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ABSTRACT

The increasing complexity of contemporary health disorders has created a need for alternative therapeutic

strategies.

Plant-mediated nanomaterials offer promising biomedical applications because of their distinctive

physicochemical and biological characteristics. This investigation employed Aerva lanata leaf extract as a natural
complexing and stabilizing medium for the eco-friendly preparation of magnesium oxide (MgO NPs) and assessed
antibacterial and anticancer activities. The synthesized MgO nanoparticles were characterized using UV-visible
spectroscopy, X-ray diffraction, Fourier-transform infrared spectroscopy, dynamic light scattering and zeta-potential
analysis. XRD confirmed cubic periclase MgO with an average crystallite size of 24.68 nm. The nanoparticles exhibited
antibacterial activity against Escherichia coli and Klebsiella pneumoniae, with greater activity against E. coli (MIC: 125.36
+ 12.48 pg/mL; inhibition zone: 20.46 + 1.18 mm). They also produced concentration-dependent cytotoxicity against PC-3
prostate cancer cells, with an ICso of approximately 87.43 pug/mL. These outcomes demonstrate that 4. lanata-assisted MgO
NPs may serve as environmentally sustainable materials with potential antibacterial and anticancer applications.

Keywords: Sustainability; Anticancer activity; Disk-diffusion; Cytotoxicity; UV-absorption.

1.INTRODUCTION

The growing demand for sustainable,
lightweight, and biologically compatible materials has
encouraged the replacement of energy-intensive
synthesis routes and synthetic reinforcements with green
nanotechnology and natural-material-based systems
(Krishnasamy et al. 2025). Machine-learning-guided
material design has further reduced experimental trials
while facilitating the identification of low-cytotoxic
nanomaterials with strong antioxidant activity and
cellular compatibility (Ebenezer et al. 2026). Statistical
modelling and multi-objective optimization have also
enabled the development of lightweight composites with
improved mechanical and thermal performance for
automotive, aerospace, structural, and industrial
applications (Krishnasamy et al. 2026). Moreover,
synthesis conditions strongly influence nanoparticle
crystallinity = and  functionality;  hydrothermally
synthesized nanoparticles have demonstrated enhanced
photocatalytic and antibacterial performance when
incorporated into superhydrophobic antimicrobial textile
coatings (Ganvir ef al. 2026b).

Plant-mediated  synthesis  represents an
environmentally sustainable approach in which
phytochemicals act as reducing, stabilizing, and capping
agents during nanoparticle formation. Aerva lanata is
particularly  attractive because of its diverse
phytochemical constituents and established biological
properties. Silver nanoparticles synthesized using its
flower extract exhibited an average size of approximately
7 nm and demonstrated antibacterial, antioxidant, and
sunlight-driven photocatalytic activities (Palithya et al.
2022). Similarly, 4. lanata-mediated ZnO nanoparticles
produced inhibition zones of 11-18 mm against different
bacterial strains at 100 pg/mL (Ganesan et al. 2023).
Green-synthesized nickel nanoparticles using Aerva
lanata extract with sizes up to 40 nm achieved 100%
fungal inhibition and 85% bacterial inhibition (Jayamani
et al. 2025), while 45.05 nm AgNPs exhibited significant
free-radical scavenging, strong antibacterial, and
moderate antifungal activities (Ganesan et al. 2024).
Furthermore, the antioxidant, xanthine oxidase-
inhibitory, and anti-urolithiatic activities of 4. lanata and
Aerva javanica extracts demonstrate their wider
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therapeutic potential (Sanjai et al. 2025). (Varadharajan
and Pandian, 2025; Sanjana et al. 2025).

Among metal oxides, MgO has attracted
considerable interest because of its physicochemical
stability, tunable surface characteristics,
biocompatibility,  antimicrobial = behaviour, and
environmental remediation capacity. MgO nanoparticles
synthesized using Ficus carica leaf extract displayed
precursor-dependent crystallite size, optical band gap,
and surface roughness, with magnesium-nitrate-derived
MgO showing properties favourable for antibacterial
applications (Obead and Abbas, 2025). Chrysanthemum
indicum-mediated MgO nanoparticles, with an average
size of 20.5 nm, exhibited concentration-dependent
antioxidant activity and good biocompatibility
(Periakaruppan et al. 2025). Likewise, Hevea
brasiliensis-derived MgO nanoparticles achieved 87.78%
methylene blue degradation, 93.33% mineralization, and
strong antibacterial activity against E. coli and S. aureus
(Otabor and Ikhuoria, 2026). Orange-peel-mediated
MgO nanoparticles also maintained more than 80% cell
viability and demonstrated moderate antimicrobial and
antibiofilm activity, while providing greater insight into
the role of phytochemicals in controlling nanoparticle
formation (Radulescu et al. 2025). Sanjana et al. (2025)
similarly reported antimicrobial and cytotoxic responses
for plant-mediated calcium oxide nanoparticles,
supporting the relevance of green metal-oxide
nanomaterials for biological applications.

The incorporation of MgO into multicomponent
systems can generate synergistic structural, optical,
catalytic, and biological effects. CuO@MgO core—shell
nanoparticles exhibited antibacterial activity against
Bacillus cereus and Proteus mirabilis, while molecular
docking indicated favourable interactions with bacterial
proteins (Najm et al. 2026). MgO-NiO nanocomposites
calcined at 450 °C showed superior antibacterial and
antioxidant activities, and both the 450 and 550 °C
samples produced less than 2% hemolysis (Gajendiran et
al. 2025). Green-synthesized Mg/ZnO nanocomposites
achieved 99.42% tetracycline and 95.35% crystal violet
degradation within 90 min, together with enhanced
antibacterial activity (Rana et al. 2025). Similarly,
Cu/Zn-doped MgO nanoparticles attained 92%
Rhodamine B and 99% methyl orange degradation
because doping reduced the band gap and improved
photocatalytic performance (Thakur et al. 2025).

MgO-based hybrid nanomaterials have also
demonstrated promising biomedical performance. A
Tinospora cordifolia-mediated CuO-MgO core—shell
nanocomposite exhibited strong antioxidant activity and
only 0.57% hemolysis at 100 pg/mL (Vamsi et al. 2025).
Mycosynthesized MnO-MgO nanoparticles displayed
broad-spectrum antibacterial, bactericidal, antibiofilm,
antibiotic-synergistic, and selective anticancer effects
(Elkady et al. 2026). ZnO/MgO nanoparticles

synthesized using Echium amoenum flower extract
achieved a production yield of 95.4% and inhibited
MCF-7 cancer cells with an ICso of 94.40 pg/mL
(Ghasemzadeh et al. 2025). Ag-doped MgO-ZnO
nanocomposites prepared using Cassia alata extract also
demonstrated antimicrobial activity and dose-dependent
cytotoxicity against A549 lung cancer cells, with an ICso
of 45.8 ug/mL (Kattookaran et al. 2025).

The versatility of MgO-containing systems
extends to bioceramics, radiation shielding, and
wastewater treatment. Merwinite-dominant CaO-MgO—
SiO: bioceramics exhibited controlled degradation,
suitable biocompatibility, and Vickers hardness values of
376.7-399.7 HV, supporting their potential for bone
regeneration and implant applications (Imtiaz et al.
2025). MgO-containing apatite—wollastonite glass
ceramics with 2—-8 wt% Y203 were fabricated using a
powder-metallurgy process. The developed materials
demonstrated promising potential for biomedical
applications (Al-Buriahi et al. 2025).
BaAl:04/MgO/BaCOs nanocomposites calcined at 500
°C achieved a crystal violet adsorption capacity of 377.36
mg/g, followed Langmuir equilibrium and pseudo-first-
order kinetic models and maintained good regeneration
performance (Al-Wasidi and Abdelrahman, 2026).
Green-synthesized CaO, MgO, ZnO, and TiO:
nanoparticles derived from Brassica oleracea also
demonstrated improved colloidal stability, minimal
hemolysis, and preservation of red-blood-cell
morphology (Gamal et al. 2026).

Although Aerva lanata has been used to
synthesize Ag, ZnO, and Ni nanoparticles, its application
in the plant-mediated synthesis of MgO nanoparticles
remains insufficiently investigated. In particular, limited
information is available on the combined antibacterial
and anticancer performance of A. lanata-mediated MgO
nanoparticles. Therefore, the novelty of this study lies in
using A. lanata leaf extract as a natural complexing and
stabilizing medium to produce MgO nanoparticles and
systematically evaluating their antibacterial activity
against E. coli and K. pneumoniae and cytotoxicity
against PC-3 prostate cancer cells.

2. MATERIALS AND METHODOLOGY
2.1 Plant Material Collection

Fresh Aerva lanata leaves were collected from
naturally growing plants, and healthy, undamaged leaves
were selected and transported to the laboratory in clean
containers.

2.2 Preparation of Plant Extract
Fresh Aerva lanata leaves were thoroughly

rinsed 3 times with distilled water to eliminate adhering
dust and surface contaminants. Cleaned leaves were
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shade-dried to a constant mass and ground into fine
powder. Subsequently, 20 g of leaf powder was dispersed
in 200 mL of Distilled water and heated at 70 °C with
continuous magnetic stirring at 200 rpm for 45 min. After
cooling to ambient temperature, the mixture was filtered
through filter paper. The resulting aqueous extract was
transferred into an airtight amber-glass container and
stored at 4 °C until it was used for the green preparation
of MgO nanoparticles.

2.3 Green Synthesis of MgO Nanoparticles
Aerva lanata is a medicinal herb containing

phytochemicals such as phenolics, flavonoids, tannins,
alkaloids and polysaccharides, which can assist

nanoparticle formation and stabilization. For MgO
preparation, a 0.1 M [Mg(NOs)::6H20] solution was
prepared in deionized water. The aqueous leaf extract and
precursor solution were blended at a 1:4 volume ratio and
continuously stirred at 60 °C for 60 min. Th pH was
gradually adjusted to 10 with 1 M NaOH to promote
magnesium hydroxide precipitation. The precipitate was
separated by centrifugation at 10,000 rpm for 15 min and
washed three times, alternately using deionized water and
ethanol, to remove residual ions and phytochemicals. The
recovered precipitate was dried at 80 °C for 12 h and
heated to 450 °C at a rate of 5 °C min'. It was calcined.
at 450 °C for 2 h and subsequently cooled naturally to
room temperature(Ganvir et al. 2026a) .
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Fig. 1: Formation of plant-mediated MgO formation

2.4 Characterization of MgO NPs

Optical characteristics of prepared MgO NPs
were investigated by a Shimadzu UV-2600 UV-visible
spectrophotometer over 200—800 nm at a spectral interval
of 1 nm. Measurements were conducted at 25+2 °Cina
quartz cell with a 1 cm optical path, with deionized water
serving as the blank. Spectra collected at different storage
periods were compared to assess optical stability;
minimal displacement of the principal absorption band
indicated satisfactory stability.

For FTIR examination, the washed MgO
precipitate was dried at 80 °C for 12 h and calcined at 450
°C for 2 h. Approximately 1 mg of powdered material
was blended with 100 mg of spectroscopic-grade KBr
and compressed into a pellet. Spectra were acquired
using a Bruker ALPHA II FTIR spectrometer between
4000 and 400 cm™ at 4 cm™. This analysis identified

residual  plant-derived  functional and

characteristic Mg—O vibrations.

groups

Crystalline phase and crystallite size were
evaluated with a PANalytical X Pert PRO diffractometer
using Cu Ka radiation across 26. Hydrodynamic
diameter, polydispersity index and surface charge were
determined by Malvern Zetasizer Nano ZS at 25 °C.

2.5 Phytochemical Functional-group Analysis

FTIR spectroscopy was employed to identify
major functional groups in Aerva lanata extract. The
recorded bands indicated phytochemicals potentially
involved in magnesium-ion complexation, MgO
nucleation and nanoparticle stabilization.

2.6 Biological Activities of Biogenic MgO
Nanoparticles

2.6.1 Disk-diffusion Assay
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Fresh suspensions of Escherichia coli and
Klebsiella pneumoniae were adjusted to 0.5 McFarland
turbidity and uniformly spread over Mueller—Hinton agar
using sterile swabs. Sterile paper disks loaded with 20 pL
of Aerva lanata-mediated MgO nanoparticle suspension
were positioned on each plate. Amikacin and
ciprofloxacin disks served as positive controls for E. coli
and K. pneumoniae, respectively, while solvent-loaded
disks served as negative controls. Disk-diffusion assays
were conducted using three independent biological
replicates (n = 3). Following incubation at 36 °C for 1

day, inhibition-zone diameters were measured in
millimetres.
2.6.2 MIC Analysis

The MIC was measured using broth

microdilution procedure. Mueller—Hinton broth (100 pL)
was dispensed into a 96-well plate, and MgO
nanoparticle concentrations from 15.625 to 1000 pg/mL
was prepared by twofold serial dilution. Bacterial
inoculum was added to obtain final density of 5 x 10°
CFU/mL. Antibiotic, untreated-growth and broth-only
wells represented positive, growth and sterility controls,
respectively. After incubation at 35 + 2 °C for 1 day, low
concentration with no visible turbidity were recorded
MIC.

2.6.3 Minimum Bactericidal Concentration

Aliquots from clear wells at and above the MIC
were spread on nutrient agar plates and incubated at 35 +
2 °C for 1 day. MgO nanoparticles producing no visible
colonies, corresponding to at least 99.9% bacterial
reduction, were identified as the MBC.

2.6.4 Time Kill Kinetics

Bacterial cultures containing approximately 1 x
10¢ CFU/mL were treated with MgO nanoparticles at
their respective MBC values. Samples collected at 0, 2,
4, 6, 12 and 24 h were serially diluted and plated at tryptic
soy agar. Colonies were counted after 24 h of incubation,
and viable populations were expressed as logio CFU/mL.
Untreated cultures served as growth controls. A reduction
of at least 3 logio CFU/mL relative to the initial inoculum
indicated bactericidal activity.

2.6.5 In Vitro Cytotoxicity of Green MgO Nanoparticles in
PC-3 Cells

PC-3 cells were seeded into 96-well plates at 5
x 10* cells/well and incubated for 24 h. Cells were
subsequently exposed to MgO nanoparticles at 0.02—-200
pg/mL for 48 h. MTT were given to concentration of 0.5
mg/mL, incubation at 36°C for 3 h. After removing the
medium, crystals were dissolved in 200 uL of DMSO.

2.6.6 Statistical Analysis

All Dbiological experiments were performed
using three independent biological replicates (n = 3), and
the results are expressed as mean + standard deviation.
Statistical differences among groups were evaluated
using one-way analysis of variance followed by Tukey’s
multiple comparison post-hoc test in GraphPad Prism.
Differences were considered statistically significant at p
<0.05.

3. RESULTS AND DISCUSSION

3.1 Characterization of Green-synthesized MgO
Nanoparticles

The formation, optical behaviour and crystalline
characteristics of Aerva lanata-mediated MgO
nanoparticles was evaluated by UV-Vis spectroscopy
and XRD.
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Fig. 2: UV-Vis spectrum of MgO

UV-Vis spectrum displayed a prominent
absorption band at 277 nm and 289 nm, supporting
successful formation of MgO nanoparticles (Fig. 2). This
ultraviolet absorption originates mainly from electronic
transitions across the MgO band structure and defect-
related energy states rather than surface plasmon
resonance. The absence of substantial absorption in the
visible region further indicated the characteristic wide-
band-gap behaviour. According to previous research,
UV-Vis analysis of Aerva lanata leaf-mediated ZnO
nanorods revealed the characteristic absorption band
associated with ZnO formation. The estimated optical
band-gap energy was 3.24 eV, confirming their
semiconductor behaviour (Suresh et al. 2022).
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800 - ‘
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Fig. 3: XRD pattern of MgO
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The XRD pattern presented in Figure 3 showed
distinct peaks at 26 of 37.0°, 43.0°, 62.3°, 74.5° and
78.2°. These reflections were assigned to the (111), (200),
(220), (311) and (222) planes, with a cubic periclase
structure of MgO. The most intense reflection was
detected at 43.0°, corresponding to the (200) plane. The
observed diffraction peaks were consistent with the
standard cubic periclase MgO pattern (JCPDS/PDF Card
No. 45-0946), confirming the formation of phase-pure
crystalline MgO. The absence of prominent additional
reflections suggested satisfactory phase purity after
calcination. Crystallite size was estimated from the full
width at half maximum of the principal diffraction peaks
by the Debye—Scherrer equation. The average size was
24.68 nm, demonstrating the nanocrystalline nature of
the prepared MgO material. In previous studies, XRD
analysis of Aerva lanata flower-mediated silver
nanoparticles confirmed their crystalline nature and
successful phase formation. The characteristic diffraction
peaks verified the formation of metallic AgNPs without
significant impurity phases (Raguvaran ef al. 2025).
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Fig. 4: DLS properties of MgO nanoparticles

The colloidal characteristics of Aerva lanata-
mediated MgO nanoparticles were determined through

zeta-potential and DLS measurements (Fig. 4). The
nanoparticles exhibited an average zeta potential of
—28.81 mV, indicating moderate electrostatic stability
(Fig. 4a). DLS analysis showed a principal peak at
approximately logio(d/nm) = 2.9, corresponding to a
hydrodynamic diameter of approximately 794 nm (Fig.
4b). The crystallite size determined by XRD (24.68 nm)
represents the average size of individual crystalline
domains, whereas the DLS value (~794 nm) represents
the hydrodynamic diameter of particles and aggregates
dispersed in the liquid medium. The substantially larger
DLS diameter indicates considerable nanoparticle
aggregation, which may arise from interparticle
attraction, insufficient dispersion and the hydrated
phytochemical layer present on the MgO surface.
Therefore, the DLS value should not be interpreted as the
size of an individual MgO crystallite.

FTIR spectroscopy was used to compare
functional groups of Aerva lanata extract and the plant-
mediated MgO NPs. The extract displayed major
absorption bands at approximately 3480, 2920, 2270,
1755, 1625, 1440, 1330, 1225, 1085, 1025, 780, 650 and
470 cm!. These bands were associated with aliphatic C—
H, O-H, C-O and aromatic C=C -containing
phytochemicals. After MgO formation, shifted or
reduced bands appeared at approximately 3640, 3465,
2925, 1620, 1375, 1090 and 865 cm™. A strong
absorption region below 560 cm™ was assigned to Mg—
O lattice vibrations (Fig. 5). Changes in the
phytochemical bands suggested their participation in
magnesium-ion complexation, particle nucleation and
surface stabilization. The Mg—O vibrations confirmed
successful MgO NPs (Table 1). As reported in previous
studies, FTIR analysis of pure ZnO, Aerva lanata-ZnO,
Millettia pinnata-ZnO, and their Cu-doped nanoparticles
identified the associated functional groups and chemical
interactions. The characteristic absorption bands
confirmed Zn—O bonding and interactions between plant-
derived phytochemicals and the Cu-doped ZnO structure
(Renuka et al. 2023).
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Fig. 5: FTIR spectra of biogenic MgO.
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Table 1. Antibacterial inhibition-zone diameters

Organism NEEOLOEO DL (O£ Antibiotic (mm)
(mm) (mm)
E. coli 0.00 2046+1.18 2328+ 1.34
K. pneumoniae 0.00 1538+1.07 27.16+1.42

Values are expressed as mean =+ standard
deviation of three independent biological replicates (n =
3). Antibiotic-treated samples served as positive controls,

while solvent-treated samples served as negative
controls.
Table 2. MIC and MBC results
Antibiotic MgO NPs Antibiotic
Organism  MIC Mg?ﬂ;ﬁgm MIC MBC
(ng/mL) (ug/mL)  (pg/mL)
E.coli  4.00+0.50 250.72+20.36 lzlza%i 8.00 + 1.00
. . 0.50+0.06 500.64 +36.28 B 1.00+£0.13
pneumoniae 21.35

MIC and MBC values are expressed as mean +
standard deviation of three independent biological
replicates (n = 3). Statistical comparisons were conducted
using one-way ANOVA followed by Tukey’s multiple-
comparison test, with p < 0.05 considered statistically
significant. The MgO nanoparticle MIC and MBC values
were lower for E. coli than for K. pneumoniae, indicating
greater susceptibility of E. coli. The MBC/MIC ratio was
approximately 2 for both organisms, confirming
bactericidal activity.

3.2 Disk Diffusion

The mean inhibition-zone diameters produced
by Aerva lanata-mediated MgO nanoparticles against E.
coli and K. pneumoniae were 20.46 + 1.18 and 15.38 +
1.07 mm, respectively. No inhibition was observed for
the negative control. Amikacin produced a 23.28 + 1.34
mm zone against E. coli, whereas ciprofloxacin
generated a 27.16 + 1.42 mm zone against K.
pneumoniae. The results indicated that MgO
nanoparticles were more effective against £. coli than K.
pneumoniae.

3.3 MIC Results

MIC of MgO nanoparticles was 250.48 + 21.35
pg/mL for K. pneumoniae and 125.36 + 12.48 pg/mL for
E. coli. The corresponding antibiotic MIC values were
0.50 = 0.06 pg/mL for ciprofloxacin and 4.00 + 0.50
pg/mL for amikacin. Therefore, the lower nanoparticle
concentration required against E. coli demonstrated its
greater susceptibility compared with K. pneumoniae.

3.4 MBC Results

MgO nanoparticles produced MBC values of
250.72 +20.36 and 500.64 + 36.28 pg/mL against E. coli

and K. pneumoniae, respectively. The antibiotic MBC
values were 8.00 £ 1.00 and 1.00 + 0.13 pg/mL,
respectively. The MBC results confirmed concentration-
dependent bactericidal activity, with E. coli displaying
greater sensitivity to the prepared MgO nanoparticles. In
prior studies, a low MIC of 0.25 mg/mL demonstrated
strong inhibitory activity against all tested Gram-
negative bacterial strains. MBC/MIC ratios < 4
confirmed potent bactericidal activity, comparable to or
exceeding standard antibiotics (Fonye et al. 2026).
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Fig. 6: Bacterial inactivation: (a) E. coli and (b) K.
pneumoniae

Figure 6(a) and (b) illustrate the time-dependent
antibacterial action of Aerva lanata-mediated MgO
nanoparticles against K. pneumoniae and E. coli over 24
h. In both test groups, the viable bacterial population
decreased from approximately 5.1 logio CFU/mL at 0 h
to 0 logie CFU/mL at 24 h, corresponding to an
approximately 5.1-log reduction. The untreated control
populations increased progressively during the same
period. Both test groups exceeded the 3-log reduction
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threshold commonly used to indicate bactericidal
activity. However, E. coli showed a faster decline than K.
pneumoniae, particularly during the intermediate
exposure periods. Previous studies have demonstrated
that strong antibacterial activity was observed against B.
subtilis, E. coli, K. pneumoniae, and S. aureus. Dose-
dependent biofilm disruption and bacterial death
occurred through ROS generation and membrane damage
(Nagaraj et al. 2025).

3.6 Cytotoxicity Assay

100
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60 4

Cell viability(%)
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Fig. 7: Dose—response of MgO nanoparticles

The cytotoxic effect of Aerva lanata-mediated
MgO nanoparticles against PC-3 prostate cancer cells
was evaluated using the MTT assay. Cells were exposed
to MgO nanoparticle concentrations ranging from 0.02 to
200 pg/mL for 48 h. As shown in Figure 7, cell viability
decreased progressively with increasing nanoparticle
concentration. Nonlinear dose—response analysis
produced an estimated ICso value of 87.43 pg/mL (logio
concentration = 1.942), with an R? value of 0.99901.
These results demonstrate concentration-dependent
cytotoxicity against PC-3 cells. However, because a non-
cancerous normal-cell control was not included, the
selectivity and therapeutic safety of the MgO
nanoparticles cannot be established. Therefore, the
reported ICso should not be interpreted as evidence of
selective anticancer activity. Future studies should
evaluate cytotoxicity against normal prostate cells and
calculate the selectivity index (Dash et al. 2025).

Plant-mediated preparation of metal-oxide
nanoparticles provides a comparatively sustainable
approach that reduces dependence on hazardous organic
reagents. In the present investigation, Aerva lanata leaf
extract facilitated the formation of MgO nanoparticles
through the complexation of Mg*" ions, formation of a
Mg(OH): intermediate and subsequent thermal
conversion into crystalline MgO. Phenolics, flavonoids,
tannins, alkaloids and polysaccharides in the extract may

regulate nucleation, restrict excessive particle growth and
stabilize the nanoparticle surface.

UV-Vis spectrum shows distinct absorption
bands near 277 and 289 nm, confirming the characteristic
optical response of MgO nanoparticles. Unlike metallic
nanostructures, this ultraviolet band is attributed mainly
to electronic transitions across the MgO band structure
and defect-associated energy states. The limited
absorption observed at visible region was consistent with
wide-band-gap nature of MgO.

FTIR analysis provided evidence for the
participation of plant metabolites during nanoparticle
formation. The leaf extract displayed bands near 3480,
2920, 2270, 1755, 1625, 1440, 1330, 1225, 1085, 1025,
780, 650 and 470 cm™'. These signals were assigned to
aliphatic O—H, C—O and aromatic C=C. Following MgO
formation, changes were observed at approximately
3640, 3465, 2925, 1620, 1375, 1090 and 865 cm™,
indicating  interactions = between  phytochemical
functional groups and the nanoparticle surface. The
prominent bands near 560 cm™ were assigned to Mg—O
lattice vibrations and verified oxide formation.
Therefore, the extract primarily functioned as a
complexing, growth-controlling and stabilizing medium.

The XRD pattern contained characteristic
reflections at 37.0°, 43.0°, 62.3°, 74.5° and 78.2°,
corresponding to (111), (200), (220), (311) and (222) of
cubic periclase MgO. The strongest reflection at 43.0°
represented the (200) plane. No prominent secondary-
phase peaks were detected, suggesting satisfactory phase
purity following calcination at 450 °C. Peak broadening
confirmed the nanocrystalline character of the product,
while the Debye—Scherrer calculation yielded an average
crystallite size of approximately 24.68 nm.

DLS analysis gave a mean hydrodynamic
diameter of approximately 794 nm, corresponding to a
principal peak at logio(d/nm) =~ 2.9. The average zeta
potential of —28.81 mV indicated moderate colloidal
stability, probably supported by negatively charged
phytochemical residues retained on the MgO surface.

The prepared MgO nanoparticles showed
concentration-dependent antibacterial activity against K.
pneumoniae and E. coli. Inhibition-zone diameters of
20.46 + 1.18 and 1538 + 1.07 mm were recorded,
respectively. The corresponding MIC values were 125.36
+ 12.48 and 250.48 + 21.35 ug/mL, while MBC values
reached 250.72 £ 20.36 and 500.64 + 36.28 pg/mL.
These results indicate that £. coli was more susceptible
to the MgO formulation.

Time—kill analysis supported the bactericidal
behaviour of the nanoparticles. Over 24 h, the viable
populations of both E. coli and K. pneumoniae decreased
from approximately 5.1 to 0 logie CFU/mL, representing
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an approximately 5.1-log reduction. Both values
exceeded the 3-log criterion for bactericidal activity,
although bacterial elimination occurred more rapidly
against E. coli.

MgO nanoparticles may damage bacterial cells
through several complementary processes. Their
interaction with the cell envelope can disturb membrane
integrity and increase permeability. Surface defects may
promote reactive oxygen species formation, while partial
Mg?* release and localized alkalinity can disrupt cellular
homeostasis. Oxidative stress can subsequently damage
membrane lipids, proteins and genetic material, leading
to reduced metabolic activity and cell death. Differences
in capsule structure, membrane composition and
defensive systems may explain the lower susceptibility
of K. pneumoniae.

The MTT results demonstrated a concentration-
dependent reduction in PC-3 cell metabolic activity, with
an ICso of 87.43 pug/mL after 48 h. The observed response
may be associated with oxidative stress, membrane
disruption or mitochondrial impairment, as suggested for
MgO nanoparticles in previous studies. However, ROS
generation, mitochondrial dysfunction and apoptosis
were not experimentally evaluated in the present
investigation. Therefore, no specific mechanism of cell
death can be confirmed from the MTT results alone.

Further  studies involving intracellular ~ ROS
measurements, mitochondrial membrane potential
analysis, apoptosis markers and cell morphology

assessment are required to establish the underlying
cytotoxic mechanism.

Overall, Aerva  lanata-mediated MgO
nanoparticles exhibited defined crystalline,
morphological and colloidal properties together with
measurable antibacterial and cytotoxic activities. Their
biological performance may be influenced by nanoscale
dimensions, surface defects and retained plant-derived
compounds. Future investigations should include
normal-cell controls, selectivity-index calculations,
mechanistic assays and in vivo safety studies before
therapeutic suitability can be established.

4. CONCLUSIONS

This study demonstrated the plant-mediated
synthesis of MgO nanoparticles using Aerva lanata leaf
extract as a natural complexing and stabilizing medium.
UV-visible absorption bands at 277 and 289 nm
supported nanoparticle formation, while XRD confirmed
cubic periclase MgO with an average crystallite size of
24.68 nm. The nanoparticles exhibited antibacterial
activity against Escherichia coli and Klebsiella
pneumoniae, with greater activity against E. coli, which
showed an MIC of 125.36 + 12.48 pg/mL and an
inhibition-zone diameter of 20.46 + 1.18 mm. The
nanoparticles also produced concentration-dependent

cytotoxicity against PC-3 prostate cancer cells, with an
ICso of approximately 87.43 pug/mL after 48 h. However,
because normal-cell controls were not included, these
findings do not establish selective anticancer activity or
therapeutic safety. Further investigations involving
normal-cell cytotoxicity, selectivity-index calculation,
ROS and apoptosis assays, long-term biocompatibility
studies, and in vivo validation are required before
biomedical or therapeutic applications can be considered.
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