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Abstract

The Suez Gulf is one of the richest fishing grounds of Red Sea in the Egyptian sector, it receives pollution from different sources. The main
objective of this study is to use some fish species as bioindicator to environmental pollution. Three fish species were sampled from 3 different
sites; Site 1 (Clean Area), site 2 (Petroleum & fishing activities) and site 3 (Al-Attaka commercial landing site). The Collected fish samples
were: A) Dussumieria spp., B) Scomberomorus Spp. and C) Sphyraena Spp. The detection of elevated concentrations of total and fecal
coliforms suggests the presence of microbial contamination. The results of oxidative stress displayed significant (P<0.01) increase in the level
of ROS formation (259.0+10.4) in site-3 in comparison to site-1 (136.0+5.5) (control location). Results of DNA adducts revealed that site-3
showed significant (P<0.01) increase in the levels of 8-OHdAG (18.37+1.47) compared with those in site-1 (5.75+0.77). Apoptosis results
demonstrated significant (P<0.01) increase in the levels of apoptosis (32.79+2.92) in site-3 in comparison to site-1 (11.52+1.46) considered as
control site. However, results of DNA barcoding did not reveal changes in the DNA sequence of the three fish strains. So, the present study
suggested that oxidative stress resulted from environmental pollution could influence the stress biomarkers, however it, could not induce
nucleotide replacements in fish strain under study.

Keywords: Pollution, Suez Gulf, Fish, Stress markers, DNA barcoding.

1. Introduction

Latterly, the environmental scientists have done much effort to save our environment from pollution risk. They concentrated
on monitoring research studies of marine environment based on studding specific area, either by estimating the quality of
coastal sediments [1, 2], seashells [3, 4], and/or water [5, 6]. Numerous studies on environmental monitoring have established
the value of environmental indicators in assessing the origins and consequences of pollutants, coming to the conclusion that
these indicators are the standard instrument for controlling environmental pollution [7-9]. The Red Sea, which connects to the
Mediterranean Sea in the north and the Indian Ocean in the south via the Suez Canal, is located between Africa and Asia.
Known for its abundant marine biodiversity and high endemism rates, the area is home to over 1,100 fish species and over
390 coral species. [10, 11].

The Red Sea coast extends to 1250 km from Suez to the Sudanese border. The marine environment provides human by
different food resources and ecosystem services. Although the importance of marine environment to human, the
anthropogenic activities cause deterioration to the marine environment. So, the periodic monitoring assessments for the
marine environment have become urgently needed to predict and find solutions. Pollution sources in Red Sea differ from
natural to manufactured sources. Industrial projects, petroleum industries, tourism, urban developments, shipping and fishing
are considered the most common sources of pollution to the marine environment [12-14]
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Fish in Red Sea are the highly diverse group compared to other vertebrates. They are precious having economic and social
values as the base for artisanal life styles of most coastal communities. Moreover, they assist important commercial fisheries
[15]. Fish are considered as one of the important bioindicators in any aquatic system [16]. Fish are subjected to pollution and
are used as indicators of the ecosystem health due to their nature living in aquatic environment and sensitivity to different
pollutants [17].

In aerobic life, reactive oxygen species (ROS) are an unwanted byproduct. Their stable state level is determined by the
balance between production and removal, which results in a particular level of ROS. "Oxidative stress" is the term used to
describe when the dynamic balance is upset, leading to increased ROS levels and destruction of cellular components. It has
been known that any stress usually leads to oxidative stress which may be due to the organism adaptation to different
environmental stress factors [18].

The ability of dangerous substances to alter a cell's chromosomal and genetic code is known as "genotoxicity" [19].
Genotoxins are chemical pollutants that cause DNA/chromosomal spoil and were considered as main factors in carcinogenesis
[20]. Apoptosis is an extremely controlled cellular process whereby the stimulation of specific death-signaling paths, cause
death and deletion of cells from organism tissue. These paths are distinguished by intense variations in cellular structure
causing self-destruction, and occur as natural development and aging [21]. Cell retraction, chromatin intensification,
membrane leakage, and the formation of apoptotic bodies which macrophages phagocytose without inducing an inflammatory
response are the distinctive morphological features of apoptosis [22]. Recently, DNA barcoding was applied to define
unknown samples to enhance detection of new species [23]. The use of DNA barcoding led to significant advances in many
complicated issues related to species taxonomy, biodiversity description in some regions and life history polymorphism [24].

Based on the above-mentioned remarks, the present study was concerned about using some fish species as bioindicator for
pollution in Suez Gulf at three sites with different levels of pollution. Our research aimed to analyze: Reactive Oxygen
Species, 8-Hydroxy-2-deoxyguanosine (8-OHdG) and 2-deoxyguanosine (2-dG) by HPLC and apoptosis in liver cells.
Moreover, DNA barcoding was applied in this study as a tool to fully identify the tested fish species.

2. Materials and methods
2.1. Study location

The study area was chosen to be covered during consecutive survey trips in different seasons, starting with the first transect
from Suez Gulf (Fig. 1). This transect was divided into three stations to represent different pollution levels: Site 1 (Clean
Area), site 2 (Petroleum & fishing actlvmes) and site 3 (Al-attaka commercial landing site).
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Figure 1: Sampling sites along from Suez Gulf
2.2. Fish Samples
The collected fish samples were identified referring to Morphological and morphometric characteristics. More details were
characterized by molecular identification through DNA barcoding after transferring to Biotechnology and biodiversity
conservation group, water pollution research Dept, National Research Centre.

2.3. Water Samples
Water samples for bacteriological experiments were obtained using sterilized glass bottles with a capacity of 1000 ml,
which had been meticulously cleaned and thoroughly rinsed with distilled water prior to use [25].

2.4. Coliform Count
The enumeration of total coliform bacteria (TC) was performed through the multiple tube method, which identifies bacterial
presence and estimates the most probable number (MPN) of total coliforms by inoculating measured water samples into tubes
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with culture media. For fecal coliforms, the same volume of water samples was introduced into lactose broth, analogous to the
procedure for total coliforms. After being kept at 37°C for a period of time, the tubes showing positive results were then
placed in an incubator at 44°C for 48 hours. The probable number of fecal coliforms was determined using an MPN table in
accordance with standard methods [25].

2.5. Evaluation of Reactive Oxygen Species generation

Liver tissues of collected fish were used to prepare single cell suspensions referring to Khalil et al. [26]. The intracellular
ROS production was measured by using a flow cytometer equipped and DCFH-DA fluorescent probe. At emission 525 nm
and excitation 488 nm the cellular fluorescence was detected.

2.6. Analysis of 8-Hydroxy-2-deoxyguanosine (§-OHdG) and 2-deoxyguanosine (2-dG) by HPLC

DNA was extracted from tested fish liver referring to Girgis et al. [27]. RNase (0.1mg/ml) was added to liver homogenates
then incubated. Then we mix sodium acetate (3M) and ethanol (100%) with DNA at —20°C. Digestion of DNA was carried
out using a CoulArray system (Model 5600). The UV detection was adjusted at 260nm. The HPLC was controlled and the
data obtained and measured using CoulArray software.

2.7. Detection of apoptosis by acridine orange/ Ethidium Bromide

The morphological measurements of apoptotic variations in liver cells of fish species collected from various locations along
Suez Gulf were conducted using a fluorescent microscope after being labeled with acridine orange/Ethidium Bromide
(AO/EB) according to Czene et al., [28]. For each tested fish strain, about 100 cells were detected using fluorescent
microscope (B2A filter) and necrotic cells /total cell count (x100). The apoptosis index was determined by substituting the
percentage of necrotic cells with the percentage of observed apoptotic cells.

2.8. DNA extraction, PCR and sequencing

Three individuals from fish species were applied for DNA isolation following Malke et al., [29] for DNA barcoding by COI
biomarker. The Cytochrome oxidase subunit one (COI) gene was amplified in a reaction mixture with total volume 25 ul
involving 1x Taq polymerase buffer, 0.2 mM each dNTP, 0.4 uM of each primer, 2 mM MgCl2, 1 ng of sample DNA and 0.5
unit of Taq DNA polymerase / 2x Master Mix ampliTaq kit or both for PCR amplification of the gene. PCR amplification was
performed with a thermocycler programmed PCR machine with different annealing temperatures to get the best condition for
amplifying the genes. The primers used to amplify COI gene were: COI-F: 5'-TCA ACC AAC CAC AAA GAC ATT GGC
AC-3"and COI-R: 5'-TAG ACT TCT GGG TGG CCA AAG AAT CA-3' universal primers [30].

2.9. Statistical analysis

The analysis of all data was conducted utilizing the General Linear Models (GLM) procedure from the Statistical Analysis
System [31], then by applying the Scheffé analysis to evaluate significant differences among fish samples. The analysis
results are presented as mean + SEM. All significance statements were determined considering a probability threshold of P <
0.05.

3. Results and Discussion
In this study, we are trying to set a reference point in order to measure the effect of different “environmental disturbances”
on ROS generation, DNA adducts formation, apoptosis rate induction and DNA sequences alteration.

3.1. Fish Samples collection:

Three fish species were collected from the 3 selected sites, Suez Gulf and identified referring to Morphological and
morphometric characteristics. Three fish species were identified and used in the following experiments in our study;
Sphyraena chrysotaenia (S. chrysotaenia), Scomberomorus commerson (S. commerson) and Decapterus russelli (D. russelli).

Sphyraena chrysotaenia

An alien invasive species of barracuda, Family: Sphyraenidae. It’s first record in Red Sea basin, by Egypt [32]. In addition
to its economic value [33-35], S. chrysotaenia has exhibited the potential to affect the activities of invasive and native
parasite-host relationships [36] .

Scomberomorus commerson
It is known as the narrow-barred Spanish Mackerel and it is a schooling migratory pelagic fish. The first record in Gulf of
Suez: Egypt was by Bayoumi (1972). S. commerson is considered as a commercial species with high demand [37, 38].

Decapterus russelli
The Indian scad fish is a medium sized pelagic species. This fish is known to prey mostly on fish in the Levant, whereas
crustaceans are major constituents in its diet [39].

3.2. Barcoding analyses and phylogenetic analysis

The DNA sequences were assembled and visually checked in CodonCode Aligner (CodonCode Corporation); Comparison
with published studies and sequences. The Chromas Lite programme (available from Technelysium- Pty Ltd at the URL
http://technelysium.com.au) was used to alter the raw sequences of COI genes that were the outcome. The GenBank database
was compared using the BLAST algorithm with the partial COI gene coding sequences of the Egyptian samples of D. russelli,
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Scomberomorus commerson and Sphyraena chrysotaenia. The MEGA11 software [40] package's Clustal W programme [41]
was used to align COI sequences for D. russelli, S. commerson and S. chrysotaenia and other species of the genus Decapterus,
Scomberomorus and Sphyraena that are present in the GenBank database.

3.3. Barcoding analyses

The universal primers amplified the target region in all tested species, generating 634 bp (Fig. 2). For more specific
identification, DNA barcoding was followed by sending the purified PCR products for sequencing to Macrogen (Seoul,
Republic of Korea) using an automatic ABI 370x1 DNA Sequencer (Applied Biosystem). DNA barcoding is a universal
initiative that provides an integrated and functional genetic marker to catalogue and stocking marine biodiversity with
significant conservation actions. The DNA barcoding technique is centered on a single part of the mitochondrial genome,
chosen since it reflects conserved taxa suitable for primer design and covering polymorphism among different species [42].

M 1 2 3

Figure 2: PCR products of COI gene of D. russelli (Lanel), S. commerson (Lane2) and S. chrysotaenia (Lane3)

3.4. Comparison with previously published studies and sequences

The COI sequences of samples fish species: D. russelli (acc. no. OP217100), S. commerson (acc. no. OP269543) and S.
chrysotaenia (acc. no. OP269556) were deposited in GenBank/NCBI databases. This was conducted through:
morphologically, BLAST comparisons for the detected sequences with their equivalents in the GenBank database, and the
results phylogenetic tree. The present sequences of D. russelli showed 99% similarity with D. russelli (acc. no. KU499592.1),
from Saudi Arabia. While Egyptian Scomberomorus commerson showed 100% similarity with S. commerson (acc. no.
HMO007790.1, KT251199.1, KF434774.1 and MT076823.1), 99% with S. commerson isolate (acc. no. MF737199.1) and
lesser similarities with other Scomberomorus species, like 90 % with S. niphonius (acc. no. MF123123.1) and 89 % (acc. no.
MW829380.1). On the other hand, Egyptian Sphyraena chrysotaenia showed higher similarities with S. chrysotaenia (acc. no.
KY176643.1), but lesser similarities to other fish species of family Sphyraenidae, including, for example, 86% with
Sphyraena pinguis (acc. no. JF952862.1).
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Figure 3: Maximum likelihood Phylogenetic tree for COI gene sequences of D. russelli, S. commerson and S. chrysotaenia collected from 3
different sites, the Red Sea and others retrieved from the GenBank database for the same species.

Egypt. J. Chem. 68, No. 5 (2025)



THE ABILITY OF ENVIRONMENTAL OXIDATIVE STRESS TO INDUCE ROS AND 8-OHDG MEDIATED.. 509

Phylogenetic examination for COI genes revealed a close proximity between all Decapterus species, mainly for Egyptian
D. russelli presented in this research and from Saudi Arabia as well as Norway, being the two species found in the same
subclade in the phylogenetic trees of analyzed genes (Fig. 3). Interestingly, COI sequences of S. commerson collected from
Egypt were located in a single subclade with another (acc. no. HM007790.1 South Africa, KM079292.1, India and
MT076823.1, United Arab Emirates). In addition, a sample of S. chrysotaenia collected from Egypt in the current study was
grouped together in a single subclade with (acc. no. KR861562.1) from United States.

3.5. Counts of bacterial indicators

The counts of bacterial indicators, particularly presumptive coliform counts, are regarded as critical measures of microbial
quality [43]. The most probable numbers (MPN) of indicator bacteria in three sampling locations from the Suez Gulf during
one year are illustrated in the accompanying (Fig. 4). Total coliform counts exhibited the lowest values at both site 1 (the
reference point) and site 2, remaining within the permissible limits set by WHO [44] (T.C < 500 CFU/100 ml). Conversely,
the highest values were recorded at site 3 (Fig. 4 A). Fecal coliform counts were similarly minimal at sites 1 and 2. However,
with the exception of site 3, all water samples collected from the study area contained bacterial populations exceeding the
acceptable thresholds established by WHO [44] (E. coli < 100 CFU/100 ml). This indicates a significant environmental
pollution effect on bacterial counts, particularly with increased proliferation noted at site 3.
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Figure 4: Box plots and results of the Krusskal-Wallis test of bacterial count of total coliform (A) and fecal coliform (B) in water samples
recorded at the three sampling locations in Suez Gulf (*p, 0.05).

Factors that specifically influence bacterial life forms were measured to survey water quality within the Suez Canal. As
temperatures rise, the dissolvability of oxygen and other gasses in water diminishes. When the water is exceptionally warm,
it'll not contain sufficient oxygen for the life forms to outlive [45]. This study presents a considerable number of the
monitored stations in the Gulf of Suez exhibited poor bacteriological water quality. There was a significant decline in
bacteriological water quality across the entire region in site 3. This decline is likely attributed to a marked increase in tourist
activities. Elevated concentrations of pollution indicator bacteria suggest a potential health risk to the public [46].

3.6. Variation of ROS levels in different sites

The present study illustrated the intracellular ROS generation in liver cells of fish species collected from the selected
locations subjected to various pollution levels (Fig. 5). Free radical reactions and ROS are indicators to various physiological
reactions of living organisms and in case of exposure to toxicity through different environmental pollutants enhanced an
increase of oxidative stress resulted from ROS. Current information indicated that oxidative damage exists in aquatic
organisms led to expand environmental and ecotoxicological research to aquatic animals to act as guards of environmental
pollution [47]. The results of this study displayed significant (P<0.01) increase in the level of ROS formation (259.0£10.4) in
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site-3 in comparison to site-1 (136.0+5.5) as considered as control location. Moreover, the level of ROS formation
(220.049.5) in site-2 was increased significantly (P<0.05) as compared with those in to site-1 (136.0+5.5) (Fig. 5).
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Figure 5: Intracellular ROS levels alterations in liver cells of fish species collected from different locations. a,b,c: Superscripts letters
exhibiting significance differences between groups: Groups with various letters are significantly different at (p< 0.05).

It seems from our results that site 3 (Al-attaka) which is known as a polluted site showed the highest levels of ROS
formation and this could be related to pollution in this site as a commercial landing site. Different pollutants can elevate the
level of ROS formation, and cause oxidative stress and injury of tissues and cells [48]. Chemical toxicity induces high levels
of ROS; for example, treatment with 4-tert-butylphenol-treatment induced formation of ROS and caused oxidative stress in
grass carp hepatocytes (L8824) [49].

3.7. Generation of DNA adducts

A level of DNA adducts (8-OHdG) in liver cells of fish species collected from different locations. The following results
revealed that site-3 showed significant (P<0.01) increase in the levels of 8-OHdG (18.37+1.47) compared with those in site-1
(5.75+0.77). Additionally, the levels of 8-OHdG (15.83+.85) in site-2 was increased significantly (P<0.05) when compared
with those detected in site-1 (5.75+0.77) (Fig. 6). However, no significant differences were found in the levels of 8-OHdG
between sit-2 and site-3 (Fig. 6).
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Figure 6: Generation of 8-OHdG in liver cells of fish species collected from different locations. a,b: Superscripts letters exhibiting
significance differences between groups: Groups with various letters are significantly different at (p< 0.05); however, those with identical
letters are non- significantly different.
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DNA damage was studied in collected fish species from different sites. The levels of 8-OHdG (18.37+1.47) in site 3
(which considered as a polluted area) are higher than the other 2 sites. Similar results were obtained with Meier et al., [50]
who found high records of DNA adducts in haddock fish liver exposed to various profiles of petrogenic or pyrogenic PAHs.
DNA adducts are believed to be a critical biomarker of exposure in different organisms, particularly during first emergence
after exposure to genotoxic, which may act a significant role in creating a mode of action for cancer [51]. DNA adducts in
different fish species are stable and can be observed several months after removal fish to a clean environment [52, 53].

3.8. Apoptosis formation in fish species

The levels of apoptosis in liver cells of tested fish species collected from different sites are presented in Fig. (7&8). The
results demonstrated significant (P<0.01) increase in the levels of apoptosis (32.7942.92) in site-3 in comparison to site-1
(11.52+1.46) as considered as control site. Furthermore, the level of apoptosis (13.44+1.14) in site-2 was increased
significantly (P<0.05) when compared to those detected in site-1 (11.52+1.46) (Fig. 7). Additionally, apoptotic cells were
almost observed in fish species collected from site-3 and site-2 compared to necrotic and normal cells (Fig. 8). However,
normal cells were almost found in fish species sampled from site-1 compared to apoptotic and necrotic cells (Fig. 8).

NECROTIC/ APOPTOTIC RATE

. -
Site 1 Site 2 Site 3

IL.ocations

Figure 7: Alterations of apoptosis rate in liver cells of fish species collected from different locations. a,b,c: Superscripts letters exhibiting
significance differences between groups: Groups with various letters are significantly different at (p< 0.05).

Figure 8: Fluorescent microscope examinations in liver cells of fish species indicating normal (a: living cells), apoptotic cells (b: apoptotic
cells; c: necrotic cells) as checked by acridine orange/ Ethidium Bromide staining.

Egypt. J. Chem. 68, No. 5 (2025)



512 Samah M. Bassem et.al.

Apoptosis is known as an important toxicological indicator regulated by many parameters [54, 55]. In our results, high levels
of apoptosis in liver cells of tested fish species were observed especially in site 3 which is considered the polluted site when
compared to the other sites. High oxidative stress can accelerate procedure of oxidative phosphorylation in the mitochondria
of organisms and lead to apoptosis besides, high levels of ROS and ATP liberation [56]. Matching with our results, pollutants
in the aquatic environment enhanced the oxidative stress and apoptosis in common carp [57]. In some cases, oxidative stress
can stimulate p53 and cause apoptosis [58].

4. Conclusion:

Fish are among the most important aquatic animals due to their economic and environmental impacts. The detection of
total and fecal coliform bacteria and other chemical pollutants in the Red Sea possess a major threat to public health, marine
ecosystems and economic efforts. Addressing these risks requires a comprehensive understanding of the underlying factors,
effective monitoring and assessment, and implementation of appropriate mitigation measures. This study suggested that
oxidative stress was able to induce apoptosis values due to increase the rates of DNA adducts and ROS generation at the
polluted site3 as compared with other sites. However, DNA barcoding results did not reveal changes in the DNA sequences of
the three fish strains. Therefore, the results suggested that oxidative stress induced by environmental pollution could affect
stress markers but cannot induce nucleotide substitution in the fish strain under study. This research may contribute to a better
understanding of the environmental health of the Suez Gulf and the effects of pollution on the local marine ecosystem.

5. Statements and Declarations
Availability of data and materials
The data that support the findings of this study are available from the corresponding author upon reasonable request.

6. Competing interests
The authors declare that they have no competing interests.

7. Funding
There was no external support for this study.

8. Acknowledgements

This work was supported by the Biotechnology and Genetic Conservation group laboratory, Centre of Research and
Applied Studies for Climate Change and Sustainable Development, Water Pollution Research Department, National Research
Centre (NRC), Egypt.

9. Author Contribution
All authors contributed in the manuscript. All the authors have given their approval to the final version of the manuscript.

10. References

1. Nour, H.E.S., Assessment of heavy metals contamination in surface sediments of Sabratha, Northwest Libya. Arabian
Journal of Geosciences, 2019. 12: p. 1-9.

2. Wang, Q., et al., Distribution, ecological risk, and source analysis of heavy metals in sediments of Taizihe River, China.
Environmental Earth Sciences, 2018. 77: p. 1-14.

3. El-Sorogy, A., et al., Gastropod shells as pollution indicators, Red Sea coast, Egypt. Journal of African Earth Sciences,
2013. 87: p. 93-99.

4. Abdo, S.Y., et al., Epithermal neutron activation analysis of major and trace elements in Red Sea scleractinian corals.
Journal of Radioanalytical and Nuclear Chemistry, 2017. 314: p. 1445-1452.

5. Nour, H.E.S., Distribution of hydrocarbons and heavy metals pollutants in groundwater and sediments from northwestern
Libya. 2015.

6. El-Sorogy, A.S. and A. Attiah, Assessment of metal contamination in coastal sediments, seawaters and bivalves of the
Mediterranean Sea coast, Egypt. Marine Pollution Bulletin, 2015. 101(2): p. 867-871.

7. Yu, G.B., et al., Inconsistency and comprehensiveness of risk assessments for heavy metals in urban surface sediments.
Chemosphere, 2011. 85(6): p. 1080-1087.

8. Dung, T.T.T., et al. Investigation of potential leachability of arsenic and heavy metals from blasted copper slag and
contaminated marine sediments by single extractions in south of Van Phong Bay-Vietnam. 2013. Institute of
Oceanography; Nha Trang (Vietnam).

9. Nour, H.E.S., Distribution, ecological risk, and source analysis of heavy metals in recent beach sediments of Sharm El-
Sheikh, Egypt. Environmental monitoring and assessment, 2019. 191(9): p. 546.

10. Bogorodsky, S.V. and J.E. Randall, Endemic fishes of the Red Sea. Oceanographic and biological aspects of the Red Sea,
2019: p. 239-265.

Egypt. J. Chem. 68, No. 5 (2025)



THE ABILITY OF ENVIRONMENTAL OXIDATIVE STRESS TO INDUCE ROS AND 8-OHDG MEDIATED.. 513

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.
23.

24.

25.

26.

217.
28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

Gajdzik, L., et al., Using species connectivity to achieve coordinated large-scale marine conservation efforts in the Red
Sea. Marine Pollution Bulletin, 2021. 166: p. 112244,

Mansour, A.M., A.H. Nawar, and H.A. Madkour, Metal pollution in marine sediments of selected harbours and industrial
areas along the Red Sea coast of Egypt. Annalen des Naturhistorischen Museums in Wien. Serie A fiir Mineralogie und
Petrographie, Geologie und Paldontologie, Anthropologie und Prihistorie, 2011: p. 225-244.

Attia, O.E.A. and H. Ghrefat, Assessing heavy metal pollution in the recent bottom sediments of Mabahiss Bay, North
Hurghada, Red Sea, Egypt. Environmental monitoring and assessment, 2013. 185: p. 9925-9934.

Nour, H.E., et al., Assessment of sediment quality using different pollution indicators and statistical analyses, Hurghada
area, Red Sea coast, Egypt. Marine Pollution Bulletin, 2018. 133: p. 808-813.

McClanahan, T.R., S. Mwaguni, and N.A. Muthiga, Management of the Kenyan coast. Ocean & Coastal Management,
2005. 48(11): p. 901-931.

Tashla, T., et al., Fish as an important bio-indicator of environmental pollution with persistent organic pollutants and
heavy metals. Journal of Agronomy, 2018. 28(5): p. 273-283.

Nhiwatiwa, T., et al., Metal concentrations in water, sediment and sharptooth catfish Clarias gariepinus from three peri-
urban rivers in the upper Manyame catchment, Zimbabwe. African Journal of Aquatic Science, 2011. 36(3): p. 243-252.
Lushchak, V.1., Environmentally induced oxidative stress in aquatic animals. Aquatic toxicology, 2011. 101(1): p. 13-30.
Zhang, H., et al., Mapping the changing Internet attention to the spread of coronavirus disease 2019 in China.
Environment and Planning A: Economy and Space, 2020. 52(4): p. 691-694.

Srivastava, P., A. Singh, and A.K. Pandey, Pesticides toxicity in fishes: biochemical, physiological and genotoxic aspects.
Biochemical and cellular archives, 2016. 16(2): p. 199-218.

Kerr, J.LF.R., C.M. Winterford, and B.V. Harmon, Apoptosis. Its significance in cancer and cancer therapy. Cancer, 1994.
73(8): p. 2013-2026.

Jayakiran, M., Apoptosis-biochemistry: a mini review. J Clin Exp Pathol, 2015. 5(1): p. 1-4.

Hajibabaei, M., et al., DNA barcoding: how it complements taxonomy, molecular phylogenetics and population genetics.
Trends in Genetics, 2007. 23(4): p. 167-172.

Tavares, A.L, et al., Phylogeography and phylogeny of the genus Acanthonyx (Decapoda, Epialtidae) in the north-east
Atlantic and Mediterranean. Zoologica Scripta, 2017. 46(5): p. 571-583.

APHA, Standard Methods for the Examination of Water and Wastewater Washington DC: American Public Health
Association, 2017. 23rd.

Khalil, W.K.B., F. Abdu, and S. Arabia. Effects of Salvia officinalis Extract and its Nano-Encapsulated Form on
Methylmercury Induced Neurotoxic-Stress in Male Rats. 2013.

Girgis, E., et al., Nanotoxicity of gold and gold-cobalt nanoalloy. Chem Res Toxicol, 2012. 25(5): p. 1086-98.

Czene, S., et al., DNA fragmentation and morphological changes in apoptotic human lymphocytes. Biochem Biophys Res
Commun, 2002. 294(4): p. 872-8.

Malke, H., J. SAMBROCK, E. F. FRITSCH and T. MANIATIS, Molecular Cloning, A Laboratory Manual (Second
Edition), Volumes 1, 2 and 3. 1625 S., zahlreiche Abb. und Tab. Cold Spring Harbor 1989. Cold Spring Harbor
Laboratory Press. $ 115.00. ISBN: 0-87969-309-6. 1990. 30(8): p. 623-623.

Ward, R.D., et al., DNA barcoding Australia’s fish species. Philosophical Transactions of the Royal Society B: Biological
Sciences, 2005. 360(1462): p. 1847-1857.

Guide, S.I.L.S.U.s., Statistics SAS. Edition, SAS Institute Inc., Cary, North Carolina. 1982.

Klunzinger, K.B., Die fische des Rothen Meeres: Eine kritische revision mit bestimmungstabellen. 1884: E.
Schweizerbart (H. Koch).

Ali, M.F., An updated Checklist of the Marine fishes from Syria with emphasis on alien species. Mediterranean Marine
Science, 2018. 19(2): p. 388-393.

Shakman, E., et al., Status of marine alien species along the Libyan coast. Journal of the Black Sea/Mediterranean
Environment, 2019. 25(2).

Cinar, M.E., et al., Current status (as of end of 2020) of marine alien species in Turkey. PLoS One, 2021. 16(5): p.
¢0251086.

Boussellaa, W., et al., Lessepsian migration and parasitism: richness, prevalence and intensity of parasites in the
invasive fish Sphyraena chrysotaenia compared to its native congener Sphyraena sphyraena in Tunisian coastal waters.
PeerJ, 2018. 6: p. e5558.

Mohsen, S.H., et al., Biological studies on the Narrow-barred Spanish mackerel, Scomberomorus commerson of Eastern
Mediterranean (North Sinai Coast) Egypt during 2017. Aqua, 2020. 13(1): p. 43-64.

Van Rijn, 1., M. Kiflawi, and J. Belmaker, Alien species stabilize local fisheries catch in a highly invaded ecosystem.
Canadian Journal of Fisheries and Aquatic Sciences, 2020. 77(4): p. 752-761.

Gilaad, R.-L., et al., The diet of native and invasive fish species along the eastern Mediterranean coast (Osteichthyes).
Zoology in the middle East, 2017. 63(4): p. 325-335.

Tamura, K., G. Stecher, and S. Kumar, MEGAI1: molecular evolutionary genetics analysis version 11. Molecular
biology and evolution, 2021. 38(7): p. 3022-3027.

Tamura, K. and M. Nei, Estimation of the number of nucleotide substitutions in the control region of mitochondrial DNA
in humans and chimpanzees. Molecular biology and evolution, 1993. 10(3): p. 512-526.

Hebert, P.D., et al., Biological identifications through DNA barcodes. Proc Biol Sci, 2003. 270(1512): p. 313-21.

Wehr, H.M. and J.F. Frank, Standard methods for the examination of dairy products. 2004: American Public Health
Association.

Egypt. J. Chem. 68, No. 5 (2025)



514

Samah M. Bassem et.al.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

WHO, World Health Organization. Guidelines for safe recreational water environments, coastal and fresh waters,
Geneva, Switzerland. 2013. 1.

Belal, A., et al., Benthic fauna and microbial communities as a bio-indicator for the characteristics of the marine
environment in the Suez Bay, Red Sea, Egypt. Catrina: The International Journal of Environmental Sciences, 2020. 21(1):
p. 61-73.

Holcomb, D.A. and J.R. Stewart, Microbial indicators of fecal pollution: recent progress and challenges in assessing
water quality. Current environmental health reports, 2020. 7: p. 311-324.

Celso, B.G., D.J. Ebener, and E.J. Burkhead, Humor coping, health status, and life satisfaction among older adults
residing in assisted living facilities. Aging Ment Health, 2003. 7(6): p. 438-45.

Zhao, C., et al., Toxicity of tributyltin chloride on haarder (Liza haematocheila) after its acute exposure:
Bioaccumulation, antioxidant defense, histological, and transcriptional analyses. Fish & Shellfish Immunology, 2022.
130: p. 501-511.

Cui, J., et al., Nano-selenium protects grass carp hepatocytes against 4-tert-butylphenol-induced mitochondrial apoptosis
and necroptosis via suppressing ROS-PARP1 axis. Fish & Shellfish Immunology, 2023. 135: p. 108682.

Meier, S., et al., DNA damage and health effects in juvenile haddock (Melanogrammus aeglefinus) exposed to PAHs
associated with oil-polluted sediment or produced water. PLoS One, 2020. 15(10): p. e0240307.

Pottenger, L.H., et al., ECETOC workshop on the biological significance of DNA adducts: summary of follow-up from an
expert panel meeting. Mutation Research/Genetic Toxicology and Environmental Mutagenesis, 2009. 678(2): p. 152-157.

Ericson, G., E. Noaksson, and L. Balk, DNA adduct formation and persistence in liver and extrahepatic tissues of
northern pike (Esox lucius) following oral exposure to benzo [a] pyrene, benzo [k] fluoranthene and 7H-dibenzo [c, g]
carbazole. Mutation Research/Fundamental and Molecular Mechanisms of Mutagenesis, 1999. 427(2): p. 135-145.

Stein, J.E., et al., 32P-postlabeling analysis of DNA adduct formation and persistence in English sole (Pleuronectes
vetulus) exposed to benzo [a] pyrene and 7H-dibenzo [c, g] carbazole. Chemico-Biological Interactions, 1993. 88(1): p.
55-69.

Kumar, S., et al., Targeting Hsp70: A possible therapy for cancer. Cancer letters, 2016. 374(1): p. 156-166.

Miao, Z., et al., Exposure to imidacloprid induce oxidative stress, mitochondrial dysfunction, inflammation, apoptosis
and mitophagy via NF-kappaB/INK pathway in grass carp hepatocytes. Fish & Shellfish Immunology, 2022. 120: p. 674-
685.

Sifuentes-Franco, S., et al., Oxidative stress, apoptosis, and mitochondrial function in diabetic nephropathy. International
journal of endocrinology, 2018. 2018(1): p. 1875870.

Jiao, W., et al., Impaired immune function and structural integrity in the gills of common carp (Cyprinus carpio L.)
caused by chlorpyrifos exposure: Through oxidative stress and apoptosis. Fish & shellfish immunology, 2019. 86: p. 239-
245.

Kashyap, M.P., et al., Monocrotophos induced apoptosis in PCI2 cells: role of xenobiotic metabolizing cytochrome
P450s. PloS one, 2011. 6(3): p. e17757..

Egypt. J. Chem. 68, No. 5 (2025)



