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Abstract
The goal of this study was to assess the harmful effects of heavy metal accumulation on Clarias gariepinus (catfish) in two
different polluted areas in the Al Sharkia governorate and assess the impact on oxidative stress and histological changes. The
results revealed a highly significant difference in heavy metal levels in the water and inside fish tissues (liver and gonads)
between the two sites. The total prevalence of parasitic infection was at the highest percentage in area B, in addition to severe
histopathological damage to the liver and the gonads. Findings show that the total prevalence of parasitic infection is
associated with uptake of metals, depleted antioxidant activity, and incidence of lipid peroxidation in tissue.
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Introduction

Water pollution is a major problem in Egypt’s freshwater
canals, which is one of the country’s environmental and
public health challenges (Luo et al. 2020). Pollution is
generally associated with industrial waste, which is one of
these areas’ ecological problems (Goel 2006). Heavy metals
are the most common pollutants and are toxic in coastal
areas at even low concentrations (Soliman et al. 2015). Al
Sharkia Governorate Canal is one of these canals that
receive polluted water rich in heavy metals from many
sources, including industrial and domestic effluents (Hus-
sien et al. 2020). The toxic effects of heavy metals in fish
induce alterations both at the structural and functional levels
of different organs (Authman et al. 2015). Metal accumu-
lation in fish promotes reduction-oxidation processes, that
create reactive oxygen species (ROS), which can cause
oxidative stress, and morphological, and biochemical
changes in their tissues (Biller and Takahashi 2018). The
relationship between parasitism and pollution, especially in
aquatic habitats and the role of parasites as bioindicators of
heavy metal pollution, is not simple and, in essence,

involves a double-edged phenomenon, in which para-
sitization may increase host susceptibility to toxic pollutants
or in which pollutants may result in an increase (or in some
decrease) in the prevalence of certain parasites (Sures et al.
2017). On the other hand, biomarkers can provide extra
physiologically and ecologically relevant information for
the development of appropriate environmental management
recommendations (Adams et al. 2001). As a result, fish
biomarkers are required for monitoring environmental
changes and determining the impact of contaminated water
on fish (Yancheva et al. 2016).

African catfish (Clarias gariepinus) is a valuable
commercial fish since it is one of the richest and least
expensive sources of protein and omega fatty acids (Osi-
bona et al. 2009). African catfish have a relatively high
abundance and propagation in the Al Sharkia Governorate
canal (Farrag et al. 2019). Generally, the consumption of
African catfish from the Al Sharkia Governorate canal is
considered a health problem when used for human con-
sumption (El-Shenawy et al. 2021a). In humans, heavy
metals have been related to liver and kidney damage,
cardiovascular disease, and even death (Pandey and
Madhuri 2014). Elawady et al. (2019) stated that the levels
of heavy metals in African catfish samples from Al Sharkia
were higher than those in water samples. As a con-
sequence, it might be a useful model for researching
reactions to various environmental contaminants (Farombi
et al. 2008). Metals are well-known inducers of oxidative
damage in fish, reflecting metal contamination of the
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aquatic ecosystem (Mahboob 2013). The fish’s endogen-
ous antioxidant can neutralize the oxidant effect of free
radicals, including some natural and other substances
(Hamid et al. 2010). Parasites respond to heavy metal
pollution either as effect indicators or stress effectors.
Heavy metal concentrations in surface water often excee-
ded the World Health Organization’s regulatory limits.
Parasites have been shown to have thousands of times
higher heavy metal concentrations than their fish hosts
(Sures 2003). Thus, the objective of the present study was
to evaluate the responses of African catfish (Clarias gar-
iepinus) liver and gonad oxidant status as a bioindicator to
the various environmental heavy metal pollutants.

Materials and methods

Chemicals and equipment

Merck Germany provided the standard chemical for the
target heavy metals with the greatest purity level (99.98
percent). For sample digestion, ultra-pure HNO3 was
employed. All the other acids and compounds were pure
and came from Merck or Scharlau in Germany or Spain,

respectively. High-quality commercial kits (Biodiagnostic
Co; 29 El-Tahrir St., Dokki, Giza, Egypt) were used to
measure aspartate-amino transaminase (AST), alanine
amino transaminase (ALT), lipid peroxidation (LPO), glu-
tathione reduced (GSH), superoxide dismutase (SOD), and
catalase (CAT).

Description of the investigated area

Al Sharkia governorate is located on the eastern side of the
Nile Delta in Egypt and spans an area of 4911 km2. It was
located between latitudes 30°42′0′′ and 30°42′0′′N and
longitudes 31°48′0′′ and 31°48′0′′E (Fig. 1). In the research
region, the overall length of the freshwater canal network is
approximately 2729 km2. They were separated into main
canals (Bahr Mowais and Ismailia Canals) and subordinate
canals (Bahr Abo-Alakhdr and Bahr Faqous), which were
further divided into smaller branches and canals. The sur-
face water in the study area arises from AlRaiyah Al-
Tawfky’s main canal that feeds the Bahr-Mowais Canal at
35 km2 and the Ismailia Canal from Al-Monier barrage at
28.15 km2 to El-Salhia lock at km2 of 75 (Ramadan et al.
2019). The fishing industries rely heavily on the selection of
that location (El-Sayed et al. 2011; Samy-Kamal 2015).

Fig. 1 Location map of the
study area
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Sample’s collection

One hundred and twenty water and Clarias gariepinus
fish samples weighing on average 279.52 ± 0.01 g and
measuring on average 36.51 ± 1.7 cm in length were
collected from two Al Sharkia government localities.
Area A represents the Muweis canal in Zagazig city,
which receives waste from the Miser oil and soap factory,
and the San El-Hagar canal. Area B in Faqus city receives
domestic and agricultural waste. The collected fish from
the two areas were transported alive in their original
water to the laboratory. C. gariepinus is the most con-
sumed species in that studied area and is used as a
bioindicator for those areas (Aly 2016). Samples were
taken monthly over the four seasons from September
2017 to August 2018.

Water sample bottles were cleaned before being used
with dilute nitric acid to remove any interfacial metal labels,
then rinsed twice with distilled water before being used at
each site. Monthly collected water samples were stored in
an ice-containing isolated cooler and delivered to the
laboratory the same day, where they were kept at 4 °C
before processing and analysis.

After transporting the fish to the laboratory, they were
measured for weight and length to determine body condi-
tion. The fish were dissected. The liver and gonads were
removed and divided into three pieces, two of which were
utilized to calculate heavy metal residues, oxidative stress,
and antioxidant indicators. The third section was dedicated
to histological analysis. If any parasites were found, they
were fixed, kept, and identified in the manner described by
(Madanire-Moyo and Barson 2010). The prevalence (aver-
age number of infected fish per examined fish), the intensity
of infection (average number of parasites per infected fish),
and the abundance (average number of parasites per exam-
ined fish) were calculated according to Rózsa et al. (2000).

Heavy metals evaluation in water and fish (liver and
gonads)

An atomic absorption spectrophotometer (Perkin Elmer,
2280) was used to detect the amounts of iron (Fe), copper
(Cu), zinc (Zn), lead (Pb), manganese (Mn), and nickel (Ni) in
water and fish samples. The samples were prepared and
examined following the method of El-Shenawy et al. (2021b).

Oxidative stress/antioxidant of catfish liver and
gonads evaluation

Liver and gonad tissue homogenates were prepared and
followed the kit’s instructions for determining the different
oxidative stress/antioxidant parameters. According to the

directions in the kit, lipid peroxidation (LPO) was measured
using a colorimetric approach (Modesto and Martinez
2010). The thiobarbituric acid reactive product is formed
when thiobarbituric acid combines with malondialdehyde in
an acidic medium for 30 minutes at 95 °C. At 534 nm, the
absorbance of the resulting pink product may be measured
by a spectrophotometer.

The activity of superoxide dismutase (SOD) was mea-
sured spectrophotometrically at 560 nm, following the kit’s
instructions and the Zikić et al. (2001) technique. The
approach relied on the SOD enzyme’s capacity to prevent
the nitroblue tetrazolium dye from being reduced by phe-
nazine methosulphate.

The activity of catalase (CAT) was measured according to
the kit’s instructions and the technique published by Atli et al.
(2006). The CAT interacts with a defined amount of H2O2

and is halted by a CAT inhibitor after 1 min. In the presence
of peroxidase, the remaining H2O2 reacts with 3,5-dichloro-2-
hydroxybenzene sulfonic acid and 4-aminophenazone to form
a chromophore with a color intensity inversely proportional to
the amount of CAT in the sample. At 440 nm, the absorbance
was measured.

Reduced glutathione (GSH) levels were measured
according to the kit’s instructions, using an Atli and Canli
(2008) approach based on the reductive cleavage of 5,5′-
dithiobis (2-nitrobenzoic acid) by a sulfhydryl (-SH) group
to produce a yellow hue. The GSH content is directly
proportional to the decreased chromogen (absorbance
measured at 412 nm).

Parasite examination and identification according to
Taha and Ramadan (2017)

Some Trematoda worms in the liver and gonads were fixed
in 2.5% buffered glutaraldehyde (pH 7.4) made in 0.1 M
sodium cacodylate at 4 °C. Post fixation treatment was
carried out using 1% osmium tetroxide made in the same
buffer at 4 °C for 1–2 h. Later, worms were dehydrated in
ascending grades of ethanol, and then, the critical point was
dried using carbon dioxide as a drying medium. Worms
were then mounted on metallic stubs and coated with gold
under vacuum conditions. The examination was carried out
with a JEOL scanning electron microscope.

Histological examination

For 24 h, an isolated worm, a portion of the catfish liver,
and the gonads were fixed in 10% neutral buffered formalin.
They were then regularly infiltrated in paraffin wax in a
tissue processor and sectioned at 5 µm thickness. Mayer’s
Hematoxylin and Eosin were used to stain it (Feldman and
Wolfe 2014).
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Calculation and statistical analysis

Calculation

Fish’s general body condition For the determination of the
fish’s body condition (K), the weighed and length of the fish
were measured. Fulton’s condition factor was performed
according to Nash et al. (2006) as [weight/length3 × 100].

Transfer ratio (TR) This ratio was used to compute the
heavy metal transfer ratio: metal concentration in fish organ/
metal concentration in water followed the formula of Zhang
et al. (2019).

Statistical analysis

The analysis was carried out using SPSS version 20 (Sta-
tistical Package for the Social Sciences). The acquired
findings were expressed as mean ± standard error. ANOVA
was used, followed by a Duncan-significant difference test
for the comparison between different treatments. ANOVA
tests were considered statistically significantly different
when p ≤ 0.05. Pearson rank correlation was applied to

determine if there was a relationship between heavy metal
accumulation in fish organs and parasite abundance.

Results

Fish’s general body condition

The body condition of African catfish from the two areas of
the Al Sharkia government was evaluated through Fulton’s
condition factors (K) that were compared by season (Fig. 2).
Seasonally, there were also significant (P ≤ 0.05) fluctua-
tions in the average of K. In comparison to the other sea-
sons, the mean condition factor was greater in the winter,
with K= 0.88 ± 0.01 in region A, and the autumn, with
0.56 ± 0.02 in area B.

Heavy metal determination in water samples

The concentration of seven heavy metals (Fe, Zn, Mn, Cu,
Pb, Ni, and Cd) in water samples was calculated from the
two regions during the investigation period as recorded in
Table 1.

Fig. 2 Seasonal variation in
Fulton’s condition factors (K) of
catfish species collected in two
different areas of the Al Sharkia
Government. The different letter
is significant when P ≤ 0.05

Table 1 Seasonal concentration of heavy metal (µg/L) in the water sample in the two areas

Area Season Fe Zn Mn Cu Pb Ni Cd

Area A Summer 0.50 ± 0.01c 0.01 ± 0.01c 0.30 ± 0.01d 0.03 ± 0.01a 0.04 ± 0.01b - -

Autumn 0.10 ± 0.01a 0.03 ± 0.01a 0.02 ± 0.01ab - - - -

Winter 0.20 ± 0.01a 0.02 ± 0.01a 0.01 ± 0.01a - - - -

Spring 2.30 ± 0.06e 0.05 ± 0.01e 0.03 ± 0.01c 0.01 ± 0.01c 0.03 ± 0.004b 0.14 ± 0.0 0.01 ± 0.001

Area B Summer 0.60 ± 0.01d 0.02 ± 0.01d 0.17 ± 0.01e 0.04 ± 0.00b 0.03 ± 0.002b - -

Autumn 0.40 ± 0.02b 0.01 ± 0.01b 0.01 ± 0.01b - 0.02 ± 0.01a - -

Winter 0.28 ± 0.03b 0.01 ± 0.003b 0.36 ± 0.004c - - - -

Spring - - - - - - -

The average of monthly samples (n= 15 for each season). Data presented as mean ± S.E. Different letter superscript is significant P ≤ 0.05. - is the
data below the detection limit
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In comparing the heavy metal in Area (A) during the four
seasons. Area (A) showed a high concentration of iron (Fe),
zinc (Zn), nickel (Ni), and cadmium (Cd) in spring and a
high concentration of manganese (Mn), copper (Cu), and
lead (Pb) in summer. Cd, Pb, Ni, and Cd disappeared
completely in autumn and winter (Table 1). On the other
hand, area (B) showed high concentrations of Fe and Mn
during summer, autumn, and winter. Ni and Cd disappeared
completely from all seasons. Iron (Fe) had the highest
concentration in both areas. Fe concentration was in the
following order: spring > summer > winter > autumn in area
(A), while its concentration in area (B) was in the following
order: summer > autumn > winter (Table 1).

One way analysis of heavy metals in water was done was
to determine the differences between the four seasons in
each area. The analysis indicated that there were significant
differences between seasons for Fe, Zn, Mn, Cu, Pb, Ni, and
Cd in two areas (Duncan, P ≤ 0.05) (Table 1).

Heavy metal determination in fish (liver and
gonads)

The concentration of six heavy metals (Fe, Zn, Mn, Cu, and
Pb) in water samples was collected from the two regions
during the investigation period as recorded in Table 2. One
way analysis was done was to determine the differences
between heavy metals in the liver and gonads during the four
seasons in each area. The analysis indicated that there were
significant differences between seasons for Fe, Zn, Mn, Cu,
and Pb in the two areas (Duncan, P ≤ 0.05) (Table 2).

In Area (A), Fe showed the highest concentration in the
liver during the four seasons in the following order: sum-
mer > winter > spring > autumn. Lead (Pb) was found only
in the liver during the summer in a low concentration. The
concentration of the four heavy metals (Fe, Zn, Mn, and Cu)
was in the following order: Fe > Zn > Cu >Mn during
autumn and winter. Mn showed the highest concentration in
the gonads of the infected fish in summer, while Fe showed
the highest concentration during autumn, spring, and winter
in the following order: autumn > winter > spring. Cu
showed the lowest concentration in the gonads during the
four seasons in the following order: winter > summer >
autumn > spring (Table 2).

In Area (B), Fe had the highest concentration in the liver
during the four seasons in the following order: winter >
autumn > spring > summer. Mn showed the lowest con-
centration in the liver during autumn, spring, and winter.
During autumn, winter, and spring, heavy metals are
arranged in the following order: Fe > Zn > Cu >Mn. On the
other hand, the highest concentration of Mn is found in the
gonads during summer, and Cu is found with the lowest
concentration during the four seasons in the following
order: winter > autumn > spring. Pb is found only in the
gonads during spring with a low concentration (Table 2).

The transfer ratio of heavy metals

The transfer ratio (TR) of the heavy metals within catfish
liver and gonads was given in Table 3. The data indicated
that the highest value of TR of Fe in the livers of area A was

Table 2 Seasonal heavy metals level (µg/g) of the liver and gonads of Clarias gariepinus in the two studied areas

Season Organ Fe Zn Mn Cu Pb

Area A Summer Liver 833.5 ± 44.3d 19.7 ± 1.0 f 115.40 ± 10.15b 15.30 ± 1.50b 11.53 ± 0.88b

Gonads 118.6+ ±2.1 111.5 ± 5.9 213.8 ± 22.0 c 2.3 ± 0.3d 37.5 ± 1.0c

Autumn Liver 200.3 ± 5.4a 19.6 ± 1.5a 0.48 ± 0.05a 0.58 ± 0.10a -

Gonads 271.0 ± 13.3 13.3 ± 1.6 1.3 ± 0.2a 0.76 ± 0.01b -

Winter Liver 342.0 ± 9.8b,c 8.7 ± 0.8c,d 1.11 ± 0.09a 6.3 ± 0.5c,d -

Gonads 178.5 ± 5.9 8.2 ± 0.6 3.2 ± 0.3a 5.0 ± 1.5c -

Spring Liver 287.0 ± 42.6c 11.8 ± 0.1e 1.40 ± 0.06a 0.52 ± 0.01a -

Gonads 89.9 ± 10.7 23.9 ± 2.5 1.2 ± 0.1a 0.7 ± 0.1b -

Area B Summer Liver 220.10 ± 9.5a 18.8 ± 2.1 g 151.60 ± 2.89c 4.24 ± 0.7 g 15.67 ± 2.85c

Gonads 44.9 ± 5.2 24.8 ± 2.9 230.6 ± 8.3b - -

Autumn Liver 531.7 ± 43.3a 22.4 ± 1.0d 0.76 ± 0.07a 2.4 ± 0.36d -

Gonads 210.0 ± 12.8 46.1 ± 1.8 2.5 ± 0.4a 0.8 ± 0.02b -

Winter Liver 598.4 ± 24.3a,b 18.7 ± 0.6c 0.87 ± 0.1a 10.3 ± 0.9c -

Gonads 158.8 ± 1.2 9.4 ± 0.1 17.1 ± 0.6a 5.3 ± 0.5c -

Spring Liver 301.9 ± 24.5a,b,c 7.1 ± 0.3b 2.99 ± 0.4a 12.8 ± 0.6b -

Gonads 90.9 ± 6.9 4.2 ± 0.5 1.7 ± 0.3a 0.1 ± 0.01 0.2 ± 0.01b

The average of monthly samples. Data presented as mean ± S.E (n= 15 per season). Different letter superscript is significant at P ≤ 0.05. - is below
the detection limit
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in summer and winter, and the lowest was in the gonads of
area A in spring. In area B, the highest value was in liver
tissue in winter and autumn, and the lowest was in the
gonads during spring. The TR of Zn in catfish organs
showed the highest value in gonads of area A during
summer and the lowest in the liver during spring. However,
the TR of Zn in catfish organs in area B recorded the highest

value in gonads during autumn and the lowest value in
gonads during spring. The TR of Mn in the liver and gonads
of catfish showed the highest value in gonads during sum-
mer and the lowest was in gonads in spring in area A.

However, the TR of Mn in the liver and gonads of catfish
of area B recorded the highest value in the liver during
summer and the lowest value in was liver during winter.

Table 3 Seasonal transfer ratio of heavy metals (µg/g) in the liver and gonads of Clarias gariepinus to the bioaccumulation concentration of heavy
metals in the water in the two studied areas

Area Season Organs Fe Zn Mn Cu Pb

Area A Summer Liver 1595.1 ± 94.4g 987.1 ± 50.9 5214.0 ± 321h 436.7 ± 71.4 1442.0 ± 50.5g

Gonads 223.5 ± 5.9a 6258.0 ± 491.8e 9532.0 ± 680.7e 53.7 ± 5.5c 5049 ± 198.3e

Autumn Liver 878.6 ± 23.5a 3562.0 ± 270.6 84.9 ± 9.6 - -

Gonads 1233.0 ± 63.5b 2423.0 ± 322.4f 215.9 ± 40.8d - -

Winter Liver 1522.4 ± 65.0 1587.0 ± 127.1g 61.1 ± 4.9 - -

Gonads 755.5 ± 13.4d 1508.0 ± 183.9b 175.5 ± 19.3a - -

Spring Liver 242.8 ± 34.1b 254.6 ± 1.6e 38.3 ± 2.4 4.1 ± 0.3 -

Gonads 83.9 ± 8.7c 512.8 ± 57.9d 34.4 ± 2.3g 5.1 ± 0.5 -

Area B Summer Liver 401.7 ± 17.9c 1035.0 ± 130.4a 6941.0 ± 459.7h 98.8 ± 18.0 2030.0 ± 354.8e,h

Gonads 85.02 ± 8.7c 1334 ± 173.5b 10377.0 ± 704.9e - 2296 ± 82.4f

Autumn Liver 2414.7 ± 202.6d 4143.0 ± 424.3f 136.0 ± 11.6 - -

Gonads 928.5 ± 53.5d 7865.0 ± 469.8e 416.8 ± 58.8d - -

Winter Liver 2761.0 ± 101.2d 3465.0 ± 416.0f 46.3 ± 5.2 - -

Gonads 679.7 ± 37.9d 1529.0 ± 86.1b 923.9 ± 21.9 - -

Spring Liver 255.8 ± 20.4e 166.0 ± 7.8 86.8 ± 13.6 84.2 ± 6.8 -

Gonads 88.2 ± 5.6c 74.7 ± 10.8c 62.6 ± 7.6c 0.57 ± 0.04 9.7 ± 1.6

Data presented as mean ± S.E. Different letter superscript is significant P ≤ 0.05. (−) represent is the data below the detection limit

Table 4 Seasonal oxidative
stress biomarker (µM/mg
protein) in the liver and gonads
of Clarias gariepinus in the two
regions

Area Season Organs Lipid
peroxidation
(µM/mg protein)

Catalase
(µM/mg protein)

Reduced
Glutathione
(µM/mg protein)

Superoxide
dismutase
(µM/mg protein)

Area A Summer Liver 37.8 ± 0.74b 2.47 ± 0.03a 2.55 ± 0.2e 34.6 ± 1.2h

Gonads 34.5 ± 2.82c 0.29 ± 0.01e 6.53 ± 0.8b 89.7 ± 3.9g

Autumn Liver 23.0 ± 1.3d 1.9 ± 0.2b 1.1 ± 0.0f 241.0 ± 6.2d

Gonads 8.5 ± 0.35g 0.1 ± 0.01f 0.72 ± 0.1g 194.2 ± 25.1e

Winter Liver 11.0 ± 0f 0.9 ± 0d 1.2 ± 0.1e 280.0 ± 0.7c

Gonads 14.0 ± 0.1e 1.8 ± 0c 15.0 ± 0.2a 1620.5 ± 79.9a

Spring Liver 19.88 ± 1.32c 1.85 ± 0.17c 4.98 ± 0.5c 168.6 ± 11.5f

Gonads 43.0 ± 0.6a 0.1 ± 0f 2.7 ± 0.1d 463.0 ± 16.0b

Area B Summer Liver 82.8 ± 3.1a 2.36 ± 0.03b 6.29 ± 0.4b 110 ± 3.4

Gonads 6.01 ± 0.7f 0.68 ± 0.0c 0.81 ± 0.0h 669.0 ± 2.7d

Autumn Liver 12.0 ± 0.2d 0.7 ± 0.0b 1.1 ± 0.1f 725 ± 6.1c

Gonads 24.0 ± 1.4b 0.7 ± 0.0b 19.0 ± 1.1a 2244.62 ± 69.0a

Winter Liver 16.0 ± 1.8c 1.0 ± 0.1c 1.6 ± 0.2e 429 ± 4.0e

Gonads 12.0 ± 1.6d 2.6 ± 0.4a 4.7 ± 0.0d 2148.0 ± 1.5b

Spring Liver 12.5 ± 2.1c 0.65 ± 0.02d 1.0 ± 0.02g 49.8 ± 3.2g

Gonads 11.24 ± 0.2e 0.68 ± 0.0c 5.24 ± 0.68c 64.89 ± 12.5f

Data presented as mean ± S.E. of the average of monthly samples. Different letter superscript is significant
P ≤ 0.05
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The TR of Cu in the liver of catfish in area A in summer
showed the highest value and was not detected in the liver
and gonad during the winter and autumn seasons.

However. in area B, the highest value was in the liver
during summer duration and not detected in the liver and
gonads during autumn and winter. The highest value of TR
of Pb in area A is present in gonads during summer duration
and not detected in the liver and gonads during spring,
autumn, and winter. In area B, the highest value was in the
liver and gonads during the summer season and was not
detected in autumn and winter.

Oxidative stress/antioxidant of catfish liver and
gonads evaluation

Oxidative marker and antioxidant enzymes of liver and
gonads in area A showed marked significant (P ≤ 0.05)
difference in LPO, CAT, GSH, and SOD than that of area B
(Table 4). On the other hand, there was a significant dif-
ference in MDA, CAT, GSH, and SOD activities in the area
between the four seasons.

Parasite examination and identification

The current study found that 38 of the 121 examined fish
were infected with Acanthostomum absconditum juvenile in
the two studied areas of Al Sharkia Governorate, for a total
infection of 31.40%, with a mean intensity of 7.63 and
mean abundance of 13.81 (Table 5).

Table 5 summarized the seasonal prevalence of the
recovered parasite (A. absconditum) in Clarias gariepinus.
It was concluded that the highest rate of parasite infection
was observed during the winter season, with infection rates
of 64.3% in the area (A), followed by autumn (42.8%),
while spring was recorded at 7.7% and summer showed no
infection in the examined fish. Autumn had the highest rate
of parasite infection in the area (B), with infection rates of
60%, followed by winter (36.3%) and spring (35%), with
summer having the lowest rate of infection (14.2%).

The highest intensity rate of the parasite was recorded in
autumn at area B (10.7), followed by spring (10), summer
(6), and winter season (3.25). The lowest rate of intensity of
the parasite was found in area A during spring.

Significance Pearson coefficient correlation between the
heavy metal concentration in the liver and gonads of the
catfish in the two studied areas with the parasite abundance
(Tables 6 and 7) were found.

Most of the parasites found are early juveniles of A.
absconditum according to Ibraheem (2006) with their small
body and a maximum length of about 0.8 mm. The oral
sucker is terminal in position, circular in shape, and com-
pletely devoid of spines and the genital primordia are absent
or not formed yet. The two intestinal caeca are observed and
terminate posteriorly with two separate lateral anal openings
(Fig. 3A). Scanning microscopy of the worm showed the
oral sucker is terminal and rounded. Although the

Table 5 Seasonal prevalence,
intensity, and abundance of the
parasite (Acanthostomum
absconditum) in Clarias
gariepinus at Al Sharkia
Governorate

Area Season No. of
examined fish

No. of
infected fish

Total No. of
parasites
recovered

Prevalence % Abundance Intensity

Area A Summer 20 - - - - -

Autumn 14 6 24 42.9 17 4

Winter 14 9 72 64.3 5.1 8

Spring 13 1 3 7.7 0.23 3

Area B Summer 14 2 12 14.2 0.9 6

Autumn 15 9 96 60 6.4 10.7

Winter 11 4 13 36.4 1.18 3.3

Spring 20 7 70 35 3.5 10

Total 121 38 290 31.4 13.8 7.6

Prevalence (%) = number of fish infected/number of fish examined ×100

Intensity = number of parasites/number of fish infected

Abundance = number of parasites/number of fish examined

- not detected

Table 6 Pearson coefficient correlation between the heavy metal
concentration in the liver of the catfish in the two studied areas with
the parasite abundance

Area (A) Area (B)

Heavy metal
of liver
(µg/g)

Parasite
abundance

Heavy metal
of water
(mg/L)

Parasite
abundance

Fe −0.775* Fe 0.178

Zn 0.897* Zn −0.342

Mn 0.938* Mn −0.247

Cu 0.932* Cu −0.252

* Is a significant difference P ≤ 0.01
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musculature of the oral sucker is well developed, the cir-
cumoral spines are absent (Fig. 3B).

Histological examination

Seventy-eight percent of fish collected from area A and
eighty percent of fish collected from area B during the four
seasons were identified with different histological altera-
tions detected in the liver and gonads (testes and ovaries) of
C. gariepinus (Figs. 4 and 5, respectively).

Congestion in the central and portal veins was a pre-
dominant feature in fish livers from the two sampling sites
and was identified in catfish from areas A and B during the
four seasons (Figs. 4 and 5). Numerous histopathological
changes were found to be extensive in catfish during all
seasons. Infiltrations of inflammatory cells were the most
prevalent in livers compared to any of the other types of
alterations identified especially with a response to encysted
metacercaria (Fig. 6). With an irregular wall, the encysted
metacercaria emerged. The cyst wall appeared round with
two layers. Inside the cyst wall, there were clear refractive
grains. The metacercaria’s body was folded, and the oral

sucker was visible. Encysted metacercaria observed an
increase in their number in the liver section of fish collected
in the two areas during the winter season compared to the
other seasons. Single necrotic and focal aggregated cell with
pyknotic nucleus was identified in a high percentage of
about 95% of the fish collected from area A during the four
seasons (Fig. 4). Hydropic and fatty degeneration were
identified in the liver of fish from area B during the four
seasons (Fig. 4).

During the summer season, the testes of catfish collected
from area A showed seminiferous tubules with different
spermatogenic stages and spermatozoa in the lumen of
some lobules. As a result, the activity of the testicular
seminiferous tubules varied, with most tubules distended
with spermatozoa and some lobules appearing empty (spent
lobules) because of their discharged spermatozoa (Fig. 7A).
The testes of catfish collected from area B showed alteration
in the histological structure of the testes with infiltration of
inflammatory cells between the testicular tubules in
response to the presence of encysted metacercaria (Fig. 8A).
During the autumn season, the testes of catfish collected
from areas A and B showed that interstitial connective tis-
sue was normal. Spermatozoa increased in their thickness in
the lumen of the seminiferous tubules (Figs. 7B and 8B).
During the spring season, the testes of catfish collected from
areas A and B showed both tunica albuginea and interstitial
connective tissue were very thin and reduced due to the
pressure exerted on them by the distended testicular lobules
with different spermatogenic stages, with the appearance of
the spermatozoa in the lumen of some lobules. Testicular
lobules displayed varying levels of activity, with most
lobules distended with spermatozoa and other lobules
seeming empty because of spermatozoa discharge (Figs. 7C
and 8C).

During the winter season, the testes of catfish collected
from areas A and B showed a great increase in the

Table 7 Pearson coefficient correlation between the heavy metal
concentration in the gonad of the catfish in the two studied areas with
the parasite abundance

Area (A) Area (B)

Heavy metal
of gonads
(µg/g)

Parasite
abundance

Heavy metal
of gonads
(mg/l)

Parasite
abundance

Fe −0.04 Fe −0.615*

Zn −0.032 Zn 0.145

Mn −0.109 Mn 0.113

Cu −0.006 Cu 0.818*

* Is a significant difference P ≤ 0.01

Fig. 3 A Light micrographs
showing whole mounts of
juvenile A. absconditum stained
with HE showed two intestinal
caeca (arrow) in the middle
portion of the body. B Scanning
electron micrographs (SEM) of
A. absconditum juveniles. a
Ventral view of a juvenile stage-
I showing that the circumoral
tegmental crown is devoid
of spines
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Fig. 4 The liver of catfish in area
A during summer (A) showed
aggregations of inflammatory
cells (IF) between the
hepatocytes, thrombosis
formation in a central vein, and
hydropic degeneration (HD).
Autumn (B) and spring (C)
seasons showed aggregations of
inflammatory cells (IF) between
the hepatocytes. Winter (D)
season showed an increase in IF
between the hepatocytes
(HE, 200X)

Fig. 5 The liver of catfish in area
B during the summer (A) season
showed fatty (FD) and hydrobic
(HD) degeneration. During
autumn (B), spring (C) and
winter (D) seasons showed
aggregations of inflammatory
cells (IF) between the
hepatocytes (HE, 200X)

Fig. 6 Liver section of catfish in area B during the four-season showed encysted metacercarial cysts (arrow) with irregular double layer wall and
folded body (HE, 200X)
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connective tissue of both the tunica albuginea and inter-
stitium. Most of the spermatogenic cells have degenerated
except the spermatogonia, which appeared intact and pre-
dominant. Some testicular lobules contained residues of
undischarged spermatozoa, while other lobules appeared
empty (Figs. 7D and 8D).

During the summer season, the ovary of catfish col-
lected from areas A and B showed tunica albuginea
becoming thinner (Figs. 9 and 10). The most predominant
follicles were in vitellogenic stages. During the autumn
season, the ovary of catfish collected from areas A and B
showed that the tunica albuginea was relatively thicker.
The most predominant stages were the perinucleus stage
and previtellogenic follicles. During the spring season,
the ovary of catfish collected from areas A and B of the
tunica albuginea became thinner. The most predominant
follicles were in the vitellogenic and perinucleus stages.
The ovary of catfish collected from areas A and B showed
the tunica albuginea surrounding the ovary reached a
great thickness and the stromal connective tissue was
increased. The ovarian structure revealed degenerated
follicles and encysted metacercaria, but the pre-
vitellogenic stage was the most prevalent, with some
follicles in the atretic stage.

Discussion

This study examined the relationship between parasite
communities and water quality in a variety of different
aquatic environments. The environmental conditions in
water bodies are constantly changed by various naturally
and anthropogenically induced factors (Dodson and

Hanazato 1995). Some organic pollutants accumulate pre-
ferentially in fatty tissues such as the liver and gonads of
that fish, and the effects become apparent when levels in
such tissues reach a threshold level (Authman et al. 2015).
However, this accumulation depends upon their intake,
storage, and elimination from the body (Ali et al. 2014).
The current situation of the catfish is affected by the eco-
logical disturbance in that aquatic environment (Barnhoorn
et al. 2004).

Knowledge of Fulton’s condition factors (K) is very
important as it is a good indicator of fish physiological
condition and health. The present study also revealed sea-
sonal variations in body condition in the African catfish
from the two areas of the Al Sharkia government. In gen-
eral, body condition was better in the winter. According to
Lloret et al. (2002) Fulton’s variables, the fish’s physiolo-
gical condition, and health may fluctuate in different
environmental settings due to variances in water quality,
feeding conditions, sex, stage of maturation, and the period
during which the fish was taken. The K values of fish in the
spring are significantly different in areas A and area B.
These results may be due to the fluctuation of oxidative
stress within the organ of the fish which negatively affected
the fish’s health condition (Carminato et al. 2020).

Seasonally, the metal concentration in water samples
from the two sites showed an uneven pattern throughout the
year. Throughout the seasons, metal concentrations differed
considerably (P ≤ 0.05) between the two regions. The
quantity of agricultural drainage water, untreated home
sewage, and industrial waste dumped into the canals and
drains that feed the ponds might be the cause of these
seasonal changes (Goher et al. 2014). Different authors have
found seasonal fluctuations in metals in water at various

Fig. 7 Section of catfish’s testis collected from area A during summer
(A) showed testicular lobules (ST) with thin tunica albuginea and were
filled with spermatozoa and some tubules showed residual spermato-
zoa (RS). Autumn (B) showed some testicular lobules (ST) with dense

spermatozoa in the lumen. spring (C) showed testicular lobules
decreased with all spermatogenic cells (arrow) and winter (D) showed
some empty degenerated testicular lobules with all the developmental
spermatogenic stages and thick tunica albuginea (arrow) (HE, 100X)
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Fig. 8 Section of catfish’s testis collected from area B during summer
season (A) showed the absence of testicular lobules (ST) arrangement
with infiltration of inflammatory cells between tubules (circle).
Autumn season (B) showed testicular lobules (ST) with dense and
increase spermatozoa in the lumen. Spring season (C) showed

testicular lobules filled with all spermatogenic cells and some tubules
with remnant spermatozoa (arrow) and the winter season (D) showed
testicular lobules filled with all spermatogenic cells and some tubules
with remnant spermatozoa (arrow) (HE, 100X)

Fig. 9 Section of catfish’s ovary
in area A during summer season
(A) showed abundant mature
and vitellgenic follicles (V).
during the autumn season (B)
showed the predominance of the
perinuclear stage (PN). during
the spring season (C) showed a
thickened wall of oogenic stages
with the predominance of the
perinuclear stage and atretic
stage (A). during the winter
season (D) showed perinuclear
stage (PN), degenerated
follicles, atretic stage (A), and
encysted metacercaria (arrow)
(HE, 100X)

Fig. 10 Section of catfish’s
ovary in area B during summer
season (A) showed abundant
mature and vitellgenic follicles
(V). during the autumn season
(B) showed the predominance of
the perinuclear stage (PN) and
degenerated follicles. During
spring season (C) showed a
thickened wall of oogenic stages
with the predominance of the
perinuclear stage and
vitellogenin stage (A). During
the winter season (D) showed
perinuclear stage (PN),
degenerated follicles, atretic
stage (A), and encysted
metacercaria (arrow)
(HE, 100X)
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water bodies in Al Sharkia (Al-Nagaaway et al. 2009; El-
Sayed et al. 2011; Aly 2016; Mashaly et al. 2021).

African catfish prefer murky and foggy waters to dwell
in. As a result of its relatively high-fat content, it is more
susceptible to several sorts of environmental pollutants than
other fish (Yahia and Elsharkawy 2014). African catfish can
accumulate heavy metals in their tissue by absorption along
the gill surface, kidney, liver, and gonads depending on
metal type, the concentration of heavy metal in the water,
and reproductive cycle (Authman et al. 2015). Seasonal
variations in metal concentrations in the fish liver and
gonads were considerable. These findings are consistent
with those of Eastwood and Couture (2002) and Bahnasawy
et al. (2011) who discovered seasonal fluctuations in metal
content in fish organs and ascribed these variations to the
amount of drainage water released into the drainage canal.

The bioavailability of metals may be influenced by the
physiological activities of fish during different seasons
(Qadir and Malik 2011). The findings demonstrated that
throughout different seasons, the lowest concentration of all
metals in both locations follows an erratic pattern. This
agrees with Jakimska et al. (2011) who said that metal
bioaccumulation in tissues varies depending on the metal.
Furthermore, Van der Oost et al. (2003) proposed that
pollutant accumulation patterns in fish and other aquatic
animals are influenced by both absorption and
clearance rates.

The liver plays an important role in detoxification and
toxicant storage (Jaishankar et al. 2014). Due to its function,
the liver contains a higher concentration of heavy metals
than the gonads. The transfer ratio offered a way for
determining heavy metal buildup in fish to determine the
health risks to humans who ate the fish (Uysal et al. 2008).
The identical accumulating tendency of the metals in fish, as
well as their interactions, may explain the transfer ratio
between them (Wang 2002).

The content of metals in water, the liver, and gonad
tissues of fish samples revealed a strong link between them.
The highest content of Fe in water was 2.3 µg/L in area A
during spring. But the concentration of Fe in area A in
spring in the liver was 287 µg/g, which was much lower
than that in other seasons, a similar observation was
observed in Zn and Cu. Fish in severely polluted areas
acquire an enhanced state of oxidative stress, as evidenced
by higher LPO levels and reduced antioxidant capacity in
fish tissues (Padmini and Geetha 2009). Heavy metal
accumulation altered the activity of antioxidant enzymes in
the liver and gonads like SOD, CAT, and reduced GSH.
Heavy metals may cause the inactivation and inhibitory
effects of these enzymes. Overall, these effects may cause
the cells to be exposed to oxidative attacks (Castro-Gon-
zález and Méndez-Armenta 2008). Farombi et al. (2007)
showed reduced levels of antioxidant activity occurred in C.

gariepinus in polluted areas contaminated with heavy
metals.

Besides the contamination, 80% of fish disease results
from parasitic infection (Sures 2006). The liver of the fish is
used by the parasite as a haven to invade the fish’s immune
system (Sitjà-Bobadilla 2008). The growth process of the
parasite in the fish abdomen cavity caused a malfunction in
the maturation of the gonads (parasitic sterility) that lead to
a fish reduction (Parsa et al. 2011). Fish parasites can
interact with contaminants in several ways (Vidal-Martinez
et al. 2010). They can accumulate pollutants in their host
organisms and serve as accumulation indicators (Palm
2011). This record may be attributed to the prolonged warm
weather, which is the preferable condition for the parasitic
cycle (Lafferty 2009). The current results reveal the pre-
sence of parasites in C. gariepinus from the two studied
areas. Findings indicated a higher prevalence of catfish
parasites in area B compared to area A. The greater inci-
dence seen might be related to a variety of variables,
including the eating habits of these fish, water pollution and
heavy metals, and the availability of parasitic intermediate
hosts (Afolabi et al. 2020). The present work showed a
higher prevalence of catfish parasites and a low level of
heavy metal accumulation in the winter and autumn season.
The increase in the infection rate of fishes living in low
levels of heavy metal accumulation to the fact that effluents
including heavy metals could alter the availability or reduce
the number of invertebrate intermediate hosts necessary for
the life cycle of these parasites (Geeraerts and Belpaire
2010). The increased heavy metal concentrations may affect
the abundance of the snail host resulting in fewer Trema-
toda parasites (Lefcort et al. 2002). The juveniles of A.
absconditum were found to be more common in winter and
autumn in areas A and B, respectively. Similar seasonal
variations have been reported in other studies (Aly et al.
2020). Increasing transmission is probably due to reduced
water volume, habitat contraction, and higher host and
parasite densities (Wood et al. 2010).

The fish’s heavy metal accumulation, oxidative stress in
their tissue, and suppression of their immune system made it
at high risk of parasitic infection (Akinsanya et al. 2020).
Changes in histopathological biomarkers in fish tissues such
as the liver and gonads have received a lot of attention in
assessing the effects of environmental stress and parasitic
infection (Marigomez et al. 2006; Stentiford et al. 2003).
Regarding the histopathological examination, the liver tis-
sue of fish from areas A and B during the four seasons
showed many alterations. Area B had marginally more
alterations than area A. Both areas were found to be highly
polluted. The exposure of fish to toxicants such as metals in
the water in areas A and area B is likely to have caused
histopathological alterations in the liver. Many publications
have addressed the issue of histopathological alterations in
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the liver of African catfish after exposure to a pollutant
(Karami et al. 2016).

The presence of pollutants and heavy metals is one of
many environmental factors that can result in a dangerously
affected catfish reproduction system (Authman et al. 2015).
Mansour et al. (2018) reported that the environmental
impacts of pollution caused a pronounced decline in the
gonad activity of the studied fish, which was reflected
clearly by decreasing sperm in ripe testes and ripe oocyte
degeneration (atresia). In the present research, the results of
histological examination of gonads proved that pollution
disrupted the gonadal development, especially in the two-
season (autumn and winter) and area B. It agrees with a
study on fish living in polluted water conducted by Osman
and Kloas (2010) and H Abdel-Kader and H Mourad (2019).

Conclusion

The findings revealed that the most critical factor influen-
cing the quality of the catfish in its native habitats is water
pollution in the Ash Sharkia government. The present stu-
dies showed that the metal level of catfish liver and gonads
fluctuates depending on the research location and capturing
season. The parasitological and histological examinations
indicate a significant presence in the liver and gonad tissue
investigated. The results can be useful for the monitoring
and health management of African catfish (C. gariepinus)
populations. This might indicate that the water quality in the
Al Sharkia government’s regions A and B is deteriorating
compared to the standard water quality. Accordingly, great
efforts must be exerted to reduce the number of pollutants in
the water by subjecting the water to treatment that ensures
its safety. While parasite infection did not reduce the pol-
lutant load of their fish host, nor affected biotransformation
processes, infection was associated with changes in the
oxidative status.
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