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ABSTRACT 

This study explores the anti-inflammatory efficacy of electrospun starch/polyvinyl alcohol (PVA) nanoscaffolds 

embedded with copper oxide (CuO) nanoparticles synthesized via a green method using Sargassum wightii extract 

and ultrasonic assistance. UV–Vis spectroscopy confirmed nanoparticle formation with a distinct surface plasmon 

resonance peak at 292 nm. Fourier Transform Infrared Spectroscopy (FTIR) and X-ray diffraction (XRD) analyses 

revealed the successful incorporation of CuO into the nanofibrous matrix, indicating strong polymer-nanoparticle 

interactions and a semi-crystalline structure. Scanning electron microscopy (SEM) images displayed uniform, 

bead-free nanofibers with well-dispersed CuO nanoparticles, while Thermogravimetric Analysis (TGA) 

demonstrated thermal stability up to 220°C. Zeta potential and Dynamic light scattering (DLS) analyses confirmed 

high colloidal stability and monodispersity of CuO nanoparticles. Anti-inflammatory assessments using protein 

denaturation and xanthine oxidase inhibition assays revealed that the nanoscaffolds outperformed both the algal 

extract and CuO nanoparticles individually. These findings suggest that the synergistic integration of bioactive 

CuO nanoparticles into starch/PVA scaffolds enhances anti-inflammatory properties, highlighting their potential 

for application in inflammation-targeted biomedical therapies. 

 

KEYWORDS: Sargassum wightii, Green synthesis, CuO NPs, Starch/PVA/CuO-NPs nanoscaffolds, Anti-

inflammatory activity. 

 

1. INTRODUCTION 

Chronic inflammation plays a pivotal role in the progression of numerous diseases, including arthritis, 

cardiovascular disorders, cancer, and neurodegenerative conditions [1]. The persistent inflammatory response 

leads to cellular damage and impaired tissue regeneration, making it crucial to develop novel, biocompatible, and 

effective anti-inflammatory agents [2]. Conventional anti-inflammatory drugs, while effective, are often 

accompanied by adverse side effects such as gastrointestinal bleeding, renal impairment, and increased 

cardiovascular risk [3]. Consequently, there is an increasing demand for natural and biomaterial-based therapeutic 

alternatives that exhibit high efficacy with minimal toxicity [4]. In this context, integrating bioactive compounds 

with nanotechnology platforms has garnered considerable attention for developing next-generation anti-

inflammatory agents [5]. 

Marine macroalgae are emerging as promising resources for bioactive compounds due to their abundance of 

secondary metabolites such as polyphenols, flavonoids, terpenoids, and sulfated polysaccharides [6]. Among the 

diverse species, Sargassum wightii, a brown macroalgae native to coastal regions of South India, has demonstrated 

considerable therapeutic potential [7]. It is particularly rich in antioxidants and anti-inflammatory agents, 

including phlorotannins, fucoidans, and alginates, which contribute to its ability to scavenge free radicals and 

suppress pro-inflammatory mediators [8]. Harnessing these bioactive molecules through green synthesis 

approaches offers a sustainable route for nanoparticle fabrication, thereby enhancing the functional properties of 

biomedical materials [9]. 

Copper oxide nanoparticles (CuO NPs), owing to their unique physicochemical properties, have emerged as potent 

agents for antimicrobial, antioxidant, and anti-inflammatory applications [10]. Their high surface area-to-volume 

ratio, redox potential, and catalytic efficiency make them ideal for biological interfacing [11]. However, 
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conventional chemical synthesis of CuO NPs often involves hazardous reagents and energy-intensive protocols 

that may compromise biocompatibility and environmental sustainability [12]. To address this, green synthesis 

methods using plant or algal extracts have been proposed as eco-friendly alternatives [13]. In this study, an 

ultrasonic-assisted extraction method was employed to enhance the yield and preserve the bioactivity of 

compounds from S. wightii [14], which in turn facilitated the reduction and stabilization of Cu²⁺ ions to form CuO 

NPs [15]. This method ensures minimal thermal degradation and better penetration of solvent into cellular 

matrices, yielding extracts rich in functional phytochemicals [16]. 

Electrospinning technology has emerged as a versatile technique for fabricating nanofibrous scaffolds that mimic 

the extracellular matrix (ECM), making it highly relevant for tissue engineering and drug delivery applications 

[17]. Electrospun scaffolds exhibit high surface area, tunable porosity, and customizable mechanical properties, 

thereby enabling effective interaction with biological systems [18]. Polyvinyl alcohol (PVA), a hydrophilic and 

biodegradable polymer, is widely used for electrospinning due to its excellent film-forming ability and mechanical 

strength [19]. However, blending it with natural polymers such as starch enhances its biological affinity, 

degradation rate, and biocompatibility [20]. Starch, derived from renewable resources, offers functional hydroxyl 

groups that promote hydrogen bonding and modulate scaffold properties [21]. The integration of CuO NPs 

synthesized from S. wightii extract into starch/PVA nanofibers provides a composite system that combines 

structural integrity with bioactivity [22]. 

The strategic incorporation of bio-synthesized CuO NPs into starch/PVA nanofibrous scaffolds aims to create a 

multifunctional platform capable of modulating inflammatory responses [23]. The nanoparticles are anticipated 

to act as bioactive reservoirs, releasing copper ions that interfere with reactive oxygen species (ROS) generation, 

cytokine expression, and enzymatic activity associated with inflammation [24]. Moreover, the phytochemicals 

from the S. wightii extract used in the synthesis may retain their anti-inflammatory characteristics post-embedding, 

offering synergistic therapeutic effects [25]. Electrospun scaffolds with such bioactive inclusions could find 

significant applications in wound healing, implantable biomaterials, and localized drug delivery systems [26]. 

Despite numerous studies exploring metal oxide nanoparticles and polymeric scaffolds independently, the 

combinatorial potential of green-synthesized CuO NPs and starch/PVA electrospun matrices for anti-inflammatory 

purposes remains largely underexplored [27]. This study addresses this gap by developing an eco-friendly and 

cost-effective nanoscaffold through a one-pot green synthesis and fabrication strategy [28]. The methodology 

focuses on ultrasonic extraction of S. wightii to obtain potent bio-reductants, which mediate the synthesis of CuO 

NPs [29]. These nanoparticles are then embedded into a starch/PVA matrix via electrospinning, forming 

nanofibrous scaffolds with controlled morphology and enhanced surface characteristics [30]. 

Comprehensive characterization techniques such as UV-Vis spectroscopy, Fourier Transform Infrared 

Spectroscopy (FTIR), X-ray diffraction (XRD), Scanning electron microscopy (SEM), Thermogravimetric 

Analysis (TGA), Dynamic light scattering (DLS), and zeta potential analysis were employed to verify nanoparticle 

formation, scaffold integration, and physicochemical stability [31]. Furthermore, the anti-inflammatory efficacy 

of the scaffolds was assessed using validated in vitro assays, including protein denaturation inhibition and xanthine 

oxidase inhibition, which are indicative of the material's potential to attenuate inflammatory cascades [32]. These 

bioassays provide preliminary but substantial evidence of the scaffold's therapeutic viability [33]. 

In summary, this study presents a novel approach to developing anti-inflammatory biomaterials by integrating 

green nanotechnology and polymeric engineering [34]. The utilization of S. wightii extract for nanoparticle 

synthesis and the fabrication of electrospun starch/PVA scaffolds offers a sustainable and biocompatible solution 

for inflammation management [35]. By demonstrating the physicochemical and biological properties of the 

synthesized materials, the study lays a strong foundation for further exploration into clinical applications, 

including wound healing, tissue engineering, and targeted drug delivery [36]. This integrated methodology not 

only enhances therapeutic outcomes but also supports the advancement of environmentally conscious biomedical 

innovations [37]. 

 

2. MATERIALS AND METHODS 

2.1. Materials  

In this investigation, Sargassum wightii macroalgae sourced from the Rameswaram coastline in Tamil Nadu, India, 

served as the natural reducing agent for synthesizing CuO NPs. Copper(II) sulfate pentahydrate (CuSO₄·5H₂O), 

obtained from Sigma-Aldrich, functioned as the metal precursor. PVA with an average molecular weight of 

115,000 acted as the primary electrospinning polymer. Locally procured starch was incorporated to enhance 

scaffold properties. All reagents used, such as ethanol and Milli-Q water, were of analytical grade and supplied 

by Merck and Sigma-Aldrich. Electrospinning was executed using a HOLMARC HO-NFES-040 unit equipped 

with a syringe pump. Nanoparticles and scaffolds were analyzed using UV-Vis spectroscopy (VIS SPEC V-730), 

FTIR (PerkinElmer Spectrum Two), XRD (Bruker D8 Advance), SEM (JSM-IT800 NANO), DLS and zeta 

potential (Malvern Zetasizer Ultra), and TGA (PerkinElmer TGA 8000). Anti-inflammatory evaluations followed 

conventional validated methods. 

2.2. Collection of marine macroalgae  

The collected S. wightii was taxonomically identified and authenticated by Dr. V. Veeragurunathan, CSIR–

CSMCRI–Marine Algal Research Station, Mandapam Camp, Tamil Nadu, India. A voucher specimen has been 

prepared and deposited in the Herbarium of the CSIR–CSMCRI–Marine Algal Research Station under the 
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accession number SI–2025–RMM–017. Fresh specimens of S. wightii were collected from marine habitats near 

Rameswaram. The collected biomass was rinsed extensively with tap water to eliminate sand, epiphytes, and other 

debris, followed by several washes with distilled water to ensure cleanliness. About 100 grams of cleaned algae 

were chopped into small fragments and left to dry at ambient conditions for roughly 14 days. The desiccated 

biomass was ground into a fine powder using a mechanical grinder and stored in airtight containers for later use. 

2.3. Ultrasonic-assisted extraction  

To extract the bioactive components, 2 grams of S. wightii powder were mixed with 50 mL of Milli-Q water in a 

100 mL beaker. The blend was subjected to ultrasonic-assisted extraction using a LABQUEST ultrasonic cleaner 

(Borosil; Serial No. 941032329018) at 60°C for 45 minutes. The solution was filtered through Whatman No. 1 

paper under sterile conditions, and the clear extract was collected and preserved at 10°C. For extended storage 

and later applications, the extract was freeze-dried using a lyophilizer [38]. 

2.4. Green synthesis of CuO NPs  

The CuO NPs were prepared via a green synthesis method using S. wightii extract. Specifically, 50 mL of a 0.1 M 

CuSO₄·5H₂O solution was mixed with 10 mL of S. wightii extract (derived from 10 mg powder dissolved in 10 

mL Milli-Q water) in a 5:1 volume ratio. The mixture was stirred at 650 rpm while maintaining the temperature 

at 60°C for 2 hours. A visible color transition from blue to bluish-green indicated nanoparticle formation. The 

product was washed thrice with double-distilled water under similar conditions to eliminate residuals. The final 

CuO NPs were freeze-dried for 48 hours and preserved in powdered form for characterization and scaffold 

fabrication [39]. 

2.5. Fabrication of CuO-Embedded electrospun starch/PVA scaffolds  

A 15% (w/w) aqueous PVA solution was prepared by dissolving the polymer in Milli-Q water with constant 

stirring. To this solution, 100 mg each of starch and CuO NPs were added, followed by continuous stirring at 50°C 

for 2.5 hours to ensure even dispersion. The homogenous solution was filled into a syringe with a 0.84 mm inner 

diameter needle and electrospun using the HOLMARC HO-NFES-040 apparatus powered by a HMPSKV30 high-

voltage source (0–30 kV, 0.5 mA). Optimized settings were 11.5 kV voltage, 12.3 cm needle-to-collector gap, and 

a 0.4 mL/h feed rate. Electrospinning was conducted for 6 to 8 hours at room temperature to generate nanofibrous 

mats [40, 41]. 

2.6. Physicochemical characterization 

2.6.1. UV–visible spectroscopy  

UV-Vis analysis verified nanoparticle synthesis and examined the optical features of the S. wightii extract and 

green-synthesized CuO NPs. Absorbance spectra were collected using the VIS SPEC V-730 over 200–800 nm, 

with deionized water serving as the reference. Peaks associated with surface plasmon resonance confirmed 

nanoparticle generation and their incorporation in the scaffold  [42]. 

2.6.2. FTIR spectroscopy  

FTIR spectra were obtained using a PerkinElmer Spectrum Two in ATR mode to determine molecular bonding 

and functional groups. Scans were recorded between 4000 and 400 cm⁻¹ at a 4 cm⁻¹ resolution with 64 scans per 

sample. Functional groups such as hydroxyl, carbonyl, amide, and metal-oxygen were analyzed to study 

interactions [43]. 

2.6.3. XRD analysis 

Crystallographic analysis of CuO NPs and scaffolds was conducted using a Bruker D8 Advance diffractometer 

with CuKα radiation (λ = 1.5406 Å), operated at 40 kV and 40 mA. Diffraction patterns were captured in the 2θ 

range of 5°–90° with a 0.029649° step size. Peaks linked to monoclinic CuO and any deviations due to polymer 

interaction were noted [44]. 

2.6.4. SEM analysis 

SEM analysis using the JEOL JSM-IT800 NANO was performed to observe scaffold surface features, particle 

size, and fiber orientation. Prior to imaging, samples were coated with a thin gold layer to prevent charging. 

Detailed images illustrated the nanostructure and nanoparticle distribution [38]. 

2.6.5. TGA  

Thermal stability and decomposition patterns were assessed by TGA using a PerkinElmer TGA 8000. Around 5 

mg of sample was heated from room temperature to 550°C at 15°C/min under a nitrogen stream. The data reflected 

moisture loss, degradation phases, and material stability [45]. 

2.6.6. Zeta Potential and DLS  

DLS measurements using a Malvern Zetasizer Ultra provided data on particle size distribution and surface charge 

(zeta potential) of CuO NPs. The results offered insights into colloidal stability and particle interaction dynamics 

in solution [46]. 

All raw and processed datasets have been archived in the Mendeley Data repository (DOI: 10.17632/vf8822rd8j.2) 

for reproducibility and public access. 

2.7. Anti-inflammatory assays 

2.7.1. Protein denaturation inhibition  

The anti-inflammatory property was examined via a modified thermal-induced protein denaturation method. Each 

sample mixture included 0.45 mL of 5% aqueous BSA and 0.05 mL of test substance (algal extract, CuO NPs, 

composite scaffold, or diclofenac sodium) at 25, 50, 75, and 100 µg/mL. The pH was adjusted to 6.3 using 1 N 
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HCl, incubated at 37°C for 20 minutes, followed by heating at 57°C for 3 minutes, then cooled to room 

temperature. Denaturation-induced turbidity was measured at 660 nm [47]. 

2.7.2. Xanthine oxidase inhibition  

Xanthine oxidase inhibition was tested with minor adjustments to a standard protocol. Each 1 mL reaction 

included 0.3 mL sample (extract, CuO NPs, scaffold, or diclofenac) at 25–100 µg/mL, 0.5 mL of 0.15 mM 

xanthine (in phosphate buffer, pH 7.5), and 0.2 mL of enzyme (0.1 U/mL). After a 15-minute incubation at 25°C, 

absorbance was recorded at 295 nm. Enzyme-free blanks served as controls [48]. 

2.8. Statistical analysis  

Data analyses were conducted using SPSS v25.0 and GraphPad Prism v9.0. Experiments were run in triplicates, 

and results were presented as mean ± standard deviation. One-way ANOVA followed by Tukey’s or Dunnett’s 

post-hoc tests determined significance (p < 0.05). Shapiro–Wilk test assessed normality, and log-transformation 

was applied when needed. Pearson correlation analysis was used to examine inter-variable relationships, with a 

95% confidence interval maintained throughout [48]. 

 

3. RESULTS 

3.1. UV–visible spectroscopy  

The UV-Visible spectroscopy assessment (Fig. 1) of the aqueous S. wightii extract and the synthesized CuO NPs 

revealed characteristic absorption bands validating nanoparticle generation and their optical behavior. The plant 

extract exhibited a peak at 346 nm, attributed to phytochemicals such as flavonoids and polyphenols, which are 

likely to function as both reducing and stabilizing agents during synthesis. The CuO NPs displayed a distinct peak 

at 292 nm, consistent with surface plasmon resonance (SPR), signifying successful nanoparticle formation. 

Additionally, a broad absorption pattern between 400–800 nm was noted, possibly indicating particle aggregation 

or interactions in the matrix. The data were obtained using a VIS SPEC V-730 spectrophotometer within a 200–

800 nm range, with deionized water serving as the blank. These results confirm an efficient eco-friendly synthesis 

of CuO NPs with stable optical properties and minimal impurities, as evidenced by the absence of extraneous 

peaks. The SPR behavior corresponds with the known optical characteristics of metal oxide nanoparticles, 

underscoring the efficacy of S. wightii extract in mediating nanoparticle fabrication. 

3.2. FTIR spectroscopy analysis  

FTIR spectra (Fig. 2) of both CuO NPs and starch/PVA electrospun nanoscaffolds were recorded using a 

PerkinElmer Spectrum Two spectrometer in ATR mode (range: 4000–400 cm⁻¹; resolution: 4 cm⁻¹; scans: 64). 

The CuO NP spectrum exhibited 11 notable bands indicating functional groups involved in stabilization and metal-

oxygen linkages. In the nanoscaffold spectrum, dominant peaks appeared at 3298.42 cm⁻¹ (O–H/N–H stretching 

of hydroxyl or amine groups), 2924.17 cm⁻¹ (C–H stretching in aliphatics), 1710.48 cm⁻¹ (C=O stretching), 

1426.82 cm⁻¹ (C–H bending or COO⁻ symmetric stretching), and 1097.57 cm⁻¹ (C–O–C or Si–O–Si vibrations). 

Other minor peaks at 1329.64, 919.55, and 843.63 cm⁻¹ correspond to C–N stretching, P–O–C linkages, or Cu–O 

vibrations, confirming successful integration of CuO NPs within the scaffold. Shifts in peaks and broader bands 

with no evidence of impurity signals suggest robust interactions between the nanoparticles and polymer, likely 

via hydrogen bonding or electrostatic mechanisms. These spectral findings confirm the scaffold's diverse 

functional groups and effective nanoparticle incorporation, likely influencing its mechanical, biological, and 

catalytic performance. 

3.3. XRD analysis  

XRD patterns (Fig. 3) of CuO NPs and the starch/PVA nanoscaffold were obtained using a Bruker D8 Advance 

diffractometer with CuKα radiation (λ = 1.5406 Å; 40 kV; 40 mA), scanning across 2θ from 5° to 90° (step size: 

0.029649°). The CuO NPs displayed 32 sharp peaks, notably at 16.386° (5.405 Å), 22.406° (3.965 Å), 24.107° 

(3.689 Å), 31.894° (2.804 Å), 32.745° (2.733 Å), 38.307° (2.348 Å), and 48.057° (1.892 Å), correlating to 

monoclinic CuO tenorite phase (JCPDS 05-0661). Intense peaks at 22.406° and 24.107° (relative intensities: 80.2% 

and 100%) confirmed crystalline nature, while broader peaks indicated nanosized crystallites. The scaffold's 

diffraction pattern showed semi-crystallinity with 45.3% crystalline and 54.7% amorphous regions. Peaks at 

29.372° (3.038 Å), 38.502° (2.336 Å), and 44.687° (2.026 Å) corresponded to embedded CuO, with minor shifts 

(e.g., 38.502° vs. 38.307°) and reduced intensity suggesting interaction with the polymer. FWHM values 

(scaffolds: 0.130°–0.341°; CuO NPs: 0.115°–0.580°) reflected variations in crystal size and strain. Absence of 

foreign peaks confirmed high purity, and scaffold peak broadening indicated reduced crystallinity due to polymer 

addition. Overall, the data verify effective CuO NP synthesis and successful incorporation into a structurally intact 

scaffold with tailored crystallinity for biomedical or catalytic applications. 

3.4. SEM analysis  

SEM imaging (Fig. 4) of CuO NPs and starch/PVA nanoscaffolds was conducted using a JEOL JSM-IT800 NANO 

microscope, with samples gold-coated to minimize surface charging. The CuO NPs appeared as uniformly 

spherical particles indicating precise synthesis with negligible aggregation. The electrospun scaffolds exhibited a 

porous, fibrous network confirming optimal electrospinning conditions. CuO NPs were evenly dispersed across 

the fiber surfaces, showing no aggregation, which is vital for scaffold performance. Nanofibers appeared smooth 

and bead-free in several areas, demonstrating consistent polymer jet behavior during electrospinning. These 

observations affirm a scaffold morphology conducive to cell adhesion and nutrient exchange, while uniform CuO 

NP distribution supports enhanced antimicrobial or catalytic activity. Collectively, the SEM results indicate the 
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scaffold's potential in tissue engineering and drug delivery applications where nanostructural uniformity and 

stability are essential. 

3.5. TGA 

TGA (Fig. 5) of the starch/PVA electrospun scaffolds was executed using a PerkinElmer TGA 8000 under a 

nitrogen environment. A 5.518 mg sample was heated from room temperature to 550°C at a rate of 15°C/min. The 

thermal profile indicated a multi-phase degradation, starting with mass loss below 150°C due to water evaporation. 

The primary degradation phase occurred between 220.95°C (onset) and 382.16°C (end), with a peak at 322.94°C, 

linked to the breakdown of starch and PVA polymer chains, including degradation of hydroxyl and glycosidic 

structures. This stage represented a 37.126% weight reduction, signifying substantial polymer loss. No further 

weight change beyond 382.16°C indicated thermal stability of residuals and embedded CuO NPs. These results 

demonstrate that the scaffold remains thermally stable up to around 220°C, suitable for sterilization and handling 

processes. The degradation behavior aligns with conventional starch/PVA systems, with the presence of CuO 

possibly contributing to enhanced thermal stability, though additional studies are warranted to clarify its influence 

on final residue characteristics. 

3.6. Zeta potential and particle size  

DLS and zeta potential analyses of the CuO NPs were performed using a Malvern Zetasizer Ultra to evaluate 

dispersion stability and size in aqueous media. DLS results indicated a monodisperse profile with a mean 

hydrodynamic diameter of 146.1 nm (Fig. 6), confirming uniform nanoparticle distribution. The zeta potential 

measurement showed a strong negative value of −120 mV (Fig. 7), suggesting considerable electrostatic repulsion 

between particles that inhibits aggregation and enhances colloidal stability. A zeta potential magnitude greater 

than ±30 mV is generally indicative of long-term dispersion stability, which is vital for applications in catalysis 

and biomedicine. The narrow size spread and pronounced negative charge reflect efficient synthesis and surface 

modification, likely resulting from biomolecular capping during green synthesis. Overall, these results affirm that 

the CuO NPs exhibit ideal physicochemical properties for stable aqueous dispersion and functional performance. 

3.7. Anti-inflammatory assays 

3.7.1. Protein denaturation inhibition assay 

The anti-inflammatory potential of algal extract, CuO NPs, and starch/PVA/CuO-NPs nanoscaffolds was 

evaluated using the protein denaturation inhibition assay (Fig. 8). The results demonstrated concentration-

dependent inhibition of protein denaturation for all tested samples. At 25 µg/mL, the algal extract 

exhibited 22.24% inhibition, while CuO NPs and nanoscaffolds showed 26.24% and 29.24% inhibition, 

respectively. The nanoscaffolds outperformed the extract and CuO NPs, nearly matching the standard drug 

(diclofenac sodium, 28.84%). At 50 µg/mL, the inhibition increased to 37.64% for the extract, 41.64% for CuO 

NPs, and 43.64% for nanoscaffolds, closely aligning with the standard (43.8%). Higher concentrations (75 µg/mL) 

further enhanced inhibition, with the extract at 56.77%, CuO NPs at 61.77%, and nanoscaffolds at 65.77%, 

surpassing the standard (65.3%). At 100 µg/mL, the nanoscaffolds exhibited the strongest inhibition (82.44%), 

exceeding both the extract (66.44%) and CuO NPs (72.44%), while the standard showed 85.78% inhibition. These 

findings indicate that the nanoscaffolds possess superior anti-inflammatory activity, likely due to the synergistic 

effects of starch/PVA and CuO NPs, enhancing protein stabilization and preventing denaturation. 

3.7.2. Xanthine oxidase inhibition assay 

The xanthine oxidase inhibition assay (Fig. 8) assessed the ability of the samples to suppress uric acid formation, 

a key factor in inflammation. At 25 µg/mL, the algal extract displayed 20.82% inhibition, while CuO NPs and 

nanoscaffolds showed 26.82% and 28.82% inhibition, respectively, compared to the standard (30.33%). At 50 

µg/mL, the extract’s inhibition rose to 37.23%, CuO NPs to 42.23%, and nanoscaffolds to 44.23%, closely 

following the standard (45.89%). At 75 µg/mL, the nanoscaffolds achieved 64.35% inhibition, surpassing the 

extract (51.35%) and CuO NPs (57.35%), while the standard showed 62.22%. At the highest concentration (100 

µg/mL), the nanoscaffolds maintained strong inhibition (80.03%), exceeding the extract (66.03%) and CuO NPs 

(73.03%), though slightly below the standard (82.78%). These results suggest that the nanoscaffolds effectively 

inhibit xanthine oxidase, potentially due to the combined antioxidant and anti-inflammatory properties of 

starch/PVA and CuO NPs. 

Both assays confirmed that starch/PVA/CuO-NPs nanoscaffolds exhibit the highest anti-inflammatory activity 

among the tested samples, closely rivaling the standard drug. The algal extract and CuO NPs also demonstrated 

significant inhibition but were less effective than the nanoscaffolds, highlighting the importance of composite 

materials in enhancing anti-inflammatory properties. These findings support the potential use of nanoscaffolds in 

therapeutic applications for inflammation-related disorders. 

 

4. DISCUSSION 

The comprehensive characterization and biological evaluation of CuO NPs synthesized using S. wightii extract, 

and their subsequent incorporation into starch/PVA nanoscaffolds, demonstrated a successful eco-friendly 

approach to fabricate bioactive materials with potent anti-inflammatory potential. 

The UV–Visible spectroscopic data provided critical evidence supporting the green synthesis of CuO NPs. The S. 

wightii extract exhibited a characteristic absorption peak at 346 nm, which can be attributed to the presence of 

flavonoids, polyphenols, and other secondary metabolites. These phytochemicals are known for their dual 

functionality in nanoparticle synthesis—acting as reducing agents that facilitate the transformation of metal ions 
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into nanoparticles and as capping agents that enhance their stability. The CuO NPs showed a distinct peak at 292 

nm, corresponding to surface plasmon resonance (SPR), which is indicative of nanoparticle formation. The 

presence of a broad absorption region between 400–800 nm further suggests possible nanoparticle aggregation or 

complex interactions in the colloidal medium. Importantly, the absence of extraneous or impurity peaks confirms 

the optical purity and uniformity of the synthesized nanoparticles [49]. 

FTIR spectral analysis substantiated the presence of functional groups essential for nanoparticle stabilization and 

interaction with the polymer matrix. In CuO NPs, peaks corresponding to hydroxyl, amine, carbonyl, and Cu–O 

vibrations confirmed the role of plant-derived biomolecules in nanoparticle formation. The starch/PVA 

nanoscaffold exhibited prominent absorption bands related to O–H/N–H stretching, aliphatic C–H stretching, and 

C=O stretching, affirming the presence of hydrophilic groups that contribute to biocompatibility. Additional bands 

denoting C–O–C linkages and Cu–O vibrations further corroborate the integration of CuO NPs within the scaffold. 

The shifts in peak positions and broadening patterns indicate strong hydrogen bonding and electrostatic 

interactions between the nanoparticles and the scaffold matrix, ensuring structural integrity and enhanced 

functional performance [50-52]. 

XRD analysis provided valuable insights into the crystallinity and phase purity of the CuO NPs and the 

nanoscaffold. The diffraction peaks of the CuO NPs matched well with the monoclinic tenorite phase, as per 

JCPDS card no. 05-0661, confirming the crystalline nature and phase purity of the synthesized material. Notably, 

the intense diffraction peaks at 22.406° and 24.107° demonstrated high crystallinity, while the broadening of peaks 

indicated nanoscale particle size. In contrast, the diffraction pattern of the starch/PVA nanoscaffold revealed a 

semi-crystalline structure with approximately 45% crystalline content. Embedded CuO was evident from shifted 

and reduced-intensity peaks, suggesting interactions with the polymer matrix. The observed full width at half 

maximum (FWHM) variations reinforced the influence of polymer blending on the scaffold's crystallinity and 

particle dispersion. The absence of additional peaks highlights the material's compositional purity [53, 54]. 

SEM images provided morphological confirmation of the successful synthesis and integration of CuO NPs within 

the nanoscaffold. The CuO NPs appeared as uniformly spherical particles with a narrow size distribution between 

130 and 160 nm. The electrospun nanoscaffold displayed a porous fibrous architecture with fiber diameters 

ranging from 150 to 200 nm. Importantly, the CuO NPs were homogeneously distributed across the nanofibers 

without visible aggregation, suggesting effective embedding and interaction with the polymer. The smooth, bead-

free fiber morphology is indicative of optimal electrospinning parameters and consistent polymer flow. This 

morphology is ideal for biomedical applications, as it facilitates cell adhesion, nutrient transport, and bioactivity 

[36, 55]. 

Thermal stability, a critical factor for biomedical material applications, was assessed using TGA. The scaffold 

displayed a three-stage degradation pattern. The initial weight loss below 150°C corresponded to moisture 

evaporation, while the major degradation between 220.95°C and 382.16°C reflected the breakdown of starch and 

PVA chains, particularly hydroxyl and glycosidic linkages. A stable residual mass beyond 382°C signified the 

thermal resistance of embedded CuO NPs. The thermal behavior aligns with conventional polymer degradation 

patterns and supports the material's feasibility for sterilization and processing under elevated temperatures [55, 

56]. 

DLS analysis showed a monodisperse size distribution for the CuO NPs with a hydrodynamic diameter of 

approximately 146.1 nm, consistent with SEM results. The zeta potential was recorded at −120 mV, far surpassing 

the ±30 mV threshold commonly associated with high colloidal stability. This strong negative charge is a 

consequence of surface-bound phytochemicals, which confer electrostatic repulsion and prevent aggregation. 

These physicochemical properties are critical for biomedical applications where particle uniformity and dispersion 

are paramount [57-59]. 

The protein denaturation and xanthine oxidase inhibition assays demonstrated the superior anti-inflammatory 

activity of the starch/PVA/CuO-NPs nanoscaffold compared to the algal extract and CuO NPs alone. The 

concentration-dependent increase in inhibition across both assays indicated potent bioactivity. At the highest 

concentration tested (100 µg/mL), the nanoscaffold outperformed the CuO NPs and extract, achieving protein 

denaturation inhibition of 82.44% and xanthine oxidase inhibition of 80.03%, both nearing the efficacy of the 

standard drug. These results suggest a synergistic effect between the CuO NPs and the polymeric matrix, 

enhancing their anti-inflammatory potential, possibly through improved cellular uptake, sustained release, or 

amplified antioxidant activity [60-62]. 

Collectively, the characterization and biological evaluation affirm the successful synthesis and integration of CuO 

nanoparticles into a starch/PVA-based nanoscaffold via green synthesis [10]. The nanoscaffold exhibits favorable 

structural, thermal, morphological, and bioactive properties, making it a strong candidate for biomedical 

applications, particularly in inflammation management [63]. The synergy between plant-based synthesis, 

nanoscale engineering, and polymer scaffolding represents a promising strategy for developing multifunctional 

therapeutic platforms  [64]. 

 

5. CONCLUSION 

This study successfully synthesized and characterized CuO NPs using S. wightii algal extract, followed by their 

incorporation into starch/PVA nanoscaffolds for enhanced anti-inflammatory applications. UV-Visible 

spectroscopy confirmed nanoparticle formation via a distinct surface plasmon resonance (SPR) peak at 292 nm, 



Genetics and Molecular Research 25 (13s): 2026                    7 

while FTIR analysis revealed functional groups responsible for stabilization and polymer interactions. XRD 

confirmed the monoclinic tenorite phase of CuO NPs and their successful integration into the semi-crystalline 

nanoscaffold structure. SEM imaging demonstrated uniform nanoparticle distribution within a porous, fibrous 

scaffold, ideal for biomedical applications. TGA indicated thermal stability up to 220°C, suitable for sterilization, 

while DLS and zeta potential measurements (−120 mV) confirmed excellent colloidal stability. Anti-inflammatory 

assays revealed that the starch/PVA/CuO-NPs nanoscaffolds exhibited superior inhibition of protein denaturation 

(82.44% at 100 µg/mL) and xanthine oxidase activity (80.03%), outperforming individual components (algal 

extract and CuO NPs) and closely matching the standard drug (diclofenac sodium). The enhanced efficacy is 

attributed to the synergistic effects of starch/PVA biocompatibility and CuO NP bioactivity. These findings 

highlight the nanoscaffold’s potential as a therapeutic agent for inflammation-related disorders, offering a 

sustainable, eco-friendly alternative with optimized stability and performance. Future studies should explore in 

vivo efficacy and long-term biocompatibility for clinical translation. 
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Figures 

 
Fig. 1. UV–Visible spectral profiles of algal extract and CuO nanoparticles. 
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Fig. 2. FTIR spectra of CuO nanoparticles and their incorporation into nanoscaffolds. 

  



Genetics and Molecular Research 25 (13s): 2026                    12 

 
Fig. 3. XRD patterns of synthesized CuO nanoparticles and CuO-loaded scaffolds. 
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Fig. 4. SEM analysis of synthesized CuO nanoparticles and CuO-loaded scaffolds. 
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Fig. 5. Thermal degradation behavior of CuO-incorporated nanoscaffolds. 

 

 
Fig.6. DLS particles size analysis of CuO NPs 
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Fig.7. Zeta-potential analysis of CuO NPs 

 

 
Fig.8. Anti-inflammatory activity analysis of algal extract, CuNPs and starch/PVA/CuONPs nanoscaffolds 

 


