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Abstract 

     Nanomedicine is been a breakthrough for years due to its high efficiency in 

bactericidal property, antioxidant and cancer therapeutics. Silver Nanoparticle 

(AgNPs) being the safest metal was utilized in this biosynthesis method to synthesize 

AgNPs utilizing Piaractus brachypomus skin mucus, a biomolecule abundant source 

for the conversion of nanoparticle. The converted nanoparticle was characterized 

using UV spectrometric analysis exhibit a peak at 410nm, FTIR and XRD found 

properties corresponds to AgNPs, FESEM-EDAX identified average size of AgNPs 

as 35.303±23.43nm, EDAX confirmed silver through secondary diffraction. The 

highest bactericidal zone was 16mm against Salmonella spp., and antifungal activity 

was evident against Candida albicans and Dermatophytes spp. The DPPH exhibit a 

significant antioxidant activity of 49.32% at 10μL. The cytotoxicity analysis revealed 

88% cytotoxic effect at 100μL exhibiting IC₅₀ of 58.05 µg/mL, and a CC₅₀ of 

434µg/mL on Vero cells, yielding 7.5 selectivity index lead AgNPs, a significant 

candidate for biomedical application. 
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Introduction 

     The significance of nanotechnology among various field interests’ global researchers 

towards material science and biotechnology. To minimize the adverse effects associated with 

chemical and physical methods, there is a growing preference for eco-friendly nanoparticle 

synthesis using microbes and plant extracts [1-6]. Green synthesis of the nanoparticle is 

determined to be more noteworthy than physical and chemical techniques because of its 

friendliness to the environment, economic viability, and ease of scaling up for production. 

Many significant studies have proved that AgNPs are next-generation antibacterial agents [7-

9]. Nanoparticles are small particles of nanometer length, considered between 1-100 nm. 

Various types of nanoparticles are available, such as silver, copper, zinc, gold, etc. Silver is 

known for its safe nature, a non-toxic inorganic antibacterial agent that can eradicate 650 

different types of pathogenic bacteria, according to Holt [8]. Metal nanoparticles, such as 

AgNPs(AgNPs), are widely utilized across various sector due to their unique properties 

including optical, chemical, and physical, which makes nano silver particles useful for target-

specific drug delivery.  Cancer nanomedicine is rapidly advancing due to its unique features, 

such as small size, customizable shape, selective binding, and enhanced permeability, which 

allow targeted delivery of insoluble drugs to distant tumor sites. With no side effects 

nanotechnology serves as an efficient instrument for diagnostics and cancer therapy such as 

ovarian, breast, and non-small cell lung tumors with very less side effects than other therapies 

[9, 10]. The abundance and extended half-life of nanoparticle leads to low toxicity towards 

healthy cells which penetrates between the skin surfaces [11] NPs can cross cell membranes, 

interact with biological systems, and remain in circulation longer [12]. The size range between 

10-100nm shows better cancer treatment with upgraded drug delivery and enhanced 

penetrability and retaining EPR effect [13]. The uptake of AgNPs into bacteria and living cell 

leads to propagation of free radicals or silver ions which causes DNA damage that kills cancer 

cells by break the mitochondrial respiratory chain, and inhibits ATP production [14]. AgNPs 

are also used in the engineering and materials sciences for the construction of sensors and other 

components [15]. AgNPs selectivity target and destroy cancer cells while sparing healthy cells 

[16]. The HeLa cell line was created in 1951 and named for Henrietta Lacks, a cervical cancer 

patient. The creation of a human continuous cell line offers an accepted model for research on 

human cellular and molecular biology as well as cancer pathology [17]. The HeLa cell has been 

examined and utilized during the past ten years in research on cancer, gene expression and 

alteration, gene profiling, etc [18]. It was discovered that cervical cancer was the fourth most 

frequent malignancy among women because of its high incidence, and many drugs have been 

synthesized for better solutions. AgNPs' lethal dose (LD50) against HeLa cells was determined 

to be 300 µg/ml in one study, demonstrating the cytotoxicity of the material against cancer 

cells [19]. The popular native American fish known as red-bellied pacu, or Piaractus 

brachypomus, was first introduced to India in West Bengal and is currently available in several 

states, including Andhra Pradesh, Kerala, and the Northeast [20, 21]. One new prospective 

species for industrial aquaculture has been suggested to be Pacu [22]. Large-scale fish farming 

enterprises are more vulnerable to infections from a variety of diseases. Fish, on the other hand, 

have a variety of unique and robust defense mechanisms that protect them from these 

pathogenic infections, with fish skin mucus serving as the first line of physical defense [23]. 

Fish mucus plays a vital role in innate immunity, containing proteins and enzymes such as 

lysozyme, immunoglobulin, complement proteins, lectins, CRP, transferrin, and antimicrobial 

peptides [24,25]. Fish mucus possess lipids, carbohydrates and metabolites which maintains 

immune regulations. The sticky nature is mucin with glycoprotein, which possess fatty acids, 

SFA, MUFA and PUFA [26]. Excess mucus from fish is released during the harvest which can 

be converted into significant purposes. The study improves the biosynthesis of silver 

nanoparticles using fish skin mucus to assess the biological potential. The produced AgNPs 

were characterized through analytical techniques and microbicidal efficiency against selected 
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human pathogens. Further the study explores the antioxidant and cytotoxic potential against 

Hela cancer cell lines. 

     The objective is to determine the applicability of these nanoparticles in antimicrobial and 

anticancer treatments and contribute to the growing body of research on biologically 

synthesized nanoparticles for biomedical applications. 

 

Methodology 

Collection of Fish Mucus 

Live Piaractus brachypomus (300–500 g) were procured from “Frontier Aquaculture” and 

maintained in 100 L aerated glass tanks with regular water exchange. Fish were acclimated on 

commercial feed and monitored daily. Skin mucus was gently scraped without anaesthesia after 

washing the fish to remove surface debris. The collected mucus was stored at –20 °C in a deep 

freezer (Thermo Scientific Forma 900 series) to prevent microbial contamination and protein 

denaturation [27]. 

 

Materials 

Nutrient Agar (NA), Mueller Hinton Agar (MHA), and Sabouraud Dextrose Agar (SDA) 

(HiMedia, Mumbai) were used for culturing bacterial and fungal strains. Silver nitrate (AgNO₃; 

HiMedia) served as the nanoparticle precursor. Dimethyl sulfoxide (DMSO; ISOCHEM, 

Chennai) was used as solvent for test preparations. Methanol (Qualigens) and 2,2-diphenyl-1-

picrylhydrazyl (DPPH; Sigma-Aldrich) were used in antioxidant assays. Dulbecco’s Modified 

Eagle Medium (DMEM) with fetal bovine serum (FBS), penicillin, and streptomycin 

(HiMedia) supported HeLa cell culture. Phosphate-buffered saline (PBS) was prepared with 

analytical-grade reagents. 

 

Synthesis of AgNPs 

A 0.1 M AgNO₃ solution was prepared in distilled water. Fish mucus (1–3 mL) was added as 

a reducing and stabilizing agent to 100 mL of AgNO₃ and heated at 80 °C for 3 h until the 

solution turned brownish-black, indicating nanoparticle formation. The precipitate was 

centrifuged at 8000 rpm for 10 min at 4 °C, washed with distilled water, and dried at 100 °C 

for 12 h. The resulting AgNPs were scraped, powdered, and stored in sterile containers. 

 

2.4.Characterization 

     The biosynthesised AgNPs were characterised using multiple analytical techniques to 

confirm their formation, understand their structure, morphology, and elemental composition. 

 

2.4.1 UV-visible spectroscopy 

     UV-Visible spectral analysis was conducted using a Motras Scientific UV-Visible True 

Double Beam Spectrophotometer. The colloidal AgNP suspension was scanned between 300 

and 700 nm at room temperature. The characteristic surface plasmon resonance (SPR) peak of 

AgNPs was used to confirm their synthesis. A quartz cuvette with a path length of 1 cm was 

used, and distilled water served as a blank. 

 

2.4.2. Fourier Transform Infrared Spectroscopy (FTIR)  

     FTIR analysis was performed using a Bruker Alpha-Platinum FTIR spectrometer at IIT 

Madras. The dried AgNP sample was ground with potassium bromide (KBr) and pressed into 

a pellet. Spectra were recorded over the wavelength range of 4000-400 cm⁻¹ with a resolution 

of 4 cm⁻¹. This analysis helped identify the functional groups responsible for the reduction and 

stabilization (capping) of nanoparticles. 
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2.4.3. X-ray diffraction (XRD) 

     XRD analysis was carried out using a Bruker D8 Discover powder X-ray diffractometer 

(IIT Madras, Chennai). The dried nanoparticle sample was evenly spread onto a sample holder. 

The scan was performed in the 2θ range of 20°-80°, with a step size of 0.02° and scanning rate 

of 1°/min, using Cu-Kα radiation (λ = 1.5406 Å). The crystalline nature and phase 

identification of the synthesized nanoparticles were determined based on the diffraction peaks. 

 

2.4.4. Field Emission Scanning Electron Microscopy and Energy-dispersive X-ray (FESEM-

EDAX) 

     The surface morphology and particle size of AgNPs were examined using FESEM (VEGA3 

TESCAN) at the Madras Institute of Technology. The nanoparticles were mounted on carbon-

coated stubs and sputter-coated with a thin layer of gold before testing. Energy-Dispersive X-

ray (EDAX) analysis was performed in conjunction with FESEM to determine the elemental 

composition of the synthesized nanoparticles. The presence of elemental silver confirmed the 

successful synthesis. 

 

Antimicrobial Assay 

     The antimicrobial activity of AgNPs synthesized from fish mucus was tested using the agar 

well diffusion method. Gram-negative (Klebsiella spp., Salmonella spp., E. coli MTCC 043, 

Pseudomonas spp.) and Gram-positive (Staphylococcus aureus, S. haemolyticus) bacteria were 

cultured on MHA, while fungal strains (Candida albicans, Aspergillus niger, Dermatophytes 

spp.) were cultured on SDA. AgNP suspensions (25–100 μL, 100 μg/mL) were loaded into 

wells and incubated at 37 °C for 24 h (bacteria) and 28 °C for 48 h (fungi). Inhibition zones 

were measured in millimetres [28]. 

 

Antioxidant (DPPH) Assay 

     The free radical scavenging ability of AgNPs was tested by mixing 2 mL of 0.4 mM DPPH 

with AgNP samples (20–100 μL, 100 μg/mL) in methanol. After 15 min incubation at room 

temperature, absorbance was read at 517 nm [29]. 

Equation (1) 

Radical scavenging activity/Inhibition (%) = (ABS control-ABS sample/ABS control) *100  

MTT Cytotoxicity Assay 

MTT Cytotoxicity Assay HeLa and Vero cells (NCCS, Pune) were cultured in DMEM with 

10% FBS and antibiotics at 37 °C, 5% CO₂. The cell lines were further tested with AgNPs (10 

μg/mL, 20-100 μL) for 24h. Post treatment, 20 μL of 5mg/ml MTT was mixed and incubated 

for 2h. Formazan crystals were mixed into 100 μL DMSO, and absorbance was observed at 

570nm[30]. 

Equation (2) Cell viability (%) = (Absorbance of sample / Absorbance of control) × 100. 2.8.  

 

Statistical Analysis  

Was performed using SPSS statistical software (version 26),  ANOVA and Tukey’s post hoc 

test was used to perform comparing group menans. Microsoft excel and R software were used 

to construct graphical illustrations. 

 

Results and Discussion 

3.1.UV-VIS spectrophotometry 

     The preliminary indication for the synthesis of that AgNPs, when the reaction mixture 

turned from pale white to brown after three hours of heating at 80°C while being stirred 

regularly. The reduction of silver ions (Ag⁺) to metallic silver (Ag⁰) is indicated by this visual 

change. The 1 mL sample showed the best nanoparticle synthesis out of all the various volumes 

of Piaractus brachypomus mucus extract that were tested. UV-visible spectroscopy verified 
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this, showing a clear surface plasmon resonance (SPR) spike at 410 nm (Figure 1), a spectral 

range commonly linked to AgNPs (400–500 nm) [31]. These findings unambiguously show 

that AgNPs were successfully biosynthesised, which is in line with the distinctive SPR profiles 

that have been documented for silver nanostructures. 
 

 
Figure 1: UV-VIS spectrometry of fish mucus-mediated synthesized AgNPs. 

 

3.2. Fourier Transform Infrared Spectroscopy (FTIR) analysis 

     Analysis using Fourier Transform Infrared Spectroscopy (FTIR) Major functional groups 

involved in the reduction and stabilization process were identified by FTIR analysis of the 

AgNPs derived from Piaractus brachypomus mucus. 

Prominent peaks were observed at 548.82 cm⁻¹ (C–Br), 628.12 cm⁻¹ (C–Cl), 1057.28 cm⁻¹ (C–

O–C), 1393 cm⁻¹ (CH₃ bending), 1519.26 cm⁻¹ (NO₂ stretching), and 1627.65 cm⁻¹ (C=C), 

indicating the presence of alkyl halides, ether linkages, and nitro compounds (Figure 2). The 

C–H and CH₂ stretching vibrations from aliphatic chains are represented by peaks at 2856.37 

and 2923.56 cm⁻¹, whereas aromatic C–H groups can be detected by a peak at 3085.09 cm⁻¹. 

N–H and O–H stretching from amino and hydroxyl groups, most likely derived from proteins, 

polyphenols, and carbohydrates found in fish mucus, has been verified by broad peaks at 

3167.33, 3207.85, 3262.59, and 3410.07 cm⁻¹ [28]. Similar peaks around 2927, 1631, and 1383 

cm⁻¹, which indicate the presence of C–H, C=O/N–H, and C–C/C–N functional groups, were 

reported in previous investigations [32–34], which confirms the role of biomolecules in the 

synthesis and stabilization of nanoparticles. The crystalline nature of the nanoparticle was 

further identified using XRD analysis.  
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Figure 2: FTIR of fish mucus-mediated synthesis of silver nanoparticles 

3.3.X-ray diffraction (XRD) analysis  

     The XRD pattern of AgNPs made from fish mucus was examined. The XRD displays the 

corresponding peaks at 27.91°, 32.34°, 38.23°, 46.30°, 54.88°, 57.54°, 67.57°, 76.82°, and 

85.69°. Standard AgNPs are often used to evaluate and validate the synthesis of silver 

nanoparticles, and the JCPDS diffraction card 04-0783 corresponds to the silver nanoparticles. 

The standard states that the peaks produced by biosynthesis have planar values (111), (200), 

(220), and (311). AgNPsexistence is confirmed by comparing the planar value obtained by 

XRD data with a normal JCPDS diffraction card. The values (220), (122), (111), (231), (331), 

(241), and (311) are associated with the peaks as shown in Figure 3. The obtained peaks match 

the silver nanoparticle, indicating that it is a bio-synthesized and crystalline particle [35, 36]. 

The structural analysis of the synthesised AgNPs was carried out using FESEM. 

 

 
Figure 3: XRD analysis of fish mucus-mediated synthesised AgNPs 

 

3.4. Field Emission Scanning Electron Microscopy and Energy-dispersive X-ray (FESEM-

EDAX) analysis 

     The morphology of the biosynthesized AgNPs was analyzed using Field Emission Scanning 

Electron Microscopy (FESEM). Images captured at magnifications corresponding to 1 μm, 

2 μm, and 10 μm scales revealed predominantly spherical nanoparticles, with an average size 

of 35.303 ± 23.43 nm (analysed using Image J), Figure 4(a-c). The presence and elemental 

composition of silver were further confirmed through Energy Dispersive X-ray Analysis 

(EDAX), which showed strong signals corresponding to elemental silver, along with other 

contaminants from fish mucus and scales, indicating successful nanoparticle formation. The 
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FESEM-EDAX characterization results are comparable between the current and prior 

investigations of fish mucus and other green synthesis generated using various precursors for 

the creation of nanoparticles [37, 38]. The results support earlier findings on nanoparticle 

formation using fish mucus as a biological agent. According to a previous investigation, 3 mL 

of fish mucus was used to synthesize copper nanoparticles, which had an average size of 82.38 

± 8.42 nm [27].  However, the current study used just 1 mL of mucus to form AgNPs. The 

particle size and morphology may be influenced by variables like temperature, pH, salt 

concentration, and the biochemical makeup of mucus, especially amino acids, lectins, and other 

organic compounds. 

 

 
Figure 4: (a) FESEM image of AgNPs mediated by fish mucus at 1 μm magnification, 

 

 displaying the size distribution and shape of the nanoparticles. (b) A 2 μm magnification 

FESEM image showing nanoparticle aggregation and spatial dispersion. (c) A lower-resolution 

FESEM image showing surface coverage and uniformity at a magnification of 10 μm. The 

presence of nanoparticles is indicated by strong Ag peaks in the EDAX spectrum, whereas 

biomolecules from fish mucus that function as reducing and capping agents are reflected by C, 

O, Na, Cl, S, and Ca peaks. Cu peaks originate from the support grid.  

 

3.5. Conversion of AgNPs. 

     A variety of substances found in fish mucus contribute to the transformation of silver nitrate 

into silver nanoparticles. The FTIR analysis, as reported by [39,40], indicates that the formation 

and stabilization of AgNPs are attributed to C=O stretching, N–H bending, and C–N stretching 

vibrations from protein functional groups commonly found in fish mucus. Biomolecules such 

as alkaloids, proteins/enzymes, amino acids, alcohols, and polysaccharides [24,25] act as 

reducing agents for silver ions, which supports the formation of AgNPs in solution [41]. An 

additional factor in the reduction activity and AgNO3's transformation into AgNPs is the 

soluble amino acids found in fish mucus [27].  

 

3.6. Anti-microbial activity  

     The antibacterial and antifungal activities of biosynthesized AgNPs from Piaractus 

brachypomus skin mucus were evaluated against both Gram-positive and Gram-negative 

pathogens using the agar well diffusion method Figure 5a-e. A 100 μg/mL AgNP suspension 

was tested at varying volumes (25 μL, 50 μL, 75 μL, and 100 μL) against Klebsiella spp., 

Salmonella spp., Escherichia coli (MTCC No. 043), Pseudomonas spp., Staphylococcus 

aureus, and Staphylococcus haemolyticus. Inhibition zones were observed at 75 μL and 

a b c 

d 
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100 μL, particularly notable against Pseudomonas spp., E. coli, and Salmonella spp. (Table 2). 

Similarly, antifungal activity against Candida albicans, Aspergillus niger, and Dermatophytes 

spp. showed concentration-dependent inhibition at higher volumes. This shows that the 

inhibition activity enhances with an increase in concentration. The optimum concentration for 

antimicrobial activity is found to be 100 μL. According to standard testing conditions, the 

maximum inhibition zone of 16 mm against Salmonella spp. is similar to that attained by first-

line antibiotics like ampicillin and ciprofloxacin. But when compared, conventional antibiotics 

often exhibit bactericidal effects at lower concentrations that are more reliable. AgNPs 

nevertheless have further advantages, such as longer-lasting activity, less harmful and slowed 

resistance development. The mechanism of inhibition is due to the attachment of AgNPs to 

bacterial cell walls, resulting in a breakdown of the integrity of the membrane, and dispensing 

silver ions (Ag⁺) that generate reactive oxygen species (ROS), denature proteins, and block 

with DNA replication [42,43]. The Oxidative stress and eventually microbial cell death are the 

outcomes of these combined effects. By enhancing membrane permeability, promoting greater 

intracellular formation, and even reviving antibiotic activity against resistant bacterial strains, 

AgNPs have also been demonstrated to improve the effectiveness of conventional antibiotics 

[44–46]. AgNPs may not have the same pronounced potency as conventional antibiotics, but 

the biosynthesized nanoparticles have useful additional qualities. They are promising 

candidates for future combination therapies or as sustainable alternatives in cases of antibiotic 

resistance because of their broad-spectrum antimicrobial activity, biocompatibility, and ability 

to work in combination with current medications. 

 
Figure 5: Antimicrobial activity of fish mucus-mediated synthesized AgNPs against bacteria 

(a) P. aeruginosa, (b) E. coli, (c) Salmonella spp., and antifungal against fungi (d) C. albicans, 

(e) Dermatophytes spp. 

 

Table 2: Zone of inhibition of AgNPs against bacteria and fungi 

BACTERIAL       SPECIES 
Concentration 

25 μL 50 μL 75μL 100 μL 

Pseudomonas. spp., - - 5mm 5mm 

Escherichia coli - - - 5mm 

Salmonella. spp., - - - 5mm 

FUNGAL SPECIES 

Concentration 

25 μL 50 μL 75μL 100 μL 

Candida albicans - - 5 mm 5 mm 

Dermatophytes spp., - - 5 mm 5 mm 
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3.7. Antioxidant activity  

     The DPPH (2,2-diphenyl-1-picrylhydrazyl) assay, which measures the capacity to scavenge 

free radicals, was used to evaluate the antioxidant potential of the synthesized AgNPs. At 

volumes 20, 40, 60, 80, and 100 µL, a 100 μg/mL AgNPs suspension was tested, and the 

absorbance at 517 nm was measured. According to the results, absorbance decreased 

concentration-dependently from 0.602 to 0.413, which was consistent with rising inhibition 

percentages of 26.13%, 30.42%, 36.44%, 41.59%, and 49.32% (Figure 6). At higher 

concentrations, this trend suggests increased antioxidant activity. Tukey's HSD test further 

validated significant differences at higher volumes (p < 0.01), and statistical analysis using 

one-way ANOVA confirmed the significance of this dose-dependent response (p < 0.05). The 

scavenging potential is still noteworthy even though the maximum inhibition (49.32%) was 

less than that recorded for some plant-based AgNPs (e.g., 62.33%). Fish mucus biomolecules 

like proteins and polyphenols, which aid in the stabilization and reduction of AgNPs, are 

probably what drive the antioxidant activity. Differences in mucus composition between 

species may also affect the effectiveness of radical scavenging [47-49]. 

. 

 
Figure 6: Anti-oxidant property of fish mucus-mediated synthesized AgNPs 

 

3.8. Anti-cancerous activity (MTT assay) 

     MTT assay for anti-cancer activity The MTT assay was used to check the in in vitro 

anticancer effect of AgNPs made from Piaractus brachypomus skin mucus against HeLa cells. 

Cells were incubated for 24 hours after being treated with different volumes (20–100 μL) of a 

100 μg/mL AgNP suspension of cells. 

 

     A dose-dependent reduction in cell viability was observed, with average absorbance values 

of 0.885 (control), 0.824 (20 μL), 0.6515 (40 μL), 0.458 (60 μL), 0.2065 (80 μL), and 0.11 

(100 μL), as shown in Figure 7. The test was carried out thrice to ensure the data is correct and 

for more accuracy. The corresponding relative viability percentages were 93.10%, 73.61%, 

51.75%, 23.33%, and 12.42%, as presented in Table 3. The maximum cytotoxic effect was 

seen at 100 μL concentration, which was found to be the optimum concentration, while only 

cell viability remained 12%, indicating potential for strong anticancer property. The calculated 

IC₅₀ (half-maximal inhibitory concentration) value was 58.05 μg/mL. Cytotoxicity assessment 

on normal Vero cells showed a CC₅₀ of 434 μg/mL, resulting in a selectivity index (SI) of 7.5, 

underlining specific toxicity toward cancer cells while leaving normal cells unaffected [16]. 

This anticancer activity may be linked to the activity of AgNPs, causing several intracellular 

effects, including the generation of reactive oxygen species (ROS), disruption of mitochondrial 
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membrane, and initiation of apoptosis via DNA fragmentation and inhibition of pivotal 

pathways that are required for cell growth. Further down, their nanoscale size and surface 

bioactivity enhance cellular uptake and interaction. Additionally, previous studies have 

highlighted and reported the therapeutic effects of AgNPs by detecting their anti-angiogenic 

and anti-metastatic effects of similar biogenic AgNPs  [50-52]. Statistical analysis using 

ANOVA (p< 0.05) and Tukey’s HSD test (p < 0.01) confirmed significant, dose-dependent 

cytotoxic effects. When compared with AgNPs synthesized from plant sources like Quisqualis 

indica or black beans, the fish mucus-derived AgNPs demonstrated comparable cytotoxic 

efficacy, establishing them as a viable and eco-friendly alternative [53]. Furthermore, although 

conventional chemotherapeutics often display IC₅₀ values in the lower range of 1-10 μg/mL, 

the higher CC₅₀ Figure 8 observed for the biosynthesized AgNPs (434 μg/mL) suggests a 

favourable therapeutic window with reduced toxicity toward normal cells, an important 

limitation of traditional agents. Altogether, these findings suggest that fish mucus-mediated 

AgNPs may serve as promising adjuncts or alternatives in anticancer therapies. 

 

Table 3: Anti-cancerous activity of fish mucus-mediated synthesized AgNPs against the HeLa 

cell line 

Concentration 

(100µg\mL) 
Absorbance I Absorbance II 

Absorbance 

III 
Mean SD 

Cell 

viability 

(%) 

Control 0.879 0.891 0.885 0.885 0.006 100 

20 0.82 0.828 0.824 0.824 0.004 93.1073446 

40 0.645 0.658 0.6515 0.6515 0.0065 73.6158192 

60 0.466 0.45 0.458 0.458 0.008 51.7514124 

80 0.201 0.212 0.2065 0.2065 0.0055 23.3333333 

100 0.103 0.117 0.11 0.11 0.007 12.4293785 

 

Table 4: Cytotoxicity activity of fish mucus-mediated synthesized AgNPs against the HeLa 

cell line 

Concentration 

(100µg\mL) 
Absorbance I Absorbance II 

Absorbance 

III 
Mean SD 

Cell 

viability 

(%) 

Control 0.846 0.848 0.846 0.846667 0.0011547 100 

20 0.774 0.778 0.769 0.773667 0.00450925 91.37795 

40 0.742 0.751 0.748 0.747 0.00458258 88.22835 

60 0.705 0.704 0.711 0.706667 0.00378594 83.46457 

80 0.675 0.677 0.654 0.668667 0.01274101 78.97638 

100 0.665 0.664 0.662 0.663 0.00152753 78.30709 
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Figure 7: Observation of Anti-cancerous activity (MTT assay) of fish mucus-mediated 

synthesized AgNPs against HeLa cell line, with a scale bar of 100μm. (A) Control (untreated), 

(B-F) Influence of 20μL, 40μL, 60μL, 80μL, 100μL AgNPs on HeLa cell line. 

 

 
Figure 8: IC50 (Inhibitory Concentration 50%) and CC50 (Cytotoxic Concentration 50%) 

values of HeLa and Vero cell lines of fish mucus-mediated synthesized silver nanoparticle 

 

Conclusion 

     This study successfully demonstrated the biosynthesis of AgNPs using the skin mucus of 

Piaractus brachypomus. The synthesized AgNPs exhibited stable, spherical morphology with 

an average size of 35.303±23.43nm, as confirmed by UV-Vis, FTIR, XRD, and FESEM-

EDAX analyses. These nanoparticles showed considerable antibacterial and antifungal activity 

against both Gram-positive and Gram-negative pathogens, as well as dermatophytes and 

Candida albicans. AgNPs showed moderate antioxidant activity and potent anticancer effects 

against HeLa cells (88% inhibition, SI = 7.5), indicating high therapeutic potential with low 

normal cell toxicity. The above findings using fish skin mucus provide an effective biological 

medium for the synthesis of AgNPs with promising biomedical properties. Additionally, the 

nanoparticles can be further explored for their potential application in aquaculture as a nano-

based strategy to improve disease resistance in fish, offering a sustainable alternative to 

conventional antimicrobial treatments 
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