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ABSTRACT

The current study was conducted to encourage nanoparticle synthesis using zinc acetate in Ehretia laevis leaf
extract, representing the first report of this plant for ZnO nanoparticle synthesis. UV, FTIR, SEM, EDX, XRD, and TGA
analyses were conducted to characterize the structural properties of the nanoparticles. Additionally, the MTT test was
conducted to determine the activity of cytotoxic zinc oxide nanoparticles (ZnO NPs). The biosynthesized ZnO NPs were
preliminarily characterized by UV-visible spectroscopy, which revealed absorption features indicative of phytochemical
interactions and ZnO nanoparticle formation. The XRD confirmed the hexagonal crystalline quartzite structure of the
synthesized ZnO NPs. The morphology of the synthesized nanoparticles was examined by SEM, showing predominantly
spherical to elliptical shapes, and their elemental composition was confirmed by EDX analysis. FTIR was used to confirm the
functional groups responsible for stabilizing and capping ZnO NPs. The ZnO NPs exhibited a potent capacity to scavenge free
radicals by DPPH scavenging potential. An ICso value of 58.44 pg/mL indicated strong antioxidant activity. The cytotoxic
effects of ZnO NPs on MDA-MB-231 human breast cancer cells were dose dependent, with an ICso value of 38.81 pg/mL for
nanoparticles. The synthesized ZnO NPs exhibited enhanced cytotoxic effects with increasing concentration, reaching a
maximum at 100 pg/mL. The antioxidant and cytotoxic activities of ZnO nanoparticles synthesized using E. laevis make them

a promising drug candidate for anticancer applications.
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1. INTRODUCTION

Breast cancer accounted for approximately 12
to 13 % of all new cancer cases globally in 2022,
making it the most commonly diagnosed cancer among
women worldwide. According to the World Health
Organization and the International Agency for Research
on Cancer, an estimated 2.3 million new cases and
670,000 deaths were reported in 2022, making breast
cancer as the leading cancer among women in most
countries (WHO, 2024; TARC, 2022). The lifetime risk
of developing breast cancer is estimated to be 1 in 20
women worldwide, and the global burden is projected to
increase to 3.2 million new cases annually by 2050,
particularly in low- and middle-income regions (IARC,
2024).

Phytochemicals offer a viable treatment option
due to their low cytotoxicity, accessibility, and
prospective application as anticancer medications
(Gulecha and Sivakuma, 2011). Numerous scientific
studies have demonstrated the anticancer properties of

phytochemicals. The survival and proliferation of
malignant cells can be suppressed by disrupting their
free radical scavenging mechanisms (Xiaoyan et al.
2018).

Ehretia laevis Roxb is a widely recognized
medicinal herb used in traditional Indian medicine.
Phytomedicine uses heartwood, leaves, bark, root
system, branches, and fruits as conventional medicine.
Due to their favorable responses to a variety of
biological processes, such plants are utilized in many
herbal and traditional treatments in China and India.
Histological evidence of enhanced granulation, collagen
deposition, and re-epithelialization indicates that
Ehretia laevis Roxb leaf extract paste considerably
improves wound healing when compared to topical
phenytoin (Thakre er al. 2021). E. laevis have been
used in Ayurvedic treatment of syphilis (Torane et al.
2009; Dhenge and Khandare, 2016). According to
recent reports, E. Laevis extracts contain anti-
inflammatory, antibacterial, antioxidant, and anti-
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arthritic qualities (Jyothirmai ef al. 2016). Interestingly,
different phytoconstituents from different regions of E.
laevis proved many kinds of pharmacological actions,
such as low in glucose, anti-inflammatory in nature,
cancer prevention, and hepatoprotective actions (Shukla
and Kaur, 2018). Phytochemicals found in medicinal
plants can serve as natural reducing, capping, and
stabilizing agents in the environmentally friendly
synthesis of metal oxide nanoparticles in addition to
their therapeutic value. This creates a scientific
connection between conventional phytomedicine and
contemporary nanotechnology (Sugitha et al. 2024).
Nanoparticles have been produced using
environmentally friendly techniques using naturally
occurring, non-toxic elements. The microscopic size of
ZnO NPs facilitates their penetration and durability
within tumorous cells, which aids in their activity.
However, this also enhances the NPs' cellular utilization
by cancerous cells, which eventually leads to
cytotoxicity (Rasmussen et al 2010). Silver
nanoparticles have been synthesized using Ehretia
laevis leaves (Panja et al. 2020; Syed and Ahmed,
2025). There are no reports existing for the synthesis of
ZnO NPs using Fhretia laevis. Therefore, to the best of
our knowledge, this is the first study to synthesize ZnO
NPs using Ehretia laevis leaf extract via a green
approach, followed by physicochemical characterization
and also evaluation of their anticancer potential.

2. MATERIAL AND METHODS
2.1 Plant Extract Preparation

About 10 g of leaf powder was agitated and
boiled for 30 minutes at 70 °C in 100 mL of distilled
water. The extract was cooled to room temperature. The
extract had a pH of 7.24. Whatman filter paper No. 1
was used for separating the resulting solution, which
was then kept at 4 °C for later experimental use.

2.2 Green Synthesis of Zinc Oxide Nanoparticles

Zinc oxide nanoparticles were synthesized
using the aqueous leaf extract of Ehretia laevis. First, 50
mM zinc acetate was dissolved in 100 mL of double-
distilled water. From this solution, 90 mL was mixed
with 10 mL of 10% aqueous E. laevis leaf extract under
continuous magnetic stirring. The mixture was then
subjected to ultrasonication at 450 Hz for 5 minutes,
followed by stirring at 500 rpm until the solution
became pale green, which indicated nanoparticle
formation. The reaction mixture was allowed to settle,
and the precipitate was collected by centrifugation at
3,000 rpm. The supernatant was further centrifuged at
15,000 rpm for 20 minutes to recover remaining
nanoparticles. The collected nanoparticles were washed
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twice with 70% ethanol to remove impurities and then
dried in an oven at 60 °C for further characterization.

2.3 UV- visible Spectral Analysis

The UV-visible absorption spectra of the
synthesized ZnO NPs and the plant extract were
recorded using a Shimadzu UV-2700 UV-visible
spectrophotometer to confirm nanoparticle formation.

2.4 Fourier Transform Infrared (FTIR)

FTIR analysis was performed to identify the
functional groups in the Ehretia laevis leaf extract
responsible for the reduction and capping of the green-
synthesized ZnO NPs. For analysis, 1 mg of ZnO NP
powder was thoroughly mixed with 19 mg of KBr to
prepare a fine homogeneous mixture. The mixture was
then compressed into a pellet using a hydraulic press.
FTIR spectra were recorded using an Agilent FTIR-
Cary 630 spectrometer in the 4004000 cm™ range with
a resolution of 4 cm’'. The resulting spectra were
analyzed to identify characteristic peaks corresponding
to the functional groups involved in nanoparticle
formation.

2.5 Scanning Electron Microscopy (SEM) and
Energy-Dispersive X-ray (EDX)

The morphology and size of the green-
synthesized ZnO NPs were examined using scanning
electron microscopy (SEM). For SEM analysis, a small
amount of dried ZnO NP powder was evenly sprinkled
on an aluminum stub and coated with a thin layer of
gold using a sputter coater to enhance conductivity.
Micrographs were captured at different magnifications
to observe nanoparticle shape and distribution. The
average particle size was estimated by measuring at
least 50 nanoparticles from ten randomly selected
regions using AMT image analysis software. The
elemental composition of the ZnO NPs was determined
using energy-dispersive X-ray spectroscopy (EDX;
Tokyo, Japan) attached to the SEM.

2.6 Thermal Characterization by TG DTA

The DTA-TG  instrument (DTG-60H,
Shimadzu Co., Japan) was used for the thermal
gravimetric analysis (TGA). The sample was kept in a
platinum crucible mounted on a microbalance pan and
burned from the normal temperature to 700 °C with
aluminum dioxide as a solvent. The test was conducted
using N flow and a rate of heating of 10 °C/min.

2.7 X-ray Diffraction (XRD) Analysis

The crystalline structure of the green-
synthesized ZnO nanoparticles was analyzed using X-
ray diffraction (Philips X-ray diffractometer, Eindhoven,
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Netherlands). Cu Ka radiation (A = 1.540 A) was used,
with a voltage of 40 kV and a current of 30 mA. The
diffraction patterns were recorded over a 20 range of
10°-80°. The average crystallite size (D) of the
nanoparticles was estimated using the Debye—Scherrer
equation:

D = KA/ Bcos6 (1),

where D is the mean crystallite size, K is the
shape factor (0.9), A is the X-ray wavelength, f is the
full width at half maximum (FWHM) of the diffraction
peak, and 0 is the Bragg diffraction angle.

2.8 Antioxidant Activity
2.8.1 DPPH Radical Scavenging Activity

The 2,2-diphenyl-1-picrylhydrazyl (DPPH)
assay was used to determine the antioxidant activity of
the green-synthesized ZnO nanoparticles. DPPH was
produced in a 0.1 mM methanol solution. Subsequently,
1 mL of DPPH solution and 1 mL of ZnO NP solutions
at various concentrations (10-100 pg/mL) were mixed.
Each mixture was allowed to incubate for half an hour
at room temperature in the dark.

Standards and controls: Methanol without
nanoparticles was used as the blank. The same amount
of ascorbic acid was used as the positive control. All
measurements were performed in triplicate to ensure
reproducibility. Absorbance was determined at 517 nm
on a UV-visible spectrophotometer.

Calculation:

Acontrol — Asample

100
Acontrol .. Q)

where Acontrol 15 the absorbance of the DPPH
solution without sample, and Asample 1s the absorbance in
the presence of ZnO nanoparticles or a standard. Data
were expressed as mean + standard deviation (SD), and
statistical analysis was performed using one-way
ANOVA with p < 0.05 considered significant.

2.9 Cytotoxic Effect of ZnO NP

The cytotoxic potential of green-synthesized
ZnO NPs was evaluated using the human breast cancer
cell line MDA-MB-231 by the MTT assay. Cells were
cultured in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% fetal bovine serum
(FBS) and 1% penicillin—streptomycin, and maintained
at 37 °C in a humidified atmosphere containing 5%
CO;. Cells were seeded into 96-well plates at a density
of 1 x 10* cells per well and allowed to attach overnight.
After attachment, the culture medium was replaced with
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100 pL of fresh DMEM containing ZnO NPs at
concentrations ranging from 2 to 100 pg/mL. Control
wells received medium without nanoparticles. Cells
were incubated for 24 and 48 hours. Following
incubation, 100 pL of MTT solution (0.5 mg/mL) was
added to each well and the plates were incubated for 4
hours in the dark at 37 °C. The supernatant was then
carefully removed, and the resulting formazan crystals
were dissolved by adding 100 pL of dimethyl sulfoxide
(DMSO) to each well, followed by gentle mixing for 10
min. Absorbance was measured at 570 nm using a
microplate reader. Morphological changes were
observed and documented using an inverted phase-
contrast microscope (Nikon).

Cell viability (%)=Acontrol / Asamplex100 ... (3),
where:

e Agmple = absorbance of ZnO NP-treated cells

e  Aconwol = absorbance of untreated control cells

3. RESULTS AND DISCUSSION

3.1UV-Vis Analysis

Fig. 1: Zinc oxide nanoparticles
3.2 FTIR Analysis of Biosynthesized ZnO NPs

Fig. 1 shows pale green precipitate generated
with the incorporation of plant extract to the zinc acetate
dihydrate precursor, signifying the phyto fabrication of
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ZnO NPs following a 30-minute incubation period at
room temperature. The UV-—visible spectra of the plant
extract and the biosynthesized ZnO nanoparticles are
shown in Fig. 2. The plant extract exhibited a strong
absorption peak at 260 nm, which can be attributed to
n—n* transitions of phenolic and flavonoid compounds
present in the extract. Following nanoparticle formation,
an absorption peak at 262 nm was observed, indicating
the involvement of plant-derived biomolecules in the
reduction and stabilization of ZnO nanoparticles rather
than intrinsic ZnO band-gap absorption. Similar
absorption features in the 250—-280 nm region have been
reported for green-synthesized ZnO nanoparticles due to
phytochemical capping (Iqtedar et al. 2020).
Additionally, a broader absorption feature observed in
the 350-380 nm region corresponds to the characteristic
band-gap absorption of ZnO nanoparticles, confirming
their formation, which is consistent with previous
reports on biosynthesized ZnO NPs (Iqtedar ez al. 2020;
Singh et al. 2019).

The FTIR data of the extract and ZnO NPs are
given in Table 1. The vibration peaks of extract (Fig. 3a)
detected at 2921, 1769, 1583, 1513, 1445, 1383 and
1219 cm™" are indicative of the corresponding functional
group of carboxylic hydroxyl (OH), C=0 ester, C=C
aroma, NO, groups, CH3 bending and C-OH stretching
Nonetheless, the expected peak at approximately 2083
cm™! is in line with the C-C stretching. ZnO NP
spectrum shows vibrations at 3504, 2955, 2090, 1770,
1637, 1454, and 1375 cm™! (Fig. 3b) corresponding to
OH stretching of alcohol, OH stretching of carboxylic
acid, C=C stretching, C=0 aldehyde, C=C alkene, CH>,
and CHj3 bending. Additionally, it is firmly believed that
phytochemicals, such as phenolic acids, are confirmed
by the peaks in the region 1700-1600 ¢cm™'. The data
reveal that the reducing agents of plants contain
carboxylic acid. A distinctive peak was detected by the
FT-IR at around 627 cm™! (Zn-O stretching), indicating
the formation of ZnO nanostructure, similar to one
reported by Faye et al. (2022).

3.3 Morphology and composition of ZnO NPs

The surface morphology of the green-
synthesized ZnO NPs was analyzed using SEM. The
particles were predominantly quasi-spherical to
irregular polyhedral in shape, with an average size in the
range 70-100 nm (Fig. 4). The elemental composition
was confirmed by EDX analysis (Fig. 5), which showed
strong signals for Zn and O, verifying the formation of
ZnO nanoparticles. Minor C signals were attributed to
phytochemical capping agents from the plant extract,
while trace Cu peaks likely originated from the copper
sample holder used during SEM—EDX analysis.
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Fig. 2: UV-visible spectrum of ZnSO: reduction by leaf
extract at 30 min

Table 1. FTIR spectra of ZnO NPs

Wavelength cm™ Leaf extract Wavelength em™ ZnO NPs

2921 O-H C:;bd""y]'c 3504 OH stretching

1769 C=0 ester 2955 OH carboxylic acid
1583 C=C aromatic 2090 C=C stretching
1513 NO: stretching 1770 C=0 aldehyde
1445 C=C aromatic 1637 C=C alkene
1383 CHj; bending 1454 CH> bending
1219 C-OH stretching 1375 CHj3 bending
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nanoparticles (Jan et al. 2020), although variations in
total weight loss compared to other studies (Barzinjy
and Azeez, 2020) may arise from differences in plant
metabolites and synthesis conditions.

3.5 X-ray Diffraction Pattern of ZnO NPs
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Fig. 6: (a) DT-TGA analysis of ZnO NPs and (b) calcination
temperature of NPs

3.4 Thermal Characterization by TG DTA

Thermogravimetric  analysis (TGA) was
performed to evaluate the thermal stability of the green-
synthesized ZnO NPs and to determine an appropriate
calcination temperature. The TGA curve (Fig. 6a)
showed a total weight loss of approximately 42% up to
800 °C, which can be attributed to the removal of
moisture and decomposition of organic phytochemical
residues. The initial weight loss observed between 250—
400 °C (=13%) is associated with the evaporation of
adsorbed water and low-molecular-weight organic
compounds. A second weight loss between 450-650 °C
(=14%) corresponds to the thermal decomposition of
plant-derived capping agents. Beyond 650 °C, minimal
weight change was observed, indicating improved
thermal stability of the ZnO NPs. Based on these
observations, a calcination temperature of 500 °C was
selected as optimal to ensure effective removal of
organic residues while preserving the structural integrity
of ZnO NPs (Fig. 6b). The thermal stability observed is
consistent with earlier reports on plant-mediated ZnO

Fig. 7: XRD pattern of ZnO NPs dried at 100 °C

The X-ray diffraction pattern of synthesized
Zn NPs is shown in Fig. 7. The diffraction peaks at 26
angles of 38.20°, 30.17°, 24.42°, and 14.96°, correspond
to reflections from the (111), (101), (200), and (001)
crystal planes. The average FWHW was 40.776, and the
particle measured 72 nm. Scherrer's formula was used to
calculate the typical size of crystals of ZnO obtained
from the FWHM of a more intense peak that
corresponds to the 101 plane, which is hexagonal and is
positioned at 36.28°. These angles are in accordance
with the findings of the research conducted on the ZnO
nanoparticle synthesized by Hashemi et al. 2016).

Table 2. Free radical scavenging activity of DPPH for ZnO

nanoparticles
LD IEB G DPPH S Al
pg/ml
10 1791+ 1.53 2201+ 093
20 2470+ 156 3025+ 1.06
30 2653+ 1.11 34.49 + 1.29
40 3275+ 133 4021 + 1.05
50 37.08 +0.93 4839 + 1.04
60 44344077  5655+123
70 62.68 + 1.55 70.24 + 0.86
80 67.36 + 1.01 82.46 + 0.77
90 72.49 + 1.55 88.29 + 0.75
100 87.73+176 9529+ 0.96
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3.6 Antioxidant Activity of ZnO NPs

The antioxidant activity of the green-
synthesized ZnO NPs was evaluated using the DPPH
free radical scavenging assay at concentrations ranging
from 10-100 pg/mL, with ascorbic acid used as the
standard. All experiments were performed in triplicate,
and results are expressed as mean + standard deviation
(SD) (Tables 2). A concentration-dependent increase in
DPPH scavenging activity was observed for ZnO NPs

(Fig. 8). At 10 pg/mL, ZnO NPs exhibited a scavenging
activity of 17.91 + 1.53%, which increased to 87.73 +
1.76% at 100 pg/mL, with an ICsy value of 58.44
pg/mL. In comparison, ascorbic acid showed higher
scavenging activity, increasing from 22.01 £+ 0.93% at
10 pg/mL to 9529 + 0.96% at 100 pg/mL. The
observed antioxidant activity is consistent with previous
reports on ZnO nanoparticles synthesized using plant
extracts (Mahendiran et al. 2017; Nagajyothi et al.
2015; Rehana et al. 2017; Abdelbaky et al. 2022).
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Table 3. Statistical analysis of cell viability treated with ZnO NP
i Contro
pg/m 2 4 6 8 10 20 40 50 100 ;
L
1 0.696 0.644 0.603 0.568 0.524 0.432 0.289 0.153 0.077 0.725
2 0.692 0.64 0.602 0.573 0.521 0.431 0.288 0.154 0.073 0.73
3 0.699 0.651 0.61 0.574 0.522 0.425 0.289 0.155 0.074 0.731
N(I)eg“ 0.69567 0.645 0.605 0.571667 0.522333 0.429333 0.288667 0.154 0.074667 0'77286
SD 0.003512  0.005568  0.004359  0.00321455  0.001527525  0.003785939  0.00057735 0.001 0.002081666 0"1(;32
% of
viabili 9547118  88.51784  83.02836 78.4538 71.68344 58.9204 39.61574 21.13449 10.24703 100
ty

3.7 Cytotoxic Effect of ZnO NPs

The cytotoxicity of biosynthesized ZnO NPs
against the cell line for human breast cancerous cell
lines, MDA-MB-231 cells, was evaluated. After 48
hours of ZnO NPs treatment, the survival of human
breast-derived cells was assessed. Fig. 9 indicates that
the MDA-MB231 cancer cells react to increasing ZnO
NPs concentrations. Death at 40 ug was measured at
39.61% after 48 hours of incubation, while at 50 pg, it
reached 21.13%. At 100 pg, the cytotoxicity reached
10.24%. According to the dose-response curve, the
concentration of ZnO NPs needed to reduce the
proliferation of the cancerous cells in half is ICsy =
38.81 pg/mL. The finding is consistent with the
outcomes of Lingaraju et al (2019). The capability of
mitochondrial enzymes in living cells to change MTT to
formazan is the basis for the MTT assay, which employs
cellular respiration as a measure of cell survival and
growth (Berridge et al. 2005). ZnO NPs-exposed cells
displayed a concentration-dependent decline in survival
after 48 hours of incubation; survival of cells is
significantly reduced at concentrations between 40 and
100 pg. Fig. 10 shows the morphology of untreated and
ZnO NPs-treated breast cancer cell lines under a phase
contrast microscope. According to earlier research,

107

green-produced ZnO NPs were less harmful to normal
cells and exhibited excellent biocompatibility (Ebadi ef
al. 2019). Numerous investigations are showing that
ZnO NPs have an excellent potential for cytotoxicity
(Bisht and Rayamajhi, 2016).

4. CONCLUSION

In this study, zinc oxide nanoparticles were
successfully green-synthesized using Ehretia laevis leaf
extract. To the best of our knowledge, this is the first
report describing the biosynthesis, physicochemical
characterization, and biological evaluation of ZnO
nanoparticles derived from E. laevis. The nanoparticles
exhibited nanoscale size, crystalline wurtzite structure,
thermal stability, antioxidant activity, and cytotoxic
effects against MDA-MB-231 breast cancer cells,
indicating their potential for further biomedical
investigation.
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