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Abstract: Silver nanoparticles (AgNPs) were green-synthesized using the aqueous extract of Gelidiella 

sp., red algae. For this 50 mL of 10-3 M AgNO3 was prepared and mixed with 50mL of pure Gelidiella 

sp. extract, which was characterized by UV-Vis which had a peak at 417 nm, FTIR which confirmed 

the presence of functional groups, XRD confirmed the diffraction angles at 2θ=38.2° (111), 44.3° (200), 

64.5° (211), 79.6° (311) and 83.3° (331), and SEM analyses which had a particle size ranged from 50 

to 60 nm. The silver nanoparticles were evaluated for their antioxidant, antibacterial, and cytotoxic 

activities. Additionally, the AgNPs demonstrated a strong antioxidant activity via DPPH, Superoxide 

Dismutase Radical Scavenging assay, ABTS+, Ferric Reducing Antioxidant Potential (FRAP) assay, and 

Total Antioxidant Activity. Antibacterial tests showed maximal inhibition zones of 24 mm against 

Pseudomonas aeruginosa and Escherichia coli. Cytotoxicity analysis on MCF-7 breast cancer cells 

yielded an IC50 of 94.41 µg/mL. Silver nanoparticles synthesized using Gelidiella offer an eco-friendly, 

sustainable method in line with emerging trends in green nanotechnology. 
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1. Introduction 

Algae are abundant organisms rich in proteins, polysaccharides, lipids, and other 

biomolecules, making them a sustainable resource for nanotechnology. Their natural reducing 

and stabilizing agents enable environmentally friendly synthesis of nanoparticles, providing a 

cost-effective, non-toxic alternative to chemical and physical methods for producing nanoscale 

materials [1,2]. Green synthesis employs algae, fungi, plants, and microorganisms, with natural 

extracts converting metal ions into nanoparticles through eco-friendly chemical 

transformations [3-6]. This eco-friendly approach yields nanoparticles that are effective and 

safe for human health and the environment. Among biosynthesized nanomaterials, particularly 

silver and gold nanoparticles stand out for their biocompatibility, low toxicity, and broad 

biomedical applications, including drug delivery and diagnostics [7,8].  

Recent studies [9] highlight marine algae’s rising prominence in nanomedicine, 

especially for the facile synthesis of nanoparticles showing enhanced therapeutic effects.  

The genus Gelidiella, a red alga from tropical regions, is rich in phenolics, flavonoids, 

and sulfated polysaccharides- compounds that enhance its potential for nanoparticle synthesis 

and biomedical use. Prior studies demonstrate that Gelidiella acerosa can synthesize silver 
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nanoparticles with strong antimicrobial activity against pathogens such as Staphylococcus 

aureus, Escherichia coli [10]. Breast cancer persists as a leading cause of cancer mortality 

among women worldwide. While conventional treatments include surgery, radiation, and 

chemotherapy, recent advances in nanotechnology suggest using green-synthesized silver 

nanoparticles (AgNPs) as adjuncts to improve therapeutic outcomes and mitigate side effects 

[11,12]. This study evaluates the ability of Gelidiella-mediated AgNPs to exhibit combined 

antioxidant and cytotoxic potential, establishing correlations between their structural 

parameters and biological activities. The study uniquely demonstrates the comprehensive 

biomedical potential of Gelidiella-derived silver nanoparticles by integrating structural 

characterization with antioxidant, antibacterial, and anticancer evaluations in an integrative 

approach. The seaweed was characterized using UV-Vis spectroscopy, Fourier Transform 

Infrared Spectroscopy (FTIR), X-ray Diffraction (XRD), and Scanning Electron Microscopy 

(SEM). Antioxidant activity was assessed by DPPH, Superoxide Dismutase Radical 

Scavenging assay, ABTS Radical Cation Scavenging assay, FRAP, and total antioxidant 

activity. Antibacterial effects were tested against both Gram-positive (Bacillus subtilis, 

Staphylococcus aureus) and Gram-negative (Escherichia coli, Pseudomonas aeruginosa) 

bacteria, while cytotoxicity was analyzed using the MTT assay on MCF-7 cells. Compared to 

existing reports, only limited studies have explored the systematic correlation of Gelidiella sp.- 

mediated AgNPs structure and targeted biomedical properties. This work advocated further 

research into Gelidiella’s bioactive metabolites and their molecular mechanisms against 

cancer.  

2. Materials and Methods 

2.1. Chemicals and reagents. 

The chemicals used were Silver nitrate (AgNO3 ≥99% purity, analytical grade), 1,2-

diphenyl-2-picryl-hydrazine radical (DPPH), and 2,20-azinobis-3-ethylbenzothiazoline-6-

sulfonic acid (ABTS), which were purchased from SRL Chemicals Pvt. Ltd, ferrous sulfate 

(FeSO₄·7H₂O, ≥98% purity), potassium persulfate (K₂S₂O₈, ≥99% purity), methanol (CH₃OH, 

≥ 99.8% purity), ethanol (C₂H₅OH, ≥99.9% purity, absolute), and sodium hydroxide (NaOH, 

0.1M). All chemicals used were of analytical grade and used without further purification. 

Double-distilled water was used throughout the study for solution preparation. DPPH and ABTS 

solutions were prepared using methanol (analytical grade, purchased from SRL chemicals).  

2.2. Collection of samples and extract preparation. 

Gelidiella sp. were collected fresh from the Rameshwaram coast, Tamil Nadu, in 

October (available in the post-monsoon season from August to January). Taxonomic 

identification was confirmed through morphological and anatomical characteristics using 

standard phycological keys and herbarium references. Samples were washed with tap water, 

then with sterile distilled water, shade-dried at room temperature for 4-5 days, and ground to a 

fine powder. One gram of powder was boiled in 100 mL of distilled water for 15 min, cooled, 

filtered, and stored for further use. 
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2.3. Synthesis of silver nanoparticles at room temperature. 

Silver nanoparticles were synthesized by mixing equal volumes of freshly prepared 1 

mM AgNO3 solution and Gelidiella sp. aqueous extract. The reaction mixture pH was adjusted 

to 9.0 with 0.1M NaOH, a value previously shown to enhance nanoparticle formation and 

stability by promoting efficient bioreduction and minimizing aggregation. The synthesis was 

conducted at room temperature, a condition suitable for green methods and that avoids 

unwanted thermal degradation of bioactive compounds. The reaction was allowed to proceed 

for 24 hours to ensure complete reduction, as monitored by a color change indicating 

nanoparticle formation. After incubation, the nanoparticles were collected by evaporation and 

dried at 105°C [13]. The quantitative yield was determined by weighing dried nanoparticles:  
Equation 1 

𝑌𝑖𝑒𝑙𝑑 (%)  =  (𝑀𝑎𝑠𝑠 𝑜𝑓 𝑑𝑟𝑖𝑒𝑑 𝐴𝑔𝑁𝑃𝑠/ 𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝐴𝑔𝑁𝑂3 𝑚𝑎𝑠𝑠)  ×  100.  

To confirm the bioreduction mechanism, a blank control reaction was conducted by 

mixing 1mM AgNO3 with distilled water instead of algal extract under identical conditions. 

Lack of nanoparticle formation in the control validated that bioreduction was mediated by 

Gelidiella sp., biomolecules.  

2.4. Characterization of synthesized Ag nanoparticles. 

UV-vis absorption spectra were recorded using a Shimadzu UV-1800 

spectrophotometer, from 200 to 800 nm with high resolution. FTIR spectra were obtained by a 

PerkinElmer Spectrum Two spectrometer in the 4000–400 cm⁻¹ range at 4 cm⁻¹ resolution. X-

ray diffraction (XRD) was performed on a Rigaku diffractometer with Cu-Kα radiation (λ = 

1.5406 Å), operating at 40 kV and 30 mA, with a scanning range of 5° to 80° 2θ. Instrument 

calibration was carried out with standard silicon powder. Peaks were analyzed using Rigaku’s 

PDXL software for phase identification and crystallite size calculation using the Scherrer 

equation. Scanning Electron Microscopy (SEM) imaging was performed using F E I Quanta 

FEG 200 to assess morphology and size distribution.  

2.5. Analysis of the antioxidant activity of Ag nanoparticles. 

Antioxidant activities were evaluated by five assays: DPPH (2,2-diphenyl-1-picryl-

hydrazine), Superoxide Dismutase Radical Scavenging assay, ABTS+ [2, 2-azino-bis-3-

ethylbenzothiazoline-6-sulfonic acid], Ferric Reducing Antioxidant Potential (FRAP) assay, 

and Total Antioxidant Activity following Kourti [14] with slight modifications. Positive controls 

were ascorbic acid at 100 µg/mL for all assays. Methanol (for DPPH, ABTS, SOD, and total 

antioxidant) and distilled water (for FRAP) served as negative controls. For the DPPH assay, 0.1 

mM DPPH in methanol was incubated with various nanoparticle concentrations for 30 minutes 

in the dark, and the absorbance was measured at 517 nm. For the SOD assay, the reaction 

mixtures were incubated with nanoparticles for 10 minutes, and the absorbance was recorded 

at 560 nm. The working solution for the ABTS assay was made by mixing 7 mM ABTS with 

2.45 mM potassium persulfate and incubating for 10 minutes; the absorbance was measured at 

734 nm. The FRAP assay involved mixing the nanoparticle samples with FRAP reagent, and 

after 30 minutes, absorbance at 593 nm was measured. The reagent solution was prepared, 

nanoparticles were mixed to varying concentrations, the mixture was incubated for 90 minutes, 

and absorbance was measured at 695 nm. All assays were performed in triplicate for accuracy. 
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2.6. Antibacterial activity. 

The agar well diffusion method tested the antibacterial efficacy of algae-assisted 

AgNPs against Gram-positive (Bacillus subtilis, Staphylococcus aureus ATCC, 

Staphylococcus aureus MRSA) and Gram-negative (Escherichia coli, Pseudomonas 

aeruginosa) bacteria from Mahathi biotechnologies, Chennai. Nanoparticles (10 mg/mL) 

dissolved in distilled water were applied in 6 mm wells on Muller-Hinton agar inoculated to a 

McFarland standard of 1×106 CFU/mL. Plates were incubated at 37°C for 24 hours. Zones of 

inhibition (mm) were measured in triplicate. Results are expressed as mean ± standard 

deviation (SD). Statistical analysis was performed using one-way ANOVA. Amoxicillin 

(10µg/mL) served as a positive control, while AgNO3 (1 mM) served as a negative control 

[15,16].  

2.7. Cell viability assay. 

The cell viability of the synthesized silver nanoparticles was evaluated using 3-(4,5-

dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide (MTT) assay on human breast cancer 

cell lines (MCF-7). Cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM) 

incorporated with 10% fetal bovine serum (FBS), 1% penicillin-streptomycin, and maintained 

at 37°C in a humidified atmosphere containing 5% CO₂. Cells between passages 5 and 15 were 

used for all experiments to maintain consistency. After seeding in 96-well plates at a density 

of 1 × 10⁴ cells/well and allowing 24 hours for attachment, the cells were treated with 

nanoparticle suspensions at concentrations ranging from 5 to 100 µg/mL for 24 hours [17]. 

MTT is cleaved by mitochondrial Succinate dehydrogenase and reductase of viable cells, 

yielding a measurable purple product formazan. Formazan formation reflects the number of 

metabolically active cells and decreases as cytotoxicity increases. After 48 h of incubation, 

MTT solution (5 mg/mL) was added to each well, and the plates were incubated for a further 2 

h at room temperature. The medium was then carefully aspirated, 100 μL of DMSO was added 

to solubilize the formazan crystals, and the absorbance was measured at 570 nm using a Read 

Well Touch microplate reader [18]. All the experiments were performed in triplicate to ensure 

statistical validity. 
Equation 2 

𝐶𝑒𝑙𝑙 𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  𝑂𝐷 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒 / 𝑂𝐷 𝑜𝑓 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 ×  100 

3. Results and Discussion 

One of the intriguing characteristics of this research is the synthesis of Ag nanoparticles 

mediated by the red algae Gelidiella sp. In this research, we have synthesized, characterized, 

and examined the potential applications in medicine. Our research has shown that antioxidant 

potential, along with antibacterial and cytotoxic properties, could aid in boosting anticancer 

drug efficacy [19]. 

3.1. Synthesis of nanoparticles. 

The development of brown color in the reaction mixture suggests the formation of Ag 

nanoparticles. The color change of the reaction mixture indicates a reduction in metal ions and 

the formation of nanoparticles. A visible color change in the reaction mixture indicated the 

formation of silver nanoparticles, concurrent with the onset of the green reduction of silver 
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ions. This shift was evident when the algal extract turned light brown upon visual inspection. 

This alteration in color is primarily associated with bioactive constituents in the algae, which 

function as reducing, stabilizing, and capping agents for the nanoparticles. A visible color 

change in the reaction mixture indicated the formation of silver nanoparticles, concurrent with 

the onset of the green reduction of silver ions. This shift was evident when the algal extract 

turned light brown upon visual inspection [20]. This alteration in color is primarily associated 

with bioactive constituents in the algae, which function as reducing, stabilizing, and capping 

agents for the nanoparticles (Figure 1). 

 
Figure 1. Visual observation of nanoparticle biosynthesis using Gelidiella sp. extract. 

3.2. UV-vis analysis. 

The UV-Vis absorption spectrum of Gelidiella sp. - mediated silver nanoparticles 

displayed a strong peak at 417 nm, characteristic of AgNPs due to their surface plasmon 

resonance (SPR) properties. The observed color change of the reaction mixture- from colorless 

to reddish brown- confirmed the reduction of AgNO3 and successful nanoparticle formation. 

Although the peak at 417 nm confirms AgNP synthesis, this study did not include kinetic 

measurements to assess nanoparticle formation. The formation of the biosynthesized Silver NPs 

was confirmed by the absorption spectrum peak of Ag nanoparticles in the range of 350-480 

nm due to their size-dependent optical properties [21]. After the reduction of NPs, the reaction 

mixture color also changed, which indicated the confirmation of the synthesis of NPs. The NPs 

showed a peak at 417 nm, and this characteristic absorbance peak confirmed that BNPs were 

successfully synthesized [Figure 2]. The increase in color intensity was positively associated 

with incubation duration. This enhancement is likely related to the excitation of the surface 

plasmon resonance (SPR) of the nanoparticles and the progressive reduction of AgNO3 by the 

algal extract [22-24]. 

 
Figure 2. UV-visible spectrum of silver nanoparticles synthesized using Gelidiella sp. extract. 
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3.3. FTIR analysis. 

FTIR spectra act as a tool for the determination of functional groups in the AgNPs. 

Figure 3 shows FT-IR spectra of the biosynthesized silver nanoparticles using Gelidiella sp. extract. 

The FTIR spectrum of NPs of Gelidiella sp. shows a broad peak around 3400 cm-1, 

corresponding to O-H stretching vibrations, suggesting the presence of hydroxyl groups from 

alcohols or phenolic compounds. Peaks observed near 2920 cm-1 are associated with C-H 

stretching of aliphatic chains. A prominent band around 1640 cm-1 is attributed to C=O 

stretching (amide I), indicating the involvement of proteins in nanoparticle capping. The peaks 

in the region around 1400 cm-1 can be assigned to O-H bending or C-N stretching, further 

supporting the role of polyphenolic compounds and proteins. Additionally, strong absorption 

bands near 1100 cm-1 suggest C-O stretching vibrations, characteristic of alcohols, ethers, or 

polysaccharides. A weaker band near 600 cm-1 is attributed to metal-oxygen (Ag-O) bonding, 

confirming the interaction between silver and the biomolecules and indicating the formation of 

silver nanoparticles. This spectrum thus validates the role of Gelidiella sp. extract as both a 

reducing and stabilizing agent in the green synthesis of AgNPs. These verify that AgNO3 

nanoparticles were well integrated, as evidenced by the stable confirmation of the compounds. 

Concurrently, it was observed that absorption peak values differed among others [25-27]. 

 
Figure 3. FTIR spectrum of Gelidiella sp. mediated silver nanoparticles. 

3.4. XRD analysis. 

The bio-synthesized nanoparticles (AgNPs) powder derived from Gelidiella sp., 

aqueous extracts exhibited XRD peaks, at approximately 2θ=38.2° (111), 44.3° (200), 64.5° 

(211), 79.6° (311) and, 83.3° (331), which correspond well with the JCPDS standard (No. 01-

087-0718)for the cubic (face-centered cubic) structure of silver nitrate (Figure 8). These 

diffraction peaks confirmed the high purity of the synthesized material, as no impurity peaks 

were observed. The mean crystalline size of the AgNPs was calculated to be 58 nm using the 

Debye-Scherrer equation. 
Equation 3 

𝐷 = 𝐾𝜆/𝛽𝑐𝑜𝑠𝜃 

Where D is the crystalline size, K is the shape factor (usually 0.9), λ is the X-ray wavelength 

(0.15406 nm for Cu Kα radiation), β is the full width at half maximum (FWHM) of the 

diffraction peak in radians, and θ is the Bragg angle. The FWHM was obtained from the 

prominent (111) peak in the XRD pattern, as shown in Figure 4. This calculation confirms the 
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nanoscale size and crystalline nature of the nanoparticles synthesized using the green method 

from Gelidiella sp. extract. 

 
Figure 4. XRD pattern of synthesized Gelidiella sp. mediated silver nanoparticles. 

3.5. SEM analysis. 

The SEM analysis of silver nanoparticles biosynthesized using the aqueous extract of 

Gelidiella sp. revealed high-density, relatively uniform nanoparticles with diameters of 50-60 

nm, consistent with XRD results. The nanoparticles were surrounded by bioorganic capping 

molecules, predominantly stabilized through hydrogen bonding and electrostatic interactions. 

However, the current SEM micrographs are due to hydrogen bonding and electrostatic 

interactions between the bioorganic capping molecules bound to the AgNPs. SEM analysis 

shows high-density AgNPs synthesized by the macroalgae Gelidiella. It was shown that 

relatively uniform AgNPs were formed with a diameter ranging from 50 to 60 nm, which 

coincides with the XRD results. Our results are in accordance with other reports on Gelidiella 

[28] AgNPs particle size [Figure 5a,b]. The findings of Jamil [29] SEM images of Fe-Ni 

bimetals revealed that the nanoparticles had merged surfaces, were irregular in form, ranged 

from 50-100 µm, and had a compact shape, which was uncertain and irregular [30]. 

  

(a) (b) 

Figure 5. SEM image of synthesized silver nanoparticles at different magnifications showing the surface 

morphology and particle distribution. (a) SEM image at 30 µm; (b) SEM image at 40 µm. 
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3.6. Antioxidant activity. 

Five in vitro assays were used to assess the antioxidant activity of the algal extracts: 

DPPH (2,2-diphenyl-1-picryl-hydrazine) free radical scavenging assay, Superoxide 

Dismutase Radical Scavenging assay, ABTS+ [2,2-azino-bis-3-ethylbenzothiazoline-6-

sulfonic acid] Radical Cation Scavenging assay, Ferric Reducing Antioxidant Potential (FRAP) 

assay, and Total Antioxidant Activity [31,32]. Regression equations relating extract 

concentration to percentage inhibition were used to calculate IC50 values (the concentration 

required for 50% radical scavenging). 

The IC50 values were calculated as 4.88, 7.0, 10.97, 17.42, and 5.5 µg/mL, respectively, 

for the assays (Figure 6a, b, c, d, and e). These antioxidant activities are likely due to bioactive 

compounds in Gelidiella sp., especially phenolics and flavonoids, which are known major 

contributors to antioxidant potential. A strong negative correlation typically exists between 

IC50 values and total phenolic/flavonoid content, indicating that higher phenolic content 

corresponds to more effective radical scavenging (lower IC50).  

  
(a) (b) 

  

(c) (d) 

 
(e) 

Figure 6. Antioxidant activity of the Gelidiella sp., mediated silver nanoparticles assessed by (a) DPPH; (b) 

SOD; (c) ABTS; (d) FRAP; (e) Total antioxidant activity. Error bars represent mean ± SD from three 

independent replicates (n=3). 
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Although specific phenolic and flavonoid contents were not quantified in this study, 

such correlations suggest the observed antioxidant efficacy stems largely from these 

compounds. The negative correlation between IC50 and total phenolic/flavonoid content 

strongly supports the mechanistic involvement of these bioactives. Further isolation and 

quantification of these bioactives could clarify their contributions and potentially improve 

nanoparticle antioxidant potency. Overall, the green-synthesized nanoparticles demonstrated 

potent antioxidant properties, comparable to or superior to those of standard antioxidants. 

3.7. Antibacterial activity. 

The synthesized silver nanoparticles (AgNPs) demonstrated antibacterial efficacy 

against both Gram-positive and Gram-negative bacterial strains, evaluated via the Mueller-

Hinton agar well diffusion method. Silver nitrate solution served as the negative control, and 

amoxicillin as the positive control. At 100 µL concentration, the zone of inhibition for Gram-

negative Escherichia coli and Pseudomonas aeruginosa was 23 and 24 mm, respectively, while 

for Gram-positive Bacillus subtilis, Staphylococcus aureus, Staphylococcus aureus ATCC, and 

Staphylococcus aureus MRSA, the zones were 21, 22, 22, and 20 mm, respectively (Figure 7, 

Table 1). Pseudomonas aeruginosa showed the highest sensitivity to the AgNPs. The 

differential susceptibility between Gram-negative and Gram-positive bacteria can be attributed 

to their distinct cell wall compositions. Gram-negative bacteria have an outer phospholipid 

permeability barrier, while Gram-positive bacteria possess a thick peptidoglycan layer without 

an outer membrane.   

AgNPs exert their antibacterial effects through multiple mechanisms. Their nanoscale 

size and large surface area facilitate penetration and interaction with bacterial cell walls and 

membranes, resulting in physical membrane damage and rupture. Additionally, AgNPs induce 

the overproduction of reactive oxygen species (ROS), including hydroxyl radicals, superoxide 

anions, and hydrogen peroxide, leading to oxidative stress that damages lipids, proteins, and 

DNA within bacterial cells. This oxidative damage disrupts cellular respiration by inhibiting 

key respiratory enzymes, leading to energy depletion and cell death.  

 
Figure 7. Antibacterial activity of Gelidiella sp. mediated Ag NPs against human pathogens. Six Petri dishes 

show zone of inhibition against (1) Bacillus subtilis, (2) Escherichia coli, (3) Staphylococcus aureus, (4) 

Pseudomonas aeruginosa, (5) Staphylococcus aureus- ATCC, and (6) Staphylococcus aureus- MRSA.  

The generated ROS also impairs antioxidant enzyme activity, further exacerbating 

oxidative damage. AgNPs can interact with thiol groups in proteins, inactivating enzymatic 

functions crucial for bacterial survival, and can cause proton leakage through membranes, 
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resulting in loss of membrane potential and bacterial death. These multifaceted actions 

collectively contribute to the potent bactericidal activity observed, with a notable effect on 

Gram-negative bacteria likely due to differences in cell wall permeability and structure [33-

35]. 

Table 1. Antibacterial activity of Gelidiella sp. mediated silver nanoparticles against human clinical pathogens.  

Clinical pathogens 
Positive control 

(mm) 

Ag NPs 

(mm) 

Gelidiella sp. 
p value 

50 µL 100 µL 

Bacillus subtilis (+ve) 24 ± 0.5 20 ± 0.6 20 ± 0.4 21 ± 0.5 <0.05 

Escherichia coli (-ve) 28 ± 0.4 21 ± 0.5 21 ± 0.3 23 ± 0.6 <0.01 

Staphylococcus aureus (+ve) 26 ± 0.6 19 ± 0.4 21 ± 0.5 22 ± 0.4 <0.05 

Pseudomonas aeruginosa (-ve) 28 ± 0.3 18 ± 0.5 21 ± 0.4 24 ± 0.7 <0.01 

Staphylococcus aureus- ATCC (+ve) 29 ± 0.5 18 ± 0.6 21 ± 0.3 22 ± 0.5 <0.05 

Staphylococcus aureus- MRSA (+ve) 26 ± 0.4 19 ± 0.4 18 ± 0.3 20 ± 0.4 <0.05 

Values represent mean ± standard deviation (n=3). P-values were obtained using one-way ANOVA; p<0.05 was 

considered statistically significant.  

3.8. Cell viability activity. 

The cytotoxicity of Gelidiella-mediated silver nanoparticles (AgNPs) against MCF-7 

breast cancer cells was assessed using the MTT assay, which showed a concentration-

dependent decrease in cell viability with an IC50 of 94.41 µg/mL [Table 2]. At concentrations 

above 600 µg/mL, nearly complete death of cells was observed. These results are in alignment 

with other studies involving red and brown algae-derived AgNPs, supporting their pronounced 

anticancer activity (Figures 8a and 8 b) [36-39]. 

 

 

(a) (b) 

Figure 8. (a) Cell viability; (b) Cytotoxicity effect of Gelidiella sp. mediated AgNPs against MCF-7 Cell 

lines. Error bars represent standard deviation (n=3). 

The inhibition of MCF-7 cells by AgNPs is significantly influenced by particle size, 

charge, and surface chemistry. Nanoparticles sized 10-100 nm are most effective for anticancer 

delivery, as they are readily internalized via endocytosis, leading to higher local concentrations, 

extensive membrane interaction, and ROS generation. Smaller AgNPs (<20 nm) penetrate 

more deeply and induce greater DNA and mitochondrial disruption, while larger NPs (<30 nm), 

as in this study, maintain high uptake and retention within tumor cells. Surface charge (zeta 

potential) dictates cell-nanoparticle interaction. AgNPs with negative or neutral charge are 
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efficiently taken up by cells and demonstrate sufficient stability; highly negative charges can 

reduce uptake, whereas positive charges can enhance interaction with negatively charged 

cancer cell membranes. The Gelidiella extract provides bioactive capping agents- 

polysaccharides, phenolics- that influence surface chemistry, promote selective binding, and 

boost ROS generation within cancer cells, ultimately triggering apoptosis. The synergy of 

optimal size, favorable charge, and biofunctional surface chemistry explains the high 

cytotoxicity seen in Gelidiella AgNPs. This effect is potentiated by their ability to enhance 

oxidative stress, interfere with cell cycle control, promote membrane rupture, supporting their 

role as promising agents against breast cancer cells [40-43]. 

Table 2. In vitro cell viability of Gelidiella sp. mediated Ag NPs against MCF-7 cell lines. 

Concentration (µg/mL) Cell viability mean ± SD (%) P value 

0.0 (Control) 100.0 ± 0.00 - 

12.5 86.16 ± 2.31 <0.05 

25.0 76.17 ± 3.14 <0.01 

50.0 61.91 ± 2.87 <0.001 

100.0 49.66 ± 2.75 <0.001 

200.0 30.02 ± 1.92 <0.001 

Values represent the mean ± standard deviation of three independent experiments. Statistical significance was 

determined by one-way ANOVA compared to control (0.0 µg/mL); p-values <0.05 indicate significant 

cytotoxicity. 

4. Conclusion 

This study successfully demonstrates an environmentally friendly, low-cost green 

synthesis of silver nanoparticles (AgNPs) using Gelidiella sp., extract, yielding stable 

nanoparticles sized 50-60 nm, a UV-Vis absorption peak at 417 nm, and surface capping by 

bio-organic molecules such as amines, peptides, and secondary metabolites, as evidenced by 

FTIR analysis. These biomolecules facilitate extracellular bioreduction and confer nanoparticle 

stability in aqueous medium. These AgNPs exhibited strong antioxidant activity (IC50 values 

around 5 µg/mL) and potent antibacterial activity, achieving up to 24 mm inhibition zones 

against clinical pathogens. Cytotoxicity testing on MCF-7 breast cancer cells revealed an IC50 

of 94.41 µg/mL, underscoring their biomedical potential. The physicochemical properties, such 

as nanoscale size, surface chemistry, and charge, play a crucial role in mediating these 

biological effects by enhancing cellular uptake, reactive oxygen species (ROS) generation, and 

molecular interaction with microbial and cancer cell membranes. Notably, this is the first report 

to correlate the physicochemical characteristics of Gelidiella sp.-derived AgNPs with their 

multifunctional bioactivities, advancing understanding of their mechanistic basis. Future work 

should focus on elucidating molecular mechanisms through advanced omics and imaging 

techniques, while validating in vivo efficacy and safety. Optimizing scalable, eco-friendly 

synthesis for targeted nanomedicine applications represents a promising translational path for 

these biogenic nanoparticles.   
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