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Abstract:
Antibiotics in the aquatic environment have a negative impact on non-target aquatic organisms. The current study

intends to evaluate the effects of the toxicity of the amoxicillin antibiotic and the contribution of immobilized Chlorella
vulgaris to decreasing toxicity by observing histological changes in the clam Pseudodontopsis euphraticus. The results
demonstrated that seven days of exposure to amoxicillin in different concentrations of 100, 200, and 300 mg/L caused
significant histological changes, including cell infiltration, haemocytes, cell degeneration, large lymphatic spaces between
the tubes, necrosis of the cells of the digestive glands, and narrowing of the tubular lumen, while histological changes to the
gills included an anterior fusion of the cilia, hyperplasia of cells, infiltration of blood cells, necrosis, and rupture of
epithelial cellse specially in concentrations of 200 and 300 mg/L, The results of the present study showed that immobilized
C. vulgaris contributed effectively to reducing amoxicillin toxicity by alleviating the histological changes in freshwater
clams P. euphraticus. The aim of the study was to use histological changes to evaluate the use of immobilized algae in

reducing the toxic effect of amoxilcillin on Pseudodontopsis euphraticus
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Introduction

Amoxicillin (AMX) is an antibiotic widely utilized in both human and veterinary medicine around the globe. This
medicine has been discharged into the environment at levels vary from ng L' to pg L 'due to its extensive manufacturing
and use [1]. Antibiotics are clarified as an emerging pollutant because of the serious harm they cause to aquatic organisms,
as abnormalities of embryonic development, histological changes, increased oxidative stress, etc. the most important
environmental problem for antibiotics in an aquatic system is the emergence of bacteria and antibiotic resistance genera that
kill 700,000 people each year. [2].

C. vulgaris is a promising environmental option for the removal of emerging contaminants such as antibiotics from
aquatic environments due to its ability to withstand oxidative stress through its physiological susceptibility to the
decomposition of various pollutants, it has rapid growth, and high tolerance to difficult environmental conditions such as
salinity and heat [3][34]. Algae immobilization technology is gaining popularity and is being used in a variety of
environmental applications, including wastewater treatment by removing pharmaceuticals, nutrients, dyes, and heavy
metals. [4][32].

The of bivalve mollusks are widely used as reliable indicators to determine the types and concentrations of several
pollutants in different aquatic systems [5]. This is due to its possession of many important features such as wide
distribution, abundance, stable behavior, physical size, filter feeding, and ease of breeding in the laboratory [6][33].
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 [7].

Histological studies are one of the most appropriate possible biomarkers because they measure response to short and
long periods of exposure pollution , use many tissues, are distinguishable, and can be effective [8]. Histopathological
changes in tissues were identified accurate biomarkers for differentiating contamination levels in various aquatic
envieroment[9].

The present study aims to evaluate the detrimental effect of amoxicillin on histological biomarkers in freshwater clams,
Pseudontopsis euphraticus, and reduce these effects by using immobilized C. vulgaris as an environmentally friendly

method.

Material &Methods:

Sample collection and identification

A P. euphraticus clam sample has been obtained from the Euphrates River, approximately 20 kilometers west of
the city of Hilla and approximately the same distance east of the city of Karbala, in the Al-Hindiya region "(32°32' 29.9 N,
44°13' 38.7 E)", figure 1,to be used in toxicity testing. 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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Figure (1): Satellite Image of sampling sites (Euphrates River

Immobilized Method

The microalgae (Chlorella vulgaris) sample was acquired by the "Environmental Research and Studies Center,
University of Babylon, Irag." For the preparation of immobilized C. vulgaris, 50 mL of C. vulgaris in stationary phase was
taken on days 12 and 14 and then condensed by centrifugation for 3 min at 3000 rpm (Hettich). Then, the concentrated
algae were collected, mixed with an equivalent amount of 2% sodium alginate solution, and then pulled into a medical
syringe or separation funnel, after which the mixture was dripped drop by drop into a beaker containing calcium chloride at
a concentration of 3% and gently stirred for 1-2 min. It will form beads, after which they are thoroughly rinsed using
distilled water by a strainer for tea to remove the granules formed from the CaCl; solution. After that, they are kept in

distilled water in a cool place [10][11].
Pharmaceutical Material

Amoxicillin trihydrate, C16H19N30sS, used in this study was gotten from "General Company for the Manufacture
of Medicines and Medical Supplies Samarra, Iraq".

Design of Experiments

Freshwater clams, P. euphraticus, with shell lengths that varied from 3.5 to 4.6 cm, were from the Euphrates
River and transferred to the laboratory. It was putted in 24 plastic containers, with dimensions of (18x21x31)cm. They
were acclimatized for five days with dechlorinated water, after which they were exposed to amoxicillin at doses of 100,
200, and 300 mg/l for seven consecutive days, and immobilized C. vulgaris (5-15 beads) was put in all amoxicillin-
treated containers.
Histological Biomarkers

To make histological sections, digestive tract and gills were collected from mollusks after the end of experiment and
preserved in formaldehyde (10%) [12]. utilizing a graded ethanol series (70-100%)to dehydrating and paraffin embedded;
5-8 um thicknesses were taken using a Leitz 1512 microtome, and it was stained with hematoxylin and eosin (H&E), and

histological sections are examined using an Olympus microscope (Leica DMi9) equipped with a digital camera [13][14].
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Results and Discussion

Histological changes of digestive tract in P. euphraticus

Cell morphological monitoring is a fundamental strategy in toxicological investigations [15]. Such observations can
reveal histopathological alterations in an organism following contaminants exposure. The digestive gland of bivalves is an
important organ for metabolism and bioaccumulation, and its epithelial cells covering digestive tubules are sensitive to the
detrimental impacts of a variety of contaminants [16]. The digestive tract, which is crucial, is involved in nutrition
absorption, hormone production, energy metabolism, and immunological protection [17]. In clams, the digestive tract has
one layer of epithelial cells surrounded by a virtually occulted lumen, basohilic cells, digestive lume, basement membrane,

hemolymphac gap between tubules, and connective tissue [18] , as shown in Figure 2.

Figure (2): histological Section of the digestive tract for P. euphraticus (control) 1. basophilic cell, 2. digestive lumen, 3.
basement membrane, 4. hemolymphatic gap between tubules, 5. typical tubules, 6. connective tissue , (H & E, Scale bar;
10X).

Following the exposure to AMX, Microscopic examinations revealed significant changes in the digestive tract cells
(Figure. 3). The clams treated with a concentration of 200-300 mg/L amoxicillin showed a variety of histological
abnormalities, including shrinkage of epithelial cells, an expanded nucleus, enlarged vacuoles, and increased
hemolymphatic gaps. Hemolytic infiltration of connective tissue was slightly at 200 mg/L concentrations. but acute
degeneration of digestive tubules and necrosis of epithelial cells were seen at a 300mg/L concentration. In the case of

adding immobilized C. vulgaris, it was observed that histological changes were less in clams as seen in Figure 4.
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Figure (3): Cross section of the P. euphraticus clams digestive tract , showed 1. shrinkage epithelial cells, swollen
nucleus, 2. cells enlarged vacuoles ,3. enlarged hemolymph spaces, (without C.vulgaris ) .H & E, Scale bar 40x

Figure (4): Cross section of P. euphraticus digestive tract shown 3.enlarged hemolymphe spaces ,4. basophilic triangular
shaped cell present in the connective tissue among the tubule,( with C.vulgaris ), H & E, Scale bar 40x .

Histological changes of gills in P. euphraticus

Gills are the first point of contact between bivalve mollusks and an aquatic environment and play an important role in
feeding and respiration processes in molluscs. These structures are therefore significantly vulnerable to different
environmental stresses[19]. represented in the control samples consist of the gill filaments with a normal density of ciliated

epithelial cells, as shown Figure 5.

Figure (5): 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).
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After exposure to AMX, clear histological changes appeared in the gills, and these changes were proportionate to the rise
in concentration. Particularly after exposure to a concentration of 300 mg/l, and these changes included epithelial
elongating, secondary lamellar rupturing, curling of secondary lamellae, hyperplastic interlamellar epithelium, and
hemocytes necrosis, as shown in Figure 6. In the case of adding immobilized C. vulgaris, it was observed that

histological changes were less in clams as seen in Figure 7.

Figure (6): Cross section of clams P. euphraticus, showed 1. epithelial elongating ,secondary lamellar rupturing ,3. curling
of secondary lamellae ,4. hyperplastic interlamellar epithelium,5. hemocytes necrosis 6, haemocytes (H & E, Scale bar 10X)
, (without C. vulgaris)

Figure (7): Cross section of clams P. euphraticus, showed 1. epithelial elongating,secondary lamellar rupturing ,3. curling
of secondary lamellae ,4. Hyperplastic interlamellar epithelium,5. hemocytes necrosis (H & E, Scale bar 10X) ,( with C.
vulgaris)

Histological malformation analysis is a popular tool to evaluate the impact of toxicants and the
environment[19]. The utilization of gills and digestive tract 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 tract are
target tissues for numerous pollutants, they were chosen to evaluate the drug's impacts. The digestive tract are primarily
responsible for the collection and metabolism of organic substances [20]. Necrotic cell death and excessive vacuole
formation are common diseases of muscle tissue due to exposure to toxins in clams [21] . In a current study, the
hyperplasia in digestive tract sections treated with AMX was observed The increase in the concentration of toxic

substances such as drugs, pesticides, etc. blocks the normal metabolic processes of the cells within The increase in the
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concentration of toxic substances such as drugs, pesticides, etc. blocks the normal metabolic processes of the cells within
the tissues, which causes hyperplasia, cellular inequality, and cell death [22].

Observation in this study agree with many studies, such as those studied by Rodrigues et al.'s histopathological
impact of anti-erythromycin on Oncorhynchus mykiss,, which caused gradual gill histological changes such as mucosal
hyperplasia, hyperplasia of the epithelial cells, and hypertrophy of mucous cells [23]. Similar histological changes in the
gill tissue of Corbicula fluminea were observed because of Bisphenol-A exposure, which also caused histological
changes in muscle soft tissues in clams [24]. The formation of vacuoles and necrotic cell death are pathological signs in
the muscle tissue of an organism as a result of a response to toxic substances [25]. Stalin et al. exhibit the same
histological abnormalities in the gills of Lamellidens marginalis after chlorpyrifos exposure, including enlarged gill
filaments, necrosis, lamellar fusion, and structural alterations [26]. When compared to the control group, the degree of
damage in the gill tissues and digestive tract due to exposure to AMX depended on the exposure period and
concentration of amoxicillin, and this study agrees with what was indicated by [27].

The present study shows that there is a link between acute exposure to the antibiotic amoxicillin and the
histological changes observed in different tissues of clams, due to the AMX induces increased Reactive Oxygen Species
ROS production that leads to oxidative stress in P. euphraticus and thus the occurrence of histological changes in clams.
[28][29]. that Teboconazole- induced histological harm in the digestive tract and gills which increased with time and
dose in the Mediterranean mussel Mytilus. Whereas in an experiment treated with C. vulgaris inhibitor, 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 [30][ [31][32].

Conclusion

According to the findings of this study, antibiotics such as AMX can cause a range of mild to severe histological
changes in P. euphraticus clams, depending on the concentration. This is due to amoxicillin's ability to cause an increase in
the production of ROS reactive oxygen species in clams, resulting in increased oxidative stress and significant histological
alterations in P. euphraticus. A recent study demonstrated the ability of immobilized C. vulgaris to reduce histological
effects in clams due to the fact that immobilized C. vulgaris has a great capacity to adapt to aguatic environments containing
pharmaceutical preparations; it also has a number of mechanisms as bioadsorption, bioaccumulation and biodegradation,
that enable it to remove antioxidants, thus reducing oxidative stress. More researches are require to see if immobilized C.
vulgaris can lessen the harmful effects of different antibiotics on non-target aquatic organisms, as well as an investigation

into the mechanisms of removal of these pollutants by algae.
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