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ABSTRACT
The investigation confirms the biosynthesis of zinc oxide nanoparticles and their antiproliferative capacity; this is the preeminent 
study to utilise Canavalia rosea leaf and stem extracts. Characterization techniques including Energy-dispersive X-ray spectroscopy, 
X-ray Diffraction, Fourier-transform Infrared Spectroscopy, UV-Vis Spectroscopy, Field-Emission Scanning Electron Microscopy, and 
Photoluminescence reveal the structural properties. By employing the DPPH assay, the antioxidant capacity of Le-ZnONPs and Se-ZnONPs 
at various concentrations (µg ml-1), including 31.25, 62.5, 125, and 250, was assessed. According to FESEM analysis, the agglomerates of 
irregular-shaped zinc nanoparticles have a size range of 50 to 100 nm. In the DPPH assay, the antioxidant activity of both ZnONPs presented 
a more favourable response, with inhibition ranging from 80 to 90 percent. The cytotoxic effect of ZnONPs on MCF-7 cells was assessed by 
determining the IC50 values for Le-ZnONPs (52.08 µg ml-1) and Se-ZnONPs (636.3 µg ml-1). The substantial outcomes associated with the 
cytotoxic and antioxidant capacities of ZnONPs indicate that they may possess antiproliferative properties.
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INTRODUCTION

Current advancements are being made in the field of nanotechnology, 
which is an intersection of nanoscience and technology. It is concerned 
with the functions and properties of particular structures and 
elements of materials ranging in size from 1 to 100 nm. The software 
demonstrates functional applicability across various domains, such as 
engineering, material science, physics, chemistry, biology, computer 
science, biomedicine, diagnosis, drug delivery, and molecular 
imaging.1,2 The present progress in the integration of nanomaterials 
with pharmaceutical products makes a substantial contribution to 
the detection of biomarkers, including nanobiochips, nanoelectrodes, 
nanobiosensors, and others.3 In addition, nanomaterials offer 
improved resolutions for ecological and methodological challenges 
pertaining to water recycling, catalysis, and solar energy transfer.4,5,6

Nanomaterials are minuscule entities, with dimensions on the 
nanoscale, and they possess improved thermal conductivity and 
chemical stability due to their increased surface area-to-volume ratio.7 
Inorganic metal oxides, such as zinc oxide, copper oxide, and titanium 
oxide, are frequently employed in the fabrication of nanomaterials. 
Among these alternatives, ZnO-NPs are predominantly utilised due 
to their economical, secure, and uncomplicated synthesis processes.8 
Additionally, the USFDA9 classifies ZnO as a GRAS [generally 
recognised as safe] metal oxide. 

At present, the synthesis of nanoparticles via biological approaches 
is primarily conducted using actinomycetes, bacteria, fungi, yeast, and 
plant extracts. This approach circumvents the limitations associated 
with conventional methods.10,11,12 For the ecological synthesis of 
nanoparticles using metal ions, plants are the predominant substrate 
source.13,14 Various botanical components, including seeds, fruits, 
leaves, roots, stems, flowers, and fruits, are utilised in the synthesis of 
zinc oxide nanoparticles.15,16,17,18 The biological approach offers several 
advantages, including cost-effectiveness, time efficiency, product 
stability, and ecological safety. Moreover, progenitor sources and 
intermediary agents are omitted.19 Plant-derived phytoconstituents, 
including phenolic constituents, alkaloids, terpenoids, and flavonoids, 

distinguish them from alternative sources.19,20 Antioxidants are 
substances that have the ability to counteract reactive oxygen species 
[ROS], free radicals, and metal chelation.21 From this point forward, 
in order to produce metal oxide nanoparticles biochemically, 
antioxidants are the only stable and indispensable source, owing to 
their ability to reduce or chelate metals.22,23

Canavalia rosea, a plant found in coastal dunes, serves as the subject 
of this research concerning the environmentally friendly synthesis of 
zinc oxide nanoparticles. Canavalia rosea’s aerial portions and roots are 
utilised in traditional medicine to treat a variety of ailments. Certain 
countries utilise the leaves as an alternative to smoking botanicals.24 
Mellow seeds that have been roasted are substituted for coffee in the 
West Indies. The seeds are ingested by both fauna and humans in West 
Africa as a source of protein.25 Infusion of the root is applied topically 
to cure rheumatism, colds, skin disorders, and general pain.26 On the 
whole, Canavalia27 seeds contain between 31.2 and 35.5% protein 
and a minimal fat content. Additionally, the fibre content (1.1 and 
10.2%) inhibits colon cancer and aids in the regulation of digestion, 
detoxification, and bowel movement, in addition to reducing blood 
cholesterol.28

This is the foremeost study to investigate the eco-friendly 
production of zinc oxide nanoparticles using extracts of Canavalia 
rosea leaves and stems. The main aim of this research is to assess and 
characterise the cytotoxic and antioxidant properties of zinc oxide 
nanoparticles (ZnONPs) in the MCF-7 cell line. This will provide 
valuable information regarding the antiproliferative potential of ZnO 
nanoparticles in the context of breast cancer. 

MATERIALS AND METHODS 

Collection and authentication of plants

Our experiment utilises the aerial components of Canavalia rosea, 
specifically the leaf and stem. Samiyarpettai, Cuddalore district, Tamil 
Nadu, India, possessed a plethora of coastal regions in the C. rosea 
vegetation. The herbarium specimen underwent identification and 
authentication by the Rapinet Herbarium, Department of Botany, St. 
Joseph Autonomous College, Tiruchirappalli, Tamil Nadu, India, to 
confirm its identity as Canavalia rosea. 
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Materials

All the materials used in our study were purchased from Nice 
Chemicals and Sigma-Aldrich.

Preparation of leaf and stem extract

In an Erlenmeyer flask, approximately 10 grams (g) of the shade-dried 
crude powder of leaf and stem extract was infused with 100 millilitres 
(ml) of methanol. The concoction was heated for 20 minutes at 60°C 
in a heating mantle before being incubated at 37°C. Following a 24-
hour incubation period, the supernatant was transferred into a sterile 
receptacle via filtration using Whatman filter paper No.1 (pore size = 
11 micrometre (µm). The supernatant was stored in the refrigerator.

Green synthesis of zinc oxide nanoparticles 

The extract and the 6 percentage (%) zinc nitrate salt were combined 
and stirred for 30 minutes at 60°C using a magnetic stirrer. After 
undergoing two washes with double-distilled water, the precipitate 
was transferred to a crucible and heated for four hours at 400°C in 
a muffle furnace. The precipitate was transferred to a crucible and 
heated for four hours at 400°C in a muffle furnace. For subsequent 
use, the powdered ZnONPs (white in colour) that have been dried in a 
sterile mortar were placed in sterile Eppendorf containers. 

Nanoparticle characterisation

X-ray diffraction was employed to validate the crystalline structure 
of Le-ZnONPs and Se-ZnONPs. This was accomplished utilising a 
SHIMADZU-6000 Spectrofluorometer and monochromatic Cu-Kα 
radiation within the wavelength range of 1.5406΅. The XRD results are 
represented by peaks observed at different wavelengths spanning from 
5 to 80 degrees at a 2θ angle. These peaks have been verified against 
ICDD (JCPDS) data. Utilising UV-visible spectroscopy analysis to 
validate the formation of zinc oxide nanoparticles is a crucial step. It 
contains UV and visible spectra. Spectral data spanning 0-1200 nm 
was monitored using a JASCO V-670 spectrophotometer. Prologue 
3-HORIBAJOBINYVON assists in validating the photoluminescence 
spectrum [PL] within the wavelength range of 400 to 700 nm at 
ambient temperature. The documentation of the nanoparticles’ 
structural properties is achieved via FESEM analysis conducted 
with a ZEISS-SIGMA microscope. By means of EDS analysis, the 
elemental components of Le-ZnONPs and Se-ZnONPs are identified. 
The two-dimensional spatial distribution of chemical element energy 
dispersion is validated via EDS mapping. 

DPPH Assay 

The DPPH assay is a practical and precise method for quantifying 
the activity of free radical scavenging. The methodology outlined 
in Blois method29 is adhered to with only minor adjustments. A 
solution of DPPH (0.1 millimolar (mM)) is formulated by adding 
1 ml of methanol-prepared DPPH to 3 ml of ZnO-NPs at five distinct 
concentrations (31.25, 61.25, 125 and 250 µg ml-1). An absorbance of 
517 nm was measured following a 10-minute incubation period. For 
calculating the percentage of radical scavenging values, the following 
formula is used:  

Percentage of inhibition = [[Ao-A1] / Ao] × 100

�where Ao represents the control’s absorbance and A1 represents the 
sample’s absorbance.

In-vitro study

Cell culture maintenance 

MCF-7 cells were obtained from the National Centre for Cell Science 
(NCCS), Pune, and were cultured in DMEM containing 10% fetal 

bovine serum (FBS), 1% glutamine, and 1% penicillin-streptomycin 
at 37°C in an incubator with 5% CO2 and a humidified atmosphere. 
In the subculture, a monolayer of cells is utilised. Following a wash 
with phosphate-buffered saline [PBS] and trypsinization at 37°C for 
two to three minutes, the cells are transferred into new culture flasks 
that contain a medium. For each experiment, cells stocked between 
the third and fifth passages were utilised.

MTT Assay

The MTT assay is utilised to quantify the cytotoxic impact of Le-
ZnONPs and Se-ZnONPs by observing the activity of mitochondrial 
dehydrogenase in living cells.30 MCF-7 cells were cultured in a 96-well 
plate at a concentration of 1x106 cells ml-1 and incubated at 37 °C for 
24 hours. In specified wells, the cells were subjected to treatment with 
various concentrations of Le-ZnONPs and Se-ZnONPs [1.95, 3.9, 7.8, 
15.6, 31.25, 62.5, 125, and 250 (µg ml-1)]. Each well was supplemented 
with 100 L of MTT solution [mg ml-1] following a 72-hour incubation 
period at 37°C. The dishes are incubated at 37°C for four hours. 
Consequently, the formazan crystals were dissolved by adding 100 µl 
of DMSO to each well while the MTT medium was aspirated from each 
well without disturbing the cells. At 570 nanometers, the absorbance 
was measured using a microplate reader [Tecan Multimode Multiwall 
Plate Reader, Austria]. The assays were conducted in triplicate, each 
independently.

The calculation for percentage cell viability is as follows:

�Percentage of Cell Viability = Optical density of the sample × 100 
                                                       Optical density of control

RESULTs AND DISCUSSION

The objective of this research is to ascertain the physical and structural 
characteristics of ZnONPs, as well as their antioxidant capacity, ability 
to scavenge reactive oxygen species (ROS), and apoptotic effect. 
In order to produce zinc nanoparticles, zinc nitrate is utilised as a 
precursor. Both extracts are utilised in the synthesis of nanoparticles 
as thickening or capping agents. The colour change indicates the 
formation of ZnONPs; the Le-ZnONPs appeared pastel yellow, while 
the Se-ZnONPs were off-white in hue. 

Diverse nanoparticle shapes and sizes are influenced by physical 
parameters including calcination temperature, precursor used, 
temperature during nanoparticle synthesis, pH, and the presence of 
stabilising agents. The precursor substances employed in the synthesis 
of nanoparticles influence both the dimensions and morphology 
of the nanomaterials. The zinc chloride, nitrate, and zinc sulphate 
nanoparticles have the morphology of flakes.31 The synthesis and 
calcination temperatures for zinc nanoparticles were approximately 
60°C for 30 minutes and 400°C for 4 hours, respectively. Using zinc 
nitrate as a precursor, spherical flake-shaped agglomerates of ZnO 
nanoparticles ranging in size from 50 to 200 nm are synthesised 
at a neutral pH. Furthermore, some reports suggest that the NPs 
transform into flake-shaped aggregates when zinc nitrate is used as 
a precursor.32

X-ray diffraction 

Figure 1 demonstrates intensity plotted against 2θ. The findings 
suggest that the Le-ZnONPs possess the structure of crystalline 
hexagonal wurtzite. Seven relatively high diffraction peaks emanating 
from the [1 0 0], [0 0 2], [1 0 1], [1 0 2], [1 1 0], [1 0 3], and [112] 
reflections of the hexagonal ZnO crystal were observed in the XRD 
patterns of both Le-ZnONPs and Se-ZnONPs. The peaks that are 
displayed in the data have been indexed using ICDD (JCPDS) data 
[card number 36-1451]. The absence of additional impurity peaks in 
this region suggests that the products formed during the nanoparticles’ 
formation are relatively pure.
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By confirming the phase of synthesised zinc oxide nanoparticles, 
X-ray diffraction is utilised. The distinct peaks observed in Figure 
1 underscore the crystalline characteristics of Le-ZnONPs and 
Se-ZnONPs. The Miller indices values validate that the ZnO 
nanoparticles that were produced exhibit face-centered cubic 
symmetry. Previous studies have examined the Miller indices values 
[100], [002], [101], [102], [110], [103], and [112] obtained from zinc 
oxide nanoparticles produced with Parthenium hysterophorus L. leaf 
extract, which provides further evidence for the crystalline nature of 
the nanoparticles.33 The Miller indices values obtained for the zinc 
nanoparticles synthesised from both the leaf and stem extracts were 
consistent with those reported in prior research that examined the 
crystallinity of zinc oxide nanoparticles.34,35

Ultraviolet-visible spectroscopy 

The UV spectroscopic analysis of Le-ZnONPs and Se-ZnONPs and 
their absorbance patterns are depicted in Figure 2. At approximately 
300 nanometers, the spectrum analysis reveals the formation of 
nanoparticles via an absorbance peak. Le-ZnONPs exhibited a 
clear peak at 294 nanometers. In a similar fashion, the Se-ZnONPs 
exhibited a peak at 292 nm that varied minimally. The formation of 

the absorbance peak occurs as a result of an electron transition from 
the valence band to the conduction band subsequent to the absorption 
of light. When the excitation of surface plasmon resonance detects a 
colour transition from green to yellowish-white in a suspension, UV-
Visible spectroscopy verifies the formation of ZnONPs. 

Photoluminescence

Photoluminescence serves as a highly efficient method for ascertaining 
the optical characteristics of nanoparticles. The emission spectrum 
is observed at 400 nanometers excitation wavelength at ambient 
temperature. The PL spectrum of Le-ZnONPs and Se-ZnONPs is 
illustrated in Figure 3. Two peaks were identified in the Le-ZnONPs 
sample, an initial peak at 542 nm, corresponds to green emission and 
a subsequent peak at 677 nm corresponds to red emission spectrum. 
Similarly, two peaks were noted for Se-ZnONPs. The peaks observed 
at 550 and 570 nm of Se-ZnONPs correspond to green emission. The 
emission peaks observed in the ultraviolet and visible regions may be 
attributed to defect states and bound excitons located on the surface of 
nanostructured ZnONPs.36,37

FESEM and EDAX analysis

Through FE-SEM analysis, the dimensions and morphology of 
the manufactured ZnONPs are classified. Figure 4a and Figure 4b 
illustrate the FESEM electron micrographs of Se-ZnONPs and Le-
ZnONPs, respectively. The morphology of ZnONPs is irregularly 
shaped. FE-SEM images further demonstrate that the dimensions 
of both ZnO nanoparticles span a range of 50 to 200 nm. The 
elemental composition and EDAX chromatogram pattern of Le-
ZnONPs are illustrated in Figure 4c. The weight percentage of each 
ion, specifically oxygen and zinc atoms, is disclosed in this study. The 
elemental composition of Zn and O in the Se-ZnONPs is verified in 
Figure 4d. In a hypothetical scenario, Le-ZnONPs exhibited the likely 
stoichiometric mass percentages of Zn and O to be approximately 
32.8% and 67.2%, respectively. In contrast, Se-ZnONPs revealed 
these mass percentages as 69.14% and 30.86%, respectively. The 
surface analysis of Le–ZnONPs and Se–ZnONPs using field emission 
scanning electron microscopy (FESEM) is illustrated in Figure 4a and 
4b, respectively. The dimensions and configuration of the ZnONPs 
are disclosed by FE-SEM, while their elemental composition is 
determined by EDS methods. The presence of oxygen and zinc ions 
in the synthesised ZnONP was identified by EDS analysis, thereby 
validating the nanoparticles’ purity.

Figure 1. The XRD diffraction spectrum of Le-ZnONPs and Se-ZnONPs.

Figure 2. Spectrum of UV-visible spectroscopic absorption by Le-ZnONPs 
and Se-ZnONPs. 

Figure 3. Photoluminescence spectrum Le-ZnONPs and Se-ZnONPs.
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Figure 4: (a and b) FESEM analysis of Le-ZnONPs and Se–ZnONPs. (c) Le–ZnONP’s elemental composition and EDX chromatogram. (d) Elemental composition 
and EDX chromatogram of Se-ZnONPs.

Fourier Transform Infrared Spectroscopy

FTIR is a highly effective method for identifying chemical components 
due to the fact that each molecule38 has a distinct molecular pattern. 
Firm-adherent functional groups on the surface of nanoparticles 
can be verified using FTIR39. Figure 5 denotes the FTIR constituents 
of natural stem and leaf extract, in addition to Le-ZnONPs and Se-
ZnONPs. The peak patterns of the unrefined leaf and stem extract were 
comparable, with minor variations. The FTIR analysis of the natural 
leaf extract reveals distinct bands at the following wavenumbers: 
3446.02 cm-1, 2918.49 cm-1, 2850.14 cm-1, 1647.00 cm-1, 1384.51 cm-

1, 1068.82 cm-1, 606.85 cm-1, and 423.71 cm-1. The peaks observed 
at 2918.49 cm-1 and 3446.02 cm-1, respectively, are indicative of the 
stretching of hydroxyl compounds and the C-H bond. The peaks 
observed at a wavenumber of 1384.51 cm-1 and 1647.00 cm-1 are 
corresponding to aromatic nitro compounds and secondary alcohol, 
respectively. The peak at 1068.82 cm-1 is indicative of the C-N or C-O 
bond of the primary amine or alcohol, respectively. The peak observed 
at 423.71 cm-1 is indicative of the metal-oxygen (Zn-O) bond. 

In a similar fashion, the banding patterns observed at 3420.91 cm-1, 
2919.24 cm-1, 1731.20 cm-1, 1635.39 cm-1, 1423.61 cm-1, 1260.72 cm-1, 

1053.52 cm-1, and 592.17 cm-1 are confirmed by the pure stem extract. 
Similarly, the formation of peaks at 3424.64 cm-1, 2921.04 cm-1, 
1631.52 cm-1, 1384.31 cm-1, 878.37 cm-1, and 423.71 cm-1 is confirmed 
by Le-ZnONPs. While the peaks observed for Se-ZnONPs are 
comparable to those for Le-ZnONPs, there are minor distinctions 
3423.58 cm-1, 1632.29 cm-1, 1384.34 cm-1, 893.42 cm-1, and 435.52 cm-1 
with the peaks. FTIR analysis identified the prominent bands that 
corresponded to particular functional groups. Alcoholic groups, 
primary or secondary amine groups, carboxylic acid groups, aldehyde 
and thiol groups, aromatic and anhydride groups are all viable 
functional groups.

DPPH Antioxidant Assay

The DPPH results of Le-ZnONPs and Se-ZnONPs are illustrated in 
Figure 6. The antioxidant capacity of leaf and stem extracts was assessed 
using ZnO-NPs at concentrations of 31.25, 62.5, 125, and 250 µg/ml. 
Several research studies40,41,42 adhered to the identical methodology. 
As a reference standard, concentrations of gallic acid at which DPPH 
inhibition was measured were 82%, 78%, 72%, and 69% at 31.25, 62.5, 
125, and 250 µg ml-1, respectively. Le-ZnONPs exhibited inhibition 
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Figure 7. Evaluation of the cytotoxicity of Le-ZnONPs and Se-ZnONPs. The 
values represent the mean (±SD) of three replicates.

Figure 5. FTIR analysis of Le-ZnONPs and Se-ZnONPs.

rates of 92%, 89%, 87%, and 86% at the respective test concentrations. 
The inhibition levels of Se-ZnONPs were correspondingly 91%, 
90%, 88%, and 87%. The range of inhibition percentages for DPPH 
scavenging is nearly identical for Le-ZnONPs and Se-ZnONPs. The 
results of a statistical analysis using the T-test indicated a significant 
difference (P < 0.05) between gallic acid and zinc nanoparticles, as 
indicated by the P value of 0.005.

The percentage of free radical inhibition exhibited by both Le-
ZnONPs and Se-ZnONPs indicates that the redox potential of 
phytochemicals present in the respective extracts is a substantial factor 
in the elimination of free radical molecules43. Therefore, it is generally 
accepted that the increased antioxidant activity could be attributed 
to the antioxidants’ preferential adsorption onto the nanoparticle 
surface. The electron contribution of oxygen atoms is associated 
with the antioxidant activity of ZnO-NPs.44 The free radicals DPPH 
are influenced by the plant extract’s polyphenols and tocopherols via 
electron transfer or the donation of hydrogen atoms.45

In-vitro Cytotoxicity

The MTT assay is a preliminary method for determining the half-
minimal inhibitory concentration [IC50] and assessing proliferative 
activity. The impact of ZnO-NPs on the mitochondrial activity of 
MCF-7 cell lines is clarified in this study. By generating aerobic ATP, 
mitochondria are essential for maintaining cellular function; therefore, 
they are utilised to determine cytotoxicity.46,47 The cytotoxic effect of 
nanoparticles is influenced by variables such as dosage and duration.

The assay was conducted using test concentrations of 1.95, 3.9, 7.8, 
15.6, 31.25, 62.5, 125, and 250 (µg ml-1) for both leaf and stem extracts. 
The percentage of viable cells for Le-ZnONPs was determined to be 
93%, 85%, 77%, 67%, 58%, 46%, 35%, and 30%; for Se-ZnONPs, the 
percentage was 98%, 94%, 89%, 86%, 77%, 75%, 67%, 73%, and 67%, 
respectively. The results of an independent t-test indicate that Le-
ZnONPs and Se-ZnONPs differ significantly, with a P value of 0.036, 
which is lower than the significance level of P=0.05. Le-ZnONPs and 
Se-ZnONPs each had IC50 values of 52.08 µg ml-1 and 636.3 µg ml-1, 
respectively. The IC50 concentration was calculated using sigmoidal 
curve calculation in Microsoft Office Professional Plus 2021-Excel 
software. 

The in-vitro cytotoxicity analysis provides further evidence that 
the ZnONPs exhibited substantial anticancer capabilities when tested 
on the MCF-7 cell line. The potential of the nanoparticles to breach 
the cell membrane and inhibit the mRNA expression of genes that 
promote the upregulation of reactive oxygen species (ROS) within 
the cell48 is linked to cell demise. When ROS concentrations are so 
high, ZnONPs induce a deleterious response in the macromolecules 
and nucleus of the cell.49 Membrane impairment may occur as a 
consequence of elevated ROS levels; this can be achieved via lipid 
peroxidation and protein denaturation, which in turn induce 
necrotic damage and apoptosis.50 Apoptosis, which is characterised 
by diminished cell size, a condensed nucleus, membrane damage, 
and disintegrated apoptotic groups bonded to the membrane, is 
characterised by structural attributes of programmed cell death. 
These attributes culminate in phagocytosis.51 Several reports have 
documented comparable findings.50,52,53 The in vitro investigations 
validated that both Le-ZnONPs and Se-ZnONPs induce a substantial 
decrease in cell viability when applied to the MCF-7 cell line.

CONCLUSION

The study verifies the viability of producing ZnO nanoparticles via 
biogenic synthesis using extracts of the leaves and stems of Canavalia 
rosea. The antiproliferative activity of the leaf and stem extracts is 
ascribed to the phytochemical components that are found within 
the extracts. Zinc nanoparticles demonstrate noteworthy outcomes 
in vitro; additional investigation into this field may yield a more 
effective material for biomedical applications. As the first study to 
report ZnONP synthesis and cytotoxicity analysis using Canavalia 
rosea, suitable in-vivo experiments could enrich the nanomaterials for 
therapeutic applications.

Figure 6. DPPH evaluation of ZnONPs. The values represent the mean (±SD) 
of three replicates.
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