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Abstract

The increasing problem of antibiotic resistance in the treatment of bacterial diseases has made the
development of novel antimicrobial drugs crucial. In this study, we examine the environmentally
friendly synthesis of copper oxide nanoparticles (CUONPS) using Bauhinia tomentosa (BT) leaf
extract. The plant B. tomentosa, which has been used for centuries for its therapeutic uses, offers an
eco-friendly and sustainable way to produce nanoparticles. Diverse techniques such as Transmission
Electron Microscopy (TEM), UV-Vis spectroscopy, Scanning Electron Microscopy (SEM), Fourier
transform infrared spectroscopy (FTIR), and Energy-Dispersive X-ray spectroscopy (EDX), were used
to characterize these BT-CuONPs. The synthesis of CuO NPs is confirmed through UV-Vis
spectroscopy, showing an absorption peak at 225nm. Morphological analysis via SEM and TEM
reveals the presence of spherical and irregularly shaped nanoparticles, typically around 50 nm in
size. FTIR analysis identifies characteristic absorption bands by indication of fuctional groups from
leaf extract that may interact with nanoparticles. Additionally, EDX analysis confirms the elemental
composition, predominantly revealing peaks for copper and oxygen, validation successful synthesis of
BT-CuONPs. BT-CuONPs were synthesized and evaluated for their antimicrobial effectiveness against
wound pathogens, including multiple drug resistant organisms. The findings showed a notable
antimicrobial efficacy with highest inhibition zone against P. aeruginosa at 40mm, suggesting that BT-
CuONPs had strong antimicrobial potential. The promise of employing plant extracts more especially,
B. tomentosa as a green synthesis route for CUONPs and their use in the fight against drug-resistant
microbial infections is highlighted in this study. In the continuous fight against drug resistance, these
successful production and characterization of nanoparticles highlight their potential as strong
antimicrobial agents.
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Introduction

A major hazard to global public health is
the widespread rise in antibiotic resistance
caused by persistently resistant
microorganisms. To prevent and treat
microbial diseases, it is becoming increasingly
important to find alternatives to antibiotics [1].
One such strategy is the application of
nanotechnology in conjunction with naturally
occurring botanicals, which may be employed
in place of or in addition to antibiotics [2].
Because of the unique chemical and physical
properties of nanomaterials, which include
their hardness, durability, electrical
conductivity, high diffusivity, resistivity, also
variety of biological and chemical activity,
interest in this field of research has increased
significantly. Due to its growing use in the
industrial and medical sectors as opacifiers,
fillers, antimicrobial agents, disinfectants, drug
delivery materials, catalysts etc., metal oxide
nanoparticle synthesis has drawn particular
attention in nanotechnology research [3].

Copper oxide (CuO) nanoparticles have
received a lot of attention for their biocidal and
antibacterial properties and their potential to
successfully treat a variety of diseases that are
resistant to currently available antimicrobial
treatments [4]. CuO nanomaterials are used to
alter the surfaces of antimicrobial compounds,
allowing for the advancement of smart drug
release kinetics. This is because the CuO
nanosystem is not only utilized to treat
infections but also to detect pathogens [5].
Additionally, the inorganic and organic
nanocompounds made using CuO metal oxides
have unique characteristics like strong
mechanical strength, durability at high
temperatures, and high thermal and electrical
conductivity [6]. CuO nanostructures can be
developed using diverse chemical and physical
techniques. Nevertheless, there are several
disadvantages to these CuO
nanoparticle synthesis  processes, including
high energy consumption, the use of
dangerous chemicals, and high temperature

treatment, which have an impact on the
environment and also the field of research.
Presently, scientists have a further approach to
investigating metal oxide nanoparticles in
different biological applications, by
synthesizing them with a green method [7].
The most widely used sustainable approach
to generate metal oxide nanoparticles is bio-
reduction, which involves reacting
physiologically active compounds that are
derived from plants with metal oxides in
reduced form [8]. The current investigation
used extracts from the Fabaceae family plant
Bauhinia tomentosa to synthesize
copper oxide nanoparticles using a green
approach method. The entire edge and
elliptical shape of B. tomentosa's leaves are
divided in the middle by a deep line. The plant
has several stems and thin branches that can
reach a height of 4 meters. The bark is grey
and has a smooth, hairy feel. The yellow petals
of the blooms are grouped in the form of a bell
with dark maroon spots at the base. The herb is
abundantly available in Asian nations
including Zimbabwe, Mozambique, Sri Lanka,
and India and has amazing
antimicrobial properties [9]. Medicinal
phytocompounds and antimicrobials, such as
phytohemagglutinins, catechuic acid, rutin,
quercetin, and isoquercitin, have been
discovered to be present in B. tomentosa [10].
In this study, we used B. tomentosa leaf
extract to explore the green synthesis of CuO
NPs. The biosynthesized CuO NPs were
characterized using  Scanning  electron
microscope (SEM), UV-Vis spectroscopy,
Energy dispersive X-ray (EDX), Fourier
transforms infra-red spectroscopy (FTIR) and
Transmission electron microscope (TEM).
Additionally, we examined the antimicrobial
potential of the synthesized BT-CuO NPs
against both fungal and bacterial strains.
Therefore, the green synthesis of CuO NPs
using B. tomentosa leaf extract not only shows
an environmentally friendly method but also
shows that the biosynthesised BT-CuO NPs



have promising antimicrobial potential against
a variety of bacterial and fungal strains,
highlighting  their  potential ~ uses in
environmental and medical fields.

Materials and Methods
Chemicals

Nutrient Agar (NA), antibiotic discs,
Mueller Hinton Agar (MHA), and Copper
sulphate were obtained from Hi-Media, and
every chemical employed was of analytical
quality. Nanopure water was utilized
throughout this research work.

Collection of Microbes

The microbes that were isolated from
wound infections in an aseptical manner. The
samples collected from wound sites were
cultured in suitable conditions to promote
growth. Standard microbiological methods,
such as Gram staining and biochemical testing,
were used to identify each bacteria isolate.
Genomic DNA was isolated from the isolates,
and particular genetic markers were amplified
using polymerase chain reaction (PCR) to
identify the isolated microbes.

Preparation of Plant Extract

We procured fresh B. tomentosa leaves
from Rasipuram, Tamilnadu. The plant
specimen was authenticated and identified as
Bauhinia tomentosa from Fabaceae family.
After being washed of dust with tap water, the
leaves were dried and ground into a powder
using a blender. The plant extract was
developed using the following technique: 50
mL of distilled water were combined with
5g of powdered B. tomentosa leaves and
carefully stirred. For 15 minutes, this mixture
was kept at 60°C in a water bath. A magnetic
stirrer was then used to properly agitate the
liguid for 30 minutes. After passing the
mixture through Whatman No. 1 filter paper, a
clear extract was obtained. This extract was
then stored at 4°C and utilized for the
sustainable production of CuO NPs [11].

Synthesis of
Nanoparticles

Copper Oxide

The green synthesis of CuO NPs was
accomplished by mixing 80 mL of 2 mM
CuSO, with 20 mL of B. tomentosa extract and
then allowing the mixture to sit at room
temperature for 4 days. For 5 days, the
solution was stored in a dark area until its
green colour turned dark brown. Copper was
reduced as a result of this colour shift, and
copper oxide developed. To extract the
biomolecule  bonded to the  metal
nanoparticles, a centrifuge was used at 4000
rom for 15 minutes. The produced
nanoparticles have been processed for 12
hours at 70°C in an oven following three steps
of water washing. After being thoroughly
dried, the copper oxide nanoparticles were
annealed for 2h at 500°C and then kept in an
airtight bottle for further analysis [12].

Characterization of Synthesized
Nanoparticles
The optical, morphological, and

compositional characteristics of the green
formulated nanoparticles were evaluated by
using diverse techniques. Using a UV-visible
spectrometer, the absorbance of the
nanoparticle  samples was  determined,
resulting in the determination of their optical
properties and band gap. Scanning electron
microscopy was employed to study the
morphology of the NPs, vyielding precise
images of their size distribution and surface
structure. Single drop of CuO was deposited
on the copper grid, allowed to dry, and then
examined using  transmission  electron
microscopy (TEM) at an operating voltage of
about 200 kV to observe shape and size of the
nanoparticles. Fourier transform infrared
spectroscopy (FTIR), which reveals distinctive
absorption bands, was used to examine the
functional groups and chemical bonds present
over a wavenumber range of 4000 to 400 cm™.
Energy dispersive X-ray spectroscopy was
employed in conjunction with SEM and TEM



investigations to confirm the effective
synthesis of the CuO nanoparticles and offer
guantitative information on the elemental
composition [13].

Antibacterial Activity of Bt-Cuonps

B. tomentosa-mediated copper oxide
nanoparticles (BT-CuO NPs) were evaluated
against isolates of fungi and bacteria, both
Gram-positive and Gram-negative. A well
diffusion approach was used to assess the
nanoparticles’ antibacterial properties. Six
wells were created on Muller Hinton agar
plates using a cork borer, and BT-CuO NPs at
varying concentrations (25, 50, 75, 100, and
150 pg/mL) were introduced to each well.
Dimethyl sulfoxide, or DMSO, used as a
control. The plates were incubated for 24
hours at 37°C to assess the effectiveness of the
BT-CuO NPs. The zones of inhibition (ZOlI)
for each microbial strain were then determined
[14].

Result
Identification of Microbes

The microbes isolated from infected wound
sites were identified using gram staining and
biochemical assays. The pathogens were
identified as Staphylococcus aurues (gram

positive), Escherichia coli, Pseudomonas
aeruginosa, Klebsiella pneumoniae (gram
negative) and Candida albicans, a fungal
strain. After identification, genomic DNA was
amplified using PCR, and the resulting
sequences were submitted to the National
Center for Biotechnology Information (NCBI)
with  accession codes PP917548  for
Staphylococcus, PP917549 for Escherichia,
PP917550 for Pseudomonas, PP917551 for
Klebsiella, and PP917552 for Candida
albicans.

Synthesize of BT-CuO NPs

During the formulation of BT-CuO NPs, the
solution was initially in a vibrant green color,
which is a characteristic of the plant extract.
As the reaction progressed, this green colour
transitioned to dark brown color, signifying
the successful development of copper oxide
nanoparticles. This color change is a visual
marker for copper ion reduction and the
subsequent  generation of CuO NPs,
confirming the synthesis process. The dark
brown coloration is typically associated with
the presence of copper oxide, further
supporting the successful development of
CuONPs using the B. tomentosa extract
(Figure 1).

Figure 1. Synthesis of BT-CuONPs



Characterization of Synthesized BT-
CuONPs

UV-Vis Spectroscopy

The production of CuO NPs by the
bioreduction process using leaf extract from B.
tomentosa was observed using UV-Vis
spectrophotometry. The most crucial technique

for identifying the surface plasmon resonance
(SPR) characteristic of the biosynthesised CuO
NPs is UV-Vis spectral analysis. The
distinctive SPR peak at 225 nm, which
indicates the green production of CuO NPs, is
clearly visible in the UV-Vis spectrum
displayed in Figure 2.

Absorption vs. Wavelength for Copper Nanoparticles (UV-Vis Spectroscopy)
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Figure 2. UV-Vis Absorption Spectrum of Synthesized BT-CuONPs

FTIR analysis

FTIR analysis was used to determine which
functional groups were present in the
biosynthesised BT-CuO NPs, and Figure 3
shows the spectrum. The Fourier-transform
infrared (FTIR) spectrum of BT-CuONPs
displayed several notable peaks, each
corresponding to specific functional groups
and molecular vibrations. The peak at 3432.31
cm' is associated with O-H stretching,
indicating the presence of hydroxyl groups
from the plant extract, which play a role in
nanoparticle stabilization [15]. The peaks at
2921.95 cm™ and 2853.34 cm™! are attributed
to C-H stretching vibrations from aliphatic
compounds, suggesting the involvement of
organic molecules in the synthesis process.
The peak at 2060.19 cm™ may indicate the
presence of C=C stretching, while the peak at
1631.84 cm! is likely due to C=O stretching
vibrations, further confirming the presence of

various organic constituents in the extract.
Peaks at 1423.33 cm! and 1316.17 cm™! can
be linked to C-N stretching and C-O bending,
respectively, suggesting the interaction of the
CuO NPs with functional groups from the
extract. The peaks at 1118.04 cm™ and 986.90
cm' correspond to C-O stretching and C-C
bending,  respectively, indicating  the
stabilization of nanoparticles through the
plant's organic compounds [16]. Lastly, the
peaks at 931.30 cm™, 779.34 cm™, 720.50
cm™!, and 618.63 cm™! are attributed to metal-
oxygen (Cu-O) vibrations, confirming the
successful formation of CuO NPs [17]. The
phytochemicals of B. tomentosa leaf extract
are primarily responsible for these chemical
groups, which are engaged in the bioreduction
process. FTIR study results clarified the role of
several B. tomentosa  phytochemicals,
including proteins, tannins, and phenolics, in
the formation of CuO NPs.
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Figure 3. FTIR Spectrum of BT-CuONPs

SEM and EDX Analysis

Figure 4 displayed the surface morphology
of the CuONPs generated with B. tomentosa. It
indicates that uniformly shaped spherical
nanoparticles are abundant. The EDX

spectrum, which displays the largest peak for
copper and oxygen, was used to analyse the
purity. This indicates that the developed
copper oxide nanoparticles are extremely pure.
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Figure 4. SEM with EDX Analysis of BT-CuONPs

TEM Analysis

A unique spherical particle shape was found
by TEM examination of CuO NPS produced
using B. tomentosa leaf extract. The average
crystallite size, as determined by particle
measurement, was roughly 50 nm, indicating

that the nanoparticles fall within the desired
size range (Figure 5). The efficiency of the B.
tomentosa leaf extract in mediating the
synthesis process is demonstrated by the
spherical form and distinct size distribution of
the CuO NPs.



Figure 5. TEM Analysis of BT-CuONPs

Antimicrobial Activity

Using the agar well diffusion assay, the
antibacterial activity of the biosynthesized BT-
CuO NPs was evaluated against the Gram-
negative bacteria E. coli, P. aeruginosa, K.
pneumoniae, and Gram-positive bacteria S.
aureus, as well as the fungal strain C.
albicans. The antibacterial capability of
biosynthesized CuO NPs was evident from the
zone of inhibition observed surrounding the
wells in every petriplate. BT-CuONPs
demonstrate significant antibacterial action
against test strains of both bacteria and fungi.
The BT-CuO NPs shown significant
antibacterial activity against P. aeruginosa at a
concentration of 150ug/mL, with an inhibition
zone of 40 mm. E. coli and C. albicans

P.aeruginosa

followed at 38 mm, and K. pneumoniae and S.
aureus at 37 mm (Figure 6 and Table 1). CuO
NPs' ability to pass through microbial cell
membranes and cause membrane disruption
and eventual cell death is thought to be the
mechanism behind their antibacterial action.
CuO NPs' huge surface-to-volume ratio and
nanosized shape improve their contact with the
cell membrane. Due to variations in cell
membrane structure, the inhibitory effect of
CuO NPs on Gram-negative bacteria was
shown to be higher in this study than that on
Gram-positive bacterium. Therefore, it has
been shown that CuO NPs made from B.
tomentosa leaf extract are effective
antibacterial agents against microorganisms
responsible for wound infections.

S.aureus

Figure 6. Antimicrobial Activity of Synthesized BT-CuONPs against Wound Pathogens



Table 1. ZOI in mm for BT-CuONPs Against Wound Pathogens

S.No | Name of the organism | 25ul 50pl 75ul 100pl 150pl
1 E. coli 22mm | 29mm | 34mm 36mm 38mm
2 C.albicans 20mm | 30mm | 35mm 37mm 38mm
3 K. pneumoniae 32mm | 35mm | 37mm 35mm 37mm
4 P.aeruginosa 3lmm | 34mm | 37mm 38mm 40mm
5 S. aureus 24mm | 26mm | 29mm 32mm 37mm
Discussion the formation of CuO. SEM and TEM images

The utilization of Bauhinia tomentosa leaf
extract in the sustainable synthesis of CuO
NPs represents a significant advancement in
sustainable nanotechnology. The conventional
approaches to synthesizing nanoparticles are
less sustainable since they frequently entail
hazardous chemicals and excessive energy
usage. Conversely, the utilization of green
extracts not only lessens the impact on the
environment but also gives the synthesized
nanoparticles biocompatible and
biodegradable  characteristics  [18]. B.
tomentosa, noted for its rich phytochemical
compounds, functions as a stabilizing and
reducing agent in the biosynthesis process.
The leaf extract contains flavonoids, phenolic
compounds, and other bioactive chemicals that
help in reducing Cu® ions to CuO NPs while
also it caps the nanoparticles preventing them
from agglomeration [19].

The characterization of the green
synthesized CuO NPs is crucial to
understanding their structural, morphological,
and optical properties. Techniques such as
UV-Vis spectroscopy, Transmission electron
microscopy (TEM), scanning electron
microscopy (SEM), Energy-dispersive X-ray
spectroscopy (EDX) and Fourier-transform
infrared spectroscopy (FTIR) provide insights
into the shape, size and crystallinity of the NPs
[20]. Typically, the absorption peak observed
in UV-Vis spectra at 225 nm corresponds to

further elucidate the morphology, often
showcasing spherical or irregularly shaped
nanoparticles with sizes typically ranging at 50
nm. Additionally, FTIR analysis shows
characteristic absorption bands at 3432.31
cm! (O-H stretching), 2921.95 cm™ and
2853.34 cm™ (C-H stretching), and several
others, indicating the presence of functional
groups from the leaf extract that may interact
with the nanoparticles. Furthermore, the
primary elemental composition of the
synthesised BT-CuO NPs is confirmed by
EDX analysis, which predominantly shows
peak for copper and oxygen, thus verifying the
successful synthesis of copper oxide. The
controlled size and morphology of CuO NPs
are critical factors that influence their
reactivity and, consequently, their
antimicrobial properties.

The evaluation of antimicrobial activity is a
vital aspect of this research, given the
increasing prevalence of antibiotic-resistant
pathogens [21]. The synthesized BT-CuO NPs
exhibit potent antimicrobial activity against
various bacterial strains, like Gram-positive
and negative bacterial strains with highest ZOI
against P. aeruginosa, with an inhibition zone
of 40 mm. Previous studies have also
demonstrated significant antimicrobial activity
synthesized using B. tomentosa plant extract.
Renganathan et al. [22] synthesized silver
nanoparticles (AgNPs) employing the flower
extract of B. tomentosa Linn. Significant



antibacterial activity was seen against E. coli
(6.75 mm) and S. aureus (9.25 mm). Plant-
based gold nanoparticles (Au NPs) were
developed by Gnanamoorthy et al. [23] using
B. tomentosa Linn leaf extract. The
antibacterial activity of the produced Au NPs
was assessed against the Gram-positive
bacterium S. aureus and the Gram-negative
bacterium E. coli. Using leaf extract from B.
tomentosa, Sharmila et al. [24] reported
synthesizing copper oxide nanoparticles (CuO
NPs). With a zone of inhibition of 22 mm
against E. coli and 17 mm against P.
aeruginosa, the generated CuO NPs showed
strong antibacterial activity. Using the leaf
extract of B. tomentosa Linn., Ramar et al.
[25] reported the green synthesis of silver
nanoparticles (Ag NPs), emphasizing their in
vitro biological activities and photocatalytic
properties.  Effective antibacterial action
against S. aureus and E. coli was demonstrated
by the synthesized Ag NPs. In conclusion, the
synthesis of nanoparticles using plant extracts
from B. tomentosa shows that nanotechnology
can be applied in a sustainable and promising
manner. Significant antimicrobial properties
against pathogenic microbes are demonstrated
by these biogenic nanoparticles.

The production of reactive oxygen species
(ROS) upon interaction with microbial cells,
rupture of cellular membranes, and disruption
of metabolic processes are some of the
mechanisms responsible for this
antimicrobial efficacy of BT-CuONPs.
Because of their small size, the nanoparticles
can more effectively penetrate microbial cells
and increase their inhibitory effects [26].
Additionally, the bioavailability and durability
of CuO NPs produced using sustainable
processes indicate a viable substitute
in producing  antimicrobial  agents  for
application in medical fields. It's also
important to pay attention to the
biocompatibility of CuO NPs made from B.
tomentosa. Even if their antimicrobial
properties are beneficial, it's crucial to evaluate

their safety for both environmental and human
health. Based on preliminary toxicity
investigations, the synthesis mediated by plant
extracts produces less impact nanoparticles
than conventional approaches [27-29]. By
lowering the potential cytotoxicity of the
nanoparticles, the addition of phytochemicals
from the leaf extract may also have beneficial
effects.

In conclusion, the green formulation of
CuO NPs utilizing B. tomentosa leaf extract,
along with their successful characterization
and demonstrated antimicrobial activity, opens
new avenues for their application in
pharmaceuticals, agriculture, and
nanomedicine. This approach not only fosters
innovation in  nanotechnology but also
promotes the responsible use of natural
resources to address contemporary challenges
in health and disease management [30-32].

Conclusion

In conclusion, the green formulation of
copper oxide nanoparticles employing
Bauhinia tomentosa leaf extract not only
presents an eco-friendly approach to
nanoparticle synthesis but also demonstrates
effective antimicrobial properties, making
them promising candidates for various
biomedical applications. The phytochemicals
found in the leaf extract demonstrate a crucial
part in reducing copper ions to form
nanoparticles while providing stabilization,
which is vital for maintaining their unique
properties. The characterization  results
confirm the successful synthesis, by revealing
the shape, size, also crystalline nature of the
synthesized BT-CuONPs. The potential of
these BT-CuONPs as alternative antimicrobial
agents is demonstrated by the observed
antibacterial activity against a variety of
pathogens, paving up the possibilities for
further investigation and advancement in the
field of nanotechnology and its use in
biomedical and nanomedicine applications.
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