of the water was determined using UV-
Vis double beam pc scanning
Spectrophotometer UVD 2950 following
standard method of American Public Health
Association (APHA, 1998).

Tissue sampling:

A small piece of tissue (white muscles
or right liver lobe) was carefully excised on
ice, avoiding squeezing the tissue, and
washed in ice-cold isotonic NaCl saline, was
blotted dry with filter paper and weighed. The
tissue  was homogenized in ice-cold
phosphate buffer (50 mM, pH 7.4) 10% (w/v)
using Omni international homogenizer (USA)
at 22,000 rpm for 20 s each with 10 s
intervals. The supernatant was freeze-thawed
thrice to completely disrupt mitochondria.
Then the supernatant was centrifuged at
6000xg in cooling centrifuge at 4°C for 15 min
and the yielded supernatant which contains
the cytosolic and mitochondrial enzymes was

ISSN: 2090 - 0511

On Line ISSN: 2090 - 0503

saved for immediate enzyme assays. The
UV/vis Spectrophotometer (JENWAY 6505,
UK) used for the measurements of enzyme
activities and oxidative stress parameters at
25°C.

Antioxidant  enzyme
peroxidation assays:

Total superoxide dismutase (SOD, EC 1.15.1.1):

The activity assayed according to the
method of Paoletti and Mocali, (1990), which
monitors NADH oxidation. The SOD activity
was assayed by assessing the inhibition of
NADH oxidation by B-mercaptoethanol in the
presence of EDTA and Mn as substrate.
NADH solution made fresh daily, the assays
run by adding sequentially to the cuvette: 0.8
ml of 50 mM phosphate buffer pH 7.4, 55 pl
EDTA/Mn solution of 100/50 mM, 40 pl NADH
solution of 7.5 mM and different volumes from
sample tissue extract. The reaction then
initiated by adding 100 pl B-mercaptoethanol
solution. The changes in AE of NADH followed
per minute for 15 minutes (Ex = 6.22/mM/1cm
at 340 nm). One unit of SOD activity defined
as the amount of cell extract required to
inhibit the rate of NADH oxidation of the
control by 50%. The specific activity was
expresses as unit per gram wet weight tissue
(wwt).

Catalase (CAT, EC 1.11.1.6):

Catalase activity assayed according to
the method of Xu et al. (1997). Assay
mixtures contained 10pul sample tissue extract
added to 1.0 ml of H,0O, phosphate buffer pH
7.4. The changes in AE of H,O, followed per
minute for 15 minutes (Ex = 0.04/mM/1cm at
240 nm).

Glutathione reductase (GR, EC 1.6.4.2):

Glutathione reductase activity assayed
according to the method of Smith et al.
(1988). Ten pul of sample tissue extract were
added to 1 ml of reaction mixture contained
50 mM phosphate buffer pH 7.4 containing 2
mM EDTA and 0.15 mM NADPH. The reaction
initiated by the addition of 10 pl of 1 mM
oxidised glutathione (GSSG). Specific
activities were determined following the
changes of AE per minute (Ex = 6.22/mM/1cm
at 340 nm).

Glutathione S-transferase (GST, EC 2.5.1.18):

Glutathione-S-transferase activity
assayed according to the method of Habig et
al. (1974). The final reaction mixture contains
1.45 ml of (1.2 ml Phosphate buffer 50 mM,
pH 7.4, 100 pl of 1 mM CDNB, 100 pl of 1 mM
GSH). The reaction initiated by the addition of
50 ul sample tissue extract. Specific activities
were determined following the changes of AE
per minute (Ex = 9.6 /mM/1cm at 340 nm).

Glutathione peroxidase (GPx, EC 1.11.1.9):

Glutathione peroxidase activity assayed
according to the method of Paglia and
Valentine (1967). One milliliter of 50 mM

activities and  lipid

http://www.egyseb.org



26

sodium phosphate pH 7.4 containing 1 mM
GSH, 4 mM sodium azide, 2 units of GR, and
0.25 mM NADPH, add 10 pl sample tissue
extract and 10 pl H;O, (0.2 mM H,0, in
phosphate buffer pH 7.4). Specific activities
were determined following the changes of AE
per minute (Ex = 6.22/mM/1cm at 340 nm).
Lipid peroxidation (LPO):

Lipid peroxidation is the degradation of
lipids that occurs, as a result of oxidative
damage, is a useful marker for oxidative stress.
Polyunsaturated lipids are susceptible to an
oxidative attack, typically by reactive oxygen
species, resulting in a well-defined chain
reaction with the production of end products
such as malondialdehyde (MDA).
Malondialdehyde was quantified according to
the method of Buege and Aust (1978). To 250
pl of sample tissue extract, 250 pl TCA (20%)
and 500 pl thiobarbituric acid (0.67%) was
added in a centrifuge tube. The mixture boiled
for 15 min. After cooling, the sample to room
temperature 2 mL butanol added and the
sample centrifuged at 3000xg for 15 min.
Absorbance of pink supernatant measured
against the reagent blank by spectrophotometer
(Ex =156/mM/1cm at 532nm).

Chemicals:
All chemicals used in this study were
purchased from the following companies,

Sigma Chemical Co. (St. Louis, MO, USA),

Egypt. J. Exp. Biol. (Zool.), 11(1): 23 — 36 (2015)

Fisher bioreagent (USA), MP Biomedicals,
ICN (USA) and Acros Belgium and were of
analytical grade.

Statistical Analysis:

Data statistically analyzed and each
reading represents means * standard
deviation. The statistical evaluations of all
data were done using one-way analysis of
variance (ANOVA) followed by Dunnett’s test
using a computer program (GraphPad InState
Software, Inc). P values < 0.05 regarded as
statistically significant. Graphs and
correlations between different parameters
plotted using GraphPad Prism Software, Inc.

RESULTS:
Physicochemical analysis of water samples:

The pH, turbidity and total dissolved
solids values of water at different localities
during the four seasons in comparison with
their respective control were tabulated (Table
1). The pH values of the samples ranged from
7.2 to 8.0, turbidity values ranged from 4.0 to
33.1 NTU and total dissolved solids values of
the samples ranged from 112 to 430 ppm at
different localities during the four seasons.
The pH, turbidity and total dissolved solids
values increased from lower values through
summer to a maximum in the autumn in
comparison with the other seasons.

Table 1. Some physicochemical parameters in water at different areas during the four seasons

Sampling sites

Standard max.

Parameters  Seasons permissible limit
Site 1 Site 2 Site 3 Site 4 Site 5
Autumn 7.5 +0.05 7.6 +0.06 7.7+ 0.06 7.8 £0.07 8.0 +0.07
oH Winter 7.4 +0.04 7.4 +0.05 7.5+0.05 7.6 +0.06 78008 . o
Spring 7.4 £0.02 7.4 +0.03 7.5+0.04 7.6 £0.05 7.6 +0.04
Summer 7.2 +0.02 7.3 +£0.03 7.4+0.04 7.5 +0.04 7.6 +0.04
Autumn 72+14 20.4+1.3 21.6+15 27.2+1.7 33.1+2.0
Turbidity Winter 6.4+ 11 18.3+1.1 19.6 +1.3 227+1.3 26.4+1.7
. <10 NTU
(NTU) Spring 6.3+0.3 95+0.5 11.3+0.8 13.2+0.6 15.6 £ 0.9
Summer  4.0+0.1 42+0.2 5.8+0.3 6+0.3 10+0.6
Autumn 117 +8.2 321+9.8 338+11.2 358 + 13.4 430 £12.7
TDS winter 123 +10.7 268+ 11.4 285+ 13.7 291 + 16.4 208204 o opm
(ppm) spring 121+8.9 213+ 15.0 225+17.0 227 +19.0 239 +21.0
Summer  112+2.3 137+3.5 143+ 4.0 158 + 5.4 179+ 6.2
_ Autumn 0.06 = 0.59 + 0.008 0.62 +0.01 0.66 % 0.02 0.73 +0.04
Ammonia winter 0.062 + 0.376 + 0.008  0.39 +0.01 0.423 + 0.02 0.47 + 0.02
NH3 ) <0.1mg/LN
(mg/h spring 0.082 + 0.24+0.006  0.28 + 0.009 0.33+0.01 0.36 + 0.02
Summer 0.055 0.11+0.007  0.13+0.005  0.15+0.008  0.16 + 0.009
o Autumn 0.034 £ 0.44 + 0.02 0.51 +0.03 0.58 + 0.03 0.74 + 0.05
mgge Winter 0.032 + 0.144+0.008  019%0007 0.272%0.009 0330008 _ . gl
(mg/h Spring 0.028 + 0.092 + 0.005 0.104 +0.007 0.109 + 0.009  0.122 + 0.008 :
Summer 0.025 + 0.038+0.002  0.041+0.003 0.048+0.004 0.056 + 0.005
_ Autumn  8.8+0.6 63+4.1 67 £3.7 71.3+43 75.1+4.8
Nitrate winter 9.2+0.7 26.1+1.2 28.4+1.9 315+24 37.3+£3.3
NO3 . <10 ppm
(ppm) spring 8.3+0.4 18 £0.9 21.8+1.4 24+15 26 +1.6
Summer 8.2+ 0.6 9.6+0.7 11.1+0.8 13.4+0.7 15.6 + 0.9

The sampling sites: 1 Firon fish farm (control site), 2 Binufar, 3 Industrial zone, 4 Railway bridge and 5 between the bridges.

The values are presented as means + S.E.M. (n = 10).

Standard maximum permissible limit of WHO (1998), USEPA (2009), and CFQGCI (2011).
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Ammonia, nitrite and nitrate levels of
water at different localities during the four
seasons in comparison with their respective
control were tabulated (Table 1). Ammonia
levels of the samples ranged from 0.034 to
0.73 mg/l, nitrite levels ranged from 0.025 to
0.74 mg/l and nitrate levels ranged from 8.2 to
75.1 mg/l at different localities during the four
seasons. Ammonia, nitrate and nitrite levels
increased from lower values through summer
to a maximum in the autumn in comparison
with the other seasons.

Superoxide dismutase (SOD):

The SOD activity in liver and white
muscles of fish increased significantly (P <
0.05) at different localities during the four
seasons in comparison with their respective

Table 2. Superoxide dismutase activity (U/g/50% inhibition wet weight tissue) in liver and white muscles of Nile tilapia in different

areas during the four seasons

controls (Table 2). The increase in autumn
was 2.1, 2.5, 2.5, and 2.7 -fold in liver and
23.8, 34.1, 41.1, and 53.5% in white muscles
at each sampling sites, respectively. The
increase in winter was 1.9, 2.0, 2.0, and 2 -
fold in liver and 26.5, 33.4, 36.9, and 40.8%
in white muscles at each sampling sites,
respectively. The increase in spring was 50.5,
53.8, 58.7, and 63.1% in liver and 18.6, 25.7,
28.1, and 31.5% in white muscles at each
sampling sites, respectively. The increase in
summer was 31.4, 36.4, 38.1, and 39.9% in
liver and 9.8, 14.1, 20.7, and 25.3% in white
muscles at each sampling sites, respectively.
The enzyme activity increased from lower
values through summer to a maximum in the
autumn in comparison with the other seasons.

Sampling sites

Seasons Organ
Site 1 Site 2 Site 3 Site 4 Site 5
Liver 95.8 £ 6.0 197.7 + 5.6* 239.4 + 6.1* 243.1 +10.5* 256.9 + 13.4*
Autumn
White muscles 78.6+2.4 97.3 + 8.6* 105.4 + 5.6* 1109 +8.0 120.6 + 10.9*
Liver 90.1+1.9 173.6 £ 7.7* 179.6 + 7.1* 183.0 + 10.3* 187.5 + 11.0*
Winter
White muscles 76.6 2.1 96.9 + 4.1* 102.2 + 4.8* 104.9 £ 5.1* 107.9 £ 7.1*
Liver 90.6 £ 1.6 136.4 + 4.2* 139.4 + 6.2* 143.8 + 7.8* 147.8 £ 9.8*
Spring
White muscles 76.0+1.8 90.2 + 3.5* 95.6 + 5.6* 97.36 + 5.5* 99.9 + 7.9*
Liver 89.6 £2.3 117.7 + 4.9* 122.2 +6.3* 123.7 £ 9.0* 125.3 £9.1*
Summer
White muscles 74.8+2.0 82.1+1.9* 85.4 + 6.0* 90.3 £5.9* 93.7 £ 6.7*

The sampling sites are: 1 Firon fish farm (reference site), 2 Binufar, 3 Industrial zone, 4 Railway bridge and 5 between the

bridges.
Each reading represents Mean+SD of 10 fish.

The significant of difference was checked by one-way ANOVA and Dunnett test (compare all vs. control) using a computer

program (GraphPad InState Software, Inc).

The difference checked by one-way ANOVA was significant at P<0.05 and Dunnett test was significant at *P < 0.05.

Catalase (CAT):

The CAT activity in liver and white
muscles of fish increased significantly (P <
0.05) at different localities during the four
seasons in comparison with their respective
controls (Table 3). The increase in autumn
was 2.0, 2.04, 2.1, and 2.14 -fold in liver and
1.9, 2.0, 2.0, and 2.2 -fold in white muscles at
each sampling sites, respectively. The
increase in winter was 1.6, 1.7, 1.9, and 2.0 -
fold in liver and 67.5, 70.7, 78.4, 85.2% in
white muscles at each sampling sites,
respectively. The increase in spring was 42.6,
54.7, 57.3, and 66.3% in liver and 32.0, 35.6,
38.3, and 45% in white muscles at each
sampling sites, respectively. The increase in
summer was 19.7, 30.2, 34.6, and 37.5% in
liver and 30.7, 31.5, 33.8, and 36.5% in white
muscles at each sampling sites, respectively.
The enzyme activity increased from lower
values through summer to a maximum in the
autumn in comparison with the other seasons.
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Glutathione-S-transferase (GST):

The GST activity in liver and white
muscles of fish increased significantly (P <
0.05) at different localities during the four
seasons in comparison with their respective
controls (Table 4). The increase in autumn was
58.1, 72, 85.5, and 92.6% in liver and 35.4,
53.1, 63.4, and 75.6% in white muscles at each
sampling sites, respectively. The increase in
winter was 33.6, 47.6, 63.2, and 86.1% in liver
and 32.1, 38.9, 60.6, and 71.0% in white
muscles at each sampling sites, respectively.
The increase in spring was 28.2, 38, 43.6, and
52.4% in liver and 20.4, 31.1, 36.5, and 46.0%
in white muscles at each sampling sites,
respectively. The increase in summer was 17.7,
27.7, 36.3, and 40.5% in liver and 15.0, 20.1,
31.7, and 38.5% in white muscles at each
sampling sites, respectively. The enzyme
activity increased from lower values through
summer to a maximum in the autumn in
comparison with the other seasons.
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Table 3. Catalase activity (uM/min/g/wet weight tissue) in liver and white muscles of Nile tilapia in different areas during the four

Egypt. J. Exp. Biol. (Zool.), 11(1): 23 — 36 (2015)

seasons
Sampling sites
Seasons Organ
Site 1 Site 2 Site 3 Site 4 Site 5
Liver 718.2+£84.3 1445 + 71.6* 1464.1 £+ 99.9* 1475.8 + 46.8* 1533.8+74.5*
Autumn
White muscles 90.5+17.6 168.9 + 25.5¢ 179.3 + 27.5* 184.8 + 38.2* 198.3 + 47.5*
Liver 618.5+ 72.3 1001.9 + 93.6* 1049.4 + 97.3* 1195.8 + 96.0* 1251.9 + 83.1*
Winter
White muscles 80.1+16.3 134.2 + 27.3* 136.7 + 38.4* 142.8 + 41.7* 148.3 + 22.4*
Liver 629.4 + 46.8 897.2 + 49.0* 973.7 + 46.3* 990.1 + 32.8* 1046.4 + 80.0*
Spring
White muscles 94.5+13.9 124.8 £ 21.2* 128.2 + 14.2* 130.7 £ 21.7* 137.1 + 14.7*
Liver 662.5 + 29.6 792.7 + 72.6* 862.7 + 75.0* 891.6 + 34.9* 910.8 + 51.4*
Summer
White muscles 849+8.7 111.047.1* 111.7412.1* 113.7 £ 24.5* 115.9 + 15.5*

The sampling sites are: 1 Firon fish farm (reference site), 2 Binufar, 3 Industrial zone, 4 Railway bridge and 5 between the

bridges.

Each reading represents Mean + SD of 10 fish.

The significant of difference was checked by one-way ANOVA and Dunnett test (compare all vs. control) using a computer
program (GraphPad InState Software, Inc).

The difference checked by one-way ANOVA was significant at P < 0.05 and Dunnett test was significant at *P < 0.05.

Table 4. Glutathione-S-transferase activity (uM/min/g/ wet weight tissue) in liver and white muscles of Nile tilapia during the four

seasons
Sampling sites
Seasons Organs
Site 1 Site 2 Site 3 Site 4 Site 5
Liver 0.94 +0.17 1.49 + 0.26* 1.62 + 0.22* 1.75 + 0.35* 1.82 +£0.27*
Autumn
White muscles 0.42 £ 0.02 0.57 £ 0.03* 0.65 + 0.08* 0.69 + 0.05* 0.74+0.04 *
Liver 0.91 +0.07 1.22 + 0.05* 1.34 +0.19* 1.49 +0.18* 1.7 +0.17*
Winter
White muscles 0.43 £ 0.02 0.56 + 0.03* 0.59 + 0.03* 0.68 + 0.04* 0.73 + 0.05*
Liver 0.88 £ 0.04 1.12 + 0.08* 1.21 +0.04* 1.26 £ 0.07* 1.33+£0.12*
Spring
White muscles 0.42 £ 0.02 0.51 + 0.026* 0.55 + 0.034* 0.57 £ 0.03* 0.61 + 0.04*
Liver 0.82 +0.03 0.97 + 0.6* 1.05 + 0.14* 1.12 + 0.45* 1.16 + 0.06*
Summer
White muscles 0.38 £ 0.019 0.43 + 0.04* 0.45 + 0.037* 0.49 + 0.04* 0.52 + 0.05*

The sampling sites are: 1 Firon fish farm (reference site), 2 Binufar, 3 Industrial zone, 4 Railway bridge and 5 between the

bridges.
Each reading represents Mean + SD of 10 fish.

The significant of difference was checked by one-way ANOVA and Dunnett test (compare all vs. control) using a computer

program (GraphPad InState Software, Inc).

The difference checked by one-way ANOVA was significant at P < 0.05 and Dunnett test was significant at *P < 0.05.

Glutathione reductase (GR):

The GR activity in liver and white
muscles of fish increased significantly (P <
0.05) at different localities during the four
seasons in comparison with their respective
controls (Table 5). The increase in autumn
was 1.9, 2.1, 2.2, and 2.3 -fold in liver and
23.4, 34.6, 38.8, and 52.5% in white muscles
at each sampling sites, respectively. The
increase in winter was 40, 70, 80.2, and
88.5% in liver and 17.8, 25, 30.0, and 38.4%
in white muscles at each sampling sites,
respectively. The increase in spring was 20.3,
30.0, 40.2, and 45.6% in liver and 13.5, 18.2,
23.7, and 27.6% in white muscles at each
sampling sites, respectively. The increase in
summer was 16.2, 20, 24.3, and 28% in liver
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and 13.7, 16.6, 20 and 21% in white muscles
at each sampling sites, respectively. The
enzyme activity increased from lower values
through summer to a maximum in the autumn
in comparison with the other seasons.

Glutathione peroxidase (GPx):

The GPx activity in liver and white
muscles of fish increased significantly (P <
0.05) at different localities during the four
seasons in comparison with their respective
controls (Table 6). The increase in autumn
was 1.7, 1.8, 1.9, and 2 -fold in liver and 28.0,
38.4, 48.2, and 54.8% in white muscles at
each sampling sites, respectively. The
increase in winter was 28, 44, 52, and 56% in
liver and 25.2, 34.0, 38.9, and 53.1% in white
muscles at each sampling sites, respectively.
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The increase in spring was 20.5, 27, 32.1,
and 36.5% in liver and 14.8, 22.4, 31.1, and
35.8% in white muscles at each sampling
sites, respectively. The increase in summer
was 10.7, 12.5, 15, and 18.6% in liver and

Table 5. Glutathione reductase activity (uM/min/g/ wet weight tissue) in liver and white muscles of Nile tilapia during the four

15.1, 17.0, 20.4, and 24.0% in white muscles
at each sampling sites, respectively. The
enzyme activity increased from lower values
through summer to a maximum in the autumn
in comparison with the other seasons.

seasons
Sampling sites
Seasons Organs
Site 1 Site 2 Site 3 Site 4 Site 5

Autumn Liver 1.60 £ 0.13 3.1+0.24* 3.3+0.24* 3.57 £ 0.32* 3.68 £ 0.37*
White muscles 1.11 £ 0.07 1.37 £ 0.06* 1.49 + 0.08* 1.54 + 0.13* 1.69 + 0.09*
Winter Liver 1.58+0.2 2.21 +£0.22* 2.67 +£0.28* 2.84 +0.27* 2.97 £ 0.37*
White muscles 1.10 £ 0.07 1.3+0.07* 1.37 £ 0.11* 1.43 £ 0.16* 1.52 £ 0.12*
Spring Liver 1.55 + 0.07 1.86 + 0.14* 2.01 +0.19* 2.17 £ 0.14* 2.25+0.13*
White muscles 1.11 £ 0.04 1.26 + 0.05* 1.31+0.12* 1.37 + 0.08* 1.41 + 0.08*
Liver 1.38+0.11 1.61 +0.11* 1.66 + 0.15* 1.72 £ 0.09* 1.77 £ 0.15*

Summer
White muscles 0.95+0.12 1.09 + 0.08* 1.11 + 0.04* 1.14 + 0.05* 1.15 £ 0.05*

The sampling sites are: 1 Firon fish farm (reference site), 2 Binufar, 3 Industrial zone, 4 Railway bridge and 5 between the

bridges.
Each reading represents Mean + SD of 10 fish.

The significant of difference was checked by one-way ANOVA and Dunnett test (compare all vs. control) using a computer

program (GraphPad InState Software, Inc).

The difference checked by one-way ANOVA was significant at P < 0.05 and Dunnett test was significant at *P < 0.05.

Table 6. Glutathione peroxidase activity (uUM/min/g/ wet weight tissue) in liver and white muscles of Nile tilapia during the four

seasons
Sampling sites
Seasons Organs
Site 1 Site 2 Site 3 Site 4 Site 5
Autumn Liver 1.70 + 0.080 2.8 +0.07* 3.09 + 0.15* 3.20 + 0.27* 3.37 £ 0.22*
White muscles 1.11 +0.04 1.42 +0.05* 1.54 +0.18* 1.65 + 0.13* 1.72 + 0.30*
Winter Liver 1.70 £ 0.08 2.17 £0.3* 2.45+0.13 2.58 + 0.12* 2.65 + 0.14*
White muscles 1.09 +0.04 1.36 + 0.03* 1.45 + 0.07* 1.51 + 0.05* 1.66 + 0.06*
Spring Liver 1.67 +0.052 2.01+0.08* 2.12+0.12* 2.21+0.14* 2.28 + 0.14*
White muscles 1.06 +0.05 1.22 +0.04* 1.30 £ 0.07* 1.39 + 0.03* 1.44 + 0.06*
Summer Liver 1.61 +0.12 1.8 +0.10* 1.92 + 0.08* 1.96 + 0,17+ 2.1+0.12*
White muscles 0.99 +0.03 1.14 £ 0.07* 1.16 + 0.04* 1.19 + 0.01* 1.22 + 0.09*

The sampling sites are: 1 Firon fish farm (reference site), 2 Binufar, 3 Industrial zone, 4 Railway bridge and 5 between the

bridges.
Each reading represents Mean + SD of 10 fish.

The significant of difference was checked by one-way ANOVA and Dunnett test (compare all vs. control) using a computer

program (GraphPad InState Software, Inc).

The difference checked by one-way ANOVA was significant at P < 0.05 and Dunnett test was significant at *P < 0.05.

Lipid peroxidation (LPO):

The LPO concentration in liver and white
muscles of fish increased significantly (P <
0.05) at different localities during the four
seasons in comparison with their respective
controls (Table 7). The increase in autumn was
2.1, 2.4, 2.9, and 3.3 -fold in liver and 1.6, 1.7,
2.0, and 2.2 -fold in white muscles at each
sampling sites, respectively. The increase in
winter was 1.9, 2.2, 2.3, and 2.6 -fold in liver
and 48.8, 56.3, 66.2, 77.7% in white muscles at
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each sampling sites, respectively. The increase in
spring was 45.0, 58.4, 67.3, and 76.4% in liver
and 43.0, 56.2, 60.0, and 65.7% in white muscles
at each sampling sites, respectively. The increase
in summer was 25.8, 32.2, 37.1, and 49.8% in
liver and 34.0, 36.6, 43.0, and 48.7% in white
muscles at each sampling sites, respectively. The
enzyme activity increased from lower values
through summer to a maximum in the autumn in
comparison with the other seasons.
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DISCUSSION:

Rosetta Branch receives considerable
amounts of pollutants from agricultural areas,
sewages and industrial wastes at Kafr El-
Zayat city on the banks of the branch (e.g.
Soda, El-Malia and Kafr El-Zayat pesticides
production) directly pour their effluents into
the branch (Sohair and Aly, 1993; El Bouraie

et al., 2010). The impact of these toxic
compounds on aquatic organisms cah
assessed through studying the antioxidant

enzyme activities and some oxidative stress
biomarkers in fish that respond to the degree
and type of contamination.

The physicochemical parameters are
considered as the most important principles in
the identification of the nature, quality and
type of the water for any aquatic ecosystem
(Abdo, 2005). The increase in the activity of
industry, agriculture, urbanization, tourism,
and human activities contribute to these
negative effects in the environment and
aquatic ecosystems (Osman and Kloas,
2010). One of the most common types of
freshwater pollutant is biodegradable organic
material. When a high concentration of
organic material such as raw sewage (human
excreta) is discharged into a stream, the
levels of dissolved oxygen in the water may
fall so low that the water is completely
deoxygenated. It is therefore necessary to
know the standard quality required for each
particular use in order to determine the
degree of pollution control necessary and to
forecast the probable effects of increased or
new discharges of effluents. It understood
that permissible standards limits for fresh
water had been well defining (WHO, 1998;
USEPA, 2009; CFQGCI., 2011).

The pH values of the samples markedly
increased during autumn and winter season
compared to other seasons and ranged from
7.2 to 8.0. The pH levels were within
permissible standards limits of between 6.5
and 7.8 appears to provide protection for the
life of fresh water fish. The pH values that
depart increasingly from the normally found
levels will have a more and more marked
effect on fish, leading ultimately to mortality.
The pH value is considering an important
factor in the chemical and biological system of
aquatic environment (Osman and Kloas,
2010). The relatively highest pH of water can
be attributed to the large amounts of different
pollution sources discharged. The pH has
profound effects on water quality affecting the
ability of bacteria which require slightly acidic
pH to degrade toxic substances to less
harmful forms (Adeogun, 2012).

Turbidity values of water sample found
ranged from 4.0 to 33.1 NTU and the turbidity
permissible standards limits less than 10
NTU. The maximum value was 33.1 + 2.0
NTU followed by 26.4 £+ 1.7 NTU that found at
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site 5 during autumn and winter respectively.
The values increased during summer and
autumn in comparison with the other seasons.
The increase of turbidity (low transparency)
may be due to the disposal of domestic and
industrial effluent. Turbidity in water arises
from the presence of very finely divided solids
that are not filterable by routine methods. As
turbidity can be caused by sewage matter in
water there is a risk that pathogenic
organisms could be shielded by the turbidity
particles and hence escape the action of the
disinfectant (Kumar and Puri, 2012).

TDS values of water sample found in
ranged from 112 to 430 ppm the values are
low as compared with the permissible
standards limits. The maximum value of TDS
430 + 12.7 followed by 298 + 20.4 that found
at site 5 during autumn and winter
respectively. The values increased from the
lower values than the standard maximum
permissible limit during summer to a maximum
in the autumn in comparison with the other
seasons. Therefore, the palatability of water
with TDS can be considered to be good. The
lower values of suspended and dissolved
solids are indicative of non-industrial pollution
(Aggarwal and Arora, 2012).

Ammonia levels of water sample found
in ranged from 0.034 to 0.73 mg/l. The
maximum value was 0.73 £ 0.04 mg/l followed
by 0.47 £ 0.02 mg/l that found at site 5 during
autumn and winter respectively. These values
are higher than permissible standards limits.
The values increased from the lower values
than the standard maximum permissible limit
during summer to a maximum in the autumn in
comparison with the other seasons. Ammonia
is generally present in natural waters, though
in very small amounts, because of
microbiological activity that causes the
reduction of nitrogen-containing compounds.
The increase of ammonia may be due sewage
and industrial contamination may indicated.

Nitrate and  Nitrite are naturally
occurring ions that are part of nitrogen cycle.
Nitrite levels of water sample found in ranged
from 0.025 to 0.74 mg/l. The maximum value
was 0.74 + 0.05 mg/l followed by 0.33 £ 0.008
mg/l that found at site 5 during autumn and
winter, respectively. These values are higher
than permissible standards limits. The values
increased from the lower values than the
standard maximum permissible limit during
summer to a maximum in the autumn in
comparison with the other seasons. Nitrite
exists normally in very low concentrations and
even in waste treatment plant effluents levels
are relatively low, principally because the
nitrogen will tend to exist in the more reduced
(ammonia; NH3) or more oxidized (nitrate;
NOj; ) forms. The higher level of nitrite may be
indicating sewage pollution (Sakai et al.,
2013).
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Nitrate levels of water sample found in
ranged from 8.2 + 0.6 to 75.1 £ 4.8 ppm. The
maximum value was 75.1 + 4.8 ppm, followed
by 37.3 + 3.3 ppm that found at site 5 during
autumn and winter, respectively. These
values are higher than permissible standards
limits. The values increased from the lower
values than the standard maximum
permissible limit during summer to a maximum
in the autumn in comparison with the other
seasons. The higher level of nitrate may be
due to excessive use of agriculture fertilizers,
decayed vegetable water, domestic effluent,
sewage disposal industrial discharges
(Johnson and Kross, 1990).

The determination of the extent and
severity of water contamination by pollutants
is often difficult. Physicochemical analysis
gives useful information on the levels of
contamination, but alone may not sufficient to
describe the adverse effects of the complex
mixtures of chemicals present at
contaminated sites. Bio-monitoring of aquatic
environments by means of antioxidant
enzymes activities and some oxidative stress
biomarkers assessed as a useful tools for the
early warning indicators to water pollutants
exposure.

In many bio-monitoring studies, the liver
is the main target organ for investigation
because of its fast answer to environmental
influences, high metabolic activity, and
essential function in the organism. Although
white muscles has a lower metabolic rate, its
importance for investigation is of great
significance to humans because of its
nutritional importance, especially in the case
of commercially important fish species such
as Nile tilapia. The liver found to be stronger
into the face of oxidative stress than the other
tissues and a uniform organ with the highest
activity (Ziki¢ et al., 1996; Schlenk and
Benson, 2001). Antioxidant defense system
mechanisms have an important role for
aquatic organisms because these
mechanisms protect them from free radicals
that caused oxidative stress and other factors.

The maximum activity of SOD and CAT
in liver and white muscles of Nile tilapia was
found at site 5 during autumn and winter
respectively. The enzymes activities
increased from lower values through summer
to a maximum in the autumn in comparison
with the other seasons. This increase may be
due to its location so it receives annual
contamination from EI Dalgamon municipal
effluents. Rosetta branch in autumn receives
high concentrations of organic compounds,
nutrients and oil and grease from Rahawy
drain (which receives part of Greater Cairo
wastewater). Furthermore, there are several
industrial outfalls: El-Mobidat, El-Malyia and
Salt, Soda companies, and Mashroa
Eldalgamon for sewage and wastewater,
which are discharging directly at the east
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bank of the branch. Consequently, the
presence of the different sources of water
pollutants, stimulate SOD to defend the body
against the damage caused by excessive
amount of oxygen free radicals. In addition,
SOD showed more responses compared to the
other enzymes, which was also in accordance
with previous studies (Pandey et al., 2003;
Atli and Canli, 2007). Trenzado et al. (2006)
mentioned that CAT activity, found mainly in
peroxisomes, is associated with elevated
concentrations of H,0,. They detected higher
activity of this enzyme in the liver and white
muscles.

Hegazi et al. (2010) also found that
chronic ammonia exposure significantly
increased SOD activity. The increase was
more predominant in high than low TAN
exposure. Sampaio et al. (2008) also
indicated the influence of acute Cu exposure
in antioxidant enzyme protection based on
increased ROS levels in the liver
accompanied by enhanced SOD. The SOD-
CAT system, the first line of defense system
against oxidants, varied based on the
response of fish antioxidant system to cope
with the different environmental pollutants
induced oxidative stress. SOD catalyzes the
dismutation of the superoxide anion radical to
water and hydrogen peroxide, which
detoxified by the CAT activity (Zhang et al.,
2007). Usually a simultaneous induction
response in the activities of SOD and CAT
observed when exposed to pollutants
(Dimitrova et al., 1994; Ziki¢ et al., 2001).
Changes in enzyme activities can be used as
biomarkers for contamination in different
aquatic organisms (Di Giulio et al., 1995;
Regoli and Principato, 1995).

The maximum activity of GST, GR, and
GPx in liver and white muscles of Nile tilapia
was found at site 5 during autumn and winter
respectively. The enzymes activities
increased from lower values through summer
to a maximum in the autumn in comparison
with the other seasons. The increase in this
region suggests that GST, GR, and GPx
activities could induced to resist the water
pollutants toxicity such as sewage,
agricultural and industrial. Such results are in
agreement with previous studies (Matos et al.,
2007; Gad, 2009; Carvalho et al., 2012).

The GSH was probably the most
abundant cellular thiole, that was detected
virtually in all tissues but, its concentration, in
general is higher in liver (as a major organ for
antioxidant defense in fish) (Otto et al., 1999).
Apparently, GSH is important in protecting
against deleterious effects of the cell exposed
to ROS by reacting with them to form GSSG.
This antioxidant effect occurs spontaneously
through GSH or may also catalyzed by GST
(El-Wakf, 1998).

Glutathione-S-transferase is an enzyme
that important in the detoxication of many
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different xenobiotics in mammals. The enzyme
protects cells against toxicants by conjugating
the thiol group of the glutathione to
electrophilic xenobiotics, and thereby defends
cells against the mutagenic, carcinogenic, and
toxic effects of the compounds. Glutathione-
S-transferase activity found to be present in
plants, insects, yeast, bacteria, and in most
mammalian tissues, especially in the liver,
which plays a key role in detoxification
(Mannervik and Danielson, 1988; Wilce and
Parker, 1994). glutathione-S-transferase
enzymes generate less toxic and more
hydrophilic molecules (Olsen et al., 2001) and
play a role preventing oxidative damage by

conjugating breakdown products of lipid
peroxides to GSH (Barata et al., 2005;
Fernandes et al., 2008). This metabolic

pathway allows the protection of nucleophilic
groups in macromolecules such as proteins
and nucleic acids. Other functions, not
associated with detoxification, include repair

of macromolecules oxidized by ROS,
regeneration of S-thiolated proteins, and
biosynthesis of physiologically important

metabolites (Freitas et al., 2007), indicate the
presence of various xenobiotics like polycyclic
aromatic hydrocarbons (PAHs) (Ahmad et al.,
2005), mercury chloride (Monteiro et al.,
2009) and pesticides (Printes et al., 2011).
The present results indicated that these
enzymes could be crucial and show
peroxidase activity towards ROS in the cells
under oxidative stress in the Nile tilapia
related to a great input of pollutants into the
Nile River. These results show the
vulnerability of these organs and, the Nile
tilapia were undergoing oxidative stress
pollutant-induced industrial.

Glutathione reductase (GR) catalyzes
the reduction of GSSG to GSH. This enzyme,
which found in many tissues, enables the cell
to sustain adequate levels of cellular GSH.
Reduced glutathione is a substrate for the
glutathione peroxidases, which provide a
mechanism for the detoxification of peroxides,
and GST, which are involved in the
conjugation and elimination of xenobiotics
from the organism (Garcia - Alfonso et al.,
1993). Reduced glutathione also acts as an
antioxidant, reacting with free radicals and
organic peroxides.

Glutathione peroxidase (GPx) is another
propagation inhibitor in the aqueous phase of
fish  muscles that is located in the
mitochondria and cytosol of skeletal muscles
cells. Glutathione peroxidase catalyzes the
reduction of hydrogen of lipid peroxides with
GSH. GSSG then reduced back to GSH by GR
at the expense of NADPH. Glutathione
reductase (GR) differs from catalase in that it
is capable of reacting with both lipid and
hydrogen peroxides (Halliwell and Gutteridge,
1989). GPx provides a mechanism for
detoxification of peroxides in living cells
(Scholz et al., 1981). This reaction plays a
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crucial role in protecting cells from damage by
free radicals, which formed by peroxide
decomposition. Lipid components of the cell
are especially susceptible to reactions with
free radicals, resulting in lipid peroxidation.
The GPx enzymes reduce peroxides to
alcohols using glutathione, thus preventing
the formation of free radicals.

Biomarkers of oxidative stress directly
connected with changes of ROS concentration
in organism (Barker et al., 1994; Ahmad et al.,
2004). When antioxidant defenses are
impaired or overcome, oxidative stress may

produce lipid peroxidation (LPO), protein
carbonyl formation (PCO), and enzymatic
inactivation (Halliwell and Chirico, 1993;

Shacter, 2000).

The LPO is the degradation of lipids that
occurs because of oxidative damage and is a
useful marker for oxidative stress.
Polyunsaturated lipids are susceptible to an
oxidative attack, typically by reactive oxygen
species, resulting in a well-defined chain
reaction with the production of end products
such as MDA. The LPO may contribute to the
pathology of many diseases including
atherosclerosis, diabetes, and Alzheimer.

The maximum levels of LPO in liver and
white muscles of Nile tilapia was found at site
5 during autumn and winter respectively. The
enzymes levels increased from lower values
through summer to a maximum in the autumn
in comparison with the other seasons. This
increase may be attributed to the large
amounts of different pollution sources
discharged. The degree of LPO was sensitive
to seasonal difference and metabolic products
including wastes and toxicants in the
environment. LPO in fish, measured as
TBARS. It has frequently used as a marker of
oxidative stress in response to different water
pollutants in a number of studies (Gabrzelak
and Klekot, 1985; Ando and Yanagida, 1999;
Choi and Oris, 2000; de Lafontaine et al.,
2000; Oakes and Van Der Kraak, 2003;
Roméo et al., 2000; Almroth et al., 2005).

This situation may be associated with an
increased influx of free radicals. Fish become
more sensitive to diseases and lose
adaptation capabilities to different water
conditions (Ozmen et al., 2004). The LPO is a
well-established mechanism of cellular injury
in animals, and used as an indicator of
oxidative stress in cells and tissues.
Malondialdehyde (MDA) is widely used as an
indicator of lipid peroxidation (Esterbauer et
al., 1991). Increased Ilevels of lipid
peroxidation products have been associated
with a variety of chronic diseases in humans,
other vertebrates and model systems (Altura
and Altura, 1985; Allen-Gil and Martynov,
1995). The MDA reacts readily with amino
groups on proteins and other biomolecules to
form a variety of adducts (Adeyeye et al.,
1996), including cross-linked products (Arabi

http://www.egyseb.org



Hegazi et al., Oxidative Stress in Liver and White Muscles of Nile Tilapia as Responses to Polluted Area in the Nile River 33

and Alaeddini, 2005). The MDA also forms
adducts with DNA bases that are mutagenic
(Becker et al., 2008) and possibly
carcinogenic (Canli and Atli, 2003). In
another experiment, the authors have shown
that the exposure to TAN causes the plasma
level of ammonia in the Nile tilapia plasma to
be 2-fold higher than the surrounding habitat
level (Hegazi and Hasanein, 2010). Despite
these parameters used as biomarkers for
contaminants, since the fish response
depends on several variables such as the
species, tissue, the antioxidant parameter
itself, time of exposure, and contaminant
concentration, besides the other physiological
and environmental changes.

CONCLUSION:

The continuous and annual discharge of
different pollutants into Nile River can caused
physiological changes in liver and white
muscles of Nile tilapia. The Nile water at the
area of study is therefore of prime health
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