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Abstract
Incidences of the outbreak have occurred among Oreochromis niloticus in July 2018 in Manzala fish
farm. About 150 naturally intoxicated fishes were sampled from 3 ponds 50 fish from each pond and 50
fishes from Abbasa fish farm as control. Fishes were transported to the laboratory for studying clinical
signs, postmortem, histopathological examination and making some laboratory investigations (measuring
of physicochemical parameters, detection of heavy metals accumulation in fish organs as the liver,
kidneys, gills, muscles, and brain). The results revealed that the highest mean values of zinc were found
in gills > liver > kidney > muscles > brain respectively, but in case of copper the highest mean values
were found in liver> brain > kidneys > gill > muscle respectively. In case of iron the highest mean values
of iron were found in liver> kidneys > gill > muscle respectively. Also measure the antioxidant enzymes
like SOD, CAT and GPX and concentration of MDA in liver, gills, muscles, kidneys, brain, blood
hemolysate and serum where estimated. The levels of SOD revealed that a significant (p≤ 0.05) increase
over controls was observed in the liver only, while CAT activity revealed that a significant difference (p
≤ 0.05) increase over controls was observed in liver, kidney, blood hemolysate, and serum. On the other
hand, activity of GPX significant differences (p≤ 0.05) over controls was observed in liver, gills, muscles,
kidneys, and brain.
Keywords: Heavy metals, SOD, CAT, GPX, Nile tilapia

1. Introduction
Environmental pollutants, such as metals, pesticides, and other organics, pose serious risks to
many aquatic organisms [1]. Fish is a good bio-indicator because it has the potential to
accumulate heavy metals and other organic pollutants [2]. Oreochromis niloticus is an
important species in commercial fisheries in the world promptly responds to environmental
alterations [3]. Metals are major pollutants of aquatic ecosystems due to disposal of industrial
effluents in the river of waste material, such as sewage sludge and dredge spoil. They are
usually toxic at high levels and may accumulate in aquatic organisms as metals are not
biodegradable or eliminated from ecosystems. Additionally, they may interfere in several
metabolic pathways of cells and thereby induce different cellular responses depending on
concentration and metal proprieties [4]. These responses may promote oxidative stress by
catalyzing the formation of reactive oxygen species (ROSs) such as the superoxide anion,
hydroxyl radical (OH), singlet oxygen (O½) and hydrogen peroxide (H2O2), which may
generate DNA alterations and peroxidation of membrane lipids initiating cellular degenerative
process [5]. ROS can be detoxified by enzymatic and non-enzymatic cell defense systems that
can be measured as biomarkers of xenobiotic mediated oxidative stress.
Defenses against ROS include scavenger compounds like glutathione (GSH) and
metallothionein (MT), and antioxidants enzymes such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx) and glutathione S-transferase (GST) [6]. Lipid
peroxidation is one of the main indicators of oxidative damage. Thus, measurements of these
indicators are a valid biomarker for monitoring free radicals, among the most important
antioxidant enzymes whose activity changes with pollution, are catalase (CAT), glutathione
peroxidase (GPx) [7] and superoxide dismutase (SOD) [8]. Copper and zinc play an important
role in cellular metabolism acting co-factors in several important enzymes.
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However, they can become toxic when elevated
concentrations are introduced into the environment [9]. Also,
nickel is an essential element at low concentrations for many
organisms; it is toxic at higher concentrations [10]. As well as,
zinc wastes have direct toxicity to fish at increased
waterborne levels [11]. Histopathological evaluation is a
sensitive tool intoxicant impact assessment to indicate the
effect of toxicants on fish health and allows for early warning
signs of disease and injury in cells, tissues, or organs [12].
Therefore, the study was focused mainly on the estimation of
oxidative stress by measuring enzymatic and non-enzymatic
oxidative stress compounds in blood, serum and different
organs like brain, gills, muscles, kidneys, and liver of affected
O. niloticus. Also will estimate the accumulated metals as Cu,
Fe and Zn in different organs of O. niloticus as well as
estimation of clinical signs and histopathological alteration of
affected fishes during outbreaks and finally estimation of
physicochemical parameters of Hadous and Manzala fish
farm water supply for detection of water pollution
comparatively with controlled ponds of Abbasa fish farm.
2. Materials and Methods
2.1 Fish Collection and area of study
Incidences of the outbreak occurred among Nile tilapia, O.
niloticus on July 2018 in Manzala fish farm (Water supply
from Hadous drain) collect about 150 fishes naturally
intoxicated fishes 200 ± 10 g weight from 3 ponds 50 fishes
from each pond and 50 fishes from Abbasa fish farm as
control (water supply from river Nil), so divided the
intoxicated fishes into 3 groups (group 1, 2 and 3) and
transported into laboratory of fish diseases in faculty of
Veterinary Medicine, Mansoura University for studying
clinical signs, postmortem, histopathological and biochemical
examination.
2.2 Physico-chemical examination of water samples
Water samples were collected from different parts from the 3
ponds in Manzala fish farm also from the Abbassa region as
controlled during times of outbreaks. These water samples
were collected in clean and dark brown coppered glass bottle
for measuring of dissolved oxygen, pH, temperature,
phosphorus, ammonia toxicity (NH3), iron, copper, zinc,
Nickle, hardness, and salinity these samples are transferred to
the laboratory of fish diseases at Veterinary Medicine
Mansoura University. The standard method for water quality
control [13], and then the non-ionized ammonia (NH3) was
calculated from total ammonia [14].

minutes and kept at -20 °C. While the second part was
collected utilizing EDTA (10%) to prepare erythrocyte
lysates. Serum samples were used for the following
determination of Superoxide dismutase (SOD), Catalase
(CAT), Glutathione peroxidase (GPx), and Lipid peroxide
(Malondialdehyde) (MDA) concentration.
B) Samples of tissues
Fishes were dissected after collection of blood samples to
obtain gills, brain, liver, kidneys, and muscles which are
stocked in 3 parts after washing by normal saline. The first
part of liver, kidneys, brain, muscles, and gills were kept at 20 °C [17] for detection of SOD, CAT, and GPx activities, and
MDA concentrations using spectrophotometer. The second
parts of the liver, kidneys, brain, muscles, and gills were kept
also at -20°C and transported to the Animal Health Research
Institute, Chemistry department for atomic absorption
detection of accumulated metals as Iron, Copper, and Zinc
using atomic absorption (Techno sens AA 1.0.2.2.1). The
third part of the liver, kidneys, brain, muscles, and gills was
fully immersed in 20% formalin for histopathological
examination and transported to the histopathological
department in Veterinary Medicine, Cairo University.
For histopathological techniques, the obtained tissue sections
were collected on glass slides, deparaffinized, stained by
hematoxylin &eosin stain, for long-term examination, the
stained slides are covered using Canada balsam and examined
with a light microscope (OLYMPUS CX21), using a
reference control tissue and photographed using a digital
camera [18].
2.6 Detection of metals in fish organs
a) Digestion of fish samples
Muscle samples were digested according to the method
applied by Agemain et al. [19].
b) Metals estimation
The detection and estimation of these metals collected from
fish farms were carried out by using Atomic Absorption
model (Techno sens AA 1.0.2.2.1) spectrometer with hydride
system Thermo made in the UK (Solar Atomic Absorption
spectrophotometer). Detection of metals in samples that were
collected from Manzala fish farm made by Atomic
Absorption Spectrometry (AAS) of Animal Health Research
Institute, Dokki, Giza, Egypt. Pyrolytic coated graphite tubes
with a platform were used for metals determinations by
GFAAS.

2.4 Fish diets
Fishes were fed on a commercial fish diet containing 25%
protein in pelleted form and extruding, fish was fed 3% of
their body weight once a day.

2.7 Detection of oxidative stress compounds
By using a spectrophotometer (SPEKOL11 CARL ZEISS
JENA) (Germany) by colorimetric method for the detection of
oxidative stress compounds in the blood, serum, and tissues
by using a commercially available chemical kit
(Biodiagnostic Company, Cairo, Egypt). Spectrophotometer
(Spekoll 11, Germany). The activities of SOD [20], CAT [21],
GPx [22], and MDA levels was determined [23].

2.5 Sampling
A- Blood samples
The blood samples were collected directly through the
insertion of 23-gauge syringes with an acute angle from
caudal vein ventral to the anal opening. They are divided into
2 parts; the first part was collected in a test tube free from
EDTA and kept in room temperature till clot formation, then
they were centrifuged to obtain serum at 3000 rpm for 10

3. Results
3.1 Results of clinical signs of intoxicated O. niloticus
Intoxicated fish show loss of appetite, reduced growth,
decreased activity with spasmodic movements & increased
opercular movements, amounts of mucous on the body
surface with dermatitis and discoloration of the skin. The gill
chamber was congested, filled with mucus, congestion of the
lamellae and suffocation with heavy mortalities.

2.3 Clinical & postmortem examination
Clinical examination was performed [15], and postmortem
examination [16].
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Results of postmortem (PM) examination of intoxicated O.
niloticus
There are no pathognomonic PM lesions due to pollution

directly but the stress factors due to pollution make some
alteration in internal organs.

Fig 1: Intoxicated O. niloticus showed hemorrhagic patches on the skin and fins with large mucous (A & B), dark discoloration of the skin with
large amounts of mucus (C), and emaciated and retarded growth fish (sunken eye) (D).

Fig 2: Intoxicated O. niloticus showed hemorrhagic inflammation of kidneys (A), pale discoloration and necrosis of the liver (B) and enlarged
gall bladder and discoloration of the intestine (C).

Results of metals concentration in organs of intoxicated O. niloticus
Table 1: Zinc concentration (ppm) in tilapia tissues and organs (mean ± S.E).
Control group (Mean ± SE)
Intoxicated group (Mean ± SE)
Groups organs
P-value
Liver
0.48±0.04
2.47±0.12*
0
Gills
1.43±0.017
2.67±0.20*
0.003
Muscles
0.35±0.02
1.25±0.12*
0.002
Kidney
0.74±0.02
1.5067±0.21*
0.025
Brain
0.92±0.01
1.0667±0.06
0.106
Data are represented as mean ± SEM (standard error of the mean).
* indicate a significant variation between the two different groups by One-way ANOVA independent test at P≤ 0.05.

The concentration of zinc (ppm) in internal organs (liver,
kidney, gills, muscles, and brain) in control and intoxicated
samples were summarized in Table (1). The results in the
highest mean values of zinc were found in gills > liver >

kidney > muscles > brain respectively. Also, there is a
significant difference between liver, kidneys, muscles, and
gills (P≤ 0.05). A significant decrease in Zn concentration
was observed in all organs in comparison with the permissible
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Table 3: Iron concentration (ppm) in tilapia tissues and organs
(mean ± S.E).

limit.
Table 2: Copper concentration (ppm) in tilapia tissues and organs
(mean ± S.E).
Groups
Control group
Intoxicated group
P-value
organs
(Mean ± SE)
(Mean ± SE)
Liver
0.42 ± 0.01
2.2 ± 0.17*
0.001
Gills
0.25 ±0.02
0.3867 ± 0.05
0.082
Muscles
0.29 ± 0.005
0.3533 ±0.05
0.303
Kidney
0.64 ± 0.02
0.8467 ±0.10
0.117
Brain
0.7± 0.05
0.9267 ±0.03*
0.03
- Data are represented as mean ± SEM (standard error of the mean).
* indicate a significant variation between the two different groups by
independent t-test at P≤0.05.

The concentration of copper (ppm) in the internal organs
(liver, kidney, gills, muscles, and brain) in control and
intoxicated samples were summarized in table (2). The results
in the highest mean values of copper were found in liver >
brain > kidneys > gill > muscle respectively. Also, there is a
significant difference between liver, kidneys, muscles, and
gills (P≤0.05). Significant decrease in Cu concentration was
observed in all organs comparison with the permissible limit.

Groups
Control group
Intoxicated group
P-value
organs
Mean ± SE
Mean ± SE
Liver
4.92 ± 0.01
88.96± 5.62*
0
Gills
4.7 ± 0.11
8.8± 0.26*
0
Muscles
0±0
2.15± 0.15*
0
Kidney
0± 0
17.2667± 0.12*
0
Data are represented as mean ± SEM (standard error of the mean).
* indicate a significant variation between the two different groups by
independent t-test at P≤0.05.

The concentration of Iron (ppm) in internal organs (liver,
kidney, gills, and muscles) in control and intoxicated samples
were summarized in and Table (3). The results in the highest
mean values of iron were found in liver > kidneys > gill >
muscle respectively. Also, there is a significant difference
between liver, kidneys, muscles, and gills (P≤ 0.05). A
significant increase in iron concentration was observed in the
liver, kidneys, gills, and muscles in comparison with the
permissible limit.
Results of antioxidant enzymes in O. niloticus: -

Table 4: Effect of pollution on SOD concentration (U/g) in tilapia fish.

Groups organs Control group Mean ± SE Intoxicated group Mean ± SE P-value
Liver
2340 ± 57.73
5377 ± 173.20 *
0
Gills
3750 ± 115.47
3555 ± 288.67
0.565
muscles
2970 ± 115.47
3300 ± 173.20
0.188
kidney
2390 ± 115.47
2205 ± 230.94
0.513
brain
2910 ± 57.73
2441 ± 230.94
0.12
blood hemolysate
3390 ± 57.73
3775 ± 404.14
0.399
serum
2440 ± 57.73
2578 ± 288.67
0.664
Data are represented as mean ± SEM (standard error of the mean).
* indicate a significant variation between the two different groups by independent t-test at P ≤ 0.05.
The results of the antioxidant activity level of SOD (U/g) due
to pollution as shown in Fig. (6) and Table (4), revealed that a
significant (p ≤0.05) increase over controls was observed in
the liver only. However, no significant differences in SOD
activity were observed in the gills, muscles, kidney, and brain.

activity (U/g) were highest in liver > kidneys > serum > gills
> brain > muscles > blood hemolysate.
Table 6: Effect of pollution on G Px concentration (U/g) in tilapia
fish

Table 5: Effect of pollution on catalase concentration (U/g) in tilapia
fish.
Groups
organs

Control
group
Mean ± SE
84.1 ± 11.54
154.7 ± 2.30
34.5 ± 2.30
124.02 ± 2.30
36.34 ± 2.30

Intoxicated
group
Mean ± SE
457 ± 11.54 *
159.35 ± 0.57
36.18 ± 1.73
356.55 ± 0.57 *
37.01 ± 0.57

Pvalue

Liver
0
Gills
0.122
muscles
0.592
kidney
0
brain
0.792
blood
51.2 ± 0.57
34.55 ± 0.57 *
0
hemolysate
serum
476.82 ± 2.30
259.445 ± 2.30 *
0
Data are represented as mean ± SEM (standard error of the mean).
* indicate a significant variation between the two different groups by
independent t-test at P ≤ 0.05.

The results of the antioxidant activity level of CAT (U/g) due
to pollution as shown in Table (5), revealed that a significant
difference (p ≤ 0.05) increase over controls was observed in
the liver, kidney, blood hemolysate and serum. However, no
significant differences in CAT activity were observed in the
gills, muscles, and brain. The highest mean values of CAT

Groups
organs

Control group
Mean ± SE

Liver
Gills
muscles
kidney

155.6 ± 2.88
233.4 ± 1.73
155.6 ± 2.88
149.5 ± 5.77
194.51±
5.77351

brain

Intoxicated
group
Mean ± SE
428.9 ± 5.77 *
78.06 ± 5.77 *
97.5 ± 4.04 *
103.7 ± 1.73 *
58.35 ± 1.1547 *

Pvalue
0
0
0
0.002
0

blood
77.8 ± 5.7735
68.07 ± 1.1547
0.174
hemolysate
serum
116.7 ± 5.7735
116.7 ± 2.3094
1
Data are represented as mean ± SEM (standard error mean).
* indicate a significant variation between the two different groups by
independent t-test at P ≤ 0.05.

The results of the antioxidant activity level of GPx (U/g) due
to the pollution are shown in Table (6). There is revealed that
a significant difference (p ≤ 0.05) increase over controls was
observed in the liver, gills, muscles, kidneys, and brain.
However, no significant difference in GPx activity was
observed in blood hemolysate and serum. The highest mean
values of GPx activity (U/g) were highest in liver > serum >
kidney > muscles > gills > blood hemolysate > brain.
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Results of oxidative damage lipid peroxidation (MDA) in
O. niloticus:
Table 7: Effect of pollution on MDA concentration (nmol/g) in
tilapia fish
Groups
Control group Intoxicated group
P-value
organs
Mean ± SE
Mean ± SE
Liver
71.81 ± 0.57
314.3 ± 0.3 *
0
Gills
295.6 ± 1.15
341.49 ± 3.22*
0
muscles
30.9 ± 1.15
43.4 ± 1.73 *
0.004
kidney
290 ± 1.15
326.5333 ± 9.20 *
0.017
brain
170.17 ± 1.15
175.7 ± 2.88
0.15
blood hemolysate
53.2 ± 1.15
65.7333 ± 5.22
0.079
serum
52.4 ± 0.57
58.3 ± 2.30
0.068
Data are represented as mean ± SEM (standard error of the mean).
* indicate a significant variation between the two different groups by
independent t-test at P≤0.05.

The results of the antioxidant activity level of MDA (nmol/g)
due to pollution as shown in Table (7), revealed that a

significant difference (p ≤ 0.05) increase over controls was
observed in liver, muscles, kidney, and gills. However, no
significant differences in MDA activity were observed in
serum, brain and blood hemolysate. The highest mean values
of MDA activity (nmol/g) were highest in gills > kidneys >
liver > brain > blood hemolysate > serum > muscles.
Results of the physicochemical parameter of water quality
The results of water quality due to pollution as shown in
Table 9, revealed that there are increasing in PH of water of 3
ponds understudy in Manzala fish farm than the permissible
limit, also than standard pond but the dissolved oxygen was
very low, also ammonia, NH3, NH4, copper, hardness, iron,
phosphate, and nickel were very high higher in the 3 ponds of
Manzala fish farm understudy than permissible limit and
controlled Abbassa pond. The alkalinity was higher in pond
No.2 of Manzala fish farm only than the permissible limit and
controlled one. Nitrite and Sulphide were higher in 3 ponds of
Manzala fish farm than the permissible limit and controlled
one.

Table 9: The comparative water parameters of Manzala and Abbassa farm.
Farms

Manzala ponds (Hadous water supply) (mg/L)

Item

Water supply

Pond (1)

oxygen
PH
Temp.
Salinity
NH3
NH4
Copper
Hardness
Iron
Phosphate
Nickel
Zinc
Alkalinity
Nitrite
Sulphide

3
7.5
32
1.5
over range
over range
0.9
470
3.4
2
1.45
0.3
365
0.41
0.06

3.5
9
32.4
1.3
over range
over range
1.4
˃500
2.05
1.5
1.1
0.34
˃500
0.53
0.1

Pond
(2)
3.7
9.1
32.4
1.3
0.75
0.80
1.2
˃500
2.3
1.35
1.55
0.63
420
0.78
0.4

Abbassa hatchery (River Nile
water supply) (mg/L)

Pond (3)

Water supply

Pond

Range
Guideline
(24)

3.4
9.1
32.5
1.4
over range
over range
1
˃ 500
1.4
1.1
1.3
0.17
495
0.42
0.13

5
7.4
30 °C
0.5
Zero
Zero
0.14
130
0.1
0.28
0.1
Zero
125
0.015
0.02

7.5
8.3
31 °C
0.3
0.01
0.02
0.28
200
0.2
0.12
0.05
Zero
185
0.04
0.06

≥4
6.5-8.5 mg/l
35 °C
0-5 g / l
0.02 mg / l
0.03 mg/l
1.0 mg / l
500 mg / l
0.30 mg / l
0.1 mg/l
0.1 mg / l
3 mg / l
500 mg / l
0.06 mg / l
0.003mg / l

Results of histopathological examination:
Histopathological finding in the liver of O. niloticus: -

Fig 3: Histopathological finding in liver of O. niloticus (H &E x400) showing: (A) normal histopathological structure of the portal area
containing portal vein and pancreatic structure and surrounded by hepatocytes of the parenchyma, (B) massive number of inflammatory cells
infiltration in between the proliferated hyperplastic pancreatic cells at the portal areas, (C) Showing severs congestion of the portal vein.
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Histopathological finding in the kidney of O. niloticus:

Fig 4: Histopathological finding in the kidney of O. niloticus (H & E X400) showing: (A) the glomeruli and tubules as normal histological
structure, (B) vacuolized degeneration of the lining tubular epithelium in most of the tubules, and (C) coagulative necrosis in the tubular lining
epithelium.

Histopathological finding in the gills of O. niloticus:

Fig 5: Histopathological finding in gills of O. niloticus showing; (A) normal histological structure of the filament with branching lamellae (H &
E, X16), (B) normal histological structure of arch and base of filament with blood (H & E, X400), and (C) congestion with edema in the
lamellae of the filaments (H&E x16).

Histopathological finding in the skin of O. niloticus: -

Fig 6: Histopathological finding in skin of O. niloticus showing; (A &B) normal histological structure of hypodermal, dermal and underlying
musculature (H&E x400), (C) edema with inflammatory cells infiltration in hypodermal tissue (H&E x16), and (D) edema and inflammatory
cells infiltration in hypoderm (H&E x400).
~ 320 ~
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Histopathological finding in the skeletal muscles of O. niloticus

Fig 7: Histopathological finding in skeletal muscles of O. niloticus showing; (A) normal histological structure of the striated bundles (H &E,
400 x), and (B) muscle displays dilatation of blood capillaries in interstitial tissue with edema separating muscle fibers (arrow) (HE, 400x).

Histopathological finding in the brain of O. niloticus:

Fig 8: Histopathological finding in the Brain of O. niloticus showing; (A) normal histological structure of the cerebral cortex (H &E x400), (B)
normal histological structure of stratum in cerebrum (H &E x400), (C) focal gliosis in cerebrum (H&E x400), and (D) focal gliosis in cerebrum
(H&E x400).

4. Discussion
Water pollution is one of the principal environmental and
public health problems facing Egypt and the Middle East
region [25]. Oreochromis niloticus is an important species in
commercial fisheries in the world promptly responds to
environmental alterations [3].
Regarding clinical examination in O. niloticus, there was loss
of appetite, reduce of growth, decreased activity with

spasmodic movements and increased opercular movements,
amounts of mucous on the body surface with dermatitis and
discoloration of the skin. The gill chamber was congested and
filled with mucus, congestion of the lamellae, suffocation and
finally death. These findings were like that of [26]. These are
due that the gill surface of the fish tends to be alkaline,
soluble ferrous iron can be oxidized to insoluble ferric
compounds which then cover the gill lamellae and inhibit

~ 321 ~

International Journal of Fisheries and Aquatic Studies

http://www.fisheriesjournal.com

respiration [27]. Also, the heavy metals like copper and zinc,
individually or in combination with other metals, may exert a
strong inhibitory effect on the cell division [28]. Finally,
Numerous environmental stressors affect the liver and cause
metabolic disturbances and structural damage, possibly
leading to death [29].
Regarding the PM examination, there was hemorrhagic
inflammation of kidneys due to damage, pale discoloration
and necrosis of liver due to damage of liver cells, enlarged
gall bladder and discoloration of intestine, blood-filled
abdominal cavity. These findings were agreed with Abd ElGawad [30].
In this study, the highest mean values of zinc were reported in
gills followed by liver, kidneys, muscles, and brain
respectively. Also, the values show a significant difference
between liver, kidneys, muscles, and gills (P≤ 0.05) which
was lower than the permissible limit. These results were
agreed with Hogstrand [31] who reported that the main target
of waterborne zn toxicity is the gills and liver also the highest
mean values of copper were reported in the liver followed by
brain, kidneys, gill, and muscle respectively. Also, there is a
significant difference between liver, kidneys, muscles, and
gills (P≤0.05) which were lower than the permissible limit.
These results were an agreement with Kaoud and El-Dahshan
[32]
who recommended that the copper was shown distinct
affinity to accumulate in the fish liver in high amounts. This is
due that the liver is the most important organ in
detoxification, and storage of heavy metals [33]. On the other
hand, the highest mean values of iron were reported in liver
followed by kidneys, gills, and muscle respectively, also there
are significant differences were observed in liver and kidney,
gills and muscles (P≤0.05) in comparison with permissible
limit which was higher than the permissible limit. These
results were agreed with Van Rensburg [34] who reported that
the highest bioconcentration of iron in fish tissues was found
in the liver and gonads, decreasing in brain, muscle.
Additionally, the fish liver is the target organ for iron this is
due to the liver act as an important organ for uptake,
accumulation, biotransformation, and excretion of toxicant
[35]
. Also, the gills, liver, and kidney are commonly the
primary target organs for many pollutants [36].
The most important antioxidant defense systems include
antioxidant enzymes such as SOD, CAT and GPx [37]. It was
found that SOD converts superoxides (O2-) generated in
peroxisomes and mitochondria to hydrogen peroxide [38]. The
SOD catalyzes the breakdown of the superoxide anion (O2−)
to water and hydrogen peroxide (H2O2) that were further
detoxified by the CAT enzyme, the SOD & CAT system
gives the initial defense in combating the oxygen toxicity [39].
In the present study, our data revealed that the high activity of
SOD in blood hemolysate and serum combined with decrease
activity of CAT in O. niloticus was agreed with [40]. Also, in
this study, there was a decrease in the activity of SOD in gills
kidneys and brain and these results documented by [41] who
reported that excess production of ROS may also inhibit the
SOD activity. In the present study indicate that low activity of
SOD in gills, kidneys, and brain was agreed with
Falfushynska et al. [42] who reported that low intensity, but
prolonged effect of spontaneous sources of pollution can
deplete SOD activity in fish tissues, also supported by
Falfushynska and Stolyar [43] who suggested that there was
weakness of antioxidant defenses at the chronically polluted
industrial site.
CAT plays an important role in the cell redox equilibrium [44]

where removes the hydrogen peroxide by converting it to
water and oxygen [41]. In the present study, there was
increased activity of CAT in liver and gills which agree with
[45]
who reported that Catalase activity was found in the liver
and gills of carps from industrially polluted site as compared
to the reference site due to the presence of higher peroxide
concentrations [46]. Also, the increased activity of CAT can
occur due to a high pollutant impact [47]. The decreased
activity of CAT in this study was observed in blood
hemolysate and serum this may be due to the binding of metal
ions to –SH groups of the enzyme, increased hydrogen
peroxide and/or superoxide radical [48]. The depletion of CAT
in blood hemolysate and serum with an increment of SOD
activity was reported in this study which agrees with [40]. The
reduction in CAT activity leading to decreased ability to
protect cells against H2O2 which leading to oxidative stress
which has been reported by [49] because the removal of H2O2
by CAT is an important strategy of organisms against
oxidative stress.
GPx catalyzes the reduction of both hydrogen peroxide and
lipid peroxides, thus preventing the formation of free radicals
formed by peroxide decomposition [50]. In this study, our data
results indicate that there was increased activity of GPX in
liver of Oreochromis niloticus is fish which agree with
Hamed et al. [51] who reported that increase of GPx activity in
liver of O. niloticus and Clarias lazera collected from
industrial polluted sites when compared to control because
Fish liver can be regarded as the body’s detoxification organ
and hence a target organ of various xenobiotic substances [52].
Also the present study revealed that decreased activity of
SOD and GPX in some tissues as gills, brain and kidneys of
the O. niloticus fish indicated that the abilities to protect
against hydrogen peroxide were reduced and are not
scavenged by these antioxidant enzymes which leading to
oxidative stress and causing several damages cellular for the
reason that the impairment in the radical formation due to
accumulation of the high levels of H2O2, this could be
associated to the O2ˉ production or to the action of metals in
enzyme synthesis [52]. Because GPx depletion promotes the
generation of ROS and oxidative stress which affecting the
functional and structural integrity of cell and organelle
membranes. In our study, we noticed there is a compensatory
relationship between catalase and GPX activities: low GPX
activity was combined with high catalase activity that agrees
with Godin and Garnett [53] because Catalase plays an
important role in the cell redox equilibrium [45] where removes
the hydrogen peroxide by converting it to water and oxygen
[41]
.
LPO is one of the main indicators of oxidative damage. MDA
is the final product of lipid peroxidation and their
concentration gives direct evidence of the toxic process
caused by free radicals [54]. An increase in MDA content in
tissues can be used as an indicator of lipid peroxidation [55]. In
this study, the data revealed that there was increased levels of
MDA in all tissue organs, serum and blood hemolysate of O.
niloticus fish which is agreement with findings of Avci et al.
[56]
who reported an increase in LPO in tissues of fishes
exposed to petroleum hydrocarbons, the increase in LPO is
due to an inhibitory effect on mitochondrial electron transport
system leading to stimulation in the production of intracellular
ROS [57].
The high level in MDA of the fishes from the Manzala fish
farm compared with Abbassa farm suggests that the source of
the Manzala farm was polluted this may be due to transition
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metals (such as Cu, Ni, and Fe) cause peroxidation of
membrane polyunsaturated fatty acids. This result in the
synthesis of lipid peroxyl radicals which in turn produce
many lipid degradation products such as MDA. Also, LPO, a
complex process resulting from free radical reactions in
biological membranes, forms lipid hydroperoxides that
decompose double bonds of unsaturated fatty acids and
destructs membrane lipids [58].
Low oxygen concentration in water interferes with the fish
population, causing death and abnormalities in the offspring.
Disturb the balance oxygen supply/demand influencing
oxygen levels in tissues, which interfere with antioxidant
defenses [59]. In this study the results were shown decreased in
dissolving oxygen in all Manzala ponds from controlled one
and from the range guideline [24], which was agreed with
Vidal et al. [60] who reported that hypoxia increased the
activities of catalase and glutathione peroxidase, that was
shown in this study especially in liver, gills, muscles, kidneys,
and brain according to catalase but according to glutathione
peroxidase was showed in the liver only that is maybe due to
hypoxia was found to increase oxidative stress levels by
increasing protein carbonyls in the brain, liver and skeletal
muscle relative to control fish which was supported by
Lushchak et al. [61] who reported that hypoxia increased the of
activities of SOD and catalase in liver of Cyprinus carpio.
Additionally, in this study, there was an increased activity of
SOD in the liver and lipid peroxidase in all tissues of hypoxic
fish that was agreed with Lushchak and Bagnyukova [62].
Finally, fish under low-oxygen conditions (hypoxia, anoxia)
increasing their antioxidant capacity to enhance their ability to
quench ROS production upon return to normal oxygen
concentrations [63].
The increase in temperature stimulates all metabolic processes
in accord with known thermodynamic principles; it enhances
oxygen consumption and, therefore, may increase ROS
production as side products of intensified metabolism
resulting in oxidative stress in fish [64]. Temperature and pH
affect the catalytic efficiency and binding capacity of
enzymes [65]. In this study, there was increased water
temperature of Manzala ponds than that of controlled one, but
lower than that of permissible limits. On the other hand, there
was increased in water pH of Manzala ponds than that of
controlled one and the range guidelines [24]. The present
results were agreed with Osman et al. [66] who reported that
the High levels of heavy metals during spring and summer
could be attributed to the changes associated with higher
water temperatures, which can cause higher activity and
ventilation rates in fish where in this study there are high
levels of heavy metals especially zinc, copper and iron.
Ammonia is a toxic metabolite and excess ammonia is known
to trigger the operation of detoxification or utilization
systems, chiefly by way for the formation of less toxic
nitrogenous substances [67]. The excessive presence of NH3
alters cellular metabolism, resulting in decreased cellular
concentrations of ATP [68]. In this study our results revealed
that there was increased in all levels of total ammonia, toxic
ammonia (NH3) and non-ionized ammonia (NH4) in all ponds
of Manzala fish farm from the controlled one and also from
the range guideline by very high great ratio that was agreed
with who reported that ammonia induce antioxidant defenses
as (CAT), superoxide dismutase (SOD) in the liver of fish
which supported by Hegazi et al. [69] who reported that
Chronic ammonia exposure significantly increased SOD
activity which was approved in our results where there are

increased in SOD activity in liver, blood, and serum. On the
other hand the present results were agreed with Sinha et al. [70]
who reported that exposure fish to high environmental
ammonia (HEA) resulted in induced production of H2O2,
increased activity of CAT, increased lipid peroxide content
(MDA), increased levels of GPx in the liver and no change of
GST activity in the liver of goldfish and carp that is due to
ammonia exposure can lead to oxidative stress in fish species.
Copper shows a distinct affinity to accumulate in the fish liver
[71]
. The oxidative stress was demonstrated to be induced by
both dietary and waterborne exposure to high copper, or even
by copper injection in fish [72]. In this study our results
revealed that the copper was higher in pond 1 and pond 2 in
Manzala fish farm than that of controlled one and that of
range guideline but equal in pond number (3) of Manzala
farm to range guideline. In the present, results have been
agreed with Hansen et al. [73, 74] who reported that fish
exposure to metal ions, particularly to copper, enhances the
activities of primary (SOD, CAT, GPx) where there was
increased of these antioxidant enzymes especially in the liver
this is due to copper elevation induce cytotoxicity and
enhanced ROS formation [75] also generate (OH)ˉ through
Fenton reaction.
In the present study our results revealed that there were
increased levels of hardness in Manzala ponds over that of
controlled one and also over the range guidelines [24] and
increased activity of SOD, CAT and GPx in the liver which
was agreed with (Saglam et al. [76] who reported that in the
hard water there was increased concentration of copper in the
water, increased activity of SOD, CAT and GPx in liver of
Oreochromis niloticus fish this is due to hardness affects fish
physiology and metal bioavailability and consequent metal
uptake by fish [77] which leading to an oxidative stress due to
production of ROS, so not only heavy metal induces oxidative
stress but also hardness of water may cause the oxidative
stress responses so the increase in SOD, CAT, and GPx
activity may be related to cope with the increased oxidative
stress caused by metal exposures.
Fish obtain iron from water by uptake across the gill
epithelium and by intestinal uptake from food [78]. Because the
gill surface of the fish tends to be alkaline, soluble ferrous
iron can be oxidized to insoluble ferric compounds which
then cover the gill lamellae and inhibit respiration.
In the present study there were increased levels of iron in all
Manzala ponds over than that of controlled one and also over
the range guidelines [24] which was agreed with Bagnyukova
et al. [79] who reported that a strong positive correlation
between lipid peroxidation products and the activities of
catalase in liver indicated the possible up-regulation of the
enzymes and iron this may be due to elevated production of
superoxide anions which increase the release of free iron [80].
Also our results were agreed with Ruas et al. [81] who reported
that significant increases in SOD activity and higher levels of
LPO were observed in erythrocytes of fish with the highest
levels when the concentration of iron in water was elevated
that is due to the heavy metals iron present in polluted water
of Manzala farm enter the fish, accumulates in fish tissues and
exert toxic effect by the generation of ROS through their
redox property thus oxidative stress experienced by these fish
during such metal exposure is counteracted using antioxidant
defense system.
Phosphorus is one essential major mineral to fish [82], in our
study the concentration of phosphorus (po4) in the water was
very high which disagreed with Boyd [83] who reported that
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the concentration of this element is low in freshwater. Thus,
due to increased concentration of phosphorus in the polluted
area leading to increased activity of SOD and CAT which
responding more quickly thereby protecting organisms from
oxidative stress [84].
Nitrite (NO2–) is commonly present as a contaminant in the
aquatic environment and toxic to aquatic organisms. In the
present study our results reveled that there was increased
levels of nitrites in the three ponds under study of Manzala
(pond1, 2and3) over than controlled one also over than the
range guide line [24] also there was decreased activity of SOD
and GPX also decrease concentration of GSH and MDA in
the gills which were agreed with Rui Jia et al. [85] who
reported that in gills, nitrite (0.4 and/or0.8 mM) apparently
reduced the levels of superoxide dismutase (SOD),
glutathione peroxidase (GPx) and glutathione (GSH) but
increased the formation of malondialdehyde (MDA) this was
due to potential routes for nitrite accumulation have been
shown to occur across the intestinal and gill epithelium [86],
also High concentration of nitrite is a potential factor
triggering stress in aquatic organisms [87] because the toxic
action of nitrite is the conversion of hemoglobin into
methemoglobin, which is not able to carry oxygen resulting in
the induced methemoglobinemia [88], all the previous were
supported by several studies demonstrated that nitrite
exposure in aquatic ecosystems could enhance the
intracellular formation of ROS [89] where the ROS able to
attack antioxidant defense system, leading to the loss of
antioxidant components (SOD, GPx and GSH).
Hydrogen sulfide was known as a toxic pollutant, the main
effects of sulfide poisoning are the loss of central respiratory
drive due to lesions in the brain stem, and inhibition of
cytochrome oxidase, leading to impaired aerobic energy
metabolism [90].
In the present study our results revealed that there were
increased levels of sulfide in Manzala fish farm ponds than
that of controlled one and the range guideline [24], that result
was agreed with Eissa et al. [91] who reported that decreasing
solubility of oxygen also at high-temperature increase levels
of ammonia, dihydrogen sulfide (H2S) and alkalinity which
dangerously affecting the fishes health also was agreed with
Nofal and Abdel-Latif [92] who reported that water analysis
during an outbreak in summer season in manzala farm
revealed that there are increases in water temperature, iron,
copper, nitrite, dihydrogen sulfide and decreasing in
dissolving oxygen may due to increasing water temperature.
Histopathological changes in animals' tissues are reliable and
direct indicators of environment stressors. It is also the easiest
method for assessing both short- and long-term toxic effects
[93]
. The liver is the most organs associated with the
detoxification and biotransformation process is the liver, and
due to its function, position and blood supply [94].
In the present study, our results revealed that there was a
massive number of inflammatory cells infiltration in between
the proliferated hyperplastic pancreatic cells at the portal
areas and severs congestion of the portal vein while the
controlled sample showing normal histopathological stricture
which was agreed with Figueiredo-Fernandes et al. [95] who
reported that the adverse effects of heavy metals were
vacuolar hydropic, degeneration of cytoplasm in hepatocytes,
which were finally necrotic and infiltrated with inflammatory
cells that is due to exposure of Nile tilapia to sublethal levels
of cu has been shown to cause histopathological alterations in
liver [96]. Also, the cellular degeneration in the liver may be

also due to oxygen deficiency as a result of gill degeneration
and/or to the vascular dilation and intravascular hemolysis
observed in the blood vessels with subsequent stasis of blood
[97]
.
In the present study the result of histopathological alteration
of kidneys of O. niloticus fish due to pollution was vascular
degeneration of the lining tubular epithelium in most of the
tubules and coagulative necrosis in the tubular lining
epithelium while controlled one was showing normal
histological structure which was agreed with Schwaiger et al.
[98]
who reported that the histopathological alteration of
kidneys of fish due to contamination was primarily of
vacuolation, hypertrophy, and single-cell necrosis of tubular
epithelial cells such as a granulomatous nephritis,
accompanied by degenerative and necrotic changes of
hematopoietic cells and of excretory renal tissue that results
were supported by Salim and Kadhim [99] who reported that
glomerular degeneration in Bowman’s spaces; reduce
hemopoietic tissue, peritubular edema, perirenal adipose
tissue with inflammatory cells and vacuolation of cortical
tubules this due to heavy metals toxicity can result in lower
energy levels and damage to blood composition, kidneys,
liver, and other vital organs [24] also kidneys are the
metabolically active tissues, which possess high
bioaccumulation ability [100].
The gills are more exposed to contaminated water and metals
can penetrate through their thin epithelial cells [101], also the
gills perform various vital functions (respiration,
osmoregulation, and excretion) and have a large surface area
in contact with the external environment. In the present study
the result of histopathological alteration of gills of O. niloticus
fish due to pollution was congestion with edema in the
lamellae of the filaments of intoxicated samples while
controlled one was showing normal histological structure of
the filament with branching lamellae that result was agreed
with Figueiredo-Fernandes et al. [95] who reported that
exposure of Nile tilapia to sublethal levels of Cu has been
shown to cause histopathological alterations in gills (edema
and vasodilation of the lamellar vascular axis) also supported
by Rosety-Rodríguez et al. [102] who suggested that when
fishes suffer a more severe type of stress an inflammatory
response could be occurred as lamellar aneurysms and blood
congestion with dilation of marginal channels together with
leukocyte infiltration all these results may be due to due to
increase of ammonia, heavy metals, pH change and oxygen
depletion.
In the present study the result of histopathological alteration
of skin and muscles of O. niloticus fish due to pollution was
edema with inflammatory cells infiltration in hypodermal
tissue and dilatation of blood capillaries in interstitial tissue
with edema separating muscle fibers that results were agreed
with Tayel et al. [103] who reported that periphery
inflammatory cells with some aggregate of glomeruli like
under its connective tissue with infiltration of inflammatory
cells, subcutaneous adipose tissue partly with fibrosis. A
muscle with vacuolation, small blood vessels were in
between, these alterations in skin and muscles may be
attributed to inorganic fertilizers, ammonia, heavy metals and
changes in water quality [104]. In the present study the result of
histopathological alteration of the brain of O. niloticus fish
due to pollution was focal gliosis in cerebrum of intoxicated
fish while the controlled one shown normal histological
structure of the cerebral cortex and striatum in cerebrum that
results were agreed with Moustafa and El-Sayed [105] who
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reported that brain of carp fish caught from area polluted with
heavy metals showing gliosis (meningitis) which supported
by Abdullah et al. [106] who reported the same result in O.
niloticus at Qassim region, KSA. These results may because
of copper on the brain which induces decreasing in
muscarinic cholinergic receptor numbers in the brains though
the mechanisms of action remain unclear. Also, the toxicant
exposure of copper disrupted the brain serotonin and/ or
dopamine levels [107] this explains the spasmodic movements
of intoxicated fish before mortality. On the other hand, in this
result, there was an increased level of MDA in the brain
which indicates oxidative damage which induce a toxic
process caused by free radicals, these explain the evidence of
gliosis or meningitis.
5. Conclusions
Heavy metals and deteriorated water quality parameters
caused a substantial toxicity signs in the exposed fish at
Manzala.
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