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Summary

Agquatic pollution with pharmaceutical compounds is considered one
of the most significant environmental challenges worldwide, due to
urbanization and industrial waste and the resulting potential risks to human

health and aquatic ecosystems.

In this study, two types of pharmaceutical material were used: the
antibiotic amoxicillin (AMX) and the disinfectant potassium dichromate
(K,Cr,0O;) to cause poisoning of two selected species of bivalves,
Pseudodontopsis euphraticus and Corbicula fluminea, which were
collected from a site on the Euphrates River in the Al-Hindiya District in
central Irag, while, immobilized algae were applied (Chlorella vulgaris) to

reduce the toxicity of the mentioned pollutants.

Several environmental variables of the riverbank were measured
when collecting bivalves including water temperature (12.4-22.5) °C, air
temperature (26.2-33.4) °C, pH (7.3-8.34), and electrical conductivity
(1058-1130) ps/cm, salinity (0.55-0.73) ppt, dissolved oxygen (5.9-7.80)
mg/L, biological oxygen demand (1.7-3.35) mg/L, and total dissolved
solids (430.3-694) mg/L.

The lethal concentration 50 (LC50) of AMX was measured at
different concentrations (100, 200, 300) mg/L in a total of 144 clams (P.
P. euphraticus and C. fluminea), and the LC50 values within 96 hours
were 410.55 and 441.15 mg/L respectively. While the LC50 values for 96
hours were (73.96 and 76.73) when using the disinfectant potassium
dichromate at concentrations of (20, 30, 50, 100, 150) mg/L in (total clams

= 216) P.euphraticus and C. fluminea, respectively.



Selected bivalves showed a variety of behavioral changes after being
exposed to pharmaceutical substances, including locking their valves
tightly for longer periods than when they are open, and occasionally
extending their feet and siphons relatively motionless at high
concentrations. Along with the occurrence of irregular swimming bursts,

flattening, mucus secretion, and inactivity.

Biochemical indicators of two species of bivalves (P. euphraticus and
C. fluminea) were studied after exposure to AMX in the absence of
immobilized algae (C. vulgaris), and the results were as follows: Reactive
oxygen species (ROS) levels were measured for both types at (12.99 -
22.52) pug/mg and (30.79 - 42.86) ug/mg respectively. P. euphraticus has
the following values for (SOD), (CAT), and glutathione peroxidase (GPX):
(20.79 - 33.33) U/mL, (25.44 - 30.53) KU/L, and (5.70 - 8.36) UIL,
respectively, in a while for C. fluminea they were (35.49-50.033) U/mL,
(42.51-51.78) KU/L and (16.41-21.12) U/L respectively. Glutathione
(GSH) values were recorded for both types at (7.55-10.37) g /g and (4.25-
8.03) pg /g respectively, while the values of ascorbic acid (AA) ranged
between (13.41-14.48) uM and (42.92-76.79) UM. The values of total
protein (TP) were (9.65-11.14) mg/g and (35.52-19.57) mg/g, while the
values of malondialdehyde (MDA) were (17.69-42.43) umol/L and (9.33-
17.21) umol/L for both types respectively.

When immobilized C. vulgaris was applied on P. euphraticus and C.
fluminea in the presence of AMX, biochemical markers were obtained as
shown below: ROS values were (8.89-16.73) ug/mg and (21.33 - 35.49)
ug/mg respectively; the SOD values were (12.72-21.62) U/ml and (21.46-
35.49) U/ml respectively, and CAT showed values of (17.56-25.15) KU/L
and (22.16-35.33) KU/L respectively. While GPX values ranged between
(5.02-9.58) U/L and (14.16-19.28) U/L respectively, and GSH values



ranged between (2.83-6.27) pg/g and (6.54-9.46) ug/g respectively. AA
values were recorded between (13.41-14.48) UM and (38.11-59.80) uM
respectively. The TP values were recorded (14.25-15.60) mg/g and (39.23-
41.41) mg/g respectively. Finally, MDA values ranged between (6.77-
22.72) umol/L and (11.60-23.97) pumol/L respectively.

The same conditions as the previous experiment were applied in the
absence of immobilized C. vulgaris by exposing P. euphraticus and C.
fluminea to potassium dichromate (K,Cr,O,) at different concentrations
(20, 30, and 50) mg/L, the biochemical markers were recorded as follows:
The ROS values were (37.50-51.05) pg/mg and (37.89-63.66) pug/mg. The
SOD values varied from (33.40-28.36) U/ml and (54.04-35.96) U/ml,
while CAT values were recorded as (25.76 - 27.16) KU/L and (27.19 -
46.74) KU/L, GPX values varied from (4.35 to 6.34) U/L and (10.99 -
43.35) U/L, and GSH values varied from (8.57 - 16.37) ug/g to (12.79 -
36.86) ng/g, AA values were (20.37-26.94) uM and (35.3 to 50.37) uM,
and TP values ranged from (10.86-12.79) mg/g and (18.43-39.11) mg/g.
gm respectively, and the MDA values were (29.01-59.88 and 12.68-23.22)
ug /L for both clams respectively.

When the immobilized C. vulgaris was added to the previous
experiment, the biochemical marker showed the following values: ROS
from (33.88-42.06) pg/mg to (41.0-51.0) pg/mg, and SOD values varied
from (27.19- 46.74) U/ml to (23.36 -31.4) U/ml, while CAT values ranged
between (26.88-40.32) KU /L and (24.55-48.99) KU/L, and GPX values
were (7.34 -3.87) U/L and (9.37-37.99) U/L. The values of GSH were (9.7
-22.47) pg/mg and (7.58 -30.26) ug/mg, and AA values ranged between
(24.83 -27.94) uM and (23.67 - 38.89) uM, while the values of TP were
(10.93- 13.56) mg/g and (35.69 - 20.44) mg/g, and the MDA values were
(9.81-11.44) pmol/L and (23.06 - 47.92) umol/L respectively. The



concentrations of 50 g/L K,Cr,O; and 300 g/L AMX are mostly
responsible for the high findings.

After long-term exposure to amoxicillin and potassium dichromate, P.
euphraticus suffered a wvariety of histological changes including:
infiltration of cells and blood cells, cell degeneration, expansion of the
lymphatic spaces between tubules, necrosis of digestive gland cells, and
narrowing of the tubular lumen, while histological changes appeared in the
front gills such as fusion of cilia, cell hyperplasia, blood cell infiltration,

necrosis, and rupture of epithelial cells.

Regarding C. fluminea changes in the digestive glands have occurred
including atrophy and proliferation of digestive tubes, connective tissue
infiltration, necrosis of digestive gland cells, narrowing of the tubular
lumen, and necrosis of lymph nodes. Histological changes of blood cells in
the gills included cell infiltration, epithelial necrosis, epithelial layer

rupture, and cilia fusion.
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Chapter One Introduction and Literature Review

1. Introduction and Literature Review

1-1 Introduction

Water pollution has become one of the most important global
environmental issues due to growing urbanization and industrialization
(Zhang, 2020a). The issue of the presence of pharmaceuticals in aquatic
systems has attracted increasing worldwide interest in the last two
decades (Kock et al.,2023).I1t is considered one of the emerging
hazardous pollutants due to its potential threats to human populations
and aquatic ecosystems, such as medicines, cosmetics, disinfectants, and

even their metabolites (Samal et al., 2022).

In the last years, growing more attention has been paid to the
presence of pharmaceutical substances in aquatic ecosystems, due to
their potential to have detrimental impacts on non-target aquatic species(
Kayode-Afolayan et al., 2022). There are probably entering freshwater
systems by many pathways including effluents from wastewater
treatment plants (WWTPs), chemical industrialization plants, and animal
rearing and aquaculture,hospitals and pharmaceutical plants are the main
contributors to the discharge of medications into the ecosystem (Khan et
al., 2021 ;Samal et al., 2022).

Microalgae are eukaryotic organisms that play a significant role in the
production of oxygen in the aquatic ecosystem as well as being an
important part of the food chain (Leng et al.,2022). Microalgae have
drawn attention in bioremediation research for their ability to adapt and
remove the antibiotics themselves from polluted water, producing
valuable biomass. C. vulgaris, a unicellular microalga, is one of the most
commonly investigated algae in the treatment of wastewater as it is

commonly found in freshwater with fast growth rates and short
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production times when employed (Sarkheil et al.,2022).1t has been
shown that Chlorella vulgaris can adapt to antibiotic stress through its
physiological adaptation and its ability to degrade pollutants, it is,
therefore, a good option for removing antibiotics from aqueous systems
(Ricky et al., 2022).

Antibiotics are one of the most extensively utilized pharmaceutical
classes in medical and veterinary applications, and they are constantly
being discovered in aquatic environments (Felis et al.,, 2020).
Amoxicillin( AMX) has been classified as an emerging pollutant because
it causes great damage to aquatic non-targed organisms, such as changes
in embryonic development , oxidative stress, it is capable of causing
DNA damage and also provoking genotoxicity and cytotoxicity (Orozco-
Herndndez et al., 2019; Chowdhury et al.,2020).The major problem
associated with antibiotic-polluted water is the development of
antibiotic-resistant bacteria (ARB) and antibiotic-resistant genes
(ARGS), which are responsible for 700,000 deaths per year (De Kraker et
al., 2016).

Chromium is a highly toxic inorganic pollutant that enters the
environment from a variety of natural and artificial sources, including
medical facilities, textile manufacturers, dye and Oxidizing materials
(Awasthi et al., 2018). Chromium has been designated as a priority
pollutant by numerous environmental and health organizations; when
present in excess, it induces toxic effects on the cells such as
genotoxicity and oxidative damage and can damage lipids, proteins, and
DNA and cause carcinogenic and mutagenic effects in living beings(
Laxmi and Kaushik, 2020).
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The utilization of biomarkers as early warning tools for
contamination in an environment can be toxic and dangerous to aquatic
life (Lomartire et al.,2021). Chemical compounds can affect biological
systems by forming radicals or high-energy molecules, which eventually
reflect oxidative stress on organisms and lead to the production of ROS
in aquatic organisms( Lee et al.,2022). Thus, differences in the action of
the enzymes that make up the antioxidant protective mechanism can be
used as an early warning sign of toxic compound contamination ( Fanton
et al.,2020).

Bivalves are considered good bio-indicator organisms for
determining the degree of contamination in freshwater and marine
ecosystems (Baralla et al., 2021). This is due to several significant
characteristics, including their wide dispersion, abundance, filter-
feeding, sedentary behavior, physical size,and food source. As a result,
various authors have studied how molluscs react to environmental
pressures and contaminants. It has been used in an increasing number of
ecotoxicological applications, well as in environmental risk assessment

programs (Chiesa et al., 2018).

Algal immobilization technology has received increasing attention
and has been used in many applications in the environmental field, such
as treating wastewater by removing nutrients, pharmaceutical
compounds, hazardous textile dyeing, and heavy metals (Cao et al.,
2022; Salman et al., 2022).
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1-1-1 Aims of the study:

1-Estimation of the ecotoxicity of medical pollutants as the antibiotic
amoxicillin  AMX and Potassium dichromate (K,Cr,O;) on some
biochemical and histological characteristics and bioresponses of two
species of bivalve clams C. fluminea & P. euphrates also calculate LCs

in different concentrations.

2- Use of the immobilized algae C. vulgaris to reduce the toxicity of
these pollutants mentioned above by observing the variations in

biochemical and histological characteristics in both used clams.
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1-2 Literature Review

1-2-1 Ecotoxicology

The word "environmental toxicology", first used by Truhaut (1977),
refers to an interdisciplinary scientific field that draws knowledge and
techniques from the fields of ecology and toxicology, as well as is
sometimes used synonymously with ecotoxicology (Rosner et al .,2021).

Environmental toxicology is the study of how hazardous
compounds influence living things, whether they are created industrially
or organically( Mostafalou and Arab, 2022).It enables us to identify the
species and concentrations of pollutants that are harmful to animals, as
well as their effects on their health, ecotoxicological data assess
environmental risks and suggest potential new strategies for the
regulation and control of toxic chemicals in various ecosystems, as well
as provide insights into ecosystem health that cannot be solely
determined by measuring chemicals in the environment (Altenburger et
al., 2019).

Ecotoxicological studies have increased, significantly in the last
decades following the exponential growth in the production and use of
chemicals in agriculture, medicine, and various industrial sectors,
leading to an increased release of toxic contaminants into waters
globally, particularly, inland waters among the most threatened habitats
worldwide by this indiscriminate pollution (Reid et al. 2019; Pham et al.,
2019). Thus, environmental toxicology intended to provide basic
knowledge about the environmental effects of pollutants, providing
foundations for the development of international guidelines to protect the
environment and the species inhabiting it (Sebastiano et al.,2022), and

from this perspective, ecotoxicological, studies play a clear role in
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assessing the effects of pollutants on aquatic habitats ,human health and
other lives ( Ceschin et al., 2021; Mkandawire et al. 2014).

Chemical analysis alone cannot properly assess and forecast the
Impacts of chemicals on aquatic species and ecosystems, making it
insufficient for chemical monitoring in the aquatic environment, the
environment is experiencing a growing number of (unknown) chemical
stressors and mixing effects, In addition, the ecological indices also have
a limited capacity to pinpoint the underlying stresses that have a
detrimental influence on the ecosystem( Schuijt et al.,2021). As a result,
further supplementary techniques, such as ecotoxicological testing,
which might provide a bridge between chemical monitoring and
ecological indices are required that can directly address biological effects
and provide a binding to chemical exposure,ecotoxicological tests are
described as test systems, that expose biological components (cells,
individuals, populations, and communities) to environmental mixtures of
chemicals to track biological impacts, ecotoxicological agents may
induce immediate and visible effects on organisms, such as viability or
reproduction, or produce more subtle effects such as changes in
behavioral or physiological traits or immune competence, completely
resulting in population decline (Brack et al., 2019;Schuijt et al., 2021).

Ecotoxicology is used to merge and comprehend the negative
Impacts of chemicals on organism, communities, and ecosystems, one of
the most important steps for ecotoxicological studies is to find a model
organism that can provide reproducible information on the acute and
chronic effects of environmental pollution. The ideal model organism
should be abundant and available, have ecological representativeness
within the ecosystem, have a short life cycle, and be easily cultivated and

preserved in the laboratory ( Swiacka et al.,2019). The toxicity of
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pharmaceuticals relies on the kind and stage of the organism, exposure
length, temperature, and concentration of contaminants ecotoxicological
studies of pharmatcetal involve ecological, morphological, chemical,
physiological, and genetic index (Wang et al., 2021a).

1-2-2 Pharmaceutical wastes

It comprises a wide variety of unregulated compounds that are
either synthetic or from natural sources. It is classified as an emerging
pollutant and has been detected in all water bodies, with concentrations
varying from ng/L to g¢/L (Khasawneh and Palaniandy,2021).
Pharmaceutical consumption is estimated at more than 200,000 tons
annually in Russia, China, and India (Tijani et al., 2016). They are
designed to be active to interact with a living system and produce a drug
response at low doses, making them an environmental concern even at
environmentally low concentrations, also, they are designed to be stable
to reach and interact with target molecules, so they are either very slow
to degrade or their ongoing usage results in constant releases into the
environment at rates greater than the rate of deterioration (Khan et al.,
2020). These compounds could pose a serious threat to non-target
species in freshwater (Mezzelani et al., 2018).

The reasons for the increase in these pollutants in the aquatic
environment include population growth, overuse, and the inefficiency of
traditional sewage plants in removing these pollutants( Encarnaco et al.,
2020). According to a United Nations Environment Program report,
nearly 80% of the globe's wastewater are discharged directly into water
bodies without treatment (Bijekar et al., 2022).
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1-2-2-1 Antibiotics

Among the pharmaceuticals most commonly found in bodies
of water, antibiotics which are chemicals derived from natural, semi-
synthetic, and synthetic sources (Baralla et al., 2012). It is the most
widely used class in human and veterinary applications and is frequently
detected in aquatic ecosystems (Bojarski et al., 2020). Antibiotic use has
increased globally recently, with an estimated 65% increase between the
years 2000 and 2015 and a 200% increase projected by 2030 if nothing is
done (Klein et al., 2018). Al-Khazrajy and Boxall, (2016) studied the
Prevalence of pharmaceuticals the in the natural environment in Irag, the
most used drugs were found to be paracetamol, amoxicillin, and
metformin with a total annual consumption exceeding 1000 tons per

year.

When antibiotics are not properly eliminated, they enter the
environment and cause chronic toxicity to some non-target organisms
because they are designed to trigger a biological response in organisms
(Liu etal.,2018). Some antibiotics disintegrate quickly in the
environment, such as penicillin, while others are more stable, such as
fluoroquinolones and tetracyclines, allowing them to remain for longer
periods in the environment, spread more, and accumulate to higher
concentrations (Krzeminski et al., 2019).

The presence of antibiotics in the aquatic environment is not
without risks, as their permanent presence may lead to the development
of antibiotic-resistant microorganisms (Kulik et al., 2023). Other
associated problems are inhibition of metabolic enzymes, altered mMRNA
expression (He et al., 2021), increased oxidative damage, and oxidative

stress (Nunes, 2020) which affect the presence and diversity of living
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organisms and may cause genotoxicity, mutations, increased mortality,
and a decrease in biodiversity.

In addition, once it enters the environment, it can completely
degrade or turn into highly biologically active compounds that are likely
to be toxic and can enter and accumulate in aquatic or terrestrial food
chains, or both (Larson, 2014).

Antibiotic concentrations in aquatic organisms are related to their
habits and position in the food chain, and it is noted that antibiotic levels
gradually increased from herbivorous to omnivorous, possibly by food
chain enrichment (Tang et al., 2021), and there is wide variation in its
presence worldwide, with antibiotic concentrations in Asia tending to be
higher than those reported in Europe and North America, due to its
frequent use in those countries (Tran et al., 2018).
1-2-2-2 The Disinfectants

A disinfectant is a chemical or compound that is used to kill or
inactivate germs on inert surfaces, disinfectants kill microorganisms by
damaging their cell walls or interfering with their metabolism,
disinfectants are commonly utilized in hospitals and other healthcare
settings for a variety of topical and application-hard surfaces, they are
particularly crucial to infection control procedures and aid in the
prevention of nosocomial infections (Raeiszadeh and Adeli,,2020; Exner
et al .,2020).

These chemical compounds can enter sewage systems and
contaminate drinking water resources, both direct runoff and indirect
sewage will eventually end up in lakes and rivers, endangering aquatic
ecosystems, disinfectants threaten aquatic organisms and wildlife in

several ways (Luan et al.,2020) .
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Chemicals in disinfectants can bond with other substances to form
harmful compounds. In surface waters, which may allow the synthesis of
disinfection by-products, these by-products are very harmful to aquatic
life (Zhang et al.,2020b), and also Increased disinfection techniques may
threaten the environment and public health by hastening the spread of
antibiotic resistance (Chen et al.,2021).

1-2-3 Pharmaceuticals’ Fate in Aquatic Ecosystems

Many processes influence dissipation in the aqueous system,
including biodegradation (anaerobic and anaerobic) and abiotic
transformation (e.g., UV decomposition, sediment adsorption, and
hydrolysis), and depend on the physicochemical properties of drug
compounds, such as antibiotic concentrations, half-lives, and
environmental factors (Kalyva, 2017).

Pharmaceuticals have three primary probable fates in the aquatic
environment: first, pharmaceuticals are mineralized into carbon dioxide
and water, for example, aspirin; second, the compounds are metabolized
but remain in water-soluble forms of the parent component, so they pass
through the wastewater treatment facility and end up in recipient
waterways; if the metabolites are bioactive, they may impact aquatic life(
Klaminder et al., 2014) Thirdly, the polymer is lipid-soluble and will not
degrade fast; some of it will be retained in the sludge( Kayode-Afolayan
et al., 2022). Many processes for eliminating pharmaceutical compounds
from the aqueous ecosystem are summarized as follows,figure (1- 1).

Adsorption is one of the significant ways to remove antibiotics in
the aqueous ecosystem, numerous studies on antibiotic absorption in soil
and water have been conducted, and sediment adsorption is regarded, as
one of the most significant antibiotic fates in aquatic ecosystems (Cheng
etal., 2022).

10
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Hydrolysis is a key mechanism for the breakdown of various
organic compounds, particularly amides, and esters, the key parameters
influencing antibiotic hydrolysis rates are temperature, and pH level
(Mitchell et al.,2014).AMX is a beta-lactam antibiotic that hydrolyzes in
this manner, it dissolves rapidly in aqueous circumstances due to lactam
ring hydrolysis, generating two components, AMX penilloic acid and
AMX diketopiperazine-2'-5' (Hirte et al., 2016).

Photolysis is one of the main degradation processes for organic
pollutants in aquatic ecosystems and includes direct photolysis, sensitive
photolysis, and photooxidation, there are many factors affecting the
photodegradation process of pharmaceutical compounds, for example,
water properties (e.g., pH and temperature), water content (e.g species
inorganic compounds, and contents of dissolved organic), the
composition and properties of organic pollutants, and photocatalysts
(Cheng et al., 2022). For example, oxytetracycline (OTC) undergoes
direct photolysis and is considered the main disposal pathway in surface
waters (Jin et al., 2017) , both direct and indirect Photodegradation,are
an important process in the abiotic transformation of pharmaceuticals in
waterbodies, Indirect photolysis is brought on by natural
photosensitizers, whereas direct photolysis is brought on by sunlight's
direct absorption (Nicolaou et al., 2007). Its photolysis dissolution in
water is affected by several factors, including the intensity of solar
radiation, latitudinal, organic matter content, and eutrophication
circumstances (Wang et al., 2020b).

Antibiotic biodegradation is the elimination of antibiotics from the
ecosystem through the utilization of living organism like bacteria, algae,
yeast and plant etc , a variety of factors influence this process, including

microbial species, anaerobic and aerobic conditions, antibiotic

11
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concentrations, precipitation, and temperature (Liu et al., 2021).
Anaerobic and aerobic biodegradation are the two most common
methods for removing medications from the dissolved phase (Mansouri
etal., 2021).

Many environmental factors (abiotic and biotic) influence
pharmaceuticals'fate in aquatic environments, including pH, temperature,
sunlight and light intensity, hydraulic retention time, seasonality,
microbial communities, sediment, natural organic matter, suspended
particles water body volume, turbidity, the hydraulic regime, weather
conditions, etc. (Carpenter et al., 2018).

In aquatic environments, salinity has an even greater impact on the
distribution and natural degradation of medicinal substances, when
freshwater and saltwater meet, the role of salinity becomes more
Important. For instance, as salinity rises, the coefficient of separation
between estrone and sediment rises, resulting in a drop in estrone's
agueous content and a favoring of further adsorption to the sediment
(Patel et al., 2019). Salinity can change the physical-chemical properties
of the drugs and /or the sensitivity of the organisms to them,
According to a study by Almeida et al. (2022b), salinity changes altered
the effects of pharmaceutical drugs antiepileptics and antihistamines in
the clam Ruditapes philippinarum and caused altered metabolic
processes, decreased levels of antioxidants, and biotransformation in the
organism.

A further important factor influencing the fate of pharmaceutical
preparations is pH, which plays an important role in the biodegradation
process,and sorption capacity resulting from its effect on the adsorbent
surface charge, the degree of ionization of the materials in the solution,

the separation of the active groups in the active sites, and the chemistry

12
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of the solution (Yazdi et al.,2018). As a result, it will have an impact on
the biological, chemical, and physical features of the medications, such
as their toxicity, activity, photosensitivity, and absorption. (Verlicchi et
al., 2012; Fernandes et al., 2021). It was discovered that the pH of a
submerged membrane bioreactor (MBR) had a significant impact on the
elimination of antibiotics like ibuprofen, diclofenac, ketoprofen, and
sulfamethoxazole (between 5 and 9),at pH 5, the maximum elimination
of these antibiotics was achieved (Tiwari et al.,2021). According to
research by Baena-Nogueras et al. (2017), the photodegradation of many
pharmaceutical compounds is influenced by pH, Acetaminophen
photodegraded faster at pH 4 or 9 than at pH 7, whereas other
medications such as diclofenac, ibuprofen, and ketoprofen showed no

significant difference.
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Figure (1- 1): Removal mechanisms of pharmaceuticals in the environment(Bankole
et al.,2023).
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1-2-4 Amoxicillin C16H19N30sS and Potassium Dichromate
(K2Cr207)
1- Amoxicillin C16H19N305S

Amoxicillin (AMX) is an antibiotic in the beta-lactam class. It has
broad antibacterial activity against both gram-negative and gram-positive
bacteria (Fazelirad et al., 2015). Asemi-synthetic antibiotic and consists
of D-4-hydroxyphenyl glycine and 6-aminopenicillinic acid, figure (1- 2)
it works by inhibiting the formation of the bacterial cell wall and
causing lysis and cell death by inhibiting a bacterial enzyme called the
transpeptidase enzyme, which is necessary for the synthesis of the
bacterial cell wall (Hugonnet et al.,2016). Average half-life of
amoxicillin is about 1.5 hours; it accounts for more than 65% of the
antibiotics consumed by many nations and is regarded as one of the
major threats to the environment. At higher doses, amoxicillin has been
identified as a possible mutagen, carcinogen, and teratogen (Sodhi et al.,
2021).

Amoxicillin is extremely unstable and rapidly breaks down into
several degradation products. The beta-lactam ring can be broken by
several biotic and abiotic mechanisms, resulting in the formation of
various secondary compounds that may be more resistant to degradation
or more toxic than the parent compound (Elizalde-Velazquez et al., 2016).

A complete amoxicillin degradation pathway in aqueous media was
proposed by Gozlan et al.(2013), the four-membered -lactam ring is first
opened by hydrolysis or by several metal ions, including mercury, copper,
cadmium, cobalt, and zinc, which may catalyze the breakdown of the -
lactam ring to produce the intermediate AMX-penicilloic acid, this
intermediate chemical might then produce two distinct, more stable

compounds, depending on the pH of the medium. At high pH values, the

14
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AMX-penicilloic acid degradation product yields a 6-membered stable
diketopiperazine ring and the AMX diketopiperazine degradation product,
at low pH values, the AMX-penicilloic acid undergoes a decarboxylation
process, Yyielding the AMX-penicilloic acid. Another amoxicillin
metabolite is produced through an indirect photolysis process aided by the
existence of natural photo-sensitizers such as humic acids, forming the
AMX-S-oxide degradation product, this compound in an aqueous system
poses an environmental concern as AMX-S-oxide -lactam is still active
and may lead to the development of resistant bacteria(Elizalde-Velazquez
et al.,2016; Hirte et al .,2016).

This antibiotic generates hazardous toxic effects, including
alterations in embryonic development and oxidative stress in aquatic
creatures, and it has been observed that AMX can cause DNA damage and
cytotoxic effects in the common carp's blood cells (Orozco-Hernandez et
al., 2019).

Amoxicillin bioaccumulation in fish tissues, which can be used as
food, thus harms humans by triggering immune responses and increasing
bacterial resistance genes in fish tissues ( Wu et al., 2020 a Wu; Elizalde-
Velazquez et al.,2016).

Amoxicillin was detected in wastewater, marine freshwater, and
soil sediments, as (AMX) at the ng/L level in Ghana, Turkey, Italy, and
Australia, with the highest concentration of 1.65 mg/L (Lee et al.,
2021).

In Malaysia's Klang River Estuary, Five substances, namely,
(amoxicillin, progesterone, diazinon, bisphenol A, and E1) were detected
in every sampling station examined and assessed (Omar et al., 2018).

In India, a study by Sodhi et al.( 2020 ) showed that amoxicillin

and its metabolites (Penicillic acid), were discovered in the River
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Yamuna, which is the main supply of drinking water for a population of
over 13 million people. Studies by Velpandian et al .(2018), also
showed the presence of amoxicillin (0.18 pg/L) in aquifers and surface
waters AMX concentrations in various Italian cities' sewage effluent
ranged from 1.88 to 120 ng/L. (Matozzo et al ., 2016 a).

o /'_N\><CH3

HO o=

mXI

j—OH
Figure 1-2:Chemical structure of Amoxicillin (Hugonnet et al.,2016).

2- Potassium Dichromate (K2Cr207)

Potassium dichromate (K,Cr,O;) was used as a reference toxicant,
as recommended by the US EPA (1993). Potassium dichromate is a
reddish-orange compound that contains the three elements potassium
(26.58%), chromium (35.35%), and oxygen (38.07%), figure (1- 3 ), and
one gram of chromium is contained in each 2.829g of potassium
dichromate (De Freitas et al.,2014). According to the World Health
Organization (WHO), the maximum allowed quantity of Cr in drinking

water is 50 ppb (Sessarego et al., 2019).

Chromium is a highly toxic inorganic pollutant that is eliminated
into the environment, through various natural and anthropogenic sources,
such as the textile industry as mordants and dyes, leather tanning, wood
preservation, and chrome electroplating. Potassium dichromate,
K.,Cr,05, is a common inorganic chemical reagent that is widely used as

an oxidizing agent in various laboratories (Bakshi and Panigrahi, 2018).
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Numerous environmental and health organizations have designated
Chromium as a priority pollutant, and it is estimated that the high level
of Cr pollution in the world puts about 16 million individuals in danger
(Sharma et al., 2022).

When Chrom present in excess Cr(VI) can cause genotoxicity and
oxidative damage, damage lipids, proteins, and DNA, and cause
oxidative stress, autophagy, an inflammatory response, apoptosis, and
excessive generation of (ROS), which results in cell damage (Rahman&
Thomas 2021; Laxmi & Kaushik 2020; Sharma et al., 2020).

Chrome (V1) is easily bioavailable; it can pass through the cell
membrane sulfate/phosphate anion transporter and be reduced to lower
oxidation states like pentavalent, tetravalent, and trivalent chromium
(Wang et al., 2017). Reactive intermediates are formed during this
reduction process and react with hydrogen peroxide (H,O,) to produce
hydroxyl radicals via Haber-Weiss or Fenton-like reactions (De Mattia et
al., 2004; Chaébane et al .,2021).

Microorganisms have several metal chelating processes and a high
metal absorption capability,microorganisms use diverse hazardous
substances as a source of energy for growth and development via

metabolism, respiration, and fermentation (Yan et al.,2023).

O
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Figure 1-3:Chemical structure Potassium dichromate (Tallarico et al.,2014).
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1-2-5 Impacts of pharmaceuticals on Aquatic Organisms

The presence of pharmaceuticals in have risk in is not without risk,
pharmaceuticals and their metabolites constitute a new and important
class of aquatic pollutants and pose a serious threat to the food chain,it
can also affect the behavior and reproductive systems of aquatic
organisms, with cascading effects on entire ecosystems (Khan and
Barros, 2023).

Pharmaceuticals also represent an environmental risk due to the
significant effects they can have on a range of non-target aquatic
organisms that have similar biological functions and receptors.
Pharmaceuticals exhibit not just short-term (acute) toxicity but also long-
term (chronic) toxicity. Acute toxicity is caused by single or several
exposures in a short period, and it typically presents as a fatal endpoint
(mortality or immobilization), while chronic toxicity is described as the
onset of negative effects from repeated and prolonged stressor exposure,
which frequently manifests as a sub-lethal endpoint or growth inhibition,
molecular or biochemical modifications, or behavioral abnormalities
(Hejna et al.,2022) in aquatic organism as bivalve and fish . It has been
observed to cause cytotoxic effects, disrupt lysosomal membrane
integrity, and increase hematocytosis in Clamruditapes philippinarum
(Nicolussi et al., 2022). The drugs cause a variety of direct and indirect
effects on non-target species in the aquatic environment, such as
cytotoxic effects, disruption of lysosomal membrane integrity, and
increased spherocytosis in Clam Ruditapes philippinarum (Nicolussi et
al., 2022).

They cause reduced growth of aquatic plants, algae, and

environmental microbes and cause oxidative stress and DNA damage
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(Mirzaee et al., 2023; Liu et al., 2023). It may cause changes in
metabolism and gene expression and thus lead to negative effects on
their growth, development, and survival (Leonard et al.,2022) In
addition, it showed that the presence of pharmaceuticals in water bodies
can lead to the development of antibiotic-resistant bacteria, which poses

potential risks to human health (Bereketoglu et al., 2022).
1-2-6 Environmental Biomarkers

A biomarker is a measurement of the interaction between a
biological system and an environmental factor, which might be chemical,
physical, or biological. Therefore, considered biomarkers are a useful
environmental tool to evaluate the exposure and negative effects of
stressors on organisms, and environmental biomarkers are described as a
change in a biological response happening at the molecular, cellular, or
physiological levels that may be linked to exposure to or toxic effects of

pollution chemicals (Lionetto et al., 2019).

Their joint use in pollution monitoring is strongly recommended.
Furthermore, these biomarkers have the benefit of being tested after
longer storage durations under freezing conditions, which is superior to
other heat-labile and shorter-lived metabolic enzymes( Cao et al., 2018;
Chahouri et al., 2022).

1-2-6-1 Biochemical Markers

The antioxidant system consists of substances that delay and/or
prevent oxidation of the cellular substrate at low concentrations and play
an important role in the direct removal of free radicals, and can protect
cells against free-radical damage by delaying or preventing the oxidation
of proteins, carbohydrates, lipids and DNA ,antioxidant defense system

19



Chapter One Introduction and Literature Review

includes both enzymatic and non-enzymatic antioxidants and scavenging

processes (Ighodaro and Akinloye, 2018; Martemucci et al.,2022).

Differences in the activities of these enzymes represent an early
warning indicator to exposure toxic compounds, allowing the
identification of changes in biological systems before community-level
effects, which has been used to assess oxidative stress in target and non-
target organisms for exposure to various pollutants (Oyaneder-Terrazas
et al.,2022; Garcia et al.,2022 ). (ROS) are chemically reactive
molecules containing oxygen that play several beneficial roles for the
organism at low or moderate concentrations, they are needed for
physiological activities such as intracellular cell signaling and
homeostasis, cell death, immune defense against pathogens, and
induction of the mitogenic response (Bhagat et al., 2016; Juan et al.,
2021).

ROS are produced from molecular oxygen as a result of normal
cellular metabolism, and ROS can be divided into two groups: free
radicals and non-radicals (Birben et al., 2012). ROS include reactive
oxygen species such as (hydroxy radicals, superoxide anion, hydrogen
peroxide, and nitric oxide), stressful environmental stressors rapidly
increase cellular ROS concentrations to levels that are higher than
antioxidant scavenging capacity (Snezhkina et al., 2019; Zandi and
Schnug, 2022). Oxidative stress is caused by an imbalance between the
generation of ROS and the ability of antioxidant systems to readily
detoxify these reactive intermediates. Excessive and unregulated free
radical production under oxidative stress may cause damage to DNA,
proteins, or lipids, which can severely affect cell health (Pizzino et al.,
2017; Schuijt et al., 2021).
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1-2-6-2 Enzymatic Antioxidant
1-2-6-2-1 Superoxide Dismutase (SODs)

It is a group of metalloenzymes that act as important antioxidants
and represent the first line of defense against human and natural
pollutants. The most important role of this enzyme is to restore cell
vitality and slow down the rate of oxidation by dismuting superoxide
anion free radical (O,.) into molecular oxygen and hydrogen peroxide
(H,0,), thereby decreasing the O,. level which damages the cells at
excessive concentration,based on the metal cofactors present in the
active sites, SODs are classified into four species: copper-zinc-SOD (Cu,
Zn-SOD), iron-SOD (Fe-SOD), manganese-SOD (Mn-SOD), and nickel-
SOD (Younus,2018; Maurya and Namdeo, 2021).

1-2-6-2-2 Catalase (CAT)

The antioxidant enzyme catalase (CAT) is regarded as the first line of
defense. It consists of a tetrapeptide chain and contains heme groups that
allow the enzyme to interact with hydrogen peroxide, playing a critical role
in preventing oxidative damage to cells by decomposing hydrogen
peroxide into water and oxygen, which are the most abundant and
prevalent of all enzymes in a cell (Nandi et al., 2019). Catalase has the
highest turnover numbers of all enzymes, One molecule of catalase can
convert over 2.8 million molecules of hydrogen peroxide to water and
oxygen per second, and as a result, CAT is an enzyme that gives a clear
and early response to pollutants, and it works in conjunction with an
enzyme called SODs to reduce oxidative stress in cells (Smejkal and
Kakumanu, 2019),figure 1-4.
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1-2-6-2-3 Glutathione Peroxidase (GPX)

It is an antioxidant enzyme that belongs to selenocysteine because it
binds four atoms of selenium and gives the catalytic activity of GPx, a
tripeptide that consists of cysteine, glutamic acid, and glycine (Fundu et
al., 2019; Peiet et al.,2023). Glutathione Peroxidase (GPx) is a cytosolic
enzyme that catalyzes the reduction of hydrogen peroxide to water and
oxygen as well as catalyzing the reduction of peroxide radicals to
alcohols and oxygen (Sarkaya and Doan, 2020).GPX, also known as
selenocysteine peroxidase, is more important in inhibiting lipid
peroxidation and thus protecting cells from oxidative stress (Ighodaro
and Akinloye, 2018). GPX plays a major role in protecting cell
membranes from damage via lipid peroxidase ( Duran-Alvarez and

Jiménez-Cisneros,2021).
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Figure 1- 4:catalase's relationship to other antioxidant enzymes (Nandi et al.,2019).
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1-2-6-3 Non-enzymatic Antioxidant
1-2-6-3-1 Glutathione (GSH)

The glutathione system is an important endogenous antioxidative
system that can maintain cellular redox balance and protect cells from
oxidative damage and death (Tan et al.,2023) GSH is made up of three
Amino acids (glutamic acid, cysteine, and glycine) and is represented by
the symbol GSH when reduced and GSSG when oxidized (Istomina et
al.,2021). Glutathione is crucial for the integrity of red blood cells, the
functioning of proteins, and lipid membranes, and it works as an enzyme
co-factor and antioxidant, GSH plays a major role in the elimination of
numerous reactive species to protect cells from free radical damage and
GSH is also involved in regulation of the cell cycle (Vaskova et

al.,2023).

These enzymes catalyze the reduction of H,O, by GSH into H,O;
GSSG is reduced to GSH under the action of GR and NADPH; GSH
reduces H,O, ( or lipid-OH) to H,O ( or lipid-oH) in the catalysis of
GPX (Tan et al.,2023) figure 3. The reduced glutathione/oxidized
glutathione ratio (GSH/GSSG) is widely used in clinics for the
evaluation of oxidative stress status in biological systems, where
increased GSSG-to-GSH ratio is indicative of greater oxidative stress
(Bansal and Simon, 2018).
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Figure 1-5: Strategies for the GSH system to remove ROS (Tan et al.,2023).
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1-2-6-3-2 Ascorbic Acid (AA)

Ascorbic acid (AA), also called vitamin C, is a water-soluble
vitamin that functions as a powerful antioxidant. Vitamin C can protect
vital body substances such as proteins, lipids, carbohydrates, DNA, and
RNA from free radical damage (Wu et al., 2022a). Ascorbic acid (AA) is
known for its antioxidant activity and acts as a reducing agent (Njus et
al.,2020). Ascorbic acid donates a single reducing equivalent, and the
radical it forms, monodehydroascorbate, reacts preferentially with
radicals instead of with non-radical compounds, thereby decreasing
reactive oxygen species, and reactive nitrogen species by providing
electrons to them and preventing the oxidation of other compounds (Fujii
etal., 2022).

1-2-6-4 Total Protein

Proteins are polypeptide structures consisting of one or more long
chains of Amino acid residues Proteins play a variety of crucial roles in
cells, including promoting metabolic activity, facilitating DNA
replication, giving cells shape, biochemical catalysts, and moving ions
from one place to another and they can also be used as an energy source,
the Amino acid sequence of different proteins is what sets them apart(
LaPelusa and Kaushik, 2022). Many scientists have recently employed
proteins as one of the biochemical indicators of the effects of oxidative
stress caused by numerous pollutants in aquatic settings (LOpez-
Pedrouso et al.,2022; Marisa et al.,2021).

1-2-6-5 Malondialdehyde (MAD)

Malondialdehyde MDA is a low molecular weight end product of
lipid peroxidation and is widely utilized as a biomarker of oxidative
stress ( Bhagat et al.,2016). MDA is one of the final products of
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polyunsaturated fatty acids peroxidation in the cellsand it is a highly
reactive and toxic byproduct of lipid peroxidation (Juan et al.,2021) .
MDA is considered a marker of oxidative stress Dbecause its
accumulation is indicative of increased lipid peroxidation and ROS
production Therefore, the presence of MDA in cells and tissues is often
used as an indicator of oxidative stress, as it reflects the degree of lipid

peroxidation and ROS-mediated damage (Haro Giron et al.,2013).

1-2-7 Histological Biomarker

This kind of biomarker involved lesions and alterations in specific
tissues species such as( necrosis, inflammation, and degeneration),
histopathology is utilized as a reference standard for assessing the
sensitivity and specificity of organisms to different species of
contamination, and there are important correlations between histological

alterations and environmental stress (Ijomah et al., 2020).

Histological studies are one of the most appropriate possible
biomarkers because they measure response to short and long periods of
exposure, use many tissues, are distinguishable, and can be effective
(Carvalho et al., 2020). Histopathological changes in tissues are
identified as reliable biomarkers in distinguishing pollution levels

between various, aquatic ecosystems( Abdel-Moneim et al.,2012).

Particular attention was paid to the effect of contaminants on gills
and digestive glands, which are the main target, The gills and digestive
glands of bivalves play a significant role in capturing, absorbing, and
digesting food, and they are also directly exposed to environmental
pollutants, and the gills filter the water to obtain nutrients and therefore

are in constant contact with water contaminants, the mollusk's digestive
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gland is the major center of control of metabolic regulation organs
(Carballeira et al.,2011).

Bivalves are capable of filtering high volumes of water by retaining
up to 90% of the particles contained in it, including any contaminant
present to concentrate them in their tissues directly from water and
through diet, and Use in monitoring programs can give information
about pollutants' presence in different areas and marine layers (Varol and
Stinbiil. 2017).

Many studies have used histological responses in aquatic organisms
as biomarkers of pollution damage such as, Joshy et al., 2022, employed
histopathology of the digestive glands and gills of three bivalves
Mallana bilineata, Perna viridis, and a clam (Villorita cyprinoid's) to

assess aquatic environmental quality on India's southwest coast.

Studyof Sheir (2020) evaluating and comparing tissue responses as
a biomarker for a freshwater clam (Caelatura nilotica) as a biomarker
for different species of pollution (organic and inorganic) in different
environments with different degrees of pollution. According to a study
by Shan et al. (2020), imidacloprid causes significant histological
alterations in adult Asian clams (Corbicula fluminea)., including cilia
degeneration, decreased lymphocyte adhesion, distension of the
epithelial cells in the gills, severe alimentary tube degeneration, and
hemolytic infiltration of connective tissue. Marinovi et al.( 2021)
employed histopathological alterations in fish gill histological
abnormalities as biomarkers to differentiate between seasonal variations

in water quality within the same aquatic ecosystem.
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1-3 Algae Immobilization

Algae are autotrophic organisms found in a range of habitats; they
are fast-growing and can withstand harsh environmental conditions; they
have a wide variety of applications, including food or dietary
supplements, pharmaceutical manufacturing, fish feed, fertilizer
production, biofuel production, bioremediation, etc. (Palito et al.,
2021;Chandel et al., 2022; Salman et al.,2022).

Microalgae-based technology has received widespread attention as
a possible alternative to conventional wastewater treatment since it is a
solar-powered, environmentally friendly, cost-effective, and sustainable

reclamation strategy (Arimbrathod et al., 2023).

An immobilized cell is described as a living cell that is prevented
from moving independently from its original location to all parts of a
system's aqueous phase by natural or artificial carriers (Xiong et al.,
2021; Hejna et al.,2022). The basic idea is that immobilized microalgae
in matrices, whether biological or inert, can help produce necessary
biotechnological benefits from mass growth, such as the production of a
specific metabolite or the removal of contaminants (De-Bashan and
Bashan, 2010).

Cell immobilization has several advantages over suspended cells,
including making biomass harvesting easier; enhancement of cell growth
and morphology; higher cell density; prolonging the cells’ metabolic
activity; increased resistance to environmental stresses (temperature,
acidity, and toxic compounds); and taking up less space, making it easier
to handle and use regularly (Eroglu et al., 2015). Disabled cells can be

reused in successive applications without loss of bioremediation
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activities on their own, which reduces production costs; the immobilized
cells provide the operational stability of the performance of
microorganisms and facilitate continuous cultivation operations (Hejna
etal., 2022; Chen et al., 2023).

Six different species of immobilization techniques have been
identified: covalent coupling, affinity immobilization, adsorption,
confinement in liquid-liquid emulsions, capture behind semi-permeable
membranes, and entrapment in polymers. Organic and inorganic carrier
materials are commonly utilized in the immobilization of

microorganisms (Kaparapu, 2017; Partovinia and Rasekh, 2018)

In recent years, microalgae-immobilized technology has received
increasing attention, and Immobilized systems have been utilized in
several applications, including reducing contaminants, energy
production, and wastewater bioremediation ( Yu et al., 2017; Salman et
al., 2022; Cao et al., 2022).

Immobilized cells are more effective than free cells in removing
nutrients, heavy metals, and pigments because they are present in the
matrix and are thus protected from the effects of toxic compounds
(Revathi et al., 2017; Cao et al., 2022; Salman et al., 2022).

Immobilized microalgae have been used in bioremediation
processes to remove many unwanted substances (as nutrients, minerals,
and organic pollutants) from various media (Palito et al., 2021). Several
studies on Immobilized algae indicate their susceptibility to remove
pharmaceutical compounds from aquatic environments, such as
Chlorella pyrenoidosa, which showed the ability to remove amoxicillin
from the aqueous media by 91% within 6 hours (Xiao et al., 2021) .
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Chlorella sorokiniana to clear 100% of ibuprofen within 31 days (De
Wilt et al., 2016). According to Xie et al. (2020b), immobilized
C.vulgaris demonstrated greater sulfamethoxazole tolerance than the
suspended cell, and the removal efficiency of immobilized C. vulgaris
was more than 12% higher than the suspended cell. C. vulgaris was
used to remove metronidazole from the culture medium by 100% within
18 days (Hena et al., 2020). Chlorella sp. removed Florfenicol from the
culture medium by 97% within 24 hours (Song et al., 2019).

In a study conducted by Encarnago et al. (2020), immobilized
microalgae removed Pharmaceuticals and personal care products(
PPCPs) more effectively than suspended microalgae(C. vulgaris) ,
assessed the performance and efficiency of free and immobilized
microalgae cells in removing four pharmaceuticals, and discovered that
immobilized cells removed pharmaceutical substances such as

paracetamol and ibuprofen more effectively than free cells.

The ability of immobilization technology can effectively protect
Chlorella vulgaris from carbamazepine (CBZ ) toxicity and improve the
removal of CBZ, especially at high concentrations (Liang et al., 2022).
The results of Kwarciak-Kozowska and Sawik-Dembiczak. (2021)study
showed the ability of immobilized algal cells in alginate beads to

enhance the uptake of metal Pb(ll).
1-3-1 Detoxification of Pharmaceutical Wast by C. vulgaris

Microalgae have drawn attention in the bioremediation research
community for being non-target organisms for antibiotics and their
ability to adapt and remove the antibiotics themselves from polluted
water, producing valuable biomass (Li et al.,2022).

29



Chapter One Introduction and Literature Review

C. vulgaris is one of the most widely distributed green microalgae,
present in most aquatic habitats throughout the world,due to its short life
cycle, low cost, ease of cultivation in labs, and sensitivity to a variety of
pollutants, it is frequently used in toxicity testing and is one of the most
commonly studied algae in wastewater treatment (Ajitha et
al.,2019;Wong and Roma, 2021).

The presence of antibiotics in wastewater leads to dual responses in
C. vulgaris, which include either inhibitory or growth-stimulating effects
depending on the concentration (Mao et al.,, 2021). C.vulgaris can
acclimate to antibiotic stress conditions, through spontaneous
physiologic adaptation, and can biodegrade contaminants thus making it
a promising candidate for antibiotic removal from wastewater (Ricky et
al., 2022).

Xiong et al. (2017) used C.vulgaris to remove levofloxacin, a
fluoroquinolone, from an initial concentration equal to 5 mg/L. 15% of
the antibiotic was removed, after seven days. while Hena et al.(2020)
investigated the removal of metronidazole (MDZ) from aqueous media
by C. vulgaris. MDZ stimulated the production of extracellular
polymeric substances (EPS), which played a major role in the adsorption
of this antibiotic.

Ricky et al.(2022) proved C. vulgaris' ability to adapt and remove
emerging contaminants such as ciprofloxacin (CIP) and AMX, and in
this study, CIP removal was higher than AMX removal, specifically
about 37% (CIP) versus 25% (AMX). Xiao et al. (2021) indicated the
ability of Chlorella pyrenoidosa to remove the Amoxicillin from the
aqueous medium by a removal rate 91%during 6 hours.

Study of Chen et al. (2020) showed the effects of antibiotics
(sulfonamides and fluoroquinolones) and their potential for removal by
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green algae (C.vulgaris) and cyanobacteria (Chrysosporum
ovalisporum).

In Iran, Yazdi et al.(2018) studied the removal of penicillin from
aqueous solution by Spirulina platensis and Chlorella vulgaris
microalgae from an aqueous solution, these showed that the more cells
and biomass of microalgae increased, the greater the efficiency of
penicillin removal from a solution.

Several investigators pointed to the ability of C. vulgaris to remove
chromium, such as the study of Lee et al. ( 2017), was estimated the
removal of Cr by 90% and Cu by 89% in the metal removal process
because Chlorella sp. possessed functional groups such as R-COOH, the
hydroxyl group, the sulfate group, and the amine group. Those functional
groups play an important role in binding metals to the biosorption
process.

According to Elystia et al.( 2020), Chlorella sp. was immobilized
in alginate beads and was more effective than empty alginate beads in
eliminating Cr (VI) from wastewater. Cr (VI) was largely removed
during the biosorption.

Several studies indicated the ability of Chlorella sp. algae to
remove amoxicillin, such as the Li' et al. (2015) study using C.
pyrenoidosa. In a 48-hour HRT in BG11 medium, the ability of C.
pyrenoidosa to remove more than 100% of 100-300 mg/L of amoxicillin
was observed.

While Yang et al. (2017) study indicated that Scenedesmus obliquus
mixed with UV radiation at 280nm can remove up to 99% of 100 mg/L
amoxicillin, C. pyrenoidosa paired with Fenton oxidation can remove
93.3% of amoxicillin (1 g/L) at 48 hours.
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1-4 Molluscs as Biomonitoring Species

Biomonitoring is a commonly utilized instrument for describing
aquatic environment quality which uses several aquatic organisms,
including macroinvertebrates, fish and algae, ( Swiacka et al., 2019; Ali
et al., 2018; Cunha et al., 2017). Many studies have used mollusks as
environmental indicators, like Al-Mamoori et al.,(2013), who used snails
(Viviparus bengalensis) and clams (Corbicula fluminea) as heavy metal

pollution indicators in the Hilla River in central Iraq.

Ali et al. (2015) studied biomarkers (biochemical and molecular)

for evaluating water quality in clam (Unio tigridis).

Ali and Al-mamoori . (2023) studied biomarkers (Protein profile) in
freshwater mussels (Unio tigridis) as a bio-indicator for aquatic pollution

in the Hilla river, Irag.

Bivalves, like clams, are frequently utilized as bioindicators for
monitoring water pollution ( Almeida et al., 2020) . They serve as a good
representation of the sample region, due to their stable behavior and
being filter feeders clams concentrate chemicals to levels that are
substantially higher than those in the surrounding water and reflect an
extended period compared to conventional sampling (Cunha et al.,
2017; Swiacka et al., 2019).

The majority of bivalve species provide important services in
freshwater habitats, such as water filtering, bottom bioturbation, nutrient
circulation, habitat creation and modification, and affecting food webs
directly i.e., prey and indirectly i.e., movement of nutrients and energy
(Vaughn and Hoellein 2018). They have been used in biomonitoring

programs for over 40 years and are used in biomonitoring programs for
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systematic measurements of the exposure levels of anthropogenic wastes
of many pollutants, plus, they are a food source for many other species
and can act as a route for transporting marine pollutants through the food
chain (Chiesa et al., 2018). Using Reyna et al. ( 2019), Corbicula
largillierti clams as a bioindicator of water quality and as a mirror of

aquatic pollution in the central region of Argentina.

Bivalve molluscs have been used as a source of food and
bioindicators of environmental pollution. Certain unique attributes of
bivalves like sedentary and filter-feeding nature, availability of large
numbers in their natural habitats, resistance to variable environmental
conditions, ability to uptake and accumulate diverse substances present
in their ecosystem, and easy sampling make them potential candidates
for environmental bio-monitoring programmes, highly sensitive to
environmental changes and responding quickly ( Stara et al.,2020;
Baralla et al.,2021).

Recently, concerns that pharmacologically active compounds may
have potential ecosystem-threatening effects have prompted several
scientists to investigate their presence in bivalves such as Mytilidae
bivalves like M. edulis and M. galloprovincialis are frequently used as
indicators in studies of the influence of medicines because their
widespread prevalence and well-known physiology (Swiacka et al.,
2019).

The study by Koagouw et al. (2021), biological changes induced by
long-term dosed exposure to paracetamol in the blue-lipped mussel
Mytilus edulis.Wu et al. (2020b) studied quinolone residues in farmed
bivalves obtained from Taiwan, and they identified flumequine and

enrofloxacin at rates of 0.8 ng/g and 0.5 ng/g, respectively.
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While Martnez-Morcillo et al. (2020) investigated the presence of
some macrolides and nitroimidazoles in the bivalve Ensis Siliqua,

finding ronidazole at levels of 2.26 ng/g dw.

Serra et al. (2021) detected the presence of sulfonamides,
macrolides, B-lactams, tetracyclines, and quinolones in bivalve
hemolymph collected from aquaculture structures on Spain's
Mediterranean coast, and levels of enrofloxacin (0.230 g/I) and

marbofloxacin (0.435 g/I) respectively.

According to Oliveira et al.( 2017),long-term exposure to
carbamazepine in mussels Mytilus galloprovincialis led to adverse
physiological and biochemical changes that may have an impact on the
ability of the organisms to reproduce, which could have an impact on the
sustainability of the population. In southern lIrag, research Mirza and
Nashaat,(2019). Molluscan diversity, distribution, and abundance in the
Gharaf River.

1-4-1Corbicula fluminea

C. fluminea Asian clams called, are frequently employed in the
identification and assessment of freshwater ecotoxicological concerns.
This species forms an excellent model organism due to its abundance,
quick development, ease of collection, early sexual maturity developed
in a lab, long life, high fecundity, great tolerance to abiotic changes, well
as sensitivity to different pollutants. (Li et al., 2018; Seoane et al.,2021).
Based on their high enrichment capacity and quick responses to
contaminants, have been widely used in biomonitoring and other
environmental applications(Li et al., 2023). These advantages allow C.

fluminea to be used as a bioindicator for organic pollutants (Wang et al.,
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2018), metal pollutants (Saidani et al., 2019 ), and some other emerging
pollutants (Guilhermino et al., 2018).

C. fluminea have been used in several ecosystemic studies. For
example, the study by Seoane et al.(2021) environmental toxicity of two
benzophenones (BP-3 and BP-4) and two bisphenols ( BPA and BPS) on
freshwater bivalves C. fluminea, revealed that BP-3 and BPA were the
most toxic compounds and revealed differences in All variables studied

at the highest levels.

Liu et al.( 2022) investigated the ecotoxicity of Sulfamethoxazole
(SMX) on C. fluminea clams, and thier findings revealed that SMX
significantly reduced filtration rate and acetylcholinesterase (AChE)
activity, and harmed siphon behavior, toxicity, nervousness, oxidative

stress, and apoptosis in C. fluminea.

While Guo et al.(2022) examined the effects of Ciprofloxacin
toxicity on biochemical parameters, histological characteristics, and
behavioral characteristics of C. fluminea and discovered that it may
result in significant histopathological abnormalities in the gills and

digestive gland coupled with oxidative damage.

Aharchaou et al.( 2022) Studied, Impacts of bioaccumulation of Cr
(111) and Cr (V1) in the freshwater C. fluminea, and note the negative
Impacts on biomarkers on energy reserves, cellular damage, and

mitochondrial efficiency.

According to Wang et al.(2021c) study, responses of clams
(C.fluminea) to low-concentration cadmium Cd stress, low Cd
concentrations had an impact on the clam's physiological traits, tissue

health, and antioxidant system. In another similar study Pereto et al.
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(2020) Possibility of using C. fluminea as a sentinel species in

monitoring gadolinium (Gd) contamination of medicinal origin.
1-4-2 Pseudodontopsis euphraticus

P. euphraticus, a freshwater bivalve belonging to the order
Unionida, has important ecosystem functions and services (Zieritz et al.,
2020; Lopes-Lima et al., 2021).

P. euphraticus used biomarkers to detect water pollution due to its
abundance, capacity for bioaccumulation and bioconcentration of toxins,
high sensitivity to environmental changes, and rapid response time, for
instance. Salman (2011) employed the Clam P. euphrates as a
bioaccumulation indicator organism of heavy metals ( Cd, Co, Cr, Cu,
Fe, Mn, Ni, Pb, Zn) in the Euphrates River/lraq.

Alkharasani (2022) investigated the morphological, taxonomic, and
molecular studies of several bivalvia species, including P. euphraticus,
Unio tigridis, and C. fluminalis, based on the number of genera and
species documented, the Unionidae family was the most common in the

surveyed locations n the Euphrates River/Iraq.
1-5 Global and local studies:

Numerous studies have addressed issues of water pollution with
antibiotics, for example, in a study carried out in Tehran (Iran) to look
into the antibiotic contamination of drinking water close to animal farms,
high levels of tetracycline were discovered in drinking water, and
residues of the drug were also discovered in municipal water treatment

facilities, ranging from 280 to 540 ng/L (Javid et al., 2016).
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According to Faleye et al. (2018), in their study of antibiotic
pollution in different African countries' aquatic environments, it was
found that the antibiotic Sulfamethoxazole is most commonly found in
surface waters.

According to a study conducted in China (Macao and Guangzhou)
and Spain (Madrid), drinking water contains traces of the antibiotics
erythromycin, macrolide, clarithromycin, ciprofloxacin, norfloxacin,
enrofloxacin, and lomefloxacin (Akhter et al., 2023). In Vietnam,
antibiotics were found in the aquatic environment, and the study
concluded that this is a serious problem since it encourages the formation
of bacteria that are resistant to antibiotics(Binh et al., 2018).

Bilal et al. (2020) investigated the effects of antibiotics in the
aquatic  environment including their stability, resistance to
decomposition, and negative effects on the aquatic environment and
biological species where they found that water pollution with antibiotics
Is currently one of the most dangerous specie of pollution due to its high
environmental stability and resistance to biodegradation.

In southern China, thirty different antibiotics at levels as high as
226.8 x 498.1 ng/L were found in drinking water, the antibiotics most
commonly found in the water were tetracyclines and quinolones (Liu
2021).

Many researchers have investigated the presence of pharmaceutical
substances in aquatic organisms such as Cunha et al.(2017) who studied
diclofenac pollution in the Portuguese seaside using blue mussels
((Mytilus galloprovincialis and Mytilus edulis).

Rodriguez et al. (2017) investigated the effects of acute and chronic
oxytetracycline (OTC) exposure in trout Oncorhynchus mykiss where

OTC is widely used in animal treatment and aquaculture around the
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world and discovered that OTC is a toxic impact on aquatic
organisms.Astudy by Ali et al.(2018) investigated the presence of
Pharmaceuticals and personal care products PPCPs in aquatic organisms
(macroalgae, barnacles, and fish) in the polluted coastal waters of the
Saudi Red Sea.

Chiesa et al.( 2018), study Occurrence of antibiotics in mussels
and clams from different FAO zones(Food and Agricultural Organisation
marine zones), found evidence of antibiotic water contamination, the
study's findings showed that clam tissues had higher-than-acceptable
levels of the antibiotic oxytetracycline.

In China, a study by Xie et al. (2019) on the distribution of
pharmaceuticals and personal care products in the Pearl River Delta
regions revealed the presence of trimethoprim, norfloxacin, ofloxacin,
and spectinomycin in all environmental matrices and found PPCPs in
mussels such as Mytilus edulis and Ostrea gigas at significantly higher
levels than in other species. higher than those in other species.

In Malaysia, Omar et al. (2019) investigated the presence of
pharmaceuticals(amoxicillin,primidone,dexamethasone,sulfamethoxazol,
and diclofenac) in fish and snails in the Klang River estuary, and
Progesterones were also found with high levels in fish and mollusk
samples, and diclofenac was the most common contaminant.

Kondera et al.( 2020) researched the Impact of antibiotics
oxytetracycline and Gentamicin on Cyprinus carpio fish and the results
revealed that gentamicin doses increased phagocyte oxidative
metabolism, primary hematopoietic cell proliferation, and apoptotic
rates.

In Hong Kong, Ruan et al. (2020) study the bioaccumulation and
spatial distribution of four pharmaceuticals, including (atenolol,
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metoprolol, venlafaxine, and chloramphenicol) in a subtropical marine
food web, results revealed that mean concentrations of individual
pharmaceuticals ranged from 0.03 to 5.88 ng/g wet weight, with
invertebrates generally having higher concentrations than fish.

Many researchers have studied environmental toxicity and its
effects such as Mezzelani et al. (2016) who investigated the ecotoxicity
Impact and bioaccumulation of non-steroidal anti-inflammatory drugs
(NSAIDs) like ibuprofen, acetaminophen, diclofenac ketoprofen, and
nimesulide in mussels Mytilus galloprovincialis in the Adriatic Sea.

According to the findings of a study conducted by Bojarski et al.
(2020), antibiotics, even at low environmental concentrations are directly
toxic to fish and may cause physiological disorders like oxidative stress,
general stress response, histopathological lesions, hematological,
metabolic, and reproductive disorders.

In a study by Li et al. (2021) on the ecotoxicological effects of the
pharmaceutical preparations sulfadiazine (SDZ) and sulfacetamide on
zebrafish embryos, the results showed that SDZ exposure had a slight
effect on an organism while it had a strong toxic effect when these two
substances were mixed as it caused a disturbance in the development of

embryos and led to the change of TNF-, and IL-1 genes.

Yuan et al. (2022) studied the ecotoxicity of diclofenac on the clam
C.fluminea and observed that it increased oxidative stress, and MDA
levels, induced apoptosis, and produced transcriptional epigenetic

changes.

Mezzelani et al. (2023) studied on the effect of pharmacological
mixtures of carbamazepine and valsartan on the clams (Mytilus

galloprovincialis), and  showed  functional  alteration in

39



Chapter One Introduction and Literature Review

neurotransmission, cell cycle, gene expression, and immune response

stimulation in the clams.

Several studies have indicated the environmental toxicity of
amoxicillin according to a study by Umamaheswari et al. (2019),
prolonged amoxicillin exposure can produce considerable alterations in
the hematological, ionic levels, biochemical, and enzymatic parameters

of Labeo rohita.

Matozzo et al. (2016 b) investigated the effect of the antibiotic
amoxicillin on the parameters of blood cells in two bivalve species
(Ruditapes philippinarum and Mytilus galloprovincialis). The results
showed that AMX had a minor effect on the parameters of blood cells in

bivalves.

Another study evaluated by Matozzo et al . (2016a) effects of
amoxicillin on antioxidant enzyme activities, lipid peroxidation, and
protein carbon content in clams and mussels, and the results showed that

AMX had a slight effect on mollusks biomarker responses.

Several studies have indicated the environmental toxicity of
potassium dichromates, such as a study by De Freitas et al. (2014) on
evolutionary, acute toxicity, and mutagenicity resulting from exposure to
potassium dichromate (K,Cr,O,) in the freshwater snail Biomphalaria
glabrata. Another study examined the applicability of biomarkers of
oxidative stress in assessing chromium-induced toxicity in Labeo rohita
fish (Kumari et al., 2014).

Laxmi and Kaushik (2020) studied the effects of hexavalent
chromium toxicity on the environment, health risks, bioremediation

potential, and the use of an approach biological as an environmentally
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friendly alternative to treatment and removal of chromium from

wastewater before disposal in the environment.

In Irag, a study by Mahmood et al. (2019) examined the presence of
antibiotics in drinking water treatment facilities in the city of Baghdad
and concluded that these facilities had relatively high antibiotic
concentrations. Ciprofloxacin had the highest concentration (1.270 g/L),
followed by levofloxacin (0.177 g/L) and amoxicillin (1.50 g/L).

Ahmed (2022) studied the presence of antibiotic residues such as
levofloxacin, ciprofloxacin, and amoxicillin in water, sediment, and
Oreochromis niloticus and Planiliza Abuand fish, as well as the effects
of some environmental factors on those antibiotics and their effects on
fish.

41



Chapter Two Material & Methods

2- Material &Methods
2-1 Description of the Sampling Area

The samples were collected from a site on Euphrates River/Al
Hindiya District, one of the branches of the Euphrates(32°32'29.9"N
44°13'38.7" E ), which is about 20 km east of Karbala city and
approximately the same distance west of Hilla city where the water level
in it is always low, and the flow rate is slow. This site is surrounded by

large residential, markets, and farmland , figure (2-1)
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Figure (2-1): Satellite Image of sampling sites(Euphrates River).

42



Chapter Two

Material & Methods

2-2-1 The Equipment and Apparatus :

Table (2-1): List of Instruments used in this study

No. Instruments Brand Country
1 Cooling Centrifuge Hettich Germany
2 Autoclave OSAW India
3 Sensitive High Precision Denver Germany

Balance

4 UV-Spectrophotometer EMCLab Germany

5 Water bath JuLab SW23 Germany

6 Water Distiller LabTech South
Korea

7 pH —meter (multi-parameters), Oakton US.A

8 Incubator Jiabtech Germany

9 Olympus Light microscope Novel Germany

10 Aquarium air pump Sebo aquarium India
11 Anatomical microscope Hettich Germany
12 Micropipette(100-1000ul) Uchen chain
13 Mercury Thermometer Uchen chain
14 Hot plate Supertek India
15 Do meter Milwaukee chain
16 Multi-Parameters Oakton US.A
17 digital camera canon chain
18 Microtome Minux® S700 chain

2-2-2 Samples Collection

Water and clams samples were collected from the sites in peried (
December 2022- March 2023),using polyethylene containers (5 liters)
for physical and chemical analyses, 250 ml glass bottles were used for
calculating dissolved oxygen (DO) and Biological oxygen demand
(BODs) , and bivalve samples were gathered using plastic bags with
added little river water . The clam species selected for the current
experiment were diagnosed by the Center for Marine Sciences at the

University of Basra.
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2-3-1 Some Physical and Chemical Parameters of River
Water

The water temperature was measured directly at the sampling sites
using a graduated mercury thermometer (0°C -100 °C), dissolved oxygen
(DO) (mg/L) in water was measured using a DO meter while Biological
oxygen demand BODs was calculated after incubation at 20 C° for 5
days (APHA,2012). pH , Electrical conductivity (EC) (uS /cm), Salinity
(ppt) and total dissolved solids (TDS) (mg/L) were measured pH—meter

(multi-parameters), Oakton - U.S.A acalibratinthee the advice.

2-4 Mollusca species used in the experiment

2-4-1 Pseudodontopsis euphraticus (Bourguigrat, 1852)

The shape of the organism is relatively large and rhombic, with a
length of 7.7 cm, a width of 4.4 cm, and a height of 5.8 cm. The two
sides of the shell are equal in size and similar in shape; the apex is flat,
the center is concentric, and the lines of the apex are single and densely
brown. The shell is characterized by growth lines. Clear and rough The
inner side of the shell is light green. The anterior edge is rounded, with
pronounced medial convexity. The posterior edge is thin and rounded
with a cut edge (Bogan and Alderman, 2008), figure (2-4).

Kingdom: Animalia
Phylum: Mollusca
Class : Bivalvia
Order: Unionoida

Family: Unionidae
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Genus : Pseudodontopsis

Species: Pseudodontopsis euphraticus (bourguigant,1852)

2-4-2 Description of Corbicula fluminea (O. F. Miller,
1774).

The organism is small in size, semi-triangular to circular, length 2.2
cm, width 3.2 cm, height 1.8 cm, apex protruding upwards, medial
location, concentric lines, right and left double bivalves, equal in size
and similar in shape, dorsal edge convex upward, ventral only rounded,
edge the front and back are rounded (Bogan and Alderman,2008), figure
(2-4).

Kindom: Animalia
Phylum: Mollusca
Class : Bivalvia
Order: Venerida
Family: Cyrenidae
Genus: Corbicula

Species: Corbicula fluminea (O. F. Miiller, 1774)

dﬂlﬂﬂjlUIUIH]HHIHIUHIUHH LTI T rmmnnqnmnnpmummn

Figure (2-2): I- Pseudodontopsis euphraticus 2- Corbicula fluminea
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2-5-1 Algae and Culture Conditions
2-5-1-1 Algal Strain

The microalgae strains used in this study were C. vulgaris related to
Green algae and most commonly used for wastewater treatment which
have high growth rates and can grow under a wide range of conditions .
These microalgae strains were obtained from the Environmental

Research and Studies Center, University of Babylon, Iraq.

Division: Chlorophyta
Class: Trebouxiophyceae
Order: Chlorellales
Family: Chlorellaceae
Genus: Chlorella

Species: Chlorella vulgaris (Beijerinck ,1890)
2-5-1-2 Media Preparation and Sterilization

Chu-10 modified for algal growth was used the stocks were
prepared for all macro and microelements, which are clearly in the table
(2-2), 2.5 ml was taken from each stock solution and completed up to
one liter of distilled water, then sterilized with an autoclave, except stock
solution dipotassium hydrogen phosphate (K,HPQO,), which was added at
the end after sterilization to get one liter of Chu-10. The pH of the Chu-
10 was set to 6.4 using (0.01N) of sodium hydroxide or hydrochloric
acid, leaving the medium until the next day to use it in the growth of
algal (Kassim et al., 1999).
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Table (2-2): The modified Chu-10 medium's components

The chemical formula Con.
of each salt g/L 8 Trace metal g\L
MgSO4 10 mix
1 1
) K2HPO, 4 H3:BO:; 0.288
2
3 NaNO3 8 3 MnCI24H20 002
Selelh 6 ZnS0.7H:0 | 0.224
4
4 M07024.4H,0
5 EDTA-Na 4 5
CuS04.5H,0 0.08
6 NaCl 30 6
Co Cl,.6H,O 0.004
7 Na>COs 8 7
Distilled water 1L

2-5-1-3 Immobilization of Algae

10 ml of cultured algae were placed in a flask with 100 ml of Chu-10
medium, and it was grown for 14 days under controlled conditions of
286 pnE/m?/s, light/dark period of 16:8 hours, and temperature 25+2°C
(Chia et al., 2013). then 100 ml of cultured algae were placed in a flask
with 1000 ml of Chu-10 medium and incubated for 14 days (Tredici,
2004). each 50 ml of algac sample which was taken in the stationary
phase at 12 and 14 days was condensed by centrifuging for 15 minutes

at 3000 rpm to prepare the immobilized algae as the following steps:

1- The concentrated algae were taken and added an equal volume of
sodium alginate solution (2%) was shaken well to homogenize the

components .

2- Then this mixture (algae and alginate) is placed in a medical syringe

or a separating funnel. The mixture is dripped drop by drop into a beaker
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containing a 3% solution of calcium chloride with constant stirring. It is
noted that the drops coming down from the syringe harden in a solution
of calcium chloride, and then we use a tea strainer to remove the beads
(immobilized organisms)from the calcium chloride solution and then it is
kept in distilled water in a cool place. (Adlercreutz and Mattiasson,1982;

Al Mosawi et al.,2022) , figure 2-3.

Figure (2-3): Staps of immobilized green algae (Chlorella vulgaris)

2-6 Experimental Design

The experiment started with a stage of acclimatization where clams
were put in dechlorinated water in plastic tanks 3 for 5 days for
purification under conditions controlled (Matozzo et al., 2016 a). Then the
exposure stage, where clams were exposed to two kinds of medical
materials ( the antibiotic amoxicillin for 7 days at concentrations of
100,200 and 300 mg/l ) figure 2-4 and K,Cr,O; for 5 days at
concentrations of 20, 30 and 50 mg/l) ( De Freitas et al., 2014).
Haemolymph tissue was extracted (0.1 mg), and frozen for use in
biochemical analysis (Ali et al,2015), the immobilization algae (C.vulgaris

)was added at a rate of 4-5 beads per L of treatment aquaria( Al-Asady,

48



Chapter Two Material & Methods

2014; Porkka, 2021).The ideal bead size is between 3.5 and 4.7 mm (Lee et
al.,2020).

2-6-1 Determination of the lethal concentration LC50 in
bivalve.

The determination of lethal concentrations (LC50) within 96 hours
for two species of clams (P. euphraticus and C, fluminea), were done by
exposing a clam to three different concentrations (100, 200, and 300
mg/L) of AMX and five different concentrations (20, 30, 50, 100, and
150 mg/L) of K,Cr,O; mortality is recorded at 24, 48, 72, and 96 hours
after exposure. Dead clamss are removed from the experimental contener
immediately to avoid organic decomposition and oxygen depletion
(Dhara et al., 2021; Dhara et al., 2022a ; Saha and Saha, 2021; Wu et
al., 2022b), The number of dead clams in each concentration was
recorded and the LC50 were calculated by Probit analysis based on

Finney (Finney, 1971) was used.

During the bioassay, the behavioral changes of the tested clams
exposed to different concentrations of the toxin, such as footwork,
clumping tendency, and mucus secretion, were recording to eye
observation (Dhara et al., 2017; Dhara et al., 2022b).
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Growth of aquatic

biotic

Acclimation for 5
days

Exposure to 3 concentrations

K2Cr207 20,30, and AMX 100,200, and

50\L mg was 120h 300 mg\L 168 h

Clams Without

Clams With Immobilized
Immobilized Algae

Algae

Histological Biomarkers Marker Biochemical

Oxidative stress

Enzymetic
ROS, MDA, Total Non enzymetic antioxidant CAT’

Proteina antioxidant GPx,SOD
Ascorbic Acid, GSH

Figure (2-4): A diagram showed the steps and processes used in the experiments

2-7 Biomarkers Determination

50



Chapter Two Material & Methods

2-7-1 Reactive Oxygen Species (ROS)

Reactive Oxygen Species (ROS) were evaluated according to the
FOX2 method. The FOX2 test system is based on the oxidation of
ferrous ion—odianisidine complex to ferric ion by the various species of
oxidants contained in the plasma samples. The Fe(lll) ion produced is
bound by xylenol orange, forming a complex with an absorption peak at
560 nm (Erel,2005).

Reagents preparation

The FOX2 assay works with two reagents that are stable for at least 6
months at 4°C:

1- reagent 1; contained 150 uM xylenol orange, 140 mM NaCl, and
1.35 M glycerol in 25 mM H,SO,.

2-reagent 2; contained 5 mM ferrous ammonium sulfate and 10 mM o-
dianisidine dihydrochloride in 25 mM H,SOs,.

Producer

1- 140 pl of the sample was added to 900 ul of reagent 1 and 44 ul of
reagent 2.

2- The samples were vortexed and incubated at room temperature for 30
min.

3- Following incubation, absorbance was measured at 560 nm using a

Jasco V-550 UV-vis spectrophotometer.

2-7-2 Antioxidant Enzymes
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2-7-2-1 Catalase activity assay

This examination was done according to, the technique described by (
Goth, 1991).

Producer

1- (0.2 ml) of the sample was incubated in 1 ml of the substrate (65
umoL per ml H,O, in 60 mmol/L sodium-potassium phosphate buffer,
pH 7.4) at 37 °C for 1 min.

2- The enzyme activity was suspended by adding 1 ml of 32.4 mM

ammonium molybdate.

3-The yellow absorption value of the molybdate complex and hydrogen

peroxide was measured at 405 nm using a spectrophotometer .

Catalase enzyme activity was calculated according to the following

equation:
Catalase activity (KU/I) =(S-B1/B2-B3) * 271
S: Sample reading .

B1: Blank 1 reading contained 1.0 ml substrate, 1.0 mL molybdate, and
0.2 mL sample .

B2: Blank 2 reading contained 1.0 ml substrate, 1.0 ml molybdate, and
0.2 ml of 60 mmol/L sodium-potassium phosphate buffer, pH 7.4 .

B3: Blank 3 reading contained 1.0 ml of 60 mmol/L sodium-potassium
phosphate buffer pH 7.4, 1.0 mL molybdate, and 0.2 ml of 60 mmol/L
sodium-potassium phosphate buffer pH 7.4.
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2-7-2-2 Superoxide Dismutase (SOD)
This examination was done according to ( Marklund and
Marklund, 1974).
Principle

(Cu-Zn) SOD activity was determined by using a simple and rapid
method, based on the ability of the enzyme to inhibit the autoxidation of
pyrogallol. The autoxidation of pyrogallol in the presence of EDTA at
pH 8.2 is 50%. The principle of this method is based on the competition
between the pyrogallol autoxidation by O,” and the dismutation of this
radical by SOD. (Cu-Zn) SOD activities are expressed as units/ml. One
unit of (Cu-Zn) SOD activity is defined as the amount of enzyme
required to cause 50% inhibition of pyrogallol autoxidation.
Reagents Preparation
1. Tris- EDTA buffer pH 8.2
A weight of 2.85 g of Tris and 1.11 g of EDTA-Na, were dissolved in 1
liter of DW.
2. Pyrogallol Solution (0.2 mM)
A weight of 0.252 g of pyrogallol was dissolved in a solution of 0.6 ml
of concentrated hydrochloric acid diluted in 1 liter of DW.
Procedure

Spectrophotometer was adjusted to read zero using a Tris-EDTA
buffer. Control and sample test tubes were prepared and then pipetted

into test tubes.
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Reagents Test (ul) Control (ul)
Extract 50
Tris buffer 1000 1000
DW - 50
Pyrogallol 1000 1000

Absorption was read at the wavelength of 420 nm against Tris-EDTA
buffer at zero time and after 1 minute of the addition of pyrogallol.
Calculation of SOD Activity

AA test

% Inhibition of pyrogallol autoxidation = X 100%

AA control

%

inhibition of pyrogallol autoxidation

(Cu-Zn) SOD Activity (U/ml) =
50%

2-7-2-3 Glutathione Peroxidase (GPx)

Glutathione peroxidase activity was determined according to the
method of (Hafemann et al.,1974).
Principle

The activity of GPx was determined by measuring the decrease in
GSH content after incubating the sample in the presence of H,O, and
NaNs3.
H,O0, +2 GSH— 2H,0 + 2 GSSG
Procedure
I- 0.1 ml of extract was incubated with 0.1 ml of 5mM GSH, 0.1 ml of 1.
25 mM H,0,, 0.1ml of 25 mM NaN3 and phosphate buffer (0.05 mM,
pH 7) in a total volume of 2.5 ml at 370C for 10 min.
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2-The reaction was stopped by adding 2 ml of 1.65 % HPOs.

3-The reaction mixture was centrifuged at 1500 rpm for 10 min.

4-2 ml of the supernatant was mixed with 2 ml 0.4 M Na,HPO,4 and 1 ml
of ImM DTNB.

5-The absorbance of the yellow-colored complex was measured at 412
nm after incubation for 10 min at 370C against distilled water. A sample
without the tissue homogenate processed in the same way was kept as a
nonenzymatic reaction.

Calculation:

A.test

The residue reduced GSH in test tube = 5 *Conc.of STD

Conc.of GSH in STD - Conc.of GSH in test
time(3min)

Se - GPX activity (umol of GSH utilized/min) = D.F.

2-7-3 Nonenzymatic Antioxidant
2-7-3-1 Reduced Glutathione (GSH)

Reduced glutathione in the tissue was determined according to the
method of (Moron et al.,1979).

Principle

With dithionitrobenzene (DTNB), the acid-soluble sulfhydryl
groups (non-protein thiols, of which more than 93% is reduced
glutathione) form a yellow-colored complex. At a wavelength of 412

nm, the colored complex's absorbance was measured.
Procedure

1- 1000 pl of 25 % TCA mixed with 100 mg of tissue was and kept on

ice for a few minutes.
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2- This mixture was then centrifuged at 3000 g for a few minutes to

settle the precipitate.

3- 300 pl of supernatant, 700 pl of 0.2 M sodium phosphate buffer, pH
8, and 2 ml of DTNB 0.6 mM (made in 0.2 M buffer, pH 8), were mixed.

4- After 10 minutes, the yellow hue was measured at 412 nm against a

blank that had the supernatant replaced with 0.1 ml of 5% TCA .
2-7-3-2 Total Vitamin C (Ascorbic Acid)

Total Vitamin C (Ascorbic Acid) was determined by McCormick and
Greene (1999).

Principle

In the 2,4-dinitrophenylhydrazine (DNPH) methods, AA is oxidized
by Cu+? to DHA and diketogulonic acid.11 When treated with DNPH,
the 2,4-dehydrophenylosazon product forms, which, in the presence of

sulfuric acid, forms an orange-red complex that absorbs at 520 nm .
Preparation of Reagents

1- Metaphosphoric acid (m-HPO3) (0.75M (30gm of m-HPO; are
dissolved in a final volume of 500 ml of DDW. (Stable for 1 week).

2-Sulfuric acid H,SO4 (4.5M) Carefully 250 ml of concentrated H,SO4
are added to 500 ml of cold DDW. When the solution has cooled to room
temperature, DDW is added to 1 liter, with mixing. (Stable for 2 years).

3 -Sulfuric acid H,SO, (12M) Carefully 650 ml of concentrated
H,SO,are added to 300 ml of cold DDW and brings to a final volume of
1 liter (Stable for 2 years).
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4- DNPH reagent (0.01M)10 gm of 2,4-DNPH are dissolved in 400 ml
of 4.5M H,SO, and brought to a final volume of 500 ml with 4.5M
H,SOy,, then refrigerated overnight and filtered. (Stable for at least 1

week at refrigerated temperature).

5- Thiourea (0.66M) 5 gm of thiourea are dissolved in a final volume of

100 ml of DDW.

6-Copper sulfate (0.027M) 0.6 gm of anhydrous copper sulfate is
dissolved in a final volume of 100 ml of DDW. (Stable for 1 year at

room temperature).

7- DTCS reagent 5 ml of the thiourea, 5 ml of the copper sulfate, and
100 ml of the 2,4-DNPH reagent are combined. (Store in a bottle at 4C°

for a maximum of 1 week).
8- Ascorbic acid standards

Stock standard solution (2.8 mM) is prepared by dissolving 50 mg of
ascorbic acid in a final volume of 100 ml of m-HPOs. Dilutions are made
in m-HPO; to 2.5, 5, and 20 mg/L (0.014, 0.028, and 0.11 mM)
respectively. There are the working standards (All working standards

should be prepared daily).
Procedure

The procedure for the determination of total vitamin C in tissue by the

2,4-DNPH method is summarized as follows :

1-Duplicates of each standard and sample test tube are prepared, then
pipetted into test tubes. Tubes are mixed in a vortex mixture, then

centrifuged at 2500 x g for 10 minutes
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2-Tubes are capped and mixed in vortex mixture, then incubated in a
water bath at 37°C for 3 hours. The tubes are removed from the water

bath and chilled for 10 minutes in an ice bath, slowly mixed.

3-Tubes are mixed in vortex mixture and returned immediately to the ice
bath. The spectrophotometer is adjusted with blank to read zero
absorbance (A) at 520 nm, and the absorbance of standards and sample is

read.
Calculation of Serum Total Vitamin C

The concentration of the samples is obtained from the calibration curve
(Figure 2-2) and is multiplied by 5 (to correct for dilution of the serum
by m- HPO5) to give the concentration of vitamin C (ascorbic acid) per

liter of serum .

The concentration of ascorbic acid can be determined directly from a

standard as follows:

Asample = Astd

C sample C std

C sample = C std* A sample *5
A std

where :

C = concentration (mg/L) or (uM) of AA in sample and standard .
A = absorbance at 520 nm for sample and standard .

5 = factor is added to correct for the dilution of the sample.
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2-7-4 Malondialdehyde (MDA)

Malondialdehyhe was determined using the Thiobarbituric acid (TBA)
test technique of (Buege and Aust, 1978), on the spectrophotometer.

Principle:

This technique measures the aldehyde breakdown products of lipid
peroxidation to quantify lipid peroxides. The basic working concept of
the technique is the formation of a red MDA-TBA complex, which can
be measured at 535 nm, by the interaction of one molecule of
malondialdehyde and two molecules of thiobarbituric acid.

Stock TCA — TBA — HCI Reagent:

Create 100 ml (2.1 ml of concentrated HCI in 100 ml), it was made
by dissolving 15% W/V trichloroacetic acid, 0.375% W/V thiobarbituric
acid, and 0.25 N HCI. To help TBA dissolve, this solution was slightly
heated. Dissolved 15 gm TCA and 0.375 mg of thiobarbituric acid in
0.25 N HCl, and volume was made up to 100 ml with 0.25 N HCI.
Procedure:

1-0.6 ml of TCA-TBA-HCI reagents were added to 0.4 ml of extract.

2- It was well blended, and placed in a boiling water bath for 10
minutes.

3- 1.0 ml of 1N NaOH solution was added after cooling.

This pink absorbance was measured at 535 nm against a blank that
included distilled water instead of serum. 0.4 mL of distilled water and
0.6 mL of TCA-TBA-HCI reagent were combined and heated in a blank.

Blanks were always filled.

59



Chapter Two Material & Methods

Calculation:
Malondialdehyde(pumol/l) = Absorbance of sample

E.xL xD

Where:
E, = Extinction coefficient 1.56 x 10° M cm™
L= light path cm.
D = dilution factor = 6.7 x 10°

2-7-5 Total Protein

Protein in aquatic organisms under study was estimated by Biuret
Method according to ( Nowotny and Nowotny, 1979).

Principle:

In an alkaline media, the -CO-NH- bond (peptide) in a polypeptide
chain interacts with copper sulfate to produce a purple color that can be
detected at 540 nm.

Reagents Required:

1. Biuret Reagent: Dissolve 3 g of copper sulfate (CuSO4.5H,0) and 9 g
of sodium potassium tartrate in 500 ml of 0.2 mol/liter sodium
hydroxide; add 5 g of potassium iodide and makeup to 1 liter with 0.2

mol/liter sodium hydroxide.
2. Protein Standard: 5 mg BSA/ml.
Procedure:

1. Pipette out 0.0, 0.2, 0.4, 0.6, 0.8, and 1 ml of working standard into
the series of labeled test tubes.
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2. Pipette out 1 ml of the given sample in another test tube.

3. Make up the volume to 1 ml in all the test tubes. A tube with 1 ml of

distilled water serves as the blank.

4. Now add 3 ml of Biuret reagent to all the test tubes including the test

tubes labeled 'blank and unknown'.

5. Mix the contents of the tubes by vortexing / shaking the tubes and

warm them at 37 °C for 10 min.

6. Now cool the contents to room temperature and record the absorbance

at 540 nm against blank.

7. Then plot the standard curve by taking the concentration of protein

along X-axis and absorbance at 540 nm along Y -axis.

8. Then from this standard curve calculate the concentration of protein in

the given sample.

2-8 Histological Biomarkers

To make histological sections, digestive glands and gills were
collected from molluscs after the experiment and preserved in
formaldehyde (10%) (Parolini et al .,2020). dehydrated using a graded
ethanol series (70—100%), and paraffin embedded; 5—8 pum thicknesses
were taken using a Leitz 1512 microtome and stained with hematoxylin
and eosin (H&E). An Olympus Light microscope (Leica DMi8) provided
with a digital camera (Wilson andGamble, 2002; Howard ,2004; Cid et
al.,2015).

61



Chapter Two Material & Methods

2-9 Statistical Analysis

The current experiment was designed as a factorial experiment it
jincluded 2 pharmaceutical substances and several concentrations of each
substance, 3 and 5 concentrations for each of (AMX and K,Cr,05),
respectively, and two types of bivalve (P. euphraticus and C. fluminea)
.The Statistical Package for SPSS programs version 23.0 was used to
analyze the data using variance test (ANOVA) and least significant
differences (LSD < 0.05), Also Canoco analysis (Canonical

correspondence analysis) was usedwith original Version 4.0.
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3- Results and Discussion

3-1 The physicochemical Parameters

A difference in environmental parameters was recorded during this
study collected area sample, with air temperature values ranging between
26.20 °C to 33.40 °C) and water temperature values ranging between( 12.40
°C to 22.50 °C). Throughout the study period (December 2022- March
2023), pH values remained stable and ranged between (7.30-8.34). These
results indicated the presence of significant differences( P< 0.05), Electrical
conductivity values ranged from (1058.00 to 1130.00) ps/cm, while salinity
had a limited range (0.55-0.73 ppt). Oxygen concentration ranged from (6.90
to 7.80) mg/l, while the Biological Oxygen Demand (BODs) ranged from
(1.71 to 3.35) mg/l, and the Total Dissolved Solids ranged from (430.30 to
694) mg/l , as shown in table 3-1.

Table 3-1. Some physicochemical parameters of water in collected area

Parameters
Parameters (Min.-Max. MeanzS.D).
Air Temp. (°C) 26.2-33.4
29.36+ 3.67
Water Temp.(°C) 12.4 -22.5
16.466 + 5.32
pH 7.3-8.34
7.800 = 0.50
E.C (ps/cm) 1058- 1130
1.101 + 38.17
Salinity (ppt) 0.55-0.73
0.64 = 0.090
D.O (mg/l) 6.9 - 7.80
6.35+0.450
BODs( mg/l) 1.71-3.35
2.65+0.85
T.D.S (mg/l) 430.3-694
2.65+0.85
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3-2 Water Some Parameters During Experiments

Throughout the experiment, water quality was monitored.
Dissolved oxygen (DO), temperature, pH, table (3- 2) shows the water
quality parameters that were measured after 24 hours of AMX and K,Cr,0;
exposure. Although temperature and pH are important factors in toxicity
performance (Mayer et al.,1994), water quality parameters in this study
remained within allowable levels, and only toxic effects of the AMX and

K,Cr,0O7 were observed.

Table 3-2. Water's physical and chemical characteristics during the experiment

Conc. Tem. (cC) DO (mg O2/L) pH
(mg/L)
AMX without 100 21.10+0.43 6.12+0.05 7.0+0.34
Immobilization
(Cvulgaris) in 200 21.87+0.53 6.14+0.13 734022
both clams 300 21.20%1.20 634+ 1.23 6.98+021
AMX with 100 21.23+0.59 6.22%0.01 7.2+ 031
Immobilization 200 21.20+0.43 6.7+ 0.04 7.1£0.17
(C.vulgaris) in 300 21.22+0.32 6.25% 1.6 754023
both clams
K,Cr,O; 20 22.12+0.45 5.56+0.08 6.5+0.03
without
. 30 22.15%0.12 524+ 02 6.3+0.11
Immobilization
(C.vulgaris) in 50 22.13%0.65 5.1320.43 6.120.44
both clams
K,Cr,0, with 20 22.13+0.03 5.06%0.04 6.4+0.45
Immobilization
o 30 22.15+0.12 5.87%0.76 6.3+0.32
(C.vulgaris) in
both clams 50 22.14+0.14 5.23+0.23 6.0+0.24
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3-3 Lethal concentration (LC50)

The most frequent toxicity test is the 96-hour LC50, which assesses the
level of a toxicant that results in the death of 50% of the experimental
organisms after 96 hours of exposure (Cheng et al.,2020). Mortality
endpoints in the acute toxicity test on bivalves included immobility, secretion
of milky white matter, open shells, feet that extended significantly beyond

the shell, and floating on the surface of the solution (Brahma, 202 2).

3-3-1 Determination of the LC50 of P. euphraticus after
Exposure to AMX.

The lethal concentration (LC50) in the experiment was calculated for P.
euphraticus clams during the 96-hour exposure period. Table (3-3) displays
the percentage of test P. euphraticus clam mortality at various AMX
concentrations. According to log Probit analysis (Finney, 1971), the value of
LCso after 96 hours of exposure to AMX was 410.55 mg\l.

Table 3-3. Lethal concentration (LC50) for P. euphraticus after 96-h exposure to the AMX

Exposure No. of Mortality % LC50
Conc. P. euphraticus Mortality Probr_[
analysis
(mg/L)
0 0 0

100 2 11%

200 5 28% 410.55 mg/I

300 7 39%
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3-3-2 Determination of the LC50 of C. fluminea Exposure to
AMX

the lethal concentration (LC50) for C. fluminea clams was determined
throughout a 96-hour exposure period. Table (3-4) shows the percentage of
test C. fluminea mortality at various AMX concentrations. The control level
(0 mg/L) of the experiment showed no mortality, and according to Probit
analysis(Finney, 1971), which found that the LC50 value was 441.15 mg\l.

Table 3-4. Lethal concentration (LC50) for C. fluminea after 96-h exposure to the AMX

Exposure No. of Mortality % Mortality LC50
conc. P. euphraticus Probit analysis
(mg/L)
L 0 0%
100 2 1%
200 4 22% 441,15 mgVl
300 7 39%

3-3-3 Determination of the LC50 of P. euphraticus after
exposure to potassium dichromate

Table (3-5) shows the mortality percentage of clam P. euphraticus test
clams at various K,Cr,O; concentrations. The concentration test revealed no
mortality in clams at the control level (0 mg/L) through the exposure period,
and the LC50 value for K,Cr,O; according to Probit analysis(Finney, 1971)
was 73.69mg\l, which resulted in 50% mortality of the clams after 96h.
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Table 3-5. Lethal concentration (LC50) for P. euphraticus after 96 h exposure to the K,Cr,O-

exposure conc. No. of mortality % mortality
. ICso
(mg/l) p. euphraticus probit
analysis
0 0 0
20 4 22%
30 6 33%, 73.69 mg/I
50 8 44%
100 10 55.55%
150 17 94%

3-3-4 Determination of the LC50 of C. fluminea after exposure

to Potassium dichromate.

Table (3-6) shows the mortality percentage of clam C. fluminea test
clams at various K,Cr,O; concentration. The concentration test revealed no
mortality in clams at the control level (0 mg/L) through the exposure period,
and the LC50 value for K,Cr,0O;was 76.733 mg\l according to Probit analysis
(Finney, 1971), which resulted in 50% mortality of the clams after 96h.

Table 3-6. Lethal concentration (LC50) for C. fluminea after 96 h exposure to the K,Cr,O~

xposure Conc. (mg/L) No. of %
Mortality P. Mortality
. LC50 Probit
euphraticus .
analysis
0 0 0
20 5 28%
30 7 399, 76.733 mg/I
50 8 44%
100 11 61%
150 14 78%

The results of this study indicate that there is a positive relationship
between increased concentrations ,mortality rate and that prolonged exposure

to AMX and K,Cr,0O; caused tissue damage, leading to the death of clams.
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This is a result of consistent with Prato et al.,(2023), In a 96 h marine
copepod Tigriopus fulvus exposure, to amoxicillin and carbamazepine, the
highest mortality was 44% in Nauplii exposed to Carbamazepine CBZ (100
pg/L) and 22% in those exposed to MIX (100 pg/L). For AMX, no effect
was demonstrated even at 100 mg/L. while A study by Mhadhbi et al.
(2022), determined the LC50 of Dicentrarchus labrax, after 96 hours of

azithromycin exposure, to be 31 mg/L.

According to the study, amoxicillin is the most dangerous antibiotic for
fish, with an LC50 value of 35.72 g/L, followed by erythromycin and
endosulfan at 89.32 and 242.7 g/L, respectively. Another study by Park and
Choi (2008) revealed that amoxicillin is poisonous to the fish Oryzias
latipes, with a 96-hour LC50 value of 1000 mg/L.

The current study found that the mortality rate increased with increasing
exposure duration and chromium concentrations, the found positive link
between clams mortality , higher potassium dichromate concentrations and
exposure time is in keeping with linear correlations between toxicant
concentration and percentage mortality ,Similar to a study by Sadeghi et al.
(2014), in Epinephelus stoliczkae, the LC50 of potassium dichromate for
concentrations (0, 62, 66, 70, 74, and 78 mg/L) was 73.09 mg/L after 96
hours. Ghosh and Saha (2022) determined that the median Iethal
concentrations (LC50-96h) of hexavalent chromium as potassium dichromate
in Oreochromis niloticus were 93.49 mg/1 using probit analysis. Hexavalent

chromium has been identified as a serious aquatic toxicant.

Similar observations of LC50-96 h determination in many molluscs
upon exposure to heavy metals have also been made by( Dara et al., 2022;
Ramakritinan et al., 2012). pesticide exposure, as studied by Hanna and
Sheikha (2023), was determined (LC50-96 h) for Chlorpyrifos on freshwater
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bivalves (Unio Tigridis) at 157.99 ppm for concentrations (50, 100, 200, 300,
and 400 ppm).

3-3-5 Behavioral Responses in Bivalve

Bivalves have significant advantages in controlling and minimizing the
effects of toxicity, but mortality occurs under these conditions, when
bivalves cannot completely isolate themselves from the effects of toxicity
(Hemming and Waller, 2004). The procedure of( Brahma ,2022) was used to
study behavioral changes, and the following metrics were used to represent
behavioral alterations caused by toxicity: locomotor behavior (number of
times of movement in the form of gliding), the tendency to clump during the
observation period, duration of complete closure of valves without any foot
extension and siphons together, and mucus secretion. Their duration and
magnitude of behavioral responses, in addition to their delay in change, are

associated with stress and drive ecosystem function (Woodin et al., 2020).

As a result of our study, behavioral changes were observed in both
species of clams. When exposed to amoxicillin and potassium dichromate,
the first and most important indicator of behavioral change was the sudden
closing of the valve in the bivalves and the retraction of the body into the
shell. Since mollusks are filter feeders, closing the valves and lid may be a
strategy to prevent the entry of metals or toxins into the animal's body
(Brahma, 2022).

In AMX, it was observed that the clams closed their valves tightly for
longer periods and opened them slightly for a short period. And the
expansion of the foot and the siphons from time to time, and its relative lack
of movement in 96h, No mucus secretion was observed during the behavioral

tests in the medium exposed to amoxicillin in both bivalves. Agree with the
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study Brahma (2022), which examined behavioral changes in bivalves

Lamellidens corrianus and Parreysia gowhattensis after copper exposure.

In potassium dichromate exposure, it was observed that visible signs of
poisoning appeared periodically in bursts of irregular swimming, flattening,
and swallowing of air, with excess mucus secretion and decreasing crawling
behavior at 96 hours of exposure to higher concentrations. Excessive mucus
production can lead to a considerable energy depletion of roughly 70% of the
energy consumed by the organism when exposed to contaminants and may
contribute to the progressive and final loss of movement and touch reported

in affected creatures (Dhara et al., 2022).

One of the principal physiological responses of mollusks to chemical
stimulation is mucus production, which functions to prevent tissue injury and
fluid loss, it also serves to dilute toxins and avoid disastrous interactions
between toxins and surface epithelial cells (EI-Gendy et al., 2019). As a
consequence, increased mucus production with increasing concentrations of
potassium dichromate highlights responses to severe toxicity and potential

damage to clams tissue.
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3-4 The Effect of AMX and K:Cr:O7 on the Biochemical

Markers (with and without immobilized algae )

3-4-1 The Effect of Amoxicillin on Some Biomarkers
3-4-1-1 Reactive Oxygen Species (ROS)

Tables (3-7) and (3-8) show some biochemical markers in P.
euphraticus and C.fluminea clams exposed to amoxicillin (with and without
Immobilized C. vulgaris) and the study results revealed significant
differences in biochemical marker values according to statistical analysis at
(P<0.05).The results of the current study showed an increase in ROS values
in both clams (P. euphraticus and C. fluminea) in the exposure experiments
without the addition of C.vulgaris, where the ROS values were (12.99-
22.52pg/mg) (30.79-42.86 ng /mg) for both clams, respectively, especially at
a concentration of 300 mg/L,compared to the control, which recorded (10.77
and 31.38 pg/mg) respectively, while ROS values were (8.89-16.73 pg /
mg)and (21.33-37.47ug/mg) respectively, at a concentration100-300 mg/L
with the addition of C.vulgaris, compared to the control, which recorded

(10.91 and 11.37ug/mg) respectively.

The results are presented as mean + SD of three replicates, showed The
results of the statistical analysis showed significant differences (p < 0.05)
compared to the control group in both species of clams in the exposure
experiments with and without the addition of immobilized C.vulgaris, LSD
levels in C. fluminea and P. euphraticus clams were 3.32 and 3.44,
respectively, figure (3-1). Lyublinskaya et al.(2017 ) indicated the increase in
ROS levels due to changes in the intracellular redox balance of cells, and the
failure of antioxidant mechanisms to eliminate ROS production can promote
this.
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In this study, it was found that exposure to AMX enhanced the
production of ROS in both clams which are primarily formed in the tissues of
aerobic organisms, this can happen either directly as redox cycling molecules
or indirectly through the conversion of these compounds during the

biotransformation processes (Juan et al .,2021).

These medications induce intracellular oxidative stress by increasing
respiration and, with it, the release of (ROS) from the respiratory chain,
which overwhelms the cellular antioxidant defenses, resulting in DNA

damage and, ultimately, cell death (Léger et al.,2019).

This is consistent with many studies that indicate that these
pharmaceutical substances lead to increased production of ROS in aquatic
organisms. According to Matozzo et al. (2016), amoxicillin exposure caused
the increased produce ROS in both clam Ruditapes philippinarum and the
mussel Mytilus galloprovincialis. Also, a study by Bouzidi et al(2023)
showed that exposure to triclosan (TCS) produced more ROS in

Mediterranean mussels.
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Figure (3-1). Effect of amoxicillin on ROS value in both species of clams
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3-4-1-2 Enzymatic Antioxidant: Superoxide Dismutase (SOD),
Catalase (CAT), Glutathione Peroxidase (GPX).

The SOD values fluctuated in each of P. euphraticus and C. fluminea
ranging from (20.79 - 33.33 U/ml ) and (35.49 - 50.033 U/ml) respectively in
the exposure trials without the addition of immobilized C. vulgaris for 100-
300 mg/L concentrations compared to the control which recorded (17.51 and
15.08 U/ml) respectively. While with C. vulgaris, SOD values ranged from
(12.72 - 21.62 U/ml) and (21.46 to 35.49 U/ml) compared to the control
group which recorded values of ( 9.80 and 11.37 U/ml) respectively.

Results showed statistically significant differences (p < 0.05) compared
to the control group in both species of clams in the exposure experiments
with and without the addition of C.vulgaris. LSD levels in C. fluminea and P.

euphraticus clams were 2.678, and 6.674 respectively, figure (3-2)
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Figure (3-2). Amoxicillin's effect on SOD activity in both species of clams

The CAT values in both clams P. euphraticus and C. fluminea for 100-
300 mg/L concentrations ranged from (25.44 - 30.53 KU/L) and (42.51-
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51.78 KU/L) respectively without adding C .vulgaris compared to the control
group's which recorded (24.14 and 34.57 KU/L) respectively. While with C.
vulgaris, CAT values ranged from (17.56 - 25.15 KU/L) and (22.16 - 35.33
KU/L) respectively compared to control values which recorded (14.26K U/L
and 17.76 KU/L) respectively ,figure (3-3).

The results showed statistically significant differences (p < 0.05)
compared to the control group in both species of clams in the exposure
experiments with and without the addition of C. vulgaris. LSD levels in C.

fluminea and P. euphraticus clams were 2.262 and 2.981 respectively.
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Figure (3-3). Effect of amoxicillin on CAT activity in both species of clams

The Glutathione peroxidase (GPX) values in both P. euphraticus and C.
fluminea ranged between (5.70-8.36KU/L) and (16.41- 21.12 KUI/L)
respectively for 100-300 mg/L concentrations in the exposure experiments
without the addition of immobilized C .vulgaris compared to the control
which recorded (18.48 and 11.54 KU/L) respectively. But with added
immobilized C .vulgaris, GPX values ranged from (5.02-9.58 KU/L) and
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(14.16 -20.21 KU/L) respectively for  100-300 mg/L concentrations
compared to control group values (13.96 and 9.54 KU/L).

The results of statistical analysis in both species of clams in the
exposure experiments with and without the addition of C. vulgaris, revealed
statistically significant changes (p< 0.05) compared to the control group
Jfigure (3-4). LSD levels in C. fluminea and P. euphraticus clams were
2.760, and 3.272 respectively
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Figure (3-4). Amoxicillin's impact on the activity of GPX in both species of clams

The antioxidant system consists of substances that at low
concentrations, stop and/or postpone the oxidation of a cell-substrate It is
widely distributed in living things and is critical in the elimination of free
radicals, superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPX) is the most important first lines of defense to remove
reactive oxygen radicals in antioxidant enzymes (lghodaro& Akinloye,
2018). Where mostly used as an indicator of oxidative stress to determine
pollution stress on organisms(Cabrera et al.,2019).
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Alteration in the action of the enzymes that comprise the antioxidant
defense system can serve as an early warning indicator of toxic compound
exposure, allowing changes in biological systems to be recognized before
Impacts at the community level, like mass mortality of crustaceans or

stranding (Oyaneder-Terrazas et al.,2022).

In this study, a significant increase of SOD, CAT, and GPX activity in
all concentrations of AMX in both organisms compared to the control group
indicated that the AMX exposure promoted the generation of ROS. The
production of excess ROS increased the SOD and CAT. SOD activity
protects tissues and cells from oxidative damage, serves as a defense against
oxidative stress, and removes excess ROS by converting it to H,O, (Wu et
al., 2019; Singh et al., 2018).

SOD and CAT work together in antioxidant defense systems, where
SOD converts ROS into H,0,, and CAT breaks down H,O, into O, and H,O
through the redox process (Trchounian et al., 2016; Lee et al., 2022).

In this study, the enhanced activity of SOD and CAT demonstrates the
defensive mechanism against increased ROS production caused by AMX
buildup in both clams. This increase in antioxidant enzymes, however, is
insufficient to protect the cell from oxidative stress. Similar results were
reported by other researchers, who found that SOD activity in organisms

usually increases under stress conditions (Sajjad et al., 2012).

GPX is an enzyme in charge of eliminating hydro peroxides H,0,
produced in cells and converted O, and H,O (Sarikaya& Dogan, 2020).
GPX is responsible for the transformation of glutathione disulfide (GSSG) to
the sulfhydryl form GSH (Yan et al., 2017).
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In this study, observed increases in level GPX in both clams may result
in increases in ROS production, and could indicate that the cell is attempting
to defend itself against the scenario of oxidative stress, likely as a protective
mechanism for the conversion of excess oxygen and free radicals resulting
from exposure to hydrogen peroxide (Ighodaro et al., 2018). Cellular
biomarkers have a prognostic or diagnostic value for long-term toxicological
or ecological effects because they can identify the early onset of biological

changes brought on by chemical pollutants (Bio and Nunes, 2020).

The AMX-induced oxidative stress and increased activity of CAT, SOD,
and GPX in both clams, indicated an attempt by the organism to detoxify the
body, increased activity of both SOD and CAT enzymes represents a
necessary adaptive mechanism against cellular damage caused by free

radicals (Oyaneder-Terrazas et al.,2022).

This study is consistent with those of Elizalde-Velazquez et al. (2017),
who observed that AMX caused oxidative stress and was also responsible for
an increase in enzymatic antioxidant activity (superoxide, catalase, and
glutathione peroxidase) in Cyprinus carpio gills, kidneys, and brain during

acute exposure.

Study of Matozzo et al. (2016), AMX had little effect on the activity of
the enzyme biomarkers SOD and CAT in two bivalves, the clams Mytilus
galloprovincialis, and Ruditapes philippinarum. Nicolussi et al. (2022)study
results showed that Amoxicillin (AMX), Trimethoprim (TMP), and
Ciprofloxacin (CIP) affected the stability of the lysosomal membrane, in
addition to the production of superoxide anion, superoxide phosphatase, and

promoted chromosomal aberrations in Clam Ruditapes Philippinarum
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This study is consistent with several studies indicating that exposure to
pharmaceuticals increased the generation of ROS and thus increased
antioxidant defenses in bivalves such as. Guo et al. (2022) studied the effect
of ciprofloxacin on clams C. fluminea clams and showed that it boosted ROS
generation and SOD enzyme activity in the digestive while decreasing CAT
activity. According to Pes et al. (2021), exposure of mussels Mytilus
galloprovincialis to warfarin, dexamethasone, and imidazole increased GPX

activity and caused genetic changes.

In the study by Aguirre-Martinez et al. (2015) observed that GPX
activity was significantly increased compared to control when C. fluminea
was exposed to tamoxifen. This is not consistent with the findings of (Yuan
et al.,, 2022), who found that C. fluminea clams exposure to diclofenac
resulted in decreased SOD, CAT, and GPX activities in the gills and

digestive glands after 7-day exposure compared with the control group.

Duran-Alvarez and Jiménez-Cisneros (2021) indicated that the increase
and depletion of GPX enzyme activity is an indicator of the potential toxic
effects of pharmaceutical residues on bivalve species and the ability of these

species to prevent oxidative stress, avoiding deeper and irreversible damage.

3-4-1-3 Non Enzymatic Antioxidant: Glutathione (GSH),
Ascorbic Acid.

The Glutathione (GSH) values for clam P. euphraticus ranged from
(7.55 -10.37ug/g) in the exposure experiments without immobilized
C.vulgaris compared to the control which recorded (5.92 pg/g ), while with
C.vulgaris, GSH values ranged from ( 6.54 -9.46 pg/g) for 100-300mg/L
concentrations compared to 5.14 pg/g in the control group. while In C.

fluminea clams, the GSH values recorded without C.vulgaris were (4.25-
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8.03 ng/g) compared to the control which recorded ( 4.93 pg/g) but with
added C.vulgaris, GSH values were (2.83-6.72 pg/g) for 100 -300mg/L

concentrations compared to 2.77 pug/g in the control group.

The results, the statistical analysis revealed statistically significant
changes (p< 0.05)In both species of clams in the exposure experiments with
and without the addition of C. vulgaris compared to the control group, LSD
levels in C. fluminea and P. euphraticus clams were 2.033 and 2.721,

respectively, figure (3-5)
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Figure 3-5. Amoxicillin's effects on GSH activity in both species of clams

The Ascorbic acid (AA) values for P. euphraticus clams ranged
from(13.41 -14.48uM) in the exposure experiments without the addition of
immobilized C.vulgaris compared to the control which recorded (11.59
HUM), while with C. vulgaris, The Ascorbic acid values ranged from (10.31 -
13.40 uM) for 100-300 mg/L concentrations compared to (11.47 uM) in the

control group.

In C. fluminea clams, The AA values were recorded without C. vulgaris
were (42.92-76.79uM ) compared to the control which recorded (32.70 uM),
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but with added C.vulgaris, AA values ranged from (38.11-59.80uM)

compared to (30.77uM) which was recorded in the control group.

The results statistical analysis revealed statistically significant changes
(p< 0.05) in both type clams in the exposure experiments with and without
the addition of C.vulgaris compared to the control group, LSD levels in C.
fluminea and P. euphraticus clams were 4.51 and 3.128, respectively, figure
(3-6).
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Figure 3-6. Impact of Amoxicillin on Ascorbic acid in both species of clams

Glutathione (GSH) is an important component of the cellular
antioxidant defense system (Vacchi-Suzzi et al., 2018). GSH serves as the
first line of defense for antioxidants, as a radical scavenger, numerous
examples demonstrate the role of GSH in antioxidant activity in bivalves
(Gnatyshyna et al. 2020, and Khoma et al. 2021).

GSH plays an important role in the process of removing H,O, and —-OH
and it is converted into its oxidized form (GSSG) by a reaction catalyzed by
GPX; glutathione reductase (GR) then generates GSH from GSSG using
NADPH as an electron donor ( Regoli and Giuliani, 2014). GSH is crucial
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for maintaining redox equilibrium and safeguarding cells from oxidative

damage and xenobiotic electro toxicity (Hellou et al.,2012).

In the current study, there was an increase in GSH depletion after AMX
exposure in both types of clam compared to control, which may be due to
excessive ROS production due to loss of redox balance (Yan et al., 2017). It
Is congruent with the findings of Almeida et al. (2015), who discovered
similar effects in the content of GSH in the clam Ruditapes philippinarum as
a result of exposure to the medications carbamazepine (CBZ). And also, with
a study by Alkazemi et al. (2021), it has already been shown that many drugs
can induce cellular changes in the ratio of GSH to GSSG, which may lead to
oxidative stress and have an effect on various cellular functions. The enzyme
activity of the glutathione system can be induced by pharmaceutical
preparations in bivalves, such as C. fluminea, Mytilus galloprovincialis, and

Anodonta cygnea (Martins et al.,2014).

The results of a study now show that the ability of AMX to induce
cellular changes in the activity of GSH in both types of clams, which may
lead to oxidative stress, and an impact on several cellular processes. While
contradicting the study by Martyniuk et al. (2022), which found that

ibuprofen exposure reduced the level of GSH in Unio tumidus bivalves.

Ascorbic acid (AA), a low molecular weight antioxidant, protects cells
from oxidative damage brought on by ROS by directly interacting with
oxidative radicals through rapid electron transfer. Moreover, the ability of
Ascorbic acid, to produce new tiny antioxidant molecules like -tocopherol,
GSH, and carotene has been connected to the compound's antioxidant
activity (Krishnan et al. 2009).
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Ascorbic acid is an important tool for detecting changes caused by
chemicals and pollutants, since ascorbic acid plays a crucial role in cellular
metabolism, and the interactions of biomolecules provide a clear picture of

toxicant stress and its consequences (Goswami and Bhalla, 2021).

According to the study by Feidantsis et al. (2021), ascorbic acid can be
used to lessen the effects of oxidative stress and thereby lower the mortality
of mussels (Mytilus galloprovincialis) in aquaculture settings. The findings
of this study agree with those of Trabelsi et al. (2020). Ascorbic acid levels
in the gills of Mactra stultorum clam increased substantially after was
exposed to acrylamide. While while disagree with the findings of Goswami
and Bhalla's (2021) study, when Lamellidens marginallis mussels were
exposed to lambda-cylothrin for 21 days, a decrease in the level of ascorbic

acid was observed in various mussels.
3-4-2 Total Protein

In clams P. euphraticus, the Total protein (TP) values in the exposure
experiments without the addition of immobilized C. vulgaris ranged from
(9.65 - 11.14 mg/g ) compared to the control which recorded (13.17 mg/g),
while with C. vulgaris, TP values ranged from (14.25 - 15.60mg/g) for 100-
300mg/L compared to (12.44 mg/g) in the control group.

In C. fluminea clams, The TP values were recorded without
immobilized C. vulgaris were from (35.52 - 19.57 mg/g) compared to the
control which recorded (34.64mg/g), but with C. vulgaris, TP values
recorded ranged from (39.23 -29.41 mg/g) at 100 -300mg/L concentrations
compared to (38.78 mg/g) in the control group.

The results statistical analysis revealed statistically significant changes

(p< 0.05) In both species of clams in the exposure experiments with and
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without the addition of C. vulgaris compared to the control group, and, LSD

value in C. fluminea and P. euphraticus clams were 5.56 and 1.895

respectively ,figure (3-7).
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Figure (3-7). Effect of amoxicillin on Total protein in both species of clams

Total proteins (TP) are the most important organic molecules in a living
system, and proteins are essential for an organism's physiology and energy
mobilization (Topi et al., 2021). In a current study, there was a decrease in
the level of total protein as a result of excessive ROS generation .As a
consequence of excessive ROS production, site-specific amino acid
modification, fragmentation of the peptide chain, aggregation of cross-linked
reaction products, altered electric charge and increased susceptibility of
proteins to proteolysis occur (Neri-Cruz et al., 2015; Sharma et al., 2012;

Juan et al., 2021) .

In general, some researchers have observed that aquatic animals
exposed to various contaminants had lower amounts of total protein and
albumin (Velisek et al., 2009). This was attributed to stress reduction and
xenobiotic detoxification, which increase the metabolic use of structural

proteins to meet energy demands( Katz and Orellana, 2012). According to
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Jerome et al.( 2020),a decline in protein levels may be mostly attributable to
tissue necrosis or destruction brought on by extensive toxicant exposure

oxidative stress has been linked to such occurrences
3-4-3 Malondialdehyde (MDA)

The (MDA) values for P. euphraticus clams ranged from (17.69 -
42.43umol/l) in the exposure experiments without addition of immobilized
C. vulgaris compared to the control which recorded (13.28umol/l), while
with C. vulgaris, values recorded ranged from (11.60 -23.97umol/I) for 100-

300mg/L concentrations compared to(8.89 umol/l) in the control group.

While in C. fluminea clams recorded without immobilized C.vulgaris
the value of MDA ranged between (9.33 to 17.21umol/l) compared to the
control which recorded (8.81umol/I) but with added C .vulgaris, MDA
values ranged from (6.77-22.72umol/lI) compared to (4.75umol/l) in the

control group for 100-300mg/L concentrations.

The results of statistical analysis revealed statistically significant
changes (p< 0.05) in both types of clams in the exposure experiments with
and without the addition of C.vulgaris compared to the control group. LSD
values in C. fluminea and P. euphraticus clams were 3.10 and 3.546

respectively, figure (3-8).
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Figure 3-8. Amoxicillin's effects on MDA in both species of clams

Enzymes and non-enzyme in the antioxidant defenses can reflect the
condition of the free radical scavenging system, while lipid peroxidation
(LPO) is often used to reflect the degree of free radical reactions in
organisms and to indirectly reflect the degree of cell damage (Guo et al.,
2022). Malondialdehyde (MDA) is widely used as a biomarker of oxidative
stress, and an increased level of oxidative damage in terms of lipid oxidation
has been reported in different species of snails exposed in vitro to

environmental pollutants (Chen et al.,2015).

The results of the current study showed an increase in the level of MDA
activity compared to the control groups for both species of clamss, which
may be due to the increased production of ROS ( Yan et al., 2017). Reactive
oxygen species produced inside the cell react with cell membrane lipids,
forming lipid peroxides that further degrade to malondialdehyde, and their
formation is an indicator of cell damage and, in extreme cases, leads to the
death of the organism (Chen et al., 2014; Chen et al., 2015; Shabani et al.,
2020).

This could be a sign of increased oxidative stress and impaired
antioxidant function Drozdz-Afelt et al. (2022). The results of this study are
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consistent with several studies such as Martinez-Morcillo et al.( 2020),
which indicated that the presence of pharmaceutical compounds in seafood
tissues increased levels of catalase, glutathione peroxidase, and MDA. And a
study by Brando et al.( 2014) found that short-term exposure to paracetamol
increased the content of lipid peroxidation and glutathione S-transferase in

Corbicula fluminea.

In another similar study, Aguirre-Martnez et al.( 2015), exposed
Corbicula fluminea to Ibuprofen, Carbamazepine, Novobiocin, and
Tamoxifen significantly increased LPO levels. According to Guo et
al.(2022), exposing Corbicula fluminea to Ciprofloxacin resulted in
significant increases in MDA content in the gills and digestive glands at a 2.5
g/g CIP concentration. In the study by (Chen et al. 2015), exposing
Corbicula fluminea to Fluoxetine, resulted in a significant increase in

Malondialdehyde levels.

Studied by Matozzo et al. (2016a), effects of amoxicillin on clams
(Ruditapes philippinarum) and Mussels (Mytilus galloprovincialis) It was
noted that there was a slight increase in the levels of lipid peroxidation and

carbon protein content.

On the other hand, the study by Pidad et al. (2020) showed no significant
changes in oxidative stress parameters were observed in lipid oxidation
(LPO) levels upon paracetamol and acetylsalicylic acid exposure in mussels
Mytilus spp. It may have caused a limited change in antioxidant defenses and
damage, which was reversed by the activation of this type's adaptive

mechanisms.
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3-4-4 The Role Of Immobilized Algae C. Vulgaris In Reducing

Amoxicillin Toxicity

The present study indicated that C. vulgaris has a distinct role in
relieving oxidative stress in clams through its pronounced effect on
biochemical biomarkers during the study period. A gradual decrease in the
values of ROS, SOD, CAT, GSH, TP, and MDA was observed when adding

immobilized algae C. vulgaris compared to untreated samples.

C. vulgaris has been widely used in bioremediation to remove many
environmental contaminants, such as heavy metals, organic compounds, or
pharmaceuticals, due to its wide distribution in aquatic habitats, rapid growth
rates, and tolerance to harsh environmental conditions (Lépez-Pedrouso et
al., 2022).

When microalgae are exposed to pharmaceutical compounds, they
exhibit a variety of responses and use a variety of biotic and abiotic
methodologies to detoxify and survive. Biosorption, bioaccumulation, and
biodegradation are major ways for algae to remove antibiotics from media.
The process of uptake of the antibiotic amoxicillin begins with the cell wall
upon binding to an active group (Leng et al., 2020; Liu et al., 2021). Then
the absorbed antibiotics accumulate inside the cells through active
diffusion,as a result of the amoxicillin accumulation inside the C. vulgaris
algae, free radicals are formed inside the cell by increasing the
photosynthetic activity of the cell, which aids in the process of
biodegradation of the antibiotic (Gayosso-Morales et al.,2023).

According to Ricky et al. (2022), biodegradation was the predominant

method of removal, followed by biosorption and bioaccumulation in the CIP
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and AMX assays, the removal of CIP was higher than that of AMX, at about
25% (CIP) vs. 37% (AMX).

Several studies have shown that C. vulgar contributes to the removal of
many antibiotics by many processes, for example, the removal of
Norfloxacin by Photodegradation by 36.8% (Zhang et al., 2012),
Levofloxacin by 82.34% by bioaccumulation and biodegradation, and
azithromycin by 92.77% biodegradation (Kiki et al., 2020), metronidazole by
100% via bio adsorption (Hena et al.,2020). Antibiotic levofloxacin through
subsequent intracellular biodegradation and accumulation (Xiong et
al.,2018). Additionally, (Xiong et al.,2017) used C. vulgaris to remove some
antibiotics such as levofloxacin and fluoroguinolones; with an initial
concentration of 5 mg/L, after 7 days, about 15% of the antibiotic had been

eliminated.

In the current study, chlorella used a biodegradation pathway to lessen
the toxicity of amoxicillin, acting to degrade amoxicillin as a carbon source
for cellular growth. According to Ricky et al.( 2022), C. vulgaris was able to
remove antibiotics at rates of 76% for CIP and 46% for AMX, respectively,
using a biodegradable method. According to Xie et al. (2019) there are two
main ways that biodegradation antibiotics can be broken down by
microalgae: first, through metabolic degradation, where the antibiotics act as
an electron donor or acceptor and a carbon source for the microalgae; and
second, through co-metabolism, where the antibiotics are reduced by the

enzymes and turn into non-toxic product compounds.

According to (Vo et al., 2020), antibiotics are biodegraded into various
metabolic intermediates or mineralized into H,O and CO,. Microalgae

contain a sophisticated enzyme system made up of families of phase | and
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phase Il enzyme inside and outside the algae cells; such as glutathione-S-
transferase and cytochrome P450 (Xiong et al.,2018).

In a similar study performed by Zhao et al.( 2021), AMX was removed
by C. vulgaris with an efficiency of 25% 58 ,as well as the study of Xiao et
al.,2021 who used Chlorella pyrenoidosa to remove amoxicillin which

achieved about 91% clearance, within 6 hours.

Many investigators reported that cell immobilization of biomass protects
cells from compound toxicity, and maintains metabolic cell activity for a
longer period, giving higher cell density; improved operational stability,
increased resistance to environmental stresses (temperature and acidity), and
taking up less space, making it easier to handle and use regularly (Eroglu et
al., 2015; Pang et al., 2020; Cao et al., 2021).

This was confirmed in this study, where the C.vulgaris immobilization
process played an important environmental role in reducing oxidative stress
caused by amoxicillin toxicity in both species of clamss. This makes it more
effective at removing these compounds from the medium and thus reducing

their toxic effects on the organism.

This is because microalgae have a high ability to adapt to various and
harsh environmental conditions and can act as a good biological absorbent,
and provide a high absorption capacity for minerals and nutrients (Hejna et
al., 2022). According to Xie et al. (2020a), immobilized C.vulgaris
demonstrated greater sulfamethoxazole tolerance than the suspended Thus,
compared to a suspended reactor, the removal efficiency of living

immobilized C. vulgaris was 12% greater.

This study agrees with the results of Xie et al.,(b2020), who reported
that Immobilized C.vulgaris disrupted the toxicity of sulfamethoxazole SMX
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and increased the removal efficiency by 85.1% and 86.2% SMX,

respectively from the medium.

Immobilization of microalga is recently been used to remove many
pollutants, such as heavy metals, nitrogen, and phosphorus (Salman et
al.,2022; Sarkheil et al.,2022) and pharmaceuticals, such as antibiotics and
PPCPs (Chandel et al., 2022). This is because microalgae have a high ability
to adapt to various and harsh environmental conditions and can act as a good
biological absorbent, and provide a high absorption capacity for minerals and
nutrients (Hejna et al., 2022).
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Table 3-7.The biochemical markers in P.euphraticus during acute exposure period to

antibiotic amoxicillin (Min., Max., MeanzSD of three replicates).

Biochemic Without Immobilization of Algae Immobilization with Algae (C.vulgaris)
al (C.vulgaris)
markers Contro 100 200 300 Contr 100 200 300
| mg/I mg/I mg/I ol mg/l mg/I mg/l
ROS 9.63- 10.5-6 14.83- 19.35- 8.54- 7.22- 11.72 - 14.46 —
(ng/mg) 11.92 17.00 12.38 25.93 13.54 11.26 8.54 18.75
10.77 12.99 13.66 2252 10.91 8.89 + 9.80 + 16.73 +
+1.14 349 +1.22 * 329 £2.37 2.10 1.68 2.15
a b a b
a a a a
SoD( 16.22- 18.92- 16.49 27.03- 8.11- 11.62- 10. 81 1622 -
U/mL) 18.92 22.14 -32.43 40.54 10.81 13.92 20.54- 27.03
17.51 20.79 25.04 33.33 9.80 12.72 16.75 21.62 +
+135 +1.67 +38.03 +6.80 + +1.15 +521 5.40
b
a a a b 1.47 a
a a
CAT ( 24.14- 23.93- 27.08 27.39- 11.58 15.86- 22.42 - 23.59 -
KU/L) 24.9 26.77 29.15 35.28 - 18.42 24.56 26.24
24.14 25.44 28.21 30.53 17.49 17.56 23.41 25.15
+0.39 +1.42 +1.04 +4.18 14.26 +1.47 +1.07 +138
+2.99
a a b c a b c d
GPX ( 16.82 - 6.94 — 6.50 - 5.26 - 11.90 5.62 — 6.14 - 498 -
U/L) 21.82 9.78 7.38 6.02 - 15.14 9.43 5.06
18.48 8.36 + 6.91 + 5.70 + }ggg 9.58 + 7.50 + 5.02 +
+2.88 1.42 0.44 0.39 - 4.95 1.71 0.04
+2.00
a b c d 2 b c d
GSH(ug/g 5.82 - 5.64 - 5.46 - 9.11 - 3.96- 5.55 - 4.86 - 7.25-
) 6.00 8.81 11.81 17.32 6.90 7.31 9.40 12.13
5.92 + 7.55 8.79 + 10.37 SiI;‘S’—' 6.5420 6.95 + 9.46+
0.09 +1 .68 3.18 £125 ; 90 2.29 2.47
a a a b a a b
Ascorbic 10.95- 10.08- 11.66- 12.49- 10.34- 10.47- 7.11- 11.80-
acid (AA) 12.28 15.65 16.66 17.14 12.65 11.99 13.51 14.27
UM 11.59 13.41 13.37 14.48 1147 1131 1031+ 13.40+
+ 091 +£2.94 +2.91 +£2.39 11;3 +£0.77 3.19 1.39
a a a b ) a a b
a
Total 12.74- 9.37- 9.04- 8.67- 11.09- 13.59- 14.43- 12.66-
protein 14.38 12.58 11.39 10.45 13.95 17.18 15.06 15.45
(mg/g) 13.17 11.14 10.38 9.65 12.44 15.60 14.74 14.25
+0.58 +1.63 £1.20 + +143 +1.83 +0.31 +1.43
a b c 0.905 a b c a
d
MDA 12.19- 12.18- 25.90- 40.01- 7.60- 11.60- 12.79- 20.51-
(nm/l) 14.36 23.21 25.90 44.87 9.62 11.69 15.13 26.47
13.28 17.69 25.9+ 4243 8.89 % 11.60 13.96 23.97+
+1.06 +55] 0.00 +2.43 1-;’4 +0.00 +1.17 3.09
a b c d a b c
*similar letters mean that there were no significant differences between treatments.

** Different letters mean that there were significant differences between treatments
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Table 3- 8. The biochemical markers in C. fluminea acute exposure period to antibiotic

amoxicillin (Min., Max., Mean£SD of three replicates).

Without Immobilization of Algae (C.vulgaris)

Immobilization with of Algae (C.vulgaris)

Biochemi Control 100 200mg 300mg/ Contro 100 200mg 300mg
cal mg/I /l | | mg/Il /l /l
markers
ROS 28.88- 28.43 - 35.17- 42.86 - 25.5- 18.98- 30.76- 36.65-
Microgra 33.12 32.74 38.54 50.80 29.15 24.46 34.24 39.32
m/gm 31.38 30.79 36.97+ 42.86 27.67+ 21.33% 33.00% 3741t
+2.21 + 2.18 1.69 + 3.98 1.92 2.8 1.94 1.66
a a b c a b c d
SOD 13.51- 33.88- 40.12- 48.65- 9.80- 19.00- 30.1- 33.77-
ACTIVI 16.50 37.84 44.05 51 13.51 23.77 32.43 37.22
TY 15.08+ 35.49+ 42.08+ 50.033 11.37+ 21.46% 3221+ 35.49+
U/ml 1.500 1.72 1.96 +1.35 1.91 2.388 2.01 1.72
a b c d a b c d
Catalase 36.10 45.11 46.36 50.46- 16.119 21.09- 32.2- 35.48
KU/L -33.05 -41.92 -49.31 53.10 -19.42 23.24 35.37 -38.28
34,57+ 42.51 47.68 51.78 17.76 22.16+ 34.0+1 35.33+
1.57 +2.35 +1.50 +1.32 +1.65 1.0 .6 3.0
a b c d a c d
b
GPX 10.12 — 17.44- 19.23- 17.34- 8.70- 11.21- 19.23- 19.12-
u/L 12.22 22.10 22.58 29.23 10.71 16.06 21.82 20.54
11.54 19.25 21.21 16.41 + 9.54+1 14.16+ 2021+ 19.28+
+1.08 +2.49 +1.75 1.07 .04 2.59 1.40 0.30
a b c d a b c d
GSH 4.06- 3.21- 4.08- 8.81- 2.58- 3.12- 1.78- 6.120
(1g/g) 6.06 5.02 6.45 7.25 2.94 2.50 5.117 -7.557
493 + 4.25 5.19+ 8.03 + 2.77+0 2.83+0. 2.98+1 6.72+0
1.02 +0.67 1.19 0.77 17 3 .85 3
a a a b a a a b
Ascorbic 30.63 35.23- 64.81 73.67- 27.4- 36.78- 41.1- 55.56-
acid pM -35.70 49.62 -67.34 81.2 34.45 40.23 46.34 62.20
32.70+ 4292+ 65.90+ 76.79+ 30.77+ 38.11+ 43.76+ 59.80+
2.65 7.24 1.29 3.97 3.50 1.85 2.60 3.68
a b c d a b c d
Total 30.23- 32.56 29.78- 15.4 25.43- 35.6- 36.56- 28.56-
protein 39.597 - 30.65 -15.15 31.736 4435 38.59 30.359
(mg/g) 34.64+ 40.330 29.5+ 19.57+ 38.78. 39.23+ 3741+ 2941+
4.70 35.52 0.97 5.01 +6.8 4.55 2.90 2.90
a +4.20 b c a a a b
a
MDA 8.51 — 8.23 — 10.87- 19.92- 5.41- 7.89- 8.11- 9.11-
mmol/l) 9.27 10.29 12.10 15.50 3.87 5.61 6.91 6.65
8.81+0. 9.33+ 11.39% 17.21 = 4.75%0 6.77%1. 12.36% 22.72+
40 1.03 0.63 2.36 .79 1 0.36 1.25
a a b c a a b @

*similar letters mean that there were no significant differences between treatments.
** Different letters mean that there were significant differences between treatments
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3-4-6 The Effect of the Potassium Dichromate on Some

Biomarkers (with and without immobilized algae ).

3-4-7 Reactive Oxygen Species (ROS)

The result showed in Tables (3-9) and (3-10) the biochemical markers
in P. euphraticus and C. fluminea clams exposed to disinfectants Potassium
dichromate (K,Cr,O7) with and without immobilized of Algae C. vulgaris
and the study results revealed differences in biochemical marker values
appear significant changes in concentration of biochemical markers

according to statistical analysis at (P<0.05).

The results of the current study showed an increase in ROS values in
both clams(P. euphraticus and C. fluminea) in the exposure experimentes
without the addition of C .vulgaris especially at a concentration of 50 mg/L,
where the ROS values were (37.50-51.05 pg/mg) (37.89-63.66 pg/mg) for
the both clams respectively, compared to (12,58 and 16.71) in the control
group respectively, while with immobilized C. vulgaris, ROS values were
(33.88-42.06 pg / mg) (41.03-51.0 pug / mg), especially at a concentration of
50 mg/L, compared to( 11.80 and14.71) respectively figure (3-9).

The results of the statistical analysis showed a significant difference
between the control and treatment group in both species of clams in the
exposure experiments with and without the addition of C. vulgaris (p < 0.05),
the results of LSD values in C. fluminea and P. euphraticus clams were

3.143 and 5.717 respectively
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Figure 3-9: Effect of K,Cr,07 on ROS in both species of clams.

In this study, it was found that exposure to K,Cr,O; enhanced the
production of ROS in both species of clams. Metal exposure induces
oxidative stress in aquatic organisms by forming ROS like hydroxyl radicals,
superoxide, and peroxide, and chromium is considered one of the most
important metals for producing ROS (Kim and Kang, 2023). The main
species of ROS produced by Cr (VI) in the cell are hydroxyl radicals and
superoxide (Lushchak et al., 2008).

Cr (V1) is structurally similar to sulfate, which allows its entrance into
the cell through sulfate channels. Once Cr (V1) is inside the cell, it is
promptly reduced to Cr (111), which causes the generation of reactive oxygen
species (ROS). This reduction results in a massive generation of ROS, and
consequently, it is one of the most important damages induced by Cr (VI)
exposure (Machado et al.,2019). and production of ROS causes biomolecule
oxidation, which destroys cellular DNA, proteins, and lipids, leading to cell
damage and the death of the organism (Saleh et al.,2022).This is consistent

with many studies that show that exposure to K,Cr,O; leads to increased
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ROS production in organisms, such as (Ahmed et al. ,2013; Awasthi et
al.,2018; Chaabane et al.,2020;Chakraborty et al., 2022), found that
exposure to K,Cr,0O; affects antioxidant responses and causes increased
ROS activity, DNA damage, and apoptosis in fish Channapunctatu .
According to Li et al. (2011) exposure to hexavalent chromium increases
ROS production, which negatively affects cell function and viability by
damaging proteins and lipids. Studies suggest that Cr (VI) toxicity is mainly
due to an increase in ROS production, which are produced by the Fenton
reaction (Mohamed et al.,2020; Li et al.,2022)

3-4-7 Enzymatic Antioxidant: superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPX).

The results of the current study showed an increase in the values of SOD
activity in both clams (P. euphraticus and C. fluminea), in exposure
experiments without adding immobilized C. vulgaris. It was higher for the
values of (33.40 U/ml) and( 54.04 U/ml) for both clams, respectively, when the
concentration was 50 mg/L and the lowest SOD values were (28.36 U/ml) and
(35.96 U/ml) respectively at a concentration of 20 mg/L, compared to (15.02
and 14.02) in the control group. while with adding immobilized C .vulgaris it
was higher for the values of (46.74 U/ml) (31.4 U/ml) for both clams,
respectively, when the concentration was 50 mg/L, and the lowest SOD values
were (27.19 U/ml) (23.36. U/ml) )at a concentration of 20 mg/L, respectively
compared to 10.91 and 20.35 in the control group figure (3-10).

The results of the statistical analysis showed a significant difference
between the control and treatment group in both species of clams in the

exposure experiments with and without the addition of C. vulgaris (p < 0.05),
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the results of LSD levels in C. fluminea and P. euphraticus clams were 2.332,

and 2.785 respectively
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Figure 3-10: Effect of K»Cr,O7 on SOD activity in both species of clams.

Without adding C. vulgaris, the CAT values in both clams, P.
euphraticus and C. fluminea ranged from (26.88 - 40.32 KU/L) and (24.55 to
48.99 KU/L) respectively compared to the control group's which recorded
(23.60 and 9.71 KU/L) respectively. While with C. vulgaris, CAT values
ranged from (25.76 - 27.16 KU/L) and (27.19 - 46.74 KU/L) respectively
compared to (22.82 and 10.91 KU/L) in the control group for 20-50 mg/L

concentrations figure (3-11).

The results of the statistical analysis showed a significant difference
between control and treatment in both species of clams in the exposure
experiments with and without the addition of immobilized C. vulgaris (p <
0.05), LSD values in C. fluminea and P. euphraticus clams were 3.934, and

2.252 respectively.
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Figure 3-11: Effect of K,Cr,O7 on CAT activity in both species of clams

Glutathione peroxidase (GPX) values in both clams, P. euphraticus and
C. fluminea, without the addition of immobilized C. vulgaris, ranged from
(4.35 to 6.34 U/L) and (10.99 to 43.35 U/L) compared to the control group's
(7.99 and 19.05 U/L) respectively, while with C. vulgaris, GPX values
ranged from(7.34-3.87U/L) and (9.37-37.99 U/L) compared to (6.28 and
18.11U/L) in the control group for 50-20 mg/L. concentrations respectively
figure (3-12). The results of the statistical analysis showed a significant
difference between control and treatment in both species of clams in the
exposure experiments with and without the addition of immobilized C.
vulgaris (p < 0.05), and LSD levels in C. fluminea and P. euphraticus clams

were 3.699 and 2.030respectively
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Figure 3-12. Effect of K,Cr,O7 on the activity of Glutathione Peroxidase (GPX) in both

species of clams
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In this study, an increase in CAT and SOD activity was observed along
with an increase in the concentration of potassium dichromate during the
experimental periods in both species of clams. This increase is due to the toxic
stress response caused by chromium. ROS are highly reactive, which damages
cell organelles, and these Cr (VI)-mediated ROS can be neutralized by the
antioxidant system. Antioxidants of the cell minimize Cr (VI) toxicity and
protect the cell organelles from Cr (VI)-mediated oxidative damage . Thus, the
antioxidant activity of the animal cell actively participates in the detoxification
of Cr (VI) toxicity(Singh et al.,2022).

Mandal (2022), suggesting that increased SOD activity and Catalase is
a defense mechanism to prevent tissue damage by eliminating excess ROS
induced by hexavalent chromium. Asimilar observation was made by
Kumari et al. (2014) in Labeo rohita trout after chromium treatment.
Chaabane et al. (2020) reported a significant increase in SOD activity in the
gills and digestive glands of bivalve molluscs (Venus verrucose) after
hexavalent exposure to chromium. In another similar study, Lee et al. (2022)
found SOD activity in the liver and gills of Paralichthys. olivaceus was

significantly increased after hexavalent chromium.

In this study, a fluctuation in GPX activity was observed in both species
of clams. A decrease in GPX activity was observed during the experimental
periods in P. euphraticus, while an increase in GPX activity in C. fluminea
may be due to the ability of Cr (V1) to induce oxidative stress. According to
Iztleuov et al., 2017, overexpressing glutathione peroxidase shields cells
against the toxicity of Cr*® by lowering the number of o-hydroxyl radicals. In
a similar study, Kumar et al. (2013) observed an increased level of GPX in
fish Cyprinus carpio after Cr (V1) exposure, and this was attributed to the
formation of ROS.
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The current study's findings clearly show that K,Cr,O; produces
oxidative stress in both species of clams. Increased CAT, SOD, and GPX
activity may imply that these enzymes play a vital role in shielding cells
from the detrimental effects of chromium as well as in creating an adaptive
response to chromium toxicity, in agreement with other studies such as
Kumari et al. (2014). Also note similar results in the study of Patlolla et al.
(2009), Increased activities of antioxidant enzymes SOD and CAT after
chromium treatment, because these enzymes have a protective role against
damage caused by oxygen free radicals, their induction can be an adaptive

response to oxidative stress.

3-4-8 Non-Enzymatic Antioxidant: Glutathione (GSH)
Ascorbic Acid

The values of Glutathione (GSH) in the current experiment in both P.
euphraticus and C. fluminea clams without adding immobilized C. vulgaris
ranged from (8.57 - 18..01 to pg/g and 12.79 - 36.86 to upg/g) for
concentrations of 20-50 mg/L. compared to the control group ( 21.3and 49.14
ug/g) respectively. While with immobilized C. vulgaris, the Glutathione
(GSH) values ranged from (9.7 - 22.47 pg/g) and (7.58 -30.26 ug/g)
compared to the control group which recorded (18.87 ug/g and 37.58 ug/g)
respectively figure 3-13.

The results showed a significant difference between control and
treatment in both species of clams in the exposure experiments with and
without the addition of C. vulgaris (p < 0.05). LSD levels in C. fluminea and

P. euphraticus clams were 3.849, and 4.769 respectively.
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Figure 3-13. The effect of K,Cr.O7 on the activity of Glutathione in both species of clams

The values of ascorbic acid in the current experiment in both P.
euphraticus and C. fluminea clams without the addition of immobilized C.
vulgaris ranged from (26.37 - 20.37 uM) and (35.37 - 50.37 uM)
respectively compared to the control group of (25.36 and 15.06 uM) While
with C. vulgaris, the ascorbic acid values ranged from (24.83 -27.94 uM)
and (23.67 to 38.89 uM) respectively for concentrations of 20-50 mg/L
compared to (23.92 uM and 11.45 uM) in the control group figure (3-14).

The results of a significant difference between control and treatment in
both species of clams in the exposure experiments with and without the
addition of C. vulgaris (p < 0.05), and LSD levels in C. fluminea and P.

euphraticus clams were 4.576 and 1.286 respectively.
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Figure 3-14. K>Cr2O7's impact on the activity of ascorbic acid in both species of clams.

Glutathione (GSH) is the most abundant intracellular antioxidant and
thiol-dependent Glutathione (GSH) is often found in molar concentrations
within cells, helps maintain the cellular redox state, and protects the cellular
system from the harmful and toxic effects of lipid peroxidation (Kim and
Kang, 2023). Intracellular depletion is a marker of oxidative stress, GSH
immediately scavenges reactive oxygen species (ROS), including HOe, ROe,
RO,+, HOCI, and ONOO, from a cell to reduce the damage caused by it
(Vairetti et al,.2021).

In a current study, clams P. euphraticus and C. fluminea had lower
levels of GSH after exposure to different concentrations of K,Cr,O; in vitro
compared to the control. It was similar to Chen et al., 2018 study reporting
significant depletion of GSH in Japanese medaka (Oryzias latipes) after
hexavalent chromium exposure.

A decrease in GSH was attributed to the increased activation of

enzymes that catalyze hydrogen peroxide reduction. In another study, a
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significant decrease in GSH levels was reported after an initial increase upon

exposure to hexavalent chromium (Yuan et al., 2017)

In a similar study by Lee et al. (2022),decreased levels of GSH were
observed in Paralichthys olivaceus, which were significantly depleted after
exposure to chromium, it may be due to excessive production of free radicals

after exposure to chromium.

While this study is not consistent with a study by Lushchak et al. (2008)
on the effect of potassium dichromate on the antioxidant defenses of
goldfish, a high increase in GSH enzyme level was observed after exposure
to the glutathione system due to oxidative stress induced by potassium

dichromate.

Ascorbic acid, a vital nutrient for aquatic organisms to promote healthy
growth and development, is used by the organism to reduce oxidative stress.
Moreover, as a powerful antioxidant that protects cells from (ROS), it is
essential for processing toxins and detoxification as well as alleviating

oxidative stress (Lin et al., 2018).

According to a study by Pehlivan. (2017) Vitamin C is a potent reducing
agent and free radical scavenger in biological systems. Vitamin C is an
important component of the first line of defense against free radicals,
preventing oxidative damage to proteins and lipid membranes and serving as

an effective source of antioxidants.

Poljak et al. (2005) indicated, ascorbic acid serves to reduce the toxicity
of Cr (VI) by acting as a reducing agent, reducing the stability of Cr (V),
acting as an antioxidant, reducing the formation of supramolecular anion and
hydrogen peroxide, and quenching free radicals formed through Cr (VI)

conversion to Cr.
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In the current study, a fluctuation was observed in the level of ascorbic
acid in both species of clamss, with an increase in the level of this enzyme
with increasing concentrations during the experiment that was exposed to
potassium dichromate compared to the control group. This is because
exposure to Cr (V1) significantly increases levels of oxidative stress by

increasing ROS production (Zhao et al., 2020).

Several studies showed that ascorbic acid has a role as an antioxidant
and works to reduce oxidative stress by reducing the generation of ROS and
also showing protective actions, such as According to Gegotek and
Skrzydlewska (2022), ascorbic acid plays a role in the cell as an anti-
inflammatory and antioxidant. (Kim and Kang, 2023) studied the effects of
ascorbic acid on the toxicity of chromium in rockfish Sebastes schlegeliion,
the presence of ascorbic acid was observed to play an effective role in
alleviating the toxicity of chromium and reducing its effect on antioxidant

responses, MT gene expression, and neurotoxicity.
3-4-9 Total Protein

Without immobilized C. vulgaris, the total protein values in both
clams, P. euphraticus and C. fluminea in the experment ranged from (10.86 -
12.79 mg/g) and (18.43 -39.11 mg/g ) compared to the control group's
(16.31 and 47.76 mg/g) respectively. While with immobilized C. vulgaris,
total protein values ranged from (10.93-13.56 mg/g) and 20.44 t035.69 mg/g)
for 20-50 mg/L concentrations compared to (29.21 and 42.54 mg/g) in the

control group respectively.

The results of the statistical analysis showed a significant difference
between control and treatment in both species of clams in the exposure
experiments with and without the addition of C. vulgaris (p < 0.05) figure
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(3-15), and LSD value in C. fluminea and P. euphraticus clams were 4.698

and 2.368 respectively.

In the current study, a decrease in the level of total protein was observed
in both species of clams when exposed to potassium dichromate compared to
the control group. The reduction in protein level might be attributed to the
dispersal of biomolecules and raised catabolism to counter the induction of

stress by toxins( Dhara et al.,2022).

It may be due to potassium dichromate stimulating ROS production.
The excessive generation of ROS leads to protein degradation due to
oxidation of the side chains of amino acids, leading to a change in the
function of the protein and ultimately the integrity of the organism(Juan et
al., 2021). The primary reason for the decline in protein concentration is the
increased consumption of protein to fulfill metabolic processes' increased
energy needs, which increases proteolysis to meet the high energy demands
during heavy metal stress(Patil, 2011). Many different species of molluscs
exposed to heavy metals showed similar signs of lower protein content
(Gulbhile and Zambare, 2013; Dhara et al.,2022).
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Figure 3-15:Impact of K,Cr,O7 on Total protein in both species of clams..
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3-4-10 Malondialdehyde (MDA)

Malondialdehyde (MDA) values in both species, P. euphraticus and C.
fluminea, without the added immobilized ( C. vulgaris), ranged from (12.68 -
23.22 and 29.01 to 59.88 pumol/l) compared to the control group's( 9.7 and
8.033 umol/l) respectively, while with immobilized algae (C. vulgaris),
MDA values ranged from (9.81 -11.44 and 23.06 to 47.92 umol/l) for 50-20
mg/L concentrations compared to (8.86 and 9.67 pumol/l) respectively in the

control group figure (3-16).

The results of the statistical analysis showed a significant difference
between control and treatment in both species of clams in the exposure
experiments with and without the addition of C. vulgaris (p < 0.05), and
LSD levels in C. fluminea and P. euphraticus clams were 3.659 and 1.286

respectively

In the current study, an increase in MDA activity was seen in both
species calm compared to the control group, MDA is widely used as a
biomarker of oxidative stress, and an increased level of oxidative damage in
terms of lipid oxidation has been reported in different species of bivalve

exposed in vitro to environmental pollutants (Chen et al.,2015).

Excessive ROS levels are harmful and can cause damage to the cell
membrane, leading to lipid peroxidation (Bejaoui et al., 2019; Rusdi et al.,
2021). Rusdi et al. (2021) suggest that the elevated MDA level in mussels
(Pernaviridis) indicates that an organism has experienced oxidative stress.
Sarica et al.,(2019) indicated the role of k,Cr,O5 in increasing lipid peroxide

production.
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According to Chaabane et al. (2020) Chromium (V1) toxicity generates
ROS that may lead to adverse effects on bivalves Venus verrucosa by

modifying their fatty acid levels due to oxidative damage.

In the current study, P. euphraticus and C. fluminea, two species of
clams, were used to test the viability of utilizing Chlorella vulgaris to lessen

potassium dichromate toxicity.

Several studies indicated a high ability of C.vulgaris to remove Cr (VI)
from aqueous media, such as, Wang et al. (2021b) reported the ability of C.
vulgaris to remove chromium at a rate of 59.91%, and the resilience of Cr -
treated algae was confirmed by the recovery of antioxidant activities,
especially SOD and MDA content, within 72 hours.

Zhou et al. (2020) reported a high ability of C. vulgaris to remove
chromium; it had a removal rate of chromium (III) nitrate (89.0 + 3.2%) and
chromium (VI) dichromate (88.1 = 1.3%) over 72 h. while Shen et al.( 2019),
recorded that C. vulgaris was able to remove varying concentrations of Cr

(VI) from water with a removal efficiency that ranged from 40 to 100%.

Yen et al. (2017) investigated chromium (VI) removal using live and
dead cells of microalgae, and they found that removal of Cr by living algal
cells occurred not only through uptake but also via bioreduction, such as the
enzymatic reduction of Cr (VI) to Cr (l1l). Pagnanelli et al. (2013) showed
that biosorption and bioreduction mechanisms were contributors to Cr (VI)

removal by C. vulgaris.

Daneshvar et al.( 2019) indicated that microalgae can reduce the toxic
effects of Cr (V1) by bio-absorbing it on the microalgae cell wall by binding
to functional groups such as hydroxyl and carboxyl groups and converting Cr
(V1) into non-toxic Cr (I11). Consistent with the study by Luo et al. (2023), C.
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vulgaris is a typical green alga often used to remove Cr from aquatic

environments because of its high efficiency, economy, and ability to absorb
Cr.
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Figure 3-16: Effect of K,Cr,O7; on MDA activity in both species of clams.

107



Chapter Three Results and discussion

Table 3-9.The biochemical markers in P.euphraticus during acute exposure period to
potassium dichromate. (Min., Max., Mean£SD of three replicates).

Biochem without Immobilization of Algae Immobilization with Algae
ical (C. vulgaris) (C. vulgaris)
markers  [“oontro 20 30 50 Control 20 30 50
| mg/ mg/l mg/l mg/l mg/l mg/l
ROS 10.74— 30.70- 36.31- 45.08 9.53 — 31.62 34.03 — 40.06 —
(ug/mg) 14.77 44.17 45.94 — 13.54 -36.55 38.69 43.64
12.58 37.50% 40.97 57.20 11.80 = 33.88% 36.86% 42.06
+ 1.76 6.73 +4.82 51.05 2.05 2.48 2.66 +
a b c +6.06 a b c 1.82
d d
SOD( 21.62— 27.62- 29.73- 33.55- 19.11- 24.32- 25.62 - 33.25—
U/ml ) 27.03 29.05 32.43 36.04 21.62 29.73. 28.92 29.34
24.02 28.36 31.10 33.40 2035 = 23.36 2743 31.41
+2.75 +0.71 +1.35 +1.44 1.255 £1.18 +1.67 +1.96
a b b c a b b c
CAT 22.67 - 26.61 - 30.52 - 45.99- 21.59- 25.08- 24.11 - 25.27-
( KU/L) 25.13 27.16 31.20 3541 24.59 26.45 29.25 28.92
23.60 26.88 30.86 40.32 22.82 + 25.76 2630 + 27.16
+1.33 +0.38 +0.48 +5.30 1.57 +0.68 2.65 +1.82
a b c d a b c d
GPX ( 6.18- 4.26 — 2.78 — 3.70 - 6.14 - 6.66— 3.10 — 3.02 -
U/L) 9.06 8.42 7.42 5.34 6.42 8.02 4.34 5.10
7.99 + 6.34 + 528 + 435+ 6.28 + 7.34 + 3.57+ 3.87
1.57 2.08 2.34 0.86 0.14 0.68 0.67 1.08
a a b c a a b a
GSH(ug/ 18.99 - 14.38 - 18.15- 6.42 - 15.00 - 18.46- 11.03- 6.42 -
q) 25.56 18.46 16.06 10.79 22.77 25.70 18.01 10.79
21.30 16.30 18.01 8.57 + 18.78 = 22.47 14.52 + 9.7 +
+3.69 +2.05 +1.88 2.18 3..88 +3.68 4.39 2.89
a b d a b c d
C
Ascorbic 24.52 - 26.35 - 24.14 - 27.68- 23.57 - 22.86 - 26.73- 27.03 -
acid 26.54 27.11 26.29 19.12 2427 26.10 26.99 28.86
(AA) ny 25.36 26.37 2527+ 20.37+ 2392 £ 24.83 26.88 £ 27.94
+ 1.05 +0.38 1.08 1.28 0.34 +1.73 0.13 +0.91
a a a b a a b b
Total 10.29 — 10.16 - 1542 - 11.03- 28.24 — 9.93 - 12.49 - 14.40-
protein 13.95 11.39 17.25 14.43 30.07 12.22 18.35 15.50
(mg/g) 12.12 10.86 17.25 12.79 2921 = 10.93 1542+ 13.56
+1.83 + 0.62 +1.85 +1.70 0.92 + 1.17 2.93 +1.06
a a b a a b c d
MDA 8.00 - 10.77- 17.38- 22.38- 5.77 - 8.40— 8.97- 11.5-
(umol/l) 11.70 14.6 12.38 24.13 5.86 11.22 12.82 11.73
9.70+ 12.68 19.69 23.22 8.86 = 9.81 10.87+ 11.44
1.86 +2.70 +2.52 +0.87 0.09 1.41 1.92 +0.41
a a b c a a b c

*similar letters mean that there were no significant differences between treatments.

** Different letters mean that there were significant differences between treatments
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Table 3-10. The biochemical markers in C. fluminea during acute exposure period to
Potassium dichromate. (Min., Max., MeanzSD of three replicates).

Bioche without Immobilization of Algae (C. Immobilization with Algae (C.
mical vulgaris) vulgaris)
marker | contro 20 30 50 Contr 20m 30 50
S I mg/l mg/I mg/I ol o/l mg/l mg/l
ROS 14.43- 27.82- 49 .86- 63.41- 13.8- W7 2045 49.78
(ng/mg) 18.13 29.65 56.52 66.99 15.78 : : -
1671+ | 2789+ | 53.0t | 63.66 1471 | B | 30| 5259
1.99 15 3.86 +321 0-99 b c S1.0
a b c d a t
SOD( 13.03- 34.42- 41.43- 52.43- 9.67- 28.81 40.33- 45.89-
u/ml) 17.62 37.05 45.14 56.55 11.45 e A R
15.02+ | 3569+ | 43.10+ 54.04+ 1091+ e oo e
2.35 1.31 1.88 2.2 1.08 b o d
a b c d a
CAT ( 8.13- 21.67- 38.27- 44.41- 6.10- 185 33.4- 39.78-
KU/L) 11.57 29.18 42.66 50.58 9.78 25.4 36.75 41.67
9.71 2455+ 40.51+ 48.99+4 8.26+1. 21.36 3331+ 40.67+
+1.73 4.04 2.19 01 92 359 172 0.92
a b c d a b c d
GPX 9.74 15.26- 33.42- 40.70- 8.67- 15.67 28.67 34.56
(UL) -13.06 22.52 37.78 45.34 10.67 |08 | 48| 4087
10.99+ 19.05+ 35.62+ 4335+ 9.37+1 i o 'y
1.80 3.53 2.18 2.39 12 b - d
a b C d a
GSH 44.56- 35.06- 20.46- 10.53- 35.23- 29.78- 13.56- 6.56-
(Hg/g) 52.78 38.52 27.06 14.51 40.47 Sy 67 Roh
49.14+ | 36.86+ | 2330+ 12.79+ 37.58 s 3lo %
4.19 1.73 3.39 2.04 3.70 c b a
d c b a d
Ascorbic 14.2- 33.56- 40.40- 48.22- 9.45- 21.35- 29.24- 37.11-
acid 16.35 37.22 43.13 53.14 13.45 AT I By
(AA) iM 15.6+1 353+2 | 42.5%1 50.37+ 11.45% ey 2] e
52 58 93 3.45. 2.82 d c a
a b c d a
Total 4591- 35.81- 26.25- 14.13- 36.78- 34.65- 31.89- 16.89-
protein 51.25 43.16 30.08 18.43 48.67 o 33.67 | 20T
(mglg) 4776+ | 39.11x | 28.58+ 1631+ 42.54+ 1101 32.83% 340
3.01 3.73 2.04 228 5.96 b 0.89 q
a b c d a ¢
MDA 6.70- 27.68- 39.42- 57.38- 8.55- 1906- 067 is9-
(nmol/l) 9.40 30.68 4233 60.13 10.8 T S A
8.033+ | 29.01= | 40.69+ 59.88 9.67+1 T - 231
1.35 1.52 1.50 3.69 12 b c d
a b C d a

*similar letters mean that there were no significant differences between treatments.
** Different letters mean that there were significant differences between treatments.
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3-5 Histological Biomarkers

3-5-1 Digestive Gland and Gills in clams (P. euphraticus)
exposure to Amoxicillin

3-5-1-1 Digestive Gland in clams P. euphraticus exposure to
Amoxicillin

plate ( 3-1 )shows the digestive gland of the clams P. euphraticus in
control groups, which included regular digestive cells, a digestive gland
lumen, normal tubules, hemolymphatic between tubules, basohilic cells, and

tubular epithelium.

In contrast, several histological modifications were seen in concentrations of

200-300 mg/L of amoxicillin, including shrinkage of epithelial cells, an
expanded nucleus, a pyknotic condition of cells, enlarged vacuoles, and
increased hemolympheal gaps,immobilized C. vulgaris was present or not .A
& B with C. vulgaris ,C&D without C. vulgaris, AMX 200,300 mg/L, in
plate 3-2.
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Plate (3-1): histological Section of the digestive gland for P. euphraticus (control) 1.
basohilic cell, 2. digestive lume, 3. basement membrane, 4. hemolymphac gap between
tubules, 5. typical tubules, 6. connective tissue , (H & E, Scale bar; 10X).

300 mg/I

plate ( 3-2) .Cross section of the P. euphraticus clams digestive gland , showed 1.
shrinkage epithelial cells, swollen nucleus, 2. pyknotic state of cells enlarged vacuoles ,3.
enlarged hemolymphe spaces ,4. basophilic triangular shaped cell present in the
connective tissue among the tubule( (H & E, Scale bar 40x) .A & B with Chlorella
vulgaris ,C&D without Chlorella vulgaris, AMX 200,300 mg/L
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3-5-1-2 Gills in clams P. euphraticus exposure to Amoxicillin

experiment.

Histological changes of the gills were seen following AMX treatment at
200-300 mg/l, as illustrated in plate (3-4), which included epithelial lifting,

secondary lamellar rupturing, secondary lamellar curling, and hyperplastic
interlamellar epithelium. In contrast, typical clams gills contain cilia, dorsal

epithelia, hemocoelic space, and ventral epithelia, as shown in figure 3- 3.

plate 3- 3: histological section of gills in clams P. euphraticus (control): 1. Cilia, 2. Haemocoelic
Space, 3. Ventral Epithelia 4. Dorsal Epithelia (H & E, Scale bar 10X).

plate 3-4 . Cross section of clams P. euphraticus, showed 1. epithelial lifting,secondary lamellar
rupturing ,3. curling of secondary lamellae ,4. hyperplastic interlamellar epithelium,5. Necrosis 6,
haemocytes (H & E, Scale bar 10X) , A & B with Chlorella vulgaris ,C&D without Chlorella
vulgaris, AMX 200,300 mg/L
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3-5-2 The Digestive Gland and Gills in clams (P. euphraticus)

exposure to Potassium Dichromate experiment.

3-5-2-1 Digestive Gland in clams P. euphraticus exposure to

Potassium Dichromate

plate 3-6 shows the histological changes in the digestive gland of P.
euphraticus. After being exposed to 30 and 50 mg/1 of potassium dichromate.
In contrast, plate 3-5 shows the digestive gland of clams P. euphraticus
typical histological structure in control groups, which included normal
digestive cells and lumen, normal tubules, intertubular tubules, basal cells,

and tubular epithelium, immobilized C. vulgaris was present or not .
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plate (3-5). histological Section of the digestive gland for P. euphraticus (control) 1. digestive tubule,
2. digestive lume ,3. hemolymphac gap between tubules,4. basohilic cell ,5. epithelial cell, 6.
digestive cell, 7. Vacuole . (H & E, Scale bar 40X).
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plate (3-6) . Cross section of the P. euphraticus clams digestive gland , showed 1. degeneration of
cell with enlarged vacuoles, 2.anylaysis tubular lumen, 3. large hemolymphac gap between tubules
,4. basophilic triangular shaped cell present in the connective tissue among the tubuleanlysis
epithelial cell ,5.diffuse hemocytic infilteration of connective tissue (,6. pyknotic state of cells
enlarged vacuoles(6). A &B without C.vulgaris and C&D with C.vulgaris , Ko:Cr,O; 30,50 mg/L,
(H & E, Scale bar 40X).
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3-5-2-2 Gills in clams P. euphraticus exposure to Potassium
Dichromate.

Histological sections of clams P. euphraticus showed many histological
changes after acute exposure to 20 and 50 mg/l of potassium dichromate
plate ( 3-8). In contrast to the control group plate (3-7), which showed
normal gill histological that contained cilia, dorsal epithelium, squamous
space, and ventral epithelium.

115



Chapter Three Results and discussion

plate (3-7): histological section of gills in clams P. euphraticus (control):1. Cilia,
Haemocoelic Space, 2.Ventral Epithelia ,3. Dorsal Epithelia ,4. haemocytes, (H & E, Scale

bar 40X).
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plate (3-8). Cross section of clams P. euphraticus of gills, revealed 1. epithelial lifting , 2.
secondary lamellar rupturing ,3. curling of secondary lamellae, 4. hyperplastic interlamellar
epithelium , 5. frontal fusion of cilia , 6. hemocytes blocking of hemolymph (H & E, Scale
bar 40X). A & B with Chlorella vulgaris ,C&D without Chlorella vulgaris, K,Cr,07 30,50

mg/L
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3-5-3 Digestive Gland and Gills in clams (C. fluminea) exposure
to Amoxicillin

3-5-3-1 Digestive Gland in clams C. fluminea exposure to

Amoxicillin experiment

The digestive gland of clams C. fluminea exhibited typical histological
structure in control groups, which contained basohilic cells, digestive lume,
basement membrane, hemolymph gap between tubules, typical tubules, and
connective tissue plate (3-9). In contrast, many histological alterations were
seen after exposure to 200 and300 mg/L of amoxicillin in plate (3-10),
including degeneration of cells with enlarged vacuoles, narrowing of the
tubular lumen, basophilic triangular-shaped cells present in the connective
tissue among the tubules, and dilation in the hemolymphatic spaces between

tubules. In the presence and absence of immobilized C. vulgaris.
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plate (3-9). histological Section of the digestive gland for C. fluminea (control) 1. basohilic
cell, 2. digestive lume, 3. basement membrane, 4. hemolymph gap between tubules; 5.
typical tubules;6. connective tissue ,( H & E, Scale bar:10X.)

300mg/I

plate (3-10). Cross section of the for C. fluminea digestive gland , showed 1.degeneration of cell
with enlarged vacuoles, 2. narrowing of tubular lumen , 3. basophilic triangular shaped cell present
in the connective tissue among the tubule, 4.and dilation in the hemolymphatic spaces between
tubules. A & B with Chlorella vulgaris ,C&D without Chlorella vulgaris , AMX 200,300 mg/L , (H
& E, Scale bar 40x).
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3-5-3-2 Gills in clams C. fluminea exposure to Amoxicillin
experiment

The gills of C. fluminea clamss showed a typical histological structure
in the control groups, which contained cilia, dorsal epithelium, hemocoely

space, and ventral epithelium plate 3-11.

In contrast, plate 3-12 shows several histological changes after exposure
to 200-300 mg/L. amoxicillin for 7 days, including secondary lamellar
rupture, secondary laminar wrinkling, hyperplastic interstitial epithelium,
and frontal fusion of the cilia. In the presence and absence of Chlorella

vulgaris.
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plate ( 3- 11) : histological section of gills in clams C. fluminea (control): 1.Cilia(1),
2.Haemocoelic Space, 3.haemocytes, 4.Dorsal Epithelia ((H & E, Scale bar 40x)

300mg/L
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plate (3-12). Cross section of C. fluminea gills ,1. showed epithelial of secondary lamellar
rupturing , 2. secondary lamellar sloughing shortening ,3.haemocyte , 4. frontal fusion of
cilia(, 5. and epithelial lifting, 6. necrosis , A & B with Chlorella vulgaris ,C&D without
Chlorella (H & E, Scale bar 40x).
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3-5-4 Digestive Gland in clams C. fluminea exposure to
potassium dichromate experiment

3-5-4-1 Digestive Gland in clams C. fluminea exposure to

potassium dichromate experiment

The digestive gland of clams C. fluminea exhibited typical histological
structure in control groups, which contained digestive gland lum, hemolymph
gap between tubules, typical tubules, and Tubular epithelium plate( 3-14). In
contrast, many histological alterations were seen after exposure to 20 and 50
mg/L of potassium dichromate plate (3-13), including degeneration of cells
with enlarged vacuoles, narrowing of the tubular lumen, basophilic triangular-
shaped cells present in the connective tissue among the tubules, and dilation in
the hemolymphatic spaces between tubules. In the presence and absence of

immobilized C. vulgaris.
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—

plate (3-13). histological Section of the digestive gland for C. fluminea (control) 1. digestive
lumen, 2. Tubular epithelium, 3.hemolymphac gap between, 4.typical tubules. (H & E, Scale
bar:10X)

plate ( 3-14 ). Cross section of the C. fluminea digestive gland , showed 1. shrinkage
epithelial cells, swollen nucleus , 2. pyknotic state of cells enlarged vacuoles (2), enlarged
hemolymphe spaces , 3. basophilic triangular shaped cell present in the connective tissue
among the tubule 4. Necrosis,5. anylaysis tubular lumen,6. diffuse hemocytic infilteration of
connective tissue, 7. lymphocytes(8). A & B with Chlorella vulgaris ,C&D without
Chlorella vulgaris , KoCr;07 30,50 mg/L, (H & E, Scale bar: 40x).
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3-5-4-2 Gills in clams C. fluminea exposure to potassium

dichromate experiment

plate 3-15 showed normal gill histological that contained cilia, squamous
space, and ventral epithelium in control groups ,in contrast,
sections of clams C. fluminea showed many histological changes after acute

exposure to 30 and 50 mg/1 of potassium dichromate plate 3-16.
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plate 3-15: histological section of gills in clams C. fluminea (control):1. Cilia, 2.
Haemocoelic Space ,3. Ventral Epithelia , (H & E, Scale bar: 10X).
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plate (3-16). Cross section of C. fluminea gills , showed 1. epithelial of secondary lamellar
rupturing , 2. secondary lamellar sloughing shortening , 3. haemocyte ,4. frontal fusion of cilia, 5.
epithelial lifting 6. Necrosis A & B with Chlorella vulgaris ,C&D without Chlorella vulgaris |,

K>Cr,0730,50 mg/L(H & E, Scale bar: 20x).
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Histological investigation of a group of untreated bivalves, P.
euphraticus and C. fluminea revealed the histological structure of normal
digestive glands as plate (3-1), (3-5), (3-9) and (3-13). In contrast,
Histological changes in the digestive glands, which appear as biomarkers of
environmental stress, are shown in plate (3-2), (3-6), (3-8) and (3-13) (C, D),
which include cell degeneration, amoebic cell infiltration, tubular lumen
narrowing, dilation of intertubular spaces, cell degeneration, and cell
necrosis, and it has been observed that these histological changes in the
digestive glands were less in the experiment with immobilized algae, as
shown in plate (3-2), (3-6), (3-8) and (3-13) (A, B).

Histological investigation of a group of untreated bivalves, P.
euphraticus and C. fluminea revealed the histological structure of normal
gills as shown in plate (3-3), (3-7), (3-11) and (3-15).In contrast, gill tissues
showed a variety of morphological changes as biomarkers of oxidative stress,

including moderate epithelial uplift.

As a result of hypertrophy, adjacent secondary lamellae have fused, The
secondary lamellae showed interlaminar hyperplasia, desquamation,
necrosis, and cellular hyperplasia, which are characteristic of gills affected
contamination Bassey (2019), as shown in plate (3-4), (3-8),( 3-12) and (3-
16), but it was observed that these histological changes in the gills were a
lesser degree in an experiment with deactivated algae, as shown in plate (3-
4), (3-8),( 3-12) and (3-16) (A, B).

Histopathological studies of target organs along with the studies of
oxidative stress would give the complete picture of pharmacetical hazards
and their toxic potential in aquatic animals .Analysis of histological
malformations is a widely used method to assess the effects of toxicants and

the environment (Hussain et al., 2022). The utilization of gills and digestive
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glands in this study is currently due to their importance in the metabolization
of contaminants such as medicines and detoxification processes. Because the
gills and digestive glands are target tissues for many contaminants, they were
chosen to evaluate the drug's effects; the digestive glands are primarily
responsible for the accumulation and metabolism of organic contaminants
(Trombini et al., 2019).The gill is an essential organ in bivalve molluscs that
aids in respiration and the sifting of food, and analysis of histological
abnormalities is a popular technique for determining how toxicants and the
environment affect organisms (Hossain et al., 2023). According to Joshy et
al. (2022), increased concentrations of toxicants, such as pharmaceuticals,
metals, pesticides, etc., impede the metabolic functions of cells inside tissues,

which results in cell death, hyperplasia, or cellular inequality.

The most commonly observed histological alterations in these study
included necrosis, vacuolation, haemocyte infiltration and granulocytomas,
in the digestive gland, as well as necrosis, edema and epithelial hyperplasia
in the gills.Necrotic cell death and excessive vacuole formation are common

diseases of muscle tissue due to exposure to toxins (Alonso et al., 2019).

Cell morphology observation is the most essential method in
toxicological investigations (Wu et al., 2019). Histopathological
abnormalities are often used as biomarkers in assessing the health of
organisms exposed to contaminants and have been regarded as the most
effective technique for evaluating toxic effects in both laboratory and field
research (Shah and Parveen, 2022). The current data show that there is a link
between acute exposure to amoxicillin antibiotics and potassium dichromate
and the histological changes observed in various tissues of the clams. The
histological changes observed in this study agree with many studies, such as
those studied by Rodrigues et al. (2019) and the histopathological impact of
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anti-erythromycin on Oncorhynchus, which caused gradual gill histological
changes such as mucosal hyperplasia, hyperplasia of the epithelial cells, and

hypertrophy of mucous cells.

The biochemical tests demonstrated that the balance of the antioxidant
system was disrupted as a result of the increase in the production of ROS,
leading to oxidative damage to the digestive gland, and with an increase in
the concentration of amoxicillin and potassium dichromate. As a result,
severe histopathological changes with oxidative damage appeared. It is
consistent with the findings of the study by Guo et al., 2022 toxic effects of
ciprofloxacin on the histological properties of C. fluminea in various
substrates: high CIP concentrations caused an expansion of the tubule lumen

and thinning of the epithelium in the digestive gland.

studied Awoke and Nkwuda (2019),chloramphenicol-induced
histopathological changes in the gills of juvenile Clarias gariepinus,
Histopathological changes included tubular lumen obstruction, blood vessel
epithelial congestion degeneration, lamellar fusion, and primary and

secondary gill lamellae degeneration.

Sheir (2020) investigated the histology responses of the clam Caelatura
nilotica in contaminated areas. It was noted that the histological composition
of the gills and digestive glands changed, the appearance of cilia between the
gill threads., the epithelium lost its integrity, and the digestive gland showed

infiltration of blood cells and necrosis in some digestive tubes.

Many studies that are consistent with a current study showing that
exposure to hexavalent chromium causes histopathological changes in the
gills and digestive glands, such as the study of Mishra and Mohanty. (2008)

Histological changes were observed in the gills of Channa punctatus after
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acute exposure to hexavalent chromium as epithelial hyperplasia, edema,
lamellar fusion, epithelial necrosis and desquamation, epithelial elevation,

and secondary lamellar wrinkling.

Wang et al., 2020, discovered that Cr(VI) exposure caused histological
alterations in Geloina erosa gills, including swelling of epithelial cells and

cilia destruction.

In this experiment, it was found that amoxicillin and potassium
dichromate cause histological abnormalities in the digestive gland and gills
of these two species of clams, perhaps due to their ability to cause oxidative
stress, and potassium dichromate was the most responsible for causing
histological changes in both species, perhaps because of its toxicity. Whereas
In an experiment treated with immobilized C. vulgaris inhibition, histological
changes may have been less severe, possibly due to the ability of this type of
algae to degrade these chemicals and convert them into less dangerous
compounds, thus reducing the oxidative stress of the clams (Ricky et
al.,2022; Ndlela et al.,2023).
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3-6 Principal Component Analysis (PCA)

3-6-1 Correlation between Amoxicillin and biochemical
markers in Clam C. flumine

In a current study, there is a correlation between amoxicillin

concentrations and a biochemical marker in C. fluminia. In the case of

without immobilization algae (C. vulgaris), TP showed a positive correlation

with CAT, SOD, and while GPX showed a positive inverse correlation,

while GSH, AA, ROS, and MDA showed a negative inverse correlation. In

the case of immobilization algae (C. vulgaris), CAT, SOD, and GPX showed
a positive correlation, whereas GSH, AA, ROS, MDA, and TP showed a

negative relationship. Figure 3-17

0.8

-0.8

P

GPX
_sop

“ROS

“GsH

©
GPY"* °
TP
SOD‘
i
AA,
MDA-,
ROS
GsH @
. <
15 with C.vulgaris 1.0 0.2

without € vilanris

Figure 3-17: Correlations between the antibiotic amoxicillin and biochemical markers in

Clam C. fluminea
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3-6-2 Correlation between Amoxicillin and Biochemical
Markers in Clam P.euphraticus

A current study found a correlation between amoxicillin concentrations
and a biochemical marker in Clam P. euphraticus. In the absence of
immobilization (C. vulgaris), TP and GPX showed negative correlation, AA
and GPH showed positive inverse correlation, while SOD, CAT, ROS, and
MDA showed negative inverse correlation. In the case of immobilized
algae(C. vulgaris), CAT, TP, SOD, and GSH showed correlation results.
Positive correlation, AA and ROS negative direct correlation, while GPX

showed a negative inverse correlation. Figure 3-18
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Figure 3-18: Correlations between the antibiotic amoxicillin and biochemical markers in Clam
P.euphraticus
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3-6-3 Correlation

between

Biochemical Markers in Clam C. flumine

Results and discussion

Potassium Dichromate

Observed a correlation between potassium dichromate concentration and a

biochemical markers in Clam C. flumine. In the absence of immobilization

algae (C. vulgaris), TP and GSH showed a positive connection. AA, SOD,

MDA, ROS and CAT demonstrated positive inverse correlations, while GPX

and ROS demonstrated negative inverse correlations.

In the case of

immobilized algae (C. vulgaris), GSH and TP had positive correlations, while
ROS, SOD, AA,CAT and MDA had negative correlations, and GPX had a

negative inverse correlation figure 3-19.
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Figure 3-19: Correlations between the potassium dichromate and biochemical markers in

Clam C. flumine
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3-6-4 Correlation between Potassium Dichromate and
Biochemical Marke Clam P.euphraticus

A current study found a correlation between potassium dichromate
concentrations and a biochemical marker in Clam P. euphraticus. In the
absence of immobilization (C. vulgaris), GPX, GSH and AA showed
negative correlation, MDA, and CAT showed positive inverse correlation
GPX and ROS showed negative inverse correlation while SOD and ROS
showed negative inverse correlation. In the case of immobilization algae (C.
vulgaris), GSH and TP showed positive correlation correlations, ROS, SOD,
AA , CAT and MDA showed negative correlations while GPX negative

inverse correlation in Clam P.euphraticus. Figure 3-20
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Figure 3-20: Correlations between the potassium dichromate and biochemical markers in Clam

P.euphraticus
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Conclusions
1- Mortality rate increased with high concentrations of AMX and K,Cr,0O,

2- Many behavioral changes, such as valve shutting, body retraction into the
shell, stretching effect on the foot, and siphoning, have been observed in
the clam species under study when exposed to varying concentration of
AMX and K,Cr,05, and no mucus secretion was observed upon exposure
to amoxicillin,while mucus secretion was observed upon exposure to

potassium dichromate.

3- The causes of AMX and K,Cr,0O7 Increased levels of CAT, SOD, GSH,

and MDA as a result of excessive ROS generation.

4- High exposure to AMX and K,Cr,0O; causes a decrease in total protein
and an increase in concentrations of ascorbic acid and MDA, which may
be due to the increased production of ROS as a tool for detecting changes

caused by different chemical pollutants.

5- High concentrations of AMX and K,Cr,O; lead to histological damage

in digestive glands and gills of P. euphraticus and C. fluminea.

6- Used Application of immobilized algae, C. vulgaris, had an important
role in reducing the toxicity of AMX and K,Cr,O; and minimizing

oxidative stress in the two species of clam under study.

7- Potassium dichromate was the most toxic and harmful in both species of
studied clams; the species C. fluminea suffered more from oxidative stress

when exposed to pharmaceuticals from the species P. euphraticus clams.
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Recommendations

1- Study the fate and transport of pharmaceutical waste in different aquatic
systems.
2- Study the mechanization of the bioremediation of pharmaceutical waste

by mollusca species.

3- Study the bioaccumulation and bioconcentration of medicend waste in

different aquatic organisms, especially mollusca,

4-Application of immobilized algae in biomonitoring and treatment of

medical waste water
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Appendex 1. Lethal concentration (LCso) for C. fluminea after 96-h exposure to the AM

Confidence Limits

Probabil 95% Confidence Limits for 95% Confidence Limits for
ity concentration log(concentration)?
Estimate Lower Upper Estimate Lower Upper
Bound Bound Bound Bound

PRO .010 28.998 1.462
BIT .020 39.893 1.601

.030 48.842 1.689

.040 56.874 1.755

.050 64.372 1.809

.060 71.527 1.854

.070 78.453 1.895

.080 85.222 1.931

.090 91.883 1.963

.100 98.474 1.993

150 131.186 2.118

.200 164.775 2.217

.250 200.366 2.302

.300 238.836 2.378

.350 281.047 2.449

400 327.979 2.516

450 380.833 2.581

.500 441.159 2.645

.550 511.040 2.708

.600 593.394 2.773

.650 692.486 2.840

.700 814.874 2.911

.750 971.324 2.987

.800 1181.134 3.072

.850 1483.545 3.171

.900 1976.368 3.296

910 2118.139 3.326

.920 2283.702 3.359

.930 2480.724 3.395

.940 2720.926 3.435

.950 3023.393 3.480

.960 3421.982 3.534

a. Logarithm base = 10.
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Appendex 2 Lethal concentration (LC50) for P. euphraticus after 96-h exposure to the AMX

Confidence Limits
Probabi 95% Confidence Limits for 95% Confidence Limits for
lity concentration log(concentration)?
Estimate Lower Upper Estimate Lower Upper
Bound Bound Bound Boun
d

PROBIT .010 26.961 . . 1.431

.020 37.095 . . 1.569

.030 45.419 . . 1.657

.040 52.891 . . 1.723

.050 59.866 . . 1.777

.060 66.523 . . 1.823

.070 72.967 . . 1.863

.080 79.264 . . 1.899

.090 85.462 . . 1.932

.100 91.595 . . 1.962

.150 122.034 . . 2.086

.200 153.292 . . 2.186

.250 186.416 . . 2.270

.300 222.220 . . 2.347

.350 261.509 . . 2.417

400 305.195 . . 2.485

450 354.396 . . 2.549

.500 410.555 . . 2.613

.550 475.613 . . 2.677

.600 552.287 . . 2.742

.650 644.549 . . 2.809

.700 758.507 . . 2.880

.750 904.191 . . 2.956

.800 1099.574 . . 3.041

.850 1381.213 . . 3.140

.900 1840.224 . . 3.265

.910 1972.276 . . 3.295

.920 2126.494 . . 3.328

.930 2310.020 . . 3.364

.940 2533.774 . . 3.404

.950 2815.540 . . 3.450
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3-Lethal concentration (LCso) for P. euphraticus after 96 h exposure to the K,Cr,O;

References

Confidence Limits

Probabilit 95% Confidence Limits for concentration

y Estimate Lower Upper

Bound Bound
PROBIT .010 -65.493- -315.379- -10.819-
a .020 -49.183- -267.512- -.225-
.030 -38.834- -237.271- 6.627
.040 -31.049- -214.610- 11.869
.050 -24.717- -196.249- 16.205
.060 -19.328- -180.681- 19.955
.070 -14.602- -167.086- 23.299
.080 -10.370- -154.964- 26.344
.090 -6.522- -143.988- 29.161
.100 -2.980- -133.931- 31.801
.150 11.686 -92.931- 43.369
.200 23.342 -61.456- 53.674
.250 33.342 -35.764- 63.826
.300 42.322 -14.287- 74.537
.350 50.644 3.724 86.353
400 58.540 18.733 99.647
450 66.180 31.199 114.565
.500 73.699 41.654 131.059
.550 81.217 50.641 149.022
.600 88.857 58.639 168.407
.650 96.753 66.039 189.310
.700 105.075 73.165 212.011
.750 114.055 80.315 237.051
.800 124.055 87.817 265.391
.850 135.711 96.146 298.842
.900 150.377 106.200 341.357
.910 153.920 108.577 351.677
.920 157.768 111.140 362.907
.930 161.999 113.939 375.274
.940 166.725 117.043 389.109
.950 172.115 120.558 404.913
.960 178.447 124.658 423.510

a. A heterogeneity factor is used.

a. Logarithm base = 10.
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4-Lethal concentration (LC50) for C. fluminea after 96 h exposure to the K,Cr,O-

References

Confidence Limits

Probabilit 95% Confidence Limits for concentration

y Estimate Lower Upper

Bound Bound
PROBIT .010 -105.865- -487.598- -32.975-
a .020 -84.468- -418.290- -19.635-
.030 -70.893- -374.432- -11.056-
.040 -60.681- -341.518- -4.523-
.050 -52.374- -314.810- .855
.060 -45.303- -292.131- 5.487
.070 -39.104- -272.296- 9.598
.080 -33.553- -254.582- 13.326
.090 -28.505- -238.517- 16.760
.100 -23.858- -223.772- 19.964
.150 -4.618- -163.324- 33.832
.200 10.673 -116.373- 45.945
.250 23.791 -77.488- 57.732
.300 35.572 -44.472- 70.221
.350 46.489 -16.499- 84.414
400 56.847 6.662 101.266
450 66.870 25.294 121.346
.500 76.733 40.146 144.592
.550 86.596 52.275 170.561
.600 96.618 62.660 198.888
.650 106.977 72.046 229.515
.700 117.894 80.976 262.751
.750 129.674 89.897 299.335
.800 142.793 99.261 340.643
.850 158.084 109.683 389.284
.900 177.323 122.317 450.966
.910 181.970 125.312 465.920
.920 187.019 128.546 482.186
.930 192.569 132.080 500.093
.940 198.769 136.005 520.115
.950 205.839 140.454 542.977
.960 214.146 145.650 569.867
.970 224.359 151.999 602.965

a. A heterogeneity factor is used.
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5-principal component analysis(PCA) in C.fluminea clams

C.fluminea+tAMX with C.vulgaris

Axes 1 2 3 4 Total inertia
Eigenvalues 0.889 0.086 0.025 0.000 1.000
Cumulative percentage variance
of species data 88.9 97.5 100.0 0.00
Sum of all eigenvalues 1.000

C.fluminea+tAMX without C.vulgaris

Axes 1 2 3 4 Total inertia
Eigenvalues 0.817 0.171 0.013 0.000 1.000
Cumulative percentage variance
of species data 81.7 98.7 100.0 0.00
Sum of all eigenvalues 1.000

C.fluminae+K2Cr207 with C.vulgaris

Axes 1 2 3 4 Total inertia
Eigenvalues 0.935 0.045 0.020 0.000 1.000
of species data 93.5 98.0 100.0 0.00
Sum of all eigenvalues 1.000

C.fluminae+K2Cr207 without C.vulgaris

Axes 1 2 3 4 Total inertia
Eigenvalues 0.957 0.035 0.008 0.000 1.000
of species data 95.7 99.2 100.0 0.00
Sum of all eigenvalues 1.000
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6-principal component analysis(PCA) in P.euphraticus clams

P.euphraticus+tAMX with C.vulgaris

Axes 1 2 3 4 Total inertia
Eigenvalues 0.908 0.077 0.015 0.000 1.000
Cumulative percentage variance
of species data 90.8 98.5 100.0 0.00
Sum of all eigenvalues 1.000

P.euphraticus+AMX without C.vulgaris

Axes 1 2 3 4 Total inertia
Eigenvalues 0.945 0.053 0.001 0.000 1.000
Cumulative percentage variance
of species data 94.5 99.9 100.0 0.00
Sum of all eigenvalues 1.000

P.euphraticus +K2Cr207 without C.vulgaris

Axes 1 2 3 4 Total inertia
Eigenvalues 0.879 0.088 0.033 0.000 1.000
of species data 87.9 96.7 100.0 0.00
Sum of all eigenvalues 1.000

P.euphraticus +K2Cr207 with C.vulgaris

Axes 1 2 3 4 Total inertia
Eigenvalues 0.740 0.237 0.023 0.000 1.000
of species data 74.0 97.7 100.0 0.00
Sum of all eigenvalues 1.000
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- aale (694-430.3) 4l Adeall of sall laa) 5 sil/a2le3.35

300 <200 <100) Cplsssns 5aY) (40 Adliza 581 51 (LCS50) 50 Casaall 58 il (uld o
s S Cus o(C. flumineas P. euphraticus) c» )las 144 sl B (Lil/pake
S ad sl Wiy (il e sil/aale 441,15 5 410.55 o dels 96 I LC50
DS gl gall Sl S A gadl) aladivd xie (76.73 5 73.96) 4elu 96 32al LCS50
P. euphraticus (216=sladll Jaal) & lazle (150 <100 <50 <30 <20)
Sl e C.flumineas
3 gall Lguzm pad 2ay 4S5l byl (e Ao gane 3 AW &) jeaddl Gl sd ekl
0585 Ladie agde CilS Laa Jshal 4y cl il alSaly eilebaa Ji clly 8 Ly dgauall
Adldl 585 vie @ D saies gl s AlBY) 0S5 el Gy b s gida
Ay ol sell & O gedalaall 5 ) 5 cpudanill 5 cdalaiia e Aaliw SIS ja Sigaa ) szl
A< all
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P. euphraticus osdaall @l 53 Hlawll e (e 5l 40asS gl il b sall Al o Caal
<ilS (C. vulgaris) sadal lladall e 6 alan 5o (= 52d) 23 C, fluminea
(22.52 - 12.99) e sl 38 I (ROS) Aleléill uaaS ¥ g1 53l o il 1 L LS il
a8l e PP euphraticus ¢sisy (Jsl Je pg/mg( 42.86 - 30.79) s png/mg
¢ Jofsan 5( 33.33 - 20.79) :(GPX) xSy 0585 slall 5 «(CAT) ¢(SOD) - 4l
<ilS C. fluminea 2 L ¢ Vil e s, U/L (8.36 - 5.70) 5 KU /L ( 30.5 -25.44)
e« UL (21.12-16.41)5 KU /L ( 51.78-42.51) 5 Jefsass (1 50.033-35.49)
8.03-4.25) 5 prle/oe( 10.37-7.55) (e sl S (GSH) 0slislall o a5
14.48-13.41) 0 (AA) clussSu¥l Gads ad cingl Ly (il Lo ae/a(
11.14-9.65) (TP) I (sl af Sy | yias Saa( 76.79-42.92 )5 Jses_Sase(
-17.69) (MDA) 2alviglall ad <l G A cai/pala( 19.57-35.52) 5 ad/pile(
(sl e e sl SISY Y sa 5 Sa( 17.21-9.33) 5 VU 505 Sae( 42.43
25> 5 4P, euphraticus 5 C.fluminea e 32841 C.vulgaris Guki & Laie
- 8.80) ROS af il sl muimse 5o LS Al gull il pdgall CulS ¢l g
(21.62- 12.72) SOD a il s ; W sl e png/mg (35.49 - 21.33) s pg/mg (16.73
(25.15 - 17.56) a8 CAT <ehls o M sill e Jo/32n5(35.49 - 21.46) 5 Ja fo2n 5
(19.58-5.02) C GPX aff <o) i Laisy sl e KU/L( 35.33 - 22.16) 5 KU/L
6.27-2.83) Ox GSH af gy (Ml e UL ( 19.28-14.16)5U/L
-13.41) on AA a8 Alas Dl e ae/al e 5 S (19.46-6.54) 5 at/al e 5 Sae(
14.25) Uasal)l TP o8 Sy 5l o J 505800 59.80-38.11) 5 Jses8m( 14.48
MDA asf <o gl jicl jaly Jsill e sz / aile (41.41 - 39.23) 5 a8 / aile (15.60 -
sl e Y0 a5 S (23.97-11.60) 58/ 50580 (22.72-6.77)

G b e aidl C, vulgaris wlhe 3 Aalall el a8 e el o

ddlinae 38 i (KyCr07) psslisdl cilay S AW ) C.flumineas P. euphraticus
ROS af <l : Ul gl o dibiasS gl @l yisall clas ¢ 3/ aile (50 <30 20)
-33.40) = SOD af sl . pg/mg(63.66-37.89) 5 ug/mg (51.05-37.50)
CAT (25.76 - 27.16) af Jeaasi i Ly cJofsan 5 (35.96-54.04) 5 Jofs2n 5 (28.36
10.99) 5 U/L(6.34 ) 4.35) e GPX o il s «KU/L (46.74 - 27.19) sKU/L
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- 12.79) G a& /ol se 5 Sae (16.37 - 8.57) e GSH afh &asljis ¢ U/L(43.35 -
(50.37 Y 35.3) 5 Jsas 5 (26.94 - 20.37) AA ad iS5 caé / ol 5 Sie (36.86
ot otfaile (39.11-18.43)5 at/aile (12.79-10.86) s« TP aff onslyis cJses Sae
SIS S S/l 58 5 Sae (23.22-12.68 5 59.88-29.01) MDA a <uilSy ¢ il e

sl e

il pdgall @oedal dilul 4l A C. ovulgaris saddl skl dili) e
¢« ug/mg (51.0-41.0) ) ng/mg (42.06-33.88) ¢« ROS :Adull asll dsilias sl
Lain cdofsans (31.4- 23.36) &) Jofsans (46.74 -27.19) s« SOD ad caagl 5is
7.34-)GPX af <l (KU/L (48.99-24.55) 5 (40.32 -26.88) C CAT aff can 5) 53
7.58) 5 axke/al & 5 S3e (9.7 -22.47) GSH a8 iS5 U/L (37.99-9.37) sU/L (3.87
- 23.67)5 Jsas S (27.94- 24.83) Cm AA ad Sl sig carle/al 2 5 S (30.26-
(20.44 - 35.69) s at/arke (10.93 - 13.56) TP af S Laiy «Jse 5,50 (38.89
(47.92 - 23.06) 5 sVJsesSse (9.81 - 11.44) MDA af Sy cat/pile
& OlSsal S /a2 300 5 KoCrOy silae 50 58S of LAl e il sas 80
Al il e A aal)
e vl Sle KyCrOrs AMX Sl dlisha 3 5l P, euphraticus asss ax
Cilaliall g iy (LIAN Gu5s aall LA LAY #La ) celld 8 Loy Lpmpuatll <l il
s el Lai ¢ 5] Gy gatl) Baal g cApaagll 5aall LA 530 5 ccandi¥) G & slaall)
Al 5l LA AL 5 WA add 5 ol zleni) Jie Al andilall 8 da

A el LA 3 3

s @l 8 Ly dpaagdl dall 8 s Chas 2@ CL fluminea = Glah Lad

Cay saill (Ganiai 5 dpanagl) Bl LA A0 5 dliall AoV L ) 5 dpanagl) ) il

LA s apdlbadl 8 aal) LA dapul) <l jal) Cilads Lad 4 glaalll aall jass a5V
Y lgaail 5 4 lelall dSdall (3 jai g 5 lelall HAd
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