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 Background: Yellow grub (Clinostomum marginatum) infection severely impairs 

Nile tilapia productivity, causing growth retardation, hematological disorders, and 

increased susceptibility to secondary infections. Methods This study 

comprehensively evaluates the biosynthesis, characterization, and multifaceted 

biological activities of selenium nanoparticles (SeNPs) produced 

using Saccharomyces cerevisiae SA33, which MALDI-TOF identified as S. 

cerevisiae DSM 34246 and their effect in mitigating infections caused 

by Clinostomum marginatum. The antioxidant, antibacterial, and antiparasitic 

activities of SeNPs were determined using the DPPH assay, disc assay, and measuring 

parasite mortality, respectively. Results: UV-Vis spectroscopy confirmed the 

formation of SeNPs with a distinct absorption peak at 285 nm, and transmission 

electron microscopy (TEM) revealed well-dispersed, spherical nanoparticles with an 

average diameter of ~40 nm. Dynamic light scattering (DLS) and zeta potential 

analysis indicated a monodisperse size distribution (33 nm) and moderate colloidal 

stability (-22.35 mV). The biosynthesized SeNPs (200 µg/mL) exhibited potent dose-

dependent antioxidant activity, scavenging over 90% of DPPH radicals. Antibacterial 

assay demonstrated significant growth inhibition against pathogenic 

bacteria. Antiparasitic activity of SeNPs against Clinostomum marginatum (Yellow 

Grub) reached >80% inhibition compared to praziquantel 75 %. In yellow grub-

infected Nile tilapia, SeNPs (200 mg/kg diet) significantly enhanced growth 

performance, increasing final weight, weight gain, and feed efficiency, however, 

decreasing the FCR, while maintaining 100% survival. Hematological analysis of 

infected fish revealed SeNPs restored red blood cell counts, hemoglobin levels, and 

immune cell balance, counteracting parasitic anemia and inflammation. Serum 

biochemistry confirmed hepatoprotective effects, reducing stress markers (cortisol 

decreased from 9.89 to 1.90 µg/mL) and enhancing immune responses (lysozyme 

activity increased by 82%). Gene expression studies showed SeNPs upregulated 

growth-related genes (GHR) and myogenic regulators (MYOG, MYF6). 

Histopathological assessment demonstrated SeNPs' protective role, reversing gill 

damage (lamellar fusion, necrosis) caused by Clinostomum infection. Additionally, 

SeNPs reduced the bacterial count in water and fish organs. Conclusion: These 

findings highlight SeNPs as a versatile, eco-friendly nanomaterial with antioxidant, 

antimicrobial, antiparasitic, and growth-promoting properties, providing a sustainable 

solution for enhancing aquaculture health and productivity. 
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INTRODUCTION 

 

Aquaculture has become an indispensable component 

of global food security, accounting for nearly 50% of the 

world's fish supply for human consumption (FAO, 2022). 

Among cultured species, Nile tilapia (Oreochromis 

niloticus) ranks as the second most farmed fish worldwide 

due to its rapid growth rate, hardiness, and high market 

demand (Fitzsimmons, 2021; El-Saadony et al., 2021a). 

However, parasitic infections remain a significant 

constraint to sustainable tilapia production, resulting in 

annual losses exceeding $1 billion globally (Shinn et al., 

2023). The digenetic trematode Clinostomum marginatum, 

causative agent of yellow grub disease, has emerged as 

particularly problematic in tropical and subtropical 

aquaculture systems (Mahdy et al., 2023). 

Clinostomum marginatum infection manifests as 

characteristic yellow cysts in the muscle and gills of fish, 

leading to severe pathological consequences, including 

tissue necrosis, growth retardation, and increased 

susceptibility to secondary infections (Mahdy et al., 

2024a). Infected fish exhibit up to 40% reduction in growth 

performance and 30% mortality rates in commercial farms 

(Radwan et al., 2023). The parasite's complex life cycle 

involving piscivorous birds as definitive hosts makes 

complete eradication challenging in open-water systems 

(Mwainge et al., 2021). Current control strategies 

predominantly rely on chemical therapeutics such as 

Praziquantel and triclabendazole (Yildiz and Yilmaz, 

2024). While effective, these compounds present 

significant drawbacks, including the development of 

parasite resistance (Mengarda et al., 2023), negative 

impacts on non-target organisms (Caneschi et al., 2023), 

and strict withdrawal periods that disrupt production cycles 

(Sedyaaw and Bhatkar, 2024). These limitations have 

spurred research into alternative control measures that are 

both effective and environmentally sustainable. 

Nanotechnology has revolutionized disease 

management across multiple sectors, with particular 

promise for aquaculture applications ( Mawed et al., 

2022; George et al., 2023). Green-synthesized selenium 

nanoparticles (SeNPs) are produced through 

environmentally friendly methods, often utilizing plant 

extracts as reducing and capping agents, resulting in 

nanoparticles with enhanced biocompatibility and 

reduced toxicity compared to those synthesized by 

conventional chemical routes (Alqaraleh et al., 2024; 

Ibrahim et al., 2024). Characterization of green-

synthesized selenium nanoparticles (SeNPs) from 

previous studies highlights their nanometer-scale size, 

negative surface charge, and functional activity. For 

selenium nanoparticles synthesized using Euphorbia 

retusa extract: TEM showed spherical particles below 100 

nm; UV–Vis peak at 245 nm; zeta potential −19.0 mV; 

phytochemical contents (phenolics 82.71 mg gallic 

acid/g, flavonoids 15.64 mg catechin/g, tannins 4.73 mg 

tannic acid/g); antioxidant DPPH IC50 of 0.247 mg/ml 

(Abduljabbara et al., 2024; Ugli et al., 2025). In another 

study, SeNPs synthesized via Pediastrum boryanum 

extract had a TEM size range of 72.16–89.45 nm. FTIR 

analysis revealed capping by bioactives, and the 

antioxidant activity was lower compared to the extract 

(DPPH IC50 not specified) (Al-Wakeel et al., 2024).  

SeNPs exhibit dose-dependent antioxidant activity by 

scavenging reactive oxygen species (ROS) (Freire et al., 

2024; Reda et al., 2024), potent antimicrobial effects 

against fish pathogens (Qiao et al., 2022), and 

immunomodulatory capabilities that enhance host 

resistance (Chen et al., 2022). Their small size (10-100 nm) 

and high surface-to-volume ratio enable efficient cellular 

uptake and targeted action against parasites (Ifijen et al., 

2023). Selenium nanoparticles (SeNPs) exhibit remarkable 

antioxidant and antibacterial properties, making them 

particularly valuable in aquaculture. As potent 

antioxidants, SeNPs function by scavenging reactive 

oxygen species (ROS) and enhancing the activity of 

endogenous antioxidant enzymes such as glutathione 

peroxidase (GPx) and superoxide dismutase (SOD) (Khan 

et al., 2023). This oxidative stress mitigation is crucial in 

fish exposed to parasitic infections, which induce excessive 

ROS production leading to tissue damage, 

immunosuppression, and growth retardation (Qiao et al., 

2022). Studies have demonstrated that dietary 

supplementation with SeNPs significantly reduces lipid 

peroxidation while improving total antioxidant capacity in 

fish tissues (Song et al., 2021). 

The antibacterial activity of SeNPs is equally 

noteworthy, with mechanistic studies revealing their ability 

to disrupt bacterial cell membranes, inhibit biofilm 

formation, and interfere with essential metabolic pathways 

in common fish pathogens, including Aeromonas 

hydrophila and Staphylococcus aureus (George et al., 

2023). Their broad-spectrum antimicrobial action helps 

prevent secondary bacterial infections that frequently 

complicate parasitic infestations in aquaculture settings. 

Beyond disease control, SeNPs play a pivotal role in 

enhancing growth performance and immunity in fish. At 

the molecular level, SeNPs upregulate growth-related 

genes (Ahmad et al., 2022). This genetic modulation 

translates to measurable improvements in weight gain, feed 

conversion ratio (FCR), and specific growth rate (SGR) 

(El-Saadony et al., 2021b). 

Immunologically, SeNPs enhance both innate and 

adaptive immune responses by stimulating lysozyme 

activity, increasing immunoglobulin production, and 

promoting proliferation of lymphocytes and macrophages 

(Vijayaram et al., 2025). These immunostimulatory effects 

are particularly valuable in parasitized fish, where SeNPs 

help restore compromised immune function while reducing 

cortisol-mediated stress responses (Sonsudin et al., 2022). 

The dual functionality of SeNPs, which combat oxidative 

stress and pathogens while simultaneously promoting 

growth and immunity, positions them as a comprehensive 

solution for sustainable aquaculture productivity. 

Previous studies have demonstrated the efficacy of 

SeNPs against various fish parasites, 
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including Ichthyophthirius multifiliis (Mahdy et al., 

2024b) and Gyrodactylus turnbulli (Martins and Santos, 

2024). However, significant knowledge gaps remain 

regarding their specific effects against Clinostomum 

marginatum and comprehensive impacts on fish 

physiology. Most existing research has focused on in vitro 

assays or short-term in vivo trials without evaluating long-

term growth performance, detailed hematological changes, 

or molecular mechanisms of action (Vijayaram et al., 

2025). Furthermore, comparative studies between SeNPs 

and conventional antiparasitic drugs remain limited, 

particularly regarding their relative effects on stress 

markers, immune function, and tissue repair processes (El-

Saadony et al., 2021b). 

This study addresses these critical gaps through a 

multidisciplinary approach combining nanotechnology, 

parasitology, and fish physiology. Our specific objectives 

were to: (1) develop and characterize biosynthesized 

SeNPs using Saccharomyces cerevisiae DSM 34246; (2) 

evaluate in vitro antioxidant, antibacterial, and antiparasitic 

activities; (3) assess in vivo therapeutic efficacy against C. 

marginatum through comprehensive growth performance, 

hematological, and serum biochemical analyses; (4) 

elucidate molecular mechanisms via gene expression 

profiling of growth- and immune-related markers; and (5) 

compare SeNPs' effectiveness with conventional 

praziquantel treatment. The findings offer novel insights 

into sustainable parasite control strategies, advancing our 

understanding of nanomaterial applications in aquaculture 

health management. 

 

MATERIALS AND METHODS 

 

Isolation and identification of Saccharomyces species: 

Saccharomyces spp. were isolated from the soil as follows: 

10 g of representative soil samples were homogenized in 

90 mL of sterile normal saline and shaken at 160 rpm for 

30 minutes at room temperature (approximately 23 °C). 

Then, 0.1 mL of serially diluted samples was spread on 

yeast extract peptone dextrose (YPD) agar plates 

containing 100 mg/L chloramphenicol to prevent bacterial 

growth and different concentrations of sodium selenite (2, 

4, 6, and 8 ppm), after incubating at 28 °C for two days. 

The colonies developed at the highest concentration of 

sodium selenite were selected for identification. The 

isolated strains were spotted on WL medium in duplicate 

and incubated at 28 °C for 5 days, after which the colony 

morphologies were observed. When the front side of the 

colony was cream with little green, raised and opaque, and 

the back side was white or with little green, it was initially 

considered as S. cerevisiae (Hu et al., 2023). Then, the 

molecular identification of the isolated strains was 

performed by MALDI-TOF spectroscopy. 

 

Synthesis and characterization of SeNPs: 0.1 g of 

Saccharomyces isolate was inoculated in 100 ml of  Yeast 

Malt (YM) broth medium (Merck Co., Darmstadt, 

Germany) enriched with sterile sodium selenite (Na2SeO3) 

(Merck Co., Darmstadt, Germany) (8 mM) concentration, 

equivalent to 0.17 g of Na2SeO3 per 100 ml sterile YM 

broth medium (El-Sherbiny et al., 2023), modified and 

incubated aerobically at pH 6,  32°C for 48 h on a shaker 

(IKA-KS 3000 control, Germany) at 120 rpm (Faramarzi et 

al., 2020), modified. The color of the media begins to 

change simultaneously with yeast growth and eventually 

turns dark orange within the 48-hour incubation period. 

Confirmatory characterization of biogenic selenium 

nanoparticles was done using a UV-visible 

spectrophotometer (PG instrument, China T60U) at 

wavelengths ranging from 200 to 500 nm, TEM imaging 

―Transmission electron microscopy (Leo 0430; Leica, 

Cambridge, UK) to analyze the dimension and the 

structural aspects ―morphology, shape, size, and 

distribution‖ of biogenic Se-NPs. Se-NPs-rich yeast cells 

were eventually centrifuged twice using a laboratory 

centrifuge (SIGMA 2-16KL) at 5000 rpm at 25 °C for 2–5 

minutes. After separation, all cells were rinsed three times 

with sterile deionized distilled water and centrifuged again 

under the same previously established conditions until 

further analysis (Faramarzi et al., 2020). 

 

Biological activities of SeNPs 

Antioxidant activity: The DPPH scavenging activity of 

SeNPs was estimated by Alsulami and El-Saadony (2024) 

with some modifications. After adding 100 µL of ethanolic 

DPPH to 100 µL of SeNPs (25, 50, 100, 150, and 200 

µg/mL) and incubating for 30 minutes in the dark, the 

resulting color was measured using a microplate reader 

(517 nm). The absorbance was incorporated into the 

subsequent equation.  

 

% DPPH scavenging activity = (Abs Control-Abs 

sample)/ (Abs control) x100 (1) 

 

Antibacterial activity: The antibacterial activity of 

SeNPs was evaluated against the following bacterial 

strains: Aeromonas hydrophila ATCC 35654, 

Staphylococcus aureus ATCC 6538, Bacillus cereus 

ATCC 11778, Klebsiella pneumoniae ATCC 13883, 

Salmonella typhi ATCC 14028, and Escherichia coli 

ATCC 11775. The bacterial strains were kept at 4 °C by 

subculturing them on nutrient agar slants. Alsulami and 

El-Saadony (2023) employed the agar well-diffusion 

method to evaluate the antibacterial activity of SeNPs. 

Following the addition of 50 ml of melted Muller-Hinton 

agar (MHA) to plates, a loopful of bacterial inoculum was 

distributed across the surface of each plate. Discs (8 mm) 

previously saturated with 50 μL of SeNPs at varying 

levels (25, 50, 100, 150, and 200 μg/mL) were applied to 

the surface of the MHA plates using forcips. The negative 

control was discs with ethanol, and the positive control 

was ciprofloxacin. For 24–48 hours, MHA plates were 

incubated at 37°C (Thagfan et al., 2025). Diameters of the 

resulting inhibition zones (mm) indicated antibacterial 

activity compared to ciprofloxacin. 

 

Antiparasitic activity: de Freitas Oliveira et al. (2021) 

evaluated the antiparasitic properties of SeNPs using the 

following methodology: Clinostomum marginatum 

cultures (density: 1 × 107 parasites/mL) were distributed 

into 96-well plates. The wells were treated with SeNPs at 

concentrations of 25, 50, 100, 150, and 200 µg/mL and 

incubated for 24 hours at 28°C. Post-incubation, resazurin 

reagent was added to each well. The viability of the 

parasites was quantified via colorimetric analysis, with the 

results expressed as a percentage of parasite mortality. 
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Experimental design: A 360 monosex of the Nile tilapia 

fingerlings (7.08 ± 0.08 g) were used in the current study. 

The fish were transported to the experimental aquaria in 

tanks provided with oxygen. Immediately after arrival, the 

fish were placed in glass aquaria filled with dechlorinated 

water and supplied with continuous aeration by a central air 

blower. The fish received the basal diet for three weeks to 

adapt to the new environment. At the beginning of the 

experiment, fish were randomly assigned to 24 glass aquaria 

(eight groups, three replicates, 15 fish per replicate). The first 

group was control, T1, T2, and T3 were Nile talipa fish 

treated with selenium nanoparticles (50, 100, and 200 

mg/kg), T4 was praziquantel-treated fish, T5 was yellow 

grub infected fish, T6 was yellow grub infected and treated 

with Selenium nanoparticles at 200 µg/kg, meanwhile, T7 

was yellow grub infected fish and treated with the 

antiparasitic drug (200 µg/kg). Each glass aquarium (60 × 30 

× 40 cm) contained 60 L of water. For ten weeks, each group 

was fed its experimental diet twice a day (8:00 AM and 4:00 

PM) until satiation, and daily feed consumption was 

recorded. Using aerated and dechlorinated water, one-third 

of each tank was replaced twice daily. The remaining feed 

and feces were siphoned with the changed water. The 

experimental parameters included a water temperature of 26-

30°C, ammonia levels of less than 0.2 mg/L, a pH of 6.4, 

nitrite at 0 mg/L, total hardness of 144 mg/L, undetectable 

free chlorine, and total alkalinity of 120 mg/L. The lighting 

program was 12 hours of light and 12 hours of darkness. To 

challenge fish with Clinostomum marginatum, fish in T5, 

T6, and T7 were immersed in buckets containing 5 Liters of 

water with Clinostomum marginatum for 20 minutes. Then, 

the infected fish were placed in aquaria. 

 

Sample collection: After ten weeks of feeding on 

experimental diets, the fish were anesthetized using 25 mg/L 

tricaine methane sulfonate (MS-222). Then, the fish were 

weighed individually to obtain the final weight. For assays 

requiring whole blood, three fish per group had their caudal 

vein blood drawn into EDTA. Blood was also collected in 

tubes without an anticoagulant for serum preparation (three 

fish per group). Then, samples were centrifuged at 3000 rpm 

for 15 minutes at 4°C to separate the serum, which was then 

frozen at −20°C until use. For gene expression analysis, gill 

samples were collected from three fish per group on Cellixi-

RNA Guard reagent (CelliXiza Biotechnology Company, 

Egypt) and frozen at -20°C until use. For histological 

analysis, gill specimens were dissected from the same site 

(24 fish, three per group) and immediately fixed in a 10% 

neutral buffered formalin until analysis. 

 

Growth parameters: As demonstrated below, the fish 

growth performance parameters were computed in 

accordance with Abu‐Elala et al. (2021). The analysis of 

survival rate and mean survival time was conducted 

according to the method of Khalil and Nasr-Allah (2025). 
 

𝐵𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛 (𝐵𝑊𝐺)
= 𝐹𝑖𝑛𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝐹𝐵𝑊)𝑔
− 𝐼𝑛𝑡𝑖𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝐼𝐵𝑊)𝑔 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛 𝑟𝑎𝑡𝑒 (𝑊𝐺 %) =
𝐹𝐵𝑊 − 𝐼𝐵𝑊

𝐼𝐵𝑊
𝑥100 

𝐹𝑒𝑒𝑑 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 (𝐹𝐶𝑅) =
𝐹𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒 (𝑔)

𝐵𝑊𝐺 (𝑔)
 

𝑆𝑝𝑒𝑐𝑒𝑖𝑓𝑖𝑐 𝑔𝑟𝑜𝑤𝑡ℎ 𝑟𝑎𝑡𝑒 (
𝑆𝐺𝑅

𝑑𝑎𝑦
) %

=
100(In𝐹𝐵𝑊 − In𝐼𝐵𝑊)

𝑁𝑜 𝑑𝑎𝑦𝑠
 

𝑆𝑢𝑟𝑣𝑖𝑣𝑎𝑙 𝑟𝑎𝑡𝑒 (𝑆𝑅 %)

=
𝑁𝑜 𝑓𝑖𝑠ℎ 𝑎𝑡 𝑡ℎ𝑒 𝑒𝑛𝑑 𝑜𝑓 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡

𝑁𝑜 𝑓𝑖𝑠ℎ 𝑎𝑡 𝑡ℎ𝑒 𝑏𝑒𝑔𝑎𝑛𝑖𝑛𝑛𝑔 𝑜𝑓 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡
𝑥100 

 
Hematological parameters: RBCs were counted 

microscopically using a hemocytometer after dilution with 

a normal saline solution (Satheeshkumar et al., 2012). Hb 

content was determined using a commercial kit from Bio-

Lab Diagnostics Ltd. (Mumbai, India). Microhematocrit 

capillary tubes, centrifuged at 14,800 × g for three minutes, 

were used to measure HCT (Satheeshkumar et al., 2012). 

Blood indices, including mean corpuscular volume (MCV), 

mean corpuscular hemoglobin (MCH), and mean 

corpuscular hemoglobin concentration (MCHC), were 

determined using standard formulae of Lee et al. (1998). 

 

𝑀𝐶𝑉 = (
𝑃𝐶𝑉

𝑅𝐵𝐶
) 𝑥10  

𝑀𝐶𝐻 = (
𝐻𝑏

𝑅𝐵𝐶
) 𝑥10  

𝑀𝐶𝐻𝐶 = (
𝐻𝑏

𝑃𝐶𝑉
%) 𝑥100 

 

The total leucocytic count was determined using a 

hemocytometer after dilution with 0.1% Leishman stain in 

2% glacial acetic acid solution (Dacie and Lewis, 1980). 

For the differential leucocyte count, thin blood films were 

spread on clean microscope slides and then stained with 

Leishman stain. Cells were counted according to Houwen 

(2001) using a ×1000 oil-immersion light microscope to 

estimate the percentages of heterophils, lymphocytes, 

monocytes, eosinophils, and basophils. The total platelet 

count was determined using a 1% ammonium oxalate 

solution (Dacie and Lewis, 1980). 

 

Blood Sampling and Biochemical Analysis Protocol: 

Blood samples (3 mL) were collected from the caudal vein 

using heparinized needles and immediately transferred to 

sterile Eppendorf tubes, which were maintained at 4°C. 

Samples underwent centrifugation (Sigma 3-30K, 

Germany) at 10,000 rpm for 5 minutes at 4°C to isolate 

serum. Biochemical parameters were quantified according 

to methodologies established by Al-Deriny et al. (2020) 

and Dawood et al. (2020), utilizing assay kits (Bio-

Diagnostic Co., Dokki, Egypt). Absorbance measurements 

were performed colorimetrically using a BioTek Elx808 

microplate reader (USA) at specified wavelengths. The 

following markers were measured: metabolic markers, 

including blood glucose (GLU), and hepatic enzymes, such 

as Alanine aminotransferase (ALT) and Aspartate 

aminotransferase (AST). Immune function, i.e., respiratory 

burst activity via nitro blue tetrazolium (NBT) assay and 

lysozyme (LYZ) activity, and endocrine profiling, such as 

cortisol, reproductive hormones: Testosterone, 

Progesterone, Follicle-stimulating hormone (FSH), and 

growth hormone (GH). This standardized protocol ensures 

precise assessment of metabolic, immunological, and 

endocrinological responses in experimental subjects. 
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Gene expression: Total RNA extraction, cDNA synthesis, 
and real-time PCR Three gill specimens per group were 
homogenized in 1 mL TriQuick reagent (Beijing Solarbio 
Science & Technology Co., Ltd, China) using a mechanical 
tissue homogenizer. Total RNA was extracted from each 
homogenate according to the manufacturer's protocol. RNA 
integrity was verified for each sample via 1% agarose gel 
electrophoresis. The yield and purity (A260/A280 ratio) of 
each RNA extract were quantified using a UV1100 
spectrophotometer (TechComp, Hong Kong). First-strand 
cDNA synthesis was performed with 1 µg total RNA per 
sample using the RevertAid First Strand cDNA Synthesis 
Kit (Thermo Fisher Scientific, Lithuania). The concentration 
and purity of the resulting cDNA were further assessed on a 
NanoDrop spectrophotometer (Thermo Fisher Scientific, 
Lithuania). Primers were designed with the primer-BLAST 
tool and synthesized by BIONEER Inc. (Alameda, CA, 
USA) (see Table 1 for sequences). qPCR reactions (final 
volume: 25 µL) were performed with Maxima SYBR Green 
qPCR Master Mix (2×) and ROX solution (Thermo Fisher 
Scientific, Lithuania) on a StepOnePlus real-time PCR 
machine. Each reaction contained 8.5 µL nuclease-free 
water, 12.5 µL SYBR Green master mix, 1.5 µL each primer 
(10 µM), and 1 µL cDNA (≤500 ng/reaction). Cycling 
conditions were: initial denaturation at 95°C for 8 min; 40 
cycles of 95°C for 15 s, 57°C for 30 s (ghr, mstn, myog) or 
60°C for 30 s (myf6); and final extension at 72°C for 30 s. 
Specificity was confirmed by melting curve analysis (95°C 
for 15 s, 60°C for 1 min, 95°C for 15 s). For each gene, the 
number of technical replicates per PCR reaction was as 
follows: three for mstn and myf6 (to ensure accuracy when 
lower-expressing genes are more sensitive to handling 
variability and stochastic error), and two for ghr and myog, 
which consistently showed robust expression and technical 
reproducibility across pilot runs. Elongation factor 1a (ef1a) 
was used as a reference gene for data normalization (Yang et 
al., 2013). Gene expression was calculated using the 
2−ΔΔCT method (Livak and Schmittgen, 2001). 
 

Histological evaluation of gills: The skeletal gill specimens 
(three per group) were processed and examined according to 
Husseiny et al. (2021). Briefly, specimens were gradually 
dehydrated, cleared, embedded in paraffin, and sectioned at 
a thickness of 5-7 μm using a rotary microtome. Two 
sections from each sample were mounted on glass slides and 
stained with Hematoxylin and Eosin (H&E) stain, then 
examined under a bright-field microscope with a camera. Six 
photos of fixed cross-section areas were taken from different 
fields of each slide, and the numbers of cells were counted 
using the "Cell Counter" option of the ImageJ software.  
 

Bacterial count in water and fish organs: Fish tissue 

samples (including skin, gills, intestines, and muscle) and 

water were systematically collected from experimental 

aquaria at four timepoints: weeks 2, 4, 8, and 10. All 

samples underwent standardized processing for 

microbiological analysis. Fish tissues (10 g aliquots) were 

homogenized in 90 mL of sterile peptone buffer (0.1%), 

followed by serial decimal dilution to 10-7. Similarly, water 

samples (10 mL) were mixed with 90 mL of sterile peptone 

buffer and diluted to a concentration of 10-7. Bacterial 

quantification employed culture-based enumeration 

according to established protocols. For total bacterial 

counts, 100 μL aliquots from appropriate dilutions were 

plated on Plate Count Agar (PCA) and incubated at 37°C 

for 24 hours (Saad et al., 2021). Aeromonas quantification 

was performed using selective Aeromonas agar medium 

with identical incubation conditions (Sheir et al., 2020). 

Colonies were identified by their characteristic dark green 

pigmentation and black centers. All results were expressed 

as log10 CFU/mL for both water and fish samples. 

 

Statistical analysis: The data were inspected for ANOVA 

assumptions, including the normality and homogeneity of 

variance. One-way ANOVA and LSD test were employed for 

normally distributed data. For non-normally distributed data, 

the Kruskal-Wallis test with pairwise comparisons was used. 

The statistical analyses were conducted using SPSS version 

25 software (IBM Corporation, Armonk, NY, USA). The 

significance was set at a probability value (P) of less than 0.05 

and data were reported as the mean ± standard error (SE). 
 

RESULTS 
 

Histology of C. marginatum metacercariae: Fig. 1A 

displays clearly defined internal compartments with densely 

packed nuclei, representing developing reproductive 

organs characteristic of mature metacercariae. Fig. 

1B shows a more segmented internal architecture with distinct 

cellular arrangements, indicating advanced metacercarial 

development, preparing for the adult stage transition. 

A total of five specimens were processed and analyzed 

to ensure a consistent and reliable morphological 

assessment. The specimens, viewed at a magnification 

power of 400x, exhibit the typical oval morphology, 

ranging in diameter from 2 to 3 mm, which is consistent 

with the literature descriptions of C. marginatum 

metacercariae. The internal structures show organized 

tissue development, including presumptive suckers, 

reproductive primordia, and parenchymal cells that will 

differentiate into adult organs upon reaching the definitive 

bird host. The histological preparations represent mature 

metacercariae ready for transmission to piscivorous bird 

hosts. The well-organized internal anatomy and complete 

encystment indicate these parasites have successfully 

established  chronic  infections  and  evaded  host  immune

 
Table 1:  Gene-specific primers used in the current study 
Gene* Accession number Primer sequence (5’-3’) Annealing temperature (°C) Amplicon length (bp) 

Ghr NM_001279455.1 F: ACATCAATCCTGGGCGGTC 57 165 
  R: TAGTGGGGAGCAGTTAGAAGACA   

mstn XM_003458832.5 F: AATGATGGCAACTGAACCTGAT 57 217 
  R: CAAGGAGCGGATTCGTATGTG   

myog NM_001279526.1 F: GAGGAGCACGCTGATGAACC 57 181 
  R: TGACGACGACACTCTGGGC   

myf6 NM_001282891.1 F: TGGACGAGCAGGAGAAAACC 60 223 
  R: CCTCACTGACTGCTGTCGTT   

ef1a NM_001279647.1 F: CTTCAACGCTCAGGTCATCA 61 120 
  R: ATCTTCTCAACCAGCTCGCT   

*Gene abbreviations: growth hormone receptor (ghr), myostatin (mstn), myogenin (myog), myogenic factor 6 (myf6), elongation factor 1a (ef1a), 
forward (F), and reverse (R). 

https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=525343958
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1434974769
https://www.ncbi.nlm.nih.gov/nucleotide/525344827?report=gbwithparts
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=525343124
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Fig. 1: Histological Sections of Clinostomum marginatum Metacercariae 
(400x) Showing Developmental Stages in Fish Tissue (A) mature 
metacercariae and (B) adult stage transition. 

 

responses. The cellular differentiation patterns visible in both 

specimens suggest advanced metacercarial development with 

reproductive organs approaching maturity for the final 

transformation to adult trematodes in bird intestines. 

 

Isolation and identification of Saccharomyces species: 

Fifty Saccharomyces isolates were isolated from soil and 

coded as SA1 to SA50. Thirty isolates survived at 2 ppm 

sodium selenite, while 15 isolates survived at 4 ppm, 4 

isolates at 6 ppm, and one isolate, SA33, survived at the 

highest concentration of sodium selenite (8 ppm). Based on 

microscopic and biochemical analysis, as well as Gram 

staining, it was identified as Saccharomyces cerevisiae 

SA33. This isolate was 99% similar to Saccharomyces 

cerevisiae DSM 34246 with a score value of 2.545, as 

determined by MALDI-TOF spectroscopy analysis. 

 

Characterization of Selenium nanoparticles: Fig. 2 

characterizes selenium nanoparticles (SeNPs) synthesized 

using Saccharomyces cerevisiae DSM 34246 through 

multiple techniques. The UV-Vis spectrum (Fig. 2A) 

shows a sharp absorption peak at 285 nm. TEM images 

(Fig. 2B) reveal spherical, well-dispersed nanoparticles 

with uniform size and no significant aggregation. Dynamic 

Light Scattering (Fig. 2C) confirms a narrow, 

monodisperse size distribution centered around 33 nm, 

consistent with TEM observations. The zeta potential 

distribution (Fig. 2D) indicates a uniform surface charge 

near -22.35 mV, suggesting good colloidal stability. 
 

 
 

 
 

 
 

 
 

Fig. 2: Characterization of selenium nanoparticles fabricated by 
Saccharomyces cerevisiae DSM 34246 (A) UV absorbance at 285 nm, (B) 

TEM to detect the shape of SeNPs, (C) zeta sizer of SeNPs to detect the 
size, (D) zeta potential of SeNPs to detect the net charge. 

B 

C 

D 
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Biological activities of SeNPs 

Antioxidant activity of SeNPs: Fig. 3 clearly demonstrates 

a dose-dependent increase in the DPPH scavenging activity 

of the biosynthesized SeNPs. At the lowest concentration 

tested (25 μg/ml), the SeNPs exhibited approximately 45% 

DPPH scavenging activity. As the concentration of SeNPs 

increased to 50 μg/ml, the scavenging activity significantly 

improved to around 55%. Further increments in 

concentration to 100 μg/mL led to a substantial increase in 

antioxidant activity, reaching approximately 70%. At 150 

μg/ml, the scavenging activity reached over 80%. SeNPs 

(200 µg/mL) exhibited considerable scavenging activity (p < 

0.05), reaching over 90% compared to ascorbic acid at 91%.  
 

 
 

Fig. 3: Antioxidant activity of selenium nanoparticles fabricated by 
Saccharomyces cerevisiae DSM 34246against DPPH free radicals. 

 

Antibacterial activity of SeNPs: CIncreasing 

concentrations of selenium nanoparticles (SeNPs) led to 

progressively larger inhibition zones against all tested 

pathogenic bacteria, indicating a dose-dependent 

antibacterial effect (Table 2). At the highest SeNPs 

concentration (200 µg/mL), Staphylococcus aureus showed 

the largest inhibition zone (31 ± 0.6 mm); meanwhile, 

Aeromonas hydrophila and Bacillus cereus also exhibited 

substantial increases (26 ± 0.5 mm and 28 ± 0.6 mm, 

respectively) compared to ciprofloxacin with values of 30, 

25, and 26, respectively. The MIC and MBC values were 

generally lowest for Staphylococcus aureus (0.28 ± 0.01 

µg/mL and 0.48 ± 0.02 µg/mL, respectively), indicating 

higher sensitivity to SeNPs; meanwhile, Salmonella typhi had 

the highest MIC and MBC (0.48a ± 0.02 µg/mL and 0.88a ± 

0.03 µg/mL), reflecting greater resistance compared to 0.30, 

0.50, 51, and 0.90 µg/mL for ciprofloxacin (200 µg/mL). The 

negative control did not affect the bacterial strains. 

 

Antiparasitic activity of SeNPs: Fig. 4 demonstrates a clear 

and statistically significant concentration-dependent 

increase in the inhibitory activity of SeNPs against 

Clinostomum marginatum. This indicates that these biogenic 

nanoparticles possess potent antiparasitic properties, which 

intensify with increasing concentrations. At the lowest tested 

concentration of 25 μg/ml, the SeNPs exhibited 

approximately 30% inhibition activity. As the concentration 

was progressively increased with a statistically significant 

dose-dependent increase in antiparasitic efficacy was 

observed. At 50 μg/ml, the inhibition percentage increased 

to over 40%. Further escalation to 100 μg/ml resulted in an 

inhibition activity exceeding. The efficacy increased, 

reaching nearly 70% at a concentration of 150 μg/ml. The 

highest concentration of SeNPs (200 μg/ml) achieved the 

maximum inhibition activity, surpassing 80%.  
 

 
 
Fig. 4: Antiparasitic activity of selenium nanoparticles fabricated by 
Saccharomyces cerevisiae DSM 34246 against Yellow Grub (Clinostomum 

marginatum) expressed as inhibition percentage. 

 

Growth performance of yellow grub-infected fish: Table 

3 shows that growth performance reveals substantial 

improvements  in   Nile   tilapia    treated    with    selenium
 
Table 2: The inhibition zones diameters (mm) of SeNPs with MIC and MBC levels against pathogenic bacteria 

Bacteria 
SeNPs (µg/mL) / IZDs (mm) 

MIC MBC 
10 25 50 100 150 200 

Aeromonas hydrophila 14c ±0.3 17bc ±0.4 19b ±0.5 21c ±0.4 23c ±0.5 26b ±0.5 0.38b ±0.02 0.68b ±0.03 
Staphylococcus aureus 17a ±0.4 19a ±0.4 22a ±0.5 26a ±0.5 28a ±0.5 31a ±0.6 0.28c ±0.01 0.48c ±0.02 
Bacillus cereus 15b ±0.3 18ab ±0.4 20b ±0.4 22b ±0.5 25b ±0.5 28b ±0.6 0.33bc ±0.02 0.58bc ±0.02 
Klebsiella pneumoniae 13c ±0.3 15c ±0.3 18c ±0.4 21c ±0.4 23c ±0.5 25d ±0.5 0.43ab ±0.02 0.78ab ±0.03 
Salmonella typhi 10e ±0.2 12d ±0.3 15d ±0.3 17d ±0.4 19e ±0.4 22f ±0.5 0.48a ±0.02 0.88a ±0.03 
Escherichia coli 11d ±0.2 14cd ±0.3 16cd ±0.3 19d ±0.4 21d ±0.4 23e ±0.5 0.43ab ±0.02 0.78ab ±0.03 

Inhibition zones diameters (IZDs). Means in the same column with different lowercase letters are significantly different at p ≤ 0.05. Values are presented 
as mean ± standard error (SE). Minimum inhibitory concentration (MIC), minimum bactericidal concentration (MBC).  
 
Table 3: Growth performance of Nile tilapia (Oreochromis niloticus) fish infected with yellow grub (Clinostomum marginatum), and treated with selenium 
nanoparticles (SeNPs) and Praziquantel 

Treatments SeNPs (μg/Kg diet) Antiparasitic agent IW (g) FW (g) WG (g) SGR (%/day) TFI (g/fish) FCR SR (%) 

Control -- -- 20.0a ± 0.2 48.1d ± 0.4 28.7cd ± 0.3 0.52c ± 0.01 35.0d ± 0.6 4.8ab ± 0.1 100.0a 
T1 50 -- 20.5a ± 0.3 55.0c ± 0.6 34.5c ± 0.5 0.7a ± 0.01 51.0bc ± 0.7 4.6b ± 0.1 100.0a 
T2 100 -- 19.8b ± 0.2 57.0b ± 0.7 37.2b ± 0.6 0.7a ± 0.01 52.0b ± 0.8 4.0d ± 0.1 100.0a 
T3 200 -- 20.0a ± 0.3 58.0a ± 0.5 38.0a ± 0.4 0.7a ± 0.01 54.0a ± 0.7 4.2d ± 0.1 100.0a 
T4 -- 200 20.0a ± 0.2 55.0c ± 0.6 35.0bc ± 0.5 0.7a ± 0.01 52.0b ± 0.8 4.6b ± 0.1 100.0a 
T5 -- -- 19.4b ± 0.3 45.0d ± 0.5 25.0d ± 0.4 0.5b ± 0.01 47.0c ± 0.5 5.0a ± 0.1 89.9b 
T6 200 -- 19.5b ± 0.2 54.0c ± 0.5 34.5c ± 0.4 0.6b ± 0.01 50.0bc ± 0.6 4.5b ± 0.1 100.0a 
T7 -- 200 19.0b ± 0.3 52.0cd ± 0.6 33.0c ± 0.5 0.6b ± 0.01 48.0c ± 0.7 4.3c ± 0.1 100.0a 

Values with different superscript letters in the same column are significantly different (P< 0.05). IW = Initial Weight, FW = Final Weight, WG = Weight Gain, 
SGR = Specific Growth Rate, TFI = Total Feed Intake, FCR = Feed Conversion Ratio, SR = Survival Rate. The first group was control, T1, T2, and T3 were 
Nile talipa fish treated with selenium nanoparticles (50, 100, and 200 mg/kg), T4 was praziquantel-treated fish, T5 was yellow grub infected fish, T6 was yellow 
grub infected and treated with Selenium nanoparticles at 200 µg/kg, while T7 was yellow grub infected fish and treated with the antiparasitic drug (200 µg/kg). 
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nanoparticles, particularly at 200 mg/kg (T3), compared to 

the uninfected control group. Specifically, fish in the T3 

group exhibited a final weight of 58.0 g, representing a 

28.9% increase over the control group (45.0 g). Weight 

gain in T3 reached 38.0 g, which is 52.0% higher than the 

control (25.0 g). The specific growth rate (SGR) improved 

by 40.0%, rising from 0.5%/day in the control to 0.7%/day 

in T3. Additionally, the feed conversion ratio (FCR) in the 

T3 group decreased by 12.5% compared to the control 

(from 4.8 to 4.2), indicating more efficient feed utilization. 

Survival rates (SR) remained at 100% in both groups, 

showing no change. Yellow grub-infected, untreated fish 

(T5) showed the poorest performance, with marked 

reductions in final weight, weight gain, and SGR, and an 

elevated FCR, highlighting the negative impact of yellow 

grub infection. Survival rates in T5 dropped by 10.1% 

compared to the control (from 100.0% to 89.9%). 

Praziquantel-treated groups (T4, T7) and SeNPs-treated 

infected fish (T6) showed intermediate improvements, but 

none matched the performance metrics of the T3 group.  

 

Hematological Parameters of Yellow Grub-Infected Nile 

Tilapia Treated with SeNPs: Table 4 presents significant 

changes in blood parameters resulting from yellow grub 

infection and selenium nanoparticle (SeNPs) 

supplementation, highlighting the fish’s physiological 

responses and recovery. The red blood cell count (RBCs) 

decreases sharply with infection (T5: 1.2 × 10^6/μl), 

indicating severe anemia, while SeNPs treatment improves 

RBCs dose-dependently, peaking at T3 (2.3 × 10^6/μl), a 

58% increase over controls. Hemoglobin levels follow a 

similar trend, with treated groups showing elevated 

concentrations (9.5–9.9 g/dL) compared to controls and 

infected, untreated fish (6.1 g/dL). Packed cell volume 

(PCV) is highest in infected fish (32.5%), likely reflecting 

dehydration rather than better oxygen transport, while 

SeNPs-treated groups maintain normalized PCV (27.2–

28.2%). Infection causes larger, immature red blood cells 

with low hemoglobin content (MCV: 189 fl; MCHC: 22.9 

g/dL), but SeNPs, especially at higher doses (T3, T4), 

promote smaller, mature erythrocytes with higher 

hemoglobin concentrations (MCHC: 32.5–33.5 g/dL), 

indicating improved blood quality. White blood cell counts 

rise substantially with infection (39.7×10³/μl), reflecting 

immune activation; however, SeNPs-treated infected groups 

show reduced counts (22.3–23.6×10³/μl), suggesting the 

resolution of inflammation. Elevated heterophils in infected 

fish decrease significantly with SeNPs treatment, indicating 

anti-inflammatory effects. Lymphocyte counts present 

complex changes: infection increases their number, but 

SeNPs treatment in infected groups causes marked 

reductions, possibly signaling recovery or mild 

immunosuppression at high doses. Eosinophils appear only 

in infected, untreated fish, confirming parasitic infection, 

and are absent in all treated groups, demonstrating effective 

parasite control. Monocytes, elevated by infection, 

normalize with SeNPs supplementation, reflecting reduced 

tissue damage and repair needs.  
 

Serum Biochemical Parameters, Immune Activity, and 

Hormone Levels:  Table 5 highlights clear physiological 
impacts of yellow grub infection and subsequent treatment 
in Nile tilapia. Infected, untreated fish (T5) showed severe 
liver dysfunction, with the highest glucose (127.0mg/dl) 
and elevated liver enzymes (ALT: 83.0U/l, AST: 
153.0U/l), indicating significant stress and liver damage. 
Selenium nanoparticle (SeNPs) treatment, especially at 
200μg/kg (T3), provided notable liver protection, reducing 
glucose (93.2mg/dl), ALT (42.3U/l), and AST (105.0U/l) 
levels, thus restoring liver health. 
 
Table 4: Effect of dietary doses of SeNPs on haematology parameters 
of yellow grub-infected Nile tilapia. 

Treatments Control T1 T2 T3 T4 T5 T6 T7 

RBCs x106/µl 1.46c 1.95b 2.0ab 2.3a 2.1ab 1.2d 2.1ab 2.0ab 

PCV % 25.9cd 27.2c 27.9b 28.2b 27.5cd 22.5e 26.3cd 25.1d 
MCV (fl) 182ab 162c 166c 172b 169c 189a 170b 168c 
MCHC (g/dl) 24.3c 31.0b 31.9b 33.5a 32.5ab 22.9c 32.1ab 31.3b 
Hb (g/dl) 6.11c 9.5ab 9.8a 9.9a 9.6ab 6.1c 9.1ab 9.0b 

TLCx103/µl 31.5b 32.2b 26.2cd 24.3d 28.2c 39.7a 23.6d 22.3d 
Heterophils x103/µl 8.4b 7.7b 7.4b 6.5c 7.3bc 10.5a 6.3c 6.0c 
Lymphocytes x103/µl 22.8b 20.89b 17.2cd 14.5e 16.6d 26.2a 18.3c 20.99b 

Eosinophils x103/µl 0.0b 0.0b 0.0b 0.0b 0.0b 0.9a 0.0b 0.0b 

Monocytes x103/µl 0.88b 0.79bc 0.75c 0.67d 0.72c 1.3a 0.69cd 0.75c 

Note: Red blood cells (RBCs), packed cell volume (PCV), mean 
corpuscular volume (MCV), mean cell hemoglobin concentration 
(MCHC), hemoglobin (Hb), Total Leukocyte Count (TLC), The first 
group was control, T1, T2, and T3 were Nile talipa fish treated with 
selenium nanoparticles (50, 100, and 200 mg/kg), T4 was praziquantel-
treated fish, T5 was yellow grub infected fish, T6 was yellow grub infected 
and treated with Selenium nanoparticles at 200 µg/kg, while T7 was 
yellow grub infected fish and treated with the antiparasitic drug (200 
µg/kg). Different lowercase letters indicate significant differences in the 
same raw data at P<0.05. 

 

Immune responses were severely suppressed in 

infected, untreated fish, as indicated by the lowest NBT 

(0.21), lysozyme (1.00 μg/mL), immunoglobulin (15.0 

μg/mL), and total protein (34.0mg/dL). SeNPs at 

increasing doses improved these parameters, with T3 

surpassing even the control levels in immune stimulation 

(NBT: 0.88, lysozyme: 1.82 μg/mL, immunoglobulin: 32.0 

μg/mL, total protein: 65.0mg/dL).

 
Table 5: Serum Biochemical Parameters, Immune Activity, and Hormone Levels of Nile Tilapia (Oreochromis niloticus) Infected with Yellow Grub and 
Treated with Selenium Nanoparticles (SeNPs) and Praziquantel 

Treatments SeNPs 
(µg/Kg) 

diet 

Antiparasitic 
agent 

Liver function Innate immune response Hormones 
Cortisol 
(µg/ml) 

Glucose 

(mg/dl) 
ALT (U/l) AST (U/l) 

NBT 

(Abs) 

LYZ 

(μg/mL) 
Ig 

(µg/ml) 

TP 

(mg/dl) 

FSH (nIU/ml) T (ng/ml) P4 

(ng/ml) 
GH 

M F XX 

Control -- -- 104.00d 56.00c 129.00b 0.42e 1.32e 23.00c 45.00cd 0.32d 0.98a 2.41e 0.92a 0.52e 3.66c 

T1 50 -- 98.33e 47.00d 121.00c 0.64c 1.55c 27.00b 60.55bc 0.48b 0.47d 2.85b 0.51b 0.69c 2.56e 

T2 100 -- 95.20f 44.00e 114.00d 0.68b 1.71b 31.00ab 62.40b 0.51ab 0.44de 2.92b 0.45c 0.75b 2.33f 
T3 200 -- 93.20f 42.30e 105.00e 0.88a 1.82a 32.00a 65.00a 0.57a 0.40e 3.15a 0.41d 0.88a 1.90h 

T4 -- 200 98.00e 47.35d 120.00d 0.65b 1.55c 28.30b 55.40c 0.50ab 0.51cd 2.82c 0.48c 0.78b 2.30g 
T5 -- -- 127.00a 83.00a 153.00a 0.21g 1.00g 15.00d 34.00e 0.21e 0.82b 2.11 0.56b 0.48d 5.89a 
T6 200 -- 103.00d 46.00d 122.00c 0.52d 1.36e 23.00c 50.00c 0.45c 0.51cd 2.68c 0.48c 0.62c 2.42d 
T7 -- 200 107.00c 52.00c 134.00b 0.50d 1.45d 26.60b 54.00c 0.48b 0.59c 2.75c 0.43d 0.59d 2.55d 

ALT, Alanine transaminase; AST, Aspartate transaminase; NBT, Nitrobluetetrazolium; LYZ, lysozyme; TP, Total protein; M, Male; F, Female; T, 
Testosterone; P4, Progesterone; GH, Growth hormone. Means in the same column with lowercase different letters are significantly different at P≤ 

0.05. 



Pak Vet J, xxxx, xx(x): xxx. 
 

9 

Hormonal disturbances were evident with infection: 

male FSH and female testosterone levels were lowest in T5 

and best restored in T3, which also showed the highest 

progesterone levels (3.15 ng/mL) and growth hormone 

levels (0.88 ng/mL). Cortisol, a stress marker, was highest 

in T5 (5.89 μg/mL), but treatment with T3 reduced it to 

1.90 μg/mL, indicating strong anti-stress effects. 

Praziquantel (T4) offered moderate improvements but 

was less effective than high-dose SeNPs. Other groups 

receiving lower-dose SeNPs or remaining untreated 

showed only partial recovery. Statistical analysis 

confirmed that SeNPs at 200 μg/kg were the most effective 

intervention for restoring health, boosting immunity, 

balancing hormones, and reducing stress in infected tilapia. 

 

The effect of SeNPs on the fold change in gene 

expression of infected fish: Gene expression analysis in 

Fig. 5 illustrates the significant impact of selenium 

nanoparticles (SeNPs) on growth and muscle gene 

regulation in Nile tilapia, particularly under yellow grub 

infection. Growth hormone receptor (GHR) expression 

increases significantly with T3 SeNPs (200mg/kg, 

approximately 7-fold), followed by T6 (~6-fold) and T4 

(~5-fold), whereas infected, untreated fish (T5) exhibit 

substantial suppression (~1-fold). SeNPs notably restore 

GHR in infected fish, supporting their role in growth 

recovery. Myostatin (MSTN), typically a muscle growth 

inhibitor, is highest in the T3 and T4 groups (~28-fold and 

~20-fold), but remains low in the T5 group (~2-fold), 

indicating infection-related metabolic impairment. T6 and 

T7 show moderate MSTN recovery (~15–16-fold). 

Myogenin (MYOG) and myogenic Factor 6 (MYF6) 

expression is highest at T3, reflecting boosted muscle 

differentiation (~3.5-fold for MYOG, ~2-fold for MYF6), 

but is strongly suppressed by infection in T5. Treated 

infected groups (T6, T7) partially recover, with T6 

exhibiting a more pronounced MYOG response (~2.5-

fold). For elongation factor (ef1a), T3 and T4 peak (~5.5–

6-fold), T5 is low (~1-fold), and T6 also shows robust 

recovery (~4-fold). 

 

Histological study on the gills of yellow grub-infected 

Nile tilapia fish: Fig. 6 shows a comparison of gill 

histology, revealing distinct pathological patterns across 

treatment groups, which highlights the protective effects of 

selenium nanoparticles against yellow grub-induced gill 

damage in Nile tilapia. Control and SeNP-treated groups 

(Fig. 6A-D) demonstrate well-preserved gill architecture 

with intact primary lamellae and regularly arranged 

secondary lamellae. The respiratory epithelium appears 

intact with normal lamellar spacing and cellular 

organization. Fig. 6E (T4 - Praziquantel) similarly shows 

normal gill morphology, indicating that praziquantel 

treatment alone does not cause gill tissue damage. Fig. 6F 

shows that T5 (yellow grub-infected fish) exhibits dramatic 

gill pathology consistent with Clinostomum infection 

effects documented in the literature. The histology reveals 

inflammation and fusion of secondary lamellae, swollen 

tips (club-shaped), and multifocal basophilic spots of 

necrotic cells. The arrows in Fig. 6F point to areas of severe 

lamellar fusion, epithelial hyperplasia, and inflammatory 

cell infiltration. Additionally, T6 (infected + 200 µg/kg 

SeNPs, Fig. 6G) exhibits a remarkable histological 

improvement compared to the infected control (Fig. 5F). 

While some residual pathological changes remain, there is 

clear evidence of tissue repair with reduced lamellar fusion 

and improved epithelial integrity. In T7 (infected + 

antiparasitic drug, Fig. 6H), a moderate histological 

improvement is demonstrated, but the recovery is less 

pronounced compared to SeNP treatment (Fig. 6G). Some 

lamellar fusion and inflammatory changes persist, 

suggesting that conventional antiparasitic therapy alone 

may be insufficient for complete restoration of the gill 

tissue in yellow grub infections. 
The superior protective effects of SeNPs (Fig. 6G) 

compared to conventional antiparasitic treatment (Fig. 6H) 
suggest that selenium nanoparticles provide multifaceted 
benefits, including antioxidant protection, anti-inflammatory 
effects, and enhanced tissue repair mechanisms. The dose-
dependent protective effects observed in uninfected SeNPs 
groups (Fig. 6B-D) indicate that prophylactic SeNP 
supplementation could prevent or minimize gill damage in 
Clinostomum-endemic environments. 
 

Bacterial count in the water of yellow grub-infected 

fish: Table 6 shows that selenium nanoparticles (SeNPs) 
have superior antimicrobial effects compared to the 
antiparasitic agent. Treatments T2 (100 μg/Kg) and T3 
(200 μg/Kg) consistently had the lowest bacterial counts, 
reducing total bacteria and Aeromonas by 1.5 to 2.0 log 
CFU/mL compared to controls. The antimicrobial effect of 
SeNPs is dose-dependent, with T1 (50 μg/Kg) showing 
moderate efficacy. Interestingly, T6 (200 μg/Kg) was 
slightly less effective than T3, possibly due to experimental 
differences. The antiparasitic agent (T4, T7) had moderate 
activity but was less effective than SeNPs. While all groups 
displayed bacterial growth over time, the SeNP-treated 
groups experienced slower increases, with T3 showing the 
most stable suppression throughout the 10 weeks.  
 

Bacterial count in the organs of yellow grub-infected 

fish: The data in Table 7 demonstrate statistically 
significant reductions in both total bacterial and total 
Aeromonas counts in fish organs following dietary 
supplementation with SeNPs, especially at increasing 
doses (T1–T3), compared to the control and other 
treatments. Across all tissue types—skin, muscle, intestine, 
and gills—the groups receiving SeNPs (particularly T2 and 
T3: 100 and 200 µg/kg diet) consistently show significantly 
lower means (indicated by non-overlapping lowercase 
letters) relative to the control. The T3 group exhibited the 
lowest total bacterial counts across all organs (e.g., skin: 
5.1e, muscle: 3.3e), and the lowest Aeromonas counts (e.g., 
skin: 3.1d, muscle: 2.1d, intestine: 2.7d, gills: 3.1d), with 
all values differing significantly from the control group 
(e.g., skin: 4.3ab, muscle: 3.2ab, intestine: 4.2ab, gills: 4.6b 
for Aeromonas). The significant decline in both general and 
Aeromonas-specific bacterial loads indicates that SeNPs, 
particularly at higher doses, are effective at reducing 
overall bacterial colonization and targeted pathogen burden 
in Tilapia tissues. In contrast, the antiparasitic agent group 
(T4 and T7) and the combined treatment (T6) showed 
moderate decreases in bacterial and Aeromonas counts; 
however, these reductions were generally less pronounced 
than those observed in the high-dose SeNPs group. The 
group with no intervention (T5) had the highest counts, 
further supporting the antimicrobial role of SeNPs. 
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Fig. 5: The effect of SeNPs on the fold change in gene expression of  (A) ghr, (B) mstn, (C) myog, (D) myf6, and (E) ef1a in yellow grub-infected Nile 
tilapia fish. the first group was control, T1, T2, and T3 were Nile talipa fish treated with selenium nanoparticles (50, 100, and 200 mg/kg), T4 was 

praziquantel-treated fish, T5 was yellow grub infected fish, T6 was yellow grub infected and treated with Selenium nanoparticles at 200 µg/kg, while T7 
was yellow grub infected fish and treated with the antiparasitic drug (200 µg/kg). 
 

 
 
Fig. 6: The gills of yellow grub-infected Nile Tilapia fish and treated with selenium nanoparticles (SeNPs) and Praziquantel, where the first group was 

control, T1, T2, and T3 were Nile Talipa fish treated with selenium nanoparticles (50, 100, and 200 mg/kg), T4 was praziquantel-treated fish, T5 was 
yellow grub infected fish, T6 was yellow grub infected and treated with Selenium nanoparticles at 200 µg/kg, while T7 was yellow grub infected fish 
and treated with the antiparasitic drug (200 µg/kg). 
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Table 6: The total bacterial count (Log CFU/mL) and total Aeromonas count (Log CFU/mL) in water during the 10 experimental period.  

Treatments 
SeNPs 

(µg/Kg) diet 
Antiparasitic 

agent 

Total bacterial count CFU/ml  Total Aeromonas count CFU/ml 

Experimental period (week) 

1 4 8 10 1 4 8 10 

Control -- -- 5.5a 5.8a 5.9a 6.2a 2.8a 3.2a 3.7a 4.2a 
T1 50 -- 4.1bc 4.4c 4.7d 5.0c 2.1c 2.5c 2.8c 3.1c 
T2 100 -- 3.6cd 3.8c 4.2d 4.5d 1.9d 2.2d 2.5d 2.7d 

T3 200 -- 3.3d 3.5d 4.0d 4.2d 1.5d 1.8d 2.1d 2.4d 
T4 -- 200 3.6cd 3.8d 4.3d 4.5d 1.8d 2.0d 2.3d 2.6d 
T5 -- -- 5.8a 6.0a 6.3ab 6.6ab 2.6ab 2.8ab 3.2ab 3.5ab 

T6 200 -- 3.8c 4.0c 4.4d 4.7c 2.0c 2.4c 2.7c 2.9d 
T7 -- 200 4.4b 4.7b 4.9c 5.2b 2.4c 2.6c 2.9c 3.1c 

Means in the same column with lowercase different letters are significantly different at P≤ 0.05. 

 
Table 7: The total bacterial count and total Aeromonas count in Talipa fish organs expressed as (Log CFU/g) after 10 weeks 

Treatments 
SeNPs 

(µg/Kg) diet 

Antiparasitic 

agent 

Total bacterial count Total Aeromonas spp. 

Fish organs 

Skin Muscle Intestine Gills Skin Muscle Intestine Gills 

Control -- -- 7.2ab 5.8ab 7.4ab 7.9b 4.3ab 3.2ab 4.2ab 4.6b 
T1 50 -- 5.9d 4.2d 6.1d 6.7c 3.6c 2.4b 3.4c 3.8c 

T2 100 -- 5.5de 3.8e 5.5e 6.1e 3.4c 2.2c 3.1d 3.4d 
T3 200 -- 5.1e 3.3e 5.2e 5.6e 3.1d 2.1d 2.7d 3.1d 
T4 -- 200 5.7d 4.1d 5.9e 6.2e 3.6c 1.9d 3.1d 3.4d 
T5 -- -- 7.6a 5.8a 8.0a 8.3a 4.4a 3.3a 4.6a 5.2a 

T6 200 -- 6.0c 4.2d 6.2d 6.4d 3.6c 2.4c 3.6c 3.8c 
T7 -- 200 6.3c 4.6c 6.6c 6.9c 4.1b 2.8b 3.6c 3.8c 

Means in the same column with different lowercase letters are significantly different at P≤ 0.05. 
 

DISCUSSION 

 
The presence of yellow grub (metacercariae of 

digenean trematodes) can significantly impact the health 

and marketability of Nile tilapia (Ahmed, 2024). These 

parasites commonly infest fish, leading to visible lesions, 

reduced growth rates, and compromised immune function 

(Di Cesare et al., 2024). Heavy infestations can cause 

physical damage to tissues and organs, making fish more 

susceptible to secondary bacterial or fungal infections 

(Islam et al., 2024). Studies by Abd-ELrahman et al. (2023) 

have extensively documented the pathological effects of 

digenean trematodes on fish, including reduced fitness and 

susceptibility to other diseases. Beyond the direct 

physiological harm, the visible cysts of yellow grub detract 

from the fish's aesthetic appeal, leading to economic losses 

for aquaculture producers due to reduced market value and 

consumer rejection, as highlighted by Mahdy et al. (2024a). 

This highlights the crucial need for effective strategies to 

mitigate parasitic burdens in farmed tilapia populations. 

   Selenium (SeNPs) and antiparasitic agents offer 

promising avenues for managing yellow grub infestations 

and alleviating their adverse effects on Nile tilapia (Mahdy 

et al., 2024b). Selenium, particularly in its nano form 

(SeNPs), has been recognized for its potent antioxidant and 

immunomodulatory properties (Vijayaram et al., 2025). By 

bolstering the fish's immune system, selenium can enhance 

its natural resistance to parasitic infections (Eissa et al., 

2024). This may involve improved cellular immunity, 

increased production of protective antibodies, or enhanced 

inflammatory responses (Saad et al., 2022), which help 

encapsulate or eliminate parasites. For instance, Eissa et al. 

(2024) demonstrated that selenium supplementation can 

improve immune responses in fish challenged with 

parasites. Furthermore, selenium's role in reducing 

oxidative stress can help counteract the tissue damage 

caused by parasitic invasion, thereby promoting overall 

fish health and recovery, a mechanism supported by 

Yazhiniprabha et al. (2022). 

Antiparasitic agents, such as Praziquantel, on the other 

hand, directly target the parasites, aiming to reduce or 

eliminate their presence within the fish (Rigos et al., 2024). 

These agents can work through various mechanisms, such as 

disrupting the parasite's nervous system, inhibiting its 

metabolic pathways, or damaging its structural integrity. 

Research by  Garbin et al. (2024) and Reda et al. (2024) has 

explored the efficacy of various antiparasitic compounds in 

controlling parasitic infections in aquaculture. The judicious 

use of effective antiparasitic compounds, in conjunction with 

improved husbandry practices, is vital for controlling 

parasitic loads in aquaculture systems. Combining the 

immune-boosting effects of selenium with the direct action 

of antiparasitic agents could offer a multi-pronged approach 

to effectively mitigate the adverse impacts of yellow grub on 

Nile tilapia, leading to healthier fish and more sustainable 

aquaculture production. 

The key mechanisms through which SeNPs exert their 

beneficial effects against parasitic infections, which often 

induce significant oxidative stress in the host (Pawłowska 

et al., 2023). This occurs as the host's immune system 

mounts a response (e.g., producing reactive oxygen 

species, or ROS) and also as a result of the parasitic 

metabolic activities. SeNPs are renowned for their strong 

antioxidant properties (Sentkowska and Pyrzyńska, 2023). 

They can directly scavenge free radicals and, more 

importantly, act as precursors for synthesizing crucial 

selenoenzymes, such as glutathione peroxidase (GPx), 

thioredoxin reductase (TrxR), and catalase (CAT) (Song et 

al., 2022). These enzymes are vital components of the 

host's endogenous antioxidant defense system 

(Ponnampalam et al., 2022). By enhancing these 

antioxidant defenses, SeNPs help to neutralize harmful 

ROS, reduce lipid peroxidation, prevent cellular damage, 

and maintain the integrity of host tissues (e.g., intestinal 

epithelium, blood cells) that the parasitic infection might 

otherwise compromise. This protective effect enables the 

host to cope more effectively with the stress of infection 

and recover more quickly. 
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Selenium is an essential micronutrient for a properly 

functioning immune system (Lungu et al., 2022). SeNPs 

can significantly modulate both innate and adaptive 

immune responses (Chen et al., 2022).  They can enhance 

the activity of various immune cells, including 

macrophages, lymphocytes (T-cells and B-cells), and 

natural killer (NK) cells. A stronger immune response 

enables the host to recognize parasites more effectively, 

encapsulate them, and potentially eliminate or control their 

parasitic stages. SeNPs can influence the production of 

cytokines, promoting a balanced immune response that is 

effective against the parasite without causing excessive 

inflammation and collateral tissue damage to the host (Liu 

et al., 2024). They can help reduce pro-inflammatory 

cytokines that might be elevated during parasitic infections 

(Khabatova et al., 2022). By boosting overall immune 

competence, SeNPs increase the host's resistance to 

infection and reduce its susceptibility to secondary 

infections that often accompany parasitic burdens. 

Beyond direct immune enhancement, the antioxidant 

and anti-inflammatory properties of SeNPs directly 

contribute to protecting host tissues and organs from 

parasitic damage (Abdel-Gaber et al., 2023). For yellow 

grub, which encysts in fish tissues, SeNPs can help reduce 

the inflammatory reactions around the cysts, minimize 

tissue damage, and potentially aid in the encapsulation or 

isolation of the parasite, limiting its pathological impact. 

Studies have shown that SeNPs ameliorate hepatic 

histopathology, reduce granuloma diameters, and improve 

intestinal integrity in hosts infected with various parasites 

(Alabbassy et al., 2024). 

In summary, selenium nanoparticles do not directly 

kill yellow grub. The antiparasitic mechanism is largely 

host-mediated, involving a synergistic action that reduces 

oxidative stress caused by the infection (Chen et al., 2022). 

Enhancing the host's immune response, thereby increasing 

its capacity to resist and cope with the parasite (Mi et al., 

2022). Protecting host tissues from inflammation and 

damage induced by the parasitic presence. This makes them 

a valuable supportive agent in managing parasitic diseases, 

particularly in aquaculture, by improving fish health and 

resilience. 

The current study builds on existing research, 

revealing that dietary supplementation with 200 µg SeNPs 

per kg of diet significantly enhanced the growth 

performance of Nile tilapia. This finding aligns with 

previous studies that also documented positive growth 

effects at the same SeNP dosage (Ghaniem et al., 2022). 

This observed improvement in growth can be attributed to 

several factors. SeNPs likely increase intestinal absorption 

and improve bioavailability (Lee et al., 2016), resulting in 

more selenium being effectively utilized by the fish. 

Selenium is crucial for synthesizing selenoproteins, which 

contribute to higher protein levels in the intestinal villi, 

subsequently improving digestive enzyme activity, feed 

efficiency, metabolism, and overall growth (Mehdi et al., 

2013). Additionally, selenium enhances the intestinal 

microbial population and activity, as well as protease 

activity, resulting in improved protein utilization and 

digestibility. Ibrahim et al. (2021b) further linked SeNP-

induced growth promotion to an increase in the mucosal 

length and width of the intestinal epithelium, thereby 

expanding the surface area for nutrient absorption. 

The treatment groups in our experiment demonstrated 

an impressive 25% improvement in Feed Conversion Ratio 

(FCR) compared to the control fish, a result consistent with 

that of Abu‐Elala et al. (2021). FCR is a critical metric in 

aquaculture, directly reflecting how efficiently fish convert 

feed into biomass. Given that feed costs represent over half 

of the variable operating costs in aquaculture (Dunham and 

Elaswad, 2018), the substantial FCR improvement 

observed with SeNP supplementation highlights its 

significant economic benefits for tilapia farming. 

Furthermore, the present results indicate that dietary SeNPs 

at 1.0 mg/kg also increased survival time and decreased 

mortality rates, aligning with the findings of Sheikh et al. 

(2024) 

Blood parameters serve as valuable indicators of an 

animal's overall health. These findings are consistent with 

previous research on Nile tilapia fed a similar SeNP dosage 

(1.0 mg/kg) (Abu‐Elala et al., 2021; Rathore et al., 2023). 

Higher RBC counts, HCT, Mean Corpuscular Volume 

(MCV), and Mean Corpuscular Hemoglobin (MCH) were 

also observed in genetically improved farmed tilapia 

(GIFT) fed 0.75 mg/kg SeNPs (Joshna et al., 2023). 

Moreover, Ibrahim et al. (2021b) noted that Nile tilapia fed 

dietary SeNPs (0.8 mg/kg) had superior HCT, Hb, RBCs, 

and WBCs compared to those fed bulk selenium or control 

diets. These findings suggest that SeNPs regulate metabolic 

rate, as a higher number of RBCs and Hb content correlates 

with greater oxygen availability in body tissues (Parrino et 

al., 2018). The antioxidant properties of selenium play a 

crucial role in this process, protecting RBCs and extending 

their lifespan by guarding against reactive oxygen species 

(ROS), thereby preventing membrane disruption, cell 

hemolysis, and degeneration, and maintaining erythrocyte 

health and integrity (Ashouri et al., 2015).  

The current study found that treated fish, particularly 

those at T5, exhibited the highest levels of AST and ALT, 

which is consistent with the findings of Radwan et al. 

(2021). Notably, the study revealed significantly higher 

total serum protein, albumin, and globulin levels in the two 

SeNP treatment groups, with even higher levels in T3 and 

T6 compared to the control fish. Similar observations have 

been documented in the Nile tilapia (Rathore et al., 2021; 

Eissa et al., 2024) specifically reporting higher serum 

globulin levels in Nile tilapia fed SeNPs. Importantly, the 

current findings revealed no significant difference in 

glucose levels between the experimental groups, 

suggesting that selenium may have potential in alleviating 

stress and optimizing the physiological conditions of fish 

(Kumar et al., 2020). 

   In teleost fish, a positive correlation exists between 

growth rate and hepatic ghr-1 mRNA levels (Ruan RuiXia 

et al., 2011), supporting the use of the ghr gene as a growth 

indicator. Our results showed that SeNP supplementation 

in T3 and T6 increased ghr expression by an impressive 

5.038-fold and by 1.65-fold in T1, compared to the control 

fish. Fasil et al. (2021) similarly found that SeNPs 

increased gh expression in zebrafish muscle, and Abd El-

Kader et al. (2020) reported gh upregulation in European 

sea bass fed a SeNP diet. Variations in ghr expression 

across different tissues and fish species (Otero-Tarrazón et 

al., 2023) may be attributed to the unique characteristics of 

nano-form minerals. 
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Fish skeletal muscle grows post-embryonically 

through hypertrophy or hyperplasia, driven by the activity 

of undifferentiated myosatellite cells (Rbbani et al., 2024). 

Myogenin (myog) plays a crucial role in myogenesis, 

regulating muscle cell differentiation and satellite cell 

growth (Girolamo et al., 2024). Activated satellite cells 

differentiate and divide to produce new muscle fibers 

(Rallière et al., 2023), contributing to both muscle 

hyperplasia and hypertrophy. Myogenin is also essential 

for myocyte fusion, which increases nuclear number and 

subsequently leads to the typical development of fiber size, 

while restricting the size of the myonuclear domain in 

juvenile and adult muscles (Ortuste Quiroga et al., 2022). 

Our study showed a 1.248-fold increase in myog expression 

in the T3 and T6 groups compared to the control or T1 

groups. This finding aligns with Gao et al. (2018), who 

reported that selenium increased satellite cell proliferation 

and incorporation into muscle fiber cells, as well as the 

expression of MyoD and MyoG. 

Conversely, MYF6 regulates the expression of 

muscle-specific genes, controlling myogenesis and muscle 

regeneration (Wang et al., 2022). Moretti et al. (2016) 

reported that MYF6 negatively regulates adult skeletal 

muscles, as evidenced by increased muscle fiber size after 

myf6 gene knockdown. The observed higher expression of 

muscle-specific genes and increased protein synthesis 

further explain the increase in muscle fiber. Zou et al. 

(2015) identified single-nucleotide polymorphisms 

(SeNPs) within myf6 in Nile tilapia that were positively 

associated with body weight, depth, and length. In our 

research, myf6 expression levels decreased in T1, T3, and 

T6 compared to the control group, suggesting a beneficial 

effect on muscle growth. 

In our study, myostatin (mstn) expression increased by 

20.66-fold in T3 and T6 and 11.5-fold in T1 compared with 

infected fish. This finding contrasts with that of Ibrahim et 

al. (2021a), who suggested that mstn expression decreased 

in Nile tilapia when given selenium-loaded chitosan 

nanoparticles. These discrepancies might stem from 

differences in developmental stage, muscle type, and 

nutritional state (Patruno et al., 2008), all of which can 

influence mstn regulatory mechanisms. Elevated blood 

cortisol levels have also been correlated with higher mstn 

expression in fish (ELbialy et al., 2023), which could 

potentially explain the increased mstn expression in T3 and 

T6 due to higher cholesterol levels. 

Myostatin (MSTN) is a member of the transforming 

growth factor β superfamily, which negatively regulates the 

proliferation and differentiation of skeletal muscle cells, 

thereby limiting their growth (Sun et al., 2012). Possible 

changes in this gene (e.g. point mutations/SNP) lead to an 

increase in skeletal muscle mass (McPherron et al., 1997). 

In sharp contrast to mammals, MSTN orthologs of various 

fish species are widely expressed with a tissue-specific 

expression pattern. In mammals, it is primarily expressed 

in skeletal muscle, at lower levels in adipose tissue, the 

mammary gland, and cardiac muscle. In fish, MSTN 

mRNA has also been detected in other tissues/organs 

(brain, eye, intestine, gill fibers, gonad, kidney) 

(Maccatrozzo et al., 2001). Two distinct myostatin genes 

have also been found in some fish species (Roberts and 

Goetz, 2001). Comparison of myostatin sequences revealed 

that myostatin was extremely well conserved during 

evolution, to the extent that in bony fish, such as 

salmonoids, additional copies of the MSTN gene could be 

retained due to duplication of the ancient genome 

(Gabillard et al., 2013). Some of the potential SNPs in 

MSTN may have a positive effect on growth properties: for 

example, Fish MSTN, on the other hand, is responsible for 

cell proliferation and overall inhibition of cell growth, so 

although it regulates tissue mass, it does not specialize as a 

potent muscle regulator (Gabillard et al., 2013). In contrast 

to mammalian muscle growth, where postnatal muscle 

growth occurs almost exclusively with hypertrophy, in 

most fish species, postnatal muscle growth is a combination 

of hyperplasia and hypertrophy (Galt et al., 2014). 

The results strongly indicate that SeNPs promote 

muscle fiber hypertrophy, thereby enhancing the growth 

rate. In rainbow trout, selenium has been shown to induce 

hypertrophic muscle growth by enhancing selenoprotein 

gene expression (specifically SelK and SelW), inhibiting 

protein breakdown via the ubiquitin-proteasome pathway 

and the calpain system, and promoting myoblast fusion into 

pre-existing muscle fibers (Wang et al., 2021). 

 

Conclusions: This study highlights the significant 

potential of biosynthesized selenium nanoparticles 

(SeNPs) as a sustainable and multifunctional solution for 

managing Clinostomum marginatum infections in Nile 

tilapia aquaculture. By leveraging the eco-friendly 

synthesis of SeNPs using Saccharomyces cerevisiae, we 

present a viable alternative to conventional chemical 

antiparasitic agents, which are often associated with 

environmental concerns, drug resistance, and residual 

toxicity. The unique properties of SeNPs—including their 

antioxidant, antibacterial, and immunomodulatory 

capabilities—position them as a comprehensive 

therapeutic agent capable of addressing not only parasitic 

infections but also secondary bacterial challenges and 

oxidative stress in farmed fish. Beyond disease control, 

SeNPs demonstrate remarkable potential in enhancing 

growth performance and physiological resilience, making 

them a valuable tool for improving overall aquaculture 

productivity. The findings underscore the importance of 

nanotechnology in advancing sustainable aquaculture 

practices, offering a paradigm shift toward 

environmentally friendly disease management. Future 

research should focus on optimizing dosage protocols, 

evaluating long-term safety, and exploring large-scale 

applications to realize the commercial potential of SeNPs 

in aquaculture. By integrating SeNPs into current 

aquaculture systems, stakeholders can achieve improved 

fish health, reduced reliance on chemical treatments, and 

enhanced production efficiency, ultimately contributing to 

global food security and sustainable aquatic farming 

practices. 
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