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ABSTRACT

The aim of the present work was to assess, by rapid approach, the detoxification capacity and the genotoxicity caused by exposure of
some marine fish to polluted waters. The fish species selected for the study: White sea bream (Diplodus sargus, Linnaeus 1758) and
sardine (Sardine pilchardus, Walbaum 1792) were collected from different sites of Alexandria, EI-Max bay and Bahary, in Egypt. Results
of heavy metals analysis in sediment were: Al>Fe>Cr>Pb>Hg>Cd. Concerning detoxification analysis, fish collected from El-Max bay
encounter the highest liver enzyme activity of Glutathione S-Transferase. Also, genotoxicity was evaluated in liver, gills and muscle of fishes
collected and the results indicated that fish collected from El-Max bay has the highest levels of comets (DNA damage) when compared
to the other sites selected as reference. It can be concluded from our results that the different tissues examined have alteration of level
of detossification and comets as result of different degree of oxidative pollution insult. These biological responses may be considered for

rapid extimation of food oxidative damage as well as for environmental quality.

Keywords: White sea bream (Diplodus sargus), Sardine (Sardine pilchardus), Glutathione-S-Transferase enzymatic activity; Comet

assay; Food security

INTRODUCTION

Recently, the pollution of marine environment become a
growing great problem for environmental quality and food
security (Fasulo et al., 2015; Pecoraro et al., 2017, 2018;
Adel et al., 2018). Although the presence of heavy metals
in traces is of great importance to the aquatic life, the
release of man’s wastes into marine environment affects
the normal characteristics of water, sediments, fauna and
flora, and also may induce toxicity not only to the aquatic
life but also reach human (Marti-Cid et al., 2007; Sharma et
al., 2014; Piscopo et al., 2018). Accumulation of pollutants
in fish and other aquatic biota provides an estimate of
integrated metals exposure. Parameter as content of metals
in seafood as well as daile intake pro die can garantic a
safe diet (Adel et al., 2016; Adel et al., 2018). Nevertheless

toxicological studies highlighted that they represent the
most oral consumption at high risk for human reporting
risk assessment and health implications (Conti et al., 2012;
Sharma et al., 2014). Many studies were done to figure out
the quality of the Egyptian coastal environment and the
risk for consumers especially along the Mediterranean Sea
(Abdel Ghani et al., 2010; El-Shehawi et al., 2013; Suzuki
etal., 20106). Alexandria City is known to be the largest city
following Cairo, Egypt and it is located in the southeast
of Mediterranean coast. Alexandria encounters about 40
% of the total Egyptian industrial activities. The coastal
waters of Alexandria received extensive discharges of
untreated agricultural, industrial and sewage wastewaters
in the last four decades. It was found that 183x106 m’ of
untreated domestic sewage in addition to wastewaters were
discharged annually from land-based sources to Alexandria
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coastal waters (Abdel-Gawad et al., 2015; Abdel-Gawad
et al.,, 2018). It is well known that heavy metals pollution
and accumulation becomes a major problem around the
world due to many reasons; the toxicity, non-biodegradable
properties, abundant sources in addition to their
accumulative behaviour (Bartiromo et al., 2013; Abdel-
Gawad et al., 2015; Adel et al., 2018). Fish are considered
as a vital biosentinel for environmental pollution and
precede a significant role in assessment of the potential
risk associated with pollution of aquatic environment (Van
der Oost et al., 2013). Aquatic biosentinels can represent
an early warning when biomarkers of stress as evaluation
of antioxidative physiological defense by chromatography
(Guerriero et al., 2003); enzymatic activity assay (Guerriero
et al., 2002; Guerriero et al., 2004; Guerriero et al., 2018);
morphological or ultrastructural studies (Scalici et al.,
2017; Pecoraro et al., 2017, 2018); immunohistochemistry
(Guerriero etal., 2017a); pattern and expression of steroid
hormones and their receptors alteration (Guerriero et al.,
2005a,b; Guertiero 2007; Guerriero et al., 2009); free
radicals detection using electron spin resonance electron
(Guertiero etal., 2017b; D’Errico etal., 2018) or their DNA
damage (Piscopo et al. 2010; Vassalli et al., 2015; Guerriero
etal., 2017b) have been detected. Using enzymatic assay of
the antioxidants, Gluthatione-S-transferase we can assay
indirectly the oxidative stress. Glutathione S-Transferase
enzymes (GSTs) consist of a series of cytosolic enzymes
which are implicated in phase-1I biotransformation
of a major number of pollutants. Such enzymes are
responsible of the catalysis conjugation of glutathione
(GSH) to lipophilic compounds with electrophilic centres
to neutralize then excrete some chemicals able to cause
toxic impacts (Guerriero et al., 2017a). Nowadays, there
are many enzyme groups or isoenzymes were reported
while some of them vary among different animals and
their tissues (Angellucci et al., 2000; Novoa-Valinas
et al., 2002). Glutathione S-transferase is considered
from the most functional phase-II biotransformation
pathways in vertebrates and invertebrates for potentially
toxic chemicals. Also, GST was characterized in several
species; gastropods, polychaetes, mussels, crustaceans
in addition to fish (Hylland et al., 2006). The GST
isoenzymes could be induced by different pollutants and
many studies reported increased hepatic activity after
exposure to toxic chemicals (see for review, Perez-Lopez
et al., 2002). Based on previous studies it was stated that
GST induction is considered to be adopted as a biomarker
for exposure to different pollutants; PAHs, PCBs and
Dioxins (Abdel-Gawad et al., 2014; Abdel-Gawad et al.,
2015; Abdel-Gawad et al., 2018). Although the activity
of GST was determined in diverse tissues, detection of
GST is preferred to be performed on tissues of high
biotransformation activity. The most valuable tissues
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for GST determination are liver tissues of vertebrates,
the hepatopancreas and digestive gland in invertebrates,
besides fish gills which considered the primary line of
defence against water pollutants (Hylland et al., 2000).
Recently, comet assay is known as a simple, rapid, reliable
and standard technique for measuring DNA damage in
fish exposed to different pollutants (Abdel-Gawad et al.,
2011; Bhagat et al., 2016; Abdel et al., 2018). The comet
assay is extensively used in genotoxicity evaluation of
different substances; pharmaceuticals, agrochemical, food
additives and industrial chemicals (Brendler-Schwaab et al.,
2005; Guilherme et al., 2009). Oxidative enzymes are also
used as a biomarker for toxicity assessment of many water
pollutants (Fasulo et al., 2015). The aim of the present
study was to evaluate the biological responses to the effect
of marine pollution in different sites in Alexandria coast
using water and sediment analysis, the detossification
and the genotoxicity in fish (muscle, liver and gills) as the
white sea bream (Diplodus sargus) and the sardine (Sardine
pilchardus) for food security advice.

MATERIALS AND METHODS

Samples collection

Samples were collected from different points of Alexandria
shore: El-Max, Bahary and El-Shatby (Fig. 1) and
then transferred to the Biotechnology and Biodiversity
Conservation laboratory, Centre of Excellence for Advanced
Sciences, National Research Centre. Sampled fish were
dissected, barcoded following Di Finizio et al., (2007) and
the tissues (gills, liver and muscle) aliquoted from 30 fishes
of each species/sites were used for analyses. White sea bream
(Diplodus sargns) and sardine (Sardine pilchardus) were collected
from El-Max and Bahary while sardine was sampled from
El-Shatby that may be considered as a reference point.

Alexandria

Fig 1: Sampling sites from Alexandria (Egypt): 1, Bahary; 2, EI-Shatby
and 3, El-Max.
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Table 1: Physical and chemical analysis of water samples

Parameter Al Cd Cr Fe Pb pH DO TDS Turbidity (NTU)  Phenol (mg/l)
(mgh) (mgl) (mg/L) (mglL) (mglL) (mg/L) miO,/L

El-Max <0.01 <0.001 <0.001 0.04 <0.001 <0.001 7.9 4.6 43000 6.2 N.D

Bahary <0.01 <0.001 <0.001 0.05 <0.001 <0.001 8.3 oI5 43000 4 N.D

El-Shatby <0.01 <0.001 <0.001 0.08 <0.001 <0.001 7.9 7.5 44000 4.1 N.D

Table 2: Chemical analysis of sediment

Parameter Al Cd Cr Fe Pb Hg

El-Max 1975  <0.001 19.75 1950 19.25 <0.05
Bahary 900  <0.001 825 1725 11 <0.05
El-Shatby 950 <0.001 2.5 1175 6.5 <0.05

Water and sediment analysis

Water and sediment were collected from Alexandria shore
(as shown in Table 1 and Table 2) at El-Max, Bahary; and
Shatby as a control point. Water and sediment samples
were transferred to the Biotechnology and Biodiversity
Conservation laboratory, Centre of Excellence for
Advanced Sciences, National Research Centre. Water
and sediment analysis involved the following: Aluminum
(Al), Cadmium (Cd), Chromium (Ct), Iron (Fe), Lead
(Pb), Mercury (Hg), pH, Dissolved Oxygen (DO), Total
dissolved solids (TDS), Turbidity and Phenol. In water,
pH and conductivity too. Water and sediment samples
were measured referring to Standards Methods for the
Examination of Water and Wastewater (2012).

Enzyme Assay for Glutathione S-Transferase

The Glutathione-S-Transferase (GST) activity was
measured in liver samples isolated from barcoded fish
collected from different localities from Alexandria as
mentioned before. The samples were treated following
the protocol established by Habig and Jakoby (1981). Liver
samples were homogenized in (50 mM Tris-HCI, 0.15 M
KCl, pH 7.4) buffer (1:4 volumes), then centrifuged for
30 min at 4°C at 9,000 g. To get the cytosolic fraction,
which used for enzymatic activity analysis of GST, a
fraction from supernatant was separated and centrifuged
for 60 min, 4°C at 37,000 g Bovine serum albumin was
used as a standard to determine the protein concentration
of supernatant. The activity of GST was assessed referring
to the method described by Habig and Jakoby (1981), which
is mainly based on conjunction of 1 mM of 1-chloro-2,4-
dinitrobenzene (CDNB; Sigma) with 1 mM glutathione
(Sigma). The enzymatic activity was detected as absorbance
increments (340 nm) and it was expressed in units, that
1 unit represents the amount of enzyme necessary to
conjugate 1 umol of CDNB/min/mg protein, at 25°C and
pH 7.00. The activity of GST is expressed as umol min
mg’ of protein.
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Analysis of DNA damage, Comet Assay

Immediately after fish dissection, small sections of gills,
liver and muscle tissues were transferred into RPMI
medium then cellular dissociation was done according
to Cavalcante et al. (2008). Comet assay was done under
alkaline conditions referring to Singh et al. (1988).

Statistical analyses

Data analysis was done through statistical analysis which
was performed using the General Liner Models (GLM)
procedure of Statistical Analysis System. After that
the Scheffe’-test was performed to detect significant
differences among fish samples. The values expression was
revealed as mean = SEM. Statements of significant were
based mainly on the probability of P < 0.05 compared to
control area (El-Shatby).

RESULTS AND DISCUSSION

Water and sediment analysis

Dissolved oxygen levels are strongly influenced by
pollution as if the level falls to 2 mg/1, acute physiological
stress occurs to marine biota that may lead to death. For
such reason, DO amount in water is considered a good
indicator for its quality. In the present study DO level
drops below 5 ml O,/L only in El-Max bay that may be
due to its pollution with different contaminants while in
El-Shatby DO level reached 7.5 ml Oz/ L. (Hussein et al.,
2013). Although trace metals (e.g. zinc, selenium and
copper) are vital to maintain the human body metabolism,
their elevated concentrations cause toxic effects. Some
other metals are toxic even in low concentrations
(e.g. cadmium, lead and mercury) (Piscopo et al., 2018).
Referring to chemical characteristics if metals, trace metals
are persistent in environment, as in many cases they just
change the chemical state and accumulate in food chain
(Llobet et al., 2007; Hussein et al., 2013; Okbah et al.,
2016). The concern about accumulation and human
health is widely reported (Marti-Cid et al., 2007; Sharma
et al., 2014).

The distribution of some heavy metals in water and
sediment isolated from Alexandria coast is represented
in tables 1land 2. Trace metals were not detected in water
samples while turbidity was higher in samples collected
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from El-Max than other sites. Concerning sediment
samples, it can be seen that trace elements concentrations
reached their maximum rates in sediment samples collected
from El-Max followed by samples collected from Bahary
and El-Shatby. The metals concentrations in sediment
may be ordered as follows: Al>Fe>Cr>Pb>Hg>Cd.
Our results correlated with previous studies on El-Max
in Alexandtia (Abdallah et al., 2008; Soliman et al., 2015;
Saad et al., 2017). The high iron concentrations in our
results may be due to organic matter and wastes reached
the bay from El-Umum Drain (Ghanem et al., 2015).
Okbah et al. (20106) studied heavy metals distribution in
El-Max bay sediments and metals content decreased in
the following order: Fe > Mn >Zn > Pb > Cu > Cd.
El-Max bay is well known to receive different pollution
discharges that affected heavy metals concentrations,
especially that domestic untreated wastewater may be
considered from the major sources of observed heavy
metals contamination (Zaqoot et al., 2017). Sediments
of water bodies preserve contaminants for several years
so may affect human health in addition to surrounding
environment and so deserve special consideration in
designing any aquatic food study (Sharma et al., 2014; Adel
ctal.,, 2018). Sediments are considered an essential basin of
contaminants assessment and also a supplemented source
for benthic organisms especially in estuarine ecosystems
(Wang et al., 2007; Abdel-Gawad et al., 2018). The risk
for consumers is usually monitored and daily intake can
be adopted for limiting human pathologies (Sharma et al.,
2014; Adel et al., 2018).

Enzyme Assay for Glutathione S-Transferase

The data analysis of GST activity as a biomarker of marine
pollution in sampled barcoded fish was represented in
Fig. 2. The greatest values of liver GST activity were

recorded in white sea bream (Diplodus sargus) and sardine
(Sardine pilchardus) isolated from El-Max in isolated
followed by samples isolated from Bahary. Fish collected
from El-Shatby encounter the lowest enzyme activity.
Sardine isolated from El-Max showed the highest GST
concentration among all sampled fish from different
localities. As we know the answer is related to the species
of fish and very useful was barcoded the fish analyzed
following Di Finizio et al., (2007). As seen in the present
analysis, we can summarize that enzyme activity is correlated
with pollution and so El-Max is more polluted than Bahary
and El-Shatby. Unfortunately, EI-Max encountered many
pollution sources as mentioned in many previous researches
(Okbah et al., 2016; Zaqoot et al., 2017).

From the most important biochemical biomarkers used
recently for pollution assessment in fish are some enzymes
related to detoxification of toxic tools and their metabolites.
Enzymes from the family of Glutathione-S-Transferase
(GST) are considered very important for protection against
any damage resulted from potentially reactive compounds
to be combined with endogenous molecules, so finally
removed by the body (D’Errico et al., 2018). The enzyme
activity is known to be a vital biomarker of exposure to
different environmental pollutants either terrestrial or
aquatic (Fasulo et al., 2015; Guerriero et al., 2017 a,b).

Evaluation of DNA Damage

DNA damage was estimated by using comet assay to detect
DNA strand breaks in nuclei from (gills, liver and muscle)
of barcoded White Sea Bream (Diplodus sargus) and Sardine
(Sardine pilchardus) fish sampled from El-Max bay, Bahary
and El-Shatby, Alexandria coast (Fig. 3). DNA strand breaks
detected by comet assay could be present during cell repairs
lesions through nucleotide excision. So, detection of high
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Fig 2: Glutathione S-Transferase activity in liver of fishes (n=30/each species) isolated from different localities in Alexandria. Different letters (a,
b and c) are significantly different (P< 0.05) compared to the control group.
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ratios of DNA breaks in comet assay indicates either elevated
damage rate or repair approach (Collins et al., 1997; Abdel-
Gawad etal., 2015). It can be seen that DNA damage reached
the highest percentages in El Max site followed by Bahary area
and the least were detected in El-Shatby. When comparing the
DNA damage among sampled fish for the same area it’s clear
that; white Sea bream showed DNA damage levels more than
Sardine fish. The different answer to xenobiotics is related to
the species-specificity and this is the reason why it is important
the samples discrimination (Di Finizio et al., 2007; Mazzeo
2008; Guertiero et al., 2017¢) Previous studies also indicated
that El-Max bay is considered from the highly polluted sites
when compared to other sites in Alexandria coast (Saad etal.,
2017). El-Max bay suffered from continuous major drastic
changes resulting from human activities; untreated industrial
waste, domestic sewage, shipping industry and agricultural
runoff which are being released into the bay (Abo-Taleb et
al., 2015). Such activities have pronounced harmful impacts
on marine fish filet sampled in our study. Referring to fish
tissues and organs, it can be realized that gills followed by
liver show more rates of DNA damage than filet in all
sampled fish from different localities. The comet assay is an
important tool used in environmental biomonitoring using
fish as a model as it can presents rapid screening system to
be adopted in biomonitoring food programs for detecting
genotoxic potential as in environmental studies (Sharma
et al,, 2007; Nagpure et al., 2008; Abdel-Gawad et al., 2014,
Abdel-Gawad et al., 2018).

CONCLUSION

Toxicological studies highlight that metals represent the
most oral consumption at high risk for human reporting risk

assessment and health implications. The results of the present
research on the genotoxic and mutagenic potential of polluted
marine water of Alexandria coast, in Egypt suggested a site-
specificity concern about the oral comsumption of some
marine fish. The white sea bream (Diplodlus sargus) and sardine
(Sardine pilehardus) biological responses indicated the importance
and the sensitivity of oxidative stress biomarkers assessment
as insight in the safety issue for species-specificity and tissue-
specificity. The first rapid extimation in the monitoring food
programs can be useful done using the enzymatic activity of
Glutathione S-Transferase by spectrophotometer and DNA
damage using comet assay.
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