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ARTICLE INFO ABSTRACT

Atrticle history: Nanotechnology has noticeably developed with diverse applications in every
Received Sep. 05, 2023 science, especially using nanomaterial. The development of nanotechnology
Received in revised form Oct. 27, 2023 also hurts the environment as many nanoparticles are discharged into the
Accepted Nov. 05, 2023 aquatic environment and cause a serious effect on living organisms. Aquatic
Available online Nov. 06, 2023 animals, particularly fish could serve as biological indicators for ecosystem

health. The present study investigated the effect of vitamin (E + C) addition on
Keywords fish exposed to naqoparticle§. The previc_>us studies on the impact of zinc oxide
Vitamins E And C (bulk and nanopatrticles) of fish in aquatic ecosystems showed that there were
clear differences between the accumulation of zinc oxide bulk particles

Antioxidants (ZnOBPs) compared to nanoparticles (ZNONPs). Fish exposed to ZnONPs

OxidaFive Stress 3 showed a higher accumulation potency in tissues than in ZnOBPs. Also, the
Chemical Composition activities of antioxidant defense enzymes, biochemical parameters and
Aquatic Ecosystem. proximate chemical composition were affected by exposure to nanoparticles.

On the other hand, dietary supplementation with vitamins (E and C) resulted in
protective effects against these toxic effects in fish.

1. INTRODUCTION Due to increased nanotechnology applications, many

The contamination of the aquatic environment by hano-metals such as ( ZnONPs ) are dumped into

toxicants has become one of the most important water environments, which alter their biota (Isani et

problems in the world. With the advancement of al., 2013). Most of the investigations on the behaviour

technology and increased industrial activity, the of ZnO-NPs in water systems have been conducted in

features of pollutants released into ecosystems, the laboratory, focusing on freshwater. According to

particularly the aquatic environment, become the available data, dissolution is concentration

increasingly complicated, and their toxicity becomes dependant, with the lowest dissolution percentage

more harmful (Cavas and Ergene-Goziikara, 2005). occurring at the highest ZnO concentrations (Adam et

al., 2015). Biochemical parameters of fish blood have

** Corresponding author: Adel A. Ellahamy been found to change when exposed to environmental
E-mail addresses: adel.ammar@frc.suezuni.edu.eg ) .
doi: 10.21608/asfr.2023.234468.1053 pollution and these parameters are extremely sensitive

to these pollutants (Luskova et al., 2002). Oxidative
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stress is one of the most often reported nanoparticles
toxicity mechanisms (Mocan et al.,, 2010). As
indicators of contaminants in various freshwater and
marine organisms, many antioxidant endpoints have
been suggested as their induction indicates a
response to pollutants (Borkovic” et al., 2005). Acute
nanoparticle exposure has also been found to cause
toxicity by increasing intracellular ROS (Reactive
Oxygen Species) levels and lowering antioxidant
responses (Kaewamatawong et al., 2006; Singh et
al., 2009). Vitamins and antioxidants are among the
most significant nutrients that influence an organism's
immune system, and their availability can help to
minimise fish mortality and increase performance.
Vitamin E is an effective antioxidant and anti-
inflammatory agent that prevents the propagation of
oxidative stress ,especially in biological membranes in
animals and humans (Al-Rasheed et al., 2012).
Exposure of fish to nanoparticles induced a deleterious
biochemical effects and oxidative stress while dietary
supplementation with vitamins (E and C) resulted in
protective effects against these toxic effects
(Mohamed et al., 2021). Vitamin E and C as powerful
antioxidants protect the fish against Ag-NPs except
high dose level (Igbal et al., 2023). Addition of vitamin
(E and C) considered as an effective antioxidant that
protects O.niloticus fish from the harmful effects of
ZnOBPs and ZnONPs (Ghannam et al., 2022).
Although, the role of vitamins against toxic effects in
fish is relatively well documented, there is a lake of
information available on the effect of vitamins (E + C)
in Mitigating the toxic Effects of Zinc Oxide Bulk and
Nanoparticles on fish. So, this work aims to study the
role of vitamins (E + C) addition on fish exposed to
ZnONPs and ZnOBPs.

2. Pollution of aquatic environment:

Excessive pollution of aquatic habitats has sparked
severe environmental and health issues around the
world (McNeil and Fredberg, 2011). According to
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World Health Organization (WHO, 2011), pollution of
water happens when undesirable elements enter the
water and alter the quality of the water. (WHO, 2011).
Waterborne infections account for 80% of all diseases.
Water that is unclean and of poor quality causes about
3.1 % of deaths (Pawari and Gawande, 2015). The
pollutants may raise metal levels in natural water,
posing a major threat to both freshwater and marine
environments (El Nemr et al., 2012). Aquatic animals
are exposed to nanopatrticles via a variety of sources,
including food, water, and sediment (Vali et al., 2020).
Because of the effects of chemicals on the aquatic
environment, it is critical to study the impact and
effects of these chemicals on aquatic life forms, as
well as to monitor pollution and its influence on marine
species. This knowledge will assist us in identifying
sources of contamination, provide governing bodies
with information useful in aquatic ecosystem
management, information on which to base regulations
concerning the use and chemical compound handling,
and, ultimately assisting in protecting aquatic
ecosystems from the negative effects of anthropogenic
activities (El-Gazar, 2012). Fish is a cheap source of
protein, and in many places of the globe essential
cash crops are used to assist them in their life tasks
such as feeding, breeding, excretion, swimming, and
digestion (Bronmark and Hanson, 2005). Fish can
become agitated and susceptible to disease as water
quality deteriorates (ICAR, 2006). The effects of NPs
on aquatic species, and parameters such as NP
characteristics and the presence of other
environmental contaminants or stressors can influence
NP behavior as described in figure 1 (Trevisan et al.,
2022) .

3. Nanotechnology and Nanoparticles:
Nanotechnology is certainly one of recent century's
most important technologies. Due to their nano-scale
size, nanotechnology is concerned with materials and

systems whose structures and components display
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Figure 1. Fate and impacts of nanoplastics (NPs) in
aquatic species. (1) Mixtures of NPs in the aquatic
environment; (2) interactions of NPs with
environmental molecules; (3) impacts of NPs on
animal development; (4) internal distribution and
toxicity of NPs; (5) transfer and potential
biomagnification of NPs through the food web
(Trevisan et al., 2022).

innovative and greatly improved physical, biological,
and chemical properties, phenomena, and processes
(Chen et al., 2012). Metal-based nanotechnologies
are being more widely employed for environmental
remediation and a variety of industrial activities;
however, the toxicological effects of metal
nanoparticles on aquatic ecosystems are still
unintelligible (Chen et al., 2012). Nanotechnology and
nanoparticle production are rapidly expanding, but
research into the toxicological effects of nanoparticles
on human health and the environment is still in its
early stages (Elsaesser and Howard, 2012).
Manufactured nanomaterials are described as
particles with a diameter of 1 nm to 100 nm (Rotello,
2003). They possess enhanced or even distinctive
physicochemical properties, such as nanoscale size
effects, as well as unique electric, thermal,
mechanical, and imaging properties not seen in bulk

counterparts (Andersson et al.,, 2012). In addition,
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due to a greater surface area per weight, nanoparticles
(NPs) tend to be more reactive with other
biomolecules and, consequently, more toxic (Benn
and Westerhoff, 2008). Increasing NP technology
need and application in metal, biological and
healthcare industries have been noted (Jovanovié
and Pali¢, 2012). This is why they are released into
the environment, through the production, usage or
disposal processes (Paterson et al., 2011), Aquatic
ecosystems are their eventual destination, where they
can interact with the biota (Nohynek et al., 2007).
Nanopatrticles are the most important commodities in
the domestic and industrial fields. Nanoparticles can
enter into the bodies of fish and accumulate in tissues
and other body organs. Fish is the main bioindicator to
the toxic materials present in their environment. The
nanoparticles by means of skin and gills enter into the
circulatory system and are distributed throughout the
fish bodies like brain, liver, kidneys and muscles
(Handy et al., 2008).

4. Zinc oxide bulk and nanoparticles in aquatic
environment:

Zinc oxide is commonly utilized in different areas of life
due to its diverse properties, in chemical and physical
aspects, it is crucial in a large number of applications,
including tires, ceramics ,pharmaceuticals, agriculture,
paints and some other chemicals (Asghar et al.,
2015). Zinc (Zn) is well-known for its importance in
practically every aspect of biological systems, either
directly or indirectly (Shukla et al., 2007). Zn is
required by fish in a particular quantity for optimal
growth, but excessive accumulation can be harmful to
exposed organisms (Gupta and Srivastava, 2006;
Senthil Murugan et al., 2008).

The fundamental distinctions between nanopatrticles
and their bulk equivalents are the high surface-to-
volume ratio and the physicochemical, optical,
reactive, and electrical properties that result.

Furthermore, the behaviour, reactivity, and possible
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toxicity of nanoparticles are determined by the
environment in which they exist (Bian et al., 2011).
ZnONPs dissolve in water partially and are likely to
contain species that are both soluble and particulate in
aquatic systems, implying that these three systems of
hazardous action were viable for ZnO. Solubilized Zn+
from ZnONPs has been demonstrated to play a major
effect in the cytotoxicity of these NPs (Heinlaan et al.,
2008).

Because of their potential toxicity and widespread
presence in consumer products and industrial
pollution, metal oxide nanoparticles have been
investigated in depth (Melegaria et al., 2013). After
TiO2 and SiO2 NPs, ZnONPs have the third biggest
global production among nanoscale metal oxides
(Piccinno et al.,, 2012). Zinc oxide nanoparticles
(ZnONPs) are a new type of highly functional fine
inorganic materials having one dimension that
measures 100 nanometers or less (Elsammad et al.,
2014). They have been widely used in cosmetics, sun
screens, foot-care ointments, antimicrobials, food

additives, cancer therapy, over-the-counter topical
products (mouthwashes and anti-dandruff shampoos ,(
fungicide, in paints, in photo electricity and rubber
industry (Guan et al., 2012). Oral exposure can occur
directly from food, water or orally administered drugs.
(Osmond and MccCall, 2010). After gut absorption,
they are transported to the blood causing adverse
biological reactions in several organs. The major
sites of interaction with ZnONPs are lung, liver,
kidneys and heart (Johnston et al.,, 2010). The
principal cause of toxicity was the released free zinc
ions from ZnO NPs that partially dissolved in water but
did so quite quickly or induced additional impacts
(Poynton et al., 2011). The solubility of nano zinc
oxide may have a greater impact on its toxicity. At
least three different pathways could be involved in the
harmful impacts of metal and metal oxide NPs

(Brunner et al., 2006). First, particles, such as free

103

Zn+ ions from zinc particles, may release hazardous
chemicals into exposure media. Second, surface
interactions with media can result in the formation of
hazardous chemicals, such as chemical radicals or
reactive oxygen species. Third, particles or their
surfaces may directly interact with and damage
biological targets, such as carbon nanotube
interactions with membranes or DNA intercalation (Ma
et al., 2013). Nanoparticles may travel from the water
column to the aquatic food chain and be accumulated
by organisms via internal or external exposure routes,
hence it is critical to understand the biological
behaviour of nano zinc oxide in the aquatic system
(Lee et al., 2010). Recent studies demonstrated the
immunotoxicity induced by ZnO NPs (Rashidian et
al., 2021), while, a safety side for the dietary inclusion
of ZnO NPs was addressed in O. niloticus (Mahboub
et al.,, 2020; Ghazi et al.,, 2021). Although some
disagreements found, ZnONPs toxicity mechanisms
largely recognized include particle and dissolved free
ion impacts (Ma et al., 2013). ZnONPs were
characterized by X-ray diffraction characterization
(XRD, Panalytical X,pert pro PW 3040/60), as shown
in Fig. 2 (Mohamed et al., 2021).
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Figure 2. X-ray diffraction (XRD) pattern of ZnONPs
as described in Mohamed et al. (2021).
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5. The role of vitamins (E and C) in fish

Vitamins are natural organic substances that are
required for appropriate growth and health; often are
not synthesized by fish, and must be supplied in the
diet (EI-Shebly, 2009). An important element of animal
health research is antioxidant defense against metal-
free radical species and their cytotoxic and genotoxic
effects (Mekkawy et al., 2012).

One of the most significant antioxidants for protecting
membrane lipids is vitamin E (a-tocopherol). It is a
lipid-soluble  antioxidant that protects cellular
membranes, lipoproteins, and lipid reserves from
oxidation (Mekkawy et al., 2013; Hassaan et al.,
2014). The main role of vitamin E as an antioxidant is
in scavenging lipid peroxyl radicals which are the
chain-carrying  species and  propagate lipid
peroxidation (El-Demerdash et al., 2004); and
essential to maintain immunity, normal resistance of
red blood cells to hemolysis (Halver, 2002).
Tocopherols' antioxidant action is linked to the
transfer of phenolic hydrogen to lipid free radicals,
which slows down autocatalytic lipid peroxidation
(Hamre, 2011; Izquierdo et al., 2016). Lipid-free
radicals react highly with unsaturated lipids, creating a
cascade of chemicals that can harm membrane
structure and function, as well as change protein
molecules (Kanazawa, 1993). Although tocopherols
can also operate as singlet oxygen quenchers, vitamin
E plays a key role in the control of polyunsaturated
fatty acid (PUFA) peroxidation as a structural
component of cell membranes. After that, a stable
tocopherol radical is generated, which is then removed
from the cycle when it combines with another peroxyl
radical to form non-radical inactive products. This
tocopherol radical can then be reduced by vitamin C,
resulting in the regeneration of a-tocopherol
(Izquierdo et al., 2016). Vitamin E exists in eight
naturally occurring forms, four tocopherols and four

tocotrienols; the most active form is a-tocopherol (El-
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Shebly, 2009). When fish liver is exposed to
contaminants and administered a vitamin E
supplemented diet, vitamin E has been proven to
considerably enhance GSH levels (Singh et al., 2011,
Kadry et al., 2012). This situation may reflect the
importance of vitamin E as a strong agent to improve
the internal antioxidant system in the body to prevent
the attacks of ROS, and making ROS unable to react
with the vital macromolecules such as lipid, protein,
carbohydrate and nucleic acid in cells preventing the
cytotoxicity and genotoxicity of pollutants. Tocopherol
is a useful indicator of exposure to metals and organic
contaminants that generate oxidative stress (Palace et
al., 2005). Vitamin E is a potent antioxidant that
defends numerous fish tissues from oxidative damage
(Adham et al., 2000).

Vitamin C (L-ascorbic acid) is required for normal
growth and physiological functioning in animals,
including fish, and helps to reduce the genotoxicity of
metals (Jiraungkoorskul and Sahaphong, 2007).
Several in vivo and invitro studies proved that vitamin
C is an effective agent for reducing lung injury caused
by increased oxidative stress, as well as avoiding
protein damage, cytotoxicity, and apoptosis
(Nemengani, 2015). Indeed, vitamin C is a powerful
water- soluble antioxidant which protects cell
membranes and cytosol agents, and is, among other
roles, a cofactor in numerous hydroxylating reactions.
Due to a lack of L-gulonolactone oxidase, fish cannot
synthesis vitamin C (Sato et al., 1978).

6. Biochemical parameters in fish:

Biochemical parameters of fish blood have been found
to change when exposed to environmental pollution
and these parameters are extremely sensitive to these
pollutants. Modifications in the biochemical blood
profile reflect changes in the organism's metabolism
and biochemical processes as a result of the impact of

various pollutants, and they allow researchers to
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investigate the mechanisms of the effect of pollutants.
(Luskova et al., 2002). The Zn toxicity may induce
changes in fish blood parameters which impact their
growth. Blood chemical analyses are typically
essential information to help diagnose and manage
crops for health evaluation (Cnaani et al., 2004;
Abdel-Tawwab et al., 2012).

The measurement of biochemical parameters in
aquatic species is commonly used to track
contaminants and their effects on human health.
Biochemical characteristics can also be used as
indicators of toxicant exposure and consequences in
fish (Vutukuru, 2003). Blood is a physiological
reflector of the entire body, and blood parameters are
critical in determining the structural and functional
state of animals exposed to toxins (Ekrem et al.,
2012). Recent studies have assessed the toxicity of
ZnO nanoparticles and Zn ions on different aquatic
organisms  and reported oxidative  stress,
bioaccumulation, immunological, histopathological and
ultrastructural changes (Mansouri et al., 2018;
Sayadi et al., 2020). Biochemical parameters of fish
blood, including :

6.1. Blood glucose

Stress is an energy-intensive process, and the animal
mobilises energy substrates to cope metabolically with
it (Vijayan et al.,, 1997). Glucose is one of the
organism's most significant stress indicators: its high
blood levels show that the fish are under stress,
utilising reserves of energy intensely. Cortisol, a stress
hormone, has been found to boost glucose synthesis
in fish through both gluconeogenesis and
glycogenolysis, and is likely to play a part in the stress-
related rise in plasma glucose concentration (lwama
et al.,, 1999). Plasma glucose and cortisol levels,
which are regarded as stress markers, both rose
during the waterborne copper exposure period and are
highly associated with each other (Monteiro and
Roychoudhury, 2005).
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The rise in blood glucose levels is regarded as a valid
indicator of environmental stress since it is a general
secondary response to the stress of fish to acute
harmful effects (Sepici —Dinc et al., 2009).

6.2. Transaminases

Transaminases are essential enzymes that serve a
significant function in mobilising L-amino acids for
gluconeogenesis and serve as bridges between
carbohydrate and protein metabolism at altered
physiological and pathological conditions (Manjunatha
et al., 2015). Enzyme activity is regarded as a delicate
biochemical signal prior to dangerous effects in fish;
therefore they have important role during monitoring of
water pollution (Gu’l et al., 2004). Changes in the
activity of enzymes in fish have been employed as
indications of intoxication and water pollution (Kim et
al., 2008). As indicators for liver function, AST and
ALT are used. These enzymes are nonfunctional
plasma enzymes that are normally found in the cells of
the liver, heart, kidneys, gills, muscle, and other
organs (Hadi et al., 2009). The actions of AST and
ALT are significant in cellular nitrogen metabolism,
amino acid oxidation, and hepatic gluconeogenesis

(Murray et al., 2003).

ALT catalyses the amino group transfer from alanine
to a-ketoglutarate, resulting in glutamate and pyruvate,
whereas AST catalyses the amino group transfer from
aspartate to a-ketoglutarate, resulting in glutamate and
oxaloacetate (Moss et al., 1986). Alanine is a non-
essential amino acid that is important in the glucose-
alanine cycle that occurs between the liver and muscle
tissue. Aspartate is an acidic, non-essential amino acid
that is included in protein synthesis and a variety of
other cellular metabolic reactions. Aspartate
aminotransferase is an intracellular enzyme involved in
amino acid and glucose metabolism. It can be present
in the heart, skeletal muscle, liver, and kidney, with the
heart being the most common location. The levels of

AST fluctuate throughout time. The first indicator of
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liver injury is alanine aminotransferase (ALT), which is
seen in the enzymes produced in the bloodstream by
liver cells (Ulukaya, 2007). ALT and AST are
commonly employed in diagnosing damage to liver
tissues induced by contaminants (Coppo et al., 2003;
Chen et al., 2004).

6.3. Kidney function enzymes:

Creatinine is a byproduct of Creatine Kinase in the
muscle. The creatinine test has been usually used to
identify impaired kidney function and to identify renal
damage in animals like fish (Banaee et al., 2011). In
addition, urea is present in all fish, liver is the primary
organ of production and the gills appearing to be the
main organ of excretion. Fresh water fish release
ammonia along with a small quantity of urea as they
use urea as an osmotic filter. Urea in fish is
synthesized by the liver and excreted primarily by the
gills rather more the kidney. Increased blood urea
levels have been found to occur in the presence of
compromised kidney function, liver illness, and cardiac
arrest (Abdel-moneim et al., 2008).

Urea blood urea nitrogen (BUN) test detects the
quantity of blood nitrogen that originates from the
waste product urea, which is produced when protein in
the body is broken down. The BUN amount elevates
when the kidneys are unable to eliminate urea from
the blood in a regular manner., Another kidney
function enzyme is creatinine which is a waste product
of muscle metabolism that rises as kidney function
declines. Creatinine concentration is influenced by few
factors outside the kidney, making it a better renal
function indicator than BUN. Both tests are connected
and linked to the complete metabolic profile, or CMP.
A blood sample or a urine sample can be used for
either test. A kidney or liver disease or condition is
indicated by abnormal levels (Ajeniyi and Solomon,
2014).
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6.4. Cholesterol and Albumin concentration:

The blood cholesterol (CHOL) value are effective by
toxic substances ,reproductive, industrial wastes, and
pollution, diseases, nutritional status, sex ,month and
seasons, year of fish species. Also, the triglycerides
(TG) are fatty acid esters of glycerol and are usually
found in the presence of more than one type of fatty
acid compound. The storage of energy as triglyceride
in the fat deposits is very active because triglycerides
have high calorific value and low water content.
Plasma triglycerides vary with age, sex, and especially
with different diets (Celik and Bilgin, 2007).

Albumin is an important serum protein for
transportation of steroid hormones (Shahsavani et al.,
2010). Also, the importance of albumin has been
described in respect to fish pathology, Albumin:
Globulins ratio (A/G) is widely used as an index of
physiological state (Nakagawa, 1978).

6.5. Oxidative stress biomarkers:

Oxidative stress (OXS) is a practical toxicity
measurement metric, since a range of protective
responses is easily quantified as altered enzyme or
genetic expression in the cells to response to OXS
(Kovochich et al., 2007).

Biomarkers are measures in body fluids, tissues or
cells, that indicate biochemical or cellular changes
caused by the toxicant or host response existence and
extent (NRC, 1987). Peakall and Walker (1994)
described biomarkers as alterations in biological
response (ranging from  molecular  through
physiological and cellular responses to behavioral
modifications) which can be associated with toxic
impacts of environmental chemicals. Fish biomarkers
are promising for ERA (Environmental Risk
Assessment) as supplements to existing chemical
measures (Vander Oost et al., 2003). Furthermore,
the systematic use of several biomarkers has been
found to be the most beneficial in assessing the effects

of contaminants (Tsangaris et al.,, 2010).
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Inhaled or injected NPs could penetrate the
bloodstream and move to many organs and tissues,
generating fears that they could harm biological
systems via the "oxidative burst" pathway (Segal and
Abo, 1993). Although the signaling pathways for the
ensuing oxidative burst are unknown, research into the
plasma membrane appears to be required for the
activation of a multicomponent enzyme system known
as NADPHox and the onset of the oxidative burst. This
activation produces superoxide anions immediately,
which convert to numerous ROS, including hydrogen
peroxide, hydroxyl radicals, and peroxynitrites, which
can destroy the offending stimuli via oxidative
pathways. The excess superoxide anions and its
dismutation product, hydrogen peroxide, is maintained
in cytoplasmic granules and provides an immediate
supply of intracellular oxidants or can diffuse from the
microglial plasma membrane where they cause
potentially damage neighboring cells' proteins, lipids,
and DNA, particularly neurons (De Giorgi et al., 2002;
Fernandes et al., 2003).

Nanoparticles are transferred to tissues and
organisms through the blood in aquatic habitats via
fish (Handy et al., 2008). It has been demonstrated
that ENPs, even at low concentrations, have the
capacity to cause oxidative stress by causing the
production of free oxygen radicals (ROS) (Sharma et
al.,, 2012; Song et al., 2010). The use of pollution
indicators in fish is an efficient technique for monitoring
the aquatic environment and diagnosing detrimental
effects (Lasheen et al., 2012). Several manmade
nanomaterials have been suggested to have negative
effects on fish health, including oxidative stress, DNA
damage, and respiratory problems (zZhu et al., 2006;
Federici et al.,, 2007; King-Heiden et al., 2009).
ROS-mediated oxidative damage to lipids, proteins,
and DNA, in particular, has been linked to the

pathogenesis of important diseases such as cancer,
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inflammatory processes, and immunological disorders
(Young and Woodside, 2001).

One of the most dangerous hazardous effects of
nanoparticles is oxidative stress and ROS-mediated
damage. The production of reactive oxygen species
(ROS) by NPs in the body exceeds the body's ability to
neutralise and eliminate them, resulting in oxidative
stress (Manke et al.,, 2013). A range of extremely
reactive chemicals formed from the metabolism of
molecular oxygen are described by ROS, for example
superoxide radicals and hydroxyl radicals. They
interact with macromolecules (proteins, DNA, and
lipids) within the cell, with one of the most common
impacts being lipid peroxidation, which is the oxidation
of the polyunsaturated fatty acids that largely
comprise the cell membranes. As (Kerksick and
Willoughby, 2005) reported that, lipid peroxidation is
frequently assessed by measuring the buildup of the
byproducts of this process, such as malondialdehyde
(MDA)

The toxicity of ZnONPs is due to the disturbance of
cellular Zinc homeostasis caused by ZnONP
dissolution with elevated amounts of these ions, as
well as the generation of reactive oxygen and nitrogen
species, which cause oxidative stress, inflammation,

DNA damage, and cell death (George et al., 2010;
Kao et al., 2012). Reactive ROS cause lipid
peroxidation and changes in antioxidant defence
mechanisms by disrupting sensitive biological
macromolecules and cell signaling (Livingstone,
2001). The antioxidant defence system, which includes
catalase (CAT), superoxide dismutase (SOD), and
glutathione, is designed to neutralise ROS and protect
cells and tissues from oxidative damage (Asagba et
al., 2008; Romeo et al., 2000).

Catalase (CAT) and superoxide dismutase (SOD)
have been found in a wide range of mammalian cells.
These enzymes are crucial in shielding the cell against

the potentially harmful effects of environmental
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contaminants (Kuthan et al., 1986). SOD and CAT
are powerful markers for early detection of ambient
oxidative pollution; in ZnONP-exposed groups, their
activity was considerably reduced. The decrease in
SOD and CAT activity, as well as their mRNA
expression, has been utilised as an indication of
oxidant elimination (Moreno et al., 2005).

SODs are metalloenzymes that catalyse the
conversion of reactive superoxide anions (O,+) to
hydrogen peroxide (H,0,), which is a significant ROS
in and of itself. After that, two types of enzymes
detoxify H202: catalases and glutathione-dependent
peroxidases (GPOXs). SOD catalytically scavenges
the superoxide radical, which looks to be a key agent
of oxygen toxicity, providing protection against one
aspect of oxygen toxicity (Kadar et al., 2006). A unit of
SOD activity is defined as the quantity that inhibits the
scavenger's decrease by 50% under specific
conditions (Stegeman et al., 1992).

CATs are hematin-containing enzymes that help
remove (H,0,), which is converted to molecular
oxygen (0O2) and water (Vander Oast et al., 2003).
Unlike certain peroxidases, which may decrease a
variety of lipid peroxides in addition to H,O,, CATs can
only reduce H,0, (Filho, 1996). It was demonstrated
that peroxisome proliferating compounds (a class of
nongenotoxic carcinogens) induce both the activities of
H,O,-generating fatty acid oxidases and CAT in
rodents (Halliwell and Gutteridge, 1999).
Biotransformation reaction of toxic chemicals in
organisms occurs in three phases (transformation,
conjugation and excretion). Glutathion S transferase
enzyme (GST) is a phase 2 enzyme system that
promotes the conjugation of electrophilic substances
or groups to tripeptide glutathione in order to make
xenobiotic  compounds more  hydrophilic  for
transportation or excretion (Egaas et al., 1993). CAT
and GST enzymes have been used as parameters to

assess environmental pollutant contamination in fish
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tissues (Moraes et al., 2007). In addition, SOD and
CAT are powerful markers for early detection of
oxidative pollution in the environment (Moreno et al.,
2005).

6.6. Bioaccumulation of 2ZnO (Bulk and
nanoparticles) in fish;

Bioaccumulation is the accumulation of a contaminant
in an organism, and it takes into account all routes of
exposure. The amount of metals ingested by
organisms, the way the metals were distributed among
different tissues, and the extent to which the metals
were maintained in each tissue type are all factors that
go into bioaccumulation. As a result, bioaccumulation
measures relate to research into methods for detecting
the uptake and retention of contaminants such as
metals in the organs and tissues of creatures such as
fish (Murugan et al.,, 2008). The accumulating
nanoparticles not only degrade the water quality, but
also cause discomfort to aquatic life by generating a
variety of biological changes as well as mutagenic and
carcinogenic effects (Lee et al., 2009). Heavy metal
residues in fish organs can cause structural damage
and, more typically, functional issues (Jezierska and
Witeska, 2006).

Zinc is a prevalent pollutant in aquatic systems, and it
is linked to urban runoff, industrial discharges, soil
erosion, pharmaceuticals, pesticides, and a humber of
other activities and sources (Bowen et al., 2006).
Because it cannot be removed biologically and can
only be changed from one oxidation state or organic
complex to another, the threat of Zn in the
environment is exacerbated (Everall et al., 1989).

Fish are an important part of aquatic environments.
They are essential bio indicators of trace element
contamination, in addition to being a source of protein
for humans (Rashed, 2001). Also, it provides a
primary exposure route for NPs’ uptake and
bioaccumulation in humans. Some effects induced by

NPs in fish may reflect their possible hazards in other
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vertebrates including human beings (Dorea, 2008). As a
result, the use of fish for measuring environmental
conditions in aquatic habitats has grown in popularity in
recent years (Adeniyi et al., 2008; Palaniappan et al.,
2010). Nanoparticles have the ability to clump together in
cells like macrophages and hepatocytes, and are thus
ingested by aquatic creatures like as fish, crustaceans,
mollusks, and artemia (Ward and Kach, 2009). Exposure
to these nanoparticles in fish occurs primarily through the
gills to blood, skin mucosa, and from gastrointestinal
absorption by blood, which leads to other parts of the body
such as the kidney, liver, muscles and brain (Handy et al.,
2008).

The accumulation of Zinc (zZn) from zinc oxide
nanoparticles (ZnONPSs) in the liver, muscles and gill of fish
started to accumulate in the tissues with the increasing
dose concentration and maximum concentration was
shown in the liver as compared to muscles and gills at high

dose level. (Shahzad et al., 2017).

Zinc nanoparticles have high accumulation potency in the

fish tissues compared to Zinc bulk particles especially in

renal and hepatic tissue which reflected that zinc
nanoparticles could easily
penetrate cell membrane with different entering

mechanisms (Abdel-Khalek et al., 2016). Also, ZnONPs
have more potential to accumulate Zn in fish tissues than
bulk-ZnO and induce oxidative cellular responses (Hao et
al., 2013). Fish groups exposed to ZnONPs accumulated
Zn higher than that of ZnOBPs at all exposure periods.
However, fish group exposed to the same concentration of
ZnO BPs or ZnO NPs and supplemented with vitamins (E
and C) showed a significant decreasing (P<0.05) in
accumulated Zn level compared to the group without
supplementation after all exposure periods except 1/8 LCsg
of ZnO NPs plus vitamins (E + C) at 7 day as described in
table 1 (Mohamed et al., 2022)

Table 1. Zn accumulation (mg/kg dry weight) in muscle tissue of O. niloticus exposed to ZnO BPs or ZnO NPs

sub-lethal concentrations and vitamins (E + C) supplementation (Mohamed et al., 2022).

Sub-lethal concentration

Sub-lethal concentration + vitamins

Time Control (E+C)
(days) 1/8 LCs 1/4 LCs 1/2 LCs 1/8 LCx 1/4 LCx 1/2 LCx
ZnOBPs
7 20.3+0.17° 21.640.34°  22+0.57"  23.2+0.05% 20.4+0.23° 20.7+0.40° 20.8+0.46°*
14 20.9+0.51¢ 22.240.11° 23.620.34° 25.3+0.17% 21+0.54° 21.6+0.34% 21.7+0.28"
21 21..2+0.69° 25.4+0.40°  28.9+0.51° 31+1.15% 23.4+0.80°° 23.740.98"  24.9+0.51°
28 21.6+0.23° 28.1+0.57°  30.7+0.40°  39.7+0.98% 26.9+0.51° 28.1+063° 29.4+0.23"°
ZnONPs
7 20.3x0.17° 21.9+0.14° 23.841.03° 24.1%0.57° 21+0.28"° 21.1+0.05° 21.6x0.17"
14 20.9%0.51° 25.3+0.17° 25.7#0.69°  27.5+0.86° 21.6+0.34° 22.7+0.11° 22.8+0.23°
21 21..2+0.69° 28.4+0.08"° 29.1+0.63° 31.9+0.51° 23.6+0.92° 23.9+0.25° 26.8+0.28°
28 21.6+0.23° 32.7#0.31° 35.4+0.23° 42.7+1.15% 28.9+0.51° 29.720.34°  29.8+0.46"
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6.7. Proximate Chemical composition of fish:
The research of fish chemical composition is significant
because it determines the fish's keeping quality and
technological characteristics. Proximate profile
measurements, such as protein, lipids, and moisture
content, are frequently required to ensure that they meet
food rules and commercial demands. They also have an
impact on post-harvest processing and the fish's shelf life
(Jim et al., 2017). The chemical composition and quality
criteria of fish are among the major factors that affect the
overall quality of fish. Several factors included; age,
species, sexual cycle, physical state, feed, stage of
maturity, and environmental conditions have been reported
to affect the chemical composition of fish (Noél et al.,
2011). Information on the chemical and nutritional
composition of derived fish products is important and very
necessary for nutritionists, biologists and researchers who
work together with the food industry to help formulate diets,
classify food and support the food industry, research into
the conservation and processing of fish. Factors affecting
the chemical composition of fish are numerous, and some
are intrinsic such as genetic morphological and
physiological factors as well as other related environmental
quality of the area where they live (Porto et al., 2016).
Exposure of fish to nanoparticles has more affected
proximate chemical composition while supplementation
with vitamins (E + C) ameliorate chemical composition
(Mohamed et al., 2022).
CONCLUSION
Dietary supplementation with vitamins (E and C) against
toxic effects in fish have gained interest in recent years.
Exposure to ZnOBPs and ZnONPs resulted in harmful
effects in fish tissues. Therefore, addition of vitamins E and
C considered as an effective antioxidant that protects fish
from the harmful effects of ZnOBPs and ZnONPs.
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