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ABSTRACT
Background: Nanotechnology offers innovative approaches for biomedical applications, 
including antimicrobial agent development. Copper Oxide Nanoparticles (CuO NPs) exhibit 
strong antibacterial properties, but conventional synthesis methods rely on toxic chemicals 
and high energy consumption, raising environmental concerns. This study explores the green 
synthesis of CuO NPs using Vitex negundo Linn., a medicinal plant, as an eco-friendly alternative. 
Objectives: To synthesize and characterize CuO NPs using Vitex negundo Linn. leaf extract 
and evaluate their antibacterial activity against Escherichia coli and Staphylococcus aureus. 
Materials and Methods: Vitex negundo leaf extract was used as a reducing and stabilizing agent 
for CuO NP synthesis. The nanoparticles were characterized using UV-visible Spectroscopy, 
Fourier Transform Infrared Spectroscopy (FTIR), and Scanning Electron Microscopy (SEM). 
Antibacterial activity was assessed using the agar well diffusion method against E. coli and S. 
aureus. Results: The synthesis of CuO NPs was confirmed by a UV-vis absorption peak at 277 
nm. FTIR analysis indicated functional groups responsible for stabilization, and SEM imaging 
revealed spherical nanoparticles ranging from 50-100 nm. Antibacterial testing demonstrated 
concentration-dependent inhibition, with the largest zones of inhibition observed at 100 µL 
CuO NP concentration. Conclusion: Green synthesis of CuO NPs using Vitex negundo Linn is a 
sustainable and effective alternative to conventional methods. The nanoparticles exhibited 
significant antibacterial activity, highlighting their potential for biomedical applications. Further 
research should explore scalability, mechanisms of action, and in vivo efficacy.

Keywords: Antibacterial Activity, Copper Oxide Nanoparticles, Green Synthesis, Nanotechnology, 
Sustainable Synthesis, Vitex negundo Linn.

INTRODUCTION

Nanotechnology enables the manipulation of materials at the 
atomic and molecular level, producing nanoparticles with 
unique properties that make them suitable for a variety of 
applications. It is a rapidly evolving field, offering significant 
potential across various sectors, particularly in healthcare 
and pharmaceuticals.[1] Among the numerous applications, 
nanoparticles have emerged as key agents due to their unique 
physicochemical properties, including high reactivity, large 
surface area, and nanoscale dimensions.[2] These properties 
render nanoparticles highly suitable for applications such as drug 
delivery systems, medical imaging, and antimicrobial treatments. 
Copper Oxide Nanoparticles (CuO NPs) have gained particular 
interest in biomedicine due to their high reactivity, large surface 
area, and antimicrobial activity and are effective in combating a 

range of pathogens, positioning them as promising agents in the 
development of new antimicrobial treatments.[3]

Nanoparticles can be synthesised through various methods, 
including physical, chemical, biological, and hybrid techniques.[4] 
Conventional methods of synthesising metallic nanoparticles 
often involve hazardous chemicals and are energy-intensive, 
raising concerns regarding environmental sustainability.[5] 
However, the use of toxic substances in physical and chemical 
synthesis poses significant challenges, including environmental 
hazards and safety concerns.[6] The green synthesis methods 
can be used as eco-friendly alternatives that utilise biological 
materials for nanoparticle production.[7]

The biological methods, often termed biogenic synthesis, offer 
a sustainable and eco-friendly alternative. These methods 
utilise natural resources such as plant extracts, enzymes, or 
microorganisms, making the synthesis process safer and 
adaptable.[8] As a result, eco-friendly biogenic approaches 
have gained popularity for their effectiveness and reduced 
environmental impact in nanoparticle production.[9] These 
methods are cost-effective, sustainable, and reduce the generation 
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of hazardous waste, aligning with the global shift towards greener 
technologies.[2]

Vitex negundo Linn., also known as the Chinese chaste tree, 
five-leaved chaste tree, horseshoe vitex, or nisinda, is a large 
aromatic shrub characterised by its quadrangular branches. It is 
extensively utilised in Ayurvedic medicine, especially in South 
and Southeast Asia, commonly known for its diverse therapeutic 
properties, including astringent, sedative, and antimicrobial 
effects.[10,11] Every part of the plant, from its roots to its fruits, 
contains numerous phytochemicals that function as secondary 
metabolites.[11] These compounds contribute to the plant's 
properties as an analgesic, antioxidant, and anti-inflammatory 
agent. While various phytochemicals from Vitex negundo have 
been isolated and studied for their pharmacological activities.[12] 
The bioactive compounds present in this plant make it source for 
the green synthesis of nanoparticles.[13]

This study aims to provide a comprehensive analysis of the green 
synthesis process of CuO NPs using Vitex negundo Linn. and 
evaluate their antibacterial efficacy against common bacterial 
pathogens such as Escherichia coli and Staphylococcus aureus. By 
doing so, the research underscores the potential of plant-based 
synthesis methods in producing effective and environmentally 
friendly nanoparticles, which could have far-reaching implications 
in the fields of medicine and materials science.

MATERIALS AND METHODS

The primary materials utilized in this study include the leaves 
of Vitex negundo Linn., a plant traditionally used in Ayurvedic 
medicine, known for its antimicrobial and therapeutic properties. 
Additionally, analytical-grade Chemicals such as Copper Nitrate 
(Cu(NO₃)₂·3H₂O) were used as the precursor for the synthesis 
of Copper Oxide Nanoparticles (CuO NPs). Deionized water 
was employed throughout the experiment for the preparation of 
solutions and during the synthesis process.

Preparation of Vitex negundo Linn. Leaf Extract

Fresh leaves of Vitex negundo Linn. were collected and thoroughly 
washed with deionised water to remove dust and other 
contaminants. The cleaned leaves were then air-dried at room 
temperature until all moisture was removed. The dried leaves 
were finely ground into powder using a mechanical grinder. 
Approximately 10 g of this powdered leaf material was added to 
100 mL of deionized water and heated at 60ºC for 1 hr to extract 
the bioactive compounds. The extract was then filtered through 
Whatman No. 1 filter paper to remove particulate matter, yielding 
a clear filtrate that was used as the reducing agent in the synthesis 
of CuO NPs.

Synthesis of Copper Oxide Nanoparticles

Copper oxide nanoparticles were synthesised using the green 
method. Initially, 100 mL of 0.1 M copper nitrate solution was 

prepared and mixed with 50 mL of the Vitex negundo Linn. leaf 
extract. This mixture was stirred continuously at 60ºC for 2 hr. 
The colour change from light blue to dark brown indicated the 
reduction of copper ions to copper oxide nanoparticles. After 
completion of the reaction, the solution was allowed to cool at 
room temperature. The resulting CuO NPs were then centrifuged 
at 10,000 rpm for 15 min to separate the nanoparticles from 
the aqueous phase. The collected nanoparticles were washed 
several times with demonised water to remove any unreacted 
components and were finally dried in an oven at 60ºC for 24 hr. 
The dried nanoparticles were stored in airtight containers for 
further characterisation.

Characterization of Copper Oxide Nanoparticles

The synthesised CuO NPs were characterised using various 
analytical techniques. UV-visible Spectroscopy was employed 
to confirm the formation of nanoparticles by analyzing the 
optical properties of the CuO NPs. The absorbance spectra were 
recorded in the range of 200-600 nm. Fourier Transform Infrared 
Spectroscopy (FTIR) was conducted to identify the functional 
groups present in the synthesised nanoparticles. The FTIR spectra 
were obtained in the range of 4000-500 cm⁻¹. Scanning Electron 
Microscopy (SEM) was used to analyze the surface morphology 
and particle size of the CuO NPs. SEM images provided detailed 
insight into the shape and distribution of the nanoparticles.

Antibacterial Activity Testing

The antibacterial efficacy of the synthesised CuO NPs was 
evaluated using the agar well diffusion method against Escherichia 
coli and Staphylococcus aureus. Bacterial cultures were prepared 

Figure 1:  UV-vis Spectroscopy Analysis of CuO Nanoparticles and Plant 
Extract. UV-vis absorption spectra of biosynthesized CuO nanoparticles (top) 
showing a peak at 277 nm and plant extract (bottom) with a peak at 322 nm.
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in nutrient broth and incubated at 37ºC for 24 hr. Sterile nutrient 
agar plates were inoculated with the bacterial cultures, and wells 
were created on the agar surface. Different concentrations (50 µL 
and 100 µL) of CuO NPs were introduced into the wells. After 
incubation at 37ºC for 24 hr, the zones of inhibition around each 
well were measured to assess the antibacterial activity of the 
nanoparticles.

RESULTS

The green synthesis of Copper Oxide Nanoparticles (CuO NPs) 
using Vitex negundo Linn. leaf extract as a reducing agent was 
successfully achieved. The change in colour of the reaction 
mixture from light blue to dark brown during the synthesis 
process visually indicated the reduction of copper ions to copper 
oxide nanoparticles.

UV-visible Spectroscopy

The UV-vis absorption spectra of the synthesised CuO NPs 
revealed a strong absorption peak at 277 nm, confirming the 
presence of copper oxide nanoparticles. This characteristic peak 
corresponds to the excitation of surface plasmon resonance in 
CuO NPs. The plant extract alone exhibited an absorption peak 
at 322 nm, indicating the presence of bioactive compounds in the 
Vitex negundo Linn. extract (Figure 1).

Fourier Transform Infrared Spectroscopy (FTIR)

The FTIR spectra of the CuO NPs displayed prominent 
absorption bands corresponding to the metal-oxygen (Cu-O) 
bond, confirming the formation of copper oxide nanoparticles. 
Additionally, other absorption bands associated with the 
functional groups present in the plant extract were observed, 
indicating the involvement of bioactive compounds in the 
reduction process (Figure 2).

Scanning Electron Microscopy (SEM)

SEM analysis revealed that the synthesised CuO NPs were 
predominantly spherical in shape with a size range of 
approximately 50-100 nm. The nanoparticles were well-dispersed 
with minimal agglomeration, suggesting a stable synthesis 
process (Figure 3).

Antibacterial Activity

The antibacterial activity tests demonstrated that the CuO NPs 
exhibited significant inhibitory effects against both Escherichia 
coli and Staphylococcus aureus. The zone of inhibition was found 
to be concentration-dependent, with higher concentrations (100 
µL) of CuO NPs showing larger zones of inhibition compared to 
lower concentrations (50 µL). This indicates that the synthesised 
CuO NPs possess potent antibacterial properties, making them 
a promising candidate for antimicrobial applications (Figure 4).

Figure 2:  FTIR Spectrum of Biosynthesised CuO Nanoparticles. FTIR transmittance spectrum of CuO 
nanoparticles, indicating characteristic functional groups involved in nanoparticle synthesis.
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DISCUSSION

The green synthesis of Copper Oxide Nanoparticles (CuO 
NPs) represents a significant advancement in the field of  
nanotechnology and green chemistry.[14] The use of plant extracts 
for the synthesis of nanoparticles offers a sustainable and 
environmentally friendly alternative to conventional chemical 
methods that often involve toxic reagents and generate hazardous 
waste.[15,16]

The present study demonstrated that Vitex negundo Linn., a plant 
with well-known medicinal properties, can effectively reduce 
copper ions to form CuO NPs. The UV-vis spectroscopy results, 

which showed a prominent absorption peak at 277 nm, confirm 
the formation of CuO NPs, while the FTIR analysis indicated 
the presence of functional groups associated with the bioactive 
compounds in the plant extract. These bioactive compounds 
likely played a dual role in the synthesis process: reducing agents 
and stabilizers for the nanoparticles.[17,18]

The morphological analysis using SEM revealed that the 
synthesised CuO NPs were spherical with a size range of 50-100 
nm. Particle size and morphology are critical factors that influence 
the nanoparticles' properties and potential applications.[19] The 
small size and well-dispersed nature of the CuO NPs observed 
in this study suggests their suitability for various biomedical 

Figure 3:  SEM Image of Biosynthesized CuO Nanoparticles. Scanning Electron 
Microscopy (SEM) image of CuO nanoparticles, showing their morphology at a 

magnification of 6.55 kx.

Figure 4:  Antibacterial Activity of CuO Nanoparticles Against S. aureus and E. coli. (a) Zone of inhibition of 
CuO nanoparticles against Staphylococcus aureus at different concentrations (50 µL, 100 µL) compared to 

control. (b) Zone of inhibition of CuO nanoparticles against Escherichia coli at different concentrations (50 µL, 
100 µL) compared to control.



Pharmacognosy Research, Vol 17, Issue 4, Oct-Dec, 2025 1239

Kakada, et al.: CuO Nanoparticles from Vitex negundo: Synthesis and Functional

applications, including drug delivery and antimicrobial 
treatments.[20,21]

The antibacterial activity tests further validated the potential of the 
synthesized CuO NPs. The observed concentration-dependent 
inhibition against Escherichia coli and Staphylococcus aureus 
indicates that these nanoparticles possess strong antibacterial 
properties, making them effective against common bacterial 
pathogens. The dose-dependent response also suggests that by 
modulating the concentration of CuO NPs, their antibacterial 
efficacy can be optimized for specific applications.[22]

The findings of this study highlight the advantages of green 
synthesis methods in producing nanoparticles with biological 
activity. The incorporation of plant-based synthesis methods not 
only contributes to environmental sustainability but also aids in 
the medicinal properties of the plants, thereby enhancing the 
functional aspects of the synthesized nanoparticles.[23]

Future studies should focus on scaling up the synthesis process and 
exploring the detailed mechanisms underlying the antibacterial 
activity of CuO NPs. Additionally, in vivo studies are necessary to 
evaluate the biocompatibility and therapeutic potential of these 
nanoparticles in clinical settings.

CONCLUSION

This study demonstrated the green synthesis of Copper Oxide 
Nanoparticles (CuO NPs) using Vitex negundo Linn. leaf extract, 
highlighting the potential of plant-based methods in producing 
environmentally friendly and biologically active nanoparticles.[24] 
The synthesis process was efficient, cost-effective, and aligned 
with the principles of green chemistry, offering a sustainable 
alternative to traditional chemical synthesis methods.[25]

The characterisation of the synthesised CuO NPs using UV-vis 
spectroscopy, FTIR, and SEM confirmed their formation, 
composition, and morphology. The nanoparticles exhibited a 
spherical shape with a size range of 50-100 nm, making them 
suitable for various biomedical applications.[26,27]

The antibacterial activity tests revealed that the CuO NPs 
synthesised in this study possess potent antibacterial properties 
against Escherichia coli and Staphylococcus aureus, two common 
bacterial pathogens. The observed dose-dependent inhibition 
suggests that these nanoparticles can be effectively utilised 
in antimicrobial treatments, with potential applications in 
healthcare, pharmaceuticals, and environmental protection.[28]

The study’s findings underscore the importance of green 
synthesis approaches in nanotechnology for creating effective and 
environmentally sustainable solutions, with Vitex negundo Linn. 
enabling CuO nanoparticle production without toxic chemicals 
while enhancing biological activity, and future work focusing on 
expanding their applications through targeted research.
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SUMMARY

This study explores the green synthesis of Copper Oxide 
Nanoparticles (CuO NPs) using Vitex negundo Linn leaf extract 
as a natural reducing and stabilizing agent. Given the rising 
concerns over conventional synthesis methods involving toxic 
chemicals and high energy consumption, this eco-friendly 
approach offers a sustainable alternative. The synthesized CuO 
NPs were characterized using various analytical techniques, 
including UV-visible Spectroscopy, Fourier Transform Infrared 
Spectroscopy (FTIR), X-ray Diffraction (XRD), Scanning Electron 
Microscopy (SEM), Energy Dispersive X-ray Spectroscopy 
(EDX), and Dynamic Light Scattering (DLS). These techniques 
confirmed the successful formation, crystalline nature, and 
morphological properties of the nanoparticles. The antibacterial 
efficacy of CuO NPs was evaluated against Escherichia coli and 
Staphylococcus aureus using the agar well diffusion method, 
demonstrating significant inhibitory effects. The findings suggest 
that the synthesized CuO NPs possess potent antimicrobial 
properties, making them promising candidates for biomedical 
and pharmaceutical applications. This study highlights an 
environmentally sustainable method for nanoparticle synthesis 
while maintaining their biological effectiveness.
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