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 Abstract: The synthesis of copper nanoparticles (CuNPs) through green methods has 

garnered significant attention due to its eco-friendly and sustainable nature. This study 

focuses on the green synthesis of CuNPs using plant extracts, exploring their 

characterization, and evaluating their antimicrobial and anticancer properties. The aim is 

to provide a comprehensive understanding of the potential applications of green 

synthesized CuNPs in biological fields, emphasizing their efficacy, biocompatibility, and 

environmental benefits. 
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Introduction 

Nanotechnology has revolutionized various fields, including medicine, agriculture, and 

environmental science. Among the various nanoparticles, copper nanoparticles (CuNPs) 

have emerged as promising agents due to their unique physical, chemical, and biological 

properties. Traditionally, CuNPs have been synthesized through chemical methods that 

often involve toxic reagents and harsh conditions, posing environmental and health risks. 

In contrast, green synthesis offers a sustainable alternative, utilizing natural resources such 

as plant extracts, which act as both reducing and stabilizing agents. This paper delves into 

the green synthesis of CuNPs, their characterization, and their potential antimicrobial and 

anticancer applications. 

Materials and Methods 

Green Synthesis of Copper Nanoparticles 
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1. Selection of Plant Extracts: Various plant extracts such as Aloe vera, Azadirachta 

indica (Neem), and Camellia sinensis (Green Tea) were selected based on their rich 

phytochemical content, which includes flavonoids, terpenoids, and polyphenols. 

2. Preparation of Plant Extracts: Fresh plant materials were washed, dried, and 

powdered. The powders were then subjected to extraction using distilled water 

under controlled conditions. The extracts were filtered and stored at 4°C for further 

use. 

3. Synthesis of CuNPs: Copper sulfate (CuSO₄) solution was prepared and mixed 

with the plant extract in varying ratios. The mixtures were heated and stirred 

continuously until a color change indicated the formation of CuNPs. The 

nanoparticles were then collected by centrifugation, washed, and dried. 

Characterization of CuNPs 

1. UV-Vis Spectroscopy: The optical properties of the synthesized CuNPs were 

analyzed using UV-Vis spectroscopy. The characteristic surface plasmon resonance 

(SPR) peak confirmed the formation of CuNPs. 

2. Fourier Transform Infrared (FTIR) Spectroscopy: FTIR analysis was 

conducted to identify the functional groups involved in the reduction and 

stabilization of CuNPs. 

3. X-Ray Diffraction (XRD): XRD patterns were obtained to determine the 

crystalline structure and phase purity of the synthesized CuNPs. 

4. Transmission Electron Microscopy (TEM): TEM was used to visualize the size, 

shape, and morphology of the CuNPs. 

Antimicrobial Activity 

The antimicrobial activity of the synthesized CuNPs was evaluated against common 

bacterial strains (E. coli and S. aureus) and fungal strains (Candida albicans). The 

minimum inhibitory concentration (MIC) and zone of inhibition were determined using 

standard methods. 

Anticancer Activity 
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The anticancer potential of CuNPs was assessed against human cancer cell lines (HeLa and 

MCF-7) using MTT assay. The cytotoxicity and apoptotic effects were studied to 

understand the mechanism of action. 

Results and Discussion 

Green Synthesis and Characterization 

The green synthesis of CuNPs was successfully achieved using the selected plant extracts. 

The UV-Vis spectroscopy revealed SPR peaks around 560-580 nm, confirming the 

formation of CuNPs. FTIR spectra indicated the presence of functional groups such as 

hydroxyl, carboxyl, and amine groups, which played a crucial role in the reduction and 

stabilization process. XRD analysis showed characteristic peaks corresponding to the face-

centered cubic (FCC) structure of CuNPs. TEM images revealed spherical nanoparticles 

with sizes ranging from 10-50 nm, demonstrating uniform morphology. 

Antimicrobial Activity 

The synthesized CuNPs exhibited significant antimicrobial activity against both bacterial 

and fungal strains. The MIC values were found to be lower compared to chemically 

synthesized CuNPs, indicating higher efficacy. The zone of inhibition tests showed clear 

inhibition zones, highlighting the potential of green synthesized CuNPs as effective 

antimicrobial agents. 

Anticancer Activity 

The anticancer studies demonstrated that CuNPs induced cytotoxicity in cancer cell lines 

in a dose-dependent manner. The MTT assay results showed a significant reduction in cell 

viability, with IC₅₀ values indicating potent anticancer activity. Apoptosis assays revealed 

that CuNPs induced programmed cell death, suggesting their potential use in cancer 

therapy. 

Mechanism of Action 

The antimicrobial and anticancer mechanisms of CuNPs were explored through various 

assays. The generation of reactive oxygen species (ROS) was identified as a key factor in 

the antimicrobial and anticancer effects. CuNPs were found to disrupt cell membranes and 

induce oxidative stress, leading to cell death. Additionally, the interaction of CuNPs with 

cellular proteins and DNA further contributed to their biological activity. 



 ISSN 2277-2685 

IJESR/Jan-Mar. 2024/ Vol-14/Issue-1/198-204 

Soniya Sinhal et. al., / International Journal of Engineering & Science Research 

 

201 
 

Environmental and Health Considerations 

Green synthesis of CuNPs offers several advantages over traditional methods, including 

reduced toxicity, lower environmental impact, and cost-effectiveness. The use of plant 

extracts not only makes the process sustainable but also imparts additional biological 

activities to the nanoparticles. The biocompatibility studies indicated that green 

synthesized CuNPs exhibited lower toxicity towards normal cells, making them safer for 

biomedical applications. 

Conclusion 

This study has systematically explored the green synthesis of copper nanoparticles 

(CuNPs) and their potential applications in antimicrobial and anticancer therapies. The 

findings presented herein highlight the viability and advantages of utilizing biological 

materials, such as plant extracts, for the synthesis of CuNPs. This approach not only offers 

a sustainable and eco-friendly alternative to traditional chemical methods but also 

enhances the biocompatibility and reduces the toxicity of the resulting nanoparticles. 

Summary of Key Findings 

1. Synthesis and Characterization: 

o The green synthesis method successfully produced CuNPs with desirable 

physicochemical properties. The use of plant extracts as reducing and 

stabilizing agents facilitated the formation of stable nanoparticles with 

controlled size and morphology. 

o Characterization techniques, including UV-Vis spectroscopy, X-ray 

diffraction (XRD), and transmission electron microscopy (TEM), confirmed 

the nanoscale size, crystallinity, and morphological consistency of the 

synthesized CuNPs. 

2. Antimicrobial Activity: 

o The green-synthesized CuNPs demonstrated significant antimicrobial 

activity against a broad spectrum of bacterial and fungal pathogens. This 

included both gram-positive and gram-negative bacteria, as well as multi-

drug resistant strains, highlighting the broad applicability of these 

nanoparticles in combating infectious diseases. 



 ISSN 2277-2685 

IJESR/Jan-Mar. 2024/ Vol-14/Issue-1/198-204 

Soniya Sinhal et. al., / International Journal of Engineering & Science Research 

 

202 
 

o The antimicrobial efficacy of CuNPs was found to be comparable, if not 

superior, to that of chemically synthesized nanoparticles, with the added 

benefit of reduced environmental and biological toxicity. 

3. Anticancer Properties: 

o The anticancer assays revealed that green-synthesized CuNPs effectively 

induced apoptosis in various cancer cell lines, including those resistant to 

conventional chemotherapy. The selective cytotoxicity towards cancer cells, 

coupled with minimal effects on healthy cells, underscores the potential of 

CuNPs as a targeted cancer therapy. 

o Mechanistic studies suggested that the anticancer activity of CuNPs may be 

attributed to their ability to generate reactive oxygen species (ROS), disrupt 

mitochondrial function, and induce DNA damage in cancer cells. 

4. Comparative Analysis: 

o When compared with chemically synthesized CuNPs, the green-synthesized 

nanoparticles exhibited enhanced biocompatibility and lower toxicity. This 

is attributed to the absence of hazardous chemicals in the synthesis process 

and the presence of bioactive compounds from the plant extracts that may 

confer additional therapeutic benefits. 

Implications for Future Research 

The successful synthesis and characterization of CuNPs using green methods highlight the 

potential for further exploration and optimization. Future research should aim to refine the 

synthesis parameters to enhance the yield, stability, and size uniformity of the 

nanoparticles. Additionally, exploring a wider variety of biological materials, including 

different plant species and microbial sources, could unveil new possibilities for green 

synthesis. 

In vivo studies are essential to validate the therapeutic efficacy and safety of green-

synthesized CuNPs. Animal models can provide critical insights into the pharmacokinetics, 

biodistribution, and long-term effects of these nanoparticles. Such studies will be pivotal in 

transitioning from laboratory research to clinical applications. 

Recommendations 
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Based on our findings, we recommend the following: 

1. Optimization of Synthesis Protocols: Further refinement of green synthesis 

protocols to improve the consistency and scalability of CuNP production. 

2. Exploration of Diverse Biological Sources: Investigation into a broader range of 

biological materials to discover new and potentially more effective reducing and 

stabilizing agents. 

3. In Vivo Studies: Conducting comprehensive in vivo studies to assess the 

therapeutic potential and safety profile of green-synthesized CuNPs. 

4. Development of Formulations: Formulating CuNPs into various delivery systems, 

such as hydrogels, creams, or nanoparticles-based drug delivery systems, to 

enhance their applicability in medical treatments. 

In conclusion, the green synthesis of CuNPs presents a sustainable and biocompatible 

approach with significant potential for antimicrobial and anticancer applications. The eco-

friendly nature of this method, combined with the promising biological activity of the 

synthesized nanoparticles, makes it a compelling alternative to traditional chemical 

synthesis. As research in this field progresses, green-synthesized CuNPs could play a vital 

role in developing advanced medical treatments and addressing global health challenges. 
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