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Introduction 

Nanotechnology refers to the science of manipulating 

matter at the atomic and molecular scale. This cutting-

edge field holds the potential to revolutionize numerous 

industries, particularly medicine (Muzammil et al. 2018). 

Among the many applications of nanotechnology, 

nanoparticles (NPs) offer significant advantages in cancer 

treatment, including their small size, high surface-to-

volume ratio, unique fluorescent properties, enhanced 

permeability, and remarkable biocompatibility. 

Compared to other types of nanoparticles, metallic NPs 

exhibit superior performance and hold significant 

promise as pharmaceutical agents (Mahdi et al. 2024). 

Nanotechnology and nanoparticles also play a 

crucial role in combating microorganisms and multidrug 

resistance. Research has demonstrated that nanoparticles 

containing silver (Ameh et al. 2022), copper (Faiq et al. 

2024), and other elements exhibit strong antibacterial 

effects, including against multidrug-resistant bacteria, 

whether or not antibiotics are involved (AbdelAzeem et 

al 2020, Srivastava et al. 2021, Gezaf et al. 2022, Mossa 

et al. 2024). 

There are various methods for synthesizing 

nanoparticles. Traditional physical and chemical 

techniques are widely used; however, these approaches 

often suffer from disadvantages such as high costs, 
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ABSTRACT 

This study highlights the synthesis and characterization of copper 

nanoparticles (Chi-CuNPs) using chitosan, a biopolymer known for its 

biocompatibility, biodegradability, eco-friendliness, and strong stabilizing 

properties. The nanoparticles were produced via the solution casting method 

and characterized using FTIR, UV, SEM, EDX, and XRD techniques, 

revealing nanomaterials sized between 1–100 nm. Chi-CuNPs exhibited 

significant antimicrobial activity against multidrug-resistant Gram-positive 

and Gram-negative bacteria, as well as Candida species. In diffusion assays, 

inhibition zones ranged from 10–27 mm for bacteria and 22–24 mm for 

Candida, indicating stronger effects against Gram-positive strains. The 

nanoparticles also demonstrated notable anticancer activity, especially against 

the MCF7 human breast cancer cell line and ovarian cancer cells, showing 

cytotoxic effects at a concentration of 25 μL/mL. These findings suggest Chi-

CuNPs have promising potential for antimicrobial and anticancer applications, 

particularly in tissue engineering and infection control. However, the exact 

mechanism underlying their antibacterial effects remains unclear, 

necessitating further investigation. Additional research is essential to establish 

safe dosage levels and fully explore the therapeutic potential and mechanisms 

of action of Chi-CuNPs in both clinical and biomedical applications.  
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significant energy consumption, the use of toxic 

chemicals, and the generation of hazardous byproducts 

(Diksha et al. 2023). 

Chitosan (CHT), derived from chitin—the second 

most abundant natural polymer after cellulose—is found 

in the exoskeletons of crabs, shrimp, lobsters, corals, 

squid, jellyfish, insects, fungi, yeasts, and algae. Due to 

its solubility, chitosan can be produced through several 

methods (Ahmed et al. 2023). Chitosan is known for its 

biodegradability, biocompatibility, and antibacterial 

properties, which inhibit the growth of various 

microorganisms. These properties depend largely on 

structural factors such as the degree of deacetylation and 

molecular weight. Additionally, the extraction source and 

deacetylation method significantly influence the final 

physical, chemical, and biological characteristics (Ardila 

et al. 2017). 

One of the primary mechanisms behind chitosan's 

antimicrobial activity is the presence of positively 

charged amino groups at pH levels below 6.3, which 

interact with the negatively charged cell walls of 

microorganisms. This interaction leads to the leakage of 

intracellular components, causing cell membrane damage 

and eventual cell lysis (Tabesh  et al. 2019). 

Recent studies have focused on creating chitosan-

copper nanoparticle coatings on stainless steel to 

simultaneously improve corrosion resistance and 

antibacterial properties. The electrophoretic deposition 

(EPD) technique has been used to develop 

nanocomposite coatings with varying concentrations of 

copper nanoparticles, following the synthesis of chitosan-

modified copper nanoparticles. The resulting coatings 

have been evaluated for their antibacterial activity, 

corrosion resistance, and physicochemical properties in 

simulated body fluid (SBF) (Tabesh  et al. 2019). 

Furthermore, chitosan nanoparticles and those 

loaded with copper (II) have been shown to inhibit the 

growth of tumor cell lines in a dose-dependent manner. 

These nanocomposites exhibit remarkable biological 

activities, including antibacterial, anticancer, and 

antioxidant properties, indicating their high potential for 

pharmaceutical applications, particularly in the 

development of innovative antimicrobial and antioxidant 

drugs (Ashokkumar  et al. 2024). 

Given the growing need to design and synthesize 

new materials with enhanced antibacterial properties, 

recent research has increasingly focused on the 

combination of chitosan and copper for this purpose. 

Numerous studies have demonstrated the effectiveness of 

chitosan-based metal oxide nanoparticles in diverse 

applications, particularly for their antimicrobial potential. 

The objective of this study is to evaluate the 

antibacterial efficacy and physicochemical properties of 

copper nanoparticles based on chitosan. Additionally, the 

study aims to determine the synergistic effect of 

combining chitosan and copper within a single 

nanomaterial and to assess whether their combined 

antibacterial properties are enhanced. 

 

Material and Methods 

Clinical samples and Inocula preparation 

Clinical isolates of Gram-negative and Gram-

positive bacteria, along with pathogenic fungal strains 

including Candida albicans, Candida guilliermondii, and 

Candida ferric, were obtained from the College of 

Medicine at Iraqi University. Pure colonies from these 

isolates were suspended in sterile saline, and the turbidity 

was adjusted to 0.5 McFarland standard, equivalent to 

approximately 1 × 10⁸ CFU/mL, for all microbiological 

assays. 

 

Preparation of Chitosan 

Chitosan was synthesized through the deacetylation 

of chitin using 70% sodium hydroxide (NaOH) with a 

solid-to-solvent ratio of 1:12 (w/v). The reaction was 

carried out at room temperature with continuous stirring 

for 74 hours to ensure uniform deacetylation. Following 

the reaction, the chitosan product was thoroughly washed 

with running tap water, rinsed with distilled water, 

filtered, and oven-dried to obtain purified chitosan 

powder (Fig. 1). 

 

Synthesis of Chitosan-Copper Nanoparticles (Chi-

CuNPs) 

Chi-CuNPs were synthesized following the 

procedure described by(Mallick et al. 2012), with slight 

modifications. One gram of chitosan was dissolved in 

100 mL of 1% acetic acid solution. Fifty milliliters of this 

solution were combined with a copper salt solution and 

sonicated for 10 minutes before being transferred to a 250 

mL round-bottom flask. The addition of 1 mL of 0.6 M 

NaOH resulted in a color change to bluish, indicating 

initial nanoparticle formation. After continuous stirring 

for 20 minutes, 1 mL of hydrazine hydrate was added 

gradually, leading to a color change from yellow to 

reddish-brown, confirming the reduction of copper ions. 

The mixture was stirred for an additional 10–20 minutes, 

cooled to room temperature, and centrifuged at 5300 rpm. 

The pellet was washed multiple times with distilled water 

to remove residual reactants, yielding purified Chi-

CuNPs (Fig. 2). 

 

Characterization of Chi-CuNPs 

The structural and morphological properties of the 

synthesized Chi-CuNPs were characterized using several 

techniques, including scanning electron microscopy 



 

 

 

Fadhill and Ahmed 2025                                                                                                      Microbial Biosystems 10(2)-2025 

189 

(SEM), transmission electron microscopy (TEM), atomic 

force microscopy (AFM), dynamic light scattering 

(DLS), X-ray diffraction (XRD), Fourier-transform 

infrared spectroscopy (FTIR), UV-visible spectroscopy, 

and energy-dispersive X-ray spectroscopy (EDX), 

foll

owi

ng 

the 

app

roach of (Romi et al. 2024). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. Schematic representation of the preparation process of Chitosan. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Schematic illustration of the synthesis process of Chi-CuNPs nanoparticles. 



 

 

 

Fadhill and Ahmed 2025                                                                                                      Microbial Biosystems 10(2)-2025 

190 

Evaluation of antimicrobial activity 

Agar Well Diffusion Assay 

The antibacterial and antifungal activities of Chi-

CuNPs were evaluated using the agar well diffusion 

method, as described by (Kadhim et al. 2023). Mueller-

Hinton agar (MHA) plates were inoculated with bacterial 

suspensions adjusted to 0.5 McFarland standard using 

sterile cotton swabs. Five wells were created on the agar 

surface using a sterile borer. Each well was filled with 80 

µL of Chi-CuNPs suspension (2000 µg/mL). Control 

wells included copper acetate, Mueller-Hinton broth 

(negative control), and ceftriaxone (50 μg/mL) as the 

positive control. Plates were pre-incubated at 4°C for 30 

minutes to allow diffusion, followed by incubation at 

37°C for 24 hours. The inhibition zones were measured 

in triplicate, and results were expressed as mean ± 

standard deviation (SD)  . The Antimicrobial activity was 

calculated using the following formulas: 

 

 𝐴𝐼 =
           (𝐼𝑍𝐷) 𝑜𝑓 𝑡𝑒𝑠𝑡 

𝐼𝑍𝐷 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑𝑎𝑛𝑡𝑖𝑚𝑖𝑐𝑟𝑜𝑏𝑖𝑎𝑙
 ---------(formula 1) 

 
(PI) = AI × 100 ---------(formula 2) 

 

Where "AI" represents the Activity Index, "IZD" 

represented Inhibition Zone Diameter and "PI"  

Percentage Inhibition. 

 

Determination of Minimum Inhibitory Concentration 

(MIC) 

The MIC of Chi-CuNPs against bacterial and fungal 

isolates was determined using the broth microdilution 

method, following (Fawzi et al. 2024). Indicator strains 

were cultured overnight, and Chi-CuNPs were serially 

diluted in the appropriate growth medium to final 

concentrations of 1000, 500, 250, 125, and 64 μg/mL. 

Mueller-Hinton broth was used for bacterial cultures, 

while suitable media were applied for fungal strains. The 

MIC was defined as the lowest concentration of Chi-

CuNPs that inhibited visible microbial growth. 

 

Cell culture and cytotoxicity Assay (MTT Assay) 

The human breast cancer cell line MCF7 was used 

to assess the cytotoxic effects of Chi-CuNPs. Cells were 

cultured in RPMI-1640 medium supplemented with 10% 

fetal bovine serum (FBS) and 1% penicillin-streptomycin 

solution, as per the protocol of Alhammer et al. (2024). 

Cells were maintained at 37°C in a humidified 

atmosphere with 5% CO₂. For in vitro assays, Chi-CuNPs 

were dissolved in deionized water, and working 

concentrations were prepared in complete RPMI-1640 

medium. 

The cytotoxic effects of Chi-CuNPs were evaluated 

using the MTT assay, as described by (Hassan et al. 

2024). MCF7 cells (7000 per well) were seeded into 96-

well plates and incubated overnight. Cells were then 

treated with increasing concentrations of Chi-CuNPs 

ranging from 6.25 to 100 μg/mL, with three replicates per 

concentration. After 24 hours, the medium was replaced 

with 20 μL of MTT solution (5 mg/mL), followed by a 3-

hour incubation at 37°C in the dark. Subsequently, 50 μL 

of DMSO was added to each well to dissolve the 

formazan crystals, and absorbance was measured at 490 

nm using a microplate reader. Cell viability was 

calculated using the (formula 3): 

 

Viability(%)=
[(A_test – A_blank)  

(A_control – A_blank)] 
 ×  100-----(formula 3) 

 

Where "A" represents the absorbance values for test, 

blank, and control wells. The dose-response curve and 

the GI₅₀ value (the concentration of Chi-CuNPs required 

to inhibit 50% of cell viability) were calculated using 

GraphPad Prism software, version 6, as per the 

methodology of (Mahdi et al. 2024). 

 

Results 

Chemical Synthesis of Chitosan-Copper Nanoparticles 

(Chi-CuNPs) 

The use of biological materials such as chitosan offers an 

environmentally friendly alternative to conventional 

physical and chemical methods for the safe, rapid, and 

cost-effective synthesis of nanoparticles (NPs). In this 

work, chitosan served as the primary stabilizing and 

reducing agent during the chemical synthesis of Chi-

CuNPs. The appearance of a dark green color during the 

reduction reaction indicated the successful formation of 

new nanoparticles (Usman et al. 2012). This 

characteristic color change results from the ability of 

chitosan components to interact with metal ions and 

facilitate their reduction into Chi-CuNPs (Kadhim et al. 

2023). 

Green copper oxide (CuO) nanoparticles were 

produced and characterized using chemical methods. The 

synthesized Chi-CuNPs were subsequently evaluated for 

their antibacterial properties. Notably, the color changes 

observed during the formation of copper nanoparticles 

correspond to specific chemical transformations taking 

place during the synthesis process. The dropwise addition 

of bulk copper solution into the chitosan solution initially 

resulted in a light blue color, indicating the formation of a 

chitosan-copper complex (Fig. 3). 
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Fig 3. Synthesis of Chi-CuNPs nanoparticles using a biological method. 

 

 

Characterization of Chi-CuNPs 

Physical Characteristics 

In this study, metal-vapor synthesis was employed 

for the preparation of copper nanoparticles, which were 

subsequently used to fabricate chitosan–copper 

nanocomposites (Chi-CuNPs). X-ray fluorescence (XRF) 

analysis confirmed the presence and concentration of 

copper (%wt) in the synthesized Cu-Chitosan composite. 

To further analyze particle size and particle distribution, 

additional characterization techniques were applied. 

 

UV-Visible (UV-Vis) Spectroscopy 

UV-Vis spectroscopy is a valuable tool for 

confirming the formation and stability of metal 

nanoparticles in aqueous solutions. The UV-Vis spectra 

of the synthesized nanoparticles, as shown in figure 4a, 

demonstrated that chitosan effectively facilitated the 

production of bimetallic nanoparticles. The nanoparticles 

exhibited a characteristic absorption peak at 207 nm (Fig. 

4b), indicating the successful synthesis and stability of 

the Chi-CuNPs. 

 

Zeta Potential Analysis 

The synthesized samples were subjected to zeta 

potential and particle size measurements using a Malvern 

Zetasizer 3000 (UK, Malvern Instruments). For this 

analysis, 100 µL of the nanoparticle suspension was re-

dispersed in 900 mL of Milli-Q water and placed into the 

measurement cuvette. The experiment was conducted at 

25°C with a scattering angle of 90°. The refractive index 

and material dispersion were set at 1.330 and 1.365, 

respectively, with a viscosity of 0.8872 cP and a 

dielectric constant of 78.5. 

Zeta potential measurements were performed to 

assess the surface charge and stability of the 

nanoparticles. As shown in figure 5a, the synthesized CS-

CuNPs exhibited a negative zeta potential of -35.36 ± 0.6 

mV. This negative surface charge is attributed to the 

presence of carboxylic and amino functional groups on 

the surface of the copper nanoparticles. Zeta potential is a 

critical indicator of colloidal stability; generally, 

nanoparticles with zeta potential values greater than ±30 

mV are considered to form stable dispersions (Reference 

24). High zeta potential values demonstrate improved 

stability of the CuNPs in aqueous solutions, especially 

when stabilized with chitosan. 

In addition, the particle size distribution 

(hydrodynamic diameter) of the synthesized Chi-CuNPs 

was assessed using dynamic light scattering (DLS) with 

the Malvern Zetasizer Nano Series. The average particle 

size was measured to be approximately 495.17 nm, based 

on the mean value from three independent runs, all 

conducted at 25°C (Fig. 5b). 

The zeta potential of the colloidal solution, which 

depends on surface charge, electric potential, and 

electrostatic repulsion among nanoparticles, was found to 

be +23.6 mV in certain conditions, suggesting moderate 

stability and confirming the potential suitability of the 

product for biomedical applications. 
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Fig 4. UV–vis spectroscopy analysis of Chi-CuNPs nanoparticles. (A) UV–vis spectra showing the formation of Chi-

CuNPs. (B) Band maxima observed at 207 nm confirming nanoparticle synthesis and stability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5. Zeta potential and particle size distribution analysis of Chi-CuNPs. (a) Zeta potential measurement showing a 

negative surface charge of -35.36 ± 0.6 mV, indicating good colloidal stability. (b) Dynamic light scattering 

(DLS) results showing an average particle size of approximately 495.17 nm. 
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Atomic Force Microscopy (AFM) Analysis 

AFM analysis of CS-CuNPs was conducted using a 

CSPM system to identify and characterize the 

nanoparticle distribution. The microstructure of the 

chitosan-copper nanocomposite was examined using 

atomic force microscopy (AFM), revealing that the CS-

CuNPs exhibited irregular, triangular cluster 

morphologies. Based on three-dimensional AFM 

imaging, the nanoparticles showed an average diameter 

of approximately 62.54 nm, as confirmed by particle size 

analysis (Fig. 6). 

AFM allows for both three-dimensional surface 

profiling with atomic-level resolution and quantification 

of the nano-Newton scale forces exerted by the sample 

surface on the AFM tip. According to the AFM 

measurements, the presence of copper oxide (CuO) in the 

system influenced the surface roughness and topography 

of the samples. The roughness values for both types of 

samples were comparable, although variations in their 

surface textures were observed. Notably, the AFM results 

qualitatively correlate with the scanning electron 

microscopy (SEM) findings, confirming the surface 

morphology. 

Additionally, contact angle measurements were 

carried out to evaluate the wettability of the solid surfaces 

of both hybrid copper coatings. The contact angles for 

water droplets on the copper and chitosan-coated samples 

were measured at 116° and 121°, respectively. These 

results indicate that both coatings exhibit low surface 

wettability. However, compared to the pure copper layer, 

which had a contact angle of 94°, the hybrid samples 

demonstrated increased hydrophobicity, suggesting that 

the combination of copper and chitosan enhances the 

surface's water-repellent properties. 

 

X-ray Diffraction (XRD) Analysis 

The XRD patterns revealed that pure chitosan exhibits a 

crystalline structure, while the CS-CuNPs 

nanocomposites displayed significantly reduced peak 

intensities, indicating a decrease in crystallinity. The CS-

CuNPs showed a hexagonal quartzite-like structure. The 

similarity between the sample diffraction pattern and the 

standard reference confirms that the CS-CuNPs possess a 

hexagonal wurtzite structure, with nine major peaks 

observed at diffraction angles corresponding to the (100), 

(002), (101), (102), (110), (103), (200), (112), and (201) 

planes. 

The aim of this part of the research was to 

investigate the effect of chitosan modification on copper 

nanoparticles by synthesizing Cu/chitosan 

nanocomposites using different molar ratios of copper 

and chitosan (Fig. 7 a and b). 

Furthermore, XRD analysis showed that when 

chitosan forms nanoparticles (CNPs) through ionic cross-

linking with TPP (tripolyphosphate), its characteristic 

broad peaks at approximately 2θ ≈ 11° and 19.6° are 

largely diminished or disappear entirely. This observation 

confirms successful nanoparticle formation and structural 

modification of chitosan. (Table 1). 

 

Energy Dispersive X-ray (EDX) Analysis 

Energy Dispersive X-ray (EDX) analysis confirmed 

the presence of CS-Cu NPs within the polymer matrix of 

the CS-Cu NPs nanocomposite film (Fig. 8). EDX 

profiling was performed on a specific region of the 

coating containing cylindrical particles. The distinct 

copper (Cu) peaks observed in the spectra confirmed the 

successful incorporation of CS-Cu NPs into the polymer 

matrix. 

Additionally, the presence of CuO was detected 

during the elemental analysis of the nanocomposite, 

further verifying the formation of copper-based 

nanoparticles within the system. 

It has been reported that metallic nanoparticles 

possess a wide range of applications in agriculture, with 

the potential to replace hazardous chemical pesticides and 

fungicides by enhancing the activity of naturally derived 

compounds. The use of nanotechnology in agricultural 

formulations offers several advantages, including 

increased surface area, higher size-to-volume ratio, 

improved efficacy, and enhanced precision. 

In this study, copper nanobiocomposites were 

successfully synthesized using ascorbic acid, a natural 

organic compound, along with chitosan, a naturally 

occurring biopolymer. (see table 2) 

 

Field Emission Scanning Electron Microscope 

(FESEM) and Transmission Electron Microscopy 

(TEM) Analysis 

FESEM and TEM analyses were used to reveal the 

morphological distribution, including size and shape, as 

well as the elemental structure of the synthesized 

samples. The scanning electron microscope measured the 

size and shape of the nanoparticles. SEM images were 

captured at magnifications of 5,000x and 10,000x. 

Figure 9a shows images of the Chi-Cu nanoparticles. 

The figure illustrates that most Chi-Cu NPs exhibit 

smooth surfaces and flake-like shapes, with particle sizes 

reaching up to 50 nm. Similarly, SEM images of Chi-Cu 

metal nanoparticles taken at 5,000x magnification (Fig. 

9b) show that most Chi-Cu metal NPs also possess flake-

like morphologies, consistent with the observations for 

Chi-Cu NPs. 
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Fourier Transform Infrared Spectra Measurement 

(FTIR) 

Fourier Transform Infrared Spectroscopy (FTIR) 

was used to analyze the biosynthesized Chi-CuNPs. The 

FTIR spectrum showed a peak at 1156 cm⁻¹, which was 

assigned to the saccharide structure. A strong signal at 

1350 cm⁻¹ was attributed to the -CH₃ group in the amide. 

The large peaks at 1021 cm⁻¹ and 1098 cm⁻¹ indicated the 

C–O stretching vibration of chitosan, while the peaks at 

1675 cm⁻¹ and 1600 cm⁻¹ corresponded to the -C=O and -

NH₂ stretching vibrations of amide I and II, respectively. 

The absorption band at 1200 cm⁻¹ was identified as the 

antisymmetric stretching of the C–O–C bridge, and the 

bands between 1100 cm⁻¹ and 1020 cm⁻¹ were related to 

skeletal vibrations associated with C–O stretching. 

Overall, the results indicate that the FTIR spectra of 

synthetic and extra-pure chitosan are nearly identical. 

This confirms that chitosan was effectively extracted 

from the leftover shrimp shells, as shown in Figure 10 (a, 

-c), representing copper sulfate, chitosan, and Chi-

CuNPs, respectively (table 3). 

 

Antibacterial and Antifungal Activity of Chi-CuNPs 

Chitosan-stabilized metallic nanoparticles have 

attracted significant research interest due to the inherent 

antimicrobial properties of chitosan, both alone and when 

combined with metal nanoparticles. Chitosan exhibits 

excellent antibacterial properties, and several 

mechanisms have been proposed by researchers to 

explain its antimicrobial activity. 

The antibacterial activity of the synthesized 

chitosan-copper nanoparticles (Chi-CuNPs) was tested 

against four Gram-negative bacterial strains, as depicted 

in figure 11 (A-E) and figure 12 (A-C supplementary), 

representing Gram-negative bacteria, Gram-positive 

bacteria, and Candida species, respectively. 

The standard drug Kanamycin (1000 µg/mL) 

exhibited inhibition zones of 24 mm, 25 mm, 26 mm, 27 

mm, 27 mm, and 24 mm against Pseudomonas 

aeruginosa, Klebsiella pneumoniae, Salmonella typhi, 

Shigella spp., Proteus mirabilis, and Escherichia coli, 

respectively. Additionally, against Enterococcus faecium, 

the inhibition zone at the same concentration ranged 

between 29–30 mm. 

 

 

Table 1- X-ray Diffraction (XRD) analysis of chitosan showing characteristic diffraction peaks 

indicating the crystalline structure of chitosan. 

 

Pos. 

[°2Th.] 

Height [cts] FWHM 

Left 

[°2Th.] 

d-spacing 

[Å] 

Rel. Int. 

[%] 

Tip Width Matched 

by 

10.2(1) 769(17) 5.0(2) 8.62906 58.24 6.0039  

10.3(1) 385(17) 5.0(2) 8.62906 29.12 6.0039  

20.94(1) 1321(11) 5.26(5) 4.23969 100.00 6.3087  

20.99(1) 660(11) 5.26(5) 4.23968 50.00 6.3087 
 

 

 

Table 2: Energy Dispersive X-ray (EDX) analysis showing the elemental composition of CS-CuNPs nanocomposites, 

confirming the successful incorporation of copper nanoparticles within the chitosan matrix. 

Element Line 

Type 

Apparent 

Concentration 

k Ratio Wt% Wt% 

Sigma 

Atomic 

% 

Standard 

Label 

Factory 

Standard 

C K series 3.29 0.03285 45.39 0.36 54.31 C Vit Yes 

O K series 8.85 0.02977 48.74 0.35 43.78 SiO2 Yes 

Cl K series 0.70 0.00608 3.26 0.08 1.32 NaCl Yes 

Cu L series 0.25 0.00251 2.62 0.17 0.59 Cu Yes 

Total:    100.00  100.00   

 

 

For antifungal activity, Chi-CuNPs were tested 

against Candida glabrata, Candida krusei, and Candida 

albicans, with inhibition zones ranging from 21–24 mm 

at a concentration of 1000 µg/mL. Among the tested 

Candida species, Candida krusei showed the highest 

sensitivity to Chi-CuNPs, exhibiting the largest zone of 

inhibition compared to Candida glabrata and Candida 

albicans.  
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Moreover, a statistically significant difference (p < 

0.05) in the mean inhibition zones was observed among 

Candida albicans, Candida krusei, and Candida glabrata 

following treatment with Chi-CuNPs at concentrations 

between 500 and 1000 µg/mL. No zone of inhibition was 

detected at lower concentrations. 
 

The cytotoxic effect of CS-Cu NPs nanoparticles on 

tumor cell lines 

The cytotoxic activity of chitosan-copper oxide 

nanoparticles on the human breast adenocarcinoma cell 

line MCF7 were studied as seen in figure 13.   

Morphology of control cell and treatment cell with two 

concentration (50 ug/ml and 100 ug/ml)  . The results 

obtained showed that the cell viability reduced as the 

concentration of CS-CuNPs increased. The GI 50 value 

of CS-CuNPs was about 24. 5 µg/ml. These NPs 

exhibited toxic effects against the MCF7 cell line, and at 

a concentration of 25 µg/ml, the cytotoxic effects reached 

65.4%. CS-CuNPs were tested for in vitro cytotoxicity 

against MCF7 cell lines at concentrations of 6.25–100 

μg/ml; In agreement with our results, several evidence 

have indicated the cytotoxic potential of CS-CuNPs on 

different cell lines (Table 4) The interactions being 

expressed as cell viability (%) was observed at different 

CS-Cu NPs concentrations (6.25–100  μg/mL) with the 

four cell lines which have been shown in figure 14.In all 

the cases the % cell viability gets reduced with increasing 

nanocomposite concentrations.  

Discussion 

One of the most pressing concerns in modern healthcare 

is the rise of antibiotic resistance, which makes it 

increasingly difficult for existing antibiotics to combat 

drug-resistant organisms. Furthermore, biofilm formation 

provides an additional protective barrier for these 

pathogens, posing significant challenges to the healthcare 

sector due to persistent infections caused by drug-

resistant, biofilm-forming microorganisms (Ahmed et al. 

2024). 
 

Table 3 FTIR spectral data showing the characteristic functional groups of copper sulfate, chitosan, and 

biosynthesized Chi-CuNPs. 

 

 

 

The hemostatic capabilities of chitosan nanoparticles 

(CS-NPs) are attributed to their net positive charge, 

which depends on the degree of protonated amine groups 

and the deacetylation degree (DD) (Huet al. 2018).       

To synthesize metal nanoparticles based on chitosan, a 

modified solution casting method was employed, 

producing two distinct types of nanoparticles, Chi-Zn and 

Chi-Cu, each differing in size and morphology based on 

the raw materials used (Hu et al. 2018). 

A novel PPCSB system has been developed to serve 

as both a functional stabilizer and delivery platform, 

enhancing the targeted antibacterial efficacy of CuNPs. 

The current study addresses key challenges in 

antibacterial therapy by synergistically combining these 

components, providing a foundation for safe, effective, 

and environmentally sustainable treatments to combat 

bacterial resistance (Islam et al. 2024).  

 

 Peak Intensity Corr. 

Intensity 

Base (H) Base (L) Area Corr. Area 

1 403.12 58.528 0.326 480.28 399.26 17.526 0.335 

2 596 60.933 5.648 796.6 489.92 57.403 5.062 

3 896.9 69.238 0.396 902.69 858.32 6.755 0.07 

4 1022.27 63.128 4.932 1138 902.69 43.825 4.516 

5 1157.29 66.751 1.54 1284.59 1138 22.063 1.14 

6 1313.52 75.156 0.152 1315.45 1284.59 3.624 0 

7 1365.6 73.888 1.986 1396.46 1340.53 6.995 0.296 

8 1423.47 74.687 0.802 1440.83 1411.89 3.593 0.067 

9 1514.12 71.053 1.045 1519.91 1477.47 5.522 0.079 

10 1635.64 68.291 12.299 1824.66 1560.41 26.718 7.614 

11 2067.69 96.893 0.021 2260.57 2065.76 1.715 -0.097 

12 2308.79 97.63 1.581 2355.08 2260.57 0.592 0.264 

13 2856.58 88.241 1.309 2899.01 2355.08 21.499 6.787 

14 3404.36 92.849 0.339 3547.09 3396.64 3.365 0.614 
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Fig 6. Atomic Force Microscopy (AFM) analysis showing the surface morphology and size distribution of CS-Cu 

nanoparticles (CS-Cu NPs). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7. X-ray Diffraction (XRD) analysis of (a) pure Chitosan and (b) CS-Cu NPs, illustrating the crystallinity and 

structural characteristics of the synthesized nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8. Energy Dispersive X-ray (EDX) analysis of CS-Cu NPs confirming the elemental composition and successful 

incorporation of copper nanoparticles into the chitosan matrix. 
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Fig 9. Morphological characterization of Chitosan-Cu NPs by (a) Field Emission Scanning Electron Microscopy 

(FESEM) and (b) Transmission Electron Microscopy (TEM). 

 

Copper nanoparticles play a crucial role in 

suppressing the inflammatory responses associated with 

chitosan and in supporting collagen synthesis via copper-

dependent enzymes, both of which are essential for 

promoting wound healing (Alqahtani et al. 2024). 

Incorporating nano-copper (nCu) with chitosan enhances 

its wound-healing potential, as chitosan's polycationic 

nature in acidic conditions enables effective bonding with 

metallic ions like Cu (Mohamed et al. 2024).  

The present study explored the antibacterial and 

anticancer properties of CH, CuO, and CH-CuO 

nanoparticles. Various techniques were used to 

characterize these green-synthesized nanoparticles. SEM 

and TEM analyses revealed predominantly spherical 

nanoparticles with average sizes of 62 nm (CH), 35 nm 

(CuO), and 51 nm (CH-CuO), consistent with previous 

findings (Maheo et al. 2022).  

When comparing the antioxidant activity of 

chemically synthesized and green-synthesized CuO 

nanoparticles, the biologically synthesized nanoparticles 

exhibited superior activity. Chitosan’s structure contains 

amino groups capable of donating hydrogen ions, 

effectively scavenging free radicals. Consequently, the 

antioxidant activity of CH-CuO nanoparticles was 

significantly enhanced due to the combined effects of 

chitosan and green synthesis (Ivanova et al. 2022).  

To evaluate antibacterial efficacy, chitosan-

stabilized copper nanoparticles were synthesized and 

tested against both Gram-positive and Gram-negative 

bacteria. The results demonstrated that chitosan-

stabilized CuNPs exhibited greater activity against Gram-

negative bacteria, likely due to differences in cell wall 

composition (Verma et al. 2021), consistent with the 

findings of (Hongfeng et al. 2021). 

The biological potential of CS-CuNPs, including 

their anticancer properties, was also investigated. 

Significant cytotoxic effects were observed against major 

human bladder cancer cell lines, such as TCCSUP (Grade 

IV, transitional cell carcinoma), SCaBER (squamous cell 

carcinoma), and UM-UC-3 (transitional cell carcinoma). 

In lung cancer studies, the nanocomposite was tested on 

well-differentiated bronchogenic adenocarcinoma (HLC-

1), moderately differentiated adenocarcinoma (LC-2/ad), 

and poorly differentiated adenocarcinoma (PC-14) cell 

lines using the MTT assay. A dose-dependent reduction 

in cancer cell viability was observed in the presence of 

the Fe₃O₄/CS/Cu(II) nanocomposite (Shi et al. 2021). 

Chitosan’s excellent chelating properties stem from 

its functional -NH₂ and -OH groups. Various factors 

influence the size and morphology of metallic 

nanoparticles, including chitosan content, molecular 

weight, reaction time, degree of acetylation, pH of the 

medium, synthesis process, and the type of chitosan 

derivative used. The size and shape of nanoparticles 

significantly affect their properties and applications. 

This study also focused on the green synthesis of 

CS/PVA-coated CuO nanoparticles (CS/PVA/CuONCs) 

using Anacardium occidentale (cashew) fruit extracts. 

The synthesized nanocomposites were characterized 

using FTIR, XRD, FESEM-EDX, and UV-Vis 

spectroscopy. The antibacterial and antioxidant activity 

of CS/PVA/CuONCs was assessed against both Gram-

positive and Gram-negative bacteria. Additionally, anti-

inflammatory, anti-diabetic, and anti-cholinergic 

properties were evaluated, along with the anticancer and 

hemolytic activity of the nanocomposites. This research 

presents an eco-friendly approach for developing 

nanocomposites with promising therapeutic potential, 

employing green synthesis techniques and biocompatible 

polymers (Rajkumar et al. 2025). 
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Fig 10. Fourier Transform Infrared (FTIR) Spectra of (a) Copper sulfate, (b) Chitosan, and (c) Chi-CuNPs. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 11. Zones of microbial inhibition against MIC Chi-CuNPs at concentrations of 1000, 500, 250, 125, and 64 μg/mL: 

(a) P. mirabilis, (b) S. aureus, (c) S. epidermidis, (d) Shigella spp., (e) Candida krusei, and (f) C. albicans. 
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Fig 13. The cytotoxic effect of CS-CuNPs on MCF-7 cells: (a) Control (untreated) cells, (b) cells treated with 

50 μg/mL, and (c) cells treated with 100 μg/mL. 

 

 

Table 4 Effect of different concentrations of CS-CuNPs (6.25–100 μg/mL) on the viability of MCF-7 cell lines, 

expressed as percentage cell viability. 
  CV 6.25µg/ml 12.5µg/ml 25µg/ml 50 µg/ml 100µg/ml 

CHCU Raw data 0.305 0.136 0.106 0.201 0.154 0.148 

TR1 % survival 100 44.590 34.754 65.901 50.491 48.524 

 

  CV 6.25µg/ml 12.5µg/ml 25µg/ml 50 µg/ml 100µg/ml 

CHCU Raw data 0.305 0.346 0.299 0.128 0.146 0.132 

TR2 % survival 100 113.442 98.032 41.9672 47.8688 43.278 

 

  CV 6.25µg/ml 12.5µg/ml 25µg/ml 50 µg/ml 100µg/ml 

CHCU Raw data 0.305 0.275 0.265 0.132 0.163 0.158 

TR3 % survival 100 90.163 86.885 43.278 53.442 51.803 
Where: CV: Control vehicle, TR: technical replicate. 

 

 

 

 

 

 

 

 

 

Fig 14. The cytotoxic effect of CS-CuNPs on MCF-7 cells. 
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Conclusion 

Chitosan, a natural biopolymer, has proven to be an 

effective host material for synthesizing metallic 

nanoparticles (MNPs) due to its excellent stabilizing and 

capping abilities, biocompatibility, biodegradability, eco-

friendliness, and non-toxic nature. The green, time-

efficient, and cost-effective method presented in this 

study offers significant advantages for the synthesis of 

chitosan nanoparticles, which hold potential for 

applications as antimicrobial and therapeutic agents. 

This study compared the antibacterial, antibiofilm, 

and anticancer properties of CH, CuO, and CH-CuO 

nanoparticles produced via green synthesis. The 

nanoparticles demonstrated significant efficacy against 

multidrug-resistant bacteria and biofilm-forming 

pathogens. These findings contribute to the development 

of chitosan-stabilized metallic nanoparticles and their 

optimization for various biomedical applications, 

particularly in combating highly resistant microbes and 

harmful parasites. The study also highlights the unique 

properties, advantages, limitations, and factors influence. 
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