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ABSTRACT

This study investigated the green synthesis of zinc oxide nanoparticles
using the aqueous leaf extract of Dombeya wallichii as a plant-based
source of reducing and stabilizing agents. The synthesized ZnO-NPs were
examined by Fourier Transform Infrared Spectroscopy, X-ray Diffraction,
Field Emission Scanning Electron Microscopy, Energy Dispersive X-ray
Spectroscopy, and Atomic Force Microscopy in order to confirm their
formation and evaluate their main physicochemical characteristics. The
biological activity of the aqueous leaf extract and the green-synthesized
ZnO-NPs was assessed through antioxidant and cytotoxicity assays.
The antioxidant potential was measured using the DPPH free radical
scavenging assay, whereas cytotoxic activity was evaluated by the MTT
assay against human breast cancer cells (MCF-7) and normal mammary
epithelial cells (MCF-10). The obtained results showed that both treatments
produced concentration-dependent effects. However, ZnO-NPs showed
higher free radical scavenging activity and stronger inhibitory effects
against MCF-7 cells than the crude plant extract. Their effect on MCF-
10 cells was comparatively lower, which may indicate a selective action
toward cancer cells. Based on these findings, the aqueous leaf extract of D.
wallichii appears to be a suitable natural medium for the green synthesis
of ZnO-NPs. The resulting nanoparticles showed promising antioxidant
and anticancer properties, suggesting their potential value as bioactive
nanomaterials for further breast cancer-related investigations.
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INTRODUCTION

Nanotechnology is a new branch of biomedicine
that employs materials at the nanoscale, which
have special properties, including their small size
and high surface area [1]. Such properties have
also stimulated the application of nanoparticles
to cancer-related applications, in particular, due to
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their possible enhancement of cellular targeting
and minimization of damage to normal tissues
[2]. Physical, chemical, or biological methods
can be used to create nanoparticles, but green
synthesis has received more attention due to its
simplicity, eco-friendliness, and reliance on natural
biological resources [3]. Under this method, the
phytochemical-enriched plant extracts can be
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involved in forming nanoparticles as reducing,
stabilizing, and capping agents [4]. Zinc oxide
nanoparticles are among the other metal oxide
nanoparticles that have been of interest because
of their biological properties, and potential
biomedical uses such as anticancer activity. Plant
extracts as ZnO-NPs synthesis can also enhance
the stability and biological activity of nanoparticles
by having active phytochemical compounds on the
nanoparticle surface [5].

Medicinal plants are believed to be effective
sources of natural bioactive compounds with
antioxidant and anticancer properties [6].
Their biological activities are primarily linked to
secondary metabolites like alkaloids, flavonoids,
terpenes, and phenolic compounds [7]. D. wallichii
is a Malvaceae plant that has been reported to
have bioactive constituents that have the potential
to be antioxidants and anti-inflammatory [8].
Nevertheless, its therapeutic potential has not
been adequately explored, especially in terms
of its anticancer properties and its potential

application in green synthesis of ZnO-NPs [9].
Cancer is one of the most critical health issues
in the world and is identified by uncontrolled cell
growth, infiltration of tissues and the capacity to
invade other body organs [10]. Breast cancer is
one of the most frequently occurring cancer types
in women and is a significant cause of cancer-
related mortality particularly in places with scarce
healthcare facilities [11]. The disease occurs when
there is malignant change in breast epithelial
cell resulting in abnormal growth, invasion and
spreading via lymphatic or blood circulation [12].
Despite the fact that surgery, radiotherapy and
chemotherapy are common methods of cancer
treatment and have enhanced patient survival,
the treatment approaches have a number of
limitations. These are systemic toxicity, lack of
selectivity in targeting cancer cells, tissue damage
and therapeutic resistance development [13,14].
Therefore, the present study aimed to
characterize the phytochemical constituents of
D. wallichii leaf extract, evaluate its anticancer
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Fig. 1. D. wallichii plant.
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activity, and investigate its application in the green
synthesis of zinc oxide nanoparticles against breast
cancer cell lines.

MATERIALS AND METHODS
Materials

Zinc nitrate, DPPH (2,2-diphenyl-1-
picrylhydrazyl), MTT reagent, and dimethyl

sulfoxide (DMSO) were purchased from HiMedia
(India). Absolute ethanol was purchased from SRL
(India). Dombeya wallichii leaves were collected
from a local nursery in Al-Hillah city, Iraqg, and used
for the preparation of the aqueous extract and
the green synthesis of zinc oxide nanoparticles.
MCF-7 human breast cancer cells and MCF-10A
normal human breast epithelial cells were used
to evaluate the cytotoxic activity of the prepared
treatments. All chemicals and reagents used in
this study were of analytical grade.

Plant collection and identification

The leaves of D. wallichii were collected from
a local nursery in Al-Hillah city during September
2025. The plant was identified and authenticated
by Dr. Shaemaa Muhi Hasson, Professor of Plant

Taxonomy, Department of Biology, College of
Science, University of Babylon. After collection,
the leaves were cleaned to remove dust and
other impurities, then prepared for the next
experimental steps.

The aqueous extract of D. wallichii leaves was
prepared.

Aqueous extract of the leaves of D. wallichii was
prepared using a method reported elsewhere with
some slight alterations [15]. The leaves collected
were rinsed in distilled water to get dust and other
surface impurities out and then dried in shade in
room temperature till fully dry. The dried leaves
were electrically grained and ground to a fine
powder and kept in a sterile closed container till
used. Dried leaf powder was added to distilled
waterina 1:10 (w/v) ratio. The mixture was shaken
in a tightly closed glass tube with the help of an
electric shaker during 1 h to enhance the contact
between the solvent and the powder of the
plant. The mixture was then left to cool at room
temperature after incubating it in a water bath at
400 C during 2 h. Using Whatman filter paper, the
extract was filtered to eliminate the solid residues.
A part of the filtrate was then utilized in the green

D. wallichii leaves

Grind the leavesinto a
fine powder after
drying

aqueous extract

ZnO-NPs precipitate
after adding zinc
nitrate

ZnO-NP
after drying

Fig. 2. Synthesis of zinc oxide nanoparticles.
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synthesis of zinc oxide nanoparticles and the
rest of the filtrate dried in an oven at 40 C until
a constant weight had been achieved. The dried
extract was milled into a fine powder, sterilized
under ultraviolet light (20 min) and then stored in
a sterile airtight dark glass container in a cool and
dry place until further usage.

Zinc oxide nanoparticles synthesis [16]

In short, 0.05 M solution of zinc nitrate was
prepared by dissolving 4.73 g of Zn(NO3)2 in
distilled water. To get a homogenous reaction
mixture, aqueous extract of the D. wallichii leaves
was added to the zinc nitrate solution in a ratio
of 1:1 (v/v). This ratio was applied to mediate the
reduction and stabilization processes with the
help of plant phytochemicals. This mixture was
then allowed to incubate in a shaking incubator
at 100 rpm and 40 o C during 24 h to facilitate
the formation of nanoparticles. The precipitate
was then formed after incubation was over and
centrifugation carried out at 5000 rpm/30 min.
A series of washes (distilled water and absolute
ethanol) were performed to clean the precipitate
of the unreacted substances and leftover organic
compounds. Lastly, the purified precipitate
was heated in a hot air oven at 40 o C 24 h and
the resulting powder was stored to be further
characterized and to be analyzed biologically.

Characterization of zinc oxide nanoparticles (ZnO-
NPs)

ZnO nanoparticales were characterized by FTIR,
XRD, FE-SEM, EDX, and AFM analyses to evaluate
their functional groups, crystalline structure,
morphology, elemental composition, and surface
topography.

Free radical scavenging activity test (DPPH)

The antioxidant activity of D. wallichii leaf
extract and ZnO-NPs was determined using the
DPPH radical scavenging assay. A 0.1 mM DPPH
solution was prepared, and stock solutions of the
plant extract and ZnO-NPs were prepared at 400
pg/mL. These solutions were then diluted to obtain
concentrations of 3.125, 6.25, 12.5, 25, 50, 100,
200, and 400 ug/mL. For each concentration, 4 mL
of the tested sample was mixed with 2 mL of DPPH
solution. The mixtures were shaken thoroughly
and kept in the dark at room temperature for
30 min. After incubation, the absorbance was
recorded at 517 nm using a spectrophotometer.
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The percentage of DPPH radical scavenging activity
was calculated according to the Eq. 1:

A0 — AC

1
20 x100 (1)

Where, A0 = control absorbance, AC = sample
absorbance

The IC,, value represent the concentration
required to scavenging 50% of DPPH radicals [17].

Estimation the cytotoxicity of D. wallichii leaf
extract and ZnO-NPs using MTT assay

A 96-well flat-bottom microplate was used for
cell seeding at density of (1 x 10* to 10°) cells/ml.
The cells were incubated at 37°C in humidified
atmosphere containing 5% CO, for 24 h to allow
for attachment and stabilization. Following
incubation, the culture medium with was carefully
removed. Serial dilution of D. wallichii leaf extract
and ZnO-NPs were prepared to obtain final
concentrations of (25, 50, 100, 200, and 400 pg/
ml) each concentration was tested in triplicate. The
treated plates were incubated for an additional 24
h under the same conditions. After treatment, the
cells were gently washed with phosphate-buffered
saline (PBS) to remove residual compounds.
Subsequently 20 puL of MTT solution was added
to each well, followed by incubation for 4 h at
37°C to allow the formation of formazan crystals.
After incubation, 100 puL of DMSO was added to
each well to dissolve the formazan crystals. The
absorbance of each wells was measured at 575 nm
using microplate reader. The mean absorbance
values were calculated for each treatment group.

Cell viability was determined using the Eq. 2:

absorbance of treated cells

Cell viability (%) = x 100 (2)

absorbance of control

Cytotoxicity (%) was subsequently calculated as
Eq. 3:

Cytotoxicity (%) = 100 — Cell viability (3)

Where the control represents untreated cells,
and treated cells correspond to those exposed to
different concentrations of the tested compounds
[18].

Statistical Analysis
All experimental data were expressed as
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mean t standard deviation (SD) based on three
replicates. Statistical analysis was performed using
IBM SPSS Statistics software. One-way analysis
of variance (ANOVA) was used to compare the
differences among different concentrations within
each treatment or cell line. When significant
differences were detected, post hoc multiple
comparison tests were applied to determine
the differences between groups. In addition, the
independent samples t-test was used to compare
the responses between the two cell lines at the
same concentration. Differences were considered
statistically significant at p < 0.05.

RESULTS AND DISCUSSION
Fourier transform infrared spectroscopy (FTIR)
FTIR analysis was performed to detect the
functional groups associated with the biosynthesis
and stabilization of ZnO-NPs, as shown in (Fig. 3).
The spectrum displayed a broad absorption band
at 3304.06 cm™, which is related to O—H stretching
vibrations of phenolic and alcoholic compounds.
The bands recorded at 2958.80 and 2927.94
cm™ were assigned to C—H stretching vibrations,
indicating the presence of organic compounds
derived from the plant extract [19,20]. The
absorption band at 1653 ¢cm™ corresponded to

T I
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Fig. 3. FTIR spectrum of biosynthesized zinc oxide nanoparticles.
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Fig. 4. XRD images of ZnO-NPs.
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C=0 stretching vibration, whereas the peak at
1533.41 cm™ may be associated with N-H bending
or C-N stretching vibrations. In addition, the
bands observed at 1382.96, 1070.49, and 1041.56
cm™ were related to C—H and C-O vibrations
of alcohols, ethers, and phenolic compounds,
suggesting their involvement in the reduction
and stabilization of ZnO-NPs [21,22]. The band
at 823.60 cm™ may refer to aromatic structures.
Furthermore, the low-frequency bands observed
between 646.15 and 410.84 cm™ confirmed ZnO
stretching vibration, which supports the successful
formation of ZnO nanoparticles [23]. These results
indicate that the phytochemical constituents of D.
wallichii leaf extract contributed to the formation,
capping, and stabilization of ZnO-NPs through the
green synthesis process.

X-ray diffraction (XRD) analysis

X-ray diffraction (XRD) analysis was used
to evaluate the crystalline nature and phase
structure of the synthesized ZnO-NPs, as shown in
(Fig. 4). The XRD pattern showed several distinct
diffraction peaks, indicating the crystalline nature

10/22/2025|spot| pressure | WD
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of the prepared nanoparticles. The sharp and
clear peaks also confirmed the polycrystalline
structure of the sample. The most intense peak
was observed at 36.876°, suggesting a preferential
growth orientation of the ZnO-NPs [24]. The
diffraction peaks at 31.794°, 56.643°, 66.434°,
and 72.556° were close to the standard reflections
of hexagonal wurtzite ZnO according to JCPDS/
ICDD card No. 36-1451, confirming the formation
of crystalline ZnO-related structures. However,
the peaks observed at 41.417° and 45.581° did
not match the standard ZnO pattern, which may
be related to additional reflections or minor
secondary phases [25]. These results support the
successful biosynthesis of crystalline ZnO-NPs
using D. wallichii leaf extract.

Field emission scanning electron microscopy (FE-
SEM)

The outer structure and nanoscale size of
the ZnO-NPs biosynthesized were studied using
field emission scanning electron microscopy (FE-
SEM) as shown in (Fig. 5). In the micrograph,
the prepared particles were observed to be

500 nm
2:56:11 PM| 3.5 [1.26e-3 Pa|6.9 mm 120 000 x|ETD|30.00 kV inspect f 50-FEI Company
Fig. 5. Field emission electron microscopy analysis.
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predominantly rounded with some visible inter-
particle aggregation. Such aggregation can be due
to the close proximity of nanoparticles during the
biosynthesis and drying process, or because of
biomolecules of plant origin on their surfaces. The
size of the particles was estimated to be between
64.52-83.84 nm, which means that the particle
Zn0 synthesized was in the nanoscale range [26].
These variations in particle size and shape could
be connected with the impact of phytochemical
components in D. wallichii leaf extract that is
capable of modulating the nucleation process,
particle development, and surface stabilization
(in the green synthesis process) [27,28]. These FE-
SEM results show that the nanosized ZnO particles
were successfully prepared in the D. wallichii leaf

Z-Axis - Scan forward _Line fit

W‘W

418m
>

4.18um

J Nanostruct 16(3): 3227-3239, Summer 2026
(@)er |

Fig. 6. X-ray diffraction of biosynthetic zinc oxide nanoparticles.
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extract as a biomaterial.

Energy-dispersive X-ray Spectroscopy (EDX)

To identify the elemental profile of the
biosynthesized ZnO-NPs, energy-dispersive X-ray
spectroscopy (EDX) was conducted, which is
depicted by (Fig. 6). The EDX pattern showed
clear signs of z and oxygen which indicates the
presence of ZnO nanoparticles [29]. The high
carbon percentage could be related to organic
residues of D. wallichii leaf extract on the surface
the nanoparticles. Such plant-based compounds
are capable of increasing the surface coating,
particle stabilization and diminishing uncontrolled
aggregation during biosynthesis [30]. Some
phosphorus signal was also detected and this

L

| Atomic% | Weight

Fig. 7. AFM images for nanoparticles; (A) 2D and (B) 3D.
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could be attributed to the presence of phosphorus-
containing compounds left behind by the plant
extract after the formation of the nanoparticle
[31]. Thus, the EDX analysis confirms the effective
synthesis of ZnO-NPs and suggests the role of the
phytochemicals in the capping and stabilization of
the phytochemicals.

Atomic Force Microscopy (AFM)

The surface morphology and size distribution
of the biosynthesized ZnO-NPs were observed
with the help of atomic force microscopy (AFM)
as illustrated in (Fig. 7). The AFM images (two-
dimensional and three-dimensional) revealed that
the particles had different sizes and uneven surface

70
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characteristics. The aggregation observed could
be connected with the fact that phytochemical
compounds of D. wallichii leaf extract may serve
as the stabilizing and capping agents during the
formation of nanoparticles. Mean particle size
was 65.87 nm with majority of the particles less
than 100 nm in diameter as displayed in (Fig. 8).
AFM images also demonstrated rough topography
of the surface featuring hill-like and valley-like
features. Such ruggedness could be attributed to
the input of plant-based compounds in reducing,
stabilizing, and capping, which results in the
aggregation of ZnO nanostructures. These results
validate the fact that ZnO-NPs have been formed
in the presence of phytochemicals in the aqueous
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Fig. 8. Particle analysis using an AFM microscope.
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Fig. 9. Activity of the aqueous extract of D. wallichii leaves in DPPH free radical scavenging.
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extract of D. wallichii [32].

DPPH free radical scavenging activity

The antioxidant activity of the aqueous extract
of D. wallichii leaves and ZnO-NPs was evaluated
using the DPPH free radical scavenging assay. As
shown in (Table 1 and Fig. 9), the plant extract
exhibited a dose-dependent scavenging activity,
with inhibition percentages of (8.02, 13.01,
19.45, 27.24, 39.09, 51.53, 65.9, and 77.08) at
concentrations of 3.125, 6.25, 12.5, 25, 50, 100,
200, and 400 pg/mL, respectively. The highest
scavenging activity of the extract was recorded at
400 pg/ml, with an IC, value of 181.14 pg/mL.

The ZnO-NPs also showed a dose-dependent
antioxidant activity, as presented in (Table 1 and

Fig. 10). The scavenging percentages were (12.05,
18.61, 25.17, 34.72, 46.01, 59.34, 70.5, and
81.48)% at concentrations of 3.125, 6.25, 12.5,
25, 50, 100, 200, and 400 pg/ml, respectively.
The highest activity was observed at 400 pg/mL,
with an IC,  value of 152.20 pg/mL. These results
indicate that ZnO-NPs had stronger antioxidant
activity than the plant extract, as reflected by their
higher scavenging percentage and lower IC_ value.

The antioxidant activity of the plant extract
may be related to its phytochemical constituents,
especially phenolic and flavonoid compounds,
which can neutralize free radicals by donating
hydrogen atoms or electrons [33,34]. The higher
activity of ZnO-NPs may be attributed to their
nanoscale size and large surface area, which

100

Scavenging Activity %

0 50 100 150 200

y =0.1783x + 22.863

ICy,=152.20 pg/ml

250 300 350 400 450

ZnO-NPs Concentration ( pg/ml)

Fig. 10. Activity of ZnO-NPs in DPPH free radical scavenging.

Table 1. The percentage of DPPH scavenging activity for the extract and ZnO-
NP.

Concentration Scavenging activity of Extract % Scavenging activity of ZnO-NPs

(ng/ml) Mean +SD Mean +SD
3.125 8.02+0.42 12.05 +0.56
6.25 13.01+0.61 18.61+0.84
12.5 19.45 £ 0.88 25.17 +1.13
25 27.24+1.21 34724153
50 39.09+1.76 46.01+2.07
100 51.53 +2.29 59.34 +2.65
200 65.9 +2.91 70.5 +3.14
400 77.08 +3.44 81.48 +3.63
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increase the number of active sites available for
interaction with free radicals [35,36]. Therefore,
the DPPH results suggest that green-synthesized
ZnO-NPs possess better free radical scavenging
efficacy than the aqueous extract of D. wallichii
leaves.

Toxic Activity Testing Using MTT Assay

The cytotoxic activity of the aqueous extract
of D. wallichii leaves and ZnO-NPs was evaluated
against MCF-7 breast cancer cells and MCF-10
normal breast epithelial cells using the MTT assay.

Cells were treated with different concentrations
of each treatment for 24 h, as shown in (Table 2).
The results showed a concentration-dependent
increase in cell inhibition for both treatments.
The aqueous extract showed inhibition
percentages of 5.86, 11.61, 21.52, 34.02, and
46.06% against MCF-7 cells at concentrations of
25, 50, 100, 200, and 400 ug/mL, respectively,
with an IC,  value of 437 ug/ml, as shown in (Fig.
11). In MCF-10 normal cells, the extract showed
lower inhibition percentages of 2.08, 4.60, 5.40,
9.33, and 14.62% at the same concentrations,
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Fig. 11. Cytotoxicity effect of D. wallichii extract on MCF-7 and MCF-10 cell lines.
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Fig. 12. Cytotoxicity effect of ZnO-NPs on MCF-7 and MCF-10 cell lines.
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Table 2. Cytotoxic effect of D. wallichii extract and ZnO-NPs on (MCF-7) and (MCF-10) cell lines in vitro by using MTT assay.

Cells Inhibition %

The Concentrations (ug/ml)

Type of Type of Cell
Treatments Line - %0 100 200 200
5.86+0.5 11.61+2.2 2152424 34.02+1.9 46.06 £ 4.1
MCF-7 a(A) b(A) c(A) d(A) e(A)
The Extract 2.08+0.4 320£05 540+ 1.0 9.33:0.8 14.62+1.4
MCF-10 a(B) a(B) b(B) c(B) d(B)
11.22+3.4 2434+1.0 38.65+1.1 50.42+1.1 59.49+2.9
MCF-7 a(A) b(A) c(A) d(A) e(A)
ZnO-NPs 220403 4.60£03 5.90£0.5 11.03+16 20.71+1.0
MCF-10 a(B) b(B) b(B) ¢(B) d(B)

Similar letters indicate no significant differences between groups (p > 0.05), whereas different letters indicate significant differences between
groups (p < 0.05). Capital letters were used for comparisons between the two cell lines at the same concentration within each treatment, while
small letters were used for comparisons among different concentrations within each cell line for each treatment.

respectively.

ZnO-NPs exhibited stronger cytotoxic activity
against MCF-7 cells, with inhibition percentages
of 11.22, 24.34, 38.65, 50.42, and 59.49% at
concentrations of 25, 50, 100, 200, and 400 pg/mL,
respectively, and an IC_, value of 269.47 pug/mL. In
contrast, their effect on MCF-10 cells was lower,
with inhibition percentages of 2.20, 4.60, 5.90,
11.03, and 20.71% at the same concentrations, as
shown in (Fig. 12). These results indicate that ZnO-
NPs were more effective than the plant extract
against MCF-7 cells, while both treatments showed
lower toxicity toward normal MCF-10 cells.

The cytotoxic activity of the plant extract may
be related to its phytochemical constituents,
especially phenolic compounds and their
derivatives, which can interfere with cancer cell
survival mechanisms [37]. These compounds may
affect reactive oxygen species pathways, modulate
inflammatory signaling such as NF-KB, and promote
apoptosis in cancer cells [38]. The stronger activity
of ZnO-NPs may be attributed to their ability to
interact with cancer cells, disturb mitochondrial
function, and increase ROS production, leading to
oxidative stress and cell death [39]. In addition,
ZnO-NPs may dissolve in acidic intracellular
compartments such as lysosomes, releasing Zn?
ions and disturbing ionic balance, which can
further activate cell death pathways [40].

Similar letters indicate no significant differences
between groups (p > 0.05), whereas different
letters indicate significant differences between
groups (p £0.05).
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Capital letters were used for comparisons
between the two cell lines at the same
concentration within each treatment, while small
letters were used for comparisons among different
concentrations within each cell line for each
treatment.

CONCLUSION

The aqueous extract of D. wallichii was a potent
antioxidant and was rich in various phytochemical
compounds with potential biological activity. The
extract exhibited anticancer and cytotoxic effects
against the human breast cancer cell line MCF-7,
while the normal human breast epithelial cell line
MCF-10 was not significantly affected, indicating a
possible degree of safety toward normal cells. The
green synthesized zinc oxide nanoparticles (ZnO-
NPs) prepared using D. wallichii extract showed
enhanced cytotoxic and anticancer activity against
MCF-7 cells compared with the plant extract
alone. The combination of D. wallichii extract
with ZnO nanoparticles demonstrated a greater
inhibitory effect on MCF-7 cancer cells than
either treatment alone, suggesting a synergistic
therapeutic potential.
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