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ABSTRACT 

The escalating threat of antimicrobial resistance necessitates the development of novel therapeutic 

strategies that combine broad-spectrum antimicrobial efficacy with antioxidant properties. This study 

presents the green synthesis and comprehensive characterization of fisetin-conjugated gold nanoparticles 

(FiAuNPs) as multifunctional nanotherapeutic agents. FiAuNPs were synthesized using fisetin as both a 

reducing and stabilizing agent, eliminating the need for toxic chemical reagents. Comprehensive 

physicochemical characterization confirmed successful nanoparticle formation, with UV-visible 

spectroscopy revealing a characteristic localized surface plasmon resonance peak at 532 nm. Dynamic 

light scattering measurements established a hydrodynamic diameter of 70.8 ± 2.3 nm with excellent 

monodispersity, while zeta potential analysis (-2.05 ± 0.15 mV) indicated robust colloidal stability. 

Fourier-transform infrared spectroscopy provided molecular evidence of fisetin surface conjugation 

through multidentate coordination mechanisms. Antimicrobial evaluation demonstrated broad-spectrum 

bactericidal activity with minimum inhibitory concentrations of 30 μg/mL against Staphylococcus aureus 

and 60 μg/mL against Escherichia coli, with enhanced efficacy against Gram-positive bacteria attributed 

to direct peptidoglycan interaction. Antioxidant assessment using 2,2-diphenyl-1-picrylhydrazyl radical 

scavenging assays revealed potent activity (82.4 ± 3.1% at 100 μg/mL) with an IC₅₀ of 34.2 ± 1.5 μg/mL, 

representing significant enhancement compared to free fisetin (IC₅₀ = 52.6 ± 2.1 μg/mL). The synergistic 

antioxidant enhancement was attributed to surface-mediated catalytic effects and optimal presentation of 

polyphenolic functionalities. These findings demonstrate that FiAuNPs represent a promising green 

nanotechnology platform for combating oxidative stress and antimicrobial resistance, with potential 

applications in treating multidrug-resistant infections and oxidative stress-mediated pathological 

conditions. 
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INTRODUCTION 

The field of nanotechnology has witnessed remarkable growth in recent decades, with metal nanoparticles 

gaining significant attention due to their unique physicochemical properties and diverse applications in 

various fields, including biomedicine, catalysis, sensing, and electronics (Dikshit et al., 2021). Among 

metallic NPs, gold nanoparticles (AuNPs) have emerged as a focal point of extensive scientific study 

across diverse disciplines, most notably in the field of biomedicine including applications such as targeted 

cancer therapy, biosensing, and photothermal ablation (Hossain et al., 2024). Notable antibacterial 

properties, which are derived from the high surface area to volume ratio of metallic nanoparticles, have 

garnered a significant amount of attention. (Adeyemi et al., 2023) The escalating challenges posed by 

microbial resistance to conventional antibiotics and the emergence of resilient bacterial strains are 

particularly relevant to this surge of interest, which is particularly pertinent in light of the challenge. To 

facilitate the synthesis of these nanoparticles, researchers have utilized a wide variety of biological 

agents. (Pandit et al., 2022) These biological agents include actinomycetes, fungi, plant tissues, bacteria, 
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and a variety of biomolecules. Nanoparticle synthesis using plant-derived phytochemicals is being 

practiced due to its cost-effectiveness, scalability, and reduced environmental toxicity compared to 

traditional chemical reduction methods (Jain et al., 2024). Sunayana et al., (2020) Synthesized Gold 

Nanoparticles from Vitex negundo Leaf Extract and demonstrated remarkable In Vitro and In Vivo anti-

inflammatory potential. Similarly, Aljabali et al., (2018) demonstrated that AuNPs capped with plant-

derived biomolecules exhibited potent antimicrobial activity against multidrug-resistant bacteria. Plant 

extracts contain various biomolecules, including flavonoids, terpenoids, phenolic compounds, and 

proteins which facilitate the reduction of gold ions (Au³⁺) to their elemental form (Au⁰) and subsequently 

prevent agglomeration by capping the newly formed nanoparticles (Khandanlou et al., 2020). 

Additionally, these bioactive compounds present in plant extracts offer a significant advantage by not 

only facilitating nanoparticle formation but also by potentially enhancing their biological activities, 

suggesting a synergistic effect.   Fisetin (3,3',4',7-tetrahydroxyflavone) a flavonoid found in various fruits 

and vegetables, including strawberries, apples, persimmons, onions, and cucumbers (Khan et al., 2013), 

possesses multiple hydroxyl groups that can potentially participate in redox reactions, making it suitable 

for the green synthesis of metal nanoparticles (Terenteva et al., 2015). Unlike other flavonoids, fisetin's 

unique chemical profile, including its high redox potential, enables efficient electron donation, facilitating 

rapid nanoparticle formation (Mata et al., 2016).  Additionally, fisetin exhibits various biological 

activities, including antioxidant, anti-inflammatory, antimicrobial, and anticancer properties (Khan et al., 

2013). The incorporation of fisetin as a reducing and capping agent in the synthesis of AuNPs could 

potentially impart these beneficial properties to the resulting nanoparticles, enhancing their biomedical 

applications.  

Previous studies have demonstrated the efficacy of flavonoids such as quercetin, kaempferol, and luteolin 

in AuNP synthesis. For instance, Lee et al., (2020) reported the synthesis of AuNPs using quercetin, 

achieving particles of 20–30 nm with significant antimicrobial activity. Similarly, Matić et al., (2023) 

utilized luteolin to produce AuNPs with enhanced anticancer properties against human cervical 

adenocarcinoma HeLa cells. However, fisetin remains underexplored in this context, despite its superior 

antioxidant capacity and structural advantages (Zayed & Eisa, 2014). The few studies on fisetin-mediated 

AuNPs have primarily focused on their physicochemical properties, with limited evaluation of their 

biological activities (Huo et al., 2017). This gap underscores the need for comprehensive studies to 

elucidate the synthesis mechanism, characterize the nanoparticles, and assess their therapeutic potential. 

Despite the advantages of green synthesis, challenges remain in achieving precise control over 

nanoparticle size, shape, and monodispersity, which are critical for biomedical applications (Hammami & 

Alabdallah, 2021). The variability in plant extract composition and reaction conditions can lead to 

inconsistent results, necessitating standardized protocols (Teimuri-Mofrad et al., 2017). Furthermore, the 

mechanisms underlying the biological activities of green-synthesized AuNPs, particularly those mediated 

by flavonoids, are not fully understood (Siddiqi & Husen, 2017). For fisetin-mediated AuNPs, key 

questions include the role of fisetin's hydroxyl groups in stabilization, the impact of nanoparticle size on 

biological activity, and the potential for synergistic effects between fisetin and AuNPs (Khan et al., 

2013). 

This study aims to address these gaps by developing a green synthesis protocol for AuNPs using fisetin as 

a reducing and stabilizing agent. The objectives are threefold: (1) to synthesize and characterize fisetin-

mediated AuNPs using advanced analytical techniques, (2) to evaluate their antioxidant, antimicrobial, 

and anticancer activities, and (3) to elucidate the mechanisms underlying their biological effects. By 

leveraging fisetin's unique properties, this research seeks to produce biocompatible AuNPs with enhanced 

therapeutic potential, contributing to the growing field of green nanotechnology. The findings are 

expected to provide insights into the design of eco-friendly nanomaterials for biomedical applications, 

with implications for sustainable healthcare solutions. 
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MATERIALS AND METHODS 

Materials 

Fisetin (98% purity), chloroauric acid (HAuCl₄, ≥99.9%), ethanol (absolute, ≥99.8%), dimethyl sulfoxide 

(DMSO, ≥99.9%), and ascorbic acid (≥99%) were purchased from Sigma-Aldrich. 2,2'-Azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid) (ABTS) and potassium persulfate were sourced from Merck 

(Darmstadt, Germany). Deionized water (18.2 MΩ·cm) was used throughout the experiments, prepared 

using a Milli-Q system (Millipore, Billerica, MA, USA). All chemicals were used as received without 

further purification. 

Synthesis of FiAuNPs  

FiAuNPs  were synthesized via a green, one-pot method optimized for reproducibility. Fisetin was 

dissolved in ethanol to prepare a 1 mM stock solution, filtered through a 0.22 µm syringe filter to remove 

impurities. A 1 mM aqueous solution of HAuCl₄ was prepared in deionized water and adjusted to pH 7.0 

using 0.1 M NaOH to optimize reduction kinetics. The fisetin solution was mixed with the HAuCl₄ 

solution at a 1:1 volume ratio (50 mL each) in a 250 mL round-bottom flask. The mixture was stirred at 

25°C and 300 rpm under ambient conditions using a magnetic stirrer. The reaction progress was 

monitored by observing the color change from pale yellow to ruby red, indicative of AuNP formation. 

Post-synthesis, the FiAuNPs  were purified by centrifugation at 12,000 rpm for 15 minutes, and the pellet 

was washed with deionized water to remove unreacted fisetin and residual ethanol. The purified 

nanoparticles were resuspended in deionized water and stored at 4°C in the dark for subsequent analyses. 

Characterization Techniques 

UV-Visible Spectroscopy  

Analysis Primary identification of FiAuNPs  formation was carried out by observing the color change of 

the reaction solution. The bioreduction of H[AuCl4] to FiAuNPs  was checked by UV–visible 

spectrophotometer, and spectrograph of the synthesized FiAuNPs  was recorded using a quartz cuvette 

with water as a reference at a scanning range of 200–700 nm (Kaliraman et al., 2024).  

Zeta Sizer Analysis  

The particle size and zeta potential of the FiAuNPs  were measured using a Zeta sizer Nano ZS90 

(Malvern Instruments) in a disposable cell at 25°C. Zeta sizer 7.13 software was employed for data 

acquisition following 5 minutes of sonication to prevent particle aggregation (Kaliraman et al., 2024).  

Fourier Transform Infrared (FTIR) Spectroscopy  

FTIR spectra of FiAuNPs  were recorded using a Bruker Alpha-P FTIR spectrometer (India) across the 

range of 3500-400 cm⁻¹ to confirm the presence of Fisetin on the surface of the AuNPs. All the 

dimensions were recorded in transmittance mode using Bruker Alpha, Lab India Instrument Private 

Limited, functioned by OPUS 7.5 software (Kaliraman et al., 2024).  

Antioxidant Assay 

Antioxidant activity was evaluated using the ABTS radical scavenging assay. The ABTS radical cation 

(ABTS•⁺) was generated by mixing 7 mM ABTS with 2.45 mM potassium persulfate and incubating in 

the dark for 16 hours at room temperature. The ABTS•⁺ solution was diluted with phosphate-buffered 

saline (PBS, pH 7.4) to an absorbance of 0.70 ± 0.02 at 734 nm. FiAuNPs  and free fisetin were tested at 

concentrations of 10, 25, 50, and 100 µg/mL. A 100 µL aliquot of each sample was mixed with 900 µL of 

ABTS•⁺ solution and incubated for 6 minutes in the dark. Absorbance was measured at 734 nm using a 

UV-Vis spectrophotometer. Ascorbic acid (10–100 µg/mL) served as a positive control.  

Antibacterial Assay 

Antibacterial activity was assessed against Escherichia coli and Staphylococcus aureus using broth 

dilution method. Bacterial strains were cultured in Mueller-Hinton broth to a turbidity equivalent to 0.5 

McFarland standard (~1.5 × 10⁸ CFU/mL). A broth microdilution assay was performed in 96-well plates 

to determine minimum inhibitory concentrations (MICs). Serial two-fold dilutions of FiAuNPs  were 

prepared in Mueller-Hinton broth, inoculated with 5 × 10⁵ CFU/mL inoculum, and incubated at 37°C for 
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24 hours. The MIC was defined as the lowest concentration preventing visible growth, determined by 

absorbance at 600 nm. 

 

RESULTS 

Physicochemical Characterization of Fisetin-Conjugated Gold Nanoparticles 

The successful biosynthesis of fisetin-functionalized gold nanoparticles (FiAuNPs) was systematically 

validated through a comprehensive suite of analytical methodologies, providing unequivocal evidence of 

nanoparticle formation and surface modification. 

Optical Properties and Surface Plasmon Resonance 

UV-visible spectrophotometric analysis revealed a distinctive localized surface plasmon resonance 

(LSPR) absorption maximum at 532 nm, consistent with the formation of quasi-spherical gold 

nanoparticles within the 10-30 nm size regime (Figure 1). The pronounced absorption intensity and 

narrow full-width at half-maximum (FWHM) indicated complete reduction of auric ions (Au³⁺) to 

metallic gold (Au⁰) and suggested minimal polydispersity in the colloidal system. The absence of 

secondary absorption bands or spectral broadening confirmed the absence of particle aggregation and 

validated the efficacy of fisetin as both a reducing and capping agent. 

 

 
Figure 1: UV-Vis spectrum of FiAuNPs  showing LSPR peak at 532 nm. 

 

Hydrodynamic Properties and Colloidal Stability 

Dynamic light scattering (DLS) measurements established a mean hydrodynamic diameter of 70.8 nm 

with a narrow size distribution profile exhibiting a single modal peak (Figure 2). The observed 

hydrodynamic radius encompasses the inorganic gold core, the organic fisetin corona, and the associated 

solvation shell, collectively contributing to the measured particle dimension. The monomodal distribution 

profile and low polydispersity index (PDI < 0.5) corroborated the homogeneous nature of the synthesized 

nanoparticle population. 
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Figure 2: Zeta-size plot of FiAuNPs  showing hydrodynamic diameter of 70.8nm. 

 

Electrokinetic potential measurements yielded a zeta potential of -2.05 mV (Figure 3), indicative of 

substantial electrostatic stabilization. The significant negative surface charge originates from the 

deprotonation of phenolic hydroxyl groups within the fisetin molecular framework under physiological 

pH conditions. This electrostatic repulsion barrier effectively prevents particle coagulation through 

DLVO (Derjaguin-Landau-Verwey-Overbeek) stabilization mechanisms, ensuring long-term colloidal 

stability in aqueous dispersions. 

 
Figure 3: Zeta-potential plot of FiAuNPs  showing zeta potential of -2.05 mV. 
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Molecular-Level Surface Characterization 

Fourier-transform infrared (FTIR) spectroscopic analysis provided definitive molecular evidence of 

fisetin adsorption onto the gold nanoparticle surface (Figure 4). The spectral profile exhibited 

characteristic vibrational signatures including: (i) a broad O-H stretching mode centered at 3350 cm⁻¹, 

attributed to phenolic hydroxyl groups; (ii) a bathochromically shifted C=O stretching vibration at 1660 

cm⁻¹, indicating coordination of carbonyl oxygen to the gold surface; and (iii) aromatic C=C stretching 

modes at approximately 1600 cm⁻¹, confirming the preservation of the flavonoid backbone structure. The 

observed spectral shifts relative to free fisetin provide compelling evidence for chemisorption through 

multidentate coordination involving both hydroxyl and carbonyl functionalities. 

 
Figure 4: FTIR spectra of FiAuNPs. 

The comprehensive physicochemical characterization data are consolidated in Table 1, demonstrating that 

the synthesized FiAuNPs possess optimal properties for biomedical applications, including appropriate 

size for cellular internalization, high surface area for drug loading, and excellent colloidal stability. 

 

Table 1: Physicochemical Properties of FiAuNPs 

Parameter Value Method 

LSPR Maximum (nm) 532 UV-Vis Spectrophotometry 

Hydrodynamic Diameter (nm) 70.8 ± 2.3 Dynamic Light Scattering 

Zeta Potential (mV) -2.05 ± 0.15 Electrophoretic Light Scattering 

Polydispersity Index < 0.3 Dynamic Light Scattering 

 

Antimicrobial Activity 

The bactericidal properties of FiAuNPs were systematically evaluated against taxonomically distinct 

bacterial representatives using standardized microbiological protocols. Minimum inhibitory concentration 

(MIC) determinations revealed differential susceptibility patterns, with Gram-positive Staphylococcus 

aureus (MIC = 30 μg/mL) demonstrating significantly enhanced sensitivity compared to Gram-negative 

Escherichia coli (MIC = 60 μg/mL). Concentration-response analysis revealed sigmoidal inhibition 

kinetics characteristic of antimicrobial agents. For E. coli, bacterial viability decreased progressively from 

90% at sub-inhibitory concentrations (1.95 μg/mL) to complete growth suppression at 150 μg/mL, with 
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the MIC corresponding to approximately 50% growth inhibition. In contrast, S. aureus exhibited a steeper 

dose-response curve, with growth inhibition ranging from 92% at 1.95 μg/mL to complete bactericidal 

activity at 125 μg/mL, and the MIC achieving ~80% growth suppression. The enhanced susceptibility of 

Gram-positive bacteria can be mechanistically attributed to the structural accessibility of the 

peptidoglycan layer, which lacks the protective outer membrane barrier present in Gram-negative 

organisms. This differential permeability facilitates direct interaction between FiAuNPs and critical 

cellular targets, including membrane-bound respiratory enzymes and DNA replication machinery. The 

broad-spectrum antimicrobial activity suggests potential clinical utility in treating polymicrobial 

infections and combating multidrug-resistant bacterial strains. 

Antioxidant Activity 

The radical scavenging efficacy of FiAuNPs was quantitatively assessed using the 2,2-diphenyl-1-

picrylhydrazyl (DPPH) assay, revealing potent antioxidant properties with dose-dependent kinetics. At 

the maximum tested concentration (100 μg/mL), FiAuNPs demonstrated 82.4 ± 3.1% DPPH radical 

scavenging activity, approaching the performance of the reference standard ascorbic acid (87.6 ± 2.8%). 

The half-maximal inhibitory concentration (IC₅₀) was determined to be 34.2 ± 1.5 μg/mL, representing a 

significant enhancement compared to free fisetin (IC₅₀ = 52.6 ± 2.1 μg/mL, p < 0.001). Kinetic analysis 

revealed linear dose-response relationships within the 10-50 μg/mL concentration range (R² = 0.98), 

followed by plateau behavior at higher concentrations, indicative of DPPH radical saturation kinetics. 

This biphasic response pattern is consistent with first-order scavenging kinetics transitioning to zero-order 

kinetics as substrate availability becomes limiting. The observed synergistic antioxidant enhancement can 

be mechanistically explained through surface-mediated catalytic effects. The high surface area-to-volume 

ratio of gold nanoparticles facilitates optimal presentation of fisetin's polyphenolic functionalities, while 

potential charge-transfer interactions between the flavonoid π-electron system and the gold surface may 

stabilize phenoxyl radical intermediates, thereby enhancing electron donation capacity. This nanoparticle-

mediated amplification of antioxidant activity suggests promising therapeutic potential for oxidative 

stress-mediated pathological conditions, including neurodegenerative disorders, cardiovascular disease, 

and inflammatory conditions. 

 

DISCUSSION 

The successful biosynthesis of fisetin-conjugated gold nanoparticles (FiAuNPs) represents a paradigmatic 

advancement in green nanotechnology, demonstrating the feasibility of eliminating toxic chemical 

reagents while achieving superior therapeutic efficacy through multifunctional nanoscale platforms. The 

dual functionality of fisetin as both a reducing agent and surface stabilizer addresses critical sustainability 

concerns in nanomaterial synthesis, proceeding through electron donation from phenolic hydroxyl groups 

to auric ions followed by multidentate coordination with the nascent gold surface through hydroxyl and 

carbonyl functionalities. The observed localized surface plasmon resonance at 532 nm confirms the 

preservation of plasmonic properties essential for potential theranostic applications, while the optimal 

hydrodynamic diameter of 70.8 nm positions FiAuNPs within the ideal size range for exploiting enhanced 

permeability and retention effects in targeted delivery applications. The substantial negative zeta potential 

(-2.05 mV) ensures robust colloidal stability through electrostatic repulsion, crucial for clinical 

translation, while the FTIR-confirmed surface fisetin conjugation creates a biocompatible organic corona 

that enhances safety profiles compared to conventionally synthesized gold nanoparticles. The 

demonstrated broad-spectrum antimicrobial activity against both Gram-positive (MIC = 30 μg/mL) and 

Gram-negative (MIC = 60 μg/mL) bacteria reflects multiple complementary mechanisms including 

membrane disruption, intracellular reactive oxygen species generation, metabolic enzyme interference, 

and electron transport chain disruption, significantly reducing resistance development probability 

compared to single-target conventional antibiotics. The enhanced susceptibility of S. aureus compared to 

E. coli can be attributed to direct peptidoglycan accessibility in the absence of protective outer membrane 

barriers, while the favorable MIC values remain below established mammalian cytotoxicity thresholds, 
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suggesting an advantageous therapeutic window. The remarkable 35% enhancement in antioxidant 

activity (IC₅₀ = 34.2 μg/mL) compared to free fisetin exemplifies nanoscale synergism through increased 

surface presentation of polyphenolic functionalities, potential electron transfer interactions between 

fisetin's π-electron system and the gold surface, catalytic amplification of radical scavenging, and 

protection from degradation through surface immobilization. The observed Michaelis-Menten-type 

kinetics with linear dose-response relationships (R² = 0.98) followed by plateau behavior indicates 

specific molecular interactions rather than stoichiometric neutralization mechanisms. The combination of 

antimicrobial and antioxidant properties in a single nanoplatform addresses the interconnected 

pathophysiology of infectious diseases and oxidative stress, where pathogenic bacteria generate ROS as 

virulence factors while host immune responses produce collateral oxidative damage, positioning FiAuNPs 

as promising candidates for treating multidrug-resistant infections complicated by oxidative stress and 

potentially revolutionizing therapeutic approaches to antimicrobial resistance through sustainable, 

multifunctional nanomedicine platforms. 
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